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Abstract
A sample of college students, oversampled for smoking (N = 127, 43% smokers), monitored daily
experiences using electronic diaries over 14 days. We examined the frequency and correlates of
liberally-defined hangover-like experiences (HLEs) using data from 1,595 person-days (1,325
following abstention from drinking, 270 following drinking, including 125 HLEs). More than 40%
of the sample reported at least one HLE and nearly half of all drinking episodes were followed by
HLE. Endorsement of HLE was more likely as the number of drinks increased and was associated
with modest elevations of hangover symptoms. Gender did not predict rates of overall HLE
endorsement, but males were less likely to report HLE after a drinking episode and showed a weaker
relation between number of drinks and HLE. Smokers were more likely to report HLE, but there was
no evidence that smoking status was associated with increased HLE susceptibility. Self-reported
parental alcohol problems were associated with more frequent HLE and incrementally predicted HLE
endorsement when number of drinks was covaried. The findings suggest HLE is a common outcome
of college drinking and attest to the feasibility of using electronic diaries to assess its episode- and
person-level correlates.
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Hangover is one of the most prevalent negative consequences of binge drinking (Wiese, Shlipak
& Browner, 2000). Hangover in college drinkers deserves further research attention. From a
public health perspective, hangover is important because it has the potential to interfere with
role functioning and scholastic achievement (e.g., Perkins, 2002). Hangover susceptibility has
also been hypothesized to be a marker of either protection from or risk for later alcohol use
disorder (AUD). Interestingly, suggestive evidence supporting both propositions can be found
in the existing literature (cf. Earleywine, 1993; Newlin & Pretorious, 1990; Piasecki, Sher,
Slutske, & Jackson, 2005; Slutske, Piasecki & Hunt-Carter, 2003; Span & Earleywine, 1999;
Wall, Horn, Johnson, Smith & Carr, 2000; Wall, Shea, Luczak, Cook, & Carr, 2005;
Yokoyama, et al., 2005). Thus, both practical considerations and theory suggest hangover in
young drinkers deserves closer scrutiny. Toward this end, this study examined the frequency
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and predictors of hangover-like experiences reported by a sample of undergraduates during a
two-week period of self-monitoring.

Little is known about how individual drinkers use the common-language term “hangover.” In
this study, we used an assessment with a low implied threshold to enhance sensitivity and
encourage students to report the presence of any aversive morning-after effects they attributed
to drinking, even if these might not rise to the level of their personal definition of “hangover.”
We use the term hangover-like experiences (HLE) hereafter to distinguish this inclusive, liberal
assessment from potentially stricter assessments of “hangover” per se.

HLEs are complex, drinking-contingent outcomes. Conceivably, reports of naturally-occurring
HLE may reflect factors associated with heavy drinking frequency (and, hence, opportunity to
develop next-day symptoms), individual differences in susceptibility to HLE, or a blend of both
processes. Diary monitoring is well-suited to disentangling these effects. By tracking drinking
behaviors and HLE over a period of time, it is possible to identify individual difference factors
related to the overall likelihood of endorsing HLE as well as factors that incrementally predict
HLE endorsement after accounting for the degree of alcohol exposure in an episode.

We sought to characterize the frequency of HLE, determine the validity of the HLE assessment,
and characterize the amount of alcohol typically consumed prior to HLE. Additional analyses
focused on prediction of HLE from three individual difference variables related to risk for
AUD and plausibly related to hangover: gender, smoking status, and parental alcohol problems.
Males, smokers, and persons with a family history of alcoholism are all at elevated risk for
developing AUD (e.g., Grant, et al., 2004; Hussong, Bauer, & Chassin, 2008; Jackson, Sher,
Wood, & Bucholz, 2003). Prior research suggests women may be more susceptible to hangover
at a given number of drinks (Jackson, 2008; Piasecki, et al., 2005; Slutske, et al. 2003). Smoking
and nicotine administration alter subjective responses to alcohol (cf. Kouri, McCarthy, Faust,
& Lukas, 2004; Madden, Heath, & Martin, 1997). Moreover, smoking and drinking covary
across persons (e.g., Bobo & Husten, 2000) and across time within persons (e.g., Piasecki,
McCarthy, Fiore & Baker, 2008). Thus, acute pharmacologic effects of smoking or trait/
constitutional differences between smokers and nonsmokers could play a role in HLE. Some
survey (Newlin & Pretorious, 1990; Piasecki, et al., 2005; Slutske, et al., 2003) and laboratory
research (McCaul, Turkkan, Svikis & Bigelow, 1991; Span & Earleywine, 1999) suggests
familial alcoholism is associated with increased hangover frequency and susceptibility, though
failures to find such effects have also been reported (e.g. Earleywine, 1993; Howland, et al.,
2008).

Method
Participants

Students (n=127, 85% White, 61% female) enrolled in introductory psychology classes at the
University of Missouri volunteered for a 14-day diary study of daily experiences in smokers
and nonsmokers. Slightly more than half the sample were nonsmokers (n=72, 57%). Of the 55
smokers, 37 reported smoking daily. The smokers were not highly dependent; the average score
on the Fagerström Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker &
Fagerström, 1991) was 0.94 and more than half of smokers (n=30) scored 0. The mean age
was 18.8 years (range 18–32, median = 19). Participants received partial course credit and $75.

Procedure
Electronic diaries were implemented on personal digital assistants (PDAs; Palm Zire, Palm,
Inc., Sunnyvale, CA) and questionnaires were administered via commercially-available
software (Pendragon Forms version 3.2, Pendragon Software, Libertyville, IL). Signaling was
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controlled using reminder software (Bug Me, Electric Pocket, Ltd., Chepstow, UK). Four
alarms per day were programmed to fire according to a predetermined, quasi-random schedule
that changed each day for a given participant. Participants carried the PDAs in their natural
environments for 14 days and began recording the day after an orientation and training session.
All participants were instructed to respond to prompted assessments, and smokers were asked
to complete entries before and after smoking. Participants visited the laboratory every 3–4 days
so staff could download data, field questions, and encourage compliance. On average, analyzed
participants provided at least one diary record on 13.3 days, and 94% provided at least one
record 10 or more days.

Measures
Individual Differences—Gender and smoking status were determined from demographic
and smoking history questionnaires. Following Slutske, et al. (2003), parental alcohol problems
were assessed with the following screening item: “To your knowledge, has one or both of your
biological parents ever had any of the following experiences related to the use of alcohol:
problems fulfilling obligations at school or work, physical health or emotional problems,
problems with family or friends, or legal problems (e.g., DUI, DWI)?” Ninety-two participants
(73%) answered that neither biological parent had experienced one of these problems. Thirty-
four participants (27%) were counted as reporting parental alcohol problems. Of these, 26
indicated problems had been experienced by the father, 3 by the mother, and 5 by both
biological parents. A response to this item was missing for one participant.

Prior Night’s Drinking and HLE—In the first completed prompted assessment of each day,
participants received questions about the drinking episode if they indicated they had consumed
alcohol the night before. Participants were shown a screen saying “The next question asks the
amount of alcohol you drank. A ‘standard drink’ is a can or bottle of beer, a glass of wine, or
a shot of liquor.” Next, a numeric free response field was used to report the total number of
standard drinks. A yes/no question about presence of HLE read: “Did you feel hungover this
morning (even just a little) as a result of last night’s drinking?” A “yes” response was scored
1 and a “no” 0.

Hangover Symptoms—Prompted assessments included 5 items adapted from the Hangover
Symptoms Scale (HSS; Slutske, et al., 2003). To minimize possible demand or carry-over
effects, these items were embedded in a list of items tapping various subjective states,
administered at every interview (i.e., not just drinking reports), and always presented prior to
items about the drinking episode and HLE. Each item stem read: “Please rate how you’ve felt
in the past 15 minutes.” The symptoms are listed in Table 1. Items were rated on a scale from
1 (not at all) to 5 (extremely).

Data Selection—Analyses focused on the first prompted assessment of the day because, by
design, these were the records in which information on drinking and HLE was collected. Of
the 1,687 first daily records, 92 (5.5%) were excluded due to missing data or ambiguity in
drinking-related reporting. In the remaining 1,595 records, 1,325 were from days on which the
participant denied drinking the night before and 270 records contained reports of prior night’s
drinking.

Statistical Analysis—A generalized estimating equations (GEE) approach was used to
account for the clustered data structure. An AR(1) working correlation structure was specified
for all models. Models predicting the dichotomous HLE item specified a binomial family and
a logit link function. Because continuously-scaled variables (number of drinks, symptoms)
were positively skewed, a gamma family and an identity link function were used.
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Initial analyses explored the validity of the HLE item. First, HLE endorsement on post-drinking
days was predicted from number of drinks in the episode. Next, each of the 5 diary-measured
HSS symptoms was predicted from indicator variables indicating whether a given record was
(a) from a day in which drinking but not HLE was endorsed or (b) a day for which both drinking
and HLE were reported. Post-abstention days formed the reference category.

We explored relations between each of the individual difference variables and HLEs using a
sequence of 4 models that differed with respect to consideration of drinking information. In
Model 1, the individual difference variable was entered as the sole predictor of HLE
endorsement in all morning diary records. This model assessed whether the predictor was
associated with the overall likelihood of an HLE during the monitoring period, but did not
consider whether any effects are attributable to different rates of drinking behavior. Model 2
again tested the individual difference factor as the sole predictor, but this time the analysis was
limited to post-drinking records. This model tested whether the individual difference variable
predicted HLE endorsement given the occurrence of drinking. In Model 3, number of drinks
was added as a covariate to test whether the individual difference factor contributed incremental
prediction beyond the amount of alcohol exposure in the episode. In Model 4, Model 3 was
elaborated further to include an interaction term testing whether the individual difference
variable moderated the relation between amount of alcohol consumed and the likelihood of
HLE endorsement. Model 1 is conceptually related to HLE frequency while Models 2–4 test
successively stricter conceptualizations of HLE susceptibility.

Supplemental models were performed to generate descriptive information. First, HLE
endorsement was predicted from number of drinks in analyses stratified by each individual
difference variable. Model-predicted probabilities were plotted by subgroup to illustrate
potential HLE susceptibility effects. Second, model-based proportions were generated from
Model 2 analyses to characterize the population-averaged rate of HLE endorsement on post-
drinking days by subgroup. Finally, number of drinks was predicted from HLE endorsement
and each individual difference variable in separate models. This permitted generation of
population-averaged estimates of the mean drinks in non-HLE and HLE drinking episodes for
each subgroup.

Results
Rates of Drinking and HLE Endorsement

Ninety-five participants (73.1%) reported at least one drinking episode in a first record of the
day (range: 1 to 12, median = 2, mode =1). HLE was endorsed in 125 (46.3%) of the 270 post-
drinking records. Fifty-three participants (40.8%) reported at least one HLE in a first record
of the day (range: 1 to 7, median = 2, mode =1).

Number of Drinks and HLE
Across all drinking reports, the number of drinks ranged from 1 to 30 (M =7.7; median = 7).
As would be expected, the number of drinks was a significant predictor of HLE (OR = 1.20,
95% CI = 1.13–1.29, p<.001).

Symptom Ratings
All 5 items derived from the HSS were elevated when participants endorsed HLE (Table 1).
No symptom was higher on days for which drinking was reported but HLE denied.

Individual Differences
Table 2 gives results from Models 1–4 for each individual difference factor. Gender was
unrelated to the overall likelihood of reporting HLE (Model 1). When only post drinking reports
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were considered, men were less likely than women to report HLE (Model 2). This effect held
when number of drinks was covaried (Model 3), and was attributable to a weaker relation
between number of drinks and HLE among men (Model 4). Smokers were more likely than
nonsmokers to report HLE (Model 1) but this effect did not remain in Models 2–4 suggesting
the overall effect was attributable to more frequent drinking by smokers. Parental alcohol
problems predicted overall likelihood of HLE endorsement (Model 1) and this effect persisted
when only post-drinking reports were examined (Model 2). Adjusting for number of drinks
did not liquidate the effect (Model 3) but Model 4 revealed no main effect for parental alcohol
problems and only a trend (p=.09) toward an interaction between family history and number
of drinks.

Figure 1 illustrates the nature of these effects by plotting model-based estimates of HLE
endorsement probability as a function of the number of drinks reported for subgroups defined
by sex, smoking status, and parental problems. Table 3 summarizes model-based estimates of
the number of drinks in HLE- and Non-HLE drinking episodes and the proportion of the
drinking events followed by HLE for the full sample and each subgroup.

Discussion
Approximately 40% of the students reported at least one HLE during an arbitrary 14-day period.
HLE was endorsed in nearly half of the drinking episodes reported. These are likely upper-
bound estimates of hangover frequency because we attempted to maximize sensitivity for
morning-after effects by using an assessment with a low implied threshold. Additionally, we
used a convenience sample from one campus and oversampled smokers, so our findings cannot
be construed as definitive population estimates of college HLE frequency. Clearly, however,
HLEs are common outcomes of college drinking episodes deserving further investigation.

A diary item asking whether students experienced hangover, “even just a little,” appeared to
be a valid method for identifying hangover-like experiences. When students endorsed HLE,
they also reported higher scores on hangover symptoms. The degree of symptom elevation was
modest, but this is also observed in laboratory studies of hangover involving administration of
substantial doses of alcohol (e.g., Kruisselbrink, et al., 2006; Roehrs, Yoon & Roth, 1991;
Rohsenow, et al., 2007). HLE endorsement was more likely as the number of drinks consumed
increased. On average, students reported 5.8 drinks without HLE and 10.1 when endorsing
HLE. These estimates accord with prior findings suggesting 8–10 drinks is an approximate
hangover threshold in college drinkers (e.g., Jackson, 2008; Mallet, Lee, Neighbors, Larimer
& Turrisi, 2006). This is notably higher than some definitions of binge drinking (e.g., 4–5
drinks; Wechsler & Nelson, 2001). Thus, even though the HLE assessment encouraged
drinkers to use low subjective threshold for endorsement, HLE might still be considered a high-
threshold event with reference to alcohol exposure.

The potential to identify factors associated with frequency or susceptibility to HLE is a strength
of the diary monitoring approach. In this study, gender was most clearly associated with
differential susceptibility to HLE. Smoking status was associated with HLE frequency but not
susceptibility. A self-report of parental alcohol problems was associated with both more
frequent HLE and possible increased susceptibility to HLE, though evidence for this was
weaker than observed for gender (i.e., a main effect only). Some individual difference factors
(e.g. cigarette use) may primarily predict HLE frequency because they are markers of
disinhibition or impulsivity and a propensity to drink heavily (e.g., Jensen, et al., 2003;
Reynolds, et al., 2007). Other factors (e.g., female gender) may be related to HLE susceptibility
because they are associated with increased pharmacologic sensitivity to alcohol (e.g., Lieber,
1997). Finally, some characteristics (e.g., familial alcohol problems) may be associated with
frequency and susceptibility via both routes (e.g., Sher, Brent, Walitzer, & Wood, 1991;
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Morzorati, Ramchandi, Fluri, Li, & O’Connor, 2002). It must be stressed that the current data
are better-suited to stimulating than to resolving such questions. Alternative accounts,
including method artifacts (e.g., group differences in willingness to endorse HLE or bias in
reporting the number of drinks), could explain the findings. Future studies are needed to
evaluate the replicability and potential mediators of the observed effects.

The current findings did not reveal consistent, unidirectional associations between known risk
factors for AUD and HLE susceptibility. Being female is associated with lowered risk of AUD
and parental alcohol problems are associated with heightened AUD risk, but both
characteristics appeared to be related to HLE susceptibility in this study. One inference might
be that hangover/HLE susceptibility is not a good candidate marker of AUD risk. Another
could be that HLE susceptibility effects in different subpopulations may reflect qualitatively
distinct causal mechanisms with varying implications for AUD development (e.g., Begleiter
& Porjesz, 1999). A third possibility is that a more stringent criterion (i.e., “hangover” per se)
might reveal more consistent associations with AUD risk factors. Finally, it is interesting that
both women and offspring of alcoholics show “telescoping” of drinking problems (Hussong,
et al., 2008; Randall, et al., 1999). Thus, it is possible that susceptibility to hangover/HLE
might prove to be related to the course of incipient AUD rather than its occurrence per se.
Although short-term ecological studies may play a valuable role in generating a set of worthy
hypotheses, definitively addressing the relation (if any) between HLE/hangover susceptibility
and AUD risk ultimately requires long-term prospective studies incorporating formal
diagnostic assessments (e.g., Piasecki, et al., 2005).

Additional limitations should be noted. The observation period was brief. Participants provided
a retrospective tally of the prior night’s drinks. Given the short duration of retrospection, these
are likely to be reasonably accurate, but we cannot rule out rating bias. Students are known to
overestimate the size of standard drinks (White, et al., 2005). As a result, self-reported drink
totals may systematically underestimate the true amount of alcohol consumed in standard drink
units. Participants’ body weights were not measured. This information would have been
valuable for calculating estimated blood alcohol concentrations associated with HLE. Rates of
alcohol-tobacco co-use during the drinking episode may play an important role in HLE; the
data collected did not permit examination of this question.

The findings attest to the feasibility of assessing hangover or HLE in the stream of daily
experience (see also Jackson, 2008; Muraven, Collins, Morsheimer, Shiffman & Paty, 2005).
Valuable future avenues for daily monitoring studies include examination of possible near-
term negative consequences of HLE (e.g., academic impairment; morning drinking) and further
delineation of the person- and event-level correlates of hangover/HLE frequency and
susceptibility.
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Figure 1.
Model-based estimates of the relation between number of drinks and the probability of HLE
endorsement by gender (top left), smoking status (top right), and parental alcohol problems
(bottom).
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