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ORIGINAL ARTICLE

Substance Use & Misuse

An Ecological Momentary Assessment Study of Fluctuations in Inhibitory 
Control and Its Predictive Validity of Alcohol Use

Sam Burtona,b  and Andrew Jonesa

aSchool of Psychology, Liverpool John Moores University, Liverpool, United Kingdom; bDepartment of Women’s & Children’s Health, King’s 
College London, London, United Kingdom

ABSTRACT
Introduction:  Inhibitory control is associated with reports of alcohol use in cross-sectional and 
lab-based research. In the current study we investigated inhibitory control using an ecological 
momentary assessment paradigm to investigate ‘in-the-moment’ relationships with alcohol 
consumption and other factors (e.g., location, craving, emotions) in the real-world. We hypothesized 
that fluctuations in inhibitory control throughout the day would predict alcohol consumption.
Materials and methods:  Heavy drinkers (N = 54: mean age = 24.30, 47 females) were asked to 
complete a battery of questions and a stop signal task four times per day, at random intervals 
between 10am and 10 pm for one week. Participants were asked to record their location, craving, 
emotions and alcohol consumption at each assessment. Inhibitory control was assessed using stop 
signal task with personalized alcohol- and generic neutral-related cues.
Results:  Multilevel modeling demonstrated that neutral Stop Signal Reaction Times (OR= 1.05: 95% 
CI 1.02, 1.08) and frequency of craving (OR = 1.65; 95% CI 1.48, 1.84) predicted subsequent alcohol 
use occasions. Intensity (B=-0.036; 95% CI −0.059, −0.013) and frequency (B = 0.026; 95% CI 0.002, 
0.050) of craving significantly predicted variance in alcohol consumption.
Discussion:  Findings do not provide consistent evidence that fluctuations alone in inhibitory control 
predicts alcohol consumption. Future research should examine the interaction between inhibitory 
control and craving in the real-world, to better our understanding of the complex relationship.

Introduction

Inhibitory control, otherwise known as response inhibition, is 
the (in)ability to stop, change or delay inappropriate behavior 
under certain circumstances (Logan et  al., 1984). This behav-
ior is an underlying component of both impulsivity and exec-
utive functioning (Bickel et  al., 2012), while also being 
encompassed under the broader construct of self-control 
(Fujita, 2011). The ability to inhibit behavioral responses has 
been operationalized in controlled environments using exper-
imental tasks such as the ‘stop signal; task (Frederick 
Verbruggen & Logan, 2008). In these tasks participants are 
required to execute a speeded motor response on the majority 
of trials without interruption (e.g., 75%), reinforcing a domi-
nant response. On a minority of trials, they are required to 
withhold the speeded motor response following a ‘stop signal’.

Deficits in inhibitory control are observed in individuals 
suffering from alcohol dependence, as well as those who are 
non-dependent but who drink ‘heavily’ (Christiansen et  al., 
2012; Houston et  al., 2014; Smith et  al., 2014), compared to 
‘light’ drinking controls. Furthermore, poorer inhibitory con-
trol is associated with ad-libitum alcohol consumption in the 
laboratory ((commonly assessed using a ‘bogus taste test’) 

(Jones et  al., 2013). This paradigm demonstrates good con-
struct validity (Jones et  al., 2016), and is thought to be rep-
resentative of real world behavior (Leeman et  al., 2010, 2013; 
Trautmann et  al., 2024), in the laboratory (Bujarski & Ray, 
2016; Trautmann et  al., 2024). However, it is not clear 
whether such deficits are a cause or consequence of sub-
stance misuse (De Wit, 2009; López-Caneda et  al., 2014; 
Verdejo-García et  al., 2008). Longitudinally, inhibitory con-
trol predicts relapse following treatment (Rupp et  al., 2016), 
the transition from heavy drinking to dependence (Rubio 
et  al., 2008), along with the initiation and escalation of alco-
hol use in adolescents (Fernie et  al., 2013; Nigg et  al., 2006).

Much of the cross-sectional research into inhibitory control 
implies that it is a stable trait within individuals, however it is 
suggested that the ability to inhibit behavior can fluctuate within 
individuals over time (Jones et  al., 2013), which makes it more 
difficult for individuals to engage their inhibitory control in 
response to temptation. Jones et  al. (Jones et  al., 2013) reviewed 
the evidence and observed that transient changes in inhibitory 
control were evident in response to; environmental influences 
(De Wit, 2009; Jones et  al., 2013), stress (Roos et  al., 2017), 
reward/extrinsic motivation (Burton et  al., 2021) and exposure 
to alcohol-related cues and contexts which are thought to 
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increase craving (Czapla et  al., 2016; Jones & Field, 2015). 
Furthermore, laboratory-based studies have demonstrated that 
fluctuations in inhibitory control, a result of experimental 
manipulations, may influence subsequent alcohol consumption 
suggesting a causal relationship (Field & Jones, 2017; Jones 
et  al., 2011; Jones et  al., 2011).

The evidence base to-date is mostly from laboratory-based 
studies. However, these studies are limited by retrospective recall 
of alcohol-use, demand characteristics and a suppression of 
craving/consumption behaviors in controlled settings (Jenkins 
et  al., 2009; Monk et  al., 2015). Substance use is contextually 
driven and time-sensitive, and in order to reliably examine the 
link between inhibitory control and alcohol use, assessments 
must be made repeatedly in congruent contexts and at strategi-
cally selected moments (Cathy Lau-Barraco & Linden, 2014). As 
such, Ecological Momentary Assessment (EMA) methods are 
well enabled to examine the precursors of substance use behav-
iors in real-world environments (Shiffman, 2009; Shiffman et al., 
2008). EMA is the repeated sampling of participants’ subjective 
states and behavior in naturalistic settings. EMA studies allow 
for the examination of temporal relationship between 
substance-related cues, fluctuations in craving, self-control and 
substance use (Fatseas et  al., 2015; Remmerswaal et  al., 2019; 
Serre et  al., 2015). EMA allows for daily assessments of alcohol 
consumption providing more reliable estimates than retrospec-
tive diary measures (Monk et  al., 2015). Such methods have 
been used to investigate cognitive precursors, such as attentional 
bias and inhibitory control, in substance use (Jones et  al., 2018; 
Marhe et  al., 2013; Waters et  al., 2012).

To date, only one study has investigated the relationship 
between day-to-day fluctuations in inhibitory control and 
whether it can predict alcohol consumption in heavy drink-
ers (Jones et  al., 2018). Jones et  al. measured inhibitory con-
trol using a stop signal task twice per day, between 10am 
and 6 pm. Their findings demonstrated that average daily 
inhibitory control did not predict daily alcohol use, however 
fluctuations over the course of the day did, suggesting fluc-
tuations may be a risk factor for heavy drinking. However, 
these findings were exploratory, and focused on only two 
sessions administered per day, potentially not capturing the 
dynamic nature of inhibitory control.

The present study aimed to replicate and extend the find-
ings of Jones et  al. (2018) by administering four daily assess-
ments allowing us to reliably allow us to investigate 
cue-specific inhibitory control (alcohol vs neutral, given 
alcohol cues are known to impair control), mood and crav-
ing in relation to alcohol consumption. By including more 
assessments our design will allow for a more detailed analy-
sis of fluctuation in inhibitory control in relation to alcohol 
use, by including neutral and alcohol-specific estimates of 
inhibitory control (Shiffman, 2014; Shiffman et  al., 2008). It 
also provides a clearer pattern of alcohol use throughout the 
day, directly building on limitations highlighted in the orig-
inal paper of Jones et  al. (2018). We also extended the daily 
testing period, from 6 pm in Jones et  al. to 10 pm here in an 
attempt to capture more proximal associations between 
inhibitory control and drinking episodes which tend to 
occur later in the evenings (peaking between 6—8pm: (Liang 
& Chikritzhs, 2015). Further to this, baseline sessions of the 

Stop Signal Task (SST) were used to cross-validate findings 
from the mobile SST given to participants. Baseline taste-test 
results were compared to actual drinking behavior in EMA 
sessions to examine the predictive reliability of the taste test 
as an analogous measure of drinking behavior, to inform an 
unrelated project.

We hypothesized that i) daily fluctuations in inhibitory 
control would predict subsequent alcohol consumption, spe-
cifically decreased in inhibitory control (reduced SSRTs) will 
lead to increased alcohol consumption, ii) Alcohol consumed 
on an ad-libitum taste test will predict alcohol consumption 
in real world environment, iii) Inhibitory control perfor-
mance will fluctuate as a result of location of the testing 
location and cue exposure, e.g., if participants are in an 
environment with alcohol-cues present inhibitory control 
will decrease. This study was pre-registered on the Open 
Science Framework (https://osf.io/q2xky).

Materials and method

Participants

We recruited 57 heavy drinking individuals into the study. Three 
participants withdrew from the study due as they were unable 
to commit to the testing schedule, leaving 54 (47 females, mean 
24.30 ± 7.67 years old) in the final sample. Participants were 
recruited from the local community through the use of adverts 
both physically and via social media, this comprised both stu-
dents and members of the general population. Heavy drinking 
was defined as regularly drinking in excess of UK government 
guidelines, which is 14+ UK units per week (Department of 
Health, 2016). To be eligible, participants had to be 18+ and 
own an iPhone (due to the experiment software only compatible 
with iOS operating systems). Participants were excluded if they 
self-reported a current or previous diagnosis of a substance use, 
psychiatric or neurological disorder. Our a-priori sample size 
estimation was 55 participants. This was based on simulation 
research by Maas and Hox (2005) suggesting that sample size 
>50 participants (as level 2 units) leads to unbiased standard 
errors in multilevel models. We aimed for 55 to account for 
10% attrition. Upon completion of the full study participants 
were reimbursed with £20. The study protocol was approved by 
the local research ethics committee (approval number: 3854).

Baseline measures

Timeline follow-back (Sobell & Sobell, 1992)

Participants completed a two-week retrospective diary of all 
alcoholic beverages they consumed via the alcohol Timeline 
Follow Back (TLFB) (Sobell & Sobell, 1992). The TLFB is 
regularly used to assess the frequency and quantity of alco-
hol consumption. Participants were asked to record the 
number of units they consumed on a day-to-day basis for 
the previous 14 days, which was aggregated. A UK unit 
guide was provided for standard measurements of a variety 
of drinks, e.g., a small glass of wine or bottle of beer. Total 
units consumed during the previous 14 days and binge 
drinking frequency were the outcome measures.

https://osf.io/q2xky
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Alcohol use Disorders Identification task (Saunders et  al. 
1993)

The Alcohol Use Disorders Identification Task (AUDIT) was 
used to assess hazardous drinking. The AUDIT is a ten-item 
scale, with each item given a score from 0 to 4, with a max-
imum score of 40. The internal consistency of the AUDIT 
in this sample was α = 0.75.

Barratt impulsivity scale (BIS) (Patton et  al., 1995)

The BIS measures self-reported trait impulsivity. The scale is 
comprised of 30 questions, scored from 1 to 4 ‘rarely’, ‘occa-
sionally’, ‘often’ and ‘always’. The total score is made by sum-
ming the three subscales (max = 120); Attention, 
Non-Planning and Motor Impulsiveness. The internal consis-
tency of the BIS total score was α = 0.57, Attention subscale 
α = 0.44, Non-Planning subscale α = 0.43, Motor Impulsiveness 
subscale α = 0.54.

Temptation and restraint inventory (TRI) (Collins & Lapp, 
1992)

The TRI measures drinking restraint, using a 15-item scale, 
loading onto five subscales; Govern (difficulty controlling 
alcohol consumption), Restrict (attempts to limit drinking), 
Emotion (negative affect as a reason to drink), Cognitive 
Emotion Preoccupation (CEP; thoughts about drinking) and 
Cognitive Behavioral Control (CBC; plans to reduce drink-
ing/worry about controlling drinking). Items are rated on a 
9-point Likert scale from 1 ‘never’ to 9 ‘always’. The internal 
consistency for the overall scale was α = 0.78, CEP subscale 
α = 0.74, CBC subscale α = 0.73.

Brief self-control scale (SCS) (Tangney et  al. 2018)

The self-control scale assesses an individual’s general trait 
level self-control. The scale is scored using a 5-point Likert 
scale, from 1 ‘not at all’ to 5 ‘very much’, on 13 items, load-
ing onto four factors; self-discipline, healthy habits, impul-
sivity and self-regulation. The internal consistency for the 
overall scale was α = 0.61.

Brief desire for alcohol questionnaire (DAQ) (love, 
James, & Willner, 1998)

The DAQ allows the assessment of moment-to-moment 
craving for alcohol. The abbreviated DAQ is scored on a 
7-point Likert scale, from 1’strongly disagree’ to 7’strongly 
agree’. It is based upon three subscales that assess, intention 
to drink, negative reinforcement and positive reinforcement, 
and ability to control drinking (Kramer et  al., 2010).

Ad-libitum alcohol taste test

In the ad-libitum taste test participants are given access to a set 
amount of alcohol and asked to rate it on multiple perceptual 

factors (Field & Eastwood, 2005; Jones et  al., 2011), providing 
an unobtrusive measure of alcohol consumption (the rating 
scales are of secondary importance). In this study, participants 
were presented with two alcoholic beverages and one soft drink. 
Participants were presented with 3 units of alcohol, exact mea-
sure in ml varied across drink choice due to strength differ-
ences. Participants were also given a soft drink (cola) that was 
the same amount in ml as the alcoholic drinks. The dependent 
variable was the percentage of alcohol consumed. Additionally, a 
100 mm Visual Analogue Scale (VAS) was administered to 
examine participants’ thirst prior to the taste test (‘How thirsty 
are you right now on a scale of 0 (not thirsty at all) − 100 
(extremely thirsty))’.

EMA measures

Stop signal task

The stop signal task (Frederick Verbruggen & Logan, 2008) 
was programmed in Inquisit 5, based on Jones et  al. (2018), 
on the participants phone at all testing points. The screen 
background was white with a black fixation cross. On each 
trial, following the presentation of the fixation cross for 
250 ms an alcohol- or neutral- stimulus was presented in the 
center of the screen, rotated 45 degrees to the right or left. 
On go trials, participants had to respond to the orientation of 
the image by pressing a left button on the touch screen if the 
image was rotated to the left and a right button if the image 
was rotated to the right. The categorization of this response 
was uninterrupted on 75% of trials, and these are referred to 
as ‘go trials’. On the remaining 25% of trials a stop signal (a 
red ‘=’ sign) was superimposed over the go stimuli, after a 
variable delay (stop signal delay) after the onset of go stimuli. 
Participants were instructed to withhold their categorization 
response on trials a stop signal was presented.

A dynamic tracking algorithm was used to set stop signal 
delays (Verbruggen & Logan, 2008). In a given session, the 
first delay was set at 250 ms following onset of the go stim-
ulus. If participants were able to successfully inhibit, the 
delay increased by 50 ms on the subsequent stop trial and 
decreased on unsuccessful inhibition (min delay = 50 ms, 
max delay = 1000ms). Participants were presented with a 
total of 192 trials, with 48 stop trials and 144 go trials.

Stimuli

Eight personalized alcohol-related pictures for four different 
drink categories (beer, white wine, rose wine and cider), and 
eight neutral images (e.g., plug socket, shells, books) were 
used in the Stop Signal task, across all conditions. All images 
were presented in the same size and brightness, in an 
attempt to match the perceptual characteristics. Images were 
rotated 45 degrees to the right or left, as part of the classi-
fication component of the SST (see Jones & Field, 2015). 
Alcohol stimuli was personalized for the participant’s pre-
ferred drink (e.g., if the individual preferred cider to beer, 
they were only shown cider-related images) (Christiansen & 
Bloor, 2014) to increase the strength of the manipulation 
and internal reliability (Christiansen et al., 2015).
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EMA self-report measures

At the beginning of each assessment participants were asked 
“How [energetic/sad/drowsy/happy] do you feel right now?” with 
similar questions for craving “How strong is your craving for 
alcohol right now?” and were asked to respond on a 0—100 
visual analogue scale (0 = not at all, 100 = extremely). Smoking 
behavior was assessed, “Have you had a cigarette since your last 
assessment?” since their last assessment, via a ‘yes’ or ‘no’ answer. 
Following completion of the stop signal task, participants were 
asked to report their location for the assessment into one of six 
categories (‘work’, ‘home’, ‘traveling’, ‘bar’, ‘restaurant’ or ‘other’). 
To control for distractors, participants were asked to record 
whether they completed the session ‘alone’ or ‘in the presence of 
others’, and if they were interrupted and if so, how many times. 
Finally, participants were asked if they had consumed alcohol 
“How much alcohol have you consumed since your last assess-
ment?”, in which the number of units consumed was reported, 
and to provide a breathalyzer reading using a portable breatha-
lyzer supplied to them by the researcher.

Procedure

Participants were prescreened via an online questionnaire. 
Eligible participants were invited to take part in the baseline 
session in the Human Psychopharmacology Laboratories at 
the University of Liverpool. Upon arrival they provided 
informed consent. They then completed the battery of ques-
tionnaires for the baseline session (AUDIT, BIS, TRI, SCS, 
DAQ). Following completion, the EMA app (programmed 
on Inquisit 5) was loaded onto the participant’s phone. 
Alcohol images were personalized to the individual. 
Participants then completed their first full session using the 
app and were asked if they had any questions. Finally, they 
completed the ad-libitum alcohol consumption measure. 
Before leaving the laboratory, participants were given a 
printed guide of units, instructions and contact details for 
the researcher should they incur any problems. They were 
also provided with a portable breathalyzer in an attempt to 
examine the feasibility of using these in future EMA studies 
(BAC data not reported here, however any positive readings 
were removed as alcohol intoxication impairs inhibitory con-
trol (Field et  al., 2010; Weafer & Fillmore, 2016).

During the EMA phase participants were randomly prompted 
(Random Assessment: RA) four times per day, between the 
hours of 10am and 10 pm, in 3-h time windows with a final 
breathalyzer session at 10 pm. A testing session would take a 
maximum of 15 min, if the participant did not respond at all 
once they had started, on average most participants took 8 min. 
Notifications were sent via email to participants to complete a 
session at the next available opportunity, completing all 
self-report measures from the EMA session and the stop-signal 
task, a follow-up prompt was sent within 15 min of the first 
prompt to remind the participant. Participants took part in the 
study for 7 full days, beginning the day after the baseline ses-
sion. Upon completion, they were asked to return the breatha-
lyzer and attend a debrief session. Any data that had been 
stored on the participants phone from EMA sessions via the 
app was uploaded to the database.

Data reduction and analysis

To compute Stop Signal Reaction Times (SSRT), SPSS 25 
was used, and for subsequent analysis R was used with 
the ‘dplyr’ and ‘Lme4’ packages. We computed SSRTs sep-
arately for each image-type using the integration method 
(Verbruggen et  al., 2013; Verbruggen & Logan, 2009), 
with replacement of incorrect/omitted go errors with the 
maximum reaction time from the distribution of correct 
reaction times on that trial type. We also removed any 
negative values (N = 5) for both alcohol and neutral 
SSRTs, which indicate strategic responding (Verbruggen 
et  al., 2019).

Multilevel modeling is the most appropriate method for 
analysis of repeated measures using the link function of logit 
for Models A and B, and linear for Model C, due to the 
nature of nested data it takes into account the dependence 
between observations as a result of data clustering (e.g., stop 
signal performance may fluctuate over time, but should be 
highly correlated with other time points). Use of multilevel 
modeling allows for unequal number of data points across 
participants (resulting from missing data) (Hayes, 2006; 
Quené & Van den Bergh, 2004). A mean centered approach 
(Paccagnella, 2006) was adopted to assess an individual’s 
fluctuations in SSRTs with respect to their own mean SSRT, 
rather than that of the groups, within the models. Improved 
model fit was assessed via reductions in AIC/BIC values 
(Burnham & Anderson, 2004) for binary outcomes (with 
reduction in AIC/BIC > 10 indicative of a better fitting 
model), and reductions in Log-likihood statistics (Leckie, 
2019) for continuous outcomes. Mean centered time variant 
variables were scaled (divided by 10) to improve parameter 
interpretation (Statistic Consulting Center, n.d.). We used 
random intercepts for assessment day and participant, with 
SSRT values, Units, Location, Craving and Mood variables as 
fixed effects. Intraclass-correlations for each continous time 
varying variable were calculated using the ‘performance’ 
package, and marginal and conditional R2 values were 
reported for each model, where marginal R2 represents the 
variance explained by the fixed effects and conditional R2 
represents total variance explained (fixed and random effects: 
Nakagawa & Schielzeth, 2013).

In a deviation from the pre-registered outcome, we did 
not use alcohol consumption in units as our primary out-
come, but rather recoded the variable to a drinking occasion 
(vs no drinking occasion). This was due to the large propor-
tion of sessions in which alcohol consumption was reported 
as zero (80.15%), skewing the distribution of quantity of 
alcohol units consumed. Location was initially coded as; 
home, work, travel, bar or restaurant, or other. Eight-hundred 
and sixteen of the data points were classified as being at 
home, with 484 being split across the remaining categories. 
For the purpose of the analysis, location was coded as either 
at home (vs not at home), due to some locations not having 
adequate data points for analysis. In supplementary models 
we included Gender as a fixed effect, however this did not 
influence any of the findings (changes in significance of any 
individual predictors) so we do not include it in 
reported models.
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Results

Participant characteristics

Participants (Table 1) had a mean age of 24.30 (SD = 7.67). 
On average participants consumed 42.83 units of alcohol in 
a two-week period prior to the baseline session, exceeding 
the ‘heavy drinking’ threshold (~28 units over the two-week 
period), with an average of 3+ binge sessions over the same 
period. Thirty (52.63%) of the participants were classed as 
hazardous drinkers and 15 (26.32%) were indicative of alco-
hol dependence based upon their AUDIT score.

Compliance and practice effects

Participants completed 1298 Random Assessments (RA; of a 
possible 1512: 85.85%, none were removed from the analy-
sis) and 326 Breathalyzer Assessments (BA; of a possible 
378). Participants reported being interrupted during 401 
RAs (30.89%) and completed 610 in the presence of others 
(47.00%). On 149 RAs participants completed the session 
while reporting a positive breathalyzer reading (11.03%). 
RAs were coded as confounded if there was a report of 
interruption or a positive breathalyzer reading, sensitivity 
analysis was carried out for the main analysis reported 
below, in which confounded RAs were removed. 11.04% 
(149) sessions were removed due to a positive alcohol 
breathalyzer reading. Further to sessions confounded by 
alcohol, those with interruptions and in which the partici-
pant had smoked were removed, as part of a sensitivity anal-
ysis due to previous lab work showing it may influence 
attention and inhibitory control (Wignall & de Wit, 2011), 
in total 37.75% of sessions (490) were removed. Results did 
not significantly differ when confounded sessions were 
removed and the main analyses re-run.

To examine the possibility of practice effects on inhibi-
tory control we used assessment day (1—7) as a predictor of 
both Alcohol (B = 0.91 [95% CI: −1.20 to 3.01], p = 0.398) 

and Neutral SSRTS (B = 0.96 [95% CI: −1.09 to 3.01], 
p = 0.358), however there were no associations.

Hypothesis 1 and 2:	 Multilevel model predicting alcohol 
consumption, from laboratory alcohol use and EMA measures.

A two-level model (assessment > participant) was a sig-
nificantly better fit than a single level model (χ2(1)=6.03, 
p < 0.001). A three-level model (assessment > day > partici-
pant) was a significantly better fit than a two level model 
(χ2(1)=7.05, p < 0.01), as such a three level model was used.

Model A (Table 2) included baseline alcohol consumption on 
a bogus taste test, alcohol and neutral SSRTs respectively for 
baseline and RA sessions, to examine if they can account for 
whether the participant consumed alcohol or not. Neutral SSRTs 
(OR = 1.05; 95% CI 1.02, 1.08, p < 0.001) explained a significant 

Table 1.  Participant characteristics and measurements from baseline, random and breathalyzer assessments.

Participant-level baseline variables

Age (years) 24.30 (7.58)
TLFB consumption 42.83 (18.84)
TLFB binge frequency 3.39 (2.08)
AUDIT 11.94 (5.59)
BIS total 74.52 (7.05)
TRI 49.90 (18.38)
SCS 32.87 (4.10)
DAQ 29.22 (14.21)
Daily level Baseline 1st RA 2nd RA 3rd RA 4th RA ICC
Alcohol SSRT 313.86 (62.36) 288.17 (69.35) 287.56 (56.73) 294.92 (71.90) 298.32 (71.32) 0.213
Neutral SSRT 307.07 (62.37) 289.50 (61.50) 287.58 (60.40) 293.15 (58.42) 297.97 (73.18) 0.265
Craving intensity 27.41 (21.51) 17.76 (18.66) 21.99 (21.58) 29.40 (26.32) 32.97 (28.48) 0.328
Craving frequency 24.83 (23.40) 21.46 (20.92) 20.75 (21.43) 60.04 (25.32) 31.89 (28.21) 0.357
Sad 24.38 (17.99) 28.70 (1.93) 26.39 (19.39) 27.33 (19.59) 24.58 (18.51) 0.254
Energetic 50.69 (21.89) 41.67 (23.70) 42.71 (23.57) 43.45 (22.70) 41.15 (24.71) 0.190
Happy 64.50 (15.23) 57.98 (19.78) 59.02 (18.63) 61.05 (18.91) 63.28 (18.77) 0.196
Drowsy 38.81 (26.05) 46.12 (26.24) 42.99 (26.48) 43.33 (26.27) 45.60 (26.48) 0.214
Units consumed - 1.42 (3.18) 0.29 (1.48) 0.44 (1.55) 0.83 (2.34) 0.115

Values are means (standard deviation).
Abbreviations- TLFB, Timeline Follow back. AUDIT, Alcohol Use Disorders Identification Test. BIS, Behavioral Impulsivity Scale. TRI CEP, 

Temptation and Restraint Inventory Cognitive Emotional Preoccupation, TRI CBC, Temptation and Restraint Inventory Cognitive 
Behavioral Control. SCS, Self-Control Scale. DAQ, Desire for Alcohol Questionnaire. SSRT, Stop Signal Reaction Time. RA, Random 
Assessment.

Table 2.  Multilevel model examining participant-level and daily-level predictors 
of alcohol consumption.

Model A Model B Model C

Parameter OR (95% CI) OR (95% CI) B (95% CI)
Outcome Binary (drank vs 

not)
Binary (drank vs 

not)
Continuous (units 

cons.)
Participant Level
Ad-lib alcohol 1.27 (0.90, 1.80) 1.26 (.83, 1.91) 1.11 (.26, 1.97)*
Daily Level
Neutral SSRT 1.05 (1.02, 1.08)*** 1.05 (1.02, 1.08)** .07 (−0.01,.15)
Alcohol SSRT 1.12 (0.88, 1.43) 1.09 (0.85, 1.40) .14 (−0.60, .87)
Craving intensity 1.01 (.91, 1.12) −0.36 (−0.60, −0.13)*
Craving frequency 1.65 (1.48, 1.84)*** .26 (.02, .50)*
Location 1.22 (.86, 1.73) −0.59 (−1.52, 0.34)
Sad .89 (.78, 1.01) .41 (.06, .76)*
Energetic 1.00 (.90, 1.10) −0.04 (−0.31, .22)
Happy 1.08 (.95, 1.23) .26 (−0.05, .57)
Drowsy 1.15 (1.05, 1.25)** .03 (−0.21, .26)
Marginal R2 .026 .237 .107
Conditional R2 .146 .348 .177
N data points 1344 1344 268
ICC .12 .15 .08

SSRT, Stop Signal Reaction Time. Location reference category is home.
*p < 0.05.
**p < 0.01.
***p < 0.0001.
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amount of variance in the model, alcohol SSRTs (OR = 1.12, 
95%CI 0.88, 1.43, p = 0.353) and baseline alcohol consumption 
(OR = 1.27, 95% CI 0.90, 1.80, p = 0.170), did not explain a sig-
nificant proportion of variance. In Model B (Table 2), we added 
in the assessment-level variables of frequency of craving, loca-
tion, sad, happy, energetic, and drowsy. Neutral SSRTs, frequency 
of craving and drowsiness significantly predicted variance in 
whether individuals consumed alcohol or not.

Sensitivity analyses

In sensitivity analysis we removed all sessions in which no 
alcohol consumption was reported and the outcome was 
amount (in units) consumed. A two-level model (assess-
ment > participant) was a significantly better fit than a single 
level model (χ2(1)=6.03, p < 0.05). A three-level model 
(assessment > day > participant) was not significantly better fit 
than a two level model (χ2(1)=0.31, p = 0.58), as such a two 
level model was used. Model C (Table 2) used the same pre-
dictor variables as Model B, with reported alcohol consump-
tion, as a continuous variable, as the dependent variable. 
Significant predictors were baseline alcohol consumption 
(β = 1.11, 95% CI 0.26, 1.97, p < 0.05), intensity of craving 
(β=−0.04, 95% CI −0.06, −0.01, p < 0.01), frequency of crav-
ing (β = 0.03, 95% CI 0, 0.05, p < 0.05) and sad (β = 0.04, 95% 
CI 0.01, 0.08, p < 0.05). Note, that this model has consider-
ably lower statistical power.

In further sensitivity analysis we removed all sessions in 
which there was an interruption or positive breathalyzer 
reading, the outcome was amount (in units) consumed. 
Significant predictors of alcohol consumed were Neutral 
SSRTs (β=−0.00, 95% CI 0.00, 0.00, p < 0.05), intensity of 
craving ((β=−0.03, 95% CI −0.04, −0.02, p < 0.001) and fre-
quency of craving (β=−0.03, 95% CI 0.02, 0.04, p < 0.001), 
however the multilevel structure was not a good fit of the 
data, likely due to decreased power.

Hypothesis 3:	 Fluctuations in inhibitory control, both proac-
tive and reactive, to alcohol stimuli & environment.

We examined if inhibitory control (SSRTs) fluctuated in 
response to alcohol stimuli. A multilevel model with predic-
tors of cue type (alcohol vs. neutral) and environment 
(home, not home) with random intercepts for subject and 
day was conducted on SSRTs. There was no main effect of 
cue type (B = −5.85 [95% CI: −12.62, 0.92], p = 0.090). 
However, there was an effect of location (B = −9.10 [95% CI: 
−15.71, −2.48], p = 0.007). There, was also a weak significant 
interaction (B = 9.10 [95% CI: 0.04, 17.80], p = 0.040). Alcohol 
SSTs were increased outside of the home, and Neutral SSRTs 
decreased out of home. Alcohol SSRTs at home = 291.70 
(SD = 56.48), Alcohol SSRTs out of home = 295.92 (SD = 
81.84), Neutral SSRTs at home = 294.45 (SD = 61.31) and 
Neutral SSRTS out of home = 289.84 (SD = 67.12)

Discussion

The aim of this study was to examine if momentary fluctuations 
in inhibitory control could predict alcohol consumption. 

Hypothesis one was partially supported, as increased neutral 
SSRTs predicted a subsequent alcohol consumption occasion. 
Hypothesis two was supported, as baseline measurements of 
ad-libitum alcohol consumption accounted for a significant 
amount of variance in subsequent decisions to consume alcohol 
(and amount consumed). Hypothesis three was not supported, 
reactive inhibitory control performance did not fluctuate as a 
result of location nor cue exposure, however alcohol SSRTs were 
significantly slower outside of the home.

Whilst the findings from this study demonstrated some lim-
ited evidence for inhibitory control predicting alcohol use, this 
was only for SSRTS to generic neutral stimuli. These findings 
are broadly in line with Jones et  al. (2018) who demonstrated 
daily fluctuations in inhibitory control were predictive of alcohol 
use, using arbitrary cues (‘x’ and ‘o’, on the stop signal task). 
However, it was surprising that there was no evidence for alco-
hol SSRTs given theoretical predictions and associations between 
alcohol-related cues, inhibitory control and alcohol consumption 
in the laboratory (Czapla et  al., 2016; Jones et  al., 2013; Weafer 
& Fillmore, 2015). Recent pre-registered work suggests that 
exposure to alcohol cues alone is not enough to create inhibi-
tory deficits, but priming (consumption) may influence reactive 
components of inhibition (Baines et  al., 2019). It is possible that 
participants demonstrated habituation to alcohol-related cues, 
and as such they exerted limited effects as the testing sessions 
persisted (Courtney et  al., 2015). These findings then lend some 
support to wider theoretical models which posit the importance 
of inhibitory control on subsequent alcohol consumption 
(Goldstein & Volkow, 2011; Kalivas & Volkow, 2005; Paz et  al., 
2016), but less so the importance of cue-specific inhibition 
(Jones et  al., 2013). These observations further support inhibi-
tory control as a potential risk fact for alcohol use and (re)lapse 
(Gilbey & Wilcockson, 2024), and future studies might consider 
Ecological Momentary Interventions (Balaskas et  al., 2021)which 
allow us to identify these fluctuations ‘in the moment’ and 
intervene by attempting to increase inhibitory control (Iannazzo 
et  al., 2025)or prompting the individual to avoid temptation.

Location of the assessments did not explain a significant 
amount of variance in the alcohol use data. Due to the lack 
of variation in assessment locations outside of participant’s 
home, data was recoded as either being at home or out of 
home, reducing the specificity of our measurement and 
potentially negating the effect of environment on alcohol 
use. Social and contextual changes can influence alcohol use 
(Correia et  al., 2012), with bars and private residences, in 
particular, leading to high levels of alcohol consumption 
(Wray et  al., 2014). Importantly, environments alone do not 
influence alcohol use. There is likely to be an interaction 
with social contexts, and the cognitive response evoked by 
situational cues (Vengeliene et  al., 2020) and social context 
(Erskine-Shaw et  al., 2017).

Interestingly, ad-libitum alcohol consumption in the labora-
tory predicted alcohol use in the real world. These findings 
extend the work of Jones et  al. (2018) who had no baseline 
measure of alcohol consumption, showing that the bogus-taste 
test is analogous of real-world alcohol consumption. Lab-based 
consumption predicted real-world consumption, such findings 
are promising given previous speculation over the validity of the 
bogus taste-test (Leeman et  al., 2009; Leeman et  al., 2013; 
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Robinson et  al., 2015; Robinson et  al., 2014). Particularly for the 
field of experimental medicine the bogus taste-test appears to be 
an effective proxy for alcohol consumption, enabling its use to 
develop interventions to reduce alcohol consumption within a 
lab based environment (Field et  al., 2021).

Our study has multiple strengths, we accounted for baseline 
measures of inhibitory control and alcohol use (via the 
ad-libitum taste test) allowing cross-validation between control 
conditions and real-world environments. In respect to alcohol 
use as a dependent variable, we conducted a variety of analyses 
such as daily consumption, only reported alcohol use session, 
and as a binary variable, allowing for robust analyses. Confounds 
(e.g., disturbances or alcohol intoxication) were accounted for as 
part of sensitivity analyses. The experimental paradigm used a 
greater number of testing sessions, allowing for dynamic changes 
in inhibitory control to be examined in comparison to previous 
studies (Jones et al., 2018), and more reliable estimates (Shiffman, 
2014). Importantly, compliance was at acceptable levels for 
Ecological Momentary Assessment studies (Shiffman, 2014; 
Stone & Shiffman, 2002).

There were also a number of limitations. Firstly, we did 
not examine when alcohol was last consumed in relation to a 
testing session, and therefore cannot determine the effect of 
alcohol on inhibitory control or vice versa demonstrating the 
need for a more finite understanding of conditions during the 
initiation of drinking. Future research should ask participants 
to complete sessions following alcohol consumption (Collins 
et  al., 2003). Secondly, participants were not given a cutoff as 
to when they had to complete the testing session by, meaning 
that poorer response inhibition may not have been caught 
(e.g., participants may delay their response if they felt their 
performance would be poor). Future EMA studies should 
control for the intended time of the RA and when the partic-
ipant completed the session using cutoff points to examine 
the sensitivity of the paradigm. Further to this we did not 
differentiate between week and weekend RA sessions, future 
EMA research should examine drinking behaviors across 
these time frames given that motives may differ to consume 
alcohol (Lau-Barraco et  al., 2016). Our sample was comprised 
of heavy drinkers limiting the generalizability of findings, 
future research should seek to examine different groups of 
drinkers such as, light drinkers and those with substance use 
disorders to examine fluctuations in inhibitory control in the 
real world. The majority of the sample were females, with 
inadequate numbers for gender analysis, given to the use of 
opportunity sampling, while prior research has found gender 
differences in inhibitory control (Weafer et  al., 2015), we 
found no effect of gender on outcomes (see supplementary 
analysis for gender). Future research should seek to sample 
sufficient numbers of both genders to allow for the analysis of 
gender within an EMA paradigm, especially given the litera-
ture on gender differences in cue-reactivity (Kaag et al., 2019). 
Further to this future research should adopt purposive sam-
pling to achieve a sample representative of the wider popula-
tion to investigate differences between genders and ethnicity 
for example. It is possible that repeated testing of inhibitory 
control might lead to practice or fatigue effects (Spierer et  al., 
2013), however in exploratory analyses we note that assess-
ment day did not predict SSRTs for either alcohol or neutral 

cues here. Finally, our ecological momentary assessments 
focused on alcohol consumption, but consumption of other 
drugs may also be associated with inhibitory control (e.g., 
Cannabis: Griffith-Lendering et  al., 2012) and future studies 
may consider examining a more complete profile of psycho-
active substance use.

To summarize, we found no consistent association 
between inhibitory control or fluctuations of inhibitory con-
trol and alcohol use. Despite previous research we found a 
limited effect of location or motivation to alcohol related 
stimuli on inhibitory control.
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