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Abstract 

Aims: The threshold of 4+/5+ drinks per occasion has been used in alcohol research to 

distinguish between non-risky vs. risky episodic drinking for decades. Yet, no study has 

assessed the validity of this threshold using event-level data. This study aims to determine the 

optimal thresholds for the detection of five acute alcohol-related consequences (hangover, 

blackout, risky sex, fights and injury) using data from two event-level studies. 

Methods: On 3,554 weekend nights, 369 participants, aged 16 to 25 years, documented their 

alcohol consumption and the occurrence of consequences the next morning. Separately for 

gender and age groups (16-17 vs. 18-25), the ability of number of drinks consumed to 

discriminate nights with and without consequence was measured using the area under the 

receiver operating characteristic (AUROC) curve. Optimal thresholds were determined using 

Youden Index and the shortest distance from perfect discrimination based on sensitivity and 

specificity. 

Results: Hangover was the most frequently reported consequence and injury the least for both 

genders. Across age groups and studies, optimal thresholds for hangover only were equal to 

4+/5+ while those for blackouts, risky sex, fights and injuries were up to 3 drinks higher. 

Adolescent men experienced consequences more often and at slightly lower drinking levels 

than adult men. For all consequences but injuries, the optimal thresholds were 1 to 2 drinks 

lower for women than for men. 

Conclusions:  Event-level data collection techniques appear particularly suitable to estimate 

thresholds at which acute alcohol-related consequences occur. In an epidemiological 

perspective, the 4+/5+ thresholds (corresponding to 40+/50+ grams of pure alcohol in these 

studies) appear slightly too low to optimally predict acute consequences of binge drinking. 

However, if the overall aim is simply to reduce negative consequences, using the standard 

4+/5+ thresholds for drinking guidelines and advice to the public may still be warranted.  
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Citable statements: 

 Binge drinking thresholds of 4+/5+ (women/men) drinks accurately predict the 

occurrence of hangovers but are too low for more severe acute alcohol-related 

consequences. 

 Women and adolescents tend to experience acute alcohol-related consequences at 

slightly lower drinking levels (1-2 drinks less) than men and adults, respectively. 

 Event-level data collection is particularly suitable to estimate thresholds at which 

acute alcohol-related consequences occur. 
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Introduction 

Binge drinking is one of the most important concepts used in alcohol epidemiology to 

discriminate non-risky drinking from risky drinking and to determine the burden resulting 

from alcohol use [1]. This behavior has been linked to a wide range of acute (short-term; e.g. 

blackouts, injuries) and chronic (long-term; e.g. liver and cardiovascular diseases) 

consequences [2]. Interest in binge drinking has increased tremendously since the early 

nineties [3, 4], resulting in an immense body of almost 8,000 papers and 400 literature 

reviews published in the last three decades [5]. 

The most widely used definition of binge drinking is the consumption of 4 or more 

standards drinks among women, and 5 or more among men, within two hours or at a given 

drinking occasion, corresponding to 40 grams of pure alcohol for women and 50 for men [5, 

6]. In practice, however, important variations are seen across countries, both in terms of 

number of drinks per gender (e.g. Australia: 5+ for both genders) and of alcohol content per 

drink (e.g. Australia, Switzerland: 10 grams of pure alcohol; the UK: 8g; the US: 12-14g; 

Canada: 13.5g) [7-9]. Despite regional variations in definitions, most studies still find that a 

‘binge’ drinking occasion is associated with an increased risk of negative consequences. This 

convergence of findings appears largely due to the event-level nature of binge drinking in the 

sense that the high blood alcohol concentration achieved with the consumption of some drinks 

in a short period of time invariably increases the risk of consequences shortly after the 

drinking [10, 11].  

The operationalization of any given threshold (e.g., 4+/5+ drinks) as the most 

appropriate threshold to predict the occurrence of alcohol-related consequences appears 

nevertheless questionable given the general collinearity between alcohol use and 

consequences (i.e. the higher the number of drinks, the more likely the consequence), 

suggesting that any threshold might discriminate a lower from a higher risk of consequence 
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[10, 12], and the fact that some consequences might occur at different drinking levels (e.g., a 

lower intake is usually required for a hangover than for blacking-out). Additionally, the few 

event-level studies available suggest that higher thresholds might be more appropriate than 

4+/5+. Summarizing about 30 emergency room studies, Taylor and colleagues [13] showed 

that the risk of non-motor vehicle injury continuously increased with drinking levels, from an 

odds ratio of 1.79 at 24 grams of pure alcohol, up to a maximum odds ratio of 24.2 at 140 g. 

Moreover, Jackson [14] found that, using diaries completed by U.S. psychology students, 

thresholds of 10+ to 14+ drinks had the strongest prediction of different symptoms of 

hangover, compare to lower levels. 

Researchers have recently attempted to determine the optimal number of drinks 

consumed to predict different adverse consequences using a well-established robust approach, 

namely by maximizing the sensitivity (i.e. the correct classification of the occurrence of a 

consequence at or above a certain number of drinks) and the specificity (i.e. the correct 

classification of the absence of a consequence at or below a certain number of drinks) of the 

drinking-consequence relationship [15, 16]. These studies produced mixed results. Dawson 

and colleagues [17] reported that thresholds that best discriminated between U.S. adults with 

and without severe concurrent alcohol-related harms (past-year alcohol dependence, alcohol 

abuse, injury, job loss, and hypertension) consisted of 4+ drinks for men and 3+ drinks for 

women. Among the general Australian population, Livingston [18] showed that optimal 

thresholds varied by the kind of outcome (past-year injury, hazardous behaviors and 

delinquent behaviors), while noting that optimal thresholds for all outcomes were 7 drinks or 

fewer. Finally, among adults from two US clinical trials, Pearson and colleagues [19] found 

no clear threshold and concluded that any binary classification of alcohol consumption levels 

performs poorly in predicting past-year occurrence of 45 different consequences from the 

Drinker Inventory of Consequences [20].  
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Strikingly, all three studies used retrospective self-reports of alcohol use and 

consequences over the past year. Such data might be adequate for the investigation of chronic 

alcohol-related consequences but appear inappropriate for the investigation of acute 

consequences. First, by using cross-sectional surveys, individuals, instead of drinking events, 

are compared in terms of frequency and intensity of drinking and of consequences and no 

temporal association can be established at the drinking occasion level. Second, retrospective 

self-reports of alcohol use are subject to recall bias due to memory deficits after even a few 

days [21, 22], which make such assessments particularly at risk of underestimation, both in 

terms of frequency of drinking occasions and of drinking levels per occasion [23].  

The aim of this study is to determine the optimal drinking thresholds for the detection of 

several acute adverse alcohol-related consequences using sensitivity/specificity analyses of 

event-level data. As the highest rates for binge drinking are found among adolescents and 

young adults [24], we will first focus on people aged 16 to 25 years and investigate whether 

different thresholds apply to adolescents and young adults. Second, we will investigate 

whether different thresholds apply to women and men. Third, because different thresholds 

might apply to different types of consequences, we will conduct separate analyses for five 

acute adverse consequences (hangover, blackout, risky sex, involvement in fights and injury). 

Fourth, because the assessment method might alter the way the alcohol-consequence 

relationship is captured, we will use the data from two event-level studies (Table 1) using 

different assessment schedules of alcohol use (6 night-level questionnaires vs. 1 questionnaire 

the next morning) and different assessment modes of consequences (with and without explicit 

attribution to alcohol as the cause [25]). 

--Table 1-- 

Method 
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The analysis was conducted on similar datasets from two studies. An overview is presented in 

Table 1. 

Youth@Night study 

Design and participants. The Youth@Night (Y@N) study aimed to document young 

people’s behaviors on Friday and Saturday nights using a specifically developed smartphone 

application collecting event-level data (e.g. questionnaires, pictures, videos, GPS coordinates) 

repeatedly over the course of the night [see 26, 27 for full details of the study]. 

Participants were recruited in two major nightlife hubs in Switzerland, Lausanne and 

Zurich on Friday and Saturday nights of September 2014 from 9 to 12 p.m. [28]. Eligible 

volunteers (i.e. aged 16 to 25 and owning an Android smartphone) had to confirm their 

participation by entering their mobile phone number in the online consent form. After 

completion of a baseline questionnaire, participants were asked to document up to 10 Friday 

and Saturday nights over 7 consecutive weekends. 

Of the 241 participants who used the app [28], 234 (97.1%) documented their previous 

nights’ drinking and related consequences at least once. To ensure consistency with the 

selection procedure of the ICAT sample (described below), 17 participants (7.3%) who never 

reported any alcohol use during the study were excluded. The final dataset thus comprises 

2,345 nights from 217 participants.  

Measures. 

Gender and age were recorded in the baseline questionnaire. 

On Saturday and Sunday morning at 10 a.m., the app prompted participants to indicate 

the total number of alcoholic drinks they had consumed the previous night using a slider 

ranging from 0 to 30 drinks. Each drink corresponded to approximately 10 grams of pure 

ethanol [29]. 



Page 5 

 

Acute consequences. Participants were also requested to report whether or not each of 

“the following situations occurred during or since last night” (answer categories: ‘yes’ or 

‘no’): ‘hangover (headache, upset stomach, etc.),’ ‘inability to remember what happened 

(even for a short period of time),’ ‘unintended or unprotected sex,’ ‘involvement in a fight or 

a quarrel',’ and ‘injury to yourself or someone else’. 

ICAT study 

Design and participants. The ICAT study aimed at documenting young adults' 

behaviors on Thursday, Friday and Saturday nights with hourly questionnaires completed on 

the smartphone browser using the Internet-based Cellphone-optimized Assessment Technique 

[ICAT: 30]. 

Participants were recruited from three higher education institutions in French-speaking 

Switzerland in April 2010. An invitation email was sent to all students, including detailed 

information about the study and a link to the registration webpage. Volunteers had to confirm 

a unique code sent by text message (SMS) to validate the online consent form and access the 

baseline internet questionnaire [23]. On Thursday, Friday and Saturday nights over five 

consecutive weeks, participants were prompted by SMS to complete six assessments (at 8, 9, 

10 and 11 p.m., and 12 and 11 a.m.) about their alcohol use covering the timeframe from 5 

p.m. to the end of the night.  

Of the 183 participants who fully documented their nights and reported the 

consumption of at least one alcoholic drink over the study [23], 31 participants aged above 25 

were excluded to obtain a sample comparable to the Youth@Night study (see above). The 

final dataset comprises 1,209 nights from 152 participants. 

Measures. 

Gender and age were recorded in the baseline questionnaire. 
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Each assessment across the night asked: “how many of the following alcoholic drinks 

did you have between…?” with the timeframes being ‘5-8 p.m.,’ ‘8-9 p.m.,’ ‘9-10 p.m.,’ ‘10-

11 p.m.,’ ‘11 p.m.-midnight’ and ‘midnight-end of the night’. For each drink types – ‘beer,’ 

‘wine or champagne,’ ‘aperitifs or liqueurs,’ ‘spirits,’ ‘self-mixed drinks (e.g., whiskey-coke) 

or cocktails,’ and ‘pre-mixed drinks)’ – six answer categories were provided, ranging from ‘0’ 

to ‘five or more’ (coded as 5.5). A standard drink was defined as 10 g of pure ethanol [31]. 

The total number of drinks consumed was obtained by summing up the drinks reported per 

type and assessment over the entire night.  

Acute consequences. At 11 a.m. the next morning, participants were asked whether “any 

of the following occurred last night as a result of your drinking” (i.e. explicitly with 

mentioning alcohol as being the cause; answer categories: ‘yes’ or ‘no’): ‘hangover 

(headache, upset stomach, etc.),’ ‘unable to remember what has happened (even for a short 

period of time),’ ‘unintended or unprotected sex,’ ‘involved in fight or quarrel,’ and ‘injured 

yourself or someone else.’ 

Analytic strategy 

The analyses were conducted separately for each study, consequence and gender. 

Additionally, age differences between adolescents, aged 16 to 17 (i.e. unlike adults, they can 

legally purchase beer and wine but not distilled alcoholic beverages and cannot usually enter 

nightclubs), and adults, aged 18 to 25, were investigated among the participants in the Y@N 

study. 

First, in order to assess whether the consequences had a significant dose-response 

relationship to drinking levels [12], the number of drinks consumed was compared between 

nights without and with each consequence. Using the STATA 14 [32] statistical software, 

differences were tested using t-tests, adjusted for the observations being nested within 

individuals. 
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Second, the area under the receiver operating characteristic (AUROC) curve [15, 33] 

was calculated to measure the ability of an increasing number of drinks consumed to correctly 

discriminate nights with from nights without each consequence. AUROC values  range from 0 

to 1, with 0.5 indicating no better discrimination than random chance and 1.0 indicating 

perfect discrimination [33]. AUROCs were estimated using bootstrapping to account for the 

nested structure of the data. 

Thirdly, two methods maximizing sensitivity and specificity were used to determine the 

optimal threshold discriminating nights with from nights without each consequence. First, the 

Youden Index [34] identifies the threshold that maximizes the sum of sensitivity + specificity. 

The second method identifies the threshold that minimizes the distance between the receiver 

operating characteristic (ROC) curve and perfect discrimination (sensitivity = 1, specificity = 

1) using Pythagorean Theorem [16]. Usually the two methods provide the same threshold 

[35]. In case of disagreement, both thresholds were reported.  

Finally, in order to obtain summary scores of AUROCs and optimal thresholds for the 

different sample characteristics, respective values were averaged across genders, 

consequences, age groups and studies. 

Results 

Hangover was the most commonly reported consequence both on the person level (e.g. 

at least one hangover was reported by 38.3% to 60.3% of women; Table 2) and on the night 

level (e.g. 5.9% to 14.0% of all women’s nights) and injury was the least common for both 

genders. Except for risky sex among women, consequences tended to be more often reported 

by adolescents than older participants, both at the individual and the night levels. 

--Table 2-- 
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Overall, an average of 2 to 3 drinks were consumed by men (Table 3) and 3 to 4 by 

women (Table 4) on nights without consequences. About 3 to 4 times more drinks were 

consumed on nights with hangovers and blackouts for both genders and all age groups, as 

well as for all consequences in the ICAT samples. Numbers of drinks consumed were also 

much higher (about 2 to 3 times higher) on nights with risky sex, fights and injuries in the 

Y@N samples, although the difference failed to reach 5%-significance level in some cases.  

--Tables 3 and 4-- 

Across age groups and studies, the highest AUROC values (indicating higher accuracy 

in the discrimination of nights with from nights without consequences) were generally found 

for hangovers, injuries and blackouts among men and for hangovers and blackouts among 

women, while the lowest were found for fights and risky sex (see also Table 5 for a 

summary). Regarding age groups and studies, AUROC values were the lowest among Y@N 

adolescents and the highest among adults in the ICAT sample. 

--Table 5-- 

Almost no thresholds were below the commonly used binge threshold, namely 4 drinks 

for women and 5 drinks for men, and these concerned only adolescents (Table 2 and 3). The 

methods for determining the optimal thresholds provided identical results in 60% (9 out of 15) 

of the cases for men and 86.7% (13 out of 15) for women. In the discordant cases, the 

difference exceeded two drinks only for fights among adolescents of both genders. 

On average per consequence, the optimal thresholds ranged from 4.2 to 7.7 drinks 

among women and 5.2 to 8.8 drinks among men (Table 5). For all consequences but injuries, 

the thresholds were 1.0 to 2.6 drinks lower for women than for men. Lower thresholds were 

found on average across consequences for adolescent men (around 5.1) compared to adult 

men (7.3) whereas no major difference was found for women (around 5.2 for both age 
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groups). Finally, regarding study differences among adults, optimal thresholds in the ICAT 

sample were about 1.2 drinks higher than in Y@N sample. 

Discussion 

Using data from two event-level studies, the aim of this study was to determine the 

optimal number of alcoholic drinks consumed to discriminate nights with from those without 

acute adverse consequences. For all investigated consequences, the association between 

heavier drinking levels and increased risks of consequences was evident. Hangovers and 

blackouts were strongly and consistently related to drinking levels in all age groups, genders 

and studies, whereas the dose-response effect appeared slightly less consistent for risky sex, 

fights and injuries. This difference might be explained by the differential contribution of 

alcohol to these consequences. In contrast to risky sex and fights and injuries, hangovers and 

blackouts are unlikely to occur without alcohol use, which explains to a large extent the 

generally lower AUROCs of the former than the latter. 

In the large majority of cases, the two methods for determining the optimal thresholds 

converged or diverged by only one drink, supporting the reliability of the thresholds found. 

The only notable exception was fights among adolescents of both genders. In line with 

particularly low AUROC values, these results suggest that, during adolescence, inebriation is 

just one of many causes of fights experienced during a night out. 

Overall, the 4+/5+ thresholds for binge drinking, representing consumption of 40 grams 

of alcohol for women and 50 for men in the present studies, appeared only optimal for 

predicting hangovers in both studies and across consequences among adolescent men. 

However, higher optimal thresholds were found for blackouts, risky sex, fights and injuries, as 

well as among adolescent women and adults of both genders. The different body composition 

(total body water) and accelerated rate of ethanol elimination of adolescents mean that high 

blood alcohol concentration is reached more quickly [36] and their lower experience in 
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identifying consequences may be among the reasons that male adolescents report a hangover 

at lower drinking levels than men. With regard to genders, higher thresholds were found for 

men than for women with few exceptions. These results confirm the general use of different 

thresholds to account for differences in body constitution and alcoholism metabolism of men 

and women [37, 38]. 

Among adults, higher drinking levels on nights with consequences and higher AUROCs 

were consistently found among the ICAT samples compared to the Y@N samples. These 

differences might be explained by alcohol use being assessed using six assessments per night 

in the ICAT study while only one assessment was used in the Y@N study. Thus, as evidenced 

in previous studies [39], a higher number of assessments and short recall periods, such as used 

in the ICAT study, were likely to result in higher reported drinking levels. With regard to 

AUROC values, consequences were assessed using explicit attribution to alcohol use as the 

cause in the ICAT study and without attribution in the Y@N study. Thus, it is not surprising 

to observe closer associations of the number of drinks consumed and the occurrence of 

consequences in the ICAT study since only consequences with an obvious relationship to 

previous alcohol use for the participants were reported. Such findings should nevertheless be 

interpreted with caution since the use of alcohol-attributed items in questionnaires is prone to 

underestimate the effective number of experienced consequences and to bias the measurement 

of the alcohol-consequence relationship [25]. 

Several limitations need to be acknowledged. First, with the exception of hangover, the 

investigated consequences did not occur frequently, despite having sampled thousands of 

nights. Considering the relatively low number of reports of risky sex and injuries, related 

results might be affected by reporting errors of participants and levels of sensitivity and 

specificity might be slightly overestimated [40]. Second, the present findings were obtained 

among two samples of young people in Switzerland. Different dose-response relationships 
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between drinking levels and the occurrence of adverse consequences might be expected in 

other drinking cultures as well as among older populations. Third, no information was 

available on the actual size of the drinks consumed, making the results dependent on the 

participants’ self-estimation of standard drinks. This approach has nevertheless the advantage 

that participants reported their drinks the same way they would understand drinking 

guidelines, making these findings a reliable basis for health communication. Fourth, no 

information was collected on participants’ height and weight and on the time and size of each 

drink consumed. It was therefore not possible to adjust the analyses for the participants’ body 

mass index [42] or estimate blood alcohol concentration. Future studies using event-based 

measures of drink and alcohol biosensors are recommended to validate the present findings. 

Finally, the present findings relate to standard drinks containing about 10 grams of pure 

alcohol. The thresholds might need to be recalculated in countries with different standard 

drink sizes. Although thresholds for blackouts, risky sex, fights and injuries among adults 

(i.e., approximately 5+/7+ among adults) might match the US and Canadian definition of 

binge drinking, namely 4+/5+ drinks containing 12 to 14g of alcohol, more research is needed 

to validate the equivalence. 

The main strength of the present paper is the use of event-level studies to determine the 

most appropriate thresholds for risky drinking. In contrast to previous studies based on yearly 

retrospective assessments, the present thresholds were supported by higher levels of 

sensitivity and specificity. Hence, all but three Youden Index values in this study were higher 

than the highest value (1.34) reported by Pearson and colleagues [19] and almost two third of 

the shortest distance from the perfect discriminating test were lower than the shortest distance 

(0.351) reported by Livingston [18]. These comparisons confirm the higher accuracy of event-

level studies to determine relevant thresholds with regard to acute alcohol-related 

consequences [10] because of minimized recall bias and the longitudinal assessment of the 
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drinking-consequence relationship. Another strength is the assessment of five acute 

consequences on about eight to ten nights among the same participants in their natural 

environment. Each participant serves thus as its own control, across nights and consequences, 

and the obtained data are characterized by a high ecological validity. 

Conclusions 

Relying on event-level evidence, results of this study showed that the consensual 4+/5+ 

threshold for binge drinking [3, 5], corresponding to 40+/50+ grams of pure alcohol in this 

study, appeared appropriate to predict hangovers in both genders and acute consequences 

overall among for adolescent men. Thresholds to predict more severe consequences and those 

for adults were however higher. These findings suggest revising the thresholds used to 

measure the real health-related burden resulting from acute consequences of binge drinking. 

In terms of reducing the overall number of negative consequences, it might however be 

recommended to keep communicating thresholds corresponding to the more conservative (and 

widely used) 4+/5+ drinks per occasion, especially for adolescent drinkers.  
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Table 1: Characteristics of the ICAT and Youth@Night (Y@N) studies 

 ICAT study Y@N study 

Recruitment   

Recruitment period: April 2010 September 2014 

Target population: Students from three higher 

education institutions in 

French-speaking 

Switzerland 

Nightlife goers, aged 16 to 

25, from the two major 

nightlife hubs in Switzerland 

Method: Mass mail sent to all 

students 

Street intercept using the 

Geographical Proportionate-

to-size Street intercept 

sampling (GPSIS: Labhart et 

al, 2017) 

Participants   

N: 152 217 

Gender ratio (% men): 46.7 52.5 

Age range (adolescents): n.a. 16-17 years old 

Age range (adults): 18-25 years old 18-25 years old 

Event-level data collection   

Period: 5 consecutive weekends in 

May-June 2010 

7 consecutive weekends 

September-November 2014 

Nights of interest: Thursday, Friday and 

Saturday 

Friday and Saturday 

Method: Smartphone-optimized 

online questionnaires 

Smartphone application 

Nights (N, average per 

person in parentheses): 

1,209 (8.0) 2,345 (10.8) 

Measures   

Age and gender: Baseline questionnaire 

before event-level data 

collection 

Baseline questionnaire 

before event-level data 

collection 

Number of drinks 

consumed per night: 

Beverage-specific 

assessments submitted six 

times over the course of the 

night 

Total night consumption 

assessed the next morning 

Occurrence of acute 

consequences: 

Assessment the next 

morning; with attribution to 

alcohol as the cause 

Assessment the next 

morning; without attribution 

to alcohol as the cause 

Ethics Review Board Ethics commission of canton 

de Vaud (protocol 223/08) 

Lausanne and Zurich 

cantonal ethics commissions 

for the Research on Human 

Beings (protocol 145/14) 
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Table 2: Number of participants, nights and prevalence of consequences, per age group, study 

and gender 

   Men  Women 

  Study Persons1 Nights  Persons1 Nights 

Participants      

  Adolescents [Y@N] (n) 32 347  35 391 

  Adults [Y@N] (n) 82 857  68 750 

  Adults [ICAT] (n) 71 528  81 681 

Consequences      

 Hangover      

  Adolescents [Y@N] (%) 81.3 18.7  57.1 12.3 

  Adults [Y@N] (%) 61.0 16.6  60.3 14.0 

  Adults [ICAT] (%) 35.2 8.0  38.3 5.9 

 Blackout      

  Adolescents [Y@N] (%) 31.3 4.6  17.1 2.8 

  Adults [Y@N] (%) 13.4 2.2  16.2 2.3 

  Adults [ICAT] (%) 12.7 2.7  8.6 1.0 

 Risky sex      

  Adolescents [Y@N] (%) 21.9 4.6  8.6 1.5 

  Adults [Y@N] (%) 11.0 2.3  10.3 1.5 

  Adults [ICAT] (%) 8.5 1.1  6.2 0.9 

 Fight      

  Adolescents [Y@N] (%) 25.0 3.6  17.1 2.0 

  Adults [Y@N] (%) 13.4 4.6  5.9 0.7 

  Adults [ICAT] (%) 5.6 0.5  3.7 0.4 

 Injury      

  Adolescents [Y@N] (%) 25.0 2.9  8.6 1.3 

  Adults [Y@N] (%) 8.5 0.8  4.4 0.4 

  Adults [ICAT] (%) 7.0 0.9  2.5 0.3 

Note: (1) For consequences: at least once during the study 
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Table 3: Levels of alcohol use without and with consequences, AUROC and optimal 

thresholds, per age group and study (Women) 

  Drinks per night  AUROC (95%-CI)  Optimal threshold 

  
Without 

conseq. 

With 

conseq. 
    

  

Sensitivity/ 

Specificity 

Method2 

  mean (SD) mean (SD) 
Test-

value1 
   

  Youden 

Index 

Shortest 

distance 

Hangover            

 Adol. [Y@N] 1.6 (2.2) 6.0 (4.6) 59.6***  0.85 (0.80-0.90)  3 93.8/74.9 168.7 0.26 

 Adults [Y@N] 2.1 (3.1) 7.9 (5.5) 52.9***  0.85 (0.80-0.90)  4 81.9/79.1 161.0 0.28 

 Adults [ICAT] 2.6 (4.0) 10.5 (5.1) 82.5***  0.90 (0.86-0.95)  5 90.0/80.3 170.3 (0.22) 

         6 85.0/85.3 170.3 0.21 

Blackout            

 Adol. [Y@N] 2.0 (2.6) 7.4 (8.4) 14.9***  0.74 (0.58-0.90)  3 72.7/67.6 140.4 0.42 

 Adults [Y@N] 2.8 (4.0) 7.9 (3.0) 30.4***  0.87 (0.78-0.95)  5 94.1/77.9 172.0 0.23 

 Adults [ICAT] 2.9 (4.4) 11.6 (4.0) 36.1***  0.92 (0.87-0.98)  6 100.0/82.1 182.1 0.18 

Risky sex            

 Adol. [Y@N] 2.0 (2.7) 7.3 (11.3) 2.8  0.63 (0.49-0.76)  4 66.7/75.3 142.0 0.41 

 Adults [Y@N] 2.9 (4.0) 8.7 (6.4) 16.7***  0.77 (0.63-0.92)  5 72.7/77.0 149.7 0.36 

 Adults [ICAT] 3.0 (4.5) 8.7 (6.0) 8.3**  0.80 (0.62-0.93)  4 83.3/71.1 154.4 0.33 

Fight            

 Adol. [Y@N] 2.0 (2.6) 7.5 (10.4) 3.8  0.58 (0.34-0.81)  2 62.5/57.4 (119.9) 0.57 

         12 37.5/99.2 136.7 (0.63) 

 Adults [Y@N] 2.9 (4.1) 5.6 (4.5) 1.6  0.64 (0.22-1.06)  7 60.0/87.0 147.0 0.42 

 Adults [ICAT] 3.0 (4.5) 10.0 (6.1) 5.9*  0.88 (0.78-0.98)  6 100.0/81.6 181.6 0.18 

Injury            

 Adol. [Y@N] 2.0 (2.6) 10.6 (12.1) 9.9**  0.68 (0.44-0.92)  10 60.0/98.7 158.7 0.40 

 Adults [Y@N] 2.9 (4.1) 6.3 (7.1) 1.0  0.58 (0.07-1.09)  5 66.7/76.4 143.1 0.41 

 Adults [ICAT] 3.0 (4.4) 17.0 (12.7) 4.8*  0.94 (0.85-1.03)  8 100.0/87.8 187.8 0.12 

Notes: 1) F(1, n-1): adjusted t-tests for the design effect of cluster on individuals; 2) Values in 

brackets and grey: less optimal threshold.   
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Table 4: Levels of alcohol use without and with consequences, AUROC and optimal 

thresholds, per age group and study (Men) 

  Drinks per night  AUROC (95%-CI)  Optimal threshold 

  
Without 

conseq. 

With 

conseq. 
    

  

Sensitivity/ 

Specificity 

Method2 

  mean (SD) mean (SD) 
Test-

value1 
   

  Youden 

Index 

Shortest 

distance 

Hangover            

 Adol. [Y@N] 2.3 (3.5) 9.2 (6.5) 47.7***  0.87 (0.80-0.93)  5 86.2/81.2 167.4 0.23 

 Adults [Y@N] 3.2 (4.1) 9.1 (5.6) 87.5***  0.81 (0.76-0.86)  5 80.3/73.3 153.6 0.33 

 Adults [ICAT] 3.6 (4.7) 14.2 (8.3) 63.3***  0.89 (0.85-0.93)  5 97.6/71.8 169.4 (0.28) 

         6 85.7/77.4 (163.1) 0.27 

Blackout            

 Adol. [Y@N] 3.3 (4.5) 9.6 (9.3) 8.8**  0.72 (0.54-0.89)  4 81.3/63.4 144.7 0.41 

 Adults [Y@N] 4.0 (4.8) 10.5 (4.3) 60.0***  0.85 (0.78-0.91)  7 84.2/76.6 160.8 0.28 

 Adults [ICAT] 4.0 (5.1) 19.9 (8.5) 34.1***  0.96 (0.93-0.99)  11 100.0/89.3 189.3 0.11 

Risky sex            

 Adol. [Y@N] 3.4 (4.6) 7.9 (9.5) 2.7  0.59 (0.37-0.80)  5 56.3/69.8 (126.0) 0.53 

         6 50.0/79.2 129.2 (0.54) 

 Adults [Y@N] 4.1 (4.9) 7.4 (6.6) 3.9  0.63 (0.45-0.81)  8 50.0/79.0 129.0 0.54 

 Adults [ICAT] 4.3 (5.7) 12.3 (7.8) 7.5**  0.84 (0.74-0.95)  5 100.0/67.1 167.1 (0.33) 

         7 83.3/76.4 (159.8) 0.29 

Fight            

 Adol. [Y@N] 3.4 (4.7) 7.7 (9.0) 1.7  0.56 (0.24-0.87)  5 53.9/69.5 (123.3) 0.55 

         8 46.2/87.1 133.3 (0.55) 

 Adults [Y@N] 4.0 (4.8) 10.9 (5.5) 28.7***  0.83 (0.74-0.91)  6 87.5/71.0 158.5 0.32 

 Adults [ICAT] 4.3 (5.6) 20.0 (13.4) 7.4**  0.89 (0.75-1.04)  14 75.0/92.2 167.2 0.26 

Injury            

 Adol. [Y@N] 3.4 (4.7) 10.3 (9.0) 4.0  0.75 (0.54-0.96)  4 90.0/62.9 152.9 (0.38) 

         5 80.0/70.0 (150.0) 0.36 

 Adults [Y@N] 4.1 (4.8) 15.7 (4.3) 53.6***  0.95 (0.90-0.99)  10 100.0/86.5 186.5 0.14 

 Adults [ICAT] 4.3 (5.6) 17.4 (13.0) 6.5*  0.87 (0.75-0.98)  5 100.0/66.9 166.9 (0.33) 

         7 80.0/76.3 (156.3) 0.31 

Notes: 1) F(1, n-1): adjusted t-tests for the design effect of cluster on individuals; 2) Values in 

brackets and grey: less optimal threshold.   
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Table 5: Average AUROCs and optimal thresholds per consequences, age groups and gender 

   AUROC  Optimal threshold 

   Women Men  Women Men 

Consequences:      

 Hangover 0.87 0.86  4.2 5.2 

 Blackout 0.84 0.84  4.7 7.3 

 Risky sex 0.73 0.69  4.3 6.5 

 Fight 0.70 0.76  6.7 8.8 

 Injury 0.73 0.85  7.7 6.8 

Age groups:      

 Adolescents 0.69 0.70  5.1 5.1 

 Adults 0.82 0.85  5.3 7.9 

  Y@N 0.74 0.81  4.7 7.2 

  ICAT 0.89 0.89  5.9 8.5 

 

 


