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Background: Resistance to alcohol hangover may be a risk factor for alcohol use disorder. Previous research to es-
tablish the prevalence of hangover resistance in a drinking population has either not used comparable intoxica-
tion levels or has considered hangover resistance over a limited time frame. The purpose of this study was to
examine the prevalence of lifetime hangover negative (LHN) drinkers across comparable eBAC values ranging
from 0 to 500 mgy/dl.

Methods: Students at an eastern Canadian university were surveyed about their heaviest drinking episode in the

K ds: . . . P .

Hi);v;g\rlesr past month and indicated whether they had ever experienced a hangover in their lifetime (LHN) and, if they had,
Alcohol the hangover severity they experienced the next day. eBACs were calculated and the percentage of LHN drinkers
Prevalence was computed at each 10 mg/dl eBAC increment from 0 to 500 mg/dl.

Hangover resistance Results: Most LHN drinkers (58% female, 71% male) had an eBAC on their heaviest drinking occasion below
BAC 80 mg/dl. Above eBACs of 80 mg/dl, 5.8% of female and 5.1% of male drinkers were lifetime hangover negative.
Conclusions: The results suggest that only a small percentage of heavy drinkers lay claim to being lifetime hang-

over negative.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Alcohol hangovers are the unpleasant symptoms experienced the day
after alcohol consumption. These symptoms, such as headache, sleepi-
ness, and concentration problems can last up to 20 h after drinking
(Verster et al,, 2010). The presence and severity of hangover symptoms
differ however, both between and within drinkers (Penning, McKinney,
& Verster, 2012). Furthermore, a number of drinkers report not
experiencing hangovers (Howland, Rohsenow, Allensworth-Davies, et
al., 2008; Howland, Rohsenow & Edwards, 2008).

Little research has been conducted to estimate the prevalence of
drinkers who do not experience a hangover. The latter is important how-
ever, since it has been suggested that hangover resistant drinkers may be
at increased risk of continuing harmful drinking behavior because they do
not experience the day after punishment (Piasecki, Robertson, & Epler,
2010; Rohsenow et al.,, 2012). Cameron and French (2015) have also re-
ported that lower perceptions of hangover severity the morning after
drinking are associated with stronger beliefs that one is safe to drive; by
extension, those drinkers who do not experience hangover symptoms
may perceive themselves as safe to drive when they are not. Despite

* Corresponding author at: Centre of Lifestyle Studies, Acadia University, Wolfville, NS
B4P 2R6, Canada.
E-mail address: darren.kruisselbrink@acadiau.ca (L.D. Kruisselbrink).

http://dx.doi.org/10.1016/j.abrep.2017.01.001

these beliefs, which are also reported by professional drivers (Verster,
van der Maarel, McKinney, Olivier & de Haan, 2014), research has
shown that driving is significantly impaired during alcohol hangover
(Verster, Bervoets, et al,, 2014).

Howland, Rohsenow and Edwards (2008) reviewed the little research
that has provided data about hangover resistance and found that “despite
variations in study design, populations, and time referents, there was
striking consistency in the proportion of exposed populations who report
not experiencing hangover” (p. 43). In summarizing data from survey and
experimental studies, Howland, Rohsenow and Edwards reported that,
on average, 23% of drinkers appear to be hangover resistant.

There are, however, several limitations in the studies reviewed by
Howland, Rohsenow and Edwards (2008). First, in experimental stud-
ies, generally a pre-set dosage of alcohol was consumed, within a set
short period of time, to achieve a desired peak blood alcohol concentra-
tion (BAC). Given ethical constraints, this peak BAC was generally
around 100-120 mg/dl (e.g., Chapman, 1970; Howland, Rohsenow,
Allensworth-Davies, et al., 2008), which is lower than observed in real
life drinking sessions (Hesse & Tutenges, 2010; Jones, 2010; Verster,
de Klerk, Bervoets, & Kruisselbrink, 2013). Second, it is unclear what is
meant by the term ‘hangover resistance’ from studies in which the
time frame under consideration is limited. There is a difference between
having experienced a hangover in one's lifetime (lifetime hangover pos-
itive; LHP) but not experiencing one following a particular drinking
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episode or within a limited time period (e.g. 1, 2, 5 years) and never
having experienced a hangover across a lifetime of drinking (lifetime
hangover negative; LHN). These two types of hangover resistance
were not differentiated in the studies reviewed by Howland,
Rohsenow and Edwards (2008) but are important, as the absence of
negative after-effects of alcohol may differentially affect the frequency
and volume of future alcohol consumption in LHN and LHP drinkers
(Huntley et al., 2015), which could, hypothetically, differentially alter
the risk for future alcohol use disorders.

Separating LHN from LHP drinkers can be easily achieved by asking
participants whether or not they have ever experienced a hangover in
their lifetime. However, in estimating the prevalence of lifetime hang-
over resistance, this simple binary is insufficient as it does not take
level of intoxication into account. For example, using a large Dutch sur-
vey, Verster et al. (2013) constructed a frequency distribution of the
number of past-year hangover resistant drinkers relative to the total
number of drinkers at each 10 mg/dl (mg%) estimated BAC (eBAC)
value ranging from 0 to 500 mg%. In addition, they computed a cumula-
tive frequency distribution of the proportion of past-year hangover re-
sistant drinkers above and below each 10 mg% eBAC increment to
examine how past-year hangover resistant drinkers were distributed
across the eBAC spectrum. In total, 32.1% of the drinkers in their study
reported not experiencing a hangover in the past year, however more
than half of them were distributed at eBAC levels below 80 mg¥%, the
threshold used in a number of countries to determine impaired driving.
For drinkers whose eBAC met or exceeded 200 mg%, only 8.1% reported
not experiencing a hangover in the past year—substantially lower than
the 23% reported by Howland, Rohsenow and Edwards (2008).

Although Verster et al. (2013) were able to show how hangover re-
sistant drinkers were distributed across the continuum of eBAC values,
hangover resistance over a 12 month period is not equivalent to hang-
over resistance over a lifetime of drinking (LHN). Therefore, the purpose
of the present study was to examine the frequency distribution and cu-
mulative frequency of LHN drinkers across a continuum of eBAC values
ranging from 0 to 500 mg% in a population of university drinkers. Based
on Verster et al. we hypothesized that half or more of the LHN drinkers
would be distributed at eBAC levels below 80 mg%. Furthermore, as it is
conceivable that a proportion of the past-year hangover resistant
drinkers in the frequency distribution created by Verster et al. may
have experienced a hangover at some point in their lifetime, it was hy-
pothesized that the cumulative frequency of LHN drinkers above 80 and
200 mg% in the present study would be lower than that reported by
Verster et al. These aims were achieved through the use of survey data
collected from students at an eastern Canadian university.

2. Materials and methods
2.1. Subjects & procedure

As part of an ongoing larger project examining monthly patterns of
alcohol consumption and alcohol related harms in university students,
full-time students at Acadia University (an eastern Canadian university)
were invited by email to anonymously complete an online drinking sur-
vey about their experiences involving alcohol. The Acadia University Re-
search Ethics Board provided ethical approval for the project. During
each three month long academic term, the full-time student population
was divided into three groups stratified on the basis of sex, year of study,
and degree program. A day following the end of each month within an
academic term, one of these groups was sent an email inviting them
to complete an anonymous drinking survey online so that, by the end
of the third month of each academic term, each full-time student had re-
ceived an invitation to complete the survey. The email provided stu-
dents with a hyperlink to the survey URL. Students provided informed
consent by clicking on the URL hyperlink, which took them to the survey
website. Twenty-four hours following the invitation email students re-
ceived a reminder email, and 24 h following the reminder email

students received a third email thanking those who had completed
the survey and reminding students to complete the survey for a final
time. The survey was closed at the end of the day following the final re-
minder. Students who completed the survey had the option to enter
into a draw for one of two $50 gift certificates by clicking on a URL hy-
perlink that directed them to a separate website.

2.2. Survey

The survey asked students about their experiences involving alcohol
during the previous month, including details about their typical pattern
of drinking (frequency, quantity & duration) and their highest volume
drinking episode (quantity, duration & hangover severity). Data for
the heaviest rather than a typical drinking episode was chosen as the
unit of analysis in the present study because we wanted to know the
highest BAC after which LHN drinkers report not experiencing a hang-
over, as claims of lifetime hangover resistance gain credibility at higher
levels of intoxication. Regarding students' heaviest drinking episode,
they were asked, “In the past month, what is the largest number of
drinks you recall consuming?” and “On that day, over how many
hours did you drink?” Students were then asked to rate their hangover
severity the next day on a single item hangover question (Rohsenow et
al., 2007) that asked, “How would you rate your hangover the next
day?” Seven response options were provided: I have never experienced
a hangover, 0 (Absent), 1 (Mild), 2, 3 (Moderate), 4, and 5 (Severe); stu-
dents selecting ‘[ have never experienced a hangover’ were labelled LHN
whereas students selecting ‘O (Absent)’ and students with a hangover
severity rating greater than zero were labelled LHP.

Demographic questions pertinent to the present research included
students' sex, age, height and weight. Information about height and
weight was obtained to compute estimated blood alcohol concentration
(eBAC). eBAC (in mg/dl, or mg%) was computed separately for males
and females using the formulas provided by Seidl, Jensen and Alt
(2000, p. 74). For males, eBAC was obtained by the formula:
1000 * ((#drinks = 13.6 g alcohol) / (weight in kg = (0.31608 —
(0.004821 * weight in kg) + (0.004632 = height in cm)) / 10 —
(#hours % 0.017)); for females, eBAC was obtained with the formula:
1000 =+ ((#drinks = 13.6 g alcohol) / (weight in kg = (0.31223 —
(0.006446 * weight in kg) + (0.004466 = height in cm)) / 10 —
(#hours = 0.017)). In each formula, the number of drinks was multiplied
by 13.6 as this value corresponds to the volume of alcohol (in grams)
contained in a standard drink in Canada. An elimination rate of
0.017 g% per hour was selected as it represents the midpoint in Jones'
(2010) suggested range of elimination rates of alcohol from blood.
Each formula was multiplied by 1000 to convert BAC values from g/dl
to mg/dl. eBAC values represent blood alcohol concentrations for the
time point at which students reported their drinking episode had
ended. Thus, an eBAC of zero means that a drinking episode was suffi-
ciently long for the alcohol a student had consumed to be metabolized.
For inclusion in the analyses, students were required to have provided
data about their heaviest drinking episode (quantity, duration & hang-
over severity), sex, height and weight as well as background informa-
tion, including their age and their typical drinking pattern (frequency,
quantity & duration). Missing data resulted in case wise deletion.

2.3. Statistical analysis

Data collected over six academic terms from September 2013 to
March 2016 were combined to produce a dataset with the greatest
number of observations of LHN drinkers. Computed eBAC values from
0 to 300 mg% were organized into 10 mg% increments by combining
values within a range of —5 and +4.9 mg% around each increment
(e.g., an eBAC of 80 mg¥% included computed eBACs within the range
of 75 to 84.9 mg%). eBAC values from 300 to 500 mg% were organized
into 50 mg% increments due to the increasing scarcity of data points be-
yond 300 mg%. A frequency distribution was created by dividing the
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number of LHN drinkers by the total number of drinkers at each eBAC
increment from O to 500 mg%. A cumulative frequency distribution
was constructed to examine the proportion of LHN relative to the total
number of drinkers above each eBAC increment.

3. Results

Over the six academic terms, 5540 of 20,887 students completed the
anonymous online survey for an overall response rate of 26.5% (female
response rate = 33.5%; male response rate = 16.8%). A two-tailed bino-
mial test showed that the proportion of female v male respondents
(4060 v 1480 or 73.3% v 26.7%) differed significantly from the student
population (58% female v 42% male), causing the sample to be overrep-
resented by female and underrepresented by male responses, z = 23.16,
p <0.0001 (Siegel & Castellan, 1988). Therefore, female and male data
were analyzed separately. Data provided by nondrinkers were removed,
as were observations with missing data. The final samples included ob-
servations from 3046 female (95% confidence interval = 1.25%) and
1158 male drinkers (95% confidence interval = 2.32%).

A general description of the typical drinking pattern within female
and male samples is provided in Table 1.

The cumulative frequency of LHN drinkers at the eBAC increments of
50 mg%, 80 mg%, 110 mg% and 200 mg% are shown in Table 2. These
eBAC values correspond to the two most common internationally recog-
nized legal limits establishing impaired driving, the commonly held
peak BAC needed to develop a hangover (Rohsenow et al., 2012;
Verster et al., 2010), and the highest eBAC value described by Verster
etal. (2013).

The frequency distributions for female and male LHN drinkers across
the eBAC continuum are shown in Fig. 1. An independent samples t-test
for unequal variances showed that the eBAC values were significantly
higher in the female than male sample, t (2389.02) = 6.38, p < 0.001,
signaling that eBACs in the female sample were distributed over higher
values than in the male sample (see Table 1). The data show that a sig-
nificantly greater percentage of female and male LHN drinkers fell with-
in eBAC increments below (female = 58%; male = 71.4%) than above
80 mg% (female = 42%; male = 28.6%), x*(1) = 7.65, p < 0.01 (Siegel
& Castellan, 1988).

When considering only the subset of drinkers with eBACs above
80 mg%, the proportion of this subset who claimed to be LHN was
5.8% (124/2140) of female and 5.1% (38/739) of male drinkers; when
the smaller subset of drinkers with eBACs above 200 mg% was consid-
ered, the prevalence of lifetime hangover resistance was 4.2% (30/
722) and 4.6% (10/216) for female and male drinkers, respectively.

Table 1
Description of the samples of female and male observations.
Female Male
M SD M SD
Age 20.0 1.8 20.2 2.0
Height (cm) 1663 74 1809 69
Weight (kg) 64.7 127 816 16.5

Typical weekly drinking frequency (days/week) 1.3 0.9 1.7 1.2
Typical weekly alcohol consumption (g/week) 83.2 79.6 1547 151.7

Typical drinking day

Alcohol consumed (g) 60.7 30.6 85.8 48.8
Consumption duration (h) 3.66 1.80 4.37 2.15
eBAC (mg/dl) 90 66 71 60
Heaviest drinking day

Alcohol consumed (g) 89.1 463 1328 677
Consumption duration (h) 4,58 252  5.56 3.11
eBAC (mg/dl) 144 96 124 83
Hangover Severity rating 1.61 152 1.56 1.48

Note: Alcohol is expressed in grams rather than standard drinks because of the diversity of
standard drink sizes worldwide (e.g., Canada 13.6 g, U.S.A. 14 g, the Netherlands 10 g; see
Kalinowski & Humphreys, 2016).

Table 2

Cumulative frequency of observations from female and male lifetime hangover negative
(LHN) drinkers at estimated blood alcohol concentration values of 50, 80, 110 and
200 mg of alcohol per 100 ml of blood (mg%).

eBAC (mg%) Female LHN drinkers Male LHN drinkers

50 45.5% (135/295) 63.9% (85/133)
80 58.0% (171/295) 71.4% (95/133)
110 69.8% (206/295) $1.9% (109/133)
200 89.8% (265/295) 92.5% (123/133)

4. Discussion

Within the full sample of drinkers, over half of male and female LHN
drinkers were distributed at eBAC increments below 80 mg%, which
supports the first hypothesis. Furthermore, consistent with Verster et
al. (2013), only a small percentage of LHN drinkers were distributed at
eBACs > 200 mg%. These results support and extend the findings of
Verster et al. by examining LHN vs. past-year hangover negative
drinkers, and by providing separate distribution profiles for females
and males. Combined, the results of both studies show that the majority
of hangover negative drinkers (both past-year and lifetime) cluster at
low eBACs, with a small minority of hangover negative drinkers distrib-
uting themselves at high eBACs.

Whereas less than half of LHN drinkers were distributed across eBAC
increments above 80 mg%, the small number of LHN v total drinkers at
comparable levels of intoxication, i.e., at eBAC increments > 80 mg¥%,
showed that few drinkers at high eBAC's are lifetime hangover negative.
Compared to the frequency distribution of past-year hangover resistant
drinkers across eBACs from 0 to 500 mg% reported by Verster et al.
(2013), the prevalence of lifetime hangover resistance in the present
study was consistently lower, which supports our second hypothesis.
Furthermore, Verster et al. reported that above eBACs of 200 mg¥%,
8.1% of drinkers claimed not to have had a hangover in the past year;
in the present study we found 4.2% and 4.6% of female and male
drinkers, respectively, to be LHN beyond this level. One explanation
for the reduced prevalence of LHN drinkers in the present study is that
some proportion of the past-year hangover resistant drinkers in the
Verster et al. study may have experienced a hangover at some point in
their drinking history so that the prevalence of past-year hangover re-
sistance in their study would have included some combination of LHN
and LHP drinkers. A second explanation may be a difference in sampling
methods. In the present study a number of datasets were combined in
order to maximize the number of observations of lifetime hangover re-
sistance; Verster et al.'s dataset was made up of independent observa-
tions. A dataset containing a mixture of independent and dependent
observations may introduce sampling bias compared to a dataset
made up entirely of independent observations.

Nonetheless, expanding the range of eBAC values over which hang-
over resistance is considered reveals a much smaller proportion of the
drinking population who have never experienced the negative after-ef-
fects of heavy alcohol consumption than reported by Howland,
Rohsenow and Edwards (2008). Interestingly, a calculation of undiffer-
entiated hangover resistance (LHN & LHP combined) for eBAC incre-
ments spanning 100-120 mg% to replicate the target BAC range
reported by Howland, Rohsenow, Allensworth-Davies et al. (2008)
found that, in our dataset, 25.7% (105/409) of female and 30.1% (41/
136) of male drinkers within this narrow eBAC range reported not
experiencing a hangover. Compared to the hangover resistance rate of
23% reported by Howland, Rohsenow, Allensworth-Davies et al., the
lower prevalence rate reported in the present study and by Verster et
al. (2013) may simply be a function of separating LHN from LHP
drinkers, and expanding the eBAC range being considered.

Knowing with greater precision the proportion of drinkers who are
lifetime hangover negative is important because elucidating the charac-
teristics of this small subset of drinkers versus those at equivalent intox-
ication levels who do have hangovers may help the field in its search to
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understand the pathology of alcohol hangover. There is little scientific
research into hangover immune drinkers. This is, however, a strange
group, as they do not suffer from hangover symptoms that the vast ma-
jority of drinkers do, despite consuming similar large quantities of
alcohol.

Having established that the prevalence of lifetime hangover resis-
tance is small at eBAC's above 80 mg%, the question can be asked, why
have some heavy drinkers never experienced a hangover? We forward
two hypotheses. The first hypothesis we identify as a biological hypoth-
esis, which states that perhaps the biological processes involved in the
metabolism of alcohol in LHN drinkers are different than in drinkers
who experience hangovers, and this difference prevents LHN drinkers
from experiencing hangover symptoms. Examining the physiological
mechanisms at play in returning the body to equilibrium following
heavy consumption of alcohol in LHN v LHP drinkers may shed light
into the biology of hangover. The second hypothesis we identify as a
psychological hypothesis, which suggests that the biological processes
involved in the metabolism of alcohol are the same for all drinkers but
that LHN drinkers are simply less sensitive to their effects. Examining
the psychological experience associated with the body's return to equi-
librium following heavy consumption of alcohol in LHN v LHP drinkers
may shed light into the psychology of hangover, especially as it relates
to the propensity to drive when it may not be safe to do so (Cameron
& French, 2015). Schuckit (1998) has shown that both biological and

psychological processes come into play for drinkers who are less sensi-
tive to the acute intoxicating effects of alcohol. Low level of response to
alcohol is related to heavier drinking and is a good predictor of develop-
ing a subsequent alcohol use disorder (Schuckit & Smith, 2013), espe-
cially in drinkers with a family history of alcohol problems. However,
Schuckit and colleagues did not examine how low level of response to
alcohol might extend to hangover. Rohsenow et al. (2012) found that
hangover insensitivity correlated with low level of response to alcohol
during an alcohol challenge to a target BAC of 120 mg% and suggested
that “these two types of insensitivity are related” (p. 273). As hangover
insensitivity is also associated with consuming higher volumes of alco-
hol, at least in the short term (Huntley et al., 2015), the relationship be-
tween lifetime hangover resistance—the ultimate in hangover
insensitivity—and risk for developing alcohol use disorders awaits fu-
ture study.

The current study has some limitations. First, the data were self-re-
ported. This may introduce the well-known limitations of survey re-
search in general, such as recall bias (Davis, Thake, & Vilhena, 2010;
Del Boca & Darkes, 2003). The eBAC levels presented in this study are
based on self-reports of the quantity of alcohol consumed and the dura-
tion of drinking occasions whose relationship to actual quantity and du-
ration are unknown. However, the self-reported data are consistent
across the six academic terms that were combined to form the dataset
for the present study; the similarity of reporting suggests evidence of
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a reliable phenomenon. Second, the data are not drawn from a random
sample but rather from students willing to complete the survey. As
such, the proportion of the female student population willing to com-
plete the survey (33.5%) was essentially double the proportion of the
male student population (16.5%). Combined with a campus population
characterized by a larger proportion of females than males, our dataset
is over represented by female respondents. To minimize gender bias the
data were analyzed separately for females and males; however, the low
response rate of males suggests that the male sample may not accurate-
ly represent the population from which it came and should be viewed
with caution. Third, the eBAC data are based on drinkers' single heaviest
drinking episode during the previous month. The extent to which this
drinking occasion represents individuals' lifetime heaviest drinking ep-
isode is unknown. A more accurate account of lifetime hangover resis-
tance could be obtained if it were based on drinkers' heaviest lifetime
drinking occasion. Fourth, our dataset was limited to young drinkers
in a university setting. Whether hangover resistance persists in the
LHN drinkers as they age is not known. Longitudinal research that tracks
hangover resistance within LHN individuals over time and across a vari-
ety of BACs would further clarify the nature and extent of hangover
resistance.

Limitations notwithstanding, the ability to separate LHN from LHP
drinkers at comparable and especially high levels of intoxication in the
present study represents a significant advancement within hangover re-
search. Whereas Howland, Rohsenow and Edwards (2008) reported
that, on average, 23% of heavy drinkers were resistant to hangover,
the present study—while supporting this finding—has shown that
when examined across a wider range of BAC values in only those
drinkers who have never experienced a hangover in their lifetime, the
prevalence of lifetime hangover resistance was approximately 5%.
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