Utrecht University Repository

Title Does ruminating about the previous night's drinking during a hangover predict
changes in heavy episodic drinking?: A two-wave, 30-day prospective study

Authors Kim, Andy J; Sherry, Simon B; Kruisselbrink, L Darren; Lambe, Laura J; Watt,
Margo C; Olthuis, Janine V; Verster, Joris C; Stewart, Sherry H

Published in Psychology of Addictive Behaviors

Publication Date 2025-08

Link https://dspace.library.uu.nl/handle/1874/475123

Citation Kim, A J, Sherry, S B, Kruisselbrink, L D, Lambe, L J, Watt, M C, Olthuis, J V,

Verster, J C & Stewart, S H 2025, 'Does ruminating about the previous night's
drinking during a hangover predict changes in heavy episodic drinking? A two-
wave, 30-day prospective study’, Psychology of Addictive Behaviors, vol. 39, no.
5, pp. 456-468. https://doi.org/10.1037/adb0001056

Versions / License Publisher version

Rights https://www.uu.nl/en/university-library/license-and-reuse-conditions



https://dspace.library.uu.nl/handle/1874/475123
https://www.uu.nl/en/university-library/license-and-reuse-conditions

publishers.

and is not to be disseminated broadly.

ghted by the American Psychological Association or one of its allied

article is intended solely for the personal use of the individual user

This document is copyri

This

_—
—
AMERICAN
PSYCHOLOGICAL
ASSOCIATION

»
andl
-
-

Psychology of Addictive Behaviors

© 2025 American Psychological Association
ISSN: 0893-164X

2025, Vol. 39, No. 5, 456468
https://doi.org/10.1037/adb0001056

Does Ruminating About the Previous Night’s Drinking During a Hangover
Predict Changes in Heavy Episodic Drinking? A Two-Wave, 30-Day
Prospective Study

Andy J. Kim!, Simon B. Sherryl, L. Darren Kruisselbrink?, Laura J. Lambe®, Margo C. Watt®,

Janine V. Olthuis*, Joris C. Verster> ® 7, and Sherry H. Stewart’* 8
! Department of Psychology and Neuroscience, Dalhousie University
2 School of Kinesiology, Acadia University
3 Department of Psychology, St. Francis Xavier University
4 Department of Psychology, University of New Brunswick
3 Division of Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University
6 Centre for Mental Health and Brain Sciences, Swinburne University
7 Department of Child and Adolescent Psychiatry, Faculty of Medicine, Technical University
8 Department of Psychiatry, Dalhousie University

Objective: We examined whether hangover-related rumination—repeatedly dwelling on negative aspects
of yesterday’s drinking while hungover the following morning—predicts changes in three dimensions
of heavy episodic drinking (HED) over time. Method: N = 334 emerging adults (aged 19-29) from three
Eastern Canadian universities who had recently experienced a hangover completed online self-report
questionnaires at baseline (Wave 1) and 30 days later (Wave 2; 71.6% retention). HED was assessed in
frequency (number of HED episodes), perceptions (how participants perceived the extent of their heavy
drinking), and quantity (greatest number of alcoholic drinks consumed in a single HED episode) over the
past 2 weeks. Results: Levels of HED frequency, perceptions, and quantity declined overall from Waves 1
to 2. Exploratory factor analysis established two factors of hangover-related rumination: intrusiveness
(unwanted thoughts about the previous night’s drinking) and regret (desire to change future drinking
behavior). Structural equation models revealed that intrusiveness at Wave 1 predicted the maintenance of
higher frequency and perceptions of HED at Wave 2, even as these HED measures were generally declining;
regret at Wave 1 also predicted the maintenance of HED perceptions at Wave 2. Neither Wave 1 hangover
rumination factor predicted changes in HED quantity at Wave 2. Models controlled Wave 1 variables,
including the relevant HED outcome, overall hangover severity, total number of hangovers, generalized
anxiety symptoms, sex, age, and data collection site. Conclusion: Hangover-related rumination factors are
associated with the maintenance of higher HED frequency (intrusiveness factor) and HED perceptions

(intrusiveness and regret factors), suggesting risk for problematic alcohol consumption.

Public Health Significance Statement

This study suggests that rumination during alcohol hangovers, focusing on negative aspects of the
previous night’s drinking, can maintain patterns of heavy episodic drinking in emerging adults who may
continue to engage in frequent episodes of heavy drinking and maintain the perception that their drinking

is heavy.
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HANGOVER-RELATED RUMINATION AND HEAVY DRINKING

Alcohol hangover refers to the combination of mental and physical
symptoms experienced the day after a single episode of heavy
drinking, starting when blood alcohol concentration approaches zero
(Verster, Scholey, et al., 2020). Hangovers have major personal and
societal consequences. For instance, approximately 80% of drinkers
experience hangovers (Howland et al., 2008). Among hangover-
sensitive drinkers, 20%-30% experience negative emotions during
the hangover state (Penning et al., 2012). Hangovers are further
associated with reduced workplace productivity and cognitive
function (Stephens et al., 2008), incurring substantial costs annually
(Bhattacharya, 2019; Severeijns et al., 2024). Additionally, hang-
overs increase the risk of traffic violations and impaired driving
(Alford et al., 2020; Robbins et al., 2019).

Rumination is the repetitive dwelling on negative thoughts and
events that is difficult to control (Nolen-Hoeksema et al., 2008).
Qualitative research often describes rumination as an intrusive
cognitive experience, where individuals feel overwhelmed or attacked
by their own thoughts (Oliver et al., 2015). Regret, which arises from
failures in goal pursuit and difficulty accepting past actions, is also
considered a key component of rumination (Roese & Epstude, 2017).

Rumination is a transdiagnostic risk for various psychopathol-
ogies, including alcohol use disorder (Watkins & Roberts, 2020). A
systematic review suggests positive associations of rumination with
alcohol consumption levels and alcohol-related problems (Devynck
et al., 2019). These associations may be explained by alcohol’s
temporary rumination-relieving effects, which in turn negatively
reinforce drinking behavior, resulting in dependence (Mollaahmetoglu
etal., 2021). Among individuals with alcohol use disorder, rumination
predicts increased alcohol consumption longitudinally (Caselli et al.,
2010). Moreover, rumination after social drinking can lead socially
anxious individuals to become more intoxicated at subsequent events
as they drink to cope with resultant social anxiety (Ogniewicz
et al., 2019).

Hangovers are associated with rumination arising from the
previous night’s drinking and having engaged in behaviors that are
out of character when sober (Milton et al., 2020). We refer to such
rumination occurring during a hangover as ‘“hangover-related
rumination.” Alcohol’s ability to temporarily relieve hangovers
may lead to a pathological pattern of consumption. Some indivi-
duals may drink more to feel better from their hangover symptoms
(Piasecki et al., 2005, 2010). Hangover-related rumination could
theoretically intensify the unpleasant hangover experience, prompt-
ing individuals to drink more as a coping mechanism, leading to
increased alcohol consumption over time. Conversely, hangover-
related rumination could be a punishing experience that delays the
time to the next drink, reducing alcohol consumption over time
(Epler et al., 2014). However, no studies have investigated the
relationship between hangover-related rumination and subsequent
changes in alcohol consumption.

One form of problematic alcohol consumption is heavy episodic
drinking (HED), classically defined as consuming 4+ alcoholic drinks
for female participants (54 for males) over a short period (e.g., 2 hr) on
a single occasion (Wechsler & Austin, 1998). In assessing HED,
researchers often rely on a single-item measuring frequency, such as
the number of HED episodes within a specific time frame (National
Institute on Alcohol Abuse and Alcoholism, 2003). However, many
university students exceed the threshold for HED, consuming more
than four or five drinks in 2 hr (White et al., 2006), indicating the need
to capture the greatest number of drinks consumed in a single HED
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episode. Additionally, university students often underestimate their
alcohol consumption levels (White et al., 2003) and may lack an
accurate sense of what constitutes an “alcoholic drink,” especially for
beverages that are freely poured (Wansink & van Ittersum, 2005).
Including individuals’ subjective perceptions of their HED episodes,
reflecting how they perceive the extent of their heavy drinking, can
provide additional information that is overlooked with traditional
drink count measures (Mushquash et al., 2013). Although some
studies combine these HED dimensions into a single variable (e.g.,
Kim et al., 2022), doing so may obscure nuanced associations. For
instance, an individual might engage in more frequent HED to cope
with hangover-related rumination, while subjective perceptions of
their HED episodes remain unchanged by experiences of hangover-
related rumination. Indeed, the relationship between hangover-
related rumination and change in HED could vary based on the HED
dimension assessed, as seen in the associations between depression
and alcohol measures (Graham et al., 2007).

This study examined the effects of hangover-related rumination
on the three dimensions of HED: frequency (number of HED episodes
experienced), perceptions (how participants perceive the extent of
their HED, such as reporting rapidly consuming large amounts of
alcohol deemed excessive by themselves and others and believing
others would be amazed by their consumption), and quantity
(greatest number of alcoholic drinks consumed in a single HED
episode). Data were collected at baseline (Wave 1) and 30 days later
(Wave 2). We hypothesized Wave 1 hangover-related rumination
would be positively associated with Wave 2 HED (H1) frequency,
(H2) perceptions, and (H3) quantity after accounting for Wave 1
levels of these HED outcomes.

We considered potential Wave 1 covariates. To better understand
the unique contribution of hangover-related rumination in predicting
HED, we controlled both overall hangover severity following the
heaviest drinking occasion and the total number of hangovers
experienced within the past 2 weeks (the same assessment period as
Wave 1 HED). Additionally, we controlled for generalized anxiety
symptoms outside of the alcohol use context, as worry is a
prominent feature of generalized anxiety that is closely linked to
rumination (Harvey et al., 2004; Ruscio et al., 2015). The repetitive
negative thinking characteristic of both worry and rumination
increases the likelihood of experiencing negative emotions during
hangovers (Tellez-Monnery et al., 2023). We also considered sex,
given its influence on alcohol use and hangover pathology.
Historically, males have reported higher alcohol consumption but
lower hangover symptoms compared to females; however, recent
trends suggest this gap in differential alcohol consumption is
narrowing (White, 2020). Moreover, females have been shown to
drink to cope with negative mood resulting from rumination more
than males (Battista et al., 2014). Age variations are also important
to consider, as alcohol consumption tends to peak around age 25
(Britton et al., 2015). Furthermore, variations in drinking cultures
across different university sites may introduce group-level differences
(Henderson et al., 2018), making it important to control site.

Method
Participants and Procedure

Participants were recruited via online and campus advertisements,
in-class announcements, and undergraduate research participant
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pools from three Eastern Canadian universities, with research
ethics board approvals at each site. Data were collected between
October 2023 and April 2024, spanning two semesters. Participants
completed a brief screening survey, provided informed consent, and
completed online study measures at Wave 1. Then, 30 days later at
Wave 2, they were contacted via email and received identical online
study measures. To ensure participant completion within a single
semester, which lasted approximately 3 months, Wave 1 was
conducted during the first 2 months of each semester and Wave 2
during the last 2 months, ensuring participants had a month between
waves. Participants received compensation as course credit points
and entry into a raffle.

Eligibility criteria included being classified as emerging adults—
a developmental phase (ages 18-29; Arnett et al., 2014) associated
with elevated HED rates (Haardorfer et al., 2021). Participants had
to be aged 19-29 (inclusive) rather than 18-29 to not confound legal
versus illegal drinking (legal drinking age in the Canadian province
where the data were collected is 19). They were also selected as
hangover-sensitive drinkers, having experienced 1+ hangover(s) in
the past 2 weeks. According to G*Power, the minimal sample
size was 250 to allow for the detection of a small-to-medium effect
size in a multiple regression analysis with one interaction term in the
parent study from which this data were drawn (Kim et al., 2024).
This calculation assumed 95% power, a = .05, and an anticipated
attrition rate of 30%.

Of the initial 378 eligible participants who consented to
participate in the study following screening, 44 were excluded
from analyses. One participant showed suspicious/random re-
sponses. Two claimed to be age 18, and two claimed experiencing
zero hangovers, despite indicating otherwise during screening.
Thirty-nine discontinued the study. Thus, the Wave 1 sample
consisted of 334 participants (Site 1: n = 213; Site 2: n = 98; Site 3:
n=23)." At Wave 2,239 participants (71.6%) were assessed (Site 1:
n = 155; Site 2: n =70, Site 3: n = 14), on average 33.0 days later
(SD = 5.1). Most participants were young (Mg, = 20.1, SD = 1.8,
range = 19-29 years), female (86.2%), and White (83.8%).

Measures

All measures were assessed over the past 2 weeks at each wave to
maximize the likelihood of capturing instances of drinking and
hangovers and to prevent overlap between Waves 1 and 2, which
were 1 month apart. All measures, including HED, were administered
at Wave 1, with HED also assessed at Wave 2.

Hangover-Related Rumination

We adapted the Post-Event Processing Questionnaire (PEP;
Rachman et al., 2000), originally designed to assess the extent of
rumination about a particular event/situation, to measure hangover-
related rumination. Our targeted event was the heaviest drinking
occasion—the day with the greatest number of alcoholic beverages
consumed (e.g., “Did your memories and thoughts about the event
[heaviest drinking occasion] keep coming into your head while
hungover the next day even when you did not wish to think about it
again?”’). We used the same visual analogue scale ranging from not
at all (scored as 0) to very much (scored as 100) as the original PEP,
which has good internal consistency and a positive correlation with
social anxiety (Rachman et al., 2000). To ensure measurement

clarity, a priori decisions were made to exclude one item (“If you
thought about the event, did you see it from your point of view, or
how other people would view it?”) due to potential interpretive
ambiguity (Battista & Kocovski, 2010; McEvoy & Kingsep, 2006)
and another item (“How much anxiety did you experience?”) as it
overlapped with a separate measure of hangover-related anxiety
assessed in the parent study (Kim et al., 2024). Moreover, two
positive rumination items (“Were the thoughts/memories about the
event ever welcome to you the next day?” and “If you did think
about the event, over and over again, did your feelings about the
event get better and better?”’) were excluded because they failed to
load on the general PEP factor in the original measure (McEvoy &
Kingsep, 2006; Rachman et al., 2000) and because our focus was on
negative rumination. Thus, a nine-item adapted PEP was used in
this study.

HED

We examined HED’s three dimensions: frequency (one item),
perceptions (three items), and quantity (one item; Mushquash et al.,
2013). An “alcoholic drink™ was defined for participants as 12 oz of
beer, 5 oz of wine, or 1.5 oz of hard liquor in a shot or mixed drink
(Stewart et al., 2006). Research has established sex-specific
thresholds for HED (4+ alcoholic drinks for female participants;
5+ for males; Wechsler & Nelson, 2001). HED frequency was
assessed by asking females about their frequency of consuming 4+
alcoholic drinks (54 for males) within a 2-hr period, on a 23-point
scale ranging from “O times” to “22 or more times.” HED
perceptions were assessed using a three-item measure (“There
were times when I rapidly drank a very large amount of alcohol
within a 2-hr period”; “The average person would be amazed if s/he
knew how much alcohol I consumed within a 2-hr period”; and
“There were times when I drank what other people would regard as
an unusually large amount of alcohol within a 2-hr period”), rated on
a 5-point scale from 1 (strongly disagree/no) to 5 (strongly agree/
without a doubt). HED quantity was operationalized as the greatest
number of drinks consumed during an HED episode, assessed using
an open-ended question: “What was the greatest number of drinks
you consumed in a 2-hr period?”” We retained all values >4 alcoholic
drinks for females (>5 for males) while lower values were coded as
0 (Jackson, 2008). Zero scores indicated no engagement in HED,
and higher scores reflected a greater number of drinks consumed
during an HED episode (Kim et al., 2022). These HED variables
are intercorrelated and linked to external criterion variables like
depressive and anxiety symptoms (Kim et al., 2022; Mushquash
et al., 2013).

Overall Hangover Severity

Participants rated their overall hangover severity on a scale
ranging from O (absent) to 10 (extreme), recalling their heaviest
drinking episode (“What was the severity of your hangover the next

' The Kruskal-Wallis and Mann-Whitney U tests, with Bonferroni
adjustment (p < .017), suggested small but significant age differences across
universities: Site 1 (M. = 20.2, SD = 1.8) versus Site 2 (Mg = 19.9, SD =
1.8, Wilcoxon effect size = .14) and Site 3 (M,g. = 19.5, SD = 1.0, Wilcoxon
effect size = .16). Chi-square tests showed no significant sex distribution
differences between sites. Data from all sites were combined, controlling sex,
age, and site in hypothesis testing.
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Table 1
Hangover-Related Rumination Standardized Factor Loadings
Item % completion SL for Factor 1 SL for Factor 2 Communalities KMO’s MSA
Factor 1: Intrusiveness
1. After the event (heaviest drinking occasion) was over, did you 333/334 .78 -.18 57 .89
find yourself thinking about it a lot while hungover the next day?
2. Did your memories and thoughts about the event (heaviest 333/334 87 —.00 25 .90

drinking occasion) keep coming into your head while hungover
the next day even when you did not wish to think about it again?

3. Did the thoughts about the event (heaviest drinking occasion) 333/334 71 .05 43 95
ever interfere with your concentration while hungover the next
day?

4. Did you find it difficult to forget about the event (heaviest 331/334 .57 .14 54 95
drinking occasion) while hungover the next day?

5. Did you try to resist thinking about the event (heaviest drinking 332/334 .55 32 32 92
occasion) while hungover the next day?

6. If you did think about the event (heaviest drinking occasion), 330/334 .62 21 37 94

over and over again, while hungover the next day, did your
feelings about the event get worse and worse?
Factor 2: Regret

7. Did you ever wonder about whether you could have avoided or 331/334 .08 77 32 91
prevented your behavior/feelings during the event (heaviest
drinking occasion) while hungover the next day?

8. Did you ever wish that you could turn the clock back and redo it 331/334 .10 57 .59 91
(heaviest drinking occasion)—do it again, but do it better while
hungover the next day?

9. As a result of the event (heaviest drinking occasion), do you now 332/334 -.03 .68 .58 91
avoid similar events; did this event reinforce a decision to avoid
similar situations?

Note. The first five eigenvalues were 4.60, 0.30, 0.10, 0.04, and 0.01. The number of factors to retain was determined using parallel analysis (Hayton et
al., 2004). Standardized factor loadings >.40 are shown in bold. SL = standardized factor loadings; EFA = exploratory factor analysis; KMO’s MSA =
Kaiser-Meyer—Olkin measure of sampling adequacy.

day?”; Verster, van de Loo, et al., 2020). This single-item measure is Total Number of Hangovers
preferred over multi-item hangover symptom scales as it allows the

individual to consider the most relevant hangover symptoms in their Participants reported the total number of hangovers experienced
subjective assessment of the overall hangover experience (Verster, ~ using a single-item, open-ended measure (“How many hangovers
van de Loo, et al., 2020). did you have in total?”). This measure correlates positively with
Table 2
Descriptive Statistics: Intercorrelations, Means, Standard Deviations, Cronbach’s o, and Number of Observations (N) for Each Variable
Variable 1 2 3 4 5 6 7 8 9 10 11

Wave 1

1. Intrusiveness factor —

2. Regret factor 71 —

3. HED frequency 23 17 —

4. HED perceptions .30 15 .53 —

5. HED quantity .16 .10 .57 .62 —

6. Overall hangover severity 35 23 22 24 .19 —

7. Total number of hangovers 27 18 .63 .39 34 26 —

8. Generalized anxiety symptoms 27 22 -.03 .05 —.01 .00 .00 —
Wave 2

9. HED frequency 34 .26 .61 34 32 27 47 .05 —

10. HED perceptions .36 24 .53 .54 .39 21 40 .05 .62 —

11. HED quantity 25 A1 .54 46 53 21 41 .05 .60 73 —
M 47.92 46.96 2.94 8.19 5.20 5.08 1.72 7.82 2.70 7.27 3.84
SD 24.72 27.03 1.91 2.80 3.36 2.13 0.99 5.28 1.81 2.96 3.49
o .90 .76 .79 .88 .80
N 328 328 331 333 328 334 334 331 235 239 206

Note. Correlations were calculated with N = 194 after listwise deletion. Test-retest correlations appear in bold. All correlations were positive and
significant (p < .05), except for generalized anxiety symptoms which showed nonsignificant associations with all variables other than intrusiveness and
regret. Means, standard deviations, and Cronbach’s o were calculated using each variable’s available data. HED frequency, HED quantity, overall
hangover severity, and total number of hangovers do not have « reliabilities because they are single-item measures. HED perceptions and generalized
anxiety symptoms items were respectively summed for their total scores. The total scores for intrusiveness and regret factors were calculated by averaging
the items associated with each factor. HED = heavy episodic drinking.
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Figure 1

Structural Model With HED Frequency as the Outcome and Intrusiveness as the Hangover-Related

Rumination Predictor

HED
frequency
Wave 1

Total number of
.22 hangovers
Wave 1

.25 .28

Overall hangover
severity
Wave 1

Intrusiveness
Wave 1

.59
.49
.01 HED
frequency
Wave 2
.07

.16

I Item 1 I | Item 2 | I Item 3 I I ltem4| I Item 5 I I ItemGI

Note. N = 334. The predictor, intrusiveness, is a latent variable. All factor loadings (indicated by solid gray
lines) were significant and shown in Table | (p < .001). Path coefficients are standardized. Single-headed black
arrows represent significant paths (p < .05), and double-headed black arrows represent significant correlations
(p < .05). Gray dotted arrows between variables show nonsignificant paths (p > .05). R? values appearing in the
upper right corner of endogenous variables represent the proportion of variance accounted for by associated
exogenous variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting
HED frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity
in the figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity.

HED = heavy episodic drinking.

alcohol consumption levels and overall hangover severity (Verster
et al., 2023).

Generalized Anxiety Symptoms

Generalized anxiety symptoms were measured using the seven-
item Generalized Anxiety Disorder scale (Spitzer et al., 2006). The
seven-item Generalized Anxiety Disorder scale demonstrates
good internal consistency and criterion, construct, and factorial
validity (Spitzer et al., 2006). It also shows strong positive
correlations with scales measuring trait worry in adults (Dear
et al., 2011). Participants rated symptom frequency (e.g., “Not
being able to stop or control worrying”) from O (not at all) to 3
(nearly every day).

Data Analysis

Descriptive statistics were calculated for each variable, along
with correlations between variables. An exploratory factor

analysis (EFA) was conducted to identify the underlying factor
structure of the hangover-related rumination items, using
maximum likelihood estimation for factor extraction, oblimin
rotation, and parallel analysis to determine the number of factors
to retain (Hayton et al., 2004). Next, structural models were
estimated to separately predict HED frequency, perceptions, and
quantity at Wave 2. The Wave 1 predictors included the latent
hangover-related rumination variable(s), baseline levels of each
structural model’s HED outcome, and covariates of overall
hangover severity, total number of hangovers, generalized
anxiety symptoms, age, sex, and data collection site. Correcting
for potential residual nonnormality, we used full information
maximum likelihood estimation with robust standard errors.
Good model fit was assessed using the following criteria:
comparative fit index (CFI) and Tucker—Lewis index (TLI) > 0.95,
root-mean-square error of approximation (RMSEA) < 0.06, and
standardized root-mean-square residual (SRMR) < 0.08 (Kline,
2005). The number of complete observations divided by the total
number of possible observations yielded the proportion of missing
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Figure 2
Structural Model With HED Frequency as the Outcome and Regret as the Hangover-Related
Rumination Predictor

HED
frequency
Wave 1
Total number of
.22 hangovers .48
Wave 1 .02 HED
frequency
.15 .28 Wave 2
.09

Overall hangover
severity
Wave 1

11

Regret
Wave 1

I Item 7 ” Item 8 ” Item 9 |

Note. N =334. The predictor, regret, is a latent variable. All factor loadings (indicated by solid gray lines) were
significant and shown in Table 1 (p < .001). Path coefficients are standardized. Single-headed black arrows
represent significant paths (p < .05), and double-headed black arrows represent significant correlations (p < .05).
Gray dotted arrows between variables show nonsignificant paths (p > .05). R? values appearing in the upper right
corner of endogenous variables represent the proportion of variance accounted for by associated exogenous
variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting HED
frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity in the
figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity. HED =

heavy episodic drinking.

data. Wave 1 displayed 4.8% missing data (N = 318 complete
observations), and Wave 2 had 15.1% missing data (N = 203
complete observations). In handling missing data, hypothesis testing
used full information maximum likelihood estimation (resulting in
N = 334 participants).

Transparency and Openness

We report how we determined our sample size, all data exclu-
sions, and all measures in the study. All data, analysis code, and
research materials are available upon request. Data were analyzed
using R software (Version 4.2.1), using the jmv package for EFA
and the lavaan package for structural equation modeling (Rosseel,
2012). This study’s design and its analysis were not preregistered.

Results
EFA

In the EFA of hangover-related rumination items, parallel
analysis suggested a two-factor structure (Table 1). Factor 1 showed

salient loadings (.55-.87) from items 1, 2, 3, 4, 5, and 6,
representing intrusive, unwanted thoughts about the previous
night’s drinking while hungover, and was labeled “intrusiveness.”
Factor 2 showed salient loadings (.57—.77) from items 7, 8, and 9,
representing regret about the previous night’s drinking and a desire
to change future drinking behaviors, and was labeled “regret” to
distinguish it from the cognitive experience of intrusive thoughts.
Factor 1 explained 35.3% and Factor 2 20.6%, of the item variance
after rotation. The Kaiser—Meyer—Olkin values for the nine items
ranged from 0.89 to 0.95, indicating a high level of sampling
adequacy for factor analysis (Kaiser, 1974). The two-factor structure
fit the data well, RMSEA = .06, 90% CI RMSEA [.04, .09], TLI =
.97. Additionally, the two factors showed a strong latent correlation
(r = .76). Together, these results suggest that while intrusive
thoughts and regret are related during the experience of hangover-
related rumination, they represent separable constructs. Including
both factors in the same model can introduce statistical challenges,
like multicollinearity, which can inflate the uncertainty of standard
errors (Vatcheva et al., 2016). Therefore, structural models tested
each factor individually as a predictor during hypothesis testing.
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Figure 3

Structural Model With HED Perceptions as the Outcome and Intrusiveness as the Hangover-

Related Rumination Predictor

HED

Total number of
.31 hangovers
Wave 1
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Note. N = 334. The predictor, intrusiveness, is a latent variable. All factor loadings (indicated by solid gray

lines) were significant and shown in Table | (p < .001). Path coefficients are standardized. Single-headed black
arrows represent significant paths (p < .05), and double-headed black arrows represent significant correlations
(p < .05). Gray dotted arrows between variables show nonsignificant paths (p > .05). R? values appearing in the
upper right corner of endogenous variables represent the proportion of variance accounted for by associated
exogenous variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting
HED frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity
in the figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity.

HED = heavy episodic drinking.

Descriptive Statistics

Means for generalized anxiety symptoms indicated mild symptom
severity (Table 2). Cronbach’s as for the intrusiveness and regret
factors were excellent (o = .90) and acceptable (« = .76), res-
pectively. All correlations were positive and significant (p < .05),
except for generalized anxiety symptoms, which showed nonsig-
nificant associations with all variables other than the intrusiveness
and regret hangover rumination factors. Strong Wave 1-2 test-retest
correlations were observed for the HED measures (frequency r =
.60, perceptions r = .54, and quantity r = .51). Paired-sample ¢ tests
revealed significant decreases between Waves 1 and 2 in HED
frequency, mean difference = .30, #234) = 3.01, p = .002, d, = .20;
HED perceptions, mean difference = 1.32, #(237) = 5.35, p < .001,
d, = .41; and HED quantity, mean difference = 0.98, #(203) = 5.89,
p < .001, d, = .35 (see Table 2 for means with all available Ns,
showing a downward trajectory from Wave 1 to 2). Two-sample ¢
tests revealed no significant differences between participants who
completed both Wave 1 and Wave 2 and those who completed only
Wave 1, in terms of all covariates, as well as HED frequency,
1(187) = 1.00, p = .319; HED perceptions, #275) = 0.15, p = .879;

or HED quantity, #203) = 0.16, p = .871. Participants reported a
median of one hangover (range: 1-6) in the past 2 weeks, with the
median overall hangover severity score for their heaviest drinking
occasion being 5 out of 10.

Hypothesis Testing

The structural model with Wave 2 HED frequency as the
outcome and the intrusiveness factor as the predictor demonstrated
good fit: CFI = .98, TLI = .97, RMSEA = .04, 90% CI RMSEA
[.02, .06], SRMR = .02. Positive paths were found from both the
intrusiveness factor and Wave 1 HED frequency to Wave 2 HED
frequency (Figure 1). No other predictors were significant. The
model with the regret factor as the predictor also showed good fit:
CFI = .98, TLI = .95, RMSEA = .04, 90% CI RMSEA [.00, .08],
SRMR = .03, with Wave 1 HED frequency as the sole significant
predictor (Figure 2).

The structural model predicting Wave 2 HED perceptions with
the intrusiveness factor as the predictor showed good fit on three of
the four indices, with TLI just below the .95 threshold: CFI = .97,
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Figure 4

Structural Model With HED Perceptions as the Outcome and Regret as the Hangover-Related

Rumination Predictor

HED

A

Overall hangover
severity
Wave 1

Regret
Wave 1

perceptions
Wave 1 \
-36 40
Total number of
.31 hangovers \ .35
Wave 1 18 \ HED
9 .28
.16
.28

I Item 7 II Item 8 ” Item 9 I

perceptions
Wave 2

.02

.15

Note. N =2334.The predictor, regret, is a latent variable. All factor loadings (indicated by solid gray lines) were

significant and shown in Table 1 (p < .001). Path coefficients are standardized. Single-headed black arrows
represent significant paths (p < .05), and double-headed black arrows represent significant correlations (p < .05).
Gray dotted arrows between variables show nonsignificant paths (p > .05). R* values appearing in the upper right
corner of endogenous variables represent the proportion of variance accounted for by associated exogenous
variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting HED
frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity in
the figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity.

HED = heavy episodic drinking.

TLI = .94, RMSEA =.05, 90% CI RMSEA [.03, .07], SRMR = .03.
The intrusiveness factor, total number of hangovers, and Wave 1
HED perceptions were positive predictors (Figure 3). No other
predictors were significant. When the regret factor served as the
predictor, the model fit well on three of the four indices, with TLI
suggesting mediocre fit: CFI = .98, TLI = .92, RMSEA = .05, 90%
CI RMSEA [.01, .08], SRMR = .03. Significant positive predictors
in this model were the regret factor, the total number of hangovers,
and Wave 1 HED perceptions (Figure 4).

The structural model predicting Wave 2 HED quantity with the
intrusiveness factor as the predictor showed good fit: CFI = .98,
TLI=.96, RMSEA = .04, 90% CIRMSEA [.02, .06], SRMR = .03.
Total number of hangovers and Wave 1 HED quantity were positive
predictors; participant age was a negative predictor (Figure 5). No
other predictors, including the intrusiveness factor, were significant.
With the regret factor as the hangover-related rumination predictor,
the model fit well on three of the four indices, with TLI suggesting
mediocre fit: CFI = .97, TLI = .91, RMSEA = .05, 90% CI RMSEA
[.02,.08], SRMR = .03. Significant positive predictors in this model
were the total number of hangovers and Wave 1 HED quantity, with

age as a negative predictor (Figure 6). The regret factor was not a
significant predictor.

Discussion

Research suggests rumination, both generally and after social
drinking events, is associated with higher levels of alcohol
consumption, as individuals drink to cope (Devynck et al., 2019;
Hussong et al., 2001; Ogniewicz et al., 2019). To date, no studies
have examined the impact of rumination during a hangover,
specifically regarding the negative events of the previous night’s
drinking, on future HED. To address this gap, we conducted a
two-wave, 30-day prospective study of Canadian emerging adult
undergraduates who had recently experienced a hangover. We
controlled for overall hangover severity and the total number
of hangovers, ensuring hangover-related rumination contributes
uniquely to predicting HED beyond the general hangover experience.
By controlling age, sex, and the institution where data were collected,
we also minimized the influence of demographic factors. Addition-
ally, we refined the hangover-related rumination construct by
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Figure 5

Structural Model With HED Quantity as the Outcome and Intrusiveness as the Hangover-Related

Rumination Predictor

HED
quantity
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Note. N = 334. The predictor, intrusiveness, is a latent variable. All factor loadings (indicated by solid gray

lines) were significant and shown in Table | (p < .001). Path coefficients are standardized. Single-headed black
arrows represent significant paths (p < .05), and double-headed black arrows represent significant correlations
(p < .05). Gray dotted arrows between variables show nonsignificant paths (p > .05). R? values appearing in the
upper right corner of endogenous variables represent the proportion of variance accounted for by associated
exogenous variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting
HED frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity
in the figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity.

HED = heavy episodic drinking.

covarying generalized anxiety symptoms, thereby controlling for
the contribution of anxiety/worry unrelated to hangovers.

We found HED levels decreased over time, consistent with
research showing that HED is highest at the beginning of term and
declines as academic demands increase (Greene & Maggs, 2017).
Consistent with two hypotheses (H1, H2), higher levels of
hangover-related rumination at Wave 1 significantly predicted the
maintenance of both HED frequency and perceptions at Wave 2,
even as these measures were otherwise declining. This provides
preliminary evidence that the frequency and perception of engaging
in HED are maintained (rather than deterred) following hangover-
related rumination. More specifically, we found that the regret factor
in hangover-related rumination predicted HED perceptions but not
HED frequency, whereas the intrusiveness factor predicted both
HED outcomes. This suggests that while regret and intrusive thoughts
from a hangover can shape how individuals subjectively view their
drinking behavior, only intrusive thoughts affect the actual frequency
of future HED. This could be because alcohol may temporarily reduce
the emotional impact of intrusive thoughts, negatively reinforcing

HED, but does not change the regret associated with past events
(Wolitzky-Taylor et al., 2021).

Contrary to hypothesis (H3), we found no significant association
between hangover-related rumination at Wave 1 and changes in
HED quantity at Wave 2. This suggests that, at least in a 30-day
period, experiencing hangover-related rumination does not maintain
higher drinking quantities within a single HED episode. A greater
number of alcoholic drinks during an HED episode may not
necessarily enhance alcohol’s ability to relieve rumination; instead,
a lower dosage of alcohol during HED may be more effective than a
higher dosage in relieving rumination (Mollaahmetoglu et al.,
2021). Thus, although individuals may find themselves caught in a
vicious cycle of frequent HED after experiencing hangover-related
rumination, higher drinking quantities during an HED episode may
not be maintained if higher doses than four (for females) or five
drinks (for males) do not provide additional benefits.

Another relevant finding was the significant relationship between
the total number of hangovers experienced and HED perceptions
and quantity. Frequent hangovers might lead individuals to perceive
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Figure 6

Structural Model With HED Quantity as the Outcome and Regret as the Hangover-Related

Rumination Predictor

HED
quantity
Wave 1

Total number of
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Overall hangover
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Regret
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.24
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Note. N =334. The predictor, regret, is a latent variable. All factor loadings (indicated by solid gray lines) were
significant and shown in Table 1 (p < .001). Path coefficients are standardized. Single-headed black arrows
represent significant paths (p < .05), and double-headed black arrows represent significant correlations (p < .05).
Gray dotted arrows between variables show nonsignificant paths (p > .05). R? values appearing in the upper right
corner of endogenous variables represent the proportion of variance accounted for by associated exogenous
variables. Generalized anxiety, sex, age, and data collection site were included in the model predicting HED
frequency at Wave 2 but are not shown in the figure for clarity. Factor loadings values are omitted for clarity in the
figure but are located in Table 1. Residuals and variances are also not displayed to improve figure clarity. HED =

heavy episodic drinking.

that they are continuing to engage in HED. Additionally, individuals
with higher alcohol tolerance tend to drink more per occasion and
achieve higher blood alcohol concentrations, resulting in frequent
hangovers (Piasecki et al., 2012). Therefore, repeated hangovers
might indicate increased alcohol tolerance, and higher drinking
quantities during an HED episode may be required to obtain
alcohol’s desirable effects.

Limitations and Future Directions

First, although we controlled for the closely related construct of
general anxiety/worry (Harvey et al., 2004), we did not control for
general rumination itself, so the influence of hangover-related
rumination on HED beyond general rumination remains unclear
(Devynck et al., 2019). Another limitation of our study is the
inability to distinguish between rumination occurring after HED
with a hangover versus rumination occurring after HED without a
hangover (e.g., in hangover-resistant individuals; Kim et al., 2023).
Consequently, it remains unclear to what extent the experience of
a hangover contributes to the observed effects and whether the
hangover experience adds incrementally to the effects of rumination

occurring after HED. Second, most participants were young White
undergraduate female participants, potentially limiting generaliz-
ability. Nonetheless, meta-analytic research indicates that women
are more likely to ruminate than men (Johnson & Whisman, 2013),
and women have been shown to drink to cope with negative mood
resulting from rumination more than men (Battista et al., 2014),
underscoring the relevance of our findings for this population. Third,
while an EFA was used to derive two hangover-related rumination
factors used as predictors in our study (i.e., intrusiveness and regret),
research has not conducted a comprehensive psychometric eva-
luation of this novel measure, suggesting the need for replication/
extension. Fourth, the reliance on self-reported data may introduce
biases, including memory loss due to alcohol intoxication, which
may have impacted the accuracy of HED measures. Lastly, we posit
hangover-related rumination leads to the maintenance of HED when
it is otherwise declining, through drinking to cope with rumination;
however, we did not directly test this due to the lack of a specific
measure for drinking to cope with rumination in the literature.
Future research should include a specific measure of general
rumination (outside of the hangover context) when examining
the associations between hangover-related rumination and HED.
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Additionally, future research could explore the mechanisms
explaining the association between hangover-related rumination
and HED, such as drinking to cope with rumination, through
mediational analyses. Further investigation could extend to
clinical samples, especially socially anxious individuals—a group
at high risk for rumination after social drinking events and for
alcohol use disorder (Morris et al., 2005).

Conclusion

This study suggests hangover-related rumination can lead to
maintaining the frequency and perceptions of HED over a 30-day
period. Potentially, engaging in frequent HED might serve as a
coping strategy for dealing with intrusive thoughts about the
previous night’s drinking during hangovers, signaling risk for
problematic alcohol consumption.
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