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Abstract

Background—Globally, there is a male excess in the occurrence of heavy drinking once 

alcoholic beverages are consumed, with some new evidence that this ‘gender gap’ might be null 

among underage drinkers. Here, we estimate age-specific male-female differences in heavy 

drinking episode (HDE) incidence across the first eight calendar-quarters after first full drink.

Methods—Study population is non-institutionalized civilians in the United States (2006-2014). 

Standardized audio computer-assisted self-interviews were used to assess the date of first full 

drink and the date of first HDE (i.e., 5+ drinks on one occasion) among ∼33,000 12-to-21-year-old 

newly incident drinkers (all with 1st full drink and HDE evaluated within 24 months of drinking 

onset). Time-to-HDE survival analyses are used to estimate age-specific male-female ratios in the 

hazard of HDE onset.

Results—We found that among early adolescent new drinkers (drinking onset at age 11-14), the 

newly incident drinking females progress to HDE more quickly than males (HR=1.3, 95% CI=1.1, 

1.6). In contrast, male excess risk is observed when drinking starts at or after age 15 years. For 

underage drinkers, age-specific hazard ratios (HR) depend upon age at first full drink.

Conclusions—Based on recent survey data from the US, this study's survival analyses support 

early adolescent female excess in the onset of HDE. When drinking starts at or after age 15 years, 

a male excess becomes apparent within two years since first full drink. Future studies may probe 

any sex-specific mechanisms toward the rapid onset of HDE at different age groups.

1. Introduction

Heavy drinking causes substantial health and socioeconomic burden in the United States 

(US) and other countries, especially among adolescents and young adults (Rehm et al., 

2010; Spear and Swartzwelder, 2014). Adolescents are especially vulnerable to alcohol-

induced neurocognitive deficits compared to adults, due to the developmental nature of this 

period (Crego et al., 2009; Crews et al., 2007). In addition, early onset of heavy drinking is a 

predictor of later alcohol-related problems (Kuntsche et al., 2016, 2013).
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A consistent male excess in heavy drinking, a traditional ‘masculine’ behavior, has been 

reported around the world (Holmila and Raitasalo, 2005; Keyes and Miech, 2013; Slade et 

al., 2016; Wilsnack et al., 2009). In the US, adult males are two to five times more likely to 

experience a recent heavy drinking episode (HDE) compared to females (Kerr et al., 2009; 

Wilsnack et al., 2009). Some studies in the adult population in the US and many other 

countries have found evidence supporting a narrowing of the ‘gender gap’ in heavy drinking, 

with smaller male-female ratios in younger cohorts compared to older cohorts (Johnson and 

Gerstein, 1998; Keyes et al., 2011; Keyes and Miech, 2013; Slade et al., 2016). Compared to 

adults, smaller male-female differences have been reported for adolescents for the 

prevalence of heavy drinking (Johnston et al., 2016; White et al., 2015). For example, 

estimates from the US National Surveys on Drug Use and Health (NSDUH) show a 1-2% 

male excess in heavy drinking during the past 30 days among 12-17 year olds as an 

aggregate and a ∼15% male excess in young adults (White et al., 2015). Grade-specific point 

estimates from the US Monitoring the Future study suggest a slightly higher prevalence of 

HDE among girls in 8th grade, a slightly higher prevalence among boys in 10th grade, and a 

larger male excess in 12th graders (Johnston et al., 2016).

Although HDE prevalence provides insights about the extent of the problem, few studies 

have focused on the ‘risk’ of becoming a case of HDE once drinking starts. That is, 

prevalence estimates are affected by two different processes, namely the risk of onset and 

persistence (Kramer, 1957; Lapouse, 1967). Causes and mechanisms for these two processes 

can differ. In addition, the occurrence of HDE is composed of two processes, namely, the 

onset of drinking and the transition from drinking to HDE. With a focus on the onset of 

drinking, we recently discovered an early-adolescent female excess in drinking onset (Cheng 

et al., 2016b). In this context, it is not clear whether the slightly higher prevalence of HDE 

documented in the Monitoring the Future study is due to drinking onset, or due to the 

transition from drinking to HDE, or both. A sole focus on HDE ‘risk’ estimates provides 

important information about rapid escalation of drinking soon after drinking onset, the key 

period for prevention and intervention strategies (McBride and Cheng, 2011), especially for 

adolescent underage drinking. In a previous study of newly incident drinkers who had their 

first full drink during the 12 months prior to the survey, we found an early-adolescent male-

female parity in the risk of transition from 1st drink to 1st HDE by the time of assessment; 

among older new drinkers, a male excess is seen (Cheng and Anthony, 2016). Nonetheless, 

in this study new drinkers had a window varying from one month to 12 months since their 

1st full drink. Therefore, there is uncertainty about the timing of onset of HDE once drinking 

had started. For example, HDE might emerge immediately after drinking onset, or might be 

delayed until later after the drinking onset. There are questions about the natural history of 

HDE onset, or “mechanisms” through which being a male or a female might be linked to 

greater risk of HDE onset. Built upon previous investigations, we seek to estimate the male-

female differences in the onset of HDE using time-to-event information among newly 

incident drinkers 12-21 years of age in the US in relation to four age groups spanning from 

early adolescence to young adulthood. Specification of these four groups is grounded in 

recent empirical evidence on incidence rates for newly incident drinking in the US (Cheng et 

al., 2016a, 2016b). Specifically, we categorized newly incident drinkers into four groups 

based on their age at first drink: 11-14 (early-adolescence-onset new drinkers), 15-17 (mid-
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adolescence-onset new drinkers), 18-20 (early-adult-onset underage drinkers), and 21 (early-

adult ‘postponers’). This categorization is guided by a previously described pattern of 

drinking incidence, characterized by a sharp increase among 12-15 year olds, a more gradual 

increase from 16 to 18, a dip at 19 and 20, and a high peak at 21 (Cheng et al., 2016a). This 

specification is generally in line with the US school system: age 11-14 is middle school; age 

15-17 is high school; age 18-20 is the transition to college or working; age 21 is the legal 

drinking age.

Guided by previous studies, our hypothesis is a consistent male excess in the occurrence of 

HDE onset among 12-to-21-year-old newly incident drinkers with a smaller male-female 

ratio among early adolescents. An alternative is that the male-female difference might have 

become null among early adolescents. Compared to studies with multiple assessments over 

time or with long-term recall, this study's tight focus on recent experiences no more than 24 

months prior to the assessment helps restrain response reactivity and recall bias (i.e., 

“forward telescoping”) (Shillington et al., 2012; Shillington and Clapp, 2000). Estimates are 

from nine successive cross-sectional national surveys (2006-2014). Compared to the data 

pooling approach, our use of meta-analysis to summarize single-year estimates helps assess 

the consistency of estimates year by year.

2. Materials and Methods

2.1 Study population and sample

The study population consisted of non-institutionalized civilians in the US, with nine 

independently drawn nationally representative samples of 12-to-21-year-olds from NSDUH, 

with oversampling of 12-17 year olds, using a multi-stage sampling method after 

Institutional-Review-Board-approved parent consent and child assent (United States, 2015, 

2012). Participation level ranges were 72%-76%, yielding over 240,000 12-to-21 year olds. 

In contrast to school or household surveys of adolescents, the NSDUH sample includes 

young people irrespective of school attendance, and its sampling frame includes non-

household group quarters such as homeless shelters. More details about the NSDUH 

methodology is provided in previous publications (United States, 2012; United States 

Substance Abuse and Mental Health Services Administration, 2014).

2.2 Assessments

NSDUH confidential assessments were audio computer assisted self-interviews (ACASI), 

each with standardized multi-item modules on health and drugs, including alcohol use. A 

full drink was defined as “a can or bottle of beer, a glass of wine or a wine cooler, a shot of 

liquor, or a mixed drink with liquor in it” (United States, 2015). In this study, HDE is 

defined as 5+ drinks on one occasion. Among individuals who had their first full drink at the 

current age or a year younger (current age minus one), ACASI items assessed month, year, 

and age at first full drink. This approach identified 33,908 12-to-21-year-olds who had their 

first full drink within 24 months prior to the assessment. A similar approach is used for the 

assessment of first HDE onset. Information about the date of first HDE is available from 

2006 to 2014.
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Information about sex and age are from survey items in the Demographics module. When 

these items are missing, information from the household roster is used.

2.3 Analysis approach

The outcome for this study is the time from first drink to first HDE. For newly incident 

drinkers who had a HDE onset within two years of drinking onset, the analysis time is the 

interval between the first drink and the first HDE (i.e., subtracting the date of first full drink 

from the date of first HDE using the month and year of first use and the month and year of 

first HDE variables). For newly incident drinkers who did not have HDE within two years of 

drinking onset, the analysis time is the interval between the first full drink and the interview 

(i.e., subtracting the date of first full drink from the date of assessment using the quarter and 

year of first use and the quarter and year of assessment variables; right-censored). Because 

only the quarter of the year when the interview was conducted is available in the publicly 

downloadable NSDUH data sets, the unit of analysis is person-quarter-year in this study's 

analyses.

Kaplan–Meier estimators were used to describe sex-specific time to first HDE among newly 

incident drinkers for each of the four pre-defined age-of-onset groups. Next, we used Cox 

proportional hazard regression models to estimate year-specific female-male hazard ratios 

(HR) for the onset of HDE for these four age-of-onset groups, with HR estimates from each 

year, 2006-2014 (Yan, 2004). Variations in female-male HRs were evaluated using sex-by-

age product terms. Log-log plots were used to examine the proportional hazard assumption. 

Our final analysis steps involved meta-analysis to summarize year-specific estimates. 

Random-effects estimators were used when heterogeneity was detected (DerSimonian and 

Laird, 1986; Higgins et al., 2003). Results are presented in forest plots to aid the assessment 

of consistency. Age-specific estimates are presented in the supplementary material as a post-

hoc check for possible heterogeneity within each age-of-onset stratum. The rationale to use 

meta-analysis is to take into account potential heterogeneities and to assess consistencies 

across years. More details about the use of meta-analysis in this context is provided in a 

previous publication (Cheng et al., 2016a).

In this research, we followed previous studies and specified HDE onsets within 24 months 

after first full drink with phrases and terms such as ‘HDE soon after first drink’ and ‘rapid 

HDE onset’ (O'Brien and Anthony, 2009; Reboussin et al., 2006). We provide an exploratory 

sub-study to empirically assess the median induction interval using survival analysis. In 

order to explore potential influence of memory errors, we constrained the analysis to those 

who consumed their first full drink within the six months prior to the assessment (Engels et 

al., 1997; Kuntsche et al., 2016; Shillington et al., 2012). Details of these sub-studies are 

presented in the online supplementary material.

Analysis weights were used to adjust for selection probability, and post-stratification factors 

were used to bring the sample into balance with the source population. The NSDUH 

methodological summary provides details about the calculation of weights and post-

stratification factors (United States., 2014). Standard errors and 95% confidence intervals 

(CI) are from complex survey delta methods. Analyses were conducted using the Stata 

statistical software version 14.2 (StataCorp, College Station, Texas, USA).
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3. Results

To reiterate, this project's survival analysis results are focused on the first Heavy Drinking 

Episode (HDE) as experienced during the first eight calendar-months after the first full drink 

(i.e., ‘rapid-onset’ HDE), whereas prior reports have been focused on estimation of “30-day 

prevalence proportions” and “cumulative incidence estimates.” Table 1 offers a description 

of the study sample. The mean interval from the 1st full drink to 1st HDE decreases with age. 

No male-female difference is seen for 11-20 year olds. For 21 year olds, males have a 

shorter mean interval compared to females.

Figure 1 presents sex-specific HDE onset for the four age-of-onset groups. (Supplementary 

Figure S1 presents age-specific hazard functions.) For early-adolescence-onset new drinkers 

(i.e., age of onset between 11 and 14), HDE tends to occur sooner in females than in males, 

whereas the opposite is true for the three older groups. Log-log plots show generally parallel 

lines for males and females for all age groups (supplementary Figure S2); tests based on 

Schoenfeld residuals reveal no evidence for violation of the proportional hazard assumption 

(p=0.67, 0.59, 0.22, and 0.60 for the four age-of-onset groups) (Schoenfeld, 1982). 

Therefore, we turned to the Cox regression modeling approach. The sex-by-age product 

terms indicate smaller female-male HRs in the three older age-of-onset groups compared to 

the youngest group (i.e., drinking onset at 11-14 years of age). No variations in female-male 

HRs are found across the three older groups.

Figure 2 presents estimated female-male ratio for the onset of HDE for each of the drinking-

onset age groups. For early-adolescence-onset new drinkers, the point estimates for female-

male hazard ratios are greater than one for each survey year, except for 2013. The meta-

analytic summary estimate reveals a robust female excess for the rapid progression from 1st 

drink to 1st HDE (estimated HR=1.3, 95% CI=1.1, 1.6). In the other age subgroups, newly 

incident drinking females have a lower hazard for the onset of HDE compared to male new 

drinkers who started drinking at the same age (15-17 year olds: HR= 0.7, 95% CI=0.7, 0.8; 

18-20 year olds: HR= 0.6, 95% CI=0.5, 0.7; 21 year olds: HR= 0.7, 95% CI=0.5, 0.9). For 

those with first full drink at 15-20 years of age, the estimates are consistent across years, but 

when drinking was postponed to the legal minimum drinking age at 21, there is a wider 

variation in estimates across years. Nonetheless, for these ‘postponers’, the meta-analysis 

summary estimate for the female-male contrast is inverse, as shown in the final panel of 

Figure 2.

Exploratory analyses to probe age-specific estimates disclosed congruent patterns with the 

one described above: estimates showing female excess risk among those who started 

drinking between 11 and 14, and a male excess among those who started later (Figure 3).

We also provide forest plots of sex-specific hazard ratios comparing age groups in 

supplementary Figure S3 for interested readers. Among males, positive hazard ratios are 

seen for rapid-onset HDE when comparing the three older age groups with early adolescent 

underage drinkers. A similar pattern is observed for females except that no appreciable 

difference is seen when comparing 21-year-onset and early-adolescent-onset new drinkers 

(meta-analysis summary= 0.8, 95% CI=0.6, 1.1, Figure S3 Panel 9).
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In the post-estimation exploratory analyses which focused on the subsample of newly 

incident drinkers who had their first full drink during the six-month interval before 

assessment, the just-described pattern is observed (e.g., early female excess risk of HDE; 

supplementary Table S1).

4. Discussion

Against a historical background of a consistently documented male excess in prevalence of 

HDE, as well as a recently described male-female parity in early adolescents in the US, the 

especially noteworthy finding of this study is a female excess risk for a fairly rapid onset of 

the first HDE not long after consumption of the first full drink, when drinking starts in early 

adolescence (i.e., at age 11-14 years). The evidence from basic Kaplan-Meier survival 

analyses is strengthened by this study's multiple yearly replications and meta-analysis. In 

contrast, when drinking starts at or after age 15 years, a clear male excess risk is observed. 

These results on a female excess risk of HDE among early adolescent drinkers are congruent 

with recently reported US estimates showing what now is a female excess in the risk of 

becoming a new drinker during early adolescence, as well as evidence suggesting a female 

excess risk of making a rapid transition from the first full drink to alcohol dependence, also 

observed during early adolescence (Cheng et al., 2016b; Cheng and Anthony, 2016). Some 

differences are noted as well. The male excess in the risk of HDE in older adolescents and 

young adults is not observed for drinking onset or rapid transition to alcohol dependence 

(Cheng et al., 2016b, 2016c). In addition, the female excess was not seen in a previous 

analysis on cumulative incidence of HDE among newly incident drinkers as an aggregate 

(Cheng and Anthony, 2016).

4.1 Limitations and Strengths

This study's findings should be interpreted with the following important limitations in mind. 

Of central concern to us is the lack of fine-grained information about the exact dates of the 

first drink and the first HDE. Moreover, due to the lack of the exact dates of the ACASI 

assessment, we had to specify our unit of analysis as person-quarter-year instead of person-

month or person-day.

In this study, our definition of HDE deviates from the US National Institute of Alcoholism 

and Alcohol Abuse definition of binge drinking, which is “a pattern of drinking that brings 

blood alcohol concentration (BAC) levels to 0.08 g/dL. This typically occurs after 4 drinks 

for adult women and 5 drinks for adult men—in about 2 hours.”(National Institute on 

Alcohol Abuse and Alcoholism, 2004). We did not use different metrics for males and 

females for two reasons. First, we held the metric constant in order to provide initial 

evidence for a measurable behavior. Second, the validity of the 5/4 drinks threshold to reach 

a BAC of 0.08 g/dL is less clear for adolescents. That is, if we had used a 5+ drinks HDE 

case definition for males and a 4+ drinks HDE case definition for females, any observed 

female-male difference might be due to this sex-related variation in the case definition 

(Cheng and Anthony, 2016). To be sure, BAC variations are crucial in research on alcohol 

toxicity and physiological changes after alcohol intake.
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Nonetheless, in this research on first occurrence of HDE, it is not necessary to conduct any 

analysis in order to check whether our main finding about the early adolescent female excess 

is contradicted when sex-specific HDE case definitions are used. By reducing to a 4+ drink 

case definition for females and by leaving the male case definition at 5+ drinks, the female 

excess in early adolescence would become even larger than we now estimate with the case 

definition held constant. After early adolescence, the male excess would become smaller or 

null.

Some readers may be concerned about our study of newly incident drinkers in a cross-

sectional sample versus the hypothetical alternative of studying newly incident drinkers in a 

prospectively conducted follow-up study. With respect to these issues, there is no ambiguity 

about the order of events: first drink precedes first HDE (when it occurs), and the assessment 

comes next. With respect to the cross-sectional approach, any prospectively designed study 

approach will confront similar issues with respect to newly incident drinkers unless the 

approach includes elements such as continuous time monitoring of the first full drink and the 

first HDE. Readers will appreciate that the cross-sectional approach used in this 

investigation does not suffer from the almost certain attrition from the sample and response 

reactivity that must be faced during prospective studies of adolescents (Anthony, 2010). In 

addition, prospective studies of nationally representative samples are not always feasible.

Several other study strengths deserve attention. First, our tight focus on newly incident 

drinkers restricts the recall period to a relatively short interval prior to the survey assessment, 

which should help constrain memory errors (i.e., telescoping) (Engels et al., 1997; 

Shillington et al., 2012). Few HDE studies with samples of adults or older adolescents have 

had recall intervals as short as the intervals specified in this investigation. Second, with 

respect to the hazard ratio estimates from Cox regressions, our meta-analysis approach 

provides an assessment of the consistency of estimates from independently drawn nationally 

representative samples taken in each survey year. In addition, the use of ACASI assessments 

with a nationally representative probability sample should enhance validity of the survey 

estimates, relative to available alternatives. Last but not the least, our study population is not 

restricted to school-attending individuals, which enhances the external validity of this study. 

In sum, the novelty of this study is the focus on incidence estimates based on nationally 

representative samples of all non-institutionalized residents in our specified age range.

4.2 Interpretation of findings

We do not interpret this study's estimates in terms of causal relationships linking age of first 

drink and the development of rapid-onset HDE because age of first drink clearly is not 

assigned at random; it apparently depends upon uncontrolled background susceptibility traits 

such as gestational age, tendencies to engage in socially maladaptive behavior and norm 

violations, as well as one's chances to try an alcoholic beverage precociously (Do et al., 

2016; Kuntsche et al., 2016). Rather, our new discovery shows age-varying male-female 

differences in HDE occurrence during a relatively short time after the first full drink.

At present we cannot offer a solid theory or a definitive answer as to why or how it happens 

that we are observing this female excess in HDE onset during the early adolescent years, but 

some speculations are possible. Social norms and stigma-laden views about female drinking 
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often have been cited as major contributors to the widely documented male excess in HDE 

around the globe; changes in these social norms have been noted (e.g., reduced stigma 

toward female drinking and heavy drinking) (Rahav et al., 2006; Wilsnack et al., 2009; 

Wilsnack and Wilsnack, 1992), and it is possible that within the US, especially during early 

adolescence, there is an incomplete expression of stigma-laden views about female drinking 

practices. We also can note maturational changes that occur throughout adolescence, with 

implications for physiological processes, acquisition of social skills, and configuration of 

sex- and gender-related social roles and identities (Casey et al., 2008; Schulte et al., 2009). 

Of special importance might be maturational acceleration with girls entering puberty earlier 

than boys, with concomitant increases in novelty-seeking and risk-taking (Casey et al., 

2008).

4.3 Implications and Future Directions

Despite the lack of a complete understanding of the female excess in HDE onset during 

early adolescence, HDE is an established cause for injuries and death from injury (Borges et 

al., 2013; Taylor et al., 2010). In addition, early onset HDE predicts later alcohol-related 

problems, and it has been associated with an array of adverse outcomes including use of 

other drugs, teen pregnancies, and dropping out of school (Kuntsche et al., 2013; Rehm et 

al., 2010; Salas-Wright et al., 2015). Previous prevention and intervention strategies have 

focused on males because of the consistently documented male excess (Kuhn, 2015; Schulte 

et al., 2009). Our finding of a female excess in rapid-onset HDE among very young new 

drinkers provides additional evidence that these strategies must encompass early female 

drinking as well, at least within the US.

We are confident that future research can build from findings such as these in order to 

understand the underlying mechanisms that account for observed age-dependent patterns of 

male-female differences in HDE onset soon after drinking initiation. In order to be 

definitive, these future studies must be based upon a comprehensive conceptual model that 

can bridge multiple scientific disciplines, given the likely importance of genetics and birth 

influences, physical growth and developmental maturation, peer influences, parenting 

practices, neighborhood and school environments, and gender role expectations (Ahern et 

al., 2008).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Sex-Specific Cumulative Probability of First Onset of Heavy Drinking Episode (HDE) 

within the First Eight Quarters After Drinking Onset for Four Age-of-Drinking-Onset 

Groups. Data From United States National Surveys on Drug Use and Health, 2006-2014. 

(Unweighted n=33,908 12-to-21-Year-Old Newly Incident Drinkers).1
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Figure 2. 
Estimated Year-Specific Female-Male Hazard Ratios for First Heavy Drinking Episode 

Occurrence Within the First Eight Quarters After Drinking Onset for Four Age-of-Drinking-

Onset groups, with Meta-Analytic Summary Estimate for the Hazard Ratio Showing 

Statistically Robust Female Excess Risk in Early Adolescence, Followed by Male Excess 

Risk. Data from United States National Surveys on Drug Use and Health, 2006-2014. 

(Unweighted n=33,908 12-to-21-Year-Old Newly Incident Drinkers).

Note: For 21 year olds, heterogeneity across replications motivated use of the random effects 

variance estimation approach.
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Figure 3. 
Estimated Age-Specific Meta-Analytic Summary Estimates for Female-Male Hazard Ratios 

of First Heavy Drinking Episode Occurrence Within the First Eight Quarters After Drinking 

Onset. Data from United States National Surveys on Drug Use and Health, 2006-2014. 

(Unweighted n=33,908 12-to-21-Year-Old Newly Incident Drinkers).

Note: For 12, 16, 20, and 21 year olds, heterogeneity across replications motivated use of the 

random effects variance estimation approach. Estimate for 11 year olds in 2014 is not shown 

due to imprecision.
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