The daily association between affect and alcohol use:
A meta-analysis of individual participant data

J Dora!, M Piccirillo!, KT Foster!, K Arbeau?, S Armeli3, M Auriacombe*, B Bartholow®, AM Beltz®,
SM Blumenstock’, K Bold® EE Bonar®, A Braitman®, RW Carpenter’®, KG Creswell!, T De Hart?,
RD Dvorak®®, N Emery** M Enkema!, CE Fairbairn®®, AM Fairlie!, SG Ferguson®®, T Freire!/,
F Goodman®®, N Gottfredson'®, M Halvorson', M Haroon?°, AL Howard?!, A Hussong??, KM Jackson??,
T Jenzer?, DP Kelly®, AM Kuczynski!, A Kuerbis?*, CM Lee!, M Lewis?®®, AN Linden-Carmichael?,
A Littlefield?”, DM Lydon-Staley?, JE Merrill?, R Miranda Jr.23, C Mohr?®, JP Read®, C Richardson®,
R O’Connor®, SS O’Malley?, L Papp®, TM Piasecki®, P Sacco®, N Scaglione®, F Serre*, J Shadur®®,
KJ Sher®, Y Shoda!, TL Simpson'*’, MR Smith!, A Stevens®®, B Stevenson®, H Tennen®, M Todd“°,
H Treloar Padovano®, T Trull®, J Waddell®®, K Walukevich-Dienst!, K Witkiewitz**, T Wray?®,
AGC Wright*?, AM Wycoff°, KM King?

tUniversity of Washington
Trinity Western University
3Fairleigh Dickinson University
“Université de Bordeaux
SUniversity of Missouri-Columbia
University of Michigan

’Indiana University

8yale University

°Old Dominion University
®University of Missouri-St. Louis
LCarnegie Mellon University
2|_oyola University Chicago
BUniversity of Central Florida
¥Colorado State University

BBUniversity of Illinois at Urbana-
Champaign

BUniversity of Tasmania
TUniversity of Minho
BUniversity of South Florida
Research Triangle Institute
2New York University
ZCarleton University
22University of North Carolina
2Brown University

ZHunter College of the City Univer-

sity of New York

University of North Texas
%pennsylvania State University
Z'Texas Tech University

Note: This paper has been accepted for publication at Psychological Bulletin.

BUniversity of Pennsylvania
portland State University
University of Buffalo
Sllinois College
%2Concordia University
3BUniversity of Wisconsin
3University of Maryland
%University of Florida
%George Mason University
3"VA Puget Sound Healthcare System
BUniversity of Minnesota
%University of Connecticut
“°Arizona State University
“University of New Mexico
“2University of Pittsburgh

Correspondence concerning this article should be addressed to Jonas Dora, Department of Psychology, University of Wash-
ington, Seattle. E-mail: jonas.dora.psych@gmail.com



mailto:jonas.dora.psych@gmail.com

DORA ET AL. 2

Abstract

Influential psychological theories hypothesize that people consume alcohol in response to the experience of both negative and
positive emotions. Despite two decades of daily diary and ecological momentary assessment research, it remains unclear
whether people consume more alcohol on days they experience higher negative and positive affect in everyday life. In this
preregistered meta-analysis, we synthesized the evidence for these daily associations between affect and alcohol use. We in-
cluded individual participant data from 69 studies (N = 12,394), which used daily and momentary surveys to assess affect and
the number of alcoholic drinks consumed. Results indicate that people are not more likely to drink on days they experience
high negative affect, but are more likely to drink and drink heavily on days high in positive affect. People self-reporting a
motivational tendency to drink-to-cope and drink-to-enhance consumed more alcohol, but not on days they experienced higher
negative and positive affect. Results were robust across different operationalizations of affect, study designs, study populations,
and individual characteristics. These findings challenge the long-held belief that people drink more alcohol following increases
in negative affect. Integrating these findings under different theoretical models and limitations of this field of research, we
collectively propose an agenda for future research to explore open questions surrounding affect and alcohol use.

Analysis code, supplementary material: https://osf.io/jcr2q/

Keywords: affect, alcohol use, drinking motives, emotion, meta-analysis

The associations between emotions and behavior
are of core interest across various disciplines of psy-
chology. One of the most theorized and studied associ-
ations is the link between emotions and substance use.
The vast majority of research on this association has
focused specifically on alcohol use. Harmful alcohol
use represents one of the top four contributors to non-
communicable diseases globally (along with tobacco
use, physical inactivity, and unhealthy diets), and the
World Health Organization estimates that alcohol use
is the cause of roughly five percent (~ 3,000,000) of all
deaths worldwide annually (World Health Organiza-
tion, 2018). The health-related and economic costs of
alcohol use alone are estimated to exceed one percent
of the gross national product of high- and middle-in-
come countries (Rehm et al., 2009). In the United
States, roughly 15 million adults meet criteria for alco-
hol use disorder (AUD; SAMHSA, 2021), which is
characterized by a pattern of alcohol use that persists
despite experiencing negative biological, behavioral,
cognitive, and social consequences (American Psychi-
atric Association, 2013). Thus, understanding the ro-
bustness of the association between emotions and alco-
hol use in people’s daily lives has broad appeal for im-
proving psychological theory regarding mental and be-
havioral health, as well as the practice of using psycho-
logical science to enhance health, lengthen life, and re-
duce illness and disability.

Multiple theoretical accounts proposed hypothesize
that alcohol use is, at least partially, motivated by the

desire to regulate one’s affective state (e.g., Baker et
al., 2004; Cloninger, 1987; Conger, 1956; Cooper et al.,
1995; Cox & Klinger, 1988; Koob & Le Moal, 2008).
Although each model proposes distinct aspects of how
these affect-alcohol associations develop (e.g., allo-
static load, social learning, operant conditioning), there
is a general proposition that people often drink to re-
lieve their negative emotions or to enhance positive
emotions. Furthermore, affect-driven negative and pos-
itive reinforcement processes may lead to escalations in
alcohol use and AUD for some individuals. Accord-
ingly, the societal costs of problematic alcohol use
could be lessened by targeting the affect-alcohol asso-
ciation.

Theories of affect relating to alcohol use

Many theoretical models predict that people’s emo-
tional experiences are related to their alcohol use (e.g.,
Baker et al., 2004; Conger, 1956; Cooper et al., 1995;
Cox & Klinger, 1988; Koob & Le Moal, 2008; Wills &
Filer, 1996). Inspired by early work on reinforcement
learning in animals (Conger, 1956) and humans (Sutton
& Barto, 2018), these models share the core assumption
that alcohol use is reinforcing through its mood-altering
effects. That is, theories generally state that people’s
mood should improve following the use of alcohol, and
that in turn negative emotional experiences should mo-
tivate people to drink. Although mood improvement
could result from negative affect decreasing or positive
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affect increasing, theories do not explicitly state
whether high positive affect should precede alcohol
use. Furthermore, there is a lack of specificity regard-
ing the population that is most likely to demonstrate an
association between negative affect and subsequent al-
cohol use. The motivational models of Cox and Klinger
(1988) and Cooper and colleagues (1995) state that
people in general are motivated to drink alcohol to cope
with negative affect and to drink to enhance positive
affect as they learn this association through repeated
pairing of alcohol relieving negative affect or improv-
ing positive affect (Skinner, 1969). Although they de-
scribe how this pathway can lead to AUD for some,
they also suggest that alcohol use regulates affect also
in those without the disorder. Later models by Baker
and colleagues (2004) and Koob and Le Moal (2008)
specifically state that negative affect should motivate
alcohol use in people with a history of severe AUD.
However, Koob and Le Moal (2008) also argue that in
the early stages of the progression to AUD, people use
alcohol because of its positively reinforcing properties,
but in later stages of the disorder alcohol use is nega-
tively reinforcing in that it relieves symptoms of alco-
hol withdrawal. Finally, the models by Wills and Filer
(1996) and Kaplan (1984) describe the development of
stress-motivated substance use in adolescents, in which
deviant behaviors (including alcohol use) are a coping
strategy that alleviates self-derogation in teens. In sum-
mary, models of affect and alcohol use imply similar
hypotheses about the negative affect — alcohol use as-
sociation. Importantly, the models do not clearly spec-
ify the time scale at which these associations should be
observed, whether all negative emotions should moti-
vate alcohol use equally, or whether negative affect
should influence the frequency or quantity of alcohol
use.

The earliest affect-regulation models were specific
to alcohol use (Conger, 1956). However, similar moti-
vational processes have been theorized to drive prob-
lematic or heavy engagement in other behaviors that
can become addictive or dysregulating over time. For
example, a comparable affect-regulation model has
been proposed to explain binge eating (Hawkins &
Clement, 1984), and a meta-analysis of ecological mo-
mentary assessment (EMA) studies found evidence that
negative affect precedes binge eating episodes (Haedt-
Matt & Keel, 2011). Similarly, recent meta-analyses
found negative affect to predict smoking in longitudinal
studies of both light and heavy smokers (Akbari et al.,
2020) and to predict suicidal injury, thoughts, and be-
haviors in EMA studies (Kuehn et al., 2022). In short,

there is relatively consistent evidence that affect, par-
ticularly negative affect, plays a role in the develop-
ment and maintenance of behaviors with addictive or
dysregulating potential.

Empirical tests of affect relating to alcohol use

There is robust evidence that people consume more
alcohol following experimental manipulations of affect
(Bresin, Mekawi, & Verona, 2018) and experience
changes in affect while drinking in lab settings
(Sayette, 2017; Smith, 2013; Wilkie & Stewart, 2005).
Experimental studies have the advantage of demon-
strating causal effects but by nature of their design can
only demonstrate that affect causes alcohol use when
affect immediately precedes a drinking opportunity,
when alcohol is freely and immediately available, is un-
likely to interfere with actively coping with the stressor,
and when drinking would have no impact on later re-
sponsibilities (participants are usually not allowed to
leave the laboratory before their BAC has fallen below
.04 dI/L; Bacon et al., 2015; de Wit et al., 2003). Con-
sequently, experiments are limited in their ability to ex-
plain how affect regulation might influence drinking in
people’s natural contexts.

Evidence from global self-report data indicates that
many people believe that drinking either relieves their
negative affect or enhances their positive affect (Leigh,
1989), and that people consistently report emotion reg-
ulation as a major motivator for their alcohol use
(Cooper, 1994). A recent meta-analysis of mostly
cross-sectional studies revealed that people endorsing
higher coping (with negative affect) and enhancement
(of positive affect) motives tend to report higher drink-
ing frequency and quantity (Bresin & Mekawi, 2021).
The same meta-analysis found in longitudinal studies
that enhancement (but not coping) motives were asso-
ciated with later alcohol use (both were associated with
later alcohol-related problems). Thus, if affect regula-
tion does influence alcohol use, it does so at longer time
scales (such as months or years) than at the daily or
weekly level. sRetrospective global self-report infor-
mation is limited because people often have poor in-
sight into the causes of their behavior (Mazar & Wood,
2022; Nisbett & Wilson, 1977). For example, recent re-
search has shown that people who report that they tend
to act on impulse when they are upset do not exhibit
stronger associations between affect and impulsivity in
daily life (Feil et al., 2020; Sharpe et al., 2020). Studies
in people’s natural environments using daily diary and
EMA methods are necessary to establish the plausibil-
ity of affect regulation hypotheses and to test within-
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person processes in everyday life. Support for the core
prediction of motivational models of alcohol use that in
naturalistic environments people drink following expe-
riences of negative affect, remains elusive.

Dozens of daily diary and EMA studies have as-
sessed participants’ self-reported mood once to several
times per day, and reported number of alcoholic drinks
they have consumed each day or evening. This repeated
sampling of participants’ momentary subjective expe-
riences and behavior attempts to minimize recall er-
ror/bias and maximize ecological validity (Shiffman,
2009). Most diary and EMA studies of affect regulation
have been predominantly conducted with college stu-
dent (e.g., Arbeau et al., 2011; Hussong et al., 2005;
O’Hara et al., 2014; Stevens et al., 2020) and commu-
nity samples (e.g., Armeli et al., 2000; Collins et al.,
1998; Duif et al., 2020; O’Donnell et al., 2019). Most
of these studies sampled people who drink regularly,
with some studies oversampling heavy drinkers (e.g.,
Emery & Simons, 2020). Relatively few of them (e.g.,
Jahng et al., 2011; Wycoff et al., 2020) have been con-
ducted in clinical samples of any kind, and even fewer
have been conducted with clinical samples of people
with AUDs or who are seeking or in treatment (e.g.,
Bold et al., 2017). Given that some affect regulation
theories predict negative affect to motivate alcohol use
in all of these populations (Cooper et al., 1995; Cox &
Klinger, 1988), whereas other models (Baker et al.,
2004; Koob & Le Moal, 2008) posit that negative affect
should motivate alcohol use specifically in people with
AUD, this literature has provided more tests of the for-
mer compared to the latter.

Most studies predicted drinking from both general
negative and positive affect scores (e.g., Emery & Si-
mons, 2020; Howard et al., 2015; Wycoff et al., 2020),
which are calculated by taking the average across re-
ports of multiple discrete emotions (such as anxious, ir-
ritable, and angry). This is in line with seminal work
indicating that these are the two dominant and inde-
pendent dimensions of self-reported affect that differ
only in valence and are high in arousal (negative & pos-
itive; Watson et al., 1988; Zevon & Tellegen, 1982),
and it assumes that discrete emotions of similar valence
relate to alcohol use in a similar way. In contrast, a pop-
ular alternative model of the structure of affect assumes
that emotions differ along valence and arousal (Russell,
1980). However, exactly which emotions are included
in these affect indices has varied across studies. Re-
viewing the literature, we found that studies usually as-
sessed negative and positive affect with three to ten
items each from a pool of roughly 100 emotion words.
While these items often differ in valence and arousal,

they are usually combined and described as reflecting
the dimensions of negative and positive affect proposed
by Watson and colleagues (1988). In other words, alt-
hough the dominant theoretical conceptualization of
negative and positive affect in this literature is around
high arousal positive and negative affect, the actual
measurement of affect has frequently incorporated low
arousal items (such as sad or calm) into the averaged
measures of negative and positive affect. This jingle
fallacy (where different measures have similar labels)
may obscure the true effect of affective states if there
are key differences between high and low arousal
states. Some studies also have attempted to predict
drinking from discrete emotions (e.g., Dvorak & Si-
mons, 2014; Swendsen et al., 2000) or the variability in
affect prior to a drinking event (e.g., Gottfredson &
Hussong, 2013; Mohr et al., 2013). In summary, studies
differ considerably in how they operationalized affect,
and one important sensitivity analysis of the present
study was to test the degree to which the operationali-
zation of affect influenced the findings. Whether some
emotional states motivate alcohol use more than others
is an open question.

How alcohol use is operationalized has also varied
widely across studies. Many studies predicted a variety
of outcomes such as the likelihood of drinking and
drinking quantity (e.g., Dora et al., 2022; Dvorak & Si-
mons, 2014; O’Donnell et al., 2019), the likelihood of
heavy drinking (e.g., Bold et al., 2017; Collins et al.,
1998; Howard et al., 2015), time-to-drink (e.g., Armeli
et al., 2008; Hussong, 2007; Littlefield et al., 2012;
Todd et al., 2009), or changes in affect leading up to a
drinking episode (Courtney & Russell, 2021; Russell et
al., 2020; Treloar et al., 2015). Although all of these
outcomes reflect alcohol use, they do not necessarily
provide a test of the same hypothesis. For example,
given the verbal formulation of motivational models of
alcohol (Cooper et al., 1995; Cox & Klinger, 1988), it
is unclear how to reconcile a finding that negative af-
fect increases prior to a drinking event in one sample
(e.g., Treloar et al., 2015) but does not predict the like-
lihood to drink in another sample (e.g., O’Donnell et
al., 2019).

A variety of moderators and mediators have been
proposed and tested in previous studies, such as drink-
ing motives (e.g., Ehrenberg et al., 2016; Gautreau et
al., 2015; Grant et al., 2009; Hussong et al., 2005; Ste-
venson et al., 2019; Wycoff et al., 2020), urgency (e.g.,
Bold et al., 2017; Dora et al., 2022; Simons et al.,
2010), and craving (Waddell et al., 2021). The most
commonly examined moderators of the affect-alcohol
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use association in everyday life are the drinking mo-
tives people report. Rooted in Gray’s inhibition and ac-
tivation model (Gray, 1982), motivational models of al-
cohol use assume (i) that people hold explicit motives
to cope with negative affect and enhance positive af-
fect, (ii) that people can consciously report on these
motives, and (iii) that these motives underlie their
drinking behavior. Drinking motives are thought to de-
velop as a function of drinking experience and social
learning (Cox & Klinger, 1988; McClelland et al.,
1989). Following this reasoning, studies have tested
whether the link between negative/positive affect and
alcohol use in everyday life is stronger for people who
report stronger coping/enhancement motives.

Differences in study approaches can be traced back
to the relative non-specificity inherent to theoretical
models of affect regulation (van Rooij & Baggio,
2021), which complicate a narrative synthesis of the ex-
isting literature. Although the theoretical predictions of
affect regulation models have been refined over time
(Hussong, Jones, Stein, Baucom, & Boeding, 2011;
Koob & Le Moal, 2008), most empirical research has
failed to take advantage of these advances. The most
common test in the literature asks whether affect re-
ported during the day is associated with alcohol use that
same day or evening. Looking at the literature as a
whole, some data suggest that people are more likely to
drink and consume more alcohol on days characterized
by increased experiences of increased negative (e.g.,
Armeli et al., 2000; Park et al., 2004; Simons et al.,
2005) or positive (e.g., Dora et al., 2022; Emery & Si-
mons, 2020; Howard et al., 2015) affect, while other
studies presented null findings for negative (e.g.,
Courtney & Russell, 2021; Dora et al., 2022; Duif et
al., 2020; Ehrenberg et al., 2016; Littlefield et al., 2012)
and positive affect (e.g., Dvorak et al., 2014; O’Donnell
et al., 2019; Sacco et al., 2015). Infrequently, negative
affect was estimated to lead to a reduction in subse-
guent alcohol use (Aldridge-Gerry et al., 2011; Bresin
& Fairbairn, 2019; Russell et al., 2020). At the same
time, studies that do report significant findings often do
so in the context of moderators that condition the af-
fect-alcohol association (e.g., Dvorak & Simons, 2014;
Simons, Dvorak, Batien, & Wray, 2010). A recent sys-
tematic review concluded that evidence for the hypoth-
esized interactions between affect and drinking motives
is equivocal (Votaw & Witkiewitz, 2021).

! The focus was placed on these two models over related models
of affect and alcohol use as most studies in this field have been con-
ducted in non-clinical samples.

Thus, the primary goal of this study was to synthe-
size the evidence for the two main propositions of mo-
tivational models of alcohol use! (Cooper et al., 1995;
Cox & Klinger, 1988):

Proposition 1: Affect motivates alcohol use in everyday
life.

Proposition 2: This effect is stronger in people with ex-
plicit drinking motives related to affect regulation.

Hypotheses

We preregistered two hypotheses derived from the
propositions of motivational models of alcohol use. We
hypothesized that negative and positive affect should
both be associated with alcohol use on a daily level,
such that people are more likely to drink and to con-
sume more drinks on days they report negative or pos-
itive affect that is higher than usual (Hypotheses 1a +
b). We also hypothesized that these associations should
be stronger for people who self-report a disposition to
drink-to-cope with negative emotions (coping motives)
and drink-to-enhance positive emotions (enhancement
motives), respectively (Hypotheses 2a + b).

Our methodological approach

Much of the research reviewed above was con-
ducted prior to Open Science initiatives towards repli-
cability (Open Science Collaboration, 2015), which re-
mains relatively underappreciated in clinical science
(Tackett et al., 2019). Many studies employed rather
small samples (< 100 participants), none are direct rep-
lications of prior studies, and almost no analyses were
preregistered (for an exception, see Dora et al., 2022).
A standard meta-analytic approach using aggregated
study data would not be able to accurately synthesize
this literature for several reasons. The most common
outcome variable in this literature is the number of al-
coholic drinks consumed each day or evening, which is
a zero-inflated count variable. Given the different data-
analytic approaches researchers have used (e.g., [gen-
eralized] linear mixed-effects modeling using linear,
binomial, [zero-inflated & hurdle] Poisson and nega-
tive binomial outcome distributions with varying ran-
dom effects structures), it is not possible to extract and
meaningfully compare effect sizes from the published
literature. Meta-analyzing such datasets can be
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achieved using individual participant data meta-analy-
sis, in which the raw data from each study is used to
build a large model that accounts for variation between
participants and datasets. Such an individual participant
data meta-analysis is superior for several additional
reasons (Cooper & Patall, 2009). For example, it al-
lowed us to analyze the data using unified operational-
izations of affect and alcohol use (including data from
unpublished studies) and using a unified data-analytic
protocol.

Even equipped with the raw data from many studies,
we had to make many analytic decisions along the way.
Which data do we include in our analyses? How do we
operationalize “affect” and “alcohol use”? At what time
scale do we test this association? What is our smallest
effect size of interest? We used three principles to guide
these decisions. First, we looked for agreement in pub-
lished work, as we are of the opinion that a meta-anal-
ysis should reflect the literature it synthesizes. For ex-
ample, in our main analyses we predicted drinking fre-
guency and guantity from general negative and positive
affect, since these are the tests most commonly reported
in the literature. Second, for our main analyses we gave
preference to decisions that would allow us to include
the most data. For example, in our main analyses we
predicted alcohol use from daily affect, since many
studies were designed with this test in mind. Third, we
collectively made decisions involving the entire co-au-
thor team, which was comprised of experts on affect,
alcohol use, and EMA research (some are experts on all
three). We held individual Zoom and telephone meet-
ings with the majority of co-authors, exchanged thou-
sands of emails throughout the project, and conducted
online polls to gather feedback at every stage of the pro-
ject. For example, co-authors completed a poll to give
gualitative and quantitative feedback on the pre-regis-
tration, such as voting on the interpretation of different
effect sizes. Co-authors were also given ample oppor-
tunity to share their interpretations of the results and
shape revisions on this manuscript.

A further complication is variation across studies on
measurement, study population, study designs, and
data-analytic decisions. It is unclear whether the hy-
pothesized associations exist in the broader population,
whether they only exist in specific sub-populations or
drinking situations, whether they might only be found
when choosing certain study designs or making some
data-analytic decisions (versus others), or whether as-
sociations between affect and alcohol use should be ex-
pected to be entirely absent. Clarifying these open
questions is of critical importance as they have broad

implications for our scientific understanding of the de-
velopment, prevention, and treatment of problematic
alcohol use. For that reason, the secondary goal of this
study was to explore extent to which the effects were
robust in sensitivity analyses and potentially differ
along individual- and study-level moderators.

Sensitivity and moderator analyses

As truly confirmatory tests require researchers to
choose one path through the ‘garden of forking data-
analytic decisions’ (Gelman & Loken, 2013;
Wagenmakers et al., 2012) and analyzing EMA data re-
quires them to make many such decisions, we preregis-
tered several sensitivity analyses to test whether our re-
sults were contingent on any such choices. First, re-
searchers in this literature assess many different com-
binations of emotions, but we had to decide on one op-
erationalization of affect. Thus, we derived a total of
three alternative operationalizations of negative and
positive affect from the literature to test whether spe-
cific sets of emotion items influence any potential as-
sociation between affect and alcohol use. Second, in
addition to our main analyses of EMA and daily diary
data, we attempted to establish a temporal association
by analyzing a subset of the data in which we were able
to ensure that any report of affect preceded the onset of
alcohol use on that day. Third, we tested whether the
timing of emotion reports (morning vs afternoon) influ-
ences any potential association between affect and al-
cohol use. Collectively, these sensitivity analyses were
meant to test the robustness of the affect-alcohol use
association in light of different valid analytic decisions.

We preregistered several moderator analyses to ex-
plore the extent to which any potential affect-alcohol
use association may only be observed in certain study
designs or subpopulations. For example, we explored
whether the finer granularity of multiple daily surveys
might be necessary to observe an association by testing
whether effects differ between daily diary and EMA
studies. We also explored whether negative affect is a
stronger predictor in clinical populations (e.g., Baker et
al., 2004) by testing the moderating effect of study pop-
ulation (college vs community vs clinical). Unfortu-
nately, we did not have a measure of AUD symptoms
on the participant level in most datasets. As an imper-
fect proxy, we explored whether the associations might
be stronger for heavy compared to light drinkers (based
on both self-reports of alcohol use and study inclusion
criteria at the sample- and participant-level). We also
explored age as a moderator, as some theoretical mod-
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els posit differences in the affect-alcohol use associa-
tion between adolescents and young adults (Hussong et
al., 2011; Wills & Filer, 1996). We tested gender as a
moderator, as there are historical differences in the
rates of alcohol use and the experience of emotions
across males and females (Harder et al., 2014). Finally,
we tested time of the week (e.g. weekend vs. weekday),
as there is a strong temporality to alcohol use (Room et
al., 2012). Collectively, these moderator analyses were
meant to illuminate the extent to which associations be-
tween affect and alcohol use are contingent on the study
design and might differ between study populations or
participants.

Method

Transparency and openness

This research was approved by the local Institu-
tional Review Board. We preregistered our hypotheses
and statistical analyses after obtaining all the data in-
cluded in our analyses but before we processed and an-
alyzed the data. All decisions described hereafter were
preregistered unless otherwise noted. The authorship
team provided input on the preregistration and analytic
decisions; thus, analytic decisions generally reflect the
consensus of the author team, and we used sensitivity
analyses to test questions where there was more disa-
greement about specific analytic decisions. Although
we do not have permission to share our data publicly,
our preregistration, analysis script, and R output are
available on the Open Science Framework project of
this article (https://osf.io/jcr2q/).

Inclusion Criteria

We included studies that met the following criteria:

1. The study collected data from human partici-

pants of any age, study population, or drinking
behavior.

2. The study employed a diary (surveyed once
daily) or ecological momentary assessment
(surveyed multiple times daily) design.

3. The study assessed the total number of alco-
holic drinks consumed each day or evening.

4. The study assessed negative affect or positive
affect with at least two items.

2 \We also searched APA Psyclinfo and Google Scholar but did not
find any additional articles using the same search terms.

Systematic search strategy

We searched for raw data that fit our inclusion cri-
teria in three ways (see Figure 1). First, we searched for
articles published between Jan 1, 2000 and Jan 1, 2021
via Web of Science? using the following search terms:
Topic = ((Negative emotion OR Negative affect OR
Positive emotion OR Positive affect) AND (Alcohol
use OR Alcohol intoxication OR Alcohol drink*) AND
(Ecological momentary assessment OR Ambulatory
assessment OR Experience sampling OR Diary)). This
search resulted in 214 hits. We screened all studies by
reading the abstract and method section to assess
whether the study might fit our inclusion criteria, re-
taining studies that satisfied inclusion criteria 1, 2, and
either 3 or 4 (since studies assessing affect might have
assessed alcohol use as well without publishing it and
vice versa). Second, after removing 127 studies that did
not fit our inclusion criteria, we consulted the reference
sections of the 87 studies that met the inclusion criteria,
which yielded 27 additional articles, for a total of 114
studies that fit the inclusion criteria. We contacted the
62 corresponding authors of the 114 potentially eligible
studies, asking them to contribute any raw published
and/or unpublished data that fit our inclusion criteria.
Third, we asked researchers who agreed to share data
with us whether they were aware of additional re-
searchers who we might contact for data, resulting in
the contact of 27 additional researchers. We followed
up with all researchers at least twice to include as many
datasets in the meta-analysis as possible. In the end, we
received 69 eligible raw datasets from 49 researchers,
which we then combined for our meta-analytic anal-
yses. All studies measured affect and alcohol use daily
for multiple days per participant. Additionally, 48 da-
tasets contained a measure of drinking motives.

Studies and participants

We used individual participant data from 69 studies
comprising data collected in Australia, Canada, France,
and the United States (see https://osf.io/jcr2g/ for an
overview of studies included in this meta-analysis).
Twenty-six studies surveyed participants once daily,
and 43 studies surveyed participants multiple times
daily. Studies sampled college students (k = 28), from
the community (k = 31), and from clinical populations
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27 additional studies
identified through
reference sections

214 unique studies
identified through
database searching
(Web of Science) & & screened for
screened for eligibility eligibility

127 studies
removed due
to not fitting

inclusion
criteria

| Identification, screening, & eligibility |

(=]
=
?n 62 corresponding authors of 114 (potentially)
E eligible studies contacted for published and
s unpublished data
=]
o
27 additional
researchers

contacted for
data through
referral

49 rescarchers
provided 69
IPD datasets
from 12,394
participants

Available data

A l VL
Hla: Hlb: H2a: H2b:
k=64 k=63 k=43 k=43

N=11,869 | | N=11,386 N=17,491
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Figure 1. Selection procedure of included studies. k = number of datasets; N
= number of participants; Hla: Daily association between negative affect
and alcohol use. H1b: Daily association between positive affect and alcohol
use. H2a: Cross-level interaction between negative affect and coping mo-
tives on alcohol use. H2b: Cross-level interaction between positive affect
and enhancement motives on alcohol use.

(k = 10). Participants in clinical samples were in treat-
ment for alcohol and substance use (k = 7)%, borderline
personality disorder (k = 1), chronic pain (k = 1), and
diagnosed with social anxiety (k = 1). The sample sizes

3 Two studies included a treatment group that was admin-
istered naltrexone. Naltrexone changes the reinforcing
properties of alcohol, which might support an argument to
exclude these data. Based on the recommendation of the
authors of those studies, and because of the relatively low
number of treatment studies in general, we opted to pre-
register that we would include these studies in the results

in the included datasets ranged from N = 34-1,421 par-
ticipants, resulting in a combined dataset of 12,394 par-
ticipants (55.4% female; 74.6% White Age: M = 23.53,
SD = 10.03; min = 13; max = 92;). Studies gathered
daily data for a minimum of seven and a maximum of
120 days (M = 24.23, SD = 19.94), resulting in a com-
bined 353,762 possible daily observations. Alcohol use
data were available on 73.4% of study days across all
studies (SDstugy = 18.3%; Minswdy = 37.9%; MaXswdy =
100%) resulting in 259,700 daily observations and
82,266 reported drinking days.

Measures

Alcohol use. In all studies, participants reported
how many alcoholic drinks they had consumed; this
was either logged during the drinking event, assessed
in the evening of the same day, or assessed the next day.
Next-day reports reflect either drinking over the previ-
ous day or the previous evening. Response options for
this item varied between studies (i.e., the end-point of
the scale ranged from ‘5 drinks or more’ to an open-
ended report of drinks).

In cases where the response options were smaller or
larger than one unit, we recoded the number of drinks
to the lower unit value (e.g., 1.5 drinks = 1; 1-2 drinks
=1; 3-4 drinks = 3), because choosing the mid-point of
the bin is likely to over-estimate the true value (McGin-
ley & Curran, 2014). In cases where alcohol use was
reported since the last assessment, we reverse-lagged
morning reports because drinks reported in the morning
most likely were consumed the night before and thus
count towards the previous day’s drinking-event. We
winsorized alcohol reports of more than 20 drinks, re-
coding any entry of more than 20 drinks to 20 drinks,
to limit the tail of the count distribution. This resulted
in 0.02% of cases being winsorized, which ultimately
had no influence on the results.

Negative affect and positive affect. The included
datasets contain a total of 64 different negative affect
items (e.g., anxious, disappointed, frustrated, guilty, ir-
ritable) and 36 different positive affect items (e.g.,
cheerful, determined, enthusiastic, happy, proud; see

to maximally represent clinical data. Sensitivity analyses
suggested that there were no differences between treat-
ment and non-treatment seeking samples, suggesting that
the inclusion of treatment samples who were administered
naltrexone would not change the conclusions in the cur-
rent study.
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https://osf.io/jcr2qg/ for an overview of all included af-
fect items). The items were answered on a range of dif-
ferent scales (4-point, 5-point, 6-point, 7-point, 8-point,
10-point, 11-point, 12-point, 0 — 100 scale) and refer to
a range of different time frames (right now, since last
assessment, past 5 minutes, past 15 minutes, past 30
minutes, past 1 hour, past 2 hours, past 24 hours, today,
yesterday). In the included EMA studies, participants
reported their momentary affect throughout the day. In
the included diary studies, participants mostly reported
that day’s affect together with the previous day’s alco-
hol use.

For our main analyses, we used the negative and
positive mood items that were part of the 33 negative
affect and 24 positive affect items derived in earlier fac-
tor-analytic research (Zevon & Tellegen, 1982) to har-
monize the variable across studies. We included data
from studies provided the study collected at least two
negative and/or positive affect items, respectively,
from that inventory (this resulted in the exclusion of six
and seven datasets for the negative and positive affect
analyses respectively, which did not assess at least two
of these items). First, we converted all items to the same
scale using the percent of maximum possible score
(POMP) procedure (Cohen et al., 1999): POMP = [(ob-
served — scale minimum)/(scale maximum — scale min-
imum)] x 100. Then, we averaged all assessed negative
and positive mood items respectively for each daily as-
sessment. For diary studies, this was the daily negative
and positive affect scores. For EMA studies, we aver-
aged the negative and positive mood scores for each as-
sessment into a daily negative and a daily positive af-
fect score. Our negative and positive affect variables
showed high internal reliability across items (Rrn,,, =

99, Rirn,, = -99) and time (Revelle, 2016; Shrout &

Lane, 2012).

Coping and enhancement motives. Forty-four
studies (63.8% of total) measured dispositional coping
(e.g., “I drink to forget my worries.””) and enhancement
motives (e.g., “I drink because it is fun.”) at baseline
via the respective coping and enhancement subscales of
the Drinking Motives Questionnaire (DMQ; Cooper,
1994). One study (1.5% of total) measured coping and
enhancement motives daily via the respective coping
and enhancement subscales of the DMQ. Two studies
(3% of total) measured coping motives at baseline via
the alcohol and drug use subscale of the COPE inven-
tory (Carver et al., 1989). One study (1.5% of total)
measured coping and enhancement motives via a list of
items which mirror a subset of the DMQ items (e.g.,
“Unpleasant emotions [angry, frustrated, sad, anxious]

trigger my drinking.”; “Pleasant emotions [when enjoy-
ing yourself or feeling happy] trigger my drinking”).

We converted all motives items onto the same scale
using the POMP procedure. For studies measuring mo-
tives at baseline, we averaged all available items of the
respective scale. For the study measuring motives
daily, we averaged all available items measured across
all days of assessment. We did not assess the internal
reliability of our motives measure as in multiple cases
we received scale scores rather than scores per individ-
ual item. Both coping and enhancement motives have
exhibited high internal consistency in previous research
(Dvorak et al., 2014; Littlefield et al., 2012; Waddell et
al., 2021).

Meta-analytic moderators

Decisions concerning whether a dataset was in-
cluded in the meta-analysis were based on the inclusion
criteria above. Once co-authors agreed to contribute the
relevant variables, we asked them if they had additional
variables that we could examine as meta-analytic mod-
erators. A few variables we were interested in were
only accessible in a small number of datasets (k < 5),
and hence were removed from further consideration
(daily drinking motives, alcohol expectancies, AUD
symptoms). Labeling of moderators was based on in-
formation provided by the contributing co-authors.
Whenever these were not straightforward, the first au-
thor contacted the contributing co-author, and the label-
ing was determined together. We collected the follow-
ing variables for the majority of datasets to test for their
influence on our meta-analytic conclusions:

Study design. We coded studies as employing either
a diary or EMA design. Studies were coded as diary
design if they collected data from participants once per
day and were coded as EMA design if they collected
data from participants more than once per day.

Study population. We coded studies as sampling
from a college, community, or clinical population.
Studies were coded as sampling from a college popula-
tion if they only included university students. They
were coded as sampling from a clinical population if
one of the inclusion criteria was a medical or psycho-
logical diagnosis of any kind. Otherwise, the study was
coded as a community sample.

Study treatment. We coded whether a study in-
volved any cognitive, behavioral, medical, pharmaco-
logical, or campaign treatment or intervention (or a
combination of these). Included treatment studies pri-
marily targeted substance use disorders (e.g., motiva-
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tional interviewing, cognitive behavioral therapy, nal-
trexone administration) with one study including par-
ticipants in treatment for lower back pain and one study
including participants in treatment for borderline per-
sonality disorder (two groups at risk for developing
substance use disorders).

Study inclusion criterion (heavy/light alcohol
drinkers). We coded whether a study included only
participants who were moderate or heavy drinkers (vs
including infrequent or light drinkers) according to
CDC guidelines (Centers for Disease Control and Pre-
vention, 2018). The CDC defines a moderate drinker as
someone who consumes more than 3 drinks per week
but no more than 7 drinks per week for women and no
more than 14 drinks per week for men. Heavy drinkers
are defined as those consuming more than 7 drinks per
week for women and 14 drinks per week for men.

Study length. We coded the number of days partic-
ipants received daily diary/EMA surveys.

Participant self-reported alcohol use at baseline.
For studies that assessed self-reported alcohol use at
baseline (e.g., via the Daily Drinking Questionnaire or
a 7-day Timeline Follow-Back; Collins et al., 1985;
Hoeppner et al., 2010), we calculated the average num-
ber of alcoholic drinks a participant reported to con-
sume per week.

Participant age and sex. Collaborators shared with
us participants’ age in years as well as their biological
sex (gender, in studies that did not assess sex).

Time of week. From survey completion dates, we
coded whether or not observations were completed dur-
ing the social weekend (Thursday, Friday, Saturday vs
remaining weekdays), as people drink alcohol most of-
ten on these three days (Dora, Schultz, Shoda, et al.,
2022; Finlay et al., 2012).

Data analysis

We conducted all of our analyses in R (R Core
Team, 2021). To calculate the meta-analytic effect
sizes relating to our hypotheses, we used a mixed-ef-
fects modeling approach to account for nesting of ob-
servations within persons and of persons within studies.
We fitted these models under a Bayesian framework to
be able to quantify the plausibility of a range of effect
sizes of interest, consistent with our pre-registered fo-
cus on effect size estimation. This is particularly help-
ful with such a large sample size, as many trivial effects
might have been statistically significant. Because alco-
hol use is a count variable that we expected to be zero-
inflated, we fitted hurdle models with a negative bino-

mial distribution for the non-zero counts. These mix-
ture models separately predict (a) the probability that
participants drink on any given day and (b) the number
of drinks consumed on drinking days. In all models, the
day was the unit of analysis. Thus, we predicted alcohol
use on a daily level. We fitted these models using the
brm function (Biirkner, 2017). In studies where alcohol
use was assessed the following day, we reverse-lagged
alcohol use so that it lined up with the daily affect as-
sessments. We controlled for day of the week (Mon-
day-Sunday; fixed effect) and time (day in study; fixed
effect) in all analyses.

Standardization. Measures of negative and positive
affect were person-mean centered and standardized
such that each person’s daily affect scores reflected de-
partures from their own averages. For example, a score
of 1 represents a person reporting affect one standard
deviation higher than usual, relative to their own aver-
age. Similarly, a score of -1 represents a person report-
ing affect one SD lower than usual. Just one measure of
coping and enhancement motives was available per
person, so these scores were sample-mean centered and
standardized such that each person’s motives scores re-
flect departures in standard deviation units from the
mean of the sample.

Random-effects structure. We built a three-level
model of daily observations nested in participants,
which were further nested in studies. We fit a random
intercept nested within participants to account for dif-
ferences in drinking frequency and quantity between
participants. We further nested these participant-level
intercepts within studies to account for differences in
drinking frequency and quantity between studies. We
fitted a random slope for affect nested in participants
and studies to account for variability in the effect of
negative and positive affect on drinking between par-
ticipants and studies. We fitted a random slope for
drinking motives as well as the affect x motives inter-
actions nested in studies only, since motives were
measured between participants.

Priors and effect size benchmarks. We used a nor-
mally distributed prior with a mean of zero and a stand-
ard deviation of 0.5 on all fixed main and interaction
effects in the hurdle and negative binomial parts of our
models. We consulted with the authorship team to ob-
tain consensus agreements about what effects could
represent small, medium, and large effects on daily al-
cohol use. We preregistered the following conclusions
regarding a range of effect sizes along our prior proba-
bility distribution: A small effect was defined as any
effect smaller than a 1.25-fold increase in the probabil-
ity of drinking and a 0.25 increase in number of drinks
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consumed on drinking days as affect increases by one
standard deviation. A moderate effect was defined as
any effect larger than that, but smaller than a two-fold
increase in the probability of drinking as well as an in-
crease of one additional drink consumed on drinking
days as affect increases by one standard deviation. Any
effect larger than that would be considered a large ef-
fect.

Analysis steps. First, we tested the daily effect of
negative and positive affect in datasets containing all
studies assessing at least two items of the emotion in-
ventory used by Zevon and Tellegen (Zevon & Tel-
legen, 1982). We further conducted three sensitivity
analyses to determine whether our results were contin-
gent on the particular list of negative and positive affect
items used to calculate the daily score. For this reason,
we repeated our tests of Hypotheses 1a and 1b using all
negative and positive affect items assessed in each re-
spective study, the 10-item negative and positive affect
subscales of the PANAS (Watson et al., 1988), as well
as the basic negative and positive emotion sub-scales
of the PANAS-X (Watson & Clark, 1994). Next, we
repeated the tests of Hypotheses 1a and 1b in a subset
of studies which allowed us to temporally dissociate as-
sessments of affect and subsequent alcohol use (i.e., by
calculating daily affect from assessments that happened
prior to alcohol use). We further tested whether the tim-
ing of affect assessment matters by predicting alcohol
use from morning (6am — 12pm) and afternoon (12pm
— 6pm) affect assessments respectively. We also tested
whether between-person differences in affect predict
alcohol use by replacing day-level affect scores with
person-level affect scores.

Second, we tested interactions between affect and
motives in a dataset containing all eligible studies that
assessed motives. Third, we further tested whether sev-
eral moderators influence our conclusions regarding
the main effects of affect as well as the cross-level in-
teractions. For these analyses, we added three-level in-
teractions between affect, drinking motives, and the
moderator as well as all lower-order interactions to our
preregistered models. On a study-level, we tested the
moderating influence of study design (diary vs EMA),
study population (college vs community vs clinical),
whether a study involved a clinical treatment (yes vs
no), study inclusion criterion (none or light drinkers vs
moderate or heavy drinkers), and study length (number
of days of observation). On a participant-level, we
tested the moderating influence of self-reported alcohol

4 The output of our model inspections can be found in the supple-
mentary materials https://osf.io/jcr2q/.

use at baseline (reported number of drinks during an
average week), age, and sex (gender, if sex was not
available). Finally, we tested the moderating influence
of the time of week (social weekend: Thursday, Friday,
Saturday vs remaining weekdays).

For each model, we ran four Markov chain Monte
Carlo (MCMC) chains with 3,000 iterations. We in-
spected model fit using the Rhat statistic, effective sam-
ple sizes, trace plots, and posterior predictive checks
(Vasishth et al., 2018)*. For all models, the combination
of diagnostics indicated good model convergence and
model fit. As we were not able to impute missing data
due to the complexity of our statistical models, we as-
sessed whether missing reports of alcohol use were re-
lated to an individual’s age or sex as well as the report
of affect and alcohol use on the previous day. Point-
biserial and phi correlations indicated that missingness
in alcohol use data was not strongly associated with
age, sex, and previous day’s affect and alcohol use (all
correlations < .1).

Results

Descriptive statistics

Across all studies, participants reported consuming
at least one alcoholic drink on 31.7% of days and an
average of 4.69 drinks (SD = 4.56) on drinking days.
Participants average report of daily negative affect was
13.05 points (SD = 16.18) and their average report of
daily positive affect was 42.24 points (SD = 23.39). The
distributions of alcohol use on drinking days, affect,
and motives are visualized in Figure 2. The within-per-
son correlation between negative and positive affect
was small and negative (r = -.09). Correlations between
participant-aggregated affect, participant-aggregated
number of drinks consumed, and drinking motives are
visualized in Figure 3.

Main effect of negative affect. We found no evi-
dence for a daily association between negative affect
and alcohol use (Hypothesis 1a). On days they experi-
enced higher negative affect (+1 SD), our model esti-
mated participants to be 5-10% less likely to drink and
to consume 0 to 0.02 fewer drinks on drinking days
(Figure 4). The authorship team agreed a priori effects
of this size are too small to be of practical relevance. A
non-preregistered exploratory analysis revealed that
negative affect was also not associated with the odds of
binge drinking (4+ drinks for women, 5+ drinks for
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men; Centers for Disease Control and Prevention,
2019) on drinking days (95% CI [0.93, 0.98]).
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Figure 2. Distributions of study variables. The dashed lines represent the
respective mean.

These results were robust across sensitivity analyses
(Table 1). First, our conclusions did not change when
we calculated negative affect from all negative emotion
items in each respective study, when we used the 10-
item PANAS negative affect subscale, or the fear, hos-
tility, guilt, and sadness subscales from the PANAS-X.
Second, our conclusions did not change in a subset of
the data in which we were able to temporally dissociate
affect and subsequent alcohol use. For this analysis, we
predicted alcohol use from affect reports that preceded
the onset of drinking. Third, our conclusions did not
change when we predicted alcohol use from negative
affect reported in the morning or afternoon. Thus, re-
gardless of when or how negative affect was measured,
negative affect was not associated with alcohol use on
a daily level, and there was minimal heterogeneity in
this effect. For more than 99% of participants, the daily
association between negative affect and alcohol use

was estimated to be trivially small as indicated by the

participant-level random slopes.
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Figure 3. Heat map of correlations between participant-aggregated affect,
participant-aggregated number of drinks, drinking motives, self-reported al-
cohol use at baseline, and age. The values in each tile represent the respec-
tive Pearson’s correlation coefficient. The magnitude and direction of cor-
relations are visualized with colors.

Main effect of positive affect. In line with Hypoth-
esis 1b, our model estimated participants to be 16-28%
more likely to drink on days they experience higher
positive affect (+1 SD). However, participants were es-
timated to only consume an additional 0.04 to 0.07
drinks on drinking days high in positive affect (too
small to be of relevance according to our preregistered
inferences; Figure 5). An exploratory analysis revealed
that participants were estimated to be 17-23% more
likely to binge drink on drinking days high in positive
affect. Taken together, we conclude from these results
that there is evidence in our data for a meaningful
small-to-medium sized association between positive
affect and both the likelihood to drink and with heavy
alcohol use on the daily level.

These results were robust across the same sensitiv-
ity analyses as negative affect, except that the effect of
the PANAS-X subscale joviality (consisting of the
items happy, joyful, delighted, cheerful, excited, enthu-
siastic, lively, energetic) on the likelihood to drink was
slightly larger than our preregistered meta-analytic ef-
fect (Table 2). Estimating variability across partici-
pants’ individual associations between positive affect
and alcohol use, roughly two-thirds of participants



Wright 7 —— 0.87[0.80, 0.95 Wright 7 — -0.01 [-0.05, 0.03]
Wright 6 —_— 0.94 [0.83, 1.06' Wright 6 — -0.01[-0.05, 0.03
Wright & A 0.97 10.86, 1.10 Wright 5 —_— 0.00 [-0.04, 0.05
Wright 4 — 0.89[0.81,0.97 Wright 4 —— 0.00 [-0.03, 0.04
Wright 3 — 0.95 [0.85, 1.08 Wright 3 — 0.00 [-0.03, 0.04
Wright 2 — 0.91[0.82, 1.01 Wright 2 — -0.01 [-0.05, 0.04
Wrwwhl 1 — 0.94 10.87, 1.02 Wrwt 1 —— 0.00 [-0.04, 0.04]
- Wray — 0.88 [0.81, 0.95] - Wray — -0.02 [-0.05, 0.01
Witkiewitz —_— 0.90 [0.82, 0.99 Witkiewitz — -0.01 [-0.05, 0.02
W_?ddel\ ——] 0.91]0.83, 1.00 W_?ddeH — -0.02 [-0.05, 0.02;
rull 2 — 0.91 [0.82, 1.01 rull 2 — 0.00 [-0.04, 0.04
Trull 1 — 0.94 [0.85, 1.04' Trull 1 — 0.00 [-0.04, 0.04
Todd 2 — 1.01[0.91,1.13 Todd 2 — -0.02-0.05, 0.01
Todd 1 —— 0.90 [0.83, 0.98 Todd 1 —_— -0.04 (-0.07, -0.01
Stevenson — 0.90[0.79, 1.01 Stevenson —— -0.011-0.05, 0.03
evens — 0.95]0.84, 1.07 Stevens — 0.00[-0.04, 0.04
Serre —_—— 0.93 [0.84, 1.03 Serre — 0.00 [-0.03, 0.04]
Scaghone —_— 0.9310.83, 1.04 Scaghone —_— -0.01 [-0.05, 0.03]
. acco — 0.92 [0.81, 1.04' acco —_— -0.02 [-0.08, 0.04
Richardson —_— 0.94 10.83, 1.06 Richardson — -0.01[-0.06, 0.03
lagsecki —— 0.78[0.74, 0.83 iagecki — -0.06 [-0.08, -0.03]
Papg —_— 1.00]0.89, 1.16; Papg —_— -0.01[-0.06, 0.03
Mohr —— 0.93 /0.85, 1.02 Mohr —_— -0.02 [-0.06, 0.02
Mohr 2 — 0.93 [0.84, 1.04 Mohr 2 — -0.02 [-0.06, 0.02
ohr 1 —— 0.93 [0.85, 1.02 Mohr 1 —— 0.01[-0.03, 0.05
Merrill — 0.94 10.85, 1.03 Merrill — 0.00 [-0.04, 0.04]
Mackinnon — 0.95 [0.87, 1.03 Mackinnon — 0.00 [-0.04, 0.03
. Lydon-Staley — 0.92 /0.80, 1.06 ) Lydon-Staley — -0.01 [-0.06, 0.04
Linden-Carmichagl —— 0.95[0.86, 1.04] Linden-Carmichagl — -0.02 [-0.06, 0.01
Lewis —_— 0.96 [0.85, 1.09 Lewis —_— -0.01[-0.05, 0.04
Lee —— 0.95]0.91, 0.99 Lee —— -0.02 [-0.04, 0.00
Kuerbis 4 — 096 [0.87,1.07 Kuerbis 4 — -0.011-0.04, 0.02
Kuerbis 3 —— 0.91[0.83, 0.99 Kuerbis 3 —r -0.02 [-0.04, 0.01
uerbis 2 —_— 1.07 [0.94, 1.24 uerbis 2 —_— 0.00 [-0.05, 0.05
Kuerbis 1 — 0.98 [0.92, 1.05 Kuerbis 1 —— 0.00 [-0.02, 0.02
Kuczynski —— 0.90 [0.85, 0.95 Kuczynski — -0.011-0.04, 0.01
Ini —_— 0.94 [0.84, 1.07 Ini — -0.02[-0.07, 0.02
Klns 1 R 1.01]0.91, 1.13 Klng 1 —_— 0.00 [-0.04, 0.04
Jenzer —— 0.9910.90, 1.09 Jenzer — 0.00 [-0.03, 0.04]
Jackson —— 0.9310.87, 0.99 Jackson —— -0.011-0.04, 0.02
Hussong 2 — 0.970.88, 1.08 Hussnng 2 —— -0.01[-0.04, 0.03
owar % — 0.9110.82, 1.01 Howar % —_— -0.02 [-0.07, 0.02
Howard —_— 0.94 [0.83, 1.06' Howard —_— 0.00 [-0.04, 0.05
Howard 1 —— 0.910.81, 1.00 Howard 1 — 0.00 [-0.04, 0.04]
Haroon —_— 0.86[0.77, 0.95 Haroon e -0.02 [-0.06, 0.02
Gottfredson —_— 0.92 [0.82, 1.03 Gottfredson T 0.00 [-0.04, 0.05
oodman —_— 1.00 [0.89, 1.17’ oodman —_— -0.01 [-0.06, 0.03]
oodman 1 —— 0.88(0.77, 1.00 oodman 1 — -0.011-0.06, 0.04
Fergusqn 0.910.80, 1.04 Fergu,sqn -0.01 [-0.08, 0.03
Fairlie — 0.89 [0.83, 0.96 Fairlie —— 0.00 [-0.03, 0.02
Fairbairn —_— 0.91[0.79, 1.03 Fairbairn —_— -0.02 [-0.06, 0.03
Enkema —— 0.9010.79, 1.00 Enkema — -0.01 [-0.05, 0.03
Emes — 0.97 [0.88, 1.07 Eme — -0.01[-0.05, 0.02
Dvora —_— 0.92 [0.83, 1.01 Dvora —— 0.03 [-0.01, 0.07

eHa —— 0.90[0.84, 0.98 eHal — 0.00 [-0.03,
Creswell — 0.93 [0.86, 1.01 Creswell —— -0.02 [-0.05; 0.00
Carpenter — 0.910.80, 1.02 Carpenter — -0.01 [-0.05, 0.03
Braitman —— 0.89 [0.83, 0.96 Braitman —— -0.02 [-0.05, 0.00

Bold — 0.91 [0.85, 0.97' Bold — -0.01[-0.04,
Beltz —— 0.9110.84, 0.97 Beltz — -0.02 [-0.06, 0.01

Bartholow —— 0.92 [0.85, 1.00 Bartholow — 0.00 [-0.04,
Armeli 2 —-— 0.94 10.91, 0.98, Armell 2 —— -0.02 [-0.03, 0.00
rmeli 1 - 0.91]0.88, 0.94 Armeli 1 — -0.01 [-0.03, 0.00:
Arbeau —_— 0.96 ]0.85, 1.09 Arbeau — -0.01 [-0.06, 0.03
Average A 0.93 [0.90, 0.95] Average A -0.01[-0.02, 0.00

050607 080910111213 141516 1.7 1.8 1.9 20 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
Effect of negative affect on likelihood to drink Effect of negative affect on number of drinks
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Interval.
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Figure 5. Forest plots of the effect of positive affect on the likelihood to drink with effect sizes larger (smaller) than 1 indicating a higher (lower) probability to drink as affect increases (left) and the number of
drinks consumed on drinking days with positive (negative) effect sizes indicating a higher (lower) number of drinks consumed (right). Displayed are point estimates surrounded by the 95% Bayesian Credible
Interval.
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Table 1. Sensitivity analyses for the daily association between negative affect and alcohol use. We report the 95% credible interval derived from the respective posterior distribution.

Sensitivity analysis k N Likelihood of drinking Number of drinks consumed
95% ClI 95% ClI

NAG1 items - alcohol use 69 12,394 0.88 -0.94 -0.03-0.00
NAranas - alcohol use 40 8,323 0.92-0.95 -0.02-0.01
NAfear - alcohol use 25 3,920 0.93-0.97 -0.01-0.02
NAnostility —> alcohol use 30 5,944 0.94-0.99 -0.02 - 0.02
NAuilt - alcohol use 20 4,971 0.93-0.99 -0.02-0.01
NAsadness - alcohol use 18 1,986 0.89-0.99 -0.03-0.00
NAemporal association = alcohol use 32 5,957 0.90 - 0.95 -0.02-0.01
NAmorning - alcohol use 29 3,430 0.93-1.00 -0.02 -0.03
NAufternoon - alcohol use 37 5,474 0.92 -0.97 -0.02 -0.00
NAperson-aggregated > alcohol use 64 11,869 0.74 -0.99 0.01-0.17
NAuwithin x beween = alcohol use 64 11,869 0.99-1.03 0.00-0.01

Notes: k = number of studies included in analysis; N = number of participants included in analysis; NA = negative affect; all items = affect score calculated from all assessed items; PANAS = affect score
calculated from PANAS scale items; fear, hostility, guilt, sadness = affect score calculated from PANAS-X subscale items; temporal association = affect score calculated from items assessed prior to alcohol
use; morning = affect score calculated from morning (6am — 12pm) assessments; afternoon = affect score calculated from afternoon (12pm — 6pm) assessments; person-aggregated = affect score aggregated
across all study days per participant; within x between = interaction between within-person and between-person NA (not preregistered).

Table 2. Sensitivity analyses for the daily association between positive affect and alcohol use. We report the 95% credible interval derived from the respective posterior distribution.
Sensitivity analysis k N Likelihood of drinking Number of drinks consumed

95% CI 95% CI
PAail items - alcohol use 65 11,705 1.18-1.30 0.04 - 0.07
PApaNAS - alcohol use 42 8,685 1.11-1.27 0.02 - 0.07
PAjoviality - alcohol use 55 10,708 1.27-141 0.06 -0.11
P Aself-assurance - alcohol use 14 1,943 1.01-1.20 -0.04 - 0.05
P Auttentiveness - alcohol use 20 2,887 0.99-111 -0.02 -0.03
PAsemporal association = alcohol use 31 5,857 1.15-1.28 0.02 - 0.06
P Amorning - alcohol use 30 3,471 1.01-1.14 -0.01-0.05
P Aafternoon - alcohol use 38 5,515 1.08 -1.18 0.02 - 0.05
PAgperson-aggregaed > a@lcohol use 63 11,386 0.98 — 1.37 -0.04 -0.11
PAwithin x between > alcohol use 63 11,386 0.96 —1.02 -0.01-0.01

Notes: k = number of studies included in analysis; N = number of participants included in analysis; NA=negative affect; all items = affect score calculated from all assessed items; PANAS = affect score
calculated from PANAS scale items; joviality, self-assurance, attentiveness = affect score calculated from PANAS-X subscale items; temporal association = affect score calculated from items assessed prior to
alcohol use; morning = affect score calculated from morning (6am — 12pm) assessments; afternoon = affect score calculated from afternoon (12pm — 6pm) assessments; person-aggregated = affect score
aggregated across all study days per participant; within x between = interaction between within-person and between-person PA (not preregistered).
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were slightly more likely to drink on days higher in pos-
itive affect, whereas for the remaining one-third, the as-
sociation was estimated to be medium-sized.

Interaction of negative affect and coping motives.
Participants reporting higher coping motives were
more likely to drink (95% CI [1.03; 1.39]) and to drink
more on drinking days (95% CI [0.05; 0.26]). Contrary
to Hypothesis 2a, we found no evidence for a cross-
level interaction between daily negative affect and dis-
positional drinking motives on daily alcohol use (like-
lihood of drinking: 95% CI [1.00, 1.02]; drinks on
drinking days: 95% CI [-0.02, 0.01]; Figure 6). Partici-
pants reporting low coping motives (1 SD below the
sample mean) were estimated to be 7-10% less likely
to drink and to consume .02-.04 fewer drinks when neg-
ative affect increased by one standard deviation. Partic-
ipants reporting average coping motives were esti-
mated to be 7-9% less likely to drink and to consume
.01-.02 fewer drinks when negative affect increased by
one standard deviation. Participants reporting high cop-
ing motives (1 SD above the sample mean) were esti-
mated to be 6-10% less likely to drink and to consume
.00-.02 fewere drinks when negative affect increased
by one standard deviation. Thus, we conclude that the
daily association between negative affect and alcohol
use does not differ as a function of a person’s self-re-
ported disposition to drink-to-cope with negative emo-
tions.

Interaction of positive affect and enhancement
motives. Participants reporting higher enhancement
motives were more likely to drink (95% CI [1.05;
1.30]) and to drink more on drinking days (95% CI
[0.21; 0.42]). Contrary to Hypothesis 2b, we found no
evidence for the hypothesized cross-level interaction
between daily positive affect and dispositional en-
hancement motives on daily alcohol use (likelihood of
drinking: 95% CI [0.93; 1.02]; drinks on drinking days:
95% CI [-0.02; 0.01]; Figure 6). Participants reporting
low enhancement motives (1 SD below the sample
mean) were estimated to be 22-32% more likely to
drink and to consume .06-.09 additional drinks when
positive affect increased by one standard deviation.
Participants reporting average enhancement motives
were estimated to be 28-32% more likely to drink and
to consume .06-.07 additional drinks when positive af-
fect increased by one standard deviation. Participants
reporting high enhancement motives (1 SD above the
sample mean) were estimated to be 28-39% more likely
to drink and to consume .05-.07 additional drinks when
positive affect increased by one standard deviation. We
conclude from these results that the daily association

between positive affect and alcohol use does not de-
pend on a person’s self-reported disposition to drink-
to-enhance positive emotions.

Meta-analytic moderator analyses. In Tables 3 and
4, we present the results of our moderator analyses for
the daily association of negative and positive affect
with alcohol use. We present the effect of a 1-SD in-
crease in negative and positive affect on the estimated
likelihood to drink and the estimated number of drinks
consumed for two to three relevant levels per modera-
tor. These results can be compared to our preregistered
effect size benchmarks. The analyses reported in Table
3 highlight that our conclusions for the association be-
tween negative affect and drinking do not change along
different study designs or for different subpopulations.
For example, the estimated effect of negative affect on
the likelihood to drink was smaller than our smallest
effect size of interest (a 25% in/decrease in likelihood
to drink) in college samples (5-9% decrease in likeli-
hood to drink as negative affect increased by 1 SD),
community samples (4-11% decrease in likelihood to
drink as negative affect increased by 1 SD), and clinical
samples (1-14% decrease in likelihood to drink as neg-
ative affect increased by 1 SD).

Similar to negative affect, our conclusions regard-
ing positive affect did not change along different study
designs or for different subpopulations (Table 4). The
effect of positive affect on the likelihood to drink hov-
ered around the effect size observed in the main anal-
yses (a 16-28% increase in the likelihood to drink as
positive affect increases by 1 SD) in all subpopulations
we were able to look at, but positive affect was never
associated with the number of drinks consumed. For
example, a 1-SD increase in positive affect was esti-
mated to lead to a 23-30% increase in the likelihood to
drink in studies that sampled only moderate-to-heavy
drinkers, and to a 30-33% increase in the likelihood to
drink in studies that also included light drinkers.
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Figure 6. The effect of negative affect (left) and positive affect (right) on the likelihood that participants drink (top) as well as the number of drinks consumed on drinking days (bottom) for participants reporting
low, average, and high coping and enhancement motives respectively.



Table 3. Moderator analyses for the daily association between negative affect and alcohol use. We report the 95% credible interval derived from the respective

posterior distribution.

DORAETAL.

Moderator analysis k N Likelihood of drinking  Number of drinks
95% CI 95% CI

Study design

Diary 18 4451 0.92-0.94 -0.02-0.00

EMA 25 3060 0.89-0.93 -0.04 —-0.02
Study population

College 19 4338 0.92-0.95 -0.02-0.00

Community 18 2688 0.90 - 0.96 -0.02 -0.01

Clinical 6 485 0.88 —0.99 -0.03 -0.02
Study involving treatment

Yes 5 444 0.89-0.95 -0.03--0.01

No 37 7026 0.92-0.93 -0.03 -0.00
Study inclusion criterion

None/light drinkers 26 5217 0.90-0.93 -0.02--0.01

Moderate/heavy drinkers 17 2294 0.90-0.94 -0.03--0.01
Study length

Short (-1 SD) 0.89-0.93 -0.03--0.01

Average 0.92-0.94 -0.02--0.01

Long (+1 SD) 0.93-0.96 -0.03--0.01
Participant self-reported alcohol use

Low (-1 SD) 0.84-0.88 -0.04 —-0.02

Average 0.88-0.92 -0.04 —-0.02

High (+1 SD) 0.90-0.96 -0.04 —-0.02
Participant age

Young (-1 SD) 0.90-0.93 -0.02 --0.01

Average 0.92-0.93 -0.02--0.01

Old (+1 SD) 0.92-0.94 -0.03--0.01
Participant sex

Female 4199 0.88-0.93 -0.02 --0.01

Male 3254  0.93-0.96 -0.03--0.01
Time of week

Thursday — Saturday 0.92-0.93 -0.03--0.01

Sunday — Wednesday 0.90 - 0.94 -0.03 —-0.01




Table 4. Moderator analyses for the daily association between positive affect and alcohol use. We report the 95% credible interval derived from the respective

posterior distribution.

DORAETAL.

Moderator analysis k N Likelihood of drinking Number of drinks
95% ClI 95% ClI

Study design

Diary 17 4390 1.28-1.32 0.05-0.07

EMA 26 3101 1.27-1.32 0.06 —0.08
Study population

College 18 4238 1.28-1.32 0.04 - 0.06

Community 20 2829 1.27-1.32 0.05-0.07

Clinical 5 424 1.19-1.33 0.02-0.07
Study involving treatment

Yes 4 383 1.25-1.32 0.04 —0.08

No 38 7067 1.28-1.32 0.06 —0.08
Study inclusion criterion

None/light drinkers 27 5329 1.30-1.33 0.06 —0.08

Moderate/heavy drinkers 16 2162 1.23-1.30 0.05-0.07
Study length

Short (-1 SD) 1.28-1.33 0.06 —0.08

Average 1.28-1.32 0.06 —0.07

Long (+1 SD) 1.27-1.32 0.05-0.07
Participant self-reported alcohol use

Low (-1 SD) 1.32-1.39 0.09-0.13

Average 1.30-1.35 0.07-0.09

High (+1 SD) 1.27-1.33 0.05-0.08
Participant age

Young (-1 SD) 1.30-1.35 0.05-0.06

Average 1.28-1.32 0.06 — 0.07

Old (+1 SD) 1.25-1.30 0.07-0.09
Participant sex

Female 4205 1.32-1.37 0.06 —0.08

Male 3227 1.23-1.28 0.06 — 0.07
Time of week

Thursday — Saturday 1.27-1.32 0.06 —0.08

Sunday — Wednesday 122 -1.27 0.07 -0.09
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Discussion

Motivational theories of alcohol use hypothesize
that people drink to decrease negative emotions or to
increase positive ones (e.g., Baker et al., 2004; Cooper
et al., 1995; Cox & Klinger, 1988; Koob & Le Moal,
2008). Although supportive evidence has linked affect
and alcohol use behaviors using laboratory, experi-
mental, and self-report data (Bresin et al., 2018; Leigh,
1989; Smith, 2013; Wilkie & Stewart, 2005), two dec-
ades of daily diary and EMA studies testing these the-
ories at the day-level produced inconclusive evidence.
Using individual participant level data from 69 studies
with 12,394 participants and 353,762 days of observa-
tions, we showed that people were indeed more likely
to drink and to drink heavily on days characterized by
positive affect, but they were not more likely to drink
or drink more on days characterized by negative affect.
Importantly, these findings were consistent across mul-
tiple operationalizations of affect, whether or not affect
was measured prior to when drinking occurred, and
whether affect was assessed in the morning or after-
noon. In the available data, the results did not differ be-
tween college, community, and clinical samples, nor
between heavy and light drinkers. Moreover, people
who reported they drink to relieve negative emotions or
to enhance positive ones were more likely to drink and
to drink more (which mirrors results of a recent meta-
analysis in mostly cross-sectional studies; Bresin &
Mekawi, 2021), but did not exhibit any stronger asso-
ciations between daily affect and drinking.

Implications for motivational models of alcohol use

The lack of evidence for increased alcohol use on
days characterized by higher (preceding) negative af-
fect is striking given the evidence that increased nega-
tive affect does precede other risky and unhealthy be-
haviors. Diary and EMA research on binge eating
(Haedt-Matt & Keel, 2011), smoking (Akbari et al.,
2020), and suicidal injury, thoughts, and behaviors
(Kuehn et al., 2022) have all demonstrated heightened
negative affect prior to engaging in these behaviors.
Although alcohol use may be an exception, according
to an internal survey among the co-authors of this re-
view conducted during the pre-registration process, 20
out of 38 responding experts expected to find a daily
association between negative affect and alcohol use in
the present project. Such an effect would have aligned
with the subjective priors of the majority of our author
team, the global predictions of multiple theoretical
models of alcohol use (Cooper et al., 1995; Cox &

Klinger, 1988), and laypeople’s intuitions (Cooper,
1994). Thus, the most important conclusion we can
draw from these results is that these priors have now
shifted considerably, and we should no longer univer-
sally expect people to be more likely to drink or to drink
more on days they experience higher negative affect.

Of note, a recent meta-analysis (Tovmasyan et al.,
2022) concluded that people drank more on days higher
in both negative and positive affect, suggesting that the
intensity, rather than the valence, of emotions motivate
people to consume alcohol. Although this contrasts
with our findings, it is difficult to compare these syn-
theses of the same literature, because Tovmasyan and
colleagues (2022) extracted effects from a smaller
number of (mostly) published daily diary and EMA
studies (k = 38 for NA, k = 35 for PA), while we ob-
tained individual participant data from a wide range of
published and unpublished studies and analyzed data
using a unified protocol. Because of the statistical chal-
lenges in summarizing associations across such a wide
range of measures, outcomes, and analytic methods, we
are confident in the robustness of our findings.

Another explanation for our findings could be that
alcohol use is more situationally constrained than other
behaviors linked to negative affect; people commonly
eat and smoke throughout the day and week, whereas
people are much more likely to drink alcohol in the
evening, on weekends, and while surrounded by other
people (Acuff et al., 2021; Arfken, 1988). As such, it is
possible that people use other non-alcohol related cop-
ings strategies to manage negative affect during the
day. Alternately, a negative affect-alcohol association
might only be observed when the two occur close in
time, rather than when affect is aggregated over the
course of a day. There also may be countervailing ef-
fects: some occasions of higher than usual negative af-
fect may decrease the likelihood of drinking (e.g., by
skipping a social event when feeling down); whereas
on other occasions, heightened negative affect may in-
crease the likelihood of turning to alcohol. Overall, this
would result in a null effect of negative affect, as ob-
served in this meta-analysis.

Although the notion of drinking to enhance positive
affect does not necessarily imply that elevated positive
emotions are expected to motivate drinking, we found
that people were more likely to drink and to drink heav-
ily on days they felt happy and enthusiastic. It may be
that positive affect itself triggers drinking behavior or
it may make people more sociable or reward- seeking,
increasing the odds that people will seek out situations
where alcohol is available (van Hoorn et al., 2016). Al-
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ternatively, perhaps positive affect simply rises in an-
ticipation of drinking events (a “TGIF” effect), which
are frequently social in nature.

Contrary to motivational models of alcohol use
(Cooper et al., 1995), people’s self-reported drinking
motives did not moderate individual differences in the
association between daily affect and alcohol use. This
null effect is consistent with earlier work showing that
explicit motives were unrelated to individual differ-
ences in affective and drinking processes observed in
daily life (Littlefield et al., 2012). Indeed, people’s
global self-reports of coping strategies are poor mark-
ers of how they report coping when measured in the
moment (Todd et al., 2004), and people’s global self-
reports of how they typically respond to negative emo-
tion are not associated with the strength of the same
within-person association when measured using EMA
(Feil et al., 2020). It may be that a person’s self-report
of dispositional motives reflects a mental model arising
from formative drinking experiences, social cues, and
norms around the function of alcohol use, or from se-
lectively recalled drinking events, rather than a descrip-
tion of a typical alcohol decision-making process for
that person. Further, people may hold an additional set
of implicit drinking motives that lies outside of their
awareness (McClelland et al., 1989), which might dif-
fer from the drinking motives they report. Recent re-
search has suggested that peoples’ daily or momentary
coping and enhancement motives for drinking may be
robust predictors of same-day emotional drinking (Ste-
venson et al., 2019; Votaw & Witkiewitz, 2021). Other
cognitive factors, such as cravings (Serre et al., 2015;
Waddell et al., 2021), the momentary reinforcement
value of alcohol (Acuff et al., 2020; Dora et al., 2022;
Murphy & Mackillop, 2006), other drinking-related
cognitions (Lewis et al., 2020), or perceived social sup-
port (Shadur et al., 2015) have been shown to vary
within-person and may be important for understanding
how drinking motives are enacted to influence alcohol
use in daily and momentary data.

Our moderator analyses suggest that our findings
were consistent across different subpopulations, such
as clinical and non-clinical samples, heavy and light
drinkers, and younger and older adults. Taken at face
value, these results are equally problematic for differ-
ent affect-regulation models when applied to daily-
level data (e.g., Baker et al., 2004; Cooper et al., 1995;
Cox & Klinger, 1988; Koob & Le Moal, 2008; Wills &
Filer, 1996), as all models predict negative affect to be
associated with alcohol use in at least some of these
groups of people. However, given that we had limited
data from clinical samples and no direct measure of

AUD symptoms at the participant-level, we have less
confidence that our meta-analysis provided a stringent
tests of models that focus on people with AUD and/or
experiencing withdrawal symptoms (Baker et al., 2004;
Koob & Le Moal, 2008). To us, it remains plausible
that daily negative affect predicts drinking in cases of
AUD, and especially with individuals with moderate to
severe AUD where compulsivity of alcohol use (and
the potential for allostatic regulation of drinking) is
higher. It is important for future research to test
whether there is some threshold in AUD whereby neg-
ative affect regulation becomes an important causal
mechanism. We also acknowledge that this study and
the literature it meta-analyzed has several limitations
(e.g., the time scale at which we tested the effects) that
prevent us from conclusively falsifying any of the the-
oretical models, despite the consistencies we found
across moderator analyses.

Implications for prevention and treatment

Motivational models of alcohol use have influenced
the design of interventions aimed at problematic drink-
ing in stand-alone treatments (Stasiewicz et al., 2013)
and identified potential mechanisms of more general-
ized treatments aimed at reducing problematic alcohol
use in community samples (Kelly et al., 2010; Vinci et
al., 2014; Witkiewitz & Villaroel, 2009). Our results
provide evidence that people who report global motives
for drinking either for coping or enhancement reasons
may benefit from preventive interventions, but global
motives do not seem to provide information on how a
person’s daily alcohol use is influenced by their affec-
tive states. In other words, drinking motives may iden-
tify who is at risk for problem alcohol use, but they do
not yet give us insight into how or when that risk un-
folds.

A deeper understanding of why and how positive af-
fect indicates risk for alcohol use (and potentially for
heavy alcohol use), and in what contexts, will be im-
portant for shaping future interventions. For example,
momentary interventions could detect increases in pos-
itive affect and deliver reminders of effective protective
behavioral strategies that might reduce risk for an up-
coming drinking event. On the other hand, preventive
interventions targeting days characterized by high neg-
ative affect are unlikely to be effective for a typical per-
son. It may instead be important to track momentary
drinking motives, people’s attributions about their
drinking (such as momentary alcohol expectancies), or
their situational context (such as being alone vs. with
friends Ariss et al., 2022; Creswell, 2021; Fairbairn &
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Sayette, 2014), which may serve as a more specific sig-
nal of risk for alcohol use.

Constraints on generality and study limitations

The generalizability of our findings regarding the
daily association between affect and alcohol use is con-
strained by several factors such as the people studied,
the measurements used, the temporal design and the
statistical models used in the current study (Simons,
Shoda, & Lindsay, 2017; Yarkoni, 2020).

Sample generality. First, we limited our systematic
search to English terms (and thus potentially excluded
non-English literature if it did not appear in our search)
and were only able to compile data from mostly young
adults and exclusively from Western, predominantly
White cultures. Thus, future reviews could include
search terms in other languages, and it is an open ques-
tion whether our data generalize to people living in so-
cieties that are not WEIRD (Henrich et al., 2010). Be-
yond the demographic nature of our sample, relatively
few diary or EMA studies of alcohol use involve sam-
ples of people seeking treatment for alcohol use disor-
ders (in the present study we had four diary and two
EMA studies, total n = 790). This is relatively striking
given the emphasis of many affect regulation theories
on the role of affect in alcohol use disorders (Koob &
Le Moal, 2008). Thus, our findings may not replicate
when examining affect-alcohol associations among in-
dividuals with more severe alcohol use disorder than
what is typically observed in community samples or
among those who are treatment-seeking.

Measurement generality. This study harmonized
data coming from dozens of different studies. Although
we managed to address some differences between stud-
ies (e.g., the items used to calculate negative and posi-
tive affect) and tested for others in our moderation anal-
yses, it is not feasible to comprehend the potential im-
pact of an exhaustive list of differences, and we are cer-
tain we have not accounted for all of them. For exam-
ple, one difference between included studies we did not
address is the time scale referred to by the affect items
(e.g., “right now” vs “the past 30 minutes”). As noted
by Curran & Hussong (2009), the validity of the infer-
ences we wish to draw from this pooled data analysis is
directly influenced by the reliability and validity of the
measures in each contributing dataset. Pooling across
studies using measures of negative and positive affect
that differed in terms of the specific items or item re-
sponses assumes invariance and comparability of these
measures across studies and populations. If this as-
sumption did not hold, our findings may have changed,

especially in terms of the heterogeneity of results
across studies. More comprehensive data harmoniza-
tion methods, such as integrative data analysis
(Hussong, Curran, & Bauer, 2013) might be used to
combine datasets with similar but varying measures of
affect. As such, the possibility remains that some of
these unaccounted differences have influenced our re-
sults in ways we did not anticipate.

Temporal generality. We tested only the most com-
mon formulation of motivational theories of drinking,
that daily alcohol use is preceded by increases in nega-
tive or positive affect on the same day. As with many
vague verbal theories in psychology (van Rooij &
Blokpoel, 2020), motivational theories of alcohol use
are silent on the timescale at which these associations
are likely to occur, making it difficult to convincingly
support or falsify the hypothesis (Hopwood, Bleidorn,
& Wright, 2021). It is entirely possible that the affect—
alcohol use association varies at longer or shorter time
scales. For example, negative affect-motivated drink-
ing may only be observed when affect is measured
close in time to drinking events. Alternately, because
drinking occasions are often situationally constrained
to evenings and weekends, it might be that negative af-
fect experienced earlier in a day or a week has a cas-
cading effect on drinking later in the week once drink-
ing opportunities are more available, mediated by an
intention to drink that then persists up to the drinking
occasion (and even drives increases in positive mood
as drinking is anticipated).

It is also important to note that there are a separate
class of theories (many of which draw on the same body
of theory described above) that describe how associa-
tions between affect (especially symptoms of negative
affect-driven disorders such as anxiety and depression)
and alcohol use and problems might arise at less prox-
imal time scales (Hussong et al., 2011, 2017; Sher,
1991). One theory, for example, hypothesizes that ado-
lescents who are high on internalizing symptoms grav-
itate towards substance using peers who provide access
and exposure to alcohol use (Hussong et al., 2011,
Kaplan et al., 1984). There is robust evidence that peo-
ple high on emotion-driven impulsivity (Coskunpinar
& Cyders, 2013) are especially likely to develop alco-
hol use disorder. Other research has suggested that
young adults who are prone to symptoms of anxiety and
depression drink more and report more symptoms of al-
cohol use disorder over time (Jackson & Sher, 2003;
King et al., 2020; Kushner et al., 2012), although other
research has found the opposite to be true in adoles-
cence (Colderetal., 2017). In other words, the evidence
from the present study suggesting no daily association
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between negative emotions and alcohol use does not
rule out a role of affect at other time scales or of indi-
vidual differences in the experience or consequences of
negative affect. Moreover, the data here do not speak to
the degree to which naturally occurring drinking epi-
sodes relieve negative affect or enhance positive affect,
which is a key component of affect regulation models.
Thus, it is critical to measure affect during and after the
drinking episode to fully understand its affect regula-
tion effects. Although fewer daily observational studies
have been designed to test the temporal association be-
tween alcohol use and subsequent affect, some initial
evidence from ecological momentary assessment stud-
ies (Russell et al., 2020) as well as evidence from ex-
perimental studies performed in the lab (Smith, 2013;
Wilkie & Stewart, 2005) suggests that negative affect
is reduced and positive affect is enhanced following al-
cohol consumption. Given that results from experi-
mental lab studies suggest that people consume more
alcohol following negative mood inductions (Bresin et
al., 2018), more ecologically valid research is needed
where people’s affective states are closely and fre-
quently monitored before and during drinking and
matching non-drinking episodes.

Statistical generality. Our mixed-effects modeling
approach characterized the average or group-level as-
sociation between daily affect and alcohol use. Thus,
we cannot definitively conclude that our findings gen-
eralize to any one individual within our sample (Mo-
lenaar, 2004). That is, negative affect (and likewise,
positive affect or related motives) could prompt alcohol
use for some people, some of the time, and in some sit-
uations. For example, one individual might regularly
drink-to-cope following a frustrating day at work,
while another individual might drink-to-cope generally
only following more extreme distress (e.g., after losing
their job). The nomothetic methods used in this meta-
analysis pool estimates across people, time, and situa-
tions (e.g., assume ergodicity), and are therefore not
equipped to account for potential person-, time-, or sit-
uation-specific effects in the affect-alcohol association.

Missing data in EMA research. Like most EMA
studies in this field, we did not account for missing ob-
servations at the daily level. Although mixed-effects
models are robust to data missing on the outcome, ob-
servations that are also missing at the predictor level
are listwise deleted, and the complexities of imputing
zero-inflated count variables for our Bayesian mixed
effects models precluded the use of multiple imputa-
tion. Although we did not find correlates of missing-
ness in our data, it is a possibility that participants sys-

tematically missed EMA surveys, which would bias es-
timates in the current study. For example, people might
be less likely to complete a morning survey following
a heavy drinking event, or might be less likely to com-
plete a survey in moments of high negative affect. It is
important to note, however, that no research has re-
ported that this is true in EMA studies of alcohol use,
and one recent study found no evidence that missing
data in EMA research was a function of the constructs
of interest (Sun et al., 2021). Nonetheless, the question
of how missing data impacts reliability of EMA re-
search is a methodological question, requiring addi-
tional research to understand systematically the cir-
cumstances and study designs that promote high rates
of compliance and high-quality data (Kaurin et al.,
2022). A promising avenue for future research might be
to infer affective states from passive smartphone data
via machine learning, which has the advantage that no
active responding from the participant is required
(Mohr et al., 2017). A recent study had moderate suc-
cess predicting states of elevated anger and anxiety in
this way (Ren et al., 2022). Should the prediction accu-
racy of these methods increase further, this would be
one way to capture moments high in negative affect
more reliably in people’s everyday life.

An agenda for future research

Important questions remain regarding whether, in
what way, in what contexts, and for whom affect is re-
lated to alcohol use in everyday life. It is our hope that
this meta-analysis will launch new intensive longitudi-
nal work that pushes beyond our current understanding
of the complex real-time relationship between affect
and alcohol. To this end, we offer four points that we
see as particularly important for future research to ad-
dress.

First, our tests demonstrating that daily alcohol use
is not preceded by daily increases in negative affect tell
us little about whether the affect-alcohol use associa-
tion varies (nonlinearly) at longer or shorter time
scales. The present findings challenge the field to im-
prove the precision of the theoretical predictions per-
taining to the temporal relationship between affect and
alcohol use (Hopwood et al., 2021). Motivational mod-
els were originally developed when coarser cross-sec-
tional and years-long longitudinal studies were pre-
dominant study designs. Although this field of study
has taken advantage of modern data collection tools
such as smartphones for real-time survey data collec-
tion, theoretical predictions have not been updated in
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concert. We propose further examinations of the asso-
ciations between affect and drinking using methods that
assess affect with greater temporal granularity and with
greater proximity to drinking episodes to examine how
affect dynamics prompt a drinking response or interact
with biphasic effects of alcohol over time.

Second, at least some motivational models of alco-
hol use (Baker et al., 2004; Koob & Le Moal, 2008)
hypothesize that negative affect is an index of with-
drawal symptoms that emerges in the development of
substance use disorder. Yet as noted above, there re-
mains a marked disconnect between these theoretical
models and the samples with data available to test
them. It is unclear to what extent participants in the ma-
jority of college student and community samples ana-
lyzed here ever experienced true withdrawal symptoms
or serious and impairing negative consequences from
their alcohol consumption (Boness et al., 2016). We
therefore contend that it is critical to invest more re-
sources in understanding the role of emotion dynamics
among those in various stages of alcohol use disorder
and among those either in treatment or similar, sus-
tained self-directed efforts to reduce drinking.

Relatedly, reports of negative affect at the high end
of the scale were extremely rare (scores higher than 70
on a 100-point scale made up less than 1% of the avail-
able negative affect scores) , and thus a floor effect may
contribute to the observed null results. Given that the
current study includes data from 12,394 people meas-
ured across over 353,762 days, we believe this repre-
sents the typical experience of negative affect in peo-
ple’s daily lives: it tends to be relatively unusual. This
is consistent with prior research indicating that the fre-
guency and intensity of positive affect is much higher
than negative affect in people’s daily lives (Trampe et
al., 2015; Watson, 2000; Zelenski & Larsen, 2000),
even in clinical samples (Cho et al., 2017). Even though
average negative affect tends to be relatively low even
in clinical samples, the meta-analysis by Cho and col-
leagues (2017) found that negative affect was elevated
in clinical samples compared to controls. This further
reinforces the need to study affect regulation and drink-
ing motives in everyday life of people with symptoms
of alcohol use disorder as the influence of floor effects
of negative affect in these samples might be smaller. At
the same time, if people were to drink-to-cope only
when their experience of negative affect is maximal,
these infrequent instances might not be captured by
daily observational studies, but rare yet highly salient
events may be enough to shape people’s perceptions of
their drinking behaviors. For example, epidemiological

studies consistently indicate co-morbidity between so-
cial anxiety disorders and alcohol use disorders (Morris
etal., 2005), which might indicate that people use alco-
hol as a coping strategy in highly distressing moments.

Third, we believe it is time to pay more attention to
the immediate context in which emotions are experi-
enced and alcohol is consumed. It is possible that daily
studies such as the ones analyzed here obscure a true
association between negative affect and alcohol use by
ignoring situational constraints and opportunities. For
example, suppose one’s intention to drink increases im-
mediately following a negative emotional experience,
but due to responsibilities or a lack of drinking oppor-
tunity this intention is not enacted or is enacted upon
delay. We recommend that future studies attempt to
capture contextual variables which may help to further
characterize the association between affect and alcohol
use, such as social context (Creswell, 2021; DeHart et
al., 2009), next-day responsibilities, availability of al-
cohol-free reinforcers in the environment, and types of
stressors increasing negative affect. The challenge, of
course, is that these factors are essentially limitless and
there is a point at which the meaningfulness of an effect
would become unclear (e.g., negative affect is associ-
ated with alcohol use, but only when a person plans to
drink, and is watching TV at home alone on a Friday).

Fourth, negative affect may drive alcohol use for
some people, some of the time, at a rate too infrequent
to support detection via the modeling approach we and
the studies reviewed here chose. As such, the heteroge-
neity seen in previous examinations of the affect-alco-
hol use association may be an artifact of the methods
used (i.e., nomothetic, mixed-effects models) which
examine the average effect and the amount of average
variation around the focal effect. As detailed above, the
association between affect and alcohol use may vary by
person, temporal, and situational factors; and, addition-
ally, all may vary over time. Adequate characterization
of these effects and heterogeneity around these effects
requires the use of multivariate models equipped to
model both average and person-specific effects over
time (Litt et al., 2020). Use of such idiographic tech-
niques has been initially useful (Foster & Beltz, 2021;
Wright & Woods, 2020) and may assist with develop-
ing more precise theories, as well as more effective pre-
vention and intervention efforts delivered in the mo-
ment and on the individual level over time (Piccirillo &
Rodebaugh, 2019).
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Conclusions

In conclusion, the findings of this meta-analysis
suggest that positive, but not negative affect is associ-
ated with alcohol use in daily data in mostly non-clini-
cal samples. These findings stand in contrast to theoret-
ical models which state that negative affect, in particu-
lar, is a key drinking motivator, particularly for prob-
lematic drinking (Baker et al., 2004; Cloninger, 1987,

Koob & Le Moal, 2008). Using the insights gained
from this meta-analysis, we propose an agenda for fu-
ture research to explore temporal, contextual, situa-
tional, and person-specific aspects of the affect-regula-
tion process of alcohol use to advance theory and im-
prove upon prevention and intervention efforts.
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