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Abstract

Background and Aims: An initial dose of alcohol can motivate—or prime—further drink-

ing and may precipitate (re)lapse and bingeing. Lab-based studies have investigated the

alcohol priming effect; however, heterogeneity in designs has resulted in some inconsis-

tent findings. The aims of this meta-analysis were to (i) determine the pooled effect size

for motivation to drink following priming, measured by alcohol consumption and craving,

and (ii) examine whether design characteristics influenced any priming effect.

Methods: Literature searches of PsycINFO, PubMed and Scopus in October 2020

(updated October 2021) identified lab-based alcohol priming studies that assessed effect

of priming on motivation to drink. A tailored risk-of-bias tool assessed quality of lab-

based studies. Random effects meta-analyses were computed on outcome data from

38 studies comparing the effect of a priming dose of alcohol against control on subse-

quent alcohol consumption/self-reported craving. Study characteristics that might have

affected outcomes were design type (within/between-participant), dose of prime, time

of motivation assessment, type of control drink (placebo alcohol/soft drink).

Results: Relative to control, alcohol had a small-to-moderate priming effect on subse-

quent alcohol consumption (standardised mean difference [SMD] = 0.336 [95% CI,

0.171, 0.500]) and craving (SMD = 0.431 [95% CI, 0.306, 0.555]). Aspects of study

design differentially affected consumption and craving. The size of the priming dose had

no effect on consumption, but larger doses were sometimes associated with greater

craving (with craving generally following the blood alcohol curve). Alcohol priming

effects for consumption, but not craving, were smaller when compared with placebo, rel-

ative to soft drink, control.

Conclusions: Lab-based alcohol priming studies are a valid paradigm from which to

investigate the impact of acute intoxication on alcohol motivation. Designs are needed

that assess the impact of acute consumption on motivation to drink in more varied and

realistic ways.

K E YWORD S

Alcohol priming, choice, consumption, craving, drinking behaviour, motivation

Received: 26 November 2021 Accepted: 8 May 2022

DOI: 10.1111/add.15962

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction.

Addiction. 2022;1–18. wileyonlinelibrary.com/journal/add 1

https://orcid.org/0000-0001-5951-889X
https://orcid.org/0000-0003-4275-601X
https://orcid.org/0000-0001-9974-834X
https://orcid.org/0000-0003-3267-7318
mailto:a.k.rose@ljmu.ac.uk
https://doi.org/10.1111/add.15962
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/add


INTRODUCTION

Alcohol consumption is a leading risk factor for mortality and ill health,

and is often ubiquitous in western societies [1]. To understand

alcohol-related behaviour and develop effective treatments for alco-

hol use disorders, it is necessary to identify the key drivers for drink-

ing. Existing literature have highlighted three important drivers

(or triggers): alcohol-related cue exposure; stress; and priming [2–4].

Alcohol priming is the provision of a typically small-to-moderate dose

of alcohol. Evidence from animal models and human research demon-

strates that this initial administration of alcohol can motivate subse-

quent alcohol seeking and consumption, in both social and heavy

drinkers, and in those trying to abstain [5–8].

There are several theoretical explanations for why a priming dose

might increase alcohol use. For example, acute doses of alcohol may

impair executive cognitive functions such as inhibitory control [9, 10]

or increase risk taking [11] that impairs restraint. Attentional bias has

also been implicated, with acute doses of alcohol increasing attention

toward alcohol-related stimuli that, in turn, is associated with

increased craving [12, 13]. Other proposed mechanisms include acti-

vation of learned associations (either habit-like or goal-directed) [14]

and altering subjective value whereby a priming dose may increase

the absolute or relative value of alcohol that motivates drinking

[15, 16]. These findings suggest that alcohol priming may have an

important role in determining alcohol use, including hazardous behav-

iours such as bingeing [9] and relapse [17].

These potential psychological mechanisms of effect may involve

several physiological and pharmacological processes. For example,

alliesthetic processes may modulate the value of alcohol rewards and

influence priming [18]. Leganes-Fonteneau and colleagues [19]

recently demonstrated that a change in internal states (heart rate vari-

ability) during the ascending limb of the blood alcohol curve was posi-

tively related to alcohol-related attentional bias. Animal and human

studies have attributed changes in alcohol reward to activity within

the mesolimbic dopamine and μ-opioid systems mediating incentive

and pleasurable processes, respectively [14, 20, 21]. Work shows that

both opioid-antagonists (e.g. naltrexone) [22] and GABA-agonists

(e.g. baclofen) [23] can attenuate alcohol’s priming effect on ad libitum

consumption and craving in humans.

However, regardless of theoretical or biological mechanisms of

action, design and methodological factors can vary considerably across

studies and may account for potential inconsistences in findings. The

most obvious factors to consider are dose of alcohol given and the time

point, at which any priming effect is assessed. Rose and Duka [6] found

that a moderate (0.6 g/kg [approximately five United Kingdom

(UK) units, one unit = 8 g alcohol]), but not a smaller (0.3 g/kg) dose of

alcohol enhanced motivation for alcoholic drinks and self-reported

craving. Similar dose findings have been found in other studies using

non-clinical populations (e.g. de Wit and Chutuape) [24], but others

using a clinical sample (i.e. with alcohol use disorder) have observed a

priming effect using lower doses (e.g. ~2.4 units) [7].

Rose and Duka’s [6] priming effect peaked 30minutes following the

priming dose, before decreasing at 60 and 90minutes. Typically, alcohol

takes about 5 minutes to reach the brain, starts to have subjective

effects ~10 minutes after consumption and reaches a peak in blood alco-

hol concentration (BAC) between 10 and 60minutes post-consumption

[25, 26]. Therefore, dose and timing of priming assessment need to be

considered, as well as an appreciation that the timing of subjective intox-

ication effects may vary as a function of the participant’s drinking status.

The comparison drink that is used may also be important because

expectancy effects may contribute toward the priming effect. For

instance, Christiansen et al. [27] found that placebo alcohol increased

subsequent alcohol consumption and craving relative to a soft drink

control (participants were aware contained no alcohol). This arguably

occurred through expectancy-based mechanisms and suggests that

designs that use a placebo-alcohol control (e.g. to isolate alcohol’s

pharmacological effects) may find a smaller priming effect than studies

that use a soft drink control (which allows assessment of both phar-

macological and expectancy effects).

Study design may also influence results for several reasons,

including carry over effects and differences in participant characteris-

tics across samples [28]. It is worth examining whether outcomes dif-

fer across within and between subject designs. Finally, the type of

outcome used to assess alcohol motivation may influence results.

Behavioural measures include ad libitum alcohol consumption, argu-

ably the most important measure of alcohol motivation, and choice

behaviour (e.g. Rose et al.) [29]. Choice behaviour might be broken

down to the strength of operant response for access to alcohol

(e.g. number of button presses to gain alcohol) or the relative

response rate between alcohol and another commodity (e.g. number

of button presses made for alcohol compared to chocolate) (e.g. Rose

et al.) [15]. Self-reported craving is also a common measure of alcohol

motivation [30], and several craving (or alcohol urge) assessments

have been developed and validated in various populations [31]. Yet

inconsistent evidence regarding a positive relationship between

craving and consumption has resulted in debate on its significance

[32, 33]. Nevertheless, given its common usage, it is still important to

determine whether craving outcomes can be impacted by the design

characteristics previously listed.

The importance of alcohol priming in triggering alcohol use has

been established by the existing evidence base, but there has been no

systematic assessment of how design and methodological choices may

impact findings. The aim of the current systematic review and meta-

analyses was to identify whether lab-based priming demonstrates a

reliable, positive effect of initial alcohol consumption on motivation for

alcohol (assessed as subsequent ad libitum consumption or craving).

Additionally, we aimed to determine what design features of priming

research may influence the strength of any priming effect found.

METHOD

Data sources and search strategy

SCOPUS, PsycINFO and PUBMED were searched from inception until

October 2020. Titles, abstracts and keywords were searched using a
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variety of terms reflecting alcohol priming (‘alcohol prim*’, ‘acute
alcohol intoxication’, ‘acute ethanol intoxication’, ‘alcohol challenge’,
‘balanced placebo design’ and ‘alcohol preload’) and motivation to

drink (‘ad lib*’, ‘consum*’, ‘crav*’, ‘desire’, ‘motivat*’, ‘reinforc*’,
‘choice’ and ‘operant’), combined using Boolean operators. Formal

electronic searches were supplemented by a manual search of refer-

ence sections in eligible papers and review articles. Only research

available in the English language and using human participants was

considered for inclusion.

Inclusion criteria

Studies were eligible for inclusion if they (i) included explicit

measures of motivation to drink, (ii) compared the effect of an

alcohol prime to a control drink (placebo/soft drink), and

(iii) provided a controlled priming dose (i.e. specific dosage,

achieved a target BAC). Studies reporting proxy measures of moti-

vation (e.g. attentional bias, physiological measures), without a com-

parison beverage or without a controlled priming dose were

excluded.

Data selection

The PRISMA flow-diagram (Figure 1) represents the full article search

process. In total, 696 records were screened, with 100 studies

reaching full text screening. Of these 100 full texts, 51 were excluded

and 49 were identified as eligible for inclusion. Reference lists of

these papers were then hand-searched, identifying an additional

17 eligible papers. L.H. conducted the screening and data extraction.

A.R., A.J., G.K. and C.R. cross checked the screening and data extrac-

tion. Any discrepancies in checks were discussed as a group and a

decision was made based on pre-registration protocol.

Original searches took place during October 2020, with an

updated search conducted in October 2021. For inclusion in the

meta-analysis, studies measuring craving or consumption (i.e., motiva-

tion to drink outcome measures) following a preload beverage,

required summary statistics for these outcomes for both alcohol and

control beverage conditions. Where this data was missing,

corresponding authors were contacted and given a period of 1 month

to respond. In the case of no response, or where no valid email could

be obtained for the author, the corresponding paper was not included

in the analysis. When contacted about missing data, two authors

F I GU R E 1 PRISMA flow diagram depicting the identification of studies for the systematic review
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provided additional recent research that met the inclusion criteria.

Authors were also aware of three recently published articles that met

the inclusion criteria and were included. Sufficient data could not be

obtained from 19 articles, which were subsequently excluded. One

additional article was excluded because it used the same data as

another article (but with fewer data points).

We also identified 20 studies examining alternative motivation to

drink alcohol outcomes, 12 of which did not include any alcohol crav-

ing or consumption outcomes (e.g. choice behaviour, alcohol value

and operant responding). However, because of the lack of data and

variation in outcome measures between these studies, meta-analytical

synthesis of these findings was not feasible or appropriate, so they

were subsequently excluded (see Supporting information Table S1 for

study characteristics and key findings). Overall, 39 articles remained

for inclusion in the analysis.

Data extraction

The following data was extracted from each study: bibliographic

details, study design, setting, participant drinking status, age and gen-

der distribution, alcohol type and dosage, assessment time, BAC limb,

priming procedure, control/placebo details, outcome measure and

summary statistics.

Quality assessment/risk of bias

Given that only laboratory studies were included in the analysis, the

following domains were assessed to determine study quality: randomi-

sation/counterbalancing, blinding, a-priori (or justification of) statistical

power made by study authors, accountability of sex, outcome reporting

completeness, drop-out rate and pre-registration. Risk of bias in each

domain was assessed as low, high or unclear (see Supporting informa-

tion Table S2 for full criteria). The research team developed a risk of

bias assessment based on Cochrane Risk of Bias tool [34], including

criteria most relevant to lab-based research. The assessment was con-

ducted by L.H. and independently cross-checked by A.J. and A.R.

Statistical analyses

If data were not included in the paper and it was possible, we used

webplot digitizer [35] to estimate means and standard deviation/

standard errors from figures. Standard errors were converted to stan-

dard deviations using the formula SD = SE*√N.

We conducted restricted maximum likelihood, random-effects

meta-analyses using the ‘metafor’ package in R. Data analysis and

scripts are available on the Open Science Framework [https://osf.io/

z6skq/]. For between participants’ designs we used the ‘escalc’ func-
tion: ‘SMD’ to calculate the standardised mean difference between

alcohol and control groups. For within participants’ designs we used

the ‘escalc’ function: ‘SMCC’ to conduct the standardised mean

change score. No studies provided the within participants correlation

between the outcome variables, therefore, we imputed this as r =

0.70, in line with previous research [36]. Most craving studies took

measures of craving at multiple time points post priming and also took

multiple different measures of craving (e.g. the Approach and Avoid-

ance of Alcohol Questionnaire has multiple unique subscales) [37].

Therefore, to account for potential violations of independence in our

effect sizes without omitting any data, we conducted a multi-level

meta-analysis using the ‘rma.mv’ command in metafor.

We examined any outlying effect sizes for both consumption and

craving using box plots of all available effect sizes. For consumption,

one effect size (SMD= 0.73) and for craving four effects (SMDs =

−1.12, 1.99, 2.49, 3.47) were identified. We conduct all analyses with

and without the removal of these outliers. Although findings are

reported with outliers removed, we note any discrepancies when they

were included in analyses.

Across all models, I2 was used to indicate heterogeneity across

effect sizes, with >50% indicative of moderate heterogeneity and

>75% indicative of substantial heterogeneity. For primary analyses on

alcohol consumption and craving, we examined whether there were

any influential cases using Trim and Fill analyses [38], Egger’s test*

and removing the smallest and largest effect sizes.

To resolve any heterogeneity in the primary models (consumption

and craving) we conducted moderation analyses (either subgroup or

meta-regressions), where appropriate. For subgroup analyses, meaning-

ful groups were only created if ≥4 effect sizes were able to contribute

to the group. Continuous analyses using meta-regressions were only

conducted if >10 effect sizes were available, in line with guidance [39].

We aimed to conduct subgroup analyses on within versus between

participant designs; the dose of alcohol prime (g/kg); soft drink versus

placebo comparisons; and time since administration of prime.

RESULTS

Thirty-nine articles investigating the effects of acute alcohol intoxica-

tion on subsequent alcohol consumption (n = 13) and/or craving (n =

33) were included in the analysis. Within these studies, alcohol prim-

ing dosage ranged from 0.1 g/kg to 0.95 g/kg, with assessment time

ranging from ~5 to 195 minutes after consumption. Most studies

were conducted in a standard laboratory/office setting (n = 23), with

fewer studies conducted in a recreational environment (n = 8) or simu-

lated bar (n = 5). Spirits were the most selected alcohol prime (n = 31)

with only one study using wine [40] and one using beer [41]. For the

comparison beverage, a placebo control was more commonly included

than a soft drink control (n = 33 and 7, respectively). The Desire for

Alcohol Questionnaire [42] and the Drug Effects Questionnaire ‘want

more’ subscale [43] were the most used craving measures (n = 9 and

n = 7, respectively). Consumption was either measured as the amount

consumed ad libitum (n = 9, most commonly during a bogus taste rat-

ing task) or as the number of additional drinks consumed following

the priming procedure (n = 4). The characteristics of the included stud-

ies are presented in Table 1.

*Trim and Fill and Egger’s test were conducted on single level meta-analytic models, as they

are not compatible with multilevel models in metafor.
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Alcohol consumption

We identified 21 individual effect sizes (from 13 studies) after

removal of one outlier. Overall, there was a small-to-moderate, statis-

tically significant effect of alcohol priming on subsequent consump-

tion (SMD= 0.336 [95% CI, 0.171, 0.500], z = 4.01, P < 0.001, I2 =

68.44%) (Figure 2). When the outlier was included, the pooled effect

was slightly smaller (SMD= 0.293 [95% CI, 0.109, 0.477]). Leaving out

the largest and smallest effect sizes suggested neither individual had a

considerable impact on the pooled effect (minimum SMD= 0.353,

maximum SMD= 0.321; P values < 0.001). Egger’s test demonstrated

no evidence of funnel plot asymmetry (z = 1.20, P = 0.230) (Figure S1).

Trim and Fill imputed two studies to improve funnel plot symmetry,

which did not substantially influence the pooled effect (SMD= 0.321

[95% CI, 0.203; 0.439], z = 5.31, P < 0.001).

Within versus between participants

We identified 13 effect sizes from within-participant designs and

eight from between-participant designs. There was no significant dif-

ference between study designs (χ2 [1] = 0.18, P = 0.672). For within-

participant designs the effect on consumption was SMD= 0.362 [95%

CI, 0.175 to 0.550], z = 3.78, P < 0.001, for between-participant

designs the effect on consumption was SMD= 0.309 [95% CI, −0.042

to 0.661], z = 1.72, P = 0.085.

Dose

We conducted a meta-regression examining the association between

priming dose (dose range: 0.1–0.65 g/kg) and effect size across

18 effect sizes with available information. The association was not sig-

nificant (b = −0.221 [95% CI, −1.375 to 0.933], z = 0.38, P = 0.707).

Soft drink versus placebo control comparison

We identified six effects with a soft drink and 15 effects with a pla-

cebo control. The subgroup difference was significant (χ2 [1] = 8.38, P

= 0.004). The effect was larger when comparing priming to soft drink

(SMD= 0.604 [95% CI, 0.466 to 0.742], z = 8.61, P < 0.001), compared

to placebo (SMD= 0.250 [95% CI, 0.107 to 0.392], z = 3.43, P < 0.001)

controls.

Self-reported craving

We identified 140 effect sizes across 33 individual studies. Overall,

there was a small-to-moderate effect of alcohol intoxication on self-

reported craving in the multi-level meta-analysis (SMD= 0.431 [95%

CI, 0.306, 0.555], z = 6.77, P < 0.001) (Figure S2). When outliers were

included, the pooled effect was slightly larger (SMD= 0.498 [95% CI,T
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0.335, 0.659]). There was some degree of funnel plot asymmetry

according to Egger’s test (z = 3.53, P < 0.01) (Supporting information

Figure S3), and Trim and Fill identified 26 effects, which when included

reduced the pooled effect to SMD= 0.269 [95% CI, 0.185, 0.354].

Within versus between participants

We identified 91 effect sizes from within-participant study designs

and 49 from between-participant study designs. There was no signifi-

cant difference between study design (χ2 [1] = 0.01, P = 0.941). For

within-participant designs the effect on craving was SMD= 0.423

([95% CI, 0.291, 0.555], z = 6.29, P < 0.001), and between-participant

designs SMD= 0.420 ([95% CI, 0.187, 0.652], z = 3.54, P < 0.001).

Dose

There were 127 effect sizes, where dose of alcohol (g per kg) was pro-

vided, ranging from 0.13 g/kg to 0.95 g/kg. There was considerable var-

iability in individual doses, therefore, to create meaningful subgroups

(≥5 effect sizes) we collapsed doses into bins (e.g. 0.10–0.19 g/kg;

0.20–0.29 g/kg, and so on). At doses between 0.1–0.19 g/kg there was

no significant effect (n = 5; SMD= 0.149 [−0.099, 0.399], P = 0.237).

There were significant effects at doses at 0.30–0.39 g/kg (n = 14; SMD

= 0.253 [95% CI, 0.053, 0.452], P = 0.013); 0.40–0.49 g/kg (n = 31;

SMD= 0.297 [95% CI, 0.044, 0.551], P = 0.022); 0.50–0.59 g/kg (n =

14; SMD= 0.901 [95% CI, 0.465, 1.338], P < 0.001); 0.60–0.69 g/kg (n

= 22; SMD= 0.420 [95% CI, 0.207, 0.632], P < 0.001); 0.70–0.79 g/kg

(n = 30; SMD= 0.335 [95% CI, 0.150, 0.520], P < 0.001) and 0.80–0.89

g/kg (n = 10; SMD= 0.809 [95% CI, 0.471, 1.147], P < 0.001).† There

was weak evidence of statistical significance between doses (χ2 [6] =

13.02, P = 0.042), which was not significant when outliers were

included (P = 0.083). There were significant contrasts between 0.1 ver-

sus 0.8 g/kg (P = 0.003); 0.3 versus 0.5 g/kg (P = 0.019); 0.3 versus

0.8 g/kg (P = 0.003); 0.4 versus 0.5 g/kg (P = 0.014); 0.5 versus 0.7 g/kg

(P = 0.021); and 0.7 versus 0.8 g/kg (P = 0.021). When treating dose as

a continuous variable in meta-regression, the association was not sta-

tistically significant (b = 0.458 [95% CI, −0.033, 0.949], P = 0.067).

Soft drink versus placebo control comparison

We identified 13 effect sizes from soft drink comparisons and

123 from placebo comparisons. There was no significant difference

between soft drink versus placebo (χ2 [1] = 2.46, P = 0.116). Placebo

comparisons, SMD = 0.403 [95% CI, 0.270, 0.536], z = 5.94, P < 0.001.

Soft drink comparisons. SMD= 0.673 [95% CI, 0.339, 1.007] z = 3.95,

P < 0.001. When outliers were included, this effect was significant (P

= 0.011; soft drink comparisons (SMD= 0.957 [95% CI, 0.480, 1.422],

P < 0.001) and placebo comparisons (SMD= 0.444 [95% CI, 0.274,

0.613], P < 0.001).

Assessment time

The most common assessment times were 15minutes (n = 15: SMD=

0.205 [95% CI, 0.092, 0.318], P < 0.001); 30minutes (n = 27: SMD=

0.511 [95% CI, 0.264, 0.757], P < 0.001); 40minutes (n = 6; SMD =

0.820 [95% CI, 0.228, 1.412], P = 0.007; 60minutes (n = 15; SMD =

0.671 [95% CI,0.434, 0.909), P < 0.001]; 120minutes (n = 12; SMD =

0.318 [95% CI, 0.088, 0.549), P = 0.006]; and 180minutes (n = 11;

SMD= 0.164 [95% CI, −0.170, 0.498), P = 0.336]. There was a signifi-

cant difference between the assessment times (χ2 [5] = 14.62, P =

0.012). There were significant contrasts between 15minutes versus

60minutes (P = 0.003); 30minutes versus 180minutes (P = 0.015); 60

minutes versus 120minutes (P = 0.041); 60minutes versus 180

minutes (P = 0.005).

Risk of bias

Across included studies, risk of bias was consistently high in some

domains. The majority of articles did not report any pre-registration

information, and only four papers included statistical power

†There was only one effect size from 0.20–0.29 g/kg, and two effects from 0.90–0.99,

therefore we did not estimate a subgroup effect.

F I GU R E 2 A forest plot
demonstrating the effect of
alcohol versus placebo/control
priming on subsequent alcohol
consumption. AUD = alcohol use
disorder sample from Berg et al.;
social = social drinker sample from
Berg et al [42]. No other study
split by drinking status therefore
AUD/Social is not reported.
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calculations or alternative sample size justification. Contrastingly, risk

of bias across other domains was consistently low; most studies

involved randomisation/counterbalancing of participants and drop-

out rate remained predominantly below 10%. Some domains pres-

ented more variation in quality of assessment, with details of experi-

menter blinding and whether sex was accounted for in recruitment/

dosage procedures varying between studies. Overall, risk of bias

within studies was mixed (Supporting information Table S3).

DISCUSSION

We conducted meta-analyses to determine whether laboratory-based

alcohol priming studies showed a significant effect of acute alcohol

consumption on increasing motivation to drink. We also determined

how design characteristics may influence the alcohol priming effect,

to improve future studies aiming to investigate the role acute alcohol

consumption has in motivating alcohol seeking and consumption.

Our results demonstrated a small to moderate alcohol priming

effect on motivation to drink in a lab-based context. The strength of

the priming dose was not associated with the size of priming effect on

consumption, but was associated with craving. This may reflect the

fact that far fewer studies used an ad libitum consumption outcome

and the range of priming doses given in these studies was smaller

(0.1–0.65 g/kg). Although at some point issues of satiation are likely

to inhibit further consumption [13], ethical considerations prohibit

larger priming doses used in conjunction with consumption-based

priming outcomes. Given these issues, we cannot make clear recom-

mendations regarding dose to use in ad lib priming studies.

An alternative explanation is that, although alcohol consumption

and craving are both measures of alcohol motivation, they are distinct,

and may be differentially affected by contextual factors [30]. For

example, if a participant is motivated to drink, self-reported craving

may more accurately reflect this in a lab-based environment compared

to drinking behaviour. The novelty of the laboratory context may

supress consumption, (e.g. because of being alone or concerns about

being observed) [82]. However, given inconsistencies in the craving

literature concerning its association with drinking behaviour [32, 33],

future research may benefit by observing participants in naturalistic

settings [83] or using collateral reports [84]. Such work could provide

both a more realistic priming assessment and greater clarification of

any association between different motivational indices of drinking.

In terms of craving, larger doses were generally associated with

increased craving, with the largest effect size at doses of 0.5–0.59 g/

kg. However, there were somewhat fewer studies at this dose and the

confidence intervals were widest, indicating most uncertainty around

this effect. In addition, the effect of dose on craving was not linear

and the heterogeneity across study designs requires caution in

interpretation. However, some individual studies compared different

doses (e.g. [6]) and found that moderate (0.6 g/kg), but not lower

(0.3 g/kg) doses, resulted in an alcohol priming effect. Based on our

findings and the existing literature, we would, therefore, recommend

using a dose of at least 0.5 g/kg, providing appropriate ethical and

safety procedures are followed in terms of maximum dose available

(e.g. priming dose and/or priming plus ad lib dose). We were unable to

determine any effect of assessment time on consumption because of

too few effect sizes, but for craving, time of assessment was associ-

ated with the priming effect. Craving increased from 15minutes to

30 and 60minutes, before decreasing at 120 and 180minutes after

consumption. Some previous studies included multiple assessment

times and found that the priming effect peaked 30minutes after the

priming dose was consumed and roughly followed the blood alcohol

curve [6, 85]. Multiple individual factors can affect BAC, but on aver-

age, the majority of alcohol is absorbed within 30 to 60minutes fol-

lowing consumption [86]. During the ascending and peak phase of the

blood alcohol curve, the positive and stimulant effects of alcohol are

experienced and the subjective value of alcohol may be enhanced

[15]. This might motivate alcohol use through positive reinforcement

mechanisms [6, 16]. Together, this suggests that future priming stud-

ies use a dose of at least 0.5 g/kg and assessment times should corre-

spond with the peak portion of the BAL. Studies should record BAL

several times to accurately map priming effects against BAL. If this is

done by converting breath alcohol concentration readings to BAL,

then measures should be taken to standardise readings (e.g. wash

mouth out with water before readings are taken).

In terms of design, within-participant designs are often seen as

superior to between-participant, by removing potentially important

between participant group differences. However, carry over effects

can be problematic with participation of an early condition affecting

beliefs and/or behaviour within a subsequent condition

(e.g. expectations of what type of drink may be offered, or how they

should react to beverages provided) [87]. Our analysis showed no sta-

tistically significant differences between studies using within- relative

to between-participant designs. However, although within-subjects

design showed an effect of alcohol priming on consumption and crav-

ing, between-subject designs only showed an effect on craving. This

may reflect the lower number of studies using a between subject

design, but further research is needed to clarify this. Additionally, ade-

quate sample size may be a key factor to consider when choosing a

design for future work. By establishing a pooled effect size for alcohol

priming on consumption and craving across different time points, this

information can be used to calculate the appropriate sample sizes nec-

essary to reliably detect changes in motivation to drink. For example,

to detect a statistically significant effect on ad libitum consumption, a

study would require ~57 participants in a within-participants design

and 222 in a between-participants design (one-tailed hypothesis:

using pooled SMD= 0.336 and 80% power). Notably, very few of the

identified studies had the power to detect this effect.

Traditionally, placebos have been considered the gold standard

control drink [88], and this is reflected by many more studies incorpo-

rating a placebo relative to a soft drink control. The priming effect on

consumption was greater when compared to soft drink relative to pla-

cebo controls. This may reflect the role of alcohol expectation on

priming and alcohol behaviour [7]. Expectations may trigger drinking

by two routes: either a person may experience placebo alcohol effects

(intoxication) that motivates drinking, or they do not experience any

ALCOHOL PRIMING STUDIES: A META-ANALYSIS 15



expected effects that frustrates the drinker and triggers consumption

to experience intoxication [63]. Yet, there was no effect of control

drink type on craving outcomes. This may be because of the uneven

number of comparisons, but we would also argue that the type of

control drink should be decided based on the aims of the study. Ide-

ally alcohol priming studies should incorporate an alcohol, placebo and

soft drink condition [47]. However, if this is not feasible, studies inter-

ested in determining the individual impact of alcohol’s expectancy and

pharmacological effects on motivation to drink should incorporate a

placebo control [5]. If the study is interested in understanding motiva-

tion to drink within more ‘real world’ contexts, where arguably both

pharmacological and expectancy effects influence drinking behaviour

[89], a soft drink control would be more appropriate. A small number

of studies have included an ‘alcohol naïve’ condition, in which partici-

pants are given alcohol, but told soft drink (this is part of the complete

‘balanced placebo design’) [42, 70]. However, research demonstrates

that it is unlikely that participants will believe this instruction, because

of alcohol’s pharmacological effects (reports of successful deception

may suggest social desirability bias) [90], so we would suggest

avoiding such manipulations where possible.

The key limitations of this meta-analysis are that we could not

include all possible behavioural measures of motivation to drink

(e.g. absolute or relative choice behaviour). This was because of lack

of data and considerable heterogeneity in outcomes. Therefore, we

cannot make recommendations for studies incorporating these out-

come measures, although if an alcohol prime is working by increasing

the value of alcohol, it is likely that a prime would have similar effects

on any direct measure of motivation to drink. Second, because of the

nature of the research studies and lack of data we were unable to

model the combined effects of dose and assessment time; therefore,

our findings should be interpreted with some caution. This analysis

sought to determine the nature of priming in lab-based settings. If

priming studies were conducted using more realistic parameters

(e.g. multiple drinks, with other drinkers and in pseudo-naturalistic bar

studies) [73, 67, 91, 92] it is possible that the dose needed and the

time patterns of priming would differ. Similarly, the typical drinking

habits of the participants may be important. For obvious ethical rea-

sons, alcohol priming research does not recruit participants with his-

torical or current diagnosis of alcohol use disorder (some early studies

used clinical populations, e.g. Marlatt et al.) [7]. The current analysis

included studies where typical drinking habits ranged from an esti-

mated 2.28 to 41.05 units a week (although it is worth noting that of

the between subject studies, 4 of 6 ad lib studies and 11 of 14 craving

studies reported no difference in the drinking habits of participants by

condition. The remaining studies failed to report on this issue). We

advise caution and do not seek to generalise these findings to

populations who may drink outside of this range.

The current meta-analysis is the first to determine the effective-

ness of an alcohol prime to enhance motivation for alcohol, assessed

by both consumption and self-report craving outcome measures, in

lab-based research. Based on these findings, we have provided recom-

mendations for the design of future alcohol priming studies based on

the aims of any given study.
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