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ABSTRACT. Objective: Although hangover results from excessive al-
cohol consumption, the specific pathways through which hangover symp-
toms arise have not been elucidated. Research on predictors of hangover
sensitivity may provide clues about such mechanisms. The present study
investigated whether tobacco smoking on days of heavy drinking affects
next-day hangover incidence and severity. Method: The study drew on
diary data from a study on smoking and drinking among 113 students at
a midwestern university in the United States. Participants completed a
daily, web-based, 26-item survey for 8 weeks to assess prior-day alcohol
and tobacco use as well as current-day hangover symptoms. Hierarchical
linear modeling was used to test the hypothesis that amount of smok-
ing is related to hangover, controlling for amount of alcohol consumed,
sex, and other individual characteristics. Analyses were conducted after
selecting only days with alcohol consumption levels that typically elicit

hangover, then repeated on lighter drinking days for comparison. Valid-
ity of the hangover items was checked by comparing reports after such
heavy drinking days with days of lighter drinking. Results: Across all
possible person-days, 92% of daily reports were obtained. When select-
ing only events where an estimated blood alcohol concentration of 110
mg/dl was attained, smoking significantly increased the odds of hangover
incidence and hangover severity while controlling for number of drinks
consumed and sex. Additional analyses controlling for age first smoked
regularly, frequency of drug use, type of drug involvement, or smoking
status resulted in findings that were unchanged. Conclusions: Smoking
more on heavy drinking days affects hangover sensitivity and severity,
possibly because of acute pharmacological effects. (J. Stud. Alcohol
Drugs, 74, 41-49, 2013)

ANGOVER REFERS TO THE CLUSTER of unpleas-

ant symptoms of physical distress that occur as blood
alcohol falls after an acute incident of drinking to intoxica-
tion. It is characterized predominantly by thirst, headache,
nausea, and tiredness (Rohsenow et al., 2007) and is not
to be confused with withdrawal, which occurs only after
chronic administration and involves different neurological
systems (Prat et al., 2009). The public health relevance of
hangover is in its potential effects on occupational safety
and performance (Howland et al., 2006; Rohsenow et al.,
2006, 2010) and as a predictor of risk for drinking prob-
lems after the college years (Piasecki et al., 2005; Rohse-
now et al., 2012). Mechanisms underlying hangover are not
yet known, but proposed ones broadly include metabolic,
fluid balance, hormonal changes, and toxicities resulting
from metabolism of alcohol and beverage congeners (Pen-
ning et al., 2010).

Received: May 11, 2012. Revision: August 14, 2012.

This work was supported by National Institute on Alcohol Abuse and
Alcoholism Grant KO1 AA13938, by National Institute on Drug Abuse Grant
1 R0O1 DA023995, and by a Senior Research Career Scientist Award from the
Department of Veterans Affairs.

*Correspondence may be sent to Damaris J. Rohsenow at the Center for
Alcohol and Addiction Studies, Box G-S121-5, Brown University, Providence,
RI 02912, or via email at: Damaris_Rohsenow@brown.edu.

41

Not all heavy drinkers appear to be susceptible to ex-
periencing hangover, indicating that some drinkers have
hangover insensitivity. A review of studies found that across
various study designs, populations, and reference periods,
around 23%-25% of people who drink enough to experi-
ence hangover report no hangover (Howland et al., 2008b).
Attempts to predict who would experience hangover have
had limited results so far. Predictors of frequency or severity
of hangover found in some studies include having personal-
ity risk for alcoholism as measured by the MacAndrew Scale
(Earleywine, 1993; MacAndrew, 1965), having a family
history of alcoholism (Newlin and Pretorius, 1990; Piasecki
et al., 2005), and having a certain alcohol dehydrogen-
ase polymorphism (ADH1B*2) (Wall et al., 2005). Greater
average quantity of drinking correlated with less intense
hangovers in two studies (Rohsenow et al., 2012; Wall et al.,
2000) and with more frequent hangovers in one study (Wall
et al., 2005), whereas more frequent heavy drinking cor-
related with more frequent hangovers among women more
than among men in another study (Piasecki et al., 2005). The
only previous attempt to find individual difference predictors
of hangover insensitivity combined data across three labora-
tory studies of heavy episodic drinkers in which participants
achieved an estimated blood alcohol concentration (BAC) of
110 mg/dl (measured by breath alcohol analysis). That study
found no relationship to sex, age, family history of drinking
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problems, or average daily drinking volume (Howland et al.,
2008a).

Alcohol and tobacco use are positively correlated across
a variety of studies, especially among heavy or problem
drinkers (e.g., Burling and Ziff, 1988; Hurt et al., 1995;
Kozlowski et al., 1986; Marks et al., 1997). Amounts of
smoking and alcohol consumption vary on a daily basis,
particularly among lighter smokers, who may drink and
smoke more on social occasions (Jackson et al., 2010). Vari-
ous mechanisms underlying the correlations of smoking with
drinking have been proposed. Some predisposing individual
differences that might result in smokers being more likely to
drink more than nonsmokers include common genetic factors
(Grucza and Bierut, 2006; Swan et al., 1997), negative af-
fectivity (Hesselbrock and Hesselbrock, 2006), or childhood
patterns of behavioral undercontrol that predispose both to
smoking at an earlier age and to drinking more (e.g., Brown
et al., 1996; Farrell et al., 1992; United States Department
of Health and Human Services, 2000). In addition, smoking
or nicotine use alters subjective responses to alcohol (e.g.,
Kouri et al., 2004; Madden et al., 1995; Piasecki et al.,
2011). Some acute reasons for using nicotine with alcohol
include additive effects on dopamine release in the meso-
limbic system (Di Chiara and Imperato 1988; Funk et al.,
2006; Pierce and Kumaresan, 2006) that could underlie the
increased pleasure that is obtained from using both together
(Piasecki et al., 2011; Rose et al., 2004) and the fact that
nicotinic receptors are involved with effects of alcohol and
may be the site of alcohol-tobacco interactions (Funk et al.,
2000).

The mechanisms underlying hangover are still specula-
tive (Penning et al., 2010); therefore, the role that cigarette
smoking might play in hangover is difficult to determine.
Ethanol’s acute effects on the brain include complex central
nervous system changes involving y-aminobutyric acid,
dysregulated cytokine pathways, reduced acetylcholine, in-
creased norepinephrine turnover, and other neurotransmitter
changes (e.g., Kosten et al., 2005). Consequently, many brain
regions may be affected by alcohol leaving the system. The
effects of nicotine and alcohol on common neural systems
in the brain might also increase residual effects as alcohol
leaves the body. Smoking and nicotine withdrawal can acute-
ly affect processes—such as sleep (e.g., Zhang et al., 2000),
endocrine responses (Rohleder and Kirschbaum, 2006), and
inflammatory responses (e.g., Frohlich et al., 2003)—thought
to play a role in hangover production or severity. Although
the paucity of knowledge on neural or physiological changes
that result in hangover means this area of investigation is still
in the exploratory stage, the common mechanisms underly-
ing alcohol and smoking co-occurrence suggest that it would
be useful to investigate the role of smoking in hangover.

There has been little research investigating whether
tobacco smoking can contribute to hangover incidence or
severity. Hesse and Tutenges (2009) surveyed young adults

about hangover severity and found that prior-day number of
cigarettes smoked was not associated with hangover, nor was
defining oneself as a “regular smoker.” Another report com-
pared undergraduate smokers with nonsmokers and found
no differences in likelihood of endorsing a liberally defined
“hangover-like experience” (i.e., current hangover, “even just
a little”’) on waking when drinking frequency was controlled
(Piasecki et al., 2010), but the effects of amount of smoking
on hangover frequency or severity were not tested.

The present study drew on diary data from a study on
smoking and drinking practices among university students
(Jackson et al., 2010). Examination of the association
between smoking and frequency of hangover must also
consider consumption of alcohol in order to account for dif-
ferences in both variables that might be attributable to con-
founds with amount of alcohol consumed, or sex differences
in alcohol metabolism or in threshold for inducing hangover
(Jackson, 2008). Therefore, the first aim of this study was to
investigate the hypothesis that a greater amount of tobacco
smoked would predict next-day sensitivity to hangover and
a greater frequency of hangovers after controlling for vari-
ance in hangover that might be accounted for by prior-night
number of drinks consumed and sex. Data were analyzed
at the event level rather than just in aggregate. The second
aim was to investigate whether the relationships are likely
to be accounted for by common predisposing individual dif-
ferences as outlined above. Although we could not directly
assess childhood behavioral undercontrol or genetic factors,
people who start smoking at an earlier age are more likely
to have a pattern of behavioral undercontrol, to use alcohol
earlier and more heavily, and to also use recreational drugs
(e.g., Brown et al., 1996; Farrell et al., 1992). Therefore, the
analyses were repeated while adding as covariates age at first
daily smoking, then frequency of recreational drug use, then
a categorical variable of no drug use versus only marijuana
use versus other illicit drug use. Because inspection of the
individual-level data from an early dose-response alcohol
administration study (Chapman, 1970) shows that consistent
reports of hangover require drinking to an estimated BAC of
110 mg/dl or higher (as described by Rohsenow et al., 2010,
and in the review of hangover study methodology by Verster
et al., 2010), analyses were conducted while selecting only
nights for which estimated BAC was 110 mg/dl or greater,
then on lighter drinking nights for comparison. Relation-
ships were expected to be stronger when selecting data that
involved drinking to the higher level.

Method
Participants and procedure
Participants were 113 college student drinkers enrolled

in a daily diary study designed to examine alcohol use,
tobacco use, and mood (Jackson et al., 2010). Participants
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TaBLE 1. Characteristics of study participants (N = 113)

Measure M (SD) or n (%)
Male 49 (43.4%)
Age, in years? 18.5 (0.67)
White 108 (96.4%)
Perceived dependence on smoking? 79 (70%)
Daily smokers® 59 (53%)

Reported alcohol use on
weekends only during study 3 (3%)
Ever reached eBAC = 110 mg/dl 110 (97%)
Reached eBAC = 110 mg/dl
more than once
Reported any hangover symptoms
Reported hangover symptoms
more than once
Reported any hangover symptoms
if e BAC = 110 mg/dl

105 (93%)
110 (97%)

106 (94%)

108 (96%)

Notes: eBAC = estimated blood alcohol concentration. 90% were 18 or 19
years old; endorsed the item “Have you ever felt that you needed tobacco
or that you were dependent on it?”; ‘reported smoking “daily or almost
daily” in the past month.

had to have endorsed past-month drinking and to drink dur-
ing the study; smokers were oversampled (reported 100 or
more lifetime cigarettes). See Table 1 for characteristics of
participants. All procedures were approved by the university
institutional review board, and participants signed informed
consent forms.

Participants completed a daily, web-based, 26-item survey
for 8 weeks to assess prior-day alcohol and tobacco use as
well as current-day hangover symptoms. Each day, partici-
pants received a morning email notice prompting them to
log in and complete a survey. Paper-and-pencil surveys were
available in the event that participants could not access the
Internet. Initially, participants were brought into the lab and
were given a brief orientation to the survey, including infor-
mation on how to access to the survey as well as the standard
definition of a drink. At this time, they were administered a
baseline survey assessing substance use, smoking history,
and other psychosocial constructs not used in the present
study.

Measures

Drinking. Respondents reported the number of standard
drinks consumed on the prior day, ranging from 0 to 25 or
more. We also assessed number of hours elapsed between
first drink and last drink (in hourly intervals from 1 to 24, in
addition to options for 30 minutes and 90 minutes).

Smoking. Prior-day smoking was assessed by asking num-
ber of cigarettes smoked, ranging from zero to more than
three packs (with an interval of one cigarette for one pack
or less, and an interval of five cigarettes for more than one
pack).

Hangover. Current-day hangover symptoms were adapted
empirically (based on factor loadings and inter-item cor-
relations) from the Hangover Symptoms Scale by Slutske

et al. (2003). To decrease response burden with repeated
assessments, only five items were used. Although the subset
does not include all valid hangover symptoms, high internal
consistencies of the various published measures (e.g., o0 =
.79 for this measure [Slutske et al., 2003] and o = .84 for
an acute hangover measure [Rohsenow et al., 2007]) justify
using a subset of items. For use in daily diaries, the questions
were changed from asking about percentage of drinking oc-
casions to “Have you felt today because of yesterday’s
drinking” and included five symptoms: felt more tired than
usual, had a headache, felt nauseated, felt very weak, and
had difficulty concentrating on things. To provide a severity
rating, item responses ranged from 1 (not at all) to 7 (ex-
tremely). A composite hangover scale was formed by taking
the mean of the five items (Cronbach’s o across the time
points = .92; Cronbach’s o aggregated across individuals
= .94). We also created a dichotomous variable reflecting
whether the respondent endorsed any hangover symptoms
(nonzero mean score) to assess hangover insensitivity.

Blood alcohol estimation. BAC was estimated for each
day based on number of drinks, body weight, and the period
over which the respondent consumed alcohol, recorded in
hours (M = 6.46 hours, SD = 2.92). We used the Matthews
and Miller (1979) formula: BAC estimate = [(standard drinks
/ 2) x (sex constant / weight)] — (0.017 % hours), where the
sex constant is 9.0 for females and 7.5 for males.

Additional covariates. Age first smoked was determined
by asking respondents to indicate how old they were the first
time they started smoking “regularly.” Past-year frequency
of use of any drugs, measured on a seven-level ordinal
scale ranging from 0 (never/not in the past year) to 7 (41
or more times in the past year), was summed across nine
drugs: marijuana, 3,4-methylenedioxymethamphetamine
(MDMA; Ecstasy), club drugs, inhalants, stimulants, crack,
psychedelics, barbiturates, and heroin. To reflect the degree
of involvement with illicit drugs, a three-level drug use vari-
able was also computed that coded no past-year drug use as
0, past-year use of marijuana only as 1, and past-year use of
any drugs other than marijuana as 2.

Data analysis approach

First, Pearson’s correlations were conducted among the
variables to be entered into the models to show the univari-
ate relationships. These were calculated using all data and
repeated using only data from days where estimated BAC
was 110 mg/dl or greater.

Because of the clustered nature of the data, with 56 time
points per respondent, all subsequent data analysis was con-
ducted using multilevel modeling (MLM,; also called hierar-
chical linear modeling, HLM; Raudenbush and Bryk, 2002;
Snijders and Bosker, 1999). These models permit varying
numbers of observations and missing observations. Each
“day” consisted of 1 day’s drinking and cigarette data and the
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TaBLE 2. Event-level characteristics across the 56-day period

All study days
M (SD) or n (%)

If eBAC > 110 mg/dl
M (SD) or n (%)

Measure N =5,930 days N =1,272 days
No. of cigarettes per day 7.16 (6.67) 10.13 (7.40)
No. of drinks per day 2.55 (4.74) 10.42 (4.32)

No. of days eBAC = 110 mg/dl reached
No. of days with any hangover
Degree of hangover®

1,272 (21.5%)
1,144 (19.4%)
1.30 (0.84)

1,272 (100%)
998 (78.5%)
2.31 (1.35)

Notes: eBAC = estimated blood alcohol concentration. “Mean of five items rated from 1 (not

at all) to 7 (extremely).

next morning’s hangover data. We used HLM 6.06 (Rauden-
bush et al., 2004) to conduct the multilevel analyses. Level
1 variables were person-centered, and Level 2 variables were
grand mean-centered. Level 1 corresponds to within-person
time effects, and Level 2 corresponds to between-person
data. Number of cigarettes and number of drinks served as
time-varying Level 1 variables. We also controlled for sex at
Level 2.

Second, the hangover items were tested for validity.
Although three of our items had been found valid in ex-
perimental hangover induction studies (see Rohsenow et al.,
2007), “felt very weak” and “difficulty concentrating” had
not been tested to see if they are rated higher after a night of
drinking to an estimated BAC of 110 mg/dl or more versus
drinking less. Therefore, using MLM, we compared hang-
over ratings on days when estimated BAC was 110 mg/dl or
more the night before with days when the previous night’s
estimated BAC was greater than 0 but less than 110 mg/dl.
Each hangover rating and the total score were entered into
the analysis after controlling for sex.

Third, we tested the effects of smoking on hangover using
MLM. The equations below correspond to a model predict-
ing hangover total scores each day from number of cigarettes
and number of drinks (Level 1). The model shows how sex
was included as a covariate at Level 2.

The model that was fit was as follows:

Level 1 model: (Day)
n;= Bo_/ + [31. ; (number of cigarettes) + [32]. (number
of drinks) + Ty
Level 2 model: (Participant)
Bo =Yoo T You (sex) + Uy,
Bi="0t uy;
By="y + Uy,

For analyses of any hangover versus no hangover (hang-
over sensitivity), we used a Bernoulli (unit-specific) model
for binary data. Models were estimated with robust stan-
dard errors because of the nonnormality of the outcomes.
The models were first conducted while selecting only days
where estimated BAC was 110 mg/dl or more to eliminate
data from days when hangover was unlikely to occur, and
then, for comparison, repeated while selecting days of any
lighter drinking (because nondrinking days are irrelevant).

Finally, in a series of parallel models, we added as con-
trol variables age first smoked daily, frequency of drug use,
and the three-level drug use variable (in separate analyses)
to determine whether the relationships between smoking
and hangover were attributable to these indicators of an
underlying predisposition. Then, given interest in whether
hangover is greater among people who routinely smoke
more heavily, we sought to determine whether effects of
smoking on hangover were attributable to person-level
smoking status, suggesting a heavier pattern of smoking
rather than the quantity smoked on a given occasion. To
address this, we conducted three additional models for
each hangover variable, each controlling for one of three
person-level smoking status variables: a binary variable
reflecting whether they endorsed ever being a dependent
smoker (because we had no measure of nicotine depen-
dence), a binary variable indicating whether they reported
smoking “daily or almost daily” in the past month, and a
continuous variable reflecting the mean number of ciga-
rettes smoked over the 8-week period.

Results
Descriptive information

Across all possible person-days (56 days x 113 partici-
pants), 94% of daily drinking reports (5,930 / 6,328) were
obtained. Daily participation rates, which declined over the
8-week interval, ranged from 100% to 73% (on the last
survey day); the median daily retention rate was 95% (107
/ 113). Table 2 presents event-level characteristics; Figure 1
portrays the number of cigarettes, number of drinks, and de-
gree of hangover reported over the 56-day interval. A strong
7-day pattern was evident for all measures.

Univariate correlations

Table 3 shows the bivariate associations between mea-
sures of drinking, smoking, and hangover. The lower di-
agonal shows the associations across the full study period,
and the upper diagonal presents associations only for events
where estimated BAC was 110 mg/dl or more. These cor-
relations were computed at the within-subjects (daily) level,
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to 113 across the 56 days.

although very similar values were observed at the person-
level with observations aggregated over the 8 weeks (be-
tween-subjects association). Not surprisingly, the number of
drinks was bivariately highly associated with any hangover
and degree of hangover across all days; the magnitude of the
relationship decreased when selecting days of high estimated
BAC because of the restriction of range. The number of
cigarettes showed small to moderate bivariate correlations
with both number of drinks and degree of hangover. There
appeared to be no association between sex and hangover

despite the expected sex differences in the number of drinks
consumed.

Validity of hangover ratings

The hangover validity analyses included data on 1,643
to 1,650 events, depending on the variable. Each hangover
scale item was significantly higher on mornings after esti-
mated BAC was 110 mg/dl or greater than on mornings after
drinking to a lesser estimated BAC level, F's (1, 111) from
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Correlations among measures of drinking, smoking, and hangover at the event level for the full

study period (lower diagonal) and for events where estimated blood alcohol concentration was 110 mg/dl or

greater (upper diagonal)

No. of No. of Any Degree of
Variable drinks cigarettes hangover hangover Sex
No. of drinks - 0% 20%** 23 STEE
No. of cigarettes 24%%% - 3FE* 08*** .00
Any hangover 79 24k - STEE -.03
Degree of hangover LO5FH* 19FE* Wl - -.06*
Sex 2% -.01 .00 -.01 -

Notes: N ranges from 5,895 to 5,905 (lower diagonal), and N ranges from 1,270 to 1,272 (upper diagonal).

*p <.05; ***p <.001.

TaBLE 4. Ratings of each hangover item for events where estimated blood alcohol concentration (eBAC) =
110 mg/dl as opposed to events of drinking to a lesser eBAC: M (SD)

eBAC More tired Feel very Difficulty
the night before than usual Nauseated Headache weak concentrating
> 110 mg/dl 3.15(1.84) 1.87(1.47) 2.13(1.62) 2.24(1.53) 2.16(1.56)
>0 and < 110 mg/dl 1.52 (1.11)  1.13(0.60)  1.18 (0.61) 1.25(0.75)  1.24(0.77)
r 1.72 0.77 0.96 1.03 0.98

F 350.81 119.20 144.17 173.08 147.70

Notes: N=1,657;df=1, 111. All ps <.001. Response options ranged from 1 (not at all) to 7 (extremely).

119.20 to 350.81, parameter estimates (y) range from 0.77
(nauseated) to 1.72 (tired), as was the total score, y=1.10,
all ps < .001. Means and standard deviations for each item
are displayed in Table 4.

Analyses of hypotheses

The multilevel models are shown in Table 5 (estimated
BAC > 110 mg/dl in the top panel). Number of drinks pre-
dicted the hangover variables, as expected. Sex did not pre-
dict hangover and, therefore, will not be discussed again.
Controlling for these variables, smoking more heavily sig-
nificantly increased the odds of any hangover and predicted
degree of hangover only when drinking to an estimated
BAC of 110 mg/dl or greater. We conducted ancillary anal-
yses to explore the extent to which findings were similar

when using a variable reflecting whether they were smok-
ing on the drinking day; results indicated that any smoking
predicted any hangover (OR = 2.37, 95% CI [1.49, 3.78],
p < .001) and degree of hangover, y = 0.34, F(1, 109) =
11.76, p < .001, for an estimated BAC of 110 mg/dl or
greater but was not a significant predictor and showed no
trend supporting such an association for an estimated BAC
less than 110 mg/dl (and, in fact, the nonsignificant coef-
ficient was in the opposite direction when predicting any
drinking, y=-0.01).

In the models in which we added control variables—the
age first smoked regularly, frequency of drug use, the three-
level drug use variable, the endorsement of smoking depen-
dence, or the average smoking rate of more than 8 weeks (in
separate analyses)—gamma weights and ORs were virtually
identical (data not presented).

TaBLE 5.  Multilevel models predicting hangover incidence and degree of hangover from prior-day number of cigarettes, number of drinks, and sex
Any hangover Degree of hangover
Odds ratio
Variable Y F Significance [95% CI] Y F Significance
Events > 110 mg/dl eBAC
Sex (male = 1) -0.16 0.27 N.S. 0.85[0.47, 1.56] 0.10 0.56 N.S.
Number of drinks 0.32 65.29 p<.001 1.37[1.27, 1.48] 0.15 115.56 p <.001
Number of cigarettes 0.10 10.37 p<.01 1.10 [1.04, 1.17] 0.05 26.11 p<.001
Events 0 < eBAC < 110 mg/dl
Sex (male = 1) -0.15 0.18 N.S. 0.89 [0.42, 1.88] 0.07 2.50 N.S.
Number of drinks 0.68 66.59 p<.001 1.98 [1.68, 2.34] 0.10 28.62 p <.001
Number of cigarettes 0.08 3.28 p=.07 1.09 [0.99, 1.19] 0.03 3.24 p=.08

Notes: For events > 110 mg/dl estimated blood alcohol concentration (eBAC), n = 1,272, approximate df = 1, 108 for sex, and approximate df = 1, 109
for number of drinks and number of cigarettes. For events where 0 < eBAC < 110 mg/dl, n = 385, approximate df = 1, 97 for sex, and approximate df =
1, 98 for number of drinks and number of cigarettes. N.s. = not significant.
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Discussion

The number of cigarettes consumed on the day of a heavy
drinking episode (estimated BAC > 110 mg/dl) predicted
both the presence and severity of hangover symptoms the
following day, with heavier smoking predicting greater
hangover. This is the first published study to examine daily
variation in smoking as a predictor of hangover sensitivity
or severity on days after very heavy drinking versus lighter
drinking using event-level data. Smoking accounted for
unique variance after controlling for the relationship of
smoking rate to number of drinks and sex. This is important
because it means the relationship is not just an artifact of
the correlation between drinking rates and smoking rates
each day along with the differences in drinking rates by sex.
Although the relationships of drinking to hangover were
significant regardless of whether data from very heavy drink-
ing nights or lighter drinking nights were used, the effects
of smoking on hangover were significant only after nights of
drinking to an estimated BAC of at least 110 mg/dl.

The results were not attributable to person-level variables
associated with a predisposition to drink or use drugs more
frequently because the effects were essentially the same
when controlling for such variables. This suggests that the
effects are more likely to be attributable to acute pharma-
cological effects of nicotine or other smoke constituents in
the nervous system rather than being attributable to shared
predisposing individual differences or traits (e.g., childhood
pattern of behavioral undercontrol leading to earlier sub-
stance involvement). The results were also not attributable to
a pattern of heavier smoking on average or to whether indi-
viduals smoked to a level of perceived nicotine dependence
because controlling for these variables left the model results
unaffected. This is consistent with others who failed to find
hangover differences among smokers versus nonsmokers,
although neither study modeled event-level smoking con-
temporaneously (Hesse and Tutenges, 2009; Piasecki et al.,
2010). The results thus suggest that the amount of nicotine
or smoke constituent exposure is important for affecting
hangover sensitivity and severity. Although we do not know
how many of the cigarettes were consumed while drinking,
nicotine and other smoke constituents are well known to
accumulate during the day and may play a pharmacological
role while drinking. Future research would need to determine
the neuropharmacological mechanisms by which smoking
increases unpleasant residual effects of very heavy drinking
and whether these same mechanisms play a role in harmful
interactions, such as the adverse effects on brain structure,
metabolites, cerebral blood flow, and neurocognition found
among hazardous drinkers or alcoholics who also smoke
(Durazzo et al., 2007).

Many surveys of hangover include items that have not
been validated as hangover symptoms by comparing nights
of drinking to a BAC of more than 110 mg/dl with nights

without drinking to such levels (Rohsenow et al., 2007; Ver-
ster et al., 2010). Although three of the items in the measure
we used had previously been validated in laboratory adminis-
tration studies involving controlled heavy drinking, the other
two items (feeling weak, trouble concentrating) were first
validated in the present study, thus supporting preliminary
evidence of these items by other studies in the field. These
other studies indicated that feeling weak loaded highly on
a hangover symptoms scale (Slutske et al., 2003) and was
significantly elevated on mornings when college students
endorsed a liberally defined hangover item in Piasecki et
al. (2010). Both weakness and concentration problems were
reported frequently as hangover symptoms by Dutch students
(Penning et al., 2012). The ability to use event-level data to
compare ratings the morning after drinking to an estimated
BAC of 110 mg/dl with nights of lesser drinking makes an
important methodological advance for validating hangover
symptoms in the field rather than requiring controlled ad-
ministration in the laboratory.

Strengths and limitations

The present study drew on a rich daily diary data set
containing event-based data that permitted examination of
episode-specific smoking and hangover. However, an im-
portant caveat is the restriction in temporal resolution when
using daily data. With daily-level data, it was not possible
to determine how much smoking occurred in the hours be-
fore reporting hangover symptoms the day after each heavy
drinking episode, which could possibly influence symptom
reports. However, in the natural environment, smokers will
titrate to whatever nicotine level is comfortable at the time
to avoid either withdrawal or too much nicotine. Therefore,
this represents the naturalistic effects on any hangover rat-
ing. Interesting questions for future research may include
how much smoking occurred subsequently, as a response
to hangover, or as a prelude to or concomitant of additional
drinking. Symptoms such as nausea might make a person
tend to smoke less. Finally, it is possible that the results are
not attributable to cigarettes per day per se but to some be-
havior correlated with higher smoking rates, such as poorer
sleep.

These results are limited to a predominantly White sam-
ple of college students at one university and may be different
among minority groups or among older adults with heavier
smoking patterns. Smokers were oversampled in the diary
study, which helps maximize variability in smoking in our
analyses but somewhat reduces the generalizability of the
sample.

Conclusions

These data add to what is known about interactions of
smoking with alcohol use but leave questions about the
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mechanisms of these effects. We encourage researchers to
replicate the findings reported in the present study using
different research designs, measures, and populations, in
addition to exploring the mechanisms underlying these in-
teractions in future research.
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