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Abstract

Background and Aims: Studies show that higher levels of positive affect (PA) and lower

levels of negative affect (NA) are related to craving and alcohol consumption at a daily

level in men, but little is known on these associations at a momentary level, and whether

they are present in women. This study measured the dynamics of within-person NA and

PA surrounding craving, non-heavy alcohol use and binge drinking in women with alco-

hol use disorder (AUD) and female controls without AUD.

Methods: 53 female patients with AUD and 75 female controls, all recruited in Belgium,

were included in an experience sampling study where they reported on momentary NA,

PA, craving and alcohol use in daily life over a period of 12 months. Assessments

occurred eight times a day on Thursdays, Fridays and Saturdays in seven bursts of three

weeks.

Results: Within-person NA at a previous assessment (t−1) predicted craving at the cur-

rent assessment (t0) in patients with AUD in a positive linear [β = 0.043; 95% confidence

interval (CI) = 0.002, 0.057; P = 0.041] and quadratic fashion (β = 0.034; CI = 0.011,

0.057; P = 0.004). Within-person PA at t−1 predicted craving at t0 in patients with AUD

with a positive quadratic relation (β = 0.042; CI = 0.08, 0.065; P < 0.001). Within-person

NA at t−1 negatively predicted non-heavy alcohol use at t0 in a linear fashion in controls

(β = −0.495; CI = -0.677, -0.312; P < 0.001) and patients with AUD (β = −0.276; CI = -

0.421, -0.132; P < 0.001). Within-person PA at t−1 significantly predicted non-heavy

alcohol use at t0 with a positive linear term (β = 0.470; CI = 0.329, 0.610; P < 0.001) in

controls, but with a positive linear term (β = 0.399; CI = 0.260, 0.454; P < 0.001) and a

positive quadratic term (β = 0.203; CI = 0.060, 0.347; P = 0.003) in patients with AUD.

Within-person NA at t−1 predicted binge drinking at t0 in patients with AUD with a sig-

nificant quadratic term (β = 0.236; CI = 0.060, 0.412; P = 0.008), but not for controls.

Within-person PA at t−1 predicted binge drinking at t0 in patients with AUD with a signif-

icant quadratic term (β = 0.378; CI = 0.215, 0.542; P < 0.001), and this was also the case

for controls (β = 0.487; CI = 0.158, 0.770; P < 0.001). Non-heavy alcohol use at t0 pre-

dicted lower levels of NA at t+1 in both patients with AUD (β = −0.161; SE = 0.044;

CI = -0.248, 0.074; P = 0.001) and controls (β = −0.114; CI = -0.198, -0.029; P = 0.010).

Non-heavy alcohol use at t0 also predicted higher levels of PA at t+1 in both patients
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with AUD (β = 0.181; CI = 0.088, 0.274; P < 0.001) and controls (β = 0.189; CI = 0.101,

0.278; P < 0.001).

Conclusions: The momentary relation between affect and craving or alcohol use seems

to be non-linear in female patients with alcohol use disorder, whereby a worse mood

predicts subsequent alcohol use, though more for binge drinking than for non-heavy

alcohol use.
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alcohol use, alcohol use disorder, binge drinking, craving, ecological momentary assessment,
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INTRODUCTION

Alcohol use disorder (AUD) is defined as a maladaptive pattern of

alcohol use that leads to significant impairments or distress [1]. This

pattern of alcohol use has far-reaching consequences on individuals,

their surroundings and society as a whole [2–4]. Additionally, treating

AUD is challenging as only 17.3% of patients receive treatment within

a given year, and as up to 60% of those who receive treatment do not

achieve remission [5, 6]. Crucially, literature suggests that women pro-

gress more rapidly from their first alcohol consumption to AUD than

men, experience worse health outcomes and are less likely to seek

treatment [7–9]. Therefore, there is an urgent need to better under-

stand the triggers for alcohol use in female patients with AUD.

Across different theories, momentary changes in both negative

affect (NA) and positive affect (PA) are thought to be important trig-

gers of alcohol use, with craving being a mediator of these relations

[10–13]. First, NA is characterized as a feeling of ‘subjective distress

and unpleasurable engagement’ that includes several negative emo-

tions such as anger, anxiety, guilt, loneliness or sadness [14]. Theories

such as the tension reduction theory, the stress-response dampening

model and the affective processing model of addiction propose that

higher levels of NA cause patients with AUD to consume alcohol, and

that a subsequent reduction in NA has a reinforcing effect on future

alcohol use [10, 15, 16]. Indeed, studies have found that experimen-

tally inducing NA can lead to more alcohol use across patients with

AUD and controls (i.e. individuals without AUD), and that alcohol con-

sumption can lower NA [17, 18]. Furthermore, patients with AUD

report more often that they drink to cope with NA than controls, and

relapse in patients with AUD is predicted by higher levels of NA [19,

20]. Importantly, studies show that NA could play a greater role in

women, because they are more likely to drink alcohol when

experiencing high levels of NA than men [21].

Second, PA reflects the extent to which somebody experiences

positive emotions such as feeling alert, excited and satisfied [14]. Theo-

ries such as the motivational model of alcohol use posit that patients

not only drink alcohol to cope with NA, but also drink alcohol to

enhance PA, and that this behavior is influenced by factors such as

social enhancement expectancies and sensation seeking [11, 12]. For

example, an individual could experience lower levels of PA (i.e. feeling

bored and inactive) and drink alcohol to feel more excitement [11, 12].

Indeed, patients with AUD who report lower PA also report higher

levels of craving for alcohol [22]. Furthermore, studies suggest that

higher levels of PA could also lead to alcohol use by making individuals

more attentive to rewards and more likely to approach them [23, 24].

Experimentally inducing PA can indeed lead to more alcohol use and

drinking alcohol can increase PA [25–27]. Studies also show that

women drink in response to PA at a level comparable to men, but that

they could be more vulnerable to the effects of alcohol on PA [28, 29].

Importantly, it has been suggested that patients with AUD initially con-

sume alcohol for its positive reinforcing effects (i.e. increasing PA), but

that a shift occurs over time, after which alcohol is consumed for its

negative reinforcing effects (i.e. decreasing NA) [30, 31]. In line with

this hypothesis, individuals who experience more rewarding effects

from alcohol use have a higher risk of developing AUD [32].

Third, craving can be defined as ‘an intense and conscious desire

for a specific substance’, although the precise definition of craving

has been the topic of discussion [13, 33]. Despite this debate, several

conditioning-based, cognitive, psychobiological, and motivational

models have been developed, which propose that deviations in the

average levels of NA and PA can increase craving [13]. Across patients

and controls, studies do report that experimentally inducing NA can

lead to more craving for alcohol, and that experiencing more craving

in response to NA is predictive of relapse in patients with AUD [18,

34, 35]. Compared to men, women show a stronger relation between

craving and depressive symptoms and a stronger increase in craving in

response to beverage cues after the induction of NA, suggesting

women may be more sensitive to the effects of NA on craving [36,

37]. Additionally, there is little research on the link between PA and

craving, although one study finds that experimentally inducing PA can

increase craving in patients with AUD [27].

Taken together, numerous studies show that NA and PA play a

significant role in alcohol use and that craving could mediate this rela-

tion. However, these studies have typically been performed in a labo-

ratory setting or have used retrospective questionnaires, which focus

on between-person differences and can suffer from limitations such

as a lack of ecological validity or recall bias [38]. Therefore, there has

been an increasing interest in studying the impact of within-person

deviations of NA and PA on craving and alcohol use in real life using

the experience sampling method (ESM), also known as ecological

momentary assessment, whereby participants repeatedly report their

mood, behavior and context in real-time [38]. Importantly, a meta-

analysis of 69 ESM studies finds that higher levels of PA are related to
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alcohol use and binge drinking in daily life, but that this is not the case

for NA and alcohol use or binge drinking, which calls into question

whether deviations in average NA levels actually cause individuals to

drink alcohol in daily life [39].

However, these ESM studies have several limitations. First, a large

number of ESM studies investigate the relation between affect and

alcohol use on a daily level, meaning that they aggregate several mea-

surements within a day. This could be an issue if the relation between

NA and alcohol use exists on a smaller timescale. If so, it might be bet-

ter suited to investigate whether higher or lower than average levels of

NA and PA within a person at one moment predict craving and alcohol

use at the next moment. Indeed, findings in the literature suggest that

the relation between affect and alcohol use differs across levels.

Namely, after analyzing the same dataset, one study looking at the

daily level reports that higher PA is related to greater alcohol use,

whereas another study looking at the momentary level found that

lower PA is associated with subsequent alcohol consumption [40, 41].

However, this is not the only factor influencing the relation between

affect and alcohol use, as studies investigating the role of momentary

NA report conflicting results. Namely, one study finds that higher levels

of anxiety predict subsequent alcohol use, whereas another study

reports that lower levels of NA predict future alcohol consumption [41,

42]. Second, almost all studies have been performed in individuals

without a diagnosis of AUD. This could have influenced the findings as

the relation between NA and alcohol use is hypothesized to be the

strongest in patients with AUD [20]. Indeed, one of the few ESM stud-

ies in patients with AUD reports that higher levels of NA do predict

relapse in daily life [43]. Third, a large number of ESM studies on alco-

hol use primarily include men, although studies show that women are

more likely to drink alcohol to regulate NA and that this tendency plays

a key role in the development of AUD of women [21]. Fourth, ESM

studies typically do not differentiate between various types of alcohol

use. However, studies suggest that NA especially predicts binge drink-

ing (i.e. the consumption of large amounts of alcohol within a

short period of time) over non-heavy alcohol use (i.e. the consumption

of a limited amount of alcohol) [44]. Additionally, studies find that indi-

viduals who binge drink are more likely to meet the criteria for AUD

and that binge drinking predicts the onset of AUD [45, 46].

This study aims to overcome these limitations by exploring the

role of momentary affect in the daily lives of female patients with

AUD and controls without AUD and investigate the temporal relations

between NA and PA on the one hand and craving, non-heavy alcohol

use and binge drinking on the other hand. More specifically, it aims to

investigate the following hypotheses based on the assumptions of the

affective processing and motivational models of alcohol use together

with the assumption that the relation between NA and alcohol use

exists primarily in patients with AUD:

1. Both within-person NA and PA positively predict subsequent

craving in female patients with AUD, but only within-person PA

positively predicts subsequent craving in controls.

2. Both within-person NA and PA positively predict subsequent non-

heavy alcohol use and binge drinking in female patients with AUD,

but only within-person PA positively predicts subsequent non-

heavy alcohol use and binge drinking in controls.

3. Both non-heavy alcohol use and binge drinking predict a subse-

quently lower NA and higher PA in female patients with AUD and

controls.

METHODS

Study sample

The participants were drawn from a larger ESM study in female

patients with bulimia nervosa and/or AUD as well as controls (i.e. indi-

viduals without bulimia nervosa or AUD). This larger ESM study set out

to include 70 patients with bulimia nervosa, 70 patients with AUD and

70 controls, based on recommendations for multilevel studies and pre-

viously reported drop-out rates [47, 48]. In the end, the larger ESM

study included 51 patients with bulimia nervosa, 53 patients with

AUD, 19 patients with both bulimia nervosa and AUD, and 76 controls.

The current study only used the data of 53 patients with AUD and

75 controls, after excluding one control who drank no alcohol. The data

of the patients with both bulimia nervosa and AUD were excluded, as

including them could bias the results concerning the role of NA and PA

in patients with AUD. Participants were recruited from September

2019 to February 2022 in Flanders, Belgium through residential and

ambulatory care centers, patient groups, universities, social media and

by handing out flyers on the street. The inclusion criteria were:

(1) female; (2) understand Dutch; (3) body mass index

(BMI) ≥18.5 kg/m2; and (4) age ≥18 years. In Belgium, the legal drinking

age is 16 for beverages containing less than 1.2% of distilled alcohol

and 18 years for beverages containing more alcohol [49]. Additional

inclusion criteria for patients with AUD were: (5) meet the criteria for

AUD of the Diagnostic and Statistical Manual of Mental Disorders,

Fifth Edition [1]; (6) display a binge drinking pattern according to the

criteria of the National Institute of Alcohol Abuse and Alcoholism

(NIAAA) (i.e. drinking 4 units of alcohol within 2 hours for women) [50];

(7) illness duration ≤5 years. This maximum illness duration was set as

the role of affect is thought to change over the course of the disorder,

with the impact of NA increasing and the impact of PA decreasing over

the course of AUD [30, 31]. Participants were excluded for the follow-

ing reasons: (1) major medical pathology; (2) chronic use of sedatives;

(3) pregnancy; and (4) presence of psychiatric pathology for controls or

major psychiatric pathology for patients with AUD (i.e. schizophrenia,

autism spectrum disorder, bipolar disorder, substance use disorder

other than AUD). All participants gave their written consent, and the

study was approved by the ethical committee of the UZ/KU Leuven.

Study procedure

All potential participants were initially screened via telephone or

email, after which they attended an in-person assessment. During this

assessment, a resident of psychiatry confirmed whether an individual

AFFECT IN FEMALE PATIENTS WITH AUD 63
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was eligible to participate based on the inclusion and exclusion cri-

teria. Afterwards, the participants had their height and weight mea-

sured with a calibrated scale and stadiometer and completed clinical

interviews and questionnaires. Next, the participants were briefed on

the ESM questions and practiced the use of the mobile application. All

participants started with the ESM protocol on the first Thursday fol-

lowing the in-person assessment. An overview of the protocol can be

seen in Figure 1. The protocol consisted of a repeated measurement

design where seven bursts of data collection were spread out over a

12-month period. The bursts had a duration of 3 weeks and were sep-

arated by intervals of 5 weeks. During each burst, data were only col-

lected on Thursday, Friday and Saturday to limit the protocol’s impact

on the participants. These days were selected to consecutively gather

data on week and weekend days. In addition, these are the days with

the highest alcohol consumption among young adults in Flanders [51].

This resulted in 9 days of data collection in each burst and 63 days in

total. On a given day of data collection, participants received eight

assessments on a signal-contingent (i.e. semi-random) basis. This

meant that there were 72 assessments per burst and 504 assessments

per participant. The data were initially collected with the app Mobi-

leQ [52]. When the app was no longer maintained in October 2020,

data collection continued using m-Path [53]. More information on the

apps can be found in eMethods 1 and eTable 1.

Measures

Baseline measures

The Structured Clinical Interview for the Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (SCID-5-S) was used to

confirm the diagnosis of AUD and to screen for other psychiatric dis-

orders [54]. AUD severity was assessed with the Alcohol Use Disor-

ders Identification Test (AUDIT) [55]. The AUDIT had an excellent

internal consistency with a standardized Cronbach’s α of 0.92.

ESM measures

Negative and positive affect

For NA, participants needed to rate how much they agreed with feel-

ing six emotions in the moment (afraid, distressed, guilty, insecure,

lonely and sad) on a seven-point Likert scale (1: ‘Totally Disagree’, 7:
‘Totally Agree’). For PA, participants were required to rate how much

they agreed with experiencing three emotions in the moment (cheer-

ful, relaxed and satisfied) on a seven-point Likert scale (1: ‘Totally Dis-

agree’, 7: ‘Totally Agree’). These scores were then averaged to get

one score for NA and PA at each assessment. The questions for NA

and PA were based on previous ESM studies [56–58]. However, other

ESM studies measuring NA have included questions on other emo-

tions as well [39].

Craving

Participants needed to rate their urge to drink alcohol in the moment

on a five-point Likert scale (1: ‘None’, 5: ‘Overwhelming’). This is sim-

ilar to other ESM studies on craving [59].

Alcohol use

Participants were required to indicate whether they drank alcohol

since the last assessment. If so, they needed to report how many units

of alcohol they consumed (1, 2, 3, 4, 5, 6, >7). The participants were

instructed about the definition of an alcohol unit (i.e. 250 mL beer,

100 mL wine, 35 mL liquor). For the analyses, based on the criteria of

the NIAAA, non-heavy alcohol use was defined as having drunk less

than 4 units of alcohol since the last assessment, whereas binge drink-

ing was defined as having drunk at least 4 units of alcohol since the

last assessment with the mean (SD) time between assessment of

103 [44] minutes. The exact phrasing of the ESM questions as well as

the internal consistency and intraclass coefficients of the ESM scales

is found in eMethods 2 and 3 and eTables 2 and 3.

Statistical analysis

Data preparation

The data were collected between September 2019 and January 2023.

However, only the assessments answered within 90 minutes of the

prompt were used in the analyses. This window was chosen to

exclude assessments that were answered too late after the scheduled

time. Furthermore, the different models only used a subset of all

answered assessments. For craving, only the data before the first

report of alcohol consumption of the day was used together with the

data on days where participants drank no alcohol. For non-heavy alco-

hol use, only the data up to the first report of non-heavy alcohol con-

sumption on days without binge drinking were used, in addition to

data from days where participants did not drink any alcohol. For binge

drinking, only the data up to the first report of a binge drinking epi-

sode were used together with the data on days where participants

drank no alcohol, but excluding the days with only non-heavy alcohol

F I GU R E 1 Experience sampling method protocol. The protocol
consisted of seven bursts of data collection, which were spread out
over a 12-month period. The bursts had a duration of 3 weeks and
were separated by intervals of 5 weeks. During the bursts, data were
only collected on Thursday, Friday and Saturday. On a given day of
data collection, participants received eight signals, which were sent on
a signal-contingent (i.e. semi-random) basis.
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use. The reduced datasets were used to avoid an effect of cumulative

alcohol use on the results. Additionally, the different models only used

a subset of all participants. The analyses for craving and non-heavy

alcohol use were performed in patients with AUD and controls who

reported to have drunk alcohol in the year before participating in the

study, whereas the analyses for binge drinking were carried out on

the data from patients with AUD and controls who reported to have

experienced at least one binge drinking episode in the year before

starting in the study. This was done to ensure that the analyses con-

cerning non-heavy alcohol use or binge drinking were not influenced

by controls who did not drink alcohol or did not binge drink.

General

All models were fit using the lmer and glmer packages in R, version

4.1.1. The data and the scripts that support the methodological deci-

sions and results can be found at https://doi.org/10.48804/B1562D.

The continuous variables in the models were standardized so that

estimates can be interpreted as effect sizes. All models were fitted

with maximum likelihood estimation or restricted maximum likelihood

estimation and were, therefore, valid under a missing at random

assumption. P-values below 0.05 were considered significant.

Hypothesis 1 and 2

Separate mixed-effects models were fitted to the data to investigate

with either NA or PA at a previous timepoint (t−1) as an independent

variable, and with craving, non-heavy alcohol use or binge drinking at

the current timepoint (t0) as the outcome. This means that, unlike pre-

vious studies where observations were averaged per day, the current

study investigated the relationship between lagged variables that

were entered directly into the models. This makes it possible to inves-

tigate whether changes in a variable at one timepoint predict changes

in another variable at the next timepoint, which is not possible when

both variables exist at the same timepoint. The observations could be

lagged within a day, but not across days. For craving, the use of a gen-

eralized linear mixed-effects model with a cumulative link logit was

explored because of its ordinal nature. However, the models did not

achieve an adequate fit of the data, which prompted a switch to a lin-

ear mixed model. For non-heavy alcohol use and binge drinking, a

generalized linear mixed-effects model with a binomial distribution

and a logit link was used because of their binary nature. The predic-

tors (i.e. NA or PA) were separated into within- and between-person

effects through person-mean centering and grand-mean centering,

which made it possible to investigate whether higher than average

levels of NA or PA at t−1 predicted subsequent craving, non-heavy

alcohol use or binge drinking. Furthermore, all models included age,

BMI, day since the start of the study and time of day as covariates.

These covariates were included to control for previously reported

relations between age, BMI and alcohol use and to control for changes

in alcohol use over time [60, 61]. However, a forward selection

procedure with Wald tests showed that the relation between the pre-

dictors and the outcomes was non-linear, and that a model with both

linear and quadratic polynomials of NA and PA, but not cubic polyno-

mials, would best fit the data. Furthermore, to compare patients with

AUD and controls, group (i.e. AUD or control) was added as a main

and interaction effect with the within-person polynomials at t−1. For

the random effects, a maximal random effects structure (i.e. random

slope and intercept for participant and a random intercept for burst)

was first fit to the data and then simplified with a backward elimina-

tion procedure using likelihood-ratio tests. This was done as studies

show that a maximal random effects structure can lead to overfitting

and uninterpretable models, and that using a parsimonious random

effects structure is preferred [62, 63]. This showed that there was no

single random effects structure that would best suit all models. There-

fore, the backward elimination procedure was performed for each

model separately, resulting in varying random-effects structures for

the individual models, with some having two levels and others having

three. The different structures can be found in eTable 4. A script with

the backward elimination procedure can be consulted in the data

repository.

Hypothesis 3

Linear mixed models were fitted to the data to investigate whether

non-heavy alcohol use and binge drinking at the current assessment

(t0) predicted a subsequently lower NA and higher PA at the following

assessment (t+1) in patients with AUD and controls. These models

used the same data from the analyses for non-heavy alcohol use and

binge drinking mentioned previously. Furthermore, all models included

age, BMI, day since the start of the study and time of day as

covariates. The random-effects structure was determined in the previ-

ously described backward elimination procedure and can be found in

eTable 4.

Additional analyses

For the models with a significant quadratic effect, the mean and SD

across all participants was calculated for the value of within-person

NA or PA at which the predicted outcome was at its lowest point. To

assess the robustness of the findings, we conducted sensitivity ana-

lyses incorporating additional covariates into the models. These cov-

ariates included weekday, compliance, treatment, app type,

comorbidities and medication use. Furthermore, we examined the

potential influence of the coronavirus disease 2019 (COVID-19) pan-

demic on the results by introducing a COVID-19 stringency index as a

covariate, derived from the Oxford COVID-19 Government Response

Tracker [64]. Furthermore, in the models examining the relationship

between affect and binge drinking, it was observed that participants

engaged in non-heavy alcohol use before experiencing a binge drink-

ing episode in 36.2% (423/1168) of instances. A corresponding vari-

able was introduced into the models as a covariate to assess its

AFFECT IN FEMALE PATIENTS WITH AUD 65
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impact. As an exploratory analysis, AUDIT-scores and baseline binge

drinking frequency were added as a moderator to investigate the

impact of disease severity on the results.

RESULTS

Sample characteristics

The data of 128 study participants (AUD = 53; controls without AUD

= 75) were used in the analyses concerning craving and non-heavy

alcohol use. One control participant who reported to not drink alcohol

was excluded. Furthermore, the data of 92 study participants (AUD =

53, controls without AUD = 39) were used in the analyses on binge

drinking. There were 17 (24.5%) patients with a mild AUD (2–3 posi-

tive criteria), 17 (24.5%) with a moderate AUD (4–5 positive criteria)

and 27 (50.9%) with a severe AUD (≥6 positive criteria). The charac-

teristics of the different study groups can be found in Table 1. There

were no significant differences in age, BMI, education and ethnicity

between the patients with AUD and controls. Additional information

on the sample characteristics can be found in eResults 1.

Data characteristics

There were 33 (25.8%) participants (21 [39.6%] AUD; 12 [16.0%] con-

trols) who dropped out of the study before the follow-up ended. For

every participant group (AUD, controls), there was no significant dif-

ference between those who dropped out and those who did not when

it came to age, BMI, illness duration and AUDIT scores. During the

first burst, the median compliance per participant was 90.2% for

the controls and 81.9% for the patients with AUD. This is similar to

the compliance rates of previous cross-sectional ESM studies with a

substance use disorder [65]. Over the course of the entire study, the

controls answered 24 437 (72.2%) of their scheduled beeps, whereas

the patients with AUD answered 12 338 (62.5%). This is similar to

the compliance in lengthier ESM studies on substance use [65]. More

information on the drop-out and compliance rates as well as the aver-

age number of data points per burst can be found in eResults 2 and

eTable5.

Hypothesis testing

The main results concerning hypothesis 1 to 3 can be found in Table 2

and are visualized in Figures 2–4. The full results of all the statistical

models can be found in eTables 6–8.

Hypothesis 1

(Within-person NA and PA predict subsequent craving in patients with

AUD, but only within-person PA predicts subsequent craving in controls)

Within-person NA at a previous assessment (t−1) predicted craving

at the current assessment (t0) in patients with AUD in a positive linear

(β = 0.043; CI = 0.002–0.084; P = 0.041) and quadratic fashion

(β = 0.034; CI = 0.011–0.057; P = 0.004). The mean (SD) within-person

NA at the lowest predicted craving level in patients with AUD was

0.095 (0.856), deviating only slightly from the center. Together, the

results suggest that when patients with AUD experienced either lower

or higher NA levels than average, they were more likely to report crav-

ing afterward, but this was more pronounced when they experienced

higher NA levels than usual. Within-person PA at t−1 predicted craving

at t0 in patients with AUD with a significant positive quadratic relation

(β = 0.042; CI = 0.08–0.065; P < 0.001. The mean (SD) within-person

PA at the lowest predicted craving level in patients with AUD was

−0.279 (0.832), suggesting a small shift toward lower levels of PA. This

indicates that higher than average PA levels were related to more sub-

sequent craving, that slightly lower levels of PA were initially associ-

ated with less subsequent craving, and that much lower levels of PA

were related to more subsequent craving. In contrast, within-person

NA or PA at t−1 did not predict craving at t0 in controls.

Hypothesis 2

(Within-person NA and PA predict subsequent non-heavy alcohol use and

binge drinking in patients with AUD, but only within-person PA predicts

subsequent alcohol use and binge drinking in controls)

Alcohol use

Within-person NA at t−1 negatively predicted non-heavy alcohol use

at t0 in a linear fashion in controls (β = −0.495; CI = −0.677 to −0.312;

P < 0.001) and patients with AUD (β = −0.276; CI = −0.421 to −0.132;

P < 0.001). This shows that when patients with AUD or controls

reported higher NA levels than they usually experienced, they were

less likely to then engage in non-heavy alcohol use. Furthermore,

within-person PA at t−1 significantly predicted non-heavy alcohol use

at t0 in controls with a positive linear term (β = 0.470; CI = 0.329–

0.610; P < 0.001), meaning that when they experienced higher than

average levels of PA, they were more likely to then engage in non-

heavy alcohol use. However, within-person PA at t−1 predicted non-

heavy alcohol use at t0 in patients with AUD with a positive linear

term (β = 0.399; CI = 0.260–0.454; P < 0.001) and a positive quadratic

term (β = 0.203; CI = 0.060–0.347; P = 0.003). The mean (SD) within-

person PA at the lowest predicted probability of non-heavy alcohol

use in patients with AUD was −0.527 (0.942), suggesting a shift

toward lower levels of PA. This shows that higher than average PA

levels were related to more subsequent non-heavy alcohol use in

patients with AUD, that slightly lower levels of PA were initially asso-

ciated with less subsequent non-heavy alcohol use, but much lower

levels of PA were related to more subsequent non-heavy alcohol use.

Binge drinking

Within-person NA at t−1 predicted binge drinking at t0 in patients with

AUD with a significant quadratic term (β = 0.236; CI = 0.060–0.412;
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T AB L E 1 Sample characteristics.

AUD (n = 53)

C

CTotal (n = 75) Cbinge drinking (n = 39)

Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI

Age 21.4 (3.5) 20.5–22.4 21.7 (3.1) 21.0–22.4 21.2 (2.1) 20.4–22.4

BMI 22.7 (2.0) 22.1–23.3 22.3 (2.2) 21.8–22.8 22.2 (2.0) 21.6–22.9

Illness duration AUD (y) 3.1 (1.3) 2.8–3.5 0 (0) 0–0 0 (0) 0–0

Education (y) 14.7 (1.6) 14.3–15.2 15.0 (1.6) 14.6–15.3 15.0 (1.6) 14.5–15.5

AUDIT 15.1 (5.3) 13.7–16.6 4.0 (2.5) 3.4–4.5 5.2 (2.3) 4.6–6.1

ESM measuresa

NA 2.3 (1.1) 2.3–2.4 2.1 (1.0) 2.1–2.1 2.0 (0.9) 2.0–2.0

PA 4.9 (1.3) 4.8–4.9 5.1 (1.2) 5.1–5.1 5.1 (1.1) 5.1–5.1

Craving 1.4 (0.8) 1.4–1.4 1.1 (0.3) 1.1–1.1 1.1 (0.3) 1.1–1.1

Alcohol use 25 (26) 12–31 14 (15) 6–15 16 (15) 5–18

Binge drinking 7 (9) 2–7 1 (3) 0–1 2 (3) 0–2

n (%) n (%) n (%)

Baseline binge drinking frequency

Never 0 (0) 0–0 36 (48) 37–60 0 (0) 0–0

Annually 0 (0) 0–0 5 (7) 0–18 5 (13) 0–31

Semi-annually 0 (0) 0–0 10 (13) 3–25 10 (26) 13–43

Three-monthly 5 (9) 0–24 15 (20) 10–32 15 (38) 26–56

Monthly 10 (19) 8–34 5 (7) 0–18 5 (13) 0–31

Biweekly 21 (40) 28–55 3 (4) 0–16 3 (8) 0–25

Weekly 10 (19) 8–34 1 (1) 0–13 1 (3) 0–20

>Weekly 7 (13) 2–28 0 (0) 0–0 0 (0) 0–0

Therapy (general)

Past 29 (55) 41–68 23 (31) 20–41 10 (26) 11–40

Present 5 (9) 1–17 3 (4) 0–9 1 (3) 0–8

Therapy (AUD)

Past 1 (2) 0–6 0 (0) 0–0 0 (0) 0–0

Present 1 (2) 0–6 0 (0) 0–0 0 (0) 0–0

Ethnicity

Caucasian 50 (94) 91–100 73 (97) 95–100 39 (100) 100–100

Latino 1 (2) 0–8 0 (0) 0–0 0 (0) 0–0

Mixed 2 (4) 0–10 1 (0) 0–4 0 (0) 0–0

Asian 0 (0%) 0–0 1 (0) 0–4 0 (0) 0–0

Psychoactive medication 6 (11%) 3–20 0 (0) 0–0 0 (0) 0–0

Comorbidities

MDD 3 (6%) 0–17 0 (0) 0–0 0 (0) 0–0

PD 2 (4%) 0–15 0 (0) 0–0 0 (0) 0–0

SAD 1 (2%) 0–13 0 (0) 0–0 0 (0) 0–0

ADHD 3 (6%) 0–17 0 (0) 0–0 0 (0) 0–0

PTSD 2 (4%) 0–15 0 (0) 0–0 0 (0) 0–0

Abbreviations: ADHD, attention deficit hyperactivity disorder; AUD, alcohol use disorder; AUDIT, Alcohol Use Disorders Identification Test; BMI, body

mass index; C, controls; CBinge drinking, controls who reported at least one binge drinking episode in the past year; ESM, experience sampling method; MDD,

major depressive disorder; NA, negative affect; PA, positive affect; PD, panic disorder; PTSD, post-traumatic stress disorder; SAD, social anxiety disorder.
aThe ESM measurements refer to the mean level observed in a participant throughout the entire duration of the study.
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T AB L E 2 Model results.

Outcome Variable Group Polynomial β OR SE 95% CI P

Craving t0 NA t−1 Controls Linear −0.004 – 0.017 −0.036, 0.029 0.831

Quadratic −0.006 – 0.008 −0.021, 0.010 0.472

AUD Linear 0.043 – 0.021 0.002, 0.084 0.041*

Quadratic 0.034 – 0.012 0.011, 0.057 0.004*

AUD vs Controls Linear 0.047 – 0.027 −0.006, 0.099 0.083

Quadratic 0.040 – 0.014 0.012, 0.067 0.006*

PA t−1 Controls Linear 0.007 – 0.014 −0.021, 0.034 0.617

Quadratic −0.005 – 0.007 −0.019, 0.009 0.459

AUD Linear 0.019 – 0.019 −0.017, 0.055 0.303

Quadratic 0.042 – 0.012 0.018, 0.065 <0.001*

AUD vs Controls Linear 0.012 – 0.023 −0.034, 0.058 0.606

Quadratic 0.047 – 0.014 0.020, 0.075 0.001*

Non-heavy alcohol use t0 NA t−1 Controls Linear −0.495 0.610 0.093 −0.677, −0.312 <0.001*

Quadratic −0.024 0.976 0.097 −0.214, 0.167 0.806

AUD Linear −0.276 0.759 0.074 −0.421, −0.132 <0.001*

Quadratic 0.008 1.008 0.076 −0.141, 0.156 0.920

AUD vs Controls Linear 0.219 1.244 0.119 −0.014,0.451 0.065

Quadratic 0.061 1.064 0112 −0.157, 0.280 0.581

PA t−1 Controls Linear 0.470 1.599 0.072 0.329, 0.610 <0.001*

Quadratic 0.041 1.042 0.069 −0.093, 0.176 0.547

AUD Linear 0.399 1.490 0.071 0.260, 0.4537 <0.001*

Quadratic 0.203 1.226 0.073 0.060, 0.347 0.006*

AUD vs Controls Linear −0.071 0.931 0.100 −0.268, 0.126 0.479

Quadratic 0.162 1.176 0.100 −0.034, 0.358 0.106

Binge drinking t0 NA t−1 Controls Linear −0.028 0.973 0.253 −0.524, 0.469 0.913

Quadratic 0.233 1.263 0.183 −0.124, 0.591 0.201

AUD Linear −0.033 0.967 0.100 −0.229, 0.163 0.739

Quadratic 0.236 1.267 0.090 0.060, 0.412 0.008*

AUD vs Controls Linear −0.006 0.994 0.272 −0.539, 0.528 0.983

Quadratic 0.003 1.003 0.203 −0.394, 0.400 0.988

PA t−1 Controls Linear 0.286 1.331 0.199 −0.104, 0676 0.151

Quadratic 0.487 1.612 0.163 0.158, 0.770 0.003*

AUD Linear 0.017 1.460 0.088 −0.156, 0.190 0.846

Quadratic 0.378 1.331 0.083 0.215, 0.542 <0.001*

AUD vs Controls Linear −0.269 0.764 0.218 −0.696, 0.158 0.217

Quadratic −0.099 0.905 0.183 −0.457, 0.259 0.587

NA t+1 Non-heavy alcohol use t0 Controls – −0.111 – 0.042 −0.193, −0.029 0.010*

AUD – −0.161 – 0.044 −0.248, −0.074 0.001*

AUD vs Controls – −0.047 – 0.063 −0.170, 0.075 0.454

Binge drinking t0 Controls – −0.087 – 0.136 −0.324, 0.209 0.520

AUD – −0.077 – 0.063 −0.174, 0.070 0.217

AUD vs Controls – 0.010 – 0.149 −0.282, 0.303 0.945

PA t+1 Non-heavy alcohol use t0 Controls – 0.189 – 0.045 0.101, 0.278 <0.001*

AUD – 0.181 – 0.048 0.088, 0.274 <0.001*

AUD vs Controls – −0.009 – 0.066 −0.137, 0.120 0.895

Binge drinking t0 Controls – 0.068 – 0.189 −0.302, 0.439 0.720
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P = 0.008), but this was not the case for controls. Stated differently,

when patients with AUD experience either higher or lower levels of

NA than usual, they were more likely to binge drink afterward. The

mean (SD) within-person NA at the lowest predicted probability of

binge drinking in patients with AUD was 0.035 (0.615), deviating only

slightly from the center. Furthermore, within-person PA at t−1 pre-

dicted binge drinking at t0 in patients with AUD with a significant qua-

dratic term (β = 0.378; CI = 0.215–0.542; P < 0.001), and this was also

the case for controls (β = 0.487; CI = 0.158–0.770; P < 0.001). The

mean (SD) within-person PA at the lowest predicted probability of

binge drinking was −0.330 (0.734) in patients with AUD and −0.598

(0.956) in controls. This means that higher than average PA levels

were related to more subsequent binge drinking in patients with AUD

and controls, that slightly lower levels of PA were initially associated

with less subsequent binge drinking, but much lower levels of PA

were related to more subsequent binge drinking.

Hypothesis 3

(Non-heavy alcohol use and binge drinking predict a subsequently lower

NA and higher PA in patients with AUD and controls)

Alcohol use

Non-heavy alcohol use at t0 predicted lower levels of NA at t+1

in both patients with AUD (β = −0.161; SE = 0.044; CI = −0.248 to

0.074; P = 0.001) and controls (β = −0.114; CI = −0.198 to

−0.029; P = 0.010). Similarly, non-heavy alcohol use at t0

predicted higher levels of PA at t+1 in both patients with AUD

(β = 0.181; CI = 0.088–0.274; P < 0.001) and controls (β = 0.189;

CI = 0.101–0.278; P < 0.001). This means that engaging in

non-heavy alcohol use was followed by lower than average NA

and higher than average PA in both patients with AUD and

controls.

Binge drinking

Binge drinking at t0 did not predict subsequent changes in NA or PA

at t+1 in patients with AUD or controls.

Sensitivity analyses

The inclusion of week day, compliance, medication use, therapy, app

type, presence of comorbidities or COVID-19 stringency did not

change the significance of these results. Furthermore, when it comes

T AB L E 2 (Continued)

Outcome Variable Group Polynomial β OR SE 95% CI P

AUD – 0.096 – 0.099 −0.098, 0.290 0.338

AUD vs Controls – 0.028 – 0.213 −0.390, 0.446 0.896

Table displaying the outcomes of the different mixed effects models. The ‘Outcome’ column represents the dependent variable used in the models. The

‘Variable’ column denotes the independent variable for each model. The ‘Group’ column specifies the group for which the variable estimate was

calculated or the interaction effect (i.e. the difference between patients with AUD and controls without AUD). The ‘Polynomial’ column indicates the

specific polynomial for which the estimate was calculated, if polynomials were used.

Abbreviations: AUD, alcohol use disorder; β, standardized estimate; NA, negative affect; OR, odds ratio; P, P-value; PA, positive affect; t−1, previous

assessment; t0, current assessment; t+1, next assessment.

*Significant result.

F I GU R E 2 Smoothed Loess curves showing the relation between within-person negative and positive affect at the previous assessment (t−1)
and craving for alcohol at the current assessment (t0) in the original data and the data predicted by the linear mixed models. Abbreviations: AUD,
alcohol use disorder; t−1: previous assessment; t0, current assessment.
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to the models on binge drinking, the inclusion of a variable concerning

previous non-heavy alcohol use did not influence the results.

Moderation by disease severity

The full results concerning moderation by AUDIT scores and baseline

binge drinking frequency can be found in eTables 6 and7). For the

relation between NA at t−1 and craving at t0, patients with AUD with

higher AUDIT scores had a stronger linear relation (β = 0.137;

CI = 0.093–0.179; P < 0.001), whereas a higher binge drinking fre-

quency was related to a stronger linear (β = 0.112; CI = 0.093–0.179;

P = 0.005) and quadratic relation (β = 0.063; CI = 0.014–0.112;

P = 0.011). For the relation between PA at t−1 and craving at t0,

patients with AUD with higher AUDIT scores had a more negative lin-

ear relation (β = −0.109; CI = −0.148 to −0.070; P < 0.001) and a

stronger quadratic relation (β = 0.040; CI = 0.011–0.069; P = 0.007),

whereas a higher binge drinking frequency was related to a stronger

quadratic relation (β = 0.090; CI = 0.039–0.112; P = 0.141). These

results show that when patients with AUD with a higher disease

severity experienced a deviation from their average NA or PA levels,

they reported more craving afterward, and this was especially the case

for higher NA and lower PA. Additionally, controls with a higher binge

drinking frequency had a stronger quadratic relation between PA at

t−1 and non-heavy alcohol use at t0 (β = 0.198; CI = 0.023–0.372;

P = 0.026), as well as a more negative relation between binge drinking

at t−1 and NA use at t0 (β = −0.380; CI = −0.688 to −0.072; P = 0.016).

This means that controls with a higher baseline binge drinking fre-

quency were more likely to engage in non-heavy alcohol use after

experiencing higher or lower PA, and that they experienced a lower

NA after binge drinking.

DISCUSSION

The purpose of this study is to compare the affective dynamics sur-

rounding craving, non-heavy alcohol use and binge drinking between

female patients with AUD and female controls without AUD.

F I GU R E 3 Smoothed Loess curves showing the relation between within-person negative and positive affect at the previous assessment (t−1)
and alcohol use or binge drinking at the current assessment (t0) in the original data and the data predicted by the generalized linear mixed models.
Abbreviations: AUD, alcohol use disorder; t−1: previous assessment; t0, current assessment.
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Importantly, the results show that the relation between affect and

craving or alcohol use is typically non-linear in women. First, both

higher and lower than average levels of NA and PA predict higher sub-

sequent craving in female patients with AUD, although slightly lower

levels of PA are first associated with lower subsequent craving. In

contrast, deviations from average affect do not predict subsequent

craving in controls. Second, lower than average levels of NA and

higher than average levels of PA predict subsequent non-heavy alco-

hol use in female patients with AUD and controls, although at more

pronounced lower levels of PA, the probability of subsequent non-

heavy alcohol use in female patients with AUD rises again. Third, both

lower and higher deviations from average NA predict subsequent

binge drinking in female patients with AUD, but not in controls. Fur-

thermore, lower and higher than average levels of PA are related to

subsequent binge drinking in female patients with AUD and controls,

although slightly lower levels of PA are first associated with a lower

probability of subsequent binge drinking in both populations. Fourth,

non-heavy alcohol use, but not binge drinking, predicts subsequently

lower levels of NA and higher levels of PA in both female patients

with AUD and controls.

The non-linear relation between affect and craving or
alcohol use

Although their number is limited, there are previous studies reporting

that affect is related to craving and alcohol use in a non-linear manner

[66, 67]. One study finds that days with lower as well as higher loneli-

ness were related to more alcohol consumption during the COVID-19

pandemic [66]. Another study reports that drinking alcohol alleviates

NA in women, but that this effect is more pronounced during periods

of heightened NA [67]. Such a non-linear relation is not unexpected

as alcohol use is thought to be related to both NA and PA, which are

negatively correlated with one another, and because both lower as

well as higher levels of PA are hypothesized to lead to alcohol con-

sumption [11, 12, 68]. Indeed, one study finds that low PA as well as

high anxiety predict subsequent alcohol use [41]. However, there

could be several reasons why the current study was particularly well-

suited to detect a non-linear relation. The focus on the lagged relation

between variables measured at a momentary level could have pro-

vided the temporal resolution necessary to detect such a relation,

unlike studies that average observations at a daily level. Furthermore,

the study’s burst measurement design, which has resulted in a large

number of observations per participant, could have facilitated the

modeling of complex within-subject relations. Additionally, this study

includes patients with AUD who have a short illness duration, which

could imply that they are still at a stage where both NA and PA play a

role [30, 31]. Regardless, the finding that NA and PA can be non-

linearly related to craving and alcohol use seems to be essential for

the different theories on affect and alcohol consumption to converge.

Interestingly, the results indicate that slightly lower than average

levels of PA were related to less craving, non-heavy alcohol use and

binge drinking in female patients with AUD, whereas more pro-

nounced lower levels of PA were associated with more craving, non-

F I GU R E 4 Box plots showing the
relation between alcohol use or binge
drinking at the current assessment (t0)
and negative or positive affect at the next
assessment (t+1) in the original data.
Abbreviations: AUD, alcohol use disorder;
t0, current assessment; t+1: next
assessment.
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heavy alcohol use and binge drinking. This could be related to the

finding that patients with AUD display more affective urgency,

whereby strong changes in NA or PA lead to rash actions [69]. Taken

together, future studies should not simply assume a linear relation

between affect and craving or alcohol use, but pay attention to poten-

tial non-linear effects. Furthermore, the results suggest that treat-

ments for AUD should address the complete range of affective

dynamics surrounding craving and alcohol use.

Differences between female patients with AUD and
controls

The results of this study suggest that female patients with AUD and

controls differ in the way that NA and PA are related to craving

and alcohol use in daily life.

First, the current study finds that both lower and higher than

average levels of NA and PA are associated with subsequent craving

in female patients with AUD, but not in controls. Additionally, this

was related to disease severity as higher AUDIT scores and a higher

binge drinking frequency are associated to experiencing more craving

in response to high NA and low PA in female patients with AUD.

These results are in line with research showing that experimentally

inducing NA or PA increases craving in patients with AUD, but contra-

dict certain ESM studies, which report that NA predicts craving in

individuals who do not misuse alcohol [18, 27, 59, 70, 71]. One possi-

ble explanation for these conflicting results is that previous ESM stud-

ies typically examine the relationship between concurrent affect and

craving levels, whereas the current study focuses on lagged relations.

Specifically, if the impact of affect on craving in non-problematic

drinkers would be limited in size and duration, then it would be more

difficult to detect this effect with a lagged analysis where the average

lag was 100 minutes. Nevertheless, the difference between patients

and controls is in line with most theories on craving, which posit that

certain predisposing and acquired factors strengthen the relation

between affect and craving in patients with AUD [13]. For example,

patients are thought to have more positive expectancies of alcohol

consumption compared to controls, such as the belief that drinking

alcohol will help to cope with NA or enhance PA [72]. Indeed, individ-

uals with higher drinking to cope expectancies display a stronger rela-

tion between NA and craving in daily life [59]. Future ESM studies

should, therefore, further explore which predisposing and acquired

factors contribute to the relation between affect and craving and how

this differs between patients and controls.

Second, the current study shows that female patients with AUD

could indeed be more likely to drink alcohol in daily life in response to

a worse mood (i.e. low PA or high NA), and this could be more pro-

nounced than in individuals without AUD [11, 12]. This stands in con-

trasts to previous ESM studies reporting that there is no relation

between high NA or low PA and alcohol use at a daily level [39]. How-

ever, these studies have typically been performed in individuals who

do not misuse alcohol, and usually include a sample with a majority of

male participants. Therefore, future ESM studies that want to

investigate the role of affect in alcohol misuse should therefore aim

include a sample of patients with AUD, and balance their sample

when it comes to sex.

Differences between non-heavy alcohol use or binge
drinking

The findings of the current study suggest that the relation between

affect and alcohol use depends on the amount of alcohol that is con-

sumed. It appears that higher levels of NA and lower levels of PA are

more strongly associated with subsequent binge drinking in daily life

than with subsequent non-heavy alcohol use across female patients

and controls. Indeed, studies suggest that NA increases the risk for

binge drinking more so than for non-heavy alcohol use and that indi-

viduals who experience more NA are more likely to start binge drink-

ing [44, 73]. This could be more pronounced in women, where higher

levels of depression are more strongly related to the amount of alco-

hol consumed than in men [74]. Furthermore, it seems that non-heavy

alcohol use could play a larger role in affect regulation in daily life than

binge drinking. This is because non-heavy alcohol use predicts subse-

quently lower levels of NA and higher levels of PA in the current

study, whereas this is not the case for binge drinking. Indeed, there

are studies who report that a small amount of alcohol can lead to feel-

ings of euphoria, whereas larger amounts increase feelings of depres-

sion [75]. However, there have also been studies in daily life that

show that reductions in NA are higher on days with heavy drinking

days than on moderate drinking days [76]. Therefore, the results sug-

gest that more research is needed on how NA and PA are related to

different types of alcohol use (i.e. non-heavy alcohol use and binge

drinking) in daily life. The results also suggest that treatments for AUD

should differentiate between the different ways in which alcohol is

consumed, tailoring interventions on whether a patient is more likely

to engage in non-heavy alcohol use or binge drinking.

Limitations

This study has several limitations. First, the sample of patients with

AUD mostly consists of Caucasian non-treatment seeking female indi-

viduals with a short illness duration. Furthermore, patients with a

comorbid substance use disorder were excluded although �47.1% of

female patients with AUD meet the criteria for a substance use disor-

der [77]. This impacts the generalizability of the results to all patients

with AUD. Second, the sample of controls consists of different types

of drinkers (i.e. social drinkers and heavy drinkers). However, there

could be differences between these drinking patterns. Furthermore,

controls were excluded if they had a psychiatric comorbidity, whereas

this was not the case for patients with AUD, which could contribute

to the differences between the participant groups. However, a sensi-

tivity analysis did not confirm that the presence of psychiatric comor-

bidities influenced the results. Third, the larger ESM study, from

which the data of the current study come, aimed to include
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70 participants in every study group to ensure the analyses were well-

powered. However, the current study includes fewer participants in

the group of female patients with AUD, which could have impacted

the power of the analyses. Fourth, the decrease in compliance over

the course of the study could impact the results because of the miss-

ing data. However, the analysis techniques used in this study are valid

under a missing at random assumption and a sensitivity analysis finds

no impact of compliance on the results. Fifth, limiting the ESM assess-

ments to Thursday, Friday and Saturday could have influenced the

results if participants would experience a different relation between

affect, craving and alcohol use on the other days of the week. How-

ever, as to our knowledge, no other studies have assessed whether

individuals experience differences in this relation depending on the

day of the week. Sixth, the signal-contingent assessment schedule

could have influenced the measurement of alcohol use, especially at

night, and could have been improved with the addition of event-

contingent assessments. Seventh, binge drinking was defined in the

current study as having drunk at least 4 units of alcohol since the last

assessment with a mean (SD) time between assessment of 103 [44]

minutes, which differs from the definition of the NIAAA that states

that binge drinking for women is drinking at least 4 units of alcohol

within 2 hours [50]. This needs to be kept in mind when comparing

the results of the current study with those of other studies.
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