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Abstract

Introduction—Alcohol hangover experiences in young adulthood have been shown to predict 

more subsequent alcohol problems. Hangover susceptibility appears to be partially heritable and 

related to family history of alcohol use disorders. However, very little is known about the 

developmental course of these associations and whether they are accounted for by an individual’s 

drinking history. The goal of this study is to investigate the prospective and unique relationships 

between family history of alcohol use disorders, severity of alcohol hangover experiences in 

adolescence, and later alcohol use and related problems measured over 13 years.

Methods—Participants were first assessed on family history at age 12–14, prior to initiating 

drinking, and re-assessed annually on hangover severity, drinks per drinking day (DPDD), and 

alcohol-related problems throughout the 13-year follow-up period (n=205; 59% male).

Results—In mixed effects negative binomial regression models, greater family history density 

scores predicted more future DPDD (Incidence Rate Ratio [IRR]=1.19, p=0.04), alcohol problems 

(IRR=1.64, p=0.05), and future hangover severity (IRR=1.24; p=0.01). In turn, greater hangover 

severity predicted more future DPDD (IRR=1.03; p=0.002) and alcohol problems (IRR=1.12, 

p<0.001), and hangover severity mediated the relationship between family history and alcohol use/

problems. All models controlled for participant age, sex, and past drinking behavior (where 

relevant).

Conclusions—These results advance the alcohol hangover experience during late adolescence 

as a clinically relevant and uniquely informative marker of future alcohol use and problems, above 

and beyond that of prior personal or familial drinking history.
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1. INTRODUCTION

Alcohol hangover is a little studied, yet potentially informative sequelae of alcohol 

consumption (Stephans & Verster, 2010). Hangover is often defined as the cluster of aversive 

physiological and behavioral symptoms that occur after the end of a drinking episode, 

peaking when the blood alcohol concentration (BAC) reaches zero (Rohsenow et al., 2007). 

Some of the most commonly reported symptoms include fatigue, headache, and thirst, 

although numerous others have been described (Penning, McKinney, & Verster, 2012; 

Vatsalya, Stangl, Schmidt, & Ramchandani, 2016).

The experience of an alcohol hangover following a heavy drinking episode is common - 

76% of healthy adults endorsed symptoms following a peak BAC of .11 g% (Howland et al., 

2008). However, the association between average drinking levels and hangover occurrence 

appears to decrease with increasing age (Huntley et al., 2015; Shorter, Murphy, & 

Cunningham, 2017; Tolstrup, Stephens, & Gronbaek, 2014). Given this age-related 

variability, research on the effects of hangover during the adolescent period of development 

may be particularly informative.

Alcohol continues to be a widely used substance among adolescents, with 23% of students 

having tried alcohol by 8th grade (age 13–14 on average), which increases to 61% by grade 

12 (age 17–18) (Johnston, O’Malley, Miech, Bachman, & Schulenberg, 2017). Further, 

almost 50% of 12th graders report having been “drunk” at least once in their life and 52% do 

not consider weekly binge drinking (defined as consuming five or more drinks once or twice 

each weekend) as carrying great risk. As one might expect, binge drinking is strongly 

associated with hangover frequency during adolescence (Maney, Higham-Gardill, & 

Mahoney, 2002). Hangovers during this time period are often perceived as neutral or positive 

experiences (Fjær, 2012; Mallett, Bachrach, & Turrisi, 2008), possibly increasing the 

adolescents’ willingness to engage in recurrent binge drinking practices that result in more 

frequent and severe hangover experiences. Binge drinking during adolescence has been 

associated with significant neurological and neuropsychological consequences (Carbia, 

Cadaveira, Caamano-Isorna, Rodriguez-Holguin, & Corral, 2017; Correas et al., 2016; 

Squeglia, Schweinsburg, Pulido, & Tapert, 2011; Squeglia et al., 2012); however, the impact 

of hangovers, over and above that of quantity of alcohol consumed, has yet to be studied 

during this vulnerable neurodevelopmental period.

The literature is divided regarding the predictive relationship between alcohol hangover 

experiences and an individuals’ later alcohol consumption and alcohol-related problems. 

Given that hangover is an adverse consequence of heavy drinking, one might infer that the 

experience of hangovers would ultimately discourage future alcohol consumption, and thus 

reduce alcohol use disorder (AUD) liability. Preliminary genetic (Wall, Shea, Luczak, Cook, 

& Carr, 2005) and same day/event-level (Huntley et al., 2015) data provide initial support 

for this model. Further, insensitivity to hangover has been advanced as a potential risk 
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marker of future alcohol problems in a sample of college seniors (Rohsenow et al., 2012), 

although this effect was only observed at a trend-level of significance (p = .09).

The majority of findings in this area suggest, instead, that alcohol hangover serves as a risk 

factor, or at least a peripheral marker, of greater future alcohol drinking and related problems 

(for a review see Piasecki, Robertson, & Epler, 2010). Specifically, hangovers are more 

common in individuals with an AUD and in those with more drinking-related problems 

(Epler et al., 2014), and higher average hangover severity is associated with greater amounts 

of alcohol consumption (Huntley et al., 2015). Engaging in frequent heavy drinking 

necessarily affords greater opportunity to experience hangovers; yet, the possibility that 

hangovers in turn confer added risk for future heavy drinking should not be discounted 

without further inquiry. In fact, a longitudinal study of college students found that the 

experience of more frequent hangovers is positively predictive of AUD diagnosis at long-

term follow-up, even after controlling for baseline drinking practices (Piasecki, Sher, 

Slutske, & Jackson, 2005). However, more long-term prospective studies are needed to 

disentangle the potential predictive relationships between early hangover experiences and 

later alcohol use and problems.

Genetics likely underlie some of the variability of the hangover phenotypes, as 40–45% of 

past-year hangover frequency and 16–24% of past-year hangover susceptibility variance 

(defined as the residual variance in hangover frequency after accounting for intoxication 

frequency) is attributable to genetic factors (Slutske, Piasecki, Nathanson, Statham, & 

Martin, 2014). An additional study estimated the heritability of hangover frequency at 55% 

(Wu, Guo, Viken, Reed, & Dai, 2014). Studies investigating the relationship between family 

history of alcohol problems and hangovers have also observed relationships between the two 

constructs (for a review see Piasecki, Robertson, et al., 2010). Even after controlling for 

alcohol drinking practices, those with a positive family history (FHP) of AUD experience 

greater hangover frequency (Newlin & Pretorius, 1990; Piasecki et al., 2005; Slutske, 

Piasecki, & Hunt-Carter, 2003) and greater hangover effects following acute alcohol 

challenge (McCaul, Turkkan, Svikis, & Bigelow, 1991; Span & Earleywine, 1999) as 

compared to those without family histories of AUD. College students who had parents with 

alcohol problems were also more likely to endorse “hangover-like experiences” above and 

beyond their personal alcohol consumption (Piasecki, Slutske, Wood, & Hunt-Carter, 2010). 

Nevertheless, a recent report challenged these earlier findings on methodological grounds, 

reporting that FHP was associated with increased estimates of hangover frequency the 

previous year, but not concurrent hangover severity. The authors suggested that FHP 

individuals may have become sensitized to past hangover experiences and demonstrate a 

“retrospective bias” in that they report greater frequency of hangovers versus individuals 

with no family history of AUD, despite having similar hangover experiences overall 

(Stephens et al., 2017).

The effects of family history on hangover, however they manifest, appear to vary across the 

lifespan. Piasecki and colleagues (2005) noted that the effects of family history diminish 

after the college years, and frequency of hangovers during young adulthood may partially 

mediate the relationship between family history and the development of an AUD. These 

findings suggest that hangover frequency may be a developmentally limited risk marker for 
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later alcohol problems and highlight the need for greater hangover-related prospective 

research on younger samples.

Given the mounting evidence suggesting the importance of age as a key factor in the effects 

of hangovers, and the relative dearth of long-term prospective studies on the topic, the 

present study sought to investigate the prospective and unique relationships between family 

history of alcohol use disorders, severity of alcohol hangover experiences in adolescence, 

and later alcohol use and related problems as measured across a 13-year span. In line with 

the literature reviewed above, hangover severity was hypothesized to mediate the predictive 

relationship between family history assessed at baseline and later alcohol use/problems.

2. METHODS

2.1 Participants & Procedures

Data for the current study was acquired from a larger ongoing longitudinal substance use 

and neuroimaging project (Nguyen-Louie et al., 2015; Squeglia, Spadoni, Infante, Myers, & 

Tapert, 2009). At baseline, participants were healthy 12–14 year-olds with very little to no 

experience with alcohol and drug use, recruited through San Diego area schools. Data for the 

current project consists of the first 13 years of annual follow-up assessments from this 

ongoing study. Baseline exclusionary criteria included: any report of prenatal alcohol (>2 

drinks during a given week) or illicit drug exposure; premature birth prior to 35th gestational 

week; history of any neurological or DSM-IV (American Psychiatric Association, 2000) 

Axis I disorder; head trauma or loss of consciousness (>2 minutes); chronic medical illness; 

learning disability or mental retardation; psychoactive medication use; history of alcohol use 

(defined as ≥10 total lifetime drinking days, or > 2 drinks per week); history of drug use 

(defined as ≥3 lifetime experiences with marijuana or use in the past 3 months, ≥5 lifetime 

cigarette uses, or any other intoxicant use); inadequate English comprehension; and non-

correctable sensory problems. Follow-up exclusion criteria included: emergent Axis I 

disorder as measured by a structured diagnostic interview (Shaffer, Fisher, Lucas, Dulcan, & 

Schwab-Stone, 2000). All participants were asked to abstain from alcohol and recreational 

drug use for at least 24 hours prior to baseline or follow-up assessment, confirmed via breath 

alcohol concentration and urine drug screen in the laboratory. The study protocol and 

procedures were approved by the University of California San Diego Human Research 

Protections Program.

Given the study focus on the predictive utility of the alcohol hangover construct, only 

individuals who have had the opportunity to experience a hangover during the study period 

were selected for the analyses. Thus, the subsample included only participants who reported 

consuming at least 1 alcoholic drink during the 13-year follow-up period (n = 205).

2.2 Measures

At baseline, eligible youths were administered comprehensive interviews assessing 

demographics, family history of AUD, alcohol and drug use, and psychopathology. An 

informant (a biological parent, or a close relative/friend in a minority of cases) was also 
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interviewed on demographic background and family history to corroborate the report of the 

youth. Annual follow-up assessments were administered in a similar manner.

2.2.1 Demographics—Participant age and sex at the time of assessment were acquired as 

part of the standard interview procedure. In addition, the Hollingshead Index of Social 

Position score (Hollingshead, 1965), an index of socioeconomic status (SES), was calculated 

for each subject at baseline using parental socioeconomic background information (i.e., 

educational attainment, occupation, and salary of each parent) to characterize the youth’s 

rearing environment. Higher values indicate lower SES (possible range 11–77).

2.2.2 Family history of AUD—The Family History Assessment Module (Rice et al., 

1995) was administered to assess family history of AUD. A family history density (FHD) 

score was calculated for each participant by assigning a weight of 0.50 to each biological 

parent and 0.25 to each biological grandparent reported to have experienced AUD symptoms 

(possible range 0–2).

2.2.3 Hangover Severity—The Hangover Symptoms Scale (HSS) (Slutske et al., 2003) 

was administered at each time point to assess hangover experiences in the past year. A past 

year symptom count using a dichotomous scoring method was calculated for each 

participant for each time point assessed, per the scale developer’s recommendation (possible 

range 0–13).

2.2.4 Alcohol use and problems—Alcohol consumption and the experience of alcohol-

related problems, as well as additional substance use information, were assessed via the 

Customary Drinking and Drug Use Record structured interview (Brown et al., 1998). The 

past year alcohol consumption variable was calculated by creating an average of past year 

alcoholic drinks consumed per drinking day (DPDD) for each time point assessed. Past year 

alcohol-related problems was captured via a count of DSM-IV and DSM-5 symptoms and 

alcohol-related consequences for each time point assessed (possible range 0–19).

2.3 Data Analyses

The hypothesized relations between family history of AUD, hangover severity, and alcohol 

use/problems were tested with multilevel models. All models incorporated random 

intercepts to account for within-person clustering of repeated observations. Missing data was 

assumed missing at random. This assumption that was supported by analyses showing that 

visits with missing outcomes were not related to sex (p = .07) or age (p = .62). All available 

data were included and analyzed with maximum-likelihood estimation, a preferred approach 

for handling missing data (Schafer & Graham, 2002). In addition to the primary variables of 

interest, all statistical models controlled for sex and age given the expected sex (Piasecki, 

Slutske, et al., 2010; Slutske et al., 2003; Vatsalya et al., 2016) and age-related differences 

(Huntley et al., 2015; Shorter et al., 2017; Tolstrup et al., 2014) in hangover and alcohol 

variables. Sex was a person-level (“Level 2”) covariate while age was a time-level (“Level 

1”) covariate. Separate statistical models examined each distinct path in the mediation model 

(see Figure 1).
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First, a pair of models used AUD family history density as a person-level predictor of future 

DPDD or alcohol problems (see c paths in Figure 1). Then, AUD family history density was 

used as a person-level predictor of future time-varying hangover severity (a paths). A pair of 

models separately controlled for corresponding measures of past-year DPDD or alcohol 

problems as time-varying covariates, to estimate the unique effects of family history on 

hangover severity that were independent from related differences in DPDD or alcohol 

problems. The final pair of models predicted DPDD or alcohol problems from family history 

density (c’ paths) and prior hangover severity (b paths), while controlling for the 

corresponding prior alcohol measure (DPDD, alcohol problems). This model estimated the 

effects of hangover severity on future DPDD or alcohol problems that were above and 

beyond related effects of family history density and prior DPDD/ alcohol problems. All time 

points that offered a hangover assessment paired with a future alcohol measure were 

included in the models, with the hangover assessment time point as the outcome in the 

predictor-mediator model (a path), and the alcohol measure time point as the outcome in the 

mediator-outcome models (b paths). Participants contributed from 1 to 9 data points (mean = 

2.1). First hangover assessments (administered after initial alcohol use) occurred at a mean 

age of 18.4 (SD = 2.0; range: 13–24). All hangover assessments were paired with the earliest 

available future alcohol measure, which most commonly occurred one year later (46% of 

data points) with a mean lag time of 2.8 years. Multilevel negative binomial models were 

used to account for the count-type measures and positively skewed distributions of hangover 

severity, DPDD, and alcohol problems. Model paths were considered significant at p < .05. 

All statistical analyses were conducted in Stata 14.0.

3. RESULTS

Sample characteristics and demographics are presented in Table 1. Of note, the sample is 

roughly evenly split between sexes and predominately Caucasian (70.2%). The majority 

(89.3%) met heavy drinking cutoffs at some point during the follow-up period (Squeglia et 

al., 2009), and approximately 28% of the sample used marijuana more than 1 day per week 

at some point during the follow-up. As shown in Figure 2, alcohol consumption in terms of 

DPDD peaked at 20 years old (Mean = 4.82, SD = 3.33) and began to decline the following 

years, whereas alcohol problems stayed largely consistent and low across the follow-up 

period with a minor peak at 22 years old (Mean 1.11, SD = 2.19). Hangover severity appears 

to increase across the follow-up period, peaking at 25 years old (Mean = 7.00, SD = 3.77) 

and declining sharply after. Consistent with the adult literature (Penning et al., 2012; 

Vatsalya et al., 2016), the top three hangover symptoms endorsed across the follow-up 

period were headache, fatigue, and thirst (see Supplementary Figure S1).

The first set of statistical models estimated the effects of AUD family history density on 

alcohol outcomes (c paths). As shown in Figure 3a, greater family history density predicted 

greater future DPDD (IRR = 1.19, p < .05, 95% CI [1.01, 1.40]). As shown in Figure 3b, 

greater family history density also predicted greater future alcohol problems, but only at a 

trend level of statistical significance (IRR = 1.64, p = .05, 95% CI [0.99, 2.72]). Overall 

these results confirmed our expectations that adolescents with greater family history density 

would have greater alcohol use (and to some extent greater problems) during the follow-up 

period.
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In models estimating the effects of AUD family history density on hangover severity (a 
path), greater family history density predicted greater future hangover severity (IRR = 1.23, 

p < .05, 95% CI [1.04, 1.47]). This effect of family history on future hangover severity was 

independent from the statistically-significant effects of either past-year DPDD (IRR = 1.08, 

p < .001, 95% CI [1.05, 1.10]) or past-year alcohol problems (IRR = 1.10, p < .001, 95% CI 
[1.07, 1.13]) on hangover severity. Overall, these results indicate that time points with 

greater DPDD or alcohol problems were also associated with greater hangover severity, but 

AUD family history density predicted more severe hangovers above and beyond these effects 

(see Figure 3c).

The final set of models estimated future alcohol outcomes as a function of AUD family 

history density, time-varying prior hangover severity, and time-varying prior alcohol 

outcomes, controlling for sex and age. As shown in Figure 4a, greater hangover severity was 

a statistically-significant predictor of greater future DPDD (IRR = 1.03, p < .01, 95% CI 
[1.01, 1.05]) when controlling for the significant effects of prior DPDD (IRR = 1.06, p < .

001). As shown in Figure 4b, greater hangover severity also significantly predicted greater 

future alcohol problems (IRR = 1.22, p < .001, 95% CI [1.09, 1.36]) when controlling for 

prior alcohol problems (IRR = 1.21, p < .001). In these models family history did not 

significantly predict DPDD or alcohol problems (c’ paths). The results indicated that more 

severe hangovers were positively predictive of higher levels of DPDD and alcohol problems 

at subsequent time points (b paths), and that this effect was distinct from the related 

differences in drinking, problems, and family history associated with more severe hangovers.

4. DISCUSSION

This study sought to characterize the predictive effects of alcohol hangovers on future 

alcohol consumption and alcohol-related problems in a longitudinal sample of 205 

adolescents. Consistent with the hypotheses, the results revealed significant prospective 

relationships between hangover severity and both alcohol use and alcohol problems across 

the 13-year follow-up period. Hangover severity was also found to mediate the positive 

predictive relationship between family history of AUD and the alcohol outcomes. 

Importantly, these relationships held after controlling for previous drinking behavior and 

alcohol-related problems suggesting there is something unique to the hangover phenomenon 

that predisposes the adolescent to problematic drinking practices later on.

In this sample, the experience of greater hangover severity was related to greater future 

alcohol consumption and problems across the follow-up period. This finding appears to 

contradict the existing literature which reported a trend-level relationship between less 
hangover severity (termed hangover insensitivity) and greater future alcohol problems after 

controlling for past drinking behavior (Rohsenow et al., 2012). It has been proposed that 

insensitivity to hangover might be an indicator of a insensitivity to alcohol more broadly 

(Piasecki et al., 2012; Rohsenow et al., 2012; Vatsalya et al., 2016); however, the history of 

alcohol drinking and the development of alcohol tolerance likely play an important role in 

one’s sensitivity to hangovers (Vatsalya et al., 2016). This assertion is further supported by 

the observed decrease in the association between average drink amount and hangovers with 

increasing age (Huntley et al., 2015; Shorter et al., 2017; Tolstrup et al., 2014). In contrast to 
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the Rohsenow and collegues’ (2012) study on college seniors aged 21 to 24 at baseline, the 

current sample consisted of adolescents who were relatively alcohol-naïve at baseline. The 

13-year follow-up of these participants enabled assessment of their first experiences with 

alcohol consumption and hangovers, which occurred as early as 13 years old. Thus, the 

present results could be capturing a developmentally earlier, more “pure” hangover effect 

which may change over the course of an individual’s experiences with alcohol.

The mechanisms by which hangovers relate to future drinking outcomes remain unknown. 

The experience of more hangover symptoms during late adolescence (ages 16–19), 

controlling for drinking frequency and duration, has been associated with significant 

neurological changes, including decreased white matter integrity in the corpus callosum, 

frontal lobe projection fibers, and cerebellar tracts (McQueeny et al., 2009). Given the vast 

neurodevelopment occurring during the adolescent time period, it is possible that the 

inflammatory responses that occur as a result of an alcohol hangover (Penning, van Nuland, 

Fliervoet, Olivier, & Verster, 2010) lead to lasting neural adaptations that confer risk for 

greater alcohol drinking and AUD development. Furthermore, family history for AUD may 

somehow function to predispose the adolescent to greater hangover induced neural 

alterations, possibly accounting for the mediation effect observed in the present study.

Alternatively, the predictive component of hangovers could reflect a more general behavioral 

risk process such as inability to learn from punishment, heightened impulsivity, or reduced 

drink refusal self-efficacy; thus, functioning as a non-causal marker of AUD liability (Epler 

et al., 2014; Piasecki, Robertson, et al., 2010; Piasecki et al., 2005). However, the 

relationship between these behavioral risk processes and hangover over and above direct 

measures of alcohol consumption remains to be demonstrated.

The results presented must be taken in context with the study strengths and limitations. 

Significant strengths include the subjects’ alcohol naivety at baseline and the within-subject 

modeling approach which provide assurances of confound control that have complicated the 

literature on adults (e.g., alcohol tolerance, varying histories of use/drinking patterns). The 

reliance on self-report measures of past year hangover experiences represents a limitation of 

the study as it is not possible to assess the occurrence of reporting biases or control for 

differences in alcohol metabolism. The study also lacks a measure of past year hangover 

frequency which would have provided further clarification on the differential roles of 

hangover frequency versus severity in predictions of future alcohol use and problems. We 

were also unable to implement the most modern analytic approaches for the estimation of 

mediated effects given that they have not been validated for multilevel negative binomial 

models. Therefore, we could not definitively test the hypothesis that hangover severity 

mediated the effects of family history, although the pattern of findings and effect sizes do 

support a potential mediated effect.

In conclusion, the hangover experience in adolescence is a uniquely informative marker of 

elevated risk for greater alcohol use and problems into young adulthood. It also appears to 

explain the path between family history for AUD and alcohol outcomes, although the 

mechanisms by which this occurs remain to be discovered. Given this is the first study to 

investigate the prospective effects of hangovers in an adolescent sample, replication is 
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needed; however, the evidence is mounting in support of the alcohol hangover as a clinically 

relevant phenomenon that warrants greater attention in the alcohol research field.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Hangover severity in adolescence predicts greater future alcohol use and 

problems

• Hangover severity mediates the path between family history and alcohol 

outcomes

• Hangovers are a clinically relevant marker of future alcohol outcomes
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Figure 1. 
Hypothesized theoretical models relating family history of alcohol use disorder (assessed at 

baseline), hangover severity (assessed annually during follow-up), and alcohol outcomes 

(assessed annually during follow-up). Note that all available follow-up annual assessments 

where hangover assessments preceded alcohol problems were included in the model. a 
denotes the predictor-mediator model and b denotes the mediator-outcome models. c refers 

to the direct effect of AUD family history on the outcome when hangover severity is not 

accounted for and c’ refers to the indirect effect of AUD family history on the outcome 

while accounting for hangover severity.
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Figure 2. 
Alcohol consumption, hangover severity scores, and alcohol problem scores across the 

follow-up period.
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Figure 3. 
Scatterplot depicting the prospective relationship between family history of alcohol use 

disorder density scores assessed at baseline and (a) past-year average drinks per drinking 

day (DPDD), (b) past-year average alcohol problems, and (c) past-year average hangover 

severity assessed during follow-up. IRR = incidence rate ratio.

Courtney et al. Page 15

Addict Behav. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Scatterplot depicting the prospective relationship between past-year average hangover 

severity and (a) later past-year average drinks per drinking day (DPDD) and (b) later past-

year average alcohol problems. IRR = incidence rate ratio.
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Table 1

Demographic information on the full sample (N=205).

Variable N (%) M (SD)

Age at baseline 13.63 (0.75)

Sex

  - Female 84 (41%)

  - Male 121 (59%)

Ethnicity

  - Asian 10 (4.9%)

  - Pacific Islander 1 (0.5%)

  - African American 5 (2.4%)

  - Caucasian 144 (70.2%)

  - More than one race 35 (17.1%)

  - Unknown 10 (4.9%)

SES at baseline (Hollingshead Index - parents) 23.22 (14.10)

AUD family history density 0.22 (0.32)

Transitio ns into AUD* 8 (3.9%)

Alcohol use group* (Squeglia et al., 2009)

  - Control 4 (2.0%)

  - Moderate drinker 18 (8.8%)

  - Heavy drinker 183 (89.3%)

Regular tobacco smoker (≥10 cigs/day)* 6 (2.9%)

Marijuana user*

  - > 1 day/month 80 (39.0%)

  - > 1 day/week 57 (27.8%)

*
Criteria for the specified variable met at any point during the follow-up period
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