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Abstract

Hangover may be related to propensity to develop alcohol use disorders (AUDs). However, the 

etiological role, if any, played by hangover in AUD is unclear. From a motivational perspective, 

hangover can be construed as either a deterrent to future alcohol consumption or a setting event 

for negative reinforcement that could promote deviant drinking practices (e.g., “hair-of-the-dog” 

drinking). Hangover could be related to AUD risk even if it does not play a direct role in 

promoting or inhibiting near-term drinking. For example, measures of hangover might serve as 

symptoms of AUD or as markers of individual differences that more directly account for AUD 

risk. Empirical evidence (though usually indirect) exists to support contentions that hangover is 

related to both risk for and protection from AUD. In this article, we briefly address variation in 

assessment strategies in existing hangover research because measures of hangover frequency and 

hangover susceptibility may prove to have different correlates. Next, we review the existing, 

limited evidence on relations between hangover and AUD risk. Finally, we sketch a variety of 

theoretically-informed hypotheses that might help delineate productive lines of inquiry for this 

emerging field.
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Because hangover consists of an aversive constellation of symptoms and is contingent upon 

heavy drinking, it is natural to assume that it deters or punishes alcohol consumption. By 

extension, one might infer that persons especially prone to hangover would be, on average, 

more abstemious and perhaps protected from developing alcoholism. As we review below, 

population subgroups with differing risks for alcohol use disorders (AUDs) indeed appear to 

differ with respect to measures of hangover. Curiously, though, excess hangover has been 

reported in groups at both increased and decreased risk for AUD. The purpose of this article 

is to review the existing evidence bearing on the potential linkage between hangover and 

AUD. This literature is in its infancy. Consequently, most of the available evidence consists 

of cross-sectional associations, and data have been gathered via a variety of research 
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designs. We begin by briefly reviewing variation in hangover assessment and discuss how 

the assessment strategy may influence the nature and interpretation of associations between 

hangover and AUD risk. Next, we review associations between hangover measures and 

AUD risk factors, bearing in mind these assessment issues. Although existing research 

findings provide mostly indirect evidence, they permit the advancement of a variety of 

hypotheses concerning mechanisms that could account for links between hangover and 

increased or decreased risk of clinically significant drinking problems. We conclude by 

laying out some of the possibilities, in the hope this may point to productive avenues for 

future research.

Strategies for Assessing Hangover

Investigators have used a variety of assessments and research designs to investigate 

associations between hangover and AUD risk. We do not provide a detailed, comprehensive 

review of hangover assessments here, as this is beyond the scope of the current article. 

However, we begin with a brief consideration of some of the major approaches to hangover 

assessment because this identifies important variations in methodology that are pertinent for 

critically evaluating the existing empirical evidence.

Perhaps the most important distinction can be drawn between measures of susceptibility to 

hangover and the occurrence or frequency of hangover. These two approaches are roughly 

aligned with laboratory and survey methods, respectively. Laboratory studies most often aim 

to assess individual differences in hangover susceptibility by administering a fixed dose of 

alcohol to participants and then assessing variation in the presence or severity of the 

hangover syndrome or individual hangover symptoms [e.g. 1, 2]. In contrast, survey 

investigations most commonly assess individual differences in the frequency of hangover 

during some period of time, such as the past year [e.g., 3, 4]. These two measurement 

strategies may assess the same construct, but there is no guarantee that they will do so.

The issue arises from the fact that hangover is a drinking-contingent, dose-dependent 

experience - whereas the investigator can control the dose of alcohol in the laboratory to 

isolate susceptibility effects, the respondent makes the decisions concerning the timing and 

amount of alcohol consumption that are reflected in the survey answers. Logically, then, 

survey-elicited reports of frequent hangover in the past year may reflect multiple causes, 

including (but not necessarily limited to) individual differences in: (a) susceptibility to 

hangover effects, (b) drinking practices, and (c) the modification of drinking behavior by 

hangover effects. That is, one could achieve a high tally of hangovers in a year by being 

very liable to experience one after any drinking, drinking heavily and frequently, or by being 

undeterred from drinking despite hangovers. These influences on hangover frequency could 

have discrepant relations with AUD risk. If laboratory- and survey-based assessments tap 

different kinds of information, it is possible that findings arising from these designs will 

sometimes point to different conclusions.

Diary or ecological momentary assessment designs involve asking drinkers to record details 

of drinking episodes and any associated hangover experiences in real time, often for an 

extended period [5-9]. These kinds of designs combine some of the features of laboratory 
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and survey research. As in laboratory studies, diary designs allow the investigator to 

examine the symptoms and time course of individual hangover events. In the typical diary 

design, drinking behaviors are merely observed, not prescribed by the investigator. The 

disadvantage of this is that the investigator does not control dosing and must settle for 

collecting measures of the amount consumed. However, surrendering control of the drinking 

decisions to the participant has some offsetting advantages. One is that the investigator can 

simultaneously investigate the correlates of drinking behavior and hangover responses. 

Similarly, diary data permit scrutiny of the (potentially distinct) correlates of hangover 

occurrence or frequency vs. susceptibility (e.g., relation between hangover endorsement and 

amount of alcohol consumed).

A variety of other assessment issues complicate interpretation of existing data. In many 

diary studies and surveys, drinkers are asked to report the number of “drinks” consumed in a 

selected or typical drinking episode. Participants are sometimes coached or prompted 

concerning the definition of a “standard drink” [e.g. 7], but drinkers often do not have an 

accurate sense of what constitutes a “drink,” particularly for beverages that are freely-poured 

[10-12]. Therefore, self-reports of the number of drinks consumed in an event have limited 

precision. Similarly, some diary designs and survey instruments rely on the subject to 

determine whether or not a “hangover” occurred. The term “hangover” is subjective and 

could mean different things to different drinkers. Some of the evidence reviewed below is 

open to alternative interpretations invoking these kinds of assessment limitations. For 

example, some apparent risk group differences in hangover might be explained by group 

differences in the accuracy of drinking reports or “hangover” thresholds. To the extent that 

such factors contribute to measurement error, they could also make it harder for small 

studies to powerfully test group differences. This could account for some null findings.

Hangover and AUD Risk Factors: Cross-Sectional Evidence

Family History of Alcoholism

Alcohol use disorders run in families [e.g., 13, 14]. Four studies have used survey designs to 

test associations between family history of problem drinking and hangover frequency. 

Newlin & Pretorious [3] administered a measure tapping a variety of past-year hangover 

symptoms to a sample of male college students, including 13 sons of alcoholics and 25 sons 

of non alcoholics. There were modest risk group differences in quantity and frequency of 

past-year drinking. Even after taking these different drinking practices into account, the sons 

of alcoholics reported more frequent past-year hangover than the sons of nonalcoholics. 

Slutske et al. [4] administered a different retrospective assessment of past-year hangover 

symptoms to a sample of 1,230 college drinkers, 23% of whom reported a history of alcohol 

problems in a biological parent. The offspring of parents with alcohol problems reported 

more past-year hangover symptoms, even when risk group differences in drinking practices 

were covaried. Earleywine [15] did not detect significant differences between familial risk 

groups on a measure of past-year hangover frequency in a sample of 111 college drinkers. 

Piasecki, et al. [16] examined reports of past-year “headache (hangover)” the morning after 

drinking, collected on 6 occasions over an 11 year period from students recruited into a 

longitudinal, familial high-risk study. At all waves, offspring of alcoholics reported higher 

Piasecki et al. Page 3

Curr Drug Abuse Rev. Author manuscript; available in PMC 2014 December 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



hangover frequency. However, these risk group differences were only significant at the first 

two waves, when members of the sample were approximately 18 and 19 years old, 

respectively. It is noteworthy that hangover frequency declined over time in both risk groups 

in this research. Thus, the group differences in hangover frequency were observed when 

hangovers were most prevalent. This raises the possibility that the sensitivity of hangover 

frequency as a risk indicator may depend upon the developmental period in which it is 

assessed.

A small body of evidence has used laboratory designs to test associations between familial 

risk and hangover susceptibility, with mixed results. McCaul, et al. [17] examined the time 

courses of a variety of responses to a 1.0 g/kg alcohol challenge in 16 sons of alcoholics and 

16 controls. Compared to the controls, sons of alcoholics reported elevated scores on a 10-

item withdrawal/hangover scale that persisted for 6-7 hours after alcohol administration. 

Span & Earleywine [18] conducted a study in which 20 sons of alcoholics and 20 controls 

participated in two sessions of alcohol administration (.5 g/kg). Offspring of alcoholics 

reported more severe hangover symptoms the morning after these challenge sessions. 

Finally, Howland et al. [1] reported pooled analyses from 3 cross-over studies in which 

participants received placebo on one occasion and alcohol (1.2 g/kg for men and 1.1 g/kg for 

women) on the other. Self-reported hangover was absent after 97% of the placebo sessions, 

but approximately 75% of the participants reported at least mild hangover after the alcohol 

session. In a multivariate logistic regression model that also included sex, age, beverage type 

and drinking practices, family history of alcoholism was unrelated to the odds of hangover 

endorsement after the alcohol condition.

One study using daily diary methodology examined the relation between familial risk and 

hangover. Piasecki, et al. [7] asked 127 college students to carry electronic diaries over a 14 

day period. Each morning, the students rated whether they had consumed alcohol the night 

before. If they had, they reported whether or not they experienced a “hangover (even just a 

little)” as a result. This assessment strategy, intended to be sensitive to post-intoxication 

symptoms that might not otherwise rise above students' personal threshold for hangover 

endorsement, was referred to by the authors as an index of “hangoverlike experiences” 

(HLEs). Thirty-four students (27%) reported that at least one biological parent had a history 

of alcohol problems. Students with parental problems were found to be more likely to 

endorse HLE in the diary over the course of the study. HLE was endorsed after 65% of 

drinking days among students with parental alcohol problems, compared to a base rate of 

41% among students denying parental problems. Students with parents who had drinking 

problems reported consuming more drinks per occasion, but they were still found to be more 

likely to endorse HLE compared to students who denied parental problems even when the 

number of drinks in the episode was covaried. This potentially suggests that parental alcohol 

problems are associated with an increased HLE/hangover susceptibility.

In sum, although research into the question of whether familial risk for AUD is linked to 

hangover spans decades, the body of evidence remains small. Null findings have been 

reported, but when significant effects are found, they consistently point toward more 

frequent hangover or increased susceptibility to hangover among drinkers at high familial 

risk.
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Sex Differences

There are clear sex differences in the prevalence of AUD, with men being more likely than 

women to earn both past-year and lifetime diagnoses [19]. Thus, in the broad or ultimate 

sense, men are at higher risk for AUD than women. On the other hand, a small literature 

examining the course of AUDs suggests women who are diagnosed reach clinically 

significant milestones more quickly than do men [e.g., 20, 21]. It could be argued that this 

“telescoping” of the time from drinking initiation to problem expression indicates an 

increased susceptibility to AUD among women assuming sufficient alcohol exposure.

Retrospective survey investigations have often found that men report more frequent past-

year hangovers than women [4, 16, 22, 23]. Men also tend to drink more heavily than do 

women [e.g., 4, 16, 23, 25]. Thus, men have more opportunities to develop hangover. Some 

survey studies have found that women are predicted to have more frequent hangover once 

sex differences in the heaviness and frequency of drinking is accounted for. For instance, 

Slutske et al. [4] tested sex differences in individual past-year hangover symptoms and 

found two effects: men reported more frequently experiencing vomiting and sweating more 

than usual after drinking compared to women. However, men also reported drinking more 

frequently, consuming more drinks per occasion, and getting drunk more often than women. 

When these drinking practices were taken into account, women were found to be more likely 

to report 9 of 13 measured hangover symptoms. In the longitudinal high-risk study reported 

by Piasecki et al. [16], multilevel models reflected the expected association between heavy 

drinking frequency and hangover frequency. However, this relation was moderated by sex, 

such that heavy drinking frequency was more strongly related to hangover among women 

than men. These kinds of findings have been tentatively interpreted as evidence that women 

are more susceptible to hangover than are men [4, 16].

The vast majority of laboratory studies involving hangover induction have limited 

recruitment to a single sex, typically men. Most studies involving both men and women and 

explicitly testing sex differences in next-day symptoms have not found significant effects [1, 

26-30]. Verster and colleagues recently reported a laboratory investigation in which women 

were found to report more severe symptoms the day after alcohol administration [31]. 

However, no sex differences were found for objective measures of cognitive performance in 

this study. Slight differences in dosing protocols across studies might help to explain the 

discrepant effects. Verster et al. [31] administered alcohol on the basis of body weight (1.4 

g/kg). In contrast, other recent challenge studies failing to find sex differences in hangover 

symptoms attempted to equate subjects on a target breath alcohol concentration (BrAC) 

[e.g., 1, 29, 30, 32]. For example, Rohsenow, et al. [29] administered 1.2 g/kg ethanol to 

men and 1.0 g/kg to women so that all subjects would reach a target BrAC of 0.10 g%. Such 

procedures may permit more stringent tests of sex differences.

Diary studies have produced mixed evidence of sex differences in hangover susceptibility. 

Jackson [5] asked a sample of undergraduates to make once-daily web-based reports on 

drinking behaviors. Analyses examined the predictive validity of various cut scores that 

might be used to index “binge” or heavy episodic drinking. One criterion measure was the 

severity of hangover symptoms rated each day after drinking occurred. Fifteen or more 

drinks appeared to be the optimal threshold for predicting hangover symptoms for men, 
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whereas 10 or more drinks appeared to be a more appropriate hangover threshold for 

women. In our diary investigation of college students [7], we found men and women did not 

differ with respect to the likelihood of reporting an HLE during the 14-day study period. 

However, women were found to be more likely to report HLE given the occurrence of 

drinking. In an additional model, we found an interaction between the number of self-

reported drinks consumed and sex in predicting HLE endorsement, such that the relation 

between number of drinks and HLE endorsement was stronger among women. Women 

reported consuming an average of 8.2 drinks the night prior to mornings on which they 

experienced HLE. In contrast, men reported an average of 15.1 drinks prior to HLE. These 

findings suggested possible increased susceptibility to HLE among women compared to 

men. Two studies of young Danish tourists on holiday, however, failed to find sex 

differences in the severity of acute hangover symptoms the day after drinking when the 

number of drinks consumed was covaried [8,9].

When sex differences in hangover have been found, analyses have typically examined the 

number of drinks consumed. It is notable that laboratory research, in which dose of alcohol 

is more carefully controlled, has generally failed to find sex differences in hangover. In 

laboratory studies in which all participants are equated on a target breath alcohol 

concentration, men must consume more drinks than women [e.g., 32]. Sex differences in the 

pharmacokinetics of alcohol therefore appear to provide a reasonable account for the pattern 

of existing evidence. At the same number of drinks, women are more prone to hangover than 

men, but this is likely explained by the tendency for women to attain higher blood alcohol 

concentrations (BACs). At equivalent BACs, men and women appear to be indistinguishable 

with respect to most hangover effects.

Smoking

Cigarette smoking and tobacco dependence are strongly related to heavy drinking and AUD 

[33-36]. Tobacco and alcohol are frequently used simultaneously [e.g., 37] providing an 

opportunity for pharmacologic modulation of alcohol responses by smoking. Additionally, 

smokers likely differ from nonsmokers with respect to alcohol sensitivity owing to common 

genetic vulnerabilities for drinking and smoking as well as acquired processes such as cross-

tolerance [38, 39]. Smoking has been explored as a correlate of hangover in only a handful 

of studies. In one epidemiologic survey of Finnish men, measures of lifetime smoking 

exposure were higher among frequent hangover sufferers (though statistical tests were not 

reported) [40]. A small number of laboratory studies have included smokers and reported 

tests for differences in hangover symptomatology; none found significant moderation of 

hangover by smoking status [26, 27, 41]. In our diary investigation of college students [7], 

we found that smokers were more likely than nonsmokers to report HLE during the 

observation period. However, this effect appeared attributable to differences in the 

frequency of drinking because it was eliminated when analyses were restricted to post-

drinking days. Smokers and nonsmokers reported comparable numbers of drinks, on 

average, prior to HLE (10.0 and 10.1, respectively). Hesse and Tutenges [8] found that, 

among young tourists, neither being a regular smoker nor smoking the night before the 

assessment was associated with current hangover severity. In sum, limited evidence hints 

that hangover may be more frequent among smokers. If so, this is likely to be explained by 
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more frequent drinking among smokers because smoking status does not appear to be 

associated with differential hangover susceptibility.

Alcohol Metabolizing Genes

Acetaldehyde, a metabolic byproduct of ethanol, is toxic and produces physical signs and 

symptoms (e.g., facial flushing, tachycardia, headache, nausea) if it accumulates [42]. 

Because these “flushing” responses overlap with the hangover syndrome, there is a plausible 

rationale for expecting that genetic variants associated with either more active forms of 

alcohol dehydrogenase (ADH, the enzyme needed to break down alcohol to acetaldehyde) or 

less active forms of aldehyde dehydrogenase (ALDH , the enzyme needed for elimination of 

acetaldehyde) would be related to measures of hangover. Alleles associated with increased 

acetaldehyde and flushing phenotypes are robustly associated with protection from AUD 

[42-44].

Two survey investigations have demonstrated associations between ALDH2 alleles and 

hangover in East Asian populations [23, 24]. Wall and colleagues [24] did not find an 

association between the flushing-related ALDH2*2 genotype and past-year hangover 

frequency in a sample of college students of Chinese, Japanese, or Korean descent. 

However, carriers of ALDH2 *2 alleles scored significantly higher on a measure asking 

participants to estimate the severity of the hangover they would experience after consuming 

6 drinks (if male) or 4 drinks (if female) over the course of a few hours. Yokoyama, et al. 

[23] found that the relation between the amount of daily alcohol consumption and hangover 

frequency was stronger among male Japanese workers with an ALDH2*1/2*2 genotype 

compared to ALDH2*1 homozygotes. When asked to indicate the number of drinks typically 

preceding hangover, carriers of ALDH2*2 reported lower consumption compared to drinkers 

homozygous for ALDH2* 1. A third study [45] investigated the association between ADH1B 

and expected severity of hangover after 6 or 4 drinks (depending upon sex) in a sample of 

college students of European descent. Carriers of the flushing-related ADH1B*2 allele 

reported anticipating more severe hangover at this level of drinking. Thus, existing data are 

fairly consistent in indicating that drinkers with genotypes known to lead to acetaldehyde 

accumulation and confer protection from AUD are also more susceptible to hangover 

effects, at least as gauged by retrospective survey or self-reports of the expected aftereffects 

of drinking.

Other Individual Differences

Personality Risk—A handful of investigations have explored relations between hangover 

and the MacAndrew scale [46], an empirically derived MMPI scale thought to index 

personality risk for alcoholism. Earleywine [15] found that frequency of hangover 

symptoms in the past year increased with higher scores on the MacAndrew scale in a sample 

of college student drinkers. This association was significant in a model controlling typical 

drinking practices and other factors. In another investigation of college students, Earleywine 

[47] computed residual past-year hangover frequency scores from a regression analysis in 

which average quantity of alcohol per occasion was entered as a predictor. Conceptually, 

these residuals tap something like hangover susceptibility, i.e., individual differences in 

hangover frequency not accounted for by drinking practices. Residual hangover scores were 
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cross-sectionally associated with scores on both the MacAndrew scale and the Short 

Michigan Alcoholism Screening Test (SMAST) [48], a measure tapping symptoms of 

problem drinking. Personality risk interacted with residual hangover scores in predicting 

alcohol problems, such that the MacAndrew scale was only associated with SMAST scores 

among individuals who reported frequent hangover. Among women, residual hangover 

scores statistically mediated the association between personality risk and problem drinking. 

These findings might suggest that personality risk is only translated into disordered drinking 

among those drinkers with a permissive biological substrate (indexed by hangover 

susceptibility) [47]. Span and Earleywine [18] administered the MacAndrew scale to 

participants in their familial high-risk alcohol challenge study. Results revealed no relation 

between MacAndrew scores and the severity of next-day symptoms after alcohol challenge. 

Thus, the evidence linking personality risk and hangover susceptibility is mixed.

Heavy Drinking—Frequency of hangover was cross-sectionally related to self-reports of 

heavy drinking frequency in a number of the survey studies described above [4, 16, 47]. 

Other studies have documented similar associations. Maney, et al. [49] classified adolescent 

current drinkers in the National Longitudinal Study of Adolescent Health as either high or 

low risk, based on whether or not they reported a lifetime “binge” involving consumption of 

5 or more drinks in a sitting. They then compared high- and low-risk drinkers with respect to 

a variety of alcohol-related problems. Across all these comparisons, the largest effect size 

was found for lifetime hangover experience, with the high-risk group being significantly 

more likely to report hangover. In a survey of middle-aged Finnish men, Kauhanen, et al 

[40] found that monthly or more frequent hangover was concentrated in the highest quartile 

of drinking heaviness (43.8% vs. 6.6% in the pooled lowest 3 quartiles). Of course, such 

findings may simply reflect the fact that hangover is a dose-dependent phenomenon, and so 

only heavier drinkers have the opportunity to develop hangovers. However, as we detail in 

later sections, it is possible to construe these relations as consistent with a variety of 

explanations.

Sensitivity to Alcohol—Some evidence hints that hangover propensity might be 

associated with individual differences in alcohol response. Ylikahri, et al. [2] found those 

who reported severe hangover the day after a standard challenge dose rated themselves as 

more intoxicated immediately post-drink compared to individuals who did not complain of 

severe hangovers the next day. Those suffering severe hangover attained BACs equivalent to 

those of other participants, suggesting the elevated intoxication reports reflected differences 

in alcohol sensitivity per se. Thus, hangover-reactive individuals may be more sensitive to 

both the immediate and post-intoxication effects of alcohol.

Prospective Associations between Hangover and Subsequent AUD

To our knowledge, the results from the longitudinal high-risk study reported by Piasecki, et 

al. [16] represent the only direct test of whether hangover measures predict later AUD 

outcomes. In this study, 489 college freshmen at high or low familial risk for alcoholism 

were assessed on six occasions spanning 11 years (up to when participants were 

approximately age 30). Hangover frequency during the freshman year predicted diagnoses 

of any AUD (DSM-III alcohol abuse or alcohol dependence) [50] 7 and 11 years later, even 

Piasecki et al. Page 8

Curr Drug Abuse Rev. Author manuscript; available in PMC 2014 December 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



when freshman year diagnostic status, frequency of heavy drinking, sex, and familial risk 

were covaried. Other acute consequences of heavy drinking during the freshman year 

(blackout, tolerance, perceived dependence, morning drinking, and withdrawal) were 

univariately associated with later AUD diagnoses, but only withdrawal (i.e., “Have you ever 

had ‘the shakes’ after stopping or cutting down on drinking?”) was significant when 

covariates were included. Freshman year hangover frequency incrementally improved the 

model that included freshman year withdrawal and other covariates. Thus, frequent 

hangover forecasted the onset of AUDs. This prediction of AUD at later waves was unique 

to hangover and withdrawal-like adverse reactions to drinking during the freshman year, not 

a general pattern associated with any negative consequence of drinking.

Hypotheses Concerning Links between Hangover Measures and AUD

The available evidence, though quite limited, suggests the links between hangover measures 

and AUD could be complex or multifaceted. In this section, we sketch some hypotheses that 

could be generative in future research. It is unlikely that we have identified all the possible 

mechanisms, and it is also likely that many of these ideas will ultimately prove to be 

incorrect. Our chief goal at this stage is to illustrate that there are numerous ways to 

conceptualize (and hence, to investigate) relations between hangover measures and AUD 

risk. Broadly speaking, the hypotheses can be grouped according to whether they posit that 

hangover discourages drinking, encourages drinking, or is independent of local drinking 

behavior.

Hangover as a Punisher

It is intuitively appealing to conjecture that hangover should be a punisher that deters future 

drinking. Certainly, depictions of hangover in popular culture often highlight feelings of 

regret and resolutions to avoid alcohol. The widespread interest in hangover cures [51] 

suggests many drinkers find hangover aversive. (On the other hand, this same search for 

cures suggests drinkers may view hangovers as an inconvenient impediment to drinking, 

viz., a problem to be solved rather than a deterrent).

Of the evidence reviewed above, the literature concerning links between alcohol 

metabolizing genes and hangover provide the clearest support for the notion that hangover 

discourages drinking. Genotypes associated with aversive flushing responses to alcohol are 

both indicators of protection from AUD and, apparently, markers of increased susceptibility 

to hangover. It is also noteworthy that the flushing response to alcohol is similar to the 

response to alcohol with disulfiram, a pharmacotherapy used to deter drinking [42, 52]. One 

potential caveat is that it is not entirely clear from existing evidence that persons susceptible 

to the flushing syndrome are actually referring to the same phenomenon as other drinkers 

when they use the term “hangover.” Conceivably, self reports of “hangover” among those 

prone to flushing might be influenced, at least partly, by reflections on their more immediate 

aversive reactions to alcohol consumption. Although acetaldehyde has been posited to be a 

major cause of hangover symptoms [53, 54], other mechanisms have been hypothesized as 

well (e.g., beverage congeners [30, 55-57]; immune and inflammatory processes [28, 57, 

58]; sleep disturbance [25, 30]). Thus, it is possible that drinkers susceptible to the flushing 
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syndrome experience next-day hangovers that are qualitatively different from those of other 

drinkers because they arise from a different profile of contributory causes.

Hangover is a delayed effect of drinking, not typically arising until the blood alcohol 

concentration starts to fall and peaking when BAC is near zero [2, 41]. Reinforcers and 

punishers tend to have maximum behavioral influence when they are delivered immediately 

after the target behavior [59]. Because the influence of a punisher weakens with delay, 

hangover could be quite aversive without necessarily having a strong effect on drinking 

behavior. In this regard, it is interesting that the clearest evidence linking hangover 

susceptibility to protection from AUD comes from persons prone to the flushing syndrome. 

For these individuals, hangover susceptibility might not be a core mechanism accounting for 

AUD protection. Instead, hangover complaints may serve as a marker of their (potentially 

more behaviorally potent) immediate aversive reactions to alcohol.

Conditioned Taste Aversion—The prominence of nausea in hangover suggests 

conditioned taste aversion (CTA) learning is one possible mechanism through which 

hangover could deter drinking. CTA represents a powerful, primitive defensive system 

specifically prepared to punish ingestion of toxic substances. Relative to other forms of 

Pavlovian conditioning, CTA is unique in that associations can be formed between 

conditioned stimuli (CSs; flavors) and an unconditioned stimulus (USs; malaise) even when 

a long delay occurs between their presentations [60]. Thus, CTA learning could occur even 

though hangover tends to arise many hours after drinking initiation. Notably, there is a 

substantial literature using inbred rodent strains to examine genetic relations among CTA 

acquisition and other alcohol-related phenotypes, such as acute and chronic withdrawal and 

home cage ethanol drinking [e.g., 61-63]. This literature may serve as a fertile source of 

hypotheses useful for future investigations of possible associations among hangover, 

drinking avoidance, and individual differences.

There are some reasons to question the generality or significance of any role for CTA in 

accounting for the avoidance of alcohol after hangover. CTA learning involves associating a 

novel flavor with malaise. Drinkers will often have had extensive prior exposure to the 

flavor(s) of the beverage(s) causing a particular hangover, and this could inhibit the 

acquisition of CTA learning. Of course, alcoholic beverages come in many flavors. Thus, 

hangover might promote avoidance of a specific beverage (or novel foods consumed during 

drinking episodes) rather than avoidance of alcohol consumption per se.

In sum, although it seems plausible that hangover should punish drinking, there is need to 

explicitly document this. Research is also needed to identify any individual differences in 

deterrence of drinking and to delineate the processes through which it may operate.

Hangover as a Motivator of Drinking

Theories of addiction often point to the use of a drug to alleviate aversive abstinence effects 

as a key process in the escalation of use and development of dependence [64]. Because 

alcohol relieves its own after-effects, hangover symptoms may set the occasion for negative 

reinforcement from drinking [3, 18].
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Such “hair-of-the-dog” drinking could lead to problems for the drinker via several routes. 

Morning drinking tends to run afoul of social norms, and thus may initiate a transition to 

more generally deviant patterns of alcohol involvement. To the extent that it interferes with 

role obligations, morning drinking could result in “telescoping” by hastening the emergence 

of clinically significant impairment necessary to earn AUD diagnoses. Morning drinking 

could also promote the development of physical dependence by both increasing the total 

amount of alcohol consumed and by leaving fewer periods of abstinence in a typical day.

It is important to note that hair-of-the-dog drinking need not be synonymous with morning 

drinking. If hangover effects are long-lasting, an individual might still experience 

symptomatic relief upon drinking at later, more socially acceptable times of day. At least in 

theory, hair-of-the-dog drinking could promote a pathological pattern of consumption, even 

if it occurs only occasionally. For example, Baker et al. [64] proposed a reformulated 

negative reinforcement model of addiction positing that manifestations of physical 

dependence occur early in the drug use career and that instances of drug-contingent relief of 

withdrawal are formative influences on the pathway to drug dependence. Such experiences 

theoretically cause the user to learn to use the drug as a prepotent response to negative 

affect. Thus, hangover might not need to serve as a frequent trigger of drinking. Instead, a 

few instances of hangover relief might spur problematic drinking by stamping in a 

maladaptive learned association between distress or discomfort (from any source) and 

alcohol use. In this light, it is notable that among the various reasons people give for 

consuming alcohol, coping motives are most strongly related to problematic alcohol use 

[65].

Hangover as a Marker

A host of possible explanations conceptualize hangover measures as markers of other 

important traits of the drinker. None of these accounts require any acute modulation of 

drinking behavior by the hangover state to explain an association between hangover 

measures and AUD risk. However, these accounts are frequently compatible with the 

possibility that hangover has local and direct effects on drinking behavior.

Rising Limb Effects—Individual differences in the experienced initial effects of drinking 

may have a bigger influence on future drinking behavior than do delayed punishing effects. 

It is intriguing to speculate that hangover could represent a “rebound” or “mirror image” of 

hedonically positive initial intoxication effects [3]. Some theorists have suggested that 

hangover might be conceptualized as an opponent process [66] “b-state” that is recruited to 

counter the affective disturbance provoked by an alcohol US [3, 9, 67]. From this 

perspective, one might predict that the hangover should be related to the size of the “a-state” 

to be opposed. Thus, persons who either drink very heavily (i.e., behaviorally inducing large 

a-states) or are constitutionally sensitive to alcohol reward (i.e., sensitive to large a-states) 

should be more likely to report hangovers. In either case, the signal function of the hangover 

report may be to indirectly identify individuals who are deriving especially large affective or 

hedonic benefits soon after consuming alcohol in their daily lives.
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As noted earlier, some evidence suggests drinkers who are susceptible to hangover also 

report stronger subjective intoxication from a fixed dose of alcohol [2]. Interestingly, 

offspring of alcoholics [68-70] and persons with flushing-related genotypes [71] may be 

more sensitive to some effects of alcohol on the rising limb of the blood alcohol curve. 

Because both groups may be more sensitive to hangover as well, it seems plausible that 

increased initial sensitivity to alcohol might covary with hangover susceptibility more 

generally. However, this hypothesis remains to be explicitly tested.

Withdrawal and Tolerance—The symptoms of hangover resemble those of alcohol 

withdrawal [72]. Theorists have frequently entertained the notion that hangover is a form of 

acute alcohol withdrawal [3, 9, 15, 54, 67, 73]. From this perspective, it has been 

hypothesized that measures of hangover susceptibility could be early markers of individual 

differences in the liability to developing physical dependence.

In humans, the existence of the acute withdrawal phenomenon has been demonstrated most 

vividly in the opiate literature. In these studies, participants are administered a single dose of 

opiate, then administered an opiate antagonist a few hours later. At low doses of opiate, 

administration of the antagonist simply reverses opiate effects. However, when the 

antagonist is administered after a high dose of opiate, many of the classic signs of chronic 

opiate withdrawal (e.g., yawning, watering eyes, dysphoria) are observed [e.g., 74]. Such 

data suggest a single dose of drug may be sufficient to rapidly provoke tolerance-like 

adaptations and withdrawal symptoms. That is, the roots of physical dependence may be 

evident after a single dose of drug. The data also suggest that an acute withdrawal response 

is most likely to occur with large doses of drug. Notably, hangover is also a dose-dependent 

phenomenon.

Although animal models of acute alcohol withdrawal have been developed [e.g., 75], acute 

withdrawal has not received extensive study in humans. However, a great deal of evidence 

documents acute tolerance to alcohol. For example, subjective responses to alcohol are 

diminished on the descending limb of the blood alcohol concentration curve compared to 

comparable BACs on the rising limb [e.g., 76, 77]. Similarly, subjective responses to alcohol 

diminish over time when the blood alcohol concentration is clamped at a constant level [78]. 

In the current context, it is interesting that offspring of alcoholics show more pronounced 

acute tolerance to alcohol compared to offspring of nonalcoholics [78]. Taken together with 

the evidence reviewed earlier suggesting familial risk for alcoholism may be related to 

hangover susceptibility, these findings hint at the possibility that hangover could represent 

an acute withdrawal syndrome arising from intra-administration adaptations to the drinking 

episode (i.e. acute tolerance). Such speculation is also compatible with a model proposed by 

Begleiter & Porjesz [79], which posits that offspring of alcoholics possess a neural 

constitution that makes them susceptible to increased tolerance, enhanced reinforcement 

from alcohol, and increased liability to physical dependence and withdrawal-like effects.

It is possible to unify these speculations about acute tolerance and withdrawal with the 

opponent process account mentioned earlier. The opponent process model posits that the b-

state is recruited to counteract the a-state. Thus, if hangover is construed as a b-state, it is 

conceivable that it is a marker or outgrowth of the very compensatory processes responsible 
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for tolerance. If so, it may mark the operation of a core component of addiction. For 

example, Koob & LeMoal's allostatic model [80], a reformulated opponent-process account 

of addiction, highlights the recruitment of brain anti-reward processes to counteract drug-

attributable reward dysregulation as a key milestone in the development of drug dependence.

Risky Patterns of Intake—Hangover could serve primarily as a marker of distinctive, 

problematic patterns of alcohol intake. As noted earlier, there is a sense in which this 

observation is self-evident and not especially interesting - drinking heavily is a necessary 

precondition for hangover. What we suggest here is that reports of hangover may be 

especially sensitive markers of very high-dose binge exposures that might contribute unique 

information about AUD risk. Alcohol use is often measured in survey research using 

quantity-frequency measures or indexes of “binge” drinking that use somewhat low 

thresholds (i.e., 5 drinks in a sitting for men, 4 drinks for women) [5, 81]. At least among 

young drinkers, hangover events are preceded by drink totals that significantly exceed these 

levels [5, 7]. Thus, hangover measures may reflect the occurrence of very large binges. It is 

interesting to apply this explanation to some of the suggestive evidence reviewed earlier. For 

instance, if offspring of alcoholics are more likely to engage in very large binges, the 

residual association between familial risk and hangover after covarying conventional 

measures of typical drinking practices may simply reflect this specific group difference in 

drinking pattern. Similarly, the prospective association between hangover frequency and 

later AUD [16] might simply reflect the fact that adding information concerning the 

occurrence of very large binges to the prediction model more fully represents individual 

differences in drinking pattern and intensity. Alternatively, large binges might have unique 

consequences (e.g., neurotoxic effects on cognitive abilities; [82]) that could affect 

subsequent drinking behaviors.

Hangover occurrence could conceivably be a marker of unique intra-episode patterns of use. 

For instance, hangover might be related to consuming shots or “gulping” drinks in a way 

that produces an especially steep rising slope of the blood alcohol concentration curve [3]. 

Blackout, another “morning after” phenomenon, has been related to the speed of 

consumption [83, 84]. Additionally, differences in alcohol response between offspring of 

alcoholics and nonalcoholics may be accentuated under conditions of speeded alcohol 

administration [68]. BAC slope may or may not turn out to be the important parameter. The 

main point is that hangover could mark some manner of drinking that adds incremental 

variance above amount of drinking in predicting AUD risk.

The opponent process model predicts susceptibility to hangover could be acquired because 

the b-state is thought to become stronger and more efficiently recruited with practice [66]. 

Consistent with this assertion, a recent study of hangover among young tourists found that 

the drinkers who had been on holiday (and presumably drinking) for longer reported more 

severe acute hangover symptoms [8]. A second, prospective study using a similar sample 

demonstrated that hangovers became more severe over the course of the holiday and that the 

relation between the number of drinks consumed and hangover severity become stronger on 

later days [9].
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The conditioned compensatory response model of tolerance [87] might also suggest 

hangover experiences could change with experience. This model places greater emphasis on 

the role of associative learning in eliciting drug-opposite responses. One interesting type of 

associative learning, termed the homoreflex, occurs when the early portion of an 

interoceptive experience comes to serve as a conditioned stimulus signaling later 

components of the experience [e.g., 64, 85, 86]. In the case of drug self-administration, the 

initial sensations produced by drug ingestion should be natural predictors of later, larger 

drug effects. These intra- administration associations may contribute to tolerance and 

withdrawal by eliciting conditioned compensatory responses that counter the homeostatic 

disturbance caused by drug [87]. Indeed, prior training with large doses of drug has been 

shown to be associated with acute withdrawal-like responses when a low dose of drug 

designed to mimic drug onset cues is administered [88].

This raises the possibility that frequent binge drinkers could eventually become more 

susceptible to hangover after low-to-moderate doses of alcohol because the effects of their 

initial drink(s) come to evoke homoreflexive responses that anticipate the occurrence of a 

large binge. When drinking is moderate, disproportionate compensatory responses might 

manifest as hangover. In other words, binge drinkers may inadvertently train themselves to 

be vulnerable to “alcohol-elicited alcohol withdrawal” [cf. 88]. If such a process occurs, it 

could have the ironic consequence of discouraging drinking restraint.

As mentioned earlier, Span and Earleywine [18] found that sons of alcoholics reported 

elevated hangover symptoms after alcohol challenge compared to sons of nonalcoholics. 

Interestingly, the sons of alcoholics also reported higher symptoms the morning after a 

placebo session. The risk groups did not differ with respect to expectancies for hangover 

effects prior to beverage administration, suggesting this was not the source of group 

differences following the placebo administration. Conceivably, the placebo beverage might 

have mimicked alcohol cues sufficiently to provoke a hangover-like compensatory response 

or opponent process among the sons of alcoholics. Of course other explanations, including 

measurement error, could explain the same finding.

Traits and Abilities—Hangover might associate with risk or protection from AUD by 

marking individual differences in traits or abilities that are more directly involved in AUD 

risk.

Hangover may be an effective deterrent for drinking for most alcohol users. These 

individuals may not report frequent hangover because one or two isolated hangovers is 

sufficient to spur them to use self-regulation strategies to keep alcohol consumption within a 

safer range. If this is the case, then frequent hangover is potentially a marker of the tendency 

to persist in drinking despite hangover. This could be explained by a deficit in the ability to 

learn from punishment contingencies. A recent study of college student drinkers found that 

students tended to overestimate how many drinks would be required to experience a future 

hangover (compared to reports of past hangovers) [89]. Interestingly, the extent to which 

students overestimated their drinking capacity was associated with typical drinking 

heaviness. Thus, a failure to learn from past drinking experiences appeared linearly related 

to drinking behavior. In addition, low IQ has been found to correlate with frequent hangover 
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[90] and could play a role in this kind of process. Research has also shown that impaired 

punishment learning, like hangover, is associated with a familial history of alcoholism [91].

Individual differences in impulsivity are related to AUD risk [92]. Avoiding hangover 

requires forgoing the short-term reward promised by the next drink to avert a delayed 

consequence. Highly impulsive individuals may find it especially difficult to balance these 

competing signals and effectively regulate their drinking, particularly under the influence of 

alcohol, which impairs inhibitory control [93]. Finn and colleagues [94] recently 

demonstrated that impulsivity moderated the association between negative alcohol 

expectancies and heavy drinking practices. They showed that negative expectations about 

how one would feel the day after heavy drinking (including hangover effects) were 

associated with lower drinking. However, this relation was much weaker among persons 

high in impulsivity.

Another possibility is that frequent hangover could reflect neuropharmacologic 

vulnerabilities to impaired control over drinking within an episode. For instance, Krystal and 

colleagues have demonstrated that alcoholics and their relatives show blunted responses to 

N-methyl D-aspartate glutamate receptor antagonists [95, 96]. Because ethanol is a 

glutamate antagonist, they suggested that these individuals may be insensitive to critical 

“stop signals” that normally serve as warnings to cease drinking. Thus, offspring of 

alcoholics may report more frequent hangover because they have difficulty detecting their 

limits [97]. More generally, it is conceivable that frequent hangover is a marker of a 

diminished capacity to sense the consequences of drinking and use this information to 

regulate behavior.

Diagnostic Considerations—Hangover frequency or propensity might influence the 

likelihood that an individual earns an AUD diagnosis. A key concept in AUD diagnosis is 

that drinking causes impairment or distress for a drinker. A susceptibility to hangover might 

increase the chances that a given drinker develops problems secondary to his or her 

drinking. Imagine two individuals who drink the same amount, but one is more susceptible 

to hangover effects than the other. The hangover-susceptible drinker is more likely to suffer 

the next day, experience role impairment (e.g, skip work or school) and perhaps drink to 

alleviate the hangover, potentially compounding role impairment. These extra burdens from 

drinking may allow drinking-related problems to “ripen” enough to be diagnosable.

Hangover could be construed as a supplemental diagnostic criterion. The plausibility of this 

suggestion is supported by several recent investigations using item response theory. These 

studies show that a wide array of drinking-related experiences complement existing 

diagnostic criteria in defining a unitary continuum of drinking problems [e.g., 98, 99]. 

Additionally, several diagnostic criteria for DSM-IV alcohol dependence [100] can be 

understood as directly or indirectly related to hangover. We have already described potential 

overlap between hangover, tolerance, and withdrawal. Use of alcohol in larger amounts or 

for longer than intended and spending time recovering from the effects of alcohol are 

additional alcohol dependence symptoms with clear conceptual relations to hangover.
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Alternatively, it is possible that hangovers contribute to misclassification. For instance, if 

hangover is truly distinct from withdrawal [54], then symptomatic overlap between 

hangover and alcohol withdrawal symptoms might lead to overdiagnosis of alcohol 

dependence.

Conclusions

Relations between hangover and AUD risk and protection processes have received only 

sporadic attention in alcohol research. This may be partly attributable to the intuitive 

plausibility of the hypothesis that hangover deters drinking – this seems so obvious that it 

may not appear to require testing. As we have shown, some available evidence supports this 

idea, but a fair amount of data can be adduced to support the opposite conclusion. We have 

tried to illustrate that there are numerous ways to think about the meaning of hangover 

assessments and their relation to drinking behaviors. Research is needed that specifically 

probes (a) whether, when, how, and for whom hangover affects near-term drinking 

behaviors, and (b) the correlates of hangover frequency and susceptibility. Research is also 

needed to understand how increased hangover susceptibility could be (possibly) associated 

with both AUD risk (e.g. familial risk) and protection (e.g., flushing syndrome). 

Conceivably, hangover susceptibility might be traceable to a heterogeneous set of causes 

(e.g., alcohol metabolism, associative learning, neuropharmacologic risk factors) and these 

different pathways may account for some of the seemingly-discrepant findings in the 

existing literature. Increasing basic research into the pathogenesis of hangover will 

undoubtedly eliminate some hypotheses and suggest still more ways of conceptualizing 

hangover-AUD relations.
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Key Learning Objectives

• Review cross-sectional and prospective evidence concerning the linkage 

between hangover measures and risk for alcohol use disorders.

• Highlight the possibility that measurement strategy (particularly hangover 

frequency vs. susceptibility) could affect the interpretation of any relations 

between hangover and alcohol use disorder risk factors.

• Illustrate numerous hypotheses that could explain linkages between hangover 

and alcohol use disorder risk. Although it is natural to assume hangover indexes 

drinking punishment, it is possible that this oversimplifies a complex 

phenomenon. Hangover measures might reflect a number of diverse, risk-

relevant processes.
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Questions for Future Research

• Does hangover acutely affect near-term drinking? Does hangover punish 

drinking, encourage drinking, or does the effect differ across individuals or 

situations? What kinds of motivational mechanisms account for any effects?

• Do measures of hangover susceptibility and frequency differ in the manner in 

which they are prospectively related to onset of alcohol use disorders?

• Is hangover related to important pharmacologic processes, such as acute 

tolerance, withdrawal, or rising limb effects?

• What personal traits, abilities, and behaviors are associated with both alcohol 

use disorder risk and hangover measures? Does hangover play a role in the risk 

process linking the trait(s) to alcohol use disorder, or does hangover merely 

serve as a marker of the trait(s)?
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