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Abstract

Background and aims—Emerging evidence suggests that solitary drinking may be an
important early risk marker for alcohol use disorder. The current paper is the first meta-analysis
and systematic review on adolescent and young adult solitary drinking to examine associations
between solitary drinking and increased alcohol consumption, alcohol problems, and drinking to
cope motives.

Methods—PsychINFO, PubMed, and Google Scholar were searched using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology and a pre-
registered International Prospective Register of Systematic Reviews (PROSPERO) protocol (no.
CRD42020143449). Data from self-report questionnaires regarding negative correlates of solitary
drinking (e.g. alcohol problems) and solitary drinking motives (e.g. drinking to cope) were pooled
across studies using random-effects models. Studies included adolescents (aged 12-18 years) and
young adults (mean age between 18 and 30 years or samples with the majority of participants aged
30 years or younger).

Results—Meta-analytical results from 21 unique samples including 28,372 participants showed
significant effects for the associations between solitary drinking and the following factors:
increased alcohol consumption, = 0.23, 95% confidence interval (Cl) = 0.12, 0.33; drinking
problems, r=0.23, 95% CI = 0.13, 0.32; negative affect, r=0.21, 95% CI = 0.16, 0.26; social
discomfort, r=0.17, 95% CI = 0.06, 0.27; negative reinforcement, = 0.28, 95% CI = 0.24, 0.31;
and positive reinforcement, r=0.10, 95% CI = 0.03, 0.17. These associations were not moderated
by age group (i.e. adolescent versus young adult), study quality, or differing solitary drinking
definitions. Accounting for publication bias increased the effect sizes from r=0.23 to 0.34 for
alcohol consumption and from r=0.23 to 0.30 for drinking problems, and lowered it from r=0.10
to 0.06 and r=0.17 to 0.11 for positive reinforcement and social discomfort, respectively.
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Conclusions—Solitary drinking among adolescents and young adults appears to be associated
with psychosocial/alcohol problems and drinking to cope motives.
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INTRODUCTION

Most adolescents and young adults who drink alcohol do so in social settings [1-4], with far
fewer drinking alcohol while alone (e.g. [5,6]). However, an emerging literature suggests
that solitary drinking in younger individuals may represent an informative divergence from
normative behavior, with important implications for understanding risk for alcohol use
disorder (AUD). For example, adolescent and young adult solitary (versus social-only)
drinkers often report increased alcohol consumption and more alcohol-related problems (e.g.
[7-9]). While solitary drinking appears to be a risky drinking pattern for adolescents and
young adults, no prior studies have meta-analyzed results across studies. The current study is
the first, to our knowledge, to do so, providing a critical evaluation of the strength and
reliability of these effects across studies.

If solitary drinking is a reliable marker for alcohol problems among adolescents and young
adults, it will be important to understand why individuals drink alone, as such information
may help to inform future intervention/prevention programs. One theory put forth in the
literature is that adolescents and young adults drink alone to self-medicate with alcohol to
alleviate or cope with negative affect (NA) (e.g. [7,8,10,11]). Consistent with this
motivational model of alcohol use [4,11-13] in which individuals drink alcohol to regulate
NA, studies suggest that drinking to cope motives are associated with solitary drinking in
both adolescents (e.g. [11]) and young adults (e.g. [9]). In fact, among these individuals,
increased solitary drinking frequency is associated with increased NA [14] and NA-inducing
experiences/states (e.g. loneliness) [15], which may make these individuals particularly
likely to drink alcohol to cope.

A recent narrative review on solitary drinking in US adolescents emphasized the association
between solitary drinkingand coping with NA [16]. It is unclear how reliable these effects
are across studies, however, as quantitative analyses were not conducted. In addition, to lend
credence to the theory that solitary drinking is motivated by the desire to ameliorate NA, it is
important to evaluate whether solitary drinking is not also associated with positive
reinforcement (e.g. enhancement motives). Specifying the exact motives underlying solitary
drinking (i.e. negative versus positive reinforcement) is necessary to develop effective
treatment approaches. Finally, this prior narrative review [16] focused exclusively on
adolescents, but young adulthood is also a period of particular risk for alcohol misuse [17]
and solitary drinking has been associated with problematic outcomes in this group, as well
(e.0. [15,18]). A meta-analytical strategy will allow us to determine the relative importance
of solitary drinking in predicting problematic alcohol use throughout these two age periods.
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METHOD

The current meta-analysis is the first, to our knowledge, to provide quantitative analyses on
(1) whether adolescent and young adult solitary drinking is associated with increased
alcohol involvement and more alcohol-related problems and (2) whether the desire to cope
with NA [versus a desire to enhance positive affect (PA)] is associated with solitary
drinking. Because adolescence and young adulthood are unique periods of development with
differences across a variety of domains (e.g. physically, socially [19,20]), including
differences in drinking experiences (e.g. legal access to alcohol), age group was included as
a moderator in analyses. We also conducted a systematic review examining the prevalence
rates of and demographic factors associated with solitary drinking in adolescents and young
adults and other related negative psychosocial outcomes. This information will increase our
understanding of which adolescents and young adults are especially vulnerable to drink
alone.

We hypothesized that solitary drinking would be associated with greater alcohol
consumption and alcohol-related problems. Consistent with motivational models of alcohol
use [4,11-13], we also predicted that solitary drinking would be associated with greater NA
(e.g. depressive symptoms), more NA-inducing social experiences (e.g. loneliness, social
anxiety) and negative (but not positive) reinforcement (e.g. drinking to cope). We begin by
defining solitary drinking and reviewing how it has been measured. Next, we present
prevalence rates and associated demographics of solitary drinking in adolescents and young
adults. We finally review and meta-analyze the negative correlates and consequences of
solitary drinking and motives associated with drinking alone, specifically highlighting the
association between drinking to cope motives and solitary drinking.

We adhered to the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) methodology [21]. The full review protocol is available in International
Prospective Register of Systematic Reviews (PROSPERO); http://www.crd.york.ac.uk/
PROSPEROY), registration no. CRD42020143449.

The following electronic databases were searched for studies in December 2018 and again in
June 2019: Google Scholar, psycINFO, and PubMed. Search terms were (alcohol or
drinking) and (solitary, alone, or non-social) and (young adult, emerging adult, adolescent).
The reference lists of identified studies were also scanned, and reverse searches were
generated and scanned for appropriate studies. Articles were included in both the systematic
review and meta-analysis if solitary drinking was assessed in a sample of adolescents (aged
12-18 years) or young adults (mean ages = 18-30 or samples with the majority of
participants < age 30).

To be included in the meta-analysis, studies were required to measure negative correlates or
consequences of solitary drinking or motives for drinking alone (see below for more
information). To be included in the systematic review, studies had to report prevalence rates
of drinking alone, associated demographic factors or negative psychosocial outcomes, or
examine in-the-moment affective experiences while drinking alone. Exclusionary criteria for
both reviews included non-human animals and non-English language.
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Data extraction, coding, and statistical analysis

For the meta-analysis, we extracted statistics (i.e. correlations, means, odds ratios) relevant
for understanding the relationships between solitary drinking and the following
superordinate factors: ‘alcohol consumption’, ‘drinking problems’, ‘negative affect’, ‘social
discomfort’, ‘negative reinforcement’, and ‘positive reinforcement’ (see Table 1). When
these statistics were not available, we requested them from authors.l A second member of
the study team independently extracted these data, which resulted in excellent reliability
(inter-rater agreement = 97%). The few discrepancies that existed were reconciled by team
discussion. Analyses were run using Comprehensive Meta Analysis (CMA version 2.0)
software [22], and final effect sizes are reported as Pearson’s r.

Each value contributing to an aggregate effect size was independent of all other values.
When studies included multiple ways of assessing solitary drinking (e.g. frequency and
quantity [15]), to be conservative we included the solitary drinking variable with the weakest
association. When studies reported associations between solitary drinking and multiple
variables categorized within the same superordinate factor (e.g. depression and hopelessness,
which were both included in the ‘negative affect” superordinate factor), we computed an
average effect size across the variables [22,23]. Finally, results from studies reporting on the
same sample were averaged over and treated as a single study.

Random-effects models were used for all analyses [24]. The heterogeneity of effect sizes
across studies for each superordinate factor was tested with the Q statistic [22,23]. When the
heterogeneity test was significant, we tested for potential moderation by (1) age group (i.e.
adolescent versus young adult), (2) differing solitary drinking definitions, and (3) study
quality. Studies were coded as “alone’ if solitary drinking was defined as drinking while
physically alone and “all others’ if it was defined as drinking with non-drinking or non-
interacting others.2 Study quality was assessed using the system outlined by Mason [16].
Each study was coded on three study features (i.e. representative sampling, standardized
measurement, and prospective longitudinal analysis) and received a score of 0-3, depending
on the absence/presence (0/1) of each feature. The average study quality rating across
studies was 1.44 [standard deviation (SD) = 0.78], with the majority of studies receiving a
score of 1 (37%) or 2 (46%) (see Table 2). Publication bias was evaluated by Begg’s rank
correlation test [25], funnel plots to visualize bias, and trim-and-fill methods [26].

RESULTS

A total of 528 articles were identified in the search. Fifty-eight articles were included in the
systematic review; 28 articles with 21 unique samples (n7= 28, 372 individuals) were
included in the meta-analysis (see Fig. 1 for a PRISMA diagram).

1pata were obtained for 12 independent samples, data no longer existed for 13 samples, two authors did not respond to multiple
gueries, and two authors stated it was too difficult to extract the requested data.

We also conducted the meta-analysis omitting studies that defined solitary drinking as anything other than drinking while alone, and
results were similar.
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Definitions and measures of solitary drinking

Definitions and measures of solitary drinking varied across studies (see Table 2). Solitary
drinking was defined in most studies as drinking while alone (i.e. drinking without others
present) (e.g. [7,8,10]). In some studies, solitary drinking also included drinking with non-
drinking others (e.g. [6,18,27]) and/or among non-interacting others (e.g. [28-31]).
Measures of solitary drinking also differed across studies. Researchers often dichotomized
solitary drinking as presence or absence of this versus social-only drinking (e.g. [5,6]), but
some also reported solitary drinking quantity (e.g. [15]), frequency (e.g. [14,32]) and/or
frequency of heavy solitary drinking (e.g. [9,15]). Alternatively, other researchers assessed
solitary drinking as a percentage of total drinking episodes (e.g. [7,8,10]). Importantly, the
latter may decrease confounding overall drinking frequency with solitary drinking (i.e. those
who drink more often, have more opportunities to drink in social and solitary settings),
which can be problematic when only inquiring about solitary drinking frequency.

Prevalence rates

Prevalence rates of solitary drinking varied among studies, but generally the majority of
adolescents and young adults did not report drinking alone. According to a recent review
[16], 14% of the general US adolescent population reported drinking alone, but this
increased to almost 40% among high-risk subgroups (i.e. clinical). Interestingly, some
studies reported lower prevalence rates (< 14%) of adolescent solitary drinking [33-38], but
this may be due to the use of non-US samples [34,38], or the measurement utilized (e.g. last
drinking context) [33,35-37].

Among young adults, prevalence rates of solitary drinking also varied, ranging from
approximately 15 to 24%, regardless of how solitary drinking was defined (e.g. [6,18,39]).
However, prevalence rates of solitary drinking in on-line samples [7], as well as samples that
included heavy drinkers [9,15,27] and those with suicidal ideation [9] or depressive
symptomology [27] were higher, ranging from 24 to 74%.

Demographics

Findings on demographic variables associated with solitary drinking were mixed. Some
studies found that adolescents and young adults who endorsed drinking alone were more
likely to be older relative to social-only drinkers [6,15,35,39]3 while others found no
differences or suggested opposite findings [10,34,36]. Data on adolescent solitary drinking
among different ethnicities/races were also inconsistent, despite using similar definitions/
time-frames to assess solitary drinking [5,8,16,40-43]. We are unaware of studies
investigating ethnic/racial differences in young adult solitary drinking. Evidence of sex
differences among solitary drinkers was similarly equivocal. Some data suggested that males
were more likely to drink alone as young adults [30,39,44,45] and adolescents [8,10,16,46],
while others found no differences across sex [5,14,15,43,47]. Finally, regarding sexual
orientation, three studies indicated that adolescents with same-sex attractions were more
likely to drink alone [48-50].

3Gonzalez & Skewes (2013) found age differences by gender, such that solitary heavy drinking men were significantly older than
social heavy-drinking men.
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Negative correlates of solitary drinking

For each correlate below, findings from the systematic review are presented first, followed
by a summary of meta-analytical results.

Alcohol consumption and alcohol problems—Several cross-sectional studies found
that adolescent and young adult solitary drinkers reported greater alcohol use than their
social-only drinking peers [5,8-10,15,18,51], and solitary drinking frequency was positively
associated with alcohol use and problems in these individuals [52-54]. Further, solitary
(versus social-only) young adult drinkers reported more alcohol-related problems [9],
greater alcohol dependence severity [15], and less likelihood to change problem drinking
[18], and adolescent solitary (versus social-only) drinkers reported more AUD symptoms
[8]. Notably, in analyses controlling for alcohol use quantity/frequency, the association
between solitary drinking (measured as both a continuous variable and a categorical yes/no
variable) and alcohol problems held for both adolescents and young adults [5,8,53,54],
suggesting that this association was not due to greater alcohol involvement but was specific
to solitary drinking (although see [15] for null findings). Corroborating this, the meta-
analytical results revealed significant small effect sizes for the relationships between solitary
drinking and both increased “alcohol consumption’ and more ‘drinking problems’ (see Table
3).

Negative psychosocial outcomes—Beyond alcohol-related problems, adolescents and
young adults who reported drinking alone earned poorer grades and missed more classes [5],
were more likely to engage in risky behavior (e.g. unplanned sex4) and experienced more
problems with authorities (i.e. getting arrested) than those who reported only drinking in
social settings [18]. Further, being an adolescent or young adult solitary drinker was
associated with violence and deviant acts (e.g. assault) [45,55-57], even after controlling for
drinking frequency and binge drinking [55].

Negative affectivity—Solitary drinking in adolescents and young adults was also
associated with NA. Adolescent solitary drinkers reported more NA than adolescent social-
only drinkers [8], and young adult heavy solitary drinkers reported more depressive
symptoms than their social-only drinking counterparts [9,15,18]. Additionally, solitary
drinking frequency was positively associated with depressive symptoms among both
adolescents and young adults [14,53], and quantity of alcohol consumed in solitary settings
was related to suicidal ideation and attempts [27] and NA among young adults [58]. These
associations may be bi-directional, given that NA has been shown to predict later solitary
drinking in longitudinal research [54], and laboratory findings show that drinking in a
solitary context increases NA [59-61]. Meta-analytical results revealed a small effect size
between solitary drinking and ‘negative affect’ (see Table 3).

Social discomfort—Finally, adolescent and young adult solitary drinking was associated
with social discomfort. For instance, among young adults, solitary drinking frequency and
the percentage of drinking episodes that occurred while alone were both positively

4This is assumed to be a general association, not unplanned sex within a drinking event.
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associated with social anxiety [7,32,62]. Solitary drinking percentage was also positively
associated with loneliness and negatively associated with perceived social support in young
adults [7]. Additionally, young adult heavy solitary drinkers reported lower perceived social
competence than social-only heavy drinkers [15], and adolescent solitary drinkers reported
less time participating in school or other organized activities than social-only drinkers [5].
Mixed findings have been reported, however. Some researchers have found no differences
between heavy solitary and social-only college drinkers on their social network size or their
drinking network satisfaction [15]. Similarly, others have found that adolescent solitary
drinking status (yes/no), as well as the quantity of alcohol adolescents consume while alone,
were associated with spending more time on social activities (e.g. hangingout with friends)
[5,46]. To reconcile this, some have speculated that solitary drinkers, while being socially
active, may not be as comfortable in social settings as social-only drinkers [7,15]. Consistent
with this hypothesis, our meta-analytical results revealed a small effect size between solitary
drinking and ‘social discomfort’ (see Table 3).

Consequences of solitary drinking

We are aware of six longitudinal studies among adolescents and young adults that tested
whether solitary drinking prospectively predicts alcohol problems and other negative
outcomes after controlling for baseline risk factors [5,8,30,54,56,63,64].% Findings generally
corroborated cross-sectional links between solitary drinking and negative outcomes. For
instance, solitary drinkers in eighth grade went on to have more physical health problems,
deviant behavior, and academic problems at age 23 than their social-only drinking peers [5].
Solitary drinking in adolescence (aged 12—18), measured as a percentage of total drinking
episodes, also predicted age 25 AUD symptoms among both clinical and community
samples [8]. Additionally, among university students, frequency of solitary drinking at the
beginning of first semester predicted increased harmful drinking at the end of first semester,
and solitary drinking mediated the link between increased NA and harmful drinking [54].
Finally, adolescent solitary drinkers had a higher incidence of risky drinking in later
adolescence compared to social-only drinkers [63]. Of note, these findings held even after
controlling for baseline alcohol use/problems [5,8,54] and other risk factors (e.g. NA, other
drug use) [63], suggesting that solitary drinking accounts for unique variance in alcohol use
and problems and may be an early warning sign for the development of AUD.

In two studies, solitary drinking failed to predict later psychosocial problems, but this may
be because it was entered into regression models that included several other predictor
variables. Specifically, Swahn & Donovan [56,64] found that adolescent solitary drinking
(yes/no) was not a longitudinal predictor of violent behavior when it was entered into a
regression model with demographic variables and nine other drinking variables (e.g.
drinking quantity/frequency, unsupervised drinking, receiving drug and alcohol abuse
treatment). Armeli and colleagues [30] found a significant, positive correlation between
quantity of drinks consumed in solitary settings and drinking problems 5 years later in
young adults, but drinking alone was no longer significant when entered into a regression

SSwahn & Donovan 2006 [56] and Swahn & Donovan 2005 [64] used the same sample.
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model that included several other predictors (e.g. adult social roles, physical ailment
symptoms, NA).

Reasons for solitary drinking

To our knowledge, no studies have assessed drinking motives specifically for solitary
alcohol use. In other words, all of the studies reviewed below examined associations
between drinking motives (with no context specified) and drinking that is social versus
solitary (or differences across solitary versus social-only drinkers).

Negative reinforcement

Many studies have linked drinking to cope motives with adolescent and young adult solitary
drinking (measured as both a continuous variable and a categorical yes/no variable)
[6,7,9,15,28,30,31,65,66]. Importantly, the association between solitary drinking quantity/
frequency and drinking to cope motives held even after controlling for social, enhancement,
and conformity motives [9,11,31,66]. Further, young adult solitary drinkers reported greater
beliefs in alcohol’s ability to reduce NA than social-only drinkers [18], and being a solitary
drinker was associated with drinking in the context of NA but not PA in adolescents [8].
Additionally, the perceived inability to refuse alcohol during NA completely mediated the
relationship between NA and solitary drinking status (yes/no) in a large sample of
adolescents [10]. This is consistent with prior research [18] showing that college student
heavy solitary drinkers had less confidence in their ability to resist drinking during NA than
their social-only drinking peers. Finally, several studies have found that solitary drinking
frequency loaded onto factors that include drinking to cope items (e.g. to get rid of
depression) in adolescents and young adults [67-71]. Notably, our meta-analysis revealed a
significant small-to-medium effect size between solitary drinking and ‘negative
reinforcement’ (see Table 3).

Positive reinforcement

While most research supports an association between negative reinforcement processes and
solitary drinking in adolescents and young adults, some studies suggest that positive
reinforcement (e.g. drinking to enhance PA) may also be associated with drinking alone.
Specifically, in four studies, solitary drinking was related to both positive and negative
reinforcement [18,41,42,51]. However, in two of the four studies, alcohol expectancies were
assessed, which are thought to be more distal to drinking behavior than drinking motives.
Individuals may hold certain expectancies about drinking but still not drink, while
motivations are thought to be necessary for drinking to occur [4,11-13]. Indeed, several
studies showed that social and enhancement motives were either unrelated to drinking alone
[9,30,65] or negatively associated with it [11,31]. Furthermore, solitary drinking was not
related to drinking during PA [8]. While the meta-analytical results between solitary
drinking and the ‘positive reinforcement’ factor were significant, the effect size was nearly
three times smaller than that of the “negative reinforcement’ factor (see Table 3).
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Heterogeneity in effect sizes and moderator variables

As shown in Table 3, the Q values for heterogeneity, which represent variation in the true
effect size across studies, were significant for all factors. Table 4 shows results for moderator
analyses. As can be seen, none of the moderators (i.e. age group, study quality, and differing
solitary drinking definitions) were significant.

Publication bias

Although Begg’s rank correlation test resulted in null findings, there was evidence of
publication bias for the factors of ‘alcohol consumption’, ‘drinking problems’, “social
discomfort’, and ‘positive reinforcement’ based on visual inspection of funnel plots and
trim-and-fill analyses. These analyses suggested the possibility of six unpublished studies
for “alcohol consumption’ and “drinking problems’, and two unpublished studies for “social
discomfort’ and ‘positive reinforcement’. Imputation of these studies increased the effect
sizes from r=0.23 to 0.34 for ‘alcohol consumption’ and from r=0.23 to r=0.30 for
‘drinking problems’, and lowered it from r=0.10 to 0.06 for “positive reinforcement’ and
from r=0.17 to 0.11 for ‘social discomfort’ (see Supporting information).

DISCUSSION

The current study provides results of a systematic review along with findings from the first
meta-analysis to evaluate the strength and reliability of presumed solitary drinking effects.
Findings demonstrated that solitary drinking is a reliable indicator of increased risk for AUD
in adolescents and young adults. Correlational studies showed that it is associated with
increased alcohol use and problems, as well as issues in academic, legal, interpersonal,
emotional, and physical health domains (e.g. [5,7,8,18]). Importantly, longitudinal studies
showed that solitary drinking predicts future alcohol problems after controlling for baseline
risk factors (e.g. alcohol consumption/problems) [5,8,54,63]. Meta-analytical results showed
small but significant effect sizes between solitary drinking and increased alcohol
consumption, drinking problems, NA, and social discomfort. Notably, after accounting for
publication bias, there were medium effect sizes between solitary drinking and increased
alcohol consumption and drinking problems. The strengths of all relationships varied
significantly across studies for all factors, but this heterogeneity was not explained by age
group, suggesting that solitary drinking is problematic in both adolescents and young adults.
The heterogeneity across studies was also not explained by differing solitary drinking
definitions or study quality. Future studies are indicated to further explore this heterogeneity.

Understanding why individuals drink alone is essential for developing effective
interventions. Results suggested that the most compelling theory to date is a motivational
model in which adolescents and young adults drink alone to cope with NA. Solitary drinking
in these individuals has been linked to coping motives over and above other drinking
motives (i.e. social, enhancement, and conformity motives), beliefs in alcohol’s ability to
mitigate NA, the inability to resist drinking during NA, and problems coping with
discomfort or regulating emotions (e.g. [6,8,9,11]). Indeed, our meta-analytical results
revealed a small-to-medium effect size for studies examining these relationships. Further,
adolescent and young adult solitary drinkers reported more NA and NA-inducing
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experiences (e.g. social discomfort) than social-only drinkers (e.g. [8,15]), perhaps making it
more likely for them to use alcohol to cope with NA. There is research to support this: a
recent longitudinal study demonstrated that NA (e.g. depression) prospectively predicted
solitary drinking in young adults, even after accounting for baseline solitary drinking [54].
While all studies to date are correlational, taken together these results suggest that negative
reinforcement processes may be a primary mechanism driving solitary drinking among both
adolescents and young adults.

Conversely, positive reinforcement was not as strongly related to solitary drinking. Most
studies showed that enhancement and social motives were unrelated [9,30,65] or negatively
associated with drinking alone [11,31], and two of the four studies that found a positive
relationship assessed alcohol expectancies [18,41], which are more distally related to
drinking than motives [12,13]. While the meta-analytical results indicated a significant
relationship between solitary drinking and the “positive reinforcement’ factor, the effect size
was nearly three times smaller than that of the ‘negative reinforcement’ factor. Experimental
data are needed, but the existing correlational data converge to support drinking to cope
motives as a likely predictive and contributing factor for solitary drinking while positive
reinforcement is a weaker motive.

In summary, while solitary drinking is less common than social drinking, it has substantial
negative implications for adolescents and young adults who engage in it. The most
compelling theory for why individuals drink alone is that they are doing so to cope with NA.
However, a limitation of this review and the literature more generally on solitary drinking is
that nearly all studies use correlational designs. More rigorous tests are needed to understand
the mechanisms underlying solitary drinking and the pathways by which drinking alone
leads to adverse outcomes. For instance, analysis of longitudinal repeated-measures data
would permit the study of dynamic changes in the sequence of events leading to solitary
drinking and from solitary drinking to negative outcomes. These study designs, although still
correlational, can provide stronger information about the causal processes operating in the
day-to-day lives of young drinkers by demonstrating temporal precedence. They would be
particularly helpful with adolescent populations, as it is not possible to conduct alcohol
administration studies with underage drinkers. Experimental designs using vignettes or
alcohol administration protocols could be conducted with young adults to test the
hypothesized motivational model of solitary alcohol consumption. For example, mood
manipulations could be used to induce NA to determine whether it increases the preference
to drink alone among individuals with a history of solitary drinking. We are currently
conducting such a study (https://osf.io/e7yxn/register/5771ca429ad5a1020de2872¢) to test
for a causal relationship between NA, drinking to cope motives, and solitary drinking among
young adults. In general, intensive longitudinal designs and experimental protocols will aid
in our understanding of the factors that evoke solitary drinking and help establish the
necessary directional and causal relationships between negative reinforcement and drinking
alone.

It is interesting to note that while drinking to cope seems to be the primary motivation for
solitary drinking among adolescents and young adults, drinking alone may not be effective
in ameliorating NA. For instance, in laboratory studies, young adults reported increased NA
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and decreased PA in solitary versus social drinking contexts [59-61,72—74]. It will be
important to replicate these laboratory findings in samples that include only solitary
drinkers, however, as drinking alone in these laboratory studies might be an aversive
experience for social-only drinkers. It is noteworthy that solitary drinking dampened the
pleasurable effects of alcohol in ecological momentary assessment (EMA) studies among
individuals who chose to drink alone [75,76]. If future studies corroborate this, the findings
could have important treatment implications. For instance, it might be helpful to challenge
adolescents’ and young adults’ beliefs about the effectiveness of solitary drinking in
ameliorating NA by describing studies that have examined in-the-moment affective
consequences of drinking alone, and provide instruction on more effective ways to cope with
NA.

Some other considerations also may improve future research. First, standardizing the
definition of solitary drinking as drinking while alone would create a more consistent
measure for establishing associations between solitary drinking and other variables. Second,
more research is needed to replicate initial findings showing that early solitary drinking
predicts increased alcohol involvement and the development of alcohol problems over time
beyond the influence of other related risk factors. Third, to our knowledge, no studies have
assessed drinking motives specifically for solitary alcohol use but rather have examined
associations between solitary drinking and drinking motives with no context specified.
Future studies are indicated that explicitly ask about solitary drinking motives. Fourth, while
problems associated with solitary drinking are well established, other areas, such as
associated demographic variables, remain under-investigated or equivocal. Studies
investigating demographic variables and other individual differences linked to solitary
drinking are indicated, so that intervention programs can be focused on those who need it
most. Finally, solitary use of other drugs has also been linked to negative outcomes (e.g.
[5,77]), and future studies should continue to explore the role of negative reinforcement in
this drug use behavior. In general, more research is needed to fully understand the
mechanisms driving solitary drinking and who may be most at risk to engage in this risky
drinking pattern. Such research will shed light on a minority of adolescents and young adults
who appear to be especially vulnerable to heavy drinking and the development of alcohol
problems.
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