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Abstract

Background—Many adult drinkers consume far beyond the binge threshold. This “high-

intensity drinking” (HID), defined as 2 (HID-2) and 3 (HID-3) times the binge threshold, is of 

public health interest due to its role in acute alcohol-related harms. Research on HID has mostly 

been limited to college-aged young adults, focused on contextual factors, and neglected the 

potential role of genetic influences on the propensity to engage in HID.

Methods—Structured diagnostic interviews assessing past-year alcohol involvement were 

conducted with 3,785 individuals (1,365 men, 2,420 women; Mage = 32, range = 21 to 46), 

including 3,314 twins and 471 nontwin siblings from the Australian Twin Registry. Multinomial 

logistic regression analyses were conducted to compare HID-2 and HID-3 to binge drinking on 

demographic correlates, drinking characteristics, and drinking-related consequences. Biometric 

modeling was conducted to estimate the role of genetic, common, and individual-specific 

environmental factors in HID propensity.

Results—Among past-year drinkers, the prevalence of HID-2 and HID-3 was both 22%, with 

men disproportionally represented. The frequencies of drinking, intoxication, and binge drinking 

significantly increased across the heavier drinking categories, which also evidenced higher average 
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consumption quantities and higher rates of alcohol-related consequences. The propensity to 

engage in HID was significantly heritable (A = 37% [95% CI: 28 to 46%]), with individual-

specific environmental influences accounting for the remainder of the variance.

Conclusions—This study convincingly demonstrates that HID is not restricted to college-aged 

young adults, but also can be highly prevalent among those of working age, and that the propensity 

to engage in HID is partially explained by genetic influences.
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The definition of binge drinking as consuming 4 or 5 or more alcoholic drinks in 1 drinking 

episode for women and men, respectively (Wechsler et al., 1995), has proven to be an 

invaluable tool in the nearly 15 years since it was officially approved by the National 

Institute on Alcohol Abuse and Alcoholism (NIAAA; NIAAA 2004). There has recently 

been interest in reconceptualizing extreme alcohol use that surpasses the binge threshold 

(Patrick and Azar, 2018). High-intensity drinking (HID), also called “extreme binge 

drinking” and defined in 2 levels as 8 to 11/10 to 14 (i.e., 2 times the binge threshold for 

women/men) and 12+/15+ drinks (i.e., 3 times the binge threshold for women/men) in a 

single drinking episode, has been proposed to describe and understand this type of high-

volume alcohol use (Patrick, 2016; Patrick and Azar, 2018).

The main impetus behind differentiating HID from binge drinking is that the 4+/5+ binge 

cutoff obscures very high-risk drinking, thereby failing to differentiate individuals who are at 

high risk for acute harm (Patrick, 2016). A dichotomous approach “assigns identical risk to 

all bingers regardless of how far they exceed the threshold” and, as a result, removes 

important information that is relevant to public health (Hingson et al., 2017, p. 717). For 

example, high-intensity drinkers are 3 times more likely to meet criteria for alcohol use 

disorder (AUD), and, among individuals with AUD, high-intensity drinkers are more likely 

to meet criteria for a moderate or severe disorder than individuals who do not exceed the 

binge threshold (Linden-Carmichael et al., 2017). Relative to binge drinking, HID is also 

associated with significantly more frequent and severe drinking-related consequences such 

as blacking out, emergency department visits, driving under the influence, and alcohol-

related legal problems (Hingson et al., 2017; Patrick et al., 2016). Further, individuals 

drinking to the higher HID threshold have greater odds of injury, physical fights, and getting 

arrested as compared to individuals drinking to the lower HID threshold (Hingson et al., 

2017).

Research on the determinants of HID has focused primarily on contextual factors (Patrick 

and Azar, 2018), with less attention paid to individual-level factors that might also contribute 

to the propensity to engage in HID. There is a small body of existing evidence from 

disparate literatures (twin, molecular genetic, and animal studies) that supports an important 

role for genetic factors in the etiology of HID. For example, a twin study of US male 

Vietnam veterans, 42 years of age on average, reported that genetic factors accounted for 

32% of the variation in liability to consume 20 or more drinks on a single occasion (Slutske 

et al., 1999).
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An existing measure of drinking that is closely aligned with HID, included in 2 twin studies 

(both reported in Dick et al., 2011), is “daily maximum drinks” (i.e., “max drinks”) 

consumed in the past year. Among 1,378 25-year-old Finnish twin pairs, the contributions of 

genetic and individual-specific environmental factors to past-year max drinks were 49 and 

51%; among 1,766 US twin pairs, 36 years of age on average, these contributions were 56 

and 44% (common environmental influences were dropped from models because they were 

nonsignificant; Dick et al., 2011). These results strongly support the notion that genes 

contribute to the amount of alcohol 1 is willing and able to consume on a single occasion. 

Indeed, gene identification efforts have successfully detected loci (Kuo et al., 2006; Saccone 

et al., 2000) and common polymorphisms associated with max drinks (Pan et al., 2013; Xu 

et al., 2015).

Of interest is the repeated finding from multivariate twin studies that different alcohol use 

phenotypes, such as the quantity and frequency of alcohol use and max drinks, have 

overlapping, but distinct, genetic architectures (Agrawal et al., 2009; Dick et al., 2011; 

Kendler et al., 2010). Consistent with this is recent genomic evidence demonstrating that 

max drinks are only modestly predicted from a polygenic risk score for weekly alcohol 

consumption derived in an independent sample (Johnson et al., 2019). These findings have 

also been mirrored in the animal literature. Early seminal studies indicated the importance of 

genetic influences on alcohol preference in mice (McClearn and Rodgers, 1961; Williams et 

al., 1949); more recent studies have led to the development of “high drinking in the dark” 

mice that have been selectively bred to drink to high blood alcohol concentrations (Barkley-

Levenson and Crabbe, 2014; Crabbe et al., 2009). Research suggests that genetic influences 

for “high drinking in the dark” mice only partially overlap with genetic influences for 

alcohol preference (Crabbe et al., 2011; Rhodes et al., 2007). In sum, there is existing 

research in humans and mice on phenotypes that closely resemble HID (max drinks, “high 

drinking in the dark”), suggesting that there are important genetic influences for this aspect 

of drinking. It would be an oversight to not incorporate these lines of evidence into the 

emerging dialogue about the factors contributing to HID.

In addition, HID research has primarily been based on adolescent, college student, and 

young adult samples (Patrick et al., 2016; Patrick and Terry-McElrath, 2017; Patrick et al., 

2016), with less attention paid to samples of community-based, working-age adults (Linden-

Carmichael et al., 2017). The present study attempts to fill these gaps by examining HID in a 

genetically informative study of this understudied segment of the population. Specifically, 

we examined demographic correlates, drinking characteristics, and drinking-related 

consequences of HID in a community-based sample of working-age Australian adult twins; 

we also examined the contribution of genetic, common, and individual-specific 

environmental influences to HID propensity.

MATERIALS AND METHODS

Participants and Procedure

Participants were 3,785 individuals (3,314 twins and 471 nontwin siblings) from the 

Australian Twin Registry Cohort III (1,365 men, 2,420 women; Mage = 32, range = 21 to 46, 

twin range = 27 to 371). Notably, 97% of the sample was over age 28 and 94% was between 
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the ages of 28 and 38, representing a unique age group in HID research. Participants were 

surveyed by computer-assisted telephone interview (CATI) in 2005 to 2009 (participation 

rate = 76%; Lynskey et al., 2012). Individuals who were lifetime abstainers (n = 48) or who 

did not drink in the past year (n = 311) were excluded from analyses, leaving a final sample 

size of 3,426 for the descriptive analyses. Data from 2,964 twins of known zygosity were 

included in the biometric analyses. This included 938 monozygotic (MZ) and 1,066 

dizygotic (DZ) twins from complete pairs and 355 MZ and 605 DZ twins from incomplete 

pairs.

Potential sampling bias was examined in the twin sample by comparing the prevalence of 

HID among twins from pairs concordant for participation in the interview (“complete pairs”) 

to twins whose cotwin did not participate in the interview (“incomplete pairs”). Incomplete 

twin pairs provide a window into characteristics of non-participating twins (including those 

in which neither twin from a pair participated). That is, if twins with HID were 

systematically under- or over-sampled, lower or higher prevalences of HID would be 

expected among twins whose cotwin did not participate than among twins concordant for 

participation in the interview (assuming that HID is correlated in twin pairs). There was no 

evidence of sampling bias; twins from incomplete pairs were only slightly more likely to be 

HID drinkers than twins from complete pairs (men: 65.80% vs. 64.76%; women: 32.41% vs. 

30.56%), and these differences were not statistically significant (t = 1.27, p = 0.20).

Measures

Demographics—As part of the CATI interview, participants reported their age, ancestry, 

educational attainment, and marital status. For ancestry, participants were asked to report the 

lineage of each of their 4 biological grandparents, with up to 2 ancestral lineages for each 

grandparent. United Kingdom (i.e., Britain, Scotland, Wales; 84%), Ireland (32%), Germany 

(15%), and Italy (5%) were the most common countries of descent; 7% reported no lineage 

from these most prevalent groups, less than 1% reported Asian ancestry, and slightly less 

than 2% of the sample had at least 1 grandparent of indigenous Australian ancestry. For 

educational attainment, participants were asked to report their highest educational level 

attained using a respondent booklet with a list of 10 possible response options (primary 

incomplete, primary completed, year 8 completed, year 9 completed, year 10 completed, 

year 11 completed, year 12 completed, technical college, undergraduate degree, and 

graduate degree). Due to low prevalence of the lower categories, they were collapsed into a 

“less than high school” group (24% of the sample); the rest of the sample was evenly 

distributed across technical college (28%), undergraduate degree (28%), and graduate degree 

(20%). Participants were asked if they were currently married, widowed, separated, 

divorced, or never married. Because the rates of being widowed, separated, and divorced 

were very low (5% combined), never married (41% of the sample) and married (53% of the 

sample) were used as comparison groups for analyses of marital status.

Alcohol Use—Assessment of alcohol use was based on the Australian version of the Semi-

Structured Assessment of the Genetics of Alcoholism (Bucholz et al., 1994; Heath et al., 

1Two twins from a pair were 40 years of age.
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1997) and administered via CATI. Reports of past-year frequency of drinking, being drunk, 

and binge drinking, typical quantity of drinks per drinking episode, and maximum number 

of drinks consumed in a single 24-hour period (max drinks) were queried. Response options 

for frequency measures included 10 options ranging from “every day” to “never.” The 

categorical frequency of drinking measure was converted to a number of drinking days in the 

past-year variable by computing the number of days per year that corresponded to the 

category (e.g., every day = 365 days; 2 d/wk = 2*52 = 104 days; 2 to 3 d/month = 2.5*12 = 

30 days). Typical quantity response options included 10 items ranging from 1 to 2 drinks to 

31 or more drinks. For response options with a range, the mean of the lower and upper 

bound was taken and used as the quantity for that response (e.g., “3 to 4 drinks” translated to 

3.5 drinks).

For the assessment of max drinks, participants were asked “what is the largest number of 

drinks you have ever had in a 24-hour period? By a drink I mean a can or a stubbie of beer, a 

glass of wine, or a nip of spirits.” Following this, participants were asked to report on the 

types (beer, wine, spirits, and other), strength, and quantity of alcohol consumed. This was 

converted by the interviewer into the number of standard drinks consumed, which was 

summed by the CATI system to create a lifetime max drinks variable. Participants were 

asked the first and last time that this amount of alcohol was consumed in a 24-hour period. 

For 15% of participants, the lifetime max drinks had occurred in the past 12 months; the 

remaining participants were asked about the largest number of drinks consumed in a 24-hour 

period in the past 12 months. Past-year max drinks were based on these 2 pieces of 

information. Previous studies have reported excellent reliabilities (r = 0.90) for retrospective 

reports of max drinks (Rutledge et al., 2008; Slutske et al., 1999).

HID—HID was derived from the maximum drinks in the past-year variable (Hingson et al., 

2017). A 4-level ordinal drinking level variable was created according to the following 

thresholds: “Non-binge” included individuals who reported that their maximum drinks did 

not exceed 3 (for women) or 4 (for men), “binge” included individuals reporting 4 to 7 (for 

women) or 5 to 9 (for men), “high-intensity low” (HID-2) included individuals reporting 8 to 

11 (for women) or 10 to 14 (for men), and “high-intensity high” (HID-3) included 

individuals who reported 12 or more (for women) or 15 or more (for men). The upper limit 

of the HID-3 drinking category was 50 for women and 94 for men (see Fig. 1A).

Drinking-Related Consequences—Participants were queried about experiencing 

alcohol-related blackout (i.e., “drinking enough so that you could not remember things you 

had said or done”) and passing out (i.e., “falling asleep from drinking too much”) in the past 

year. Alcohol abuse and dependence were assessed using DSM-IV criteria and scored 

according to the DSM-5 criteria for AUD absent the criterion of craving, which was not 

included in the DSMIV. A past-year diagnosis of AUD was based on having 2 or more past-

year symptoms.

Analytic Plan

Descriptive Analyses—Multinomial logistic regression analyses and chi-square cross-

tabulations were conducted to compare the drinking categories (nonbinge, binge, HID-2, and 
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HID-3) in the full sample and among men and women separately. All models included age 

as a covariate. The purpose of these descriptive analyses was 2-fold. First, we wanted to use 

additional measures of past-year drinking behaviors and consequences to verify that the 

measure of HID was identifying a pattern of behavior, despite the fact that the measure was 

based on a single drinking episode. With this verification, we then sought to examine 

whether there were differences between the 2 HID categories and binge drinking.

Drinking categories were compared on demographic characteristics, past-year drinking 

behavior, and drinking-related consequences. Three models were fitted for each variable: a 

model with the variable of interest as the sole predictor, then a model controlling for sex, 

and, finally, a model including a variable by sex interaction to probe for potential sex 

differences in the association between the variable of interest and drinking behavior. These 

analyses included the full sample of twins and siblings, and used survey data analysis 

procedures in SAS software version 9.4 (SAS Institute, 2015) that corrects for the 

nonindependence of twin and sibling pair observations.

Twin Analyses—Twin correlations in HID liability were estimated, and biometric 

modeling was conducted in Mplus (Muthén and Muthén, 2017). In all models, the thresholds 

(prevalences) for men and women were allowed to differ. Biometric models were fitted by 

the method of robust weighted least squares directly to the raw twin data, which uses data 

from incomplete as well as complete twin pairs. An assumption was made that there existed 

a latent liability continuum underlying the ordinal HID levels by employing a liability-

threshold model (Kendler, 1993; Neale and Cardon, 1992). Biometric model-fitting 

partitioned the variation in HID liability (or propensity) into additive genetic, common 

environmental or nonadditive genetic, and individual-specific environmental influences (the 

latter also includes measurement error). Age was included as a covariate in all models. 

Quantitative sex differences, or differences in the proportion of genetic, common 

environmental, and individual-specific environmental factors, were examined by 

constraining parameter estimates for men and women to be equal; a significant decrease in 

model fit under these constraints would indicate the presence of quantitative sex differences. 

Qualitative sex differences, or different genetic sources of liability for men and women, were 

tested by constraining the genetic correlation for opposite-sex twin pairs to 0.5 (i.e., the 

genetic correlation for same-sex twin pairs). A significant reduction in model fit compared 

with an unconstrained model would indicate the presence of qualitative sex differences. 

Model comparisons were conducted with Wald tests. Bias-corrected bootstrapped 

confidence intervals around parameters were estimated.

RESULTS

Prevalence and Demographic Correlates of HID

Past-year HID was unexpectedly prevalent in this sample: 22% (N = 751) reported HID-3, 

22% (N = 738) reported HID-2, 32% (N = 1110) reported binge-only consumption, and 24% 

(N = 827) reported nonbinge consumption. There were notable sex differences in rates of 

HID, F(6, 1988) = 59.15, p < 0.0001. Compared with binge, men were more likely than 

women to report HID-2 (OR = 2.31, 95% CI [1.90 to 2.81], p < 0.0001) and HID-3 (OR = 
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4.07, 95% CI [3.31, 5.01], p < 0.0001), whereas women were more likely than men to report 

nonbinge (OR = 2.05, 95% CI [1.61, 2.60], p < 0.0001; see Figure 1b). Age was associated 

with drinking category, F(3, 1995) = 17.40, p < 0.0001, such that being older decreased odds 

of HID-3 compared with binge. Educational attainment was differentially associated with 

drinking level, F(6, 1995) = 13.79, p < 0.0001, demonstrating a protective effect against 

HID-3 compared with both binge and HID-2. Marital status was also differentially 

associated with drinking level, F(6, 1940) = 28.04, p < 0.0001, with never married 

individuals being at higher risk for HID-2 and HID-3 as compared to binge. There was a 

significant interaction between marital status and sex, χ2 = 21.81, df = 3, p < 0.0001. Rates 

at which men engaged in HID-2 and HID-3 were not significantly different between those 

who were never married and those who were married (HID-2: 28.76% vs. 28.22%, HID-3: 

40.10% vs. 30.85%; p = 0.08 to 0.53), whereas the rates at which women engaged in HID-2 

and HID-3 were significantly higher among those who were never married than those who 

were married (HID-2: 25.15% vs. 12.44%, HID-3: 19.20% vs. 8.38%; p = 0.002 to 0.0004).

Drinking Correlates of HID

Comparison of drinking categories substantiated the hypothesis that past-year drinking 

behaviors would differ by drinking level (see Table 1). HID-3 drinkers, on average, 

consumed alcohol on roughly 40% of days (i.e., about 3 d/wk) and typically consumed, on 

average, approximately 4.5 drinks per drinking occasion; on average, HID-3 drinkers 

consumed at their respective gender-specific binge thresholds during a typical drinking 

episode. HID-2 drinkers, on average, consumed alcohol on roughly 30% of days (i.e., about 

2 d/wk) and typically consumed, on average, approximately 3.5 drinks per drinking 

occasion. Binge-only drinkers, on average, consumed alcohol on roughly 20% of days (i.e., 

about 1.5 d/wk) and typically consumed, on average, approximately 2.5 drinks per drinking 

occasion. In sum, individuals reporting meeting or exceeding 3 times the binge threshold at 

least once in the past-year drank roughly twice as often and consumed roughly twice as 

much on a typical drinking occasion as compared to those who reported binge-only drinking 

in the past year.

Drinking-Related Consequences and HID

The rate and odds of past-year blackout, passing out, and AUD increased with each 

successive drinking category (see Table 2). Binge-only drinkers reported these consequences 

at relatively low rates; blackout was over 5 times as prevalent in HID-2 drinkers, and over 10 

times as prevalent in HID-3 drinkers. Similarly, passing out was 4 times as prevalent among 

HID-2 drinkers, and over 6 times as prevalent among HID-3 drinkers compared to binge-

only drinkers. Roughly 2% of binge-only drinkers met criteria for a past-year AUD of any 

severity (i.e., endorsed at least 2 criteria), compared with over 12% of HID-2 and almost 

29% of HID-3 drinkers.

There was a significant interaction between past-year AUD and sex, χ2 = 14.43, df = 2, p = 

0.0007). Each successive drinking level increased odds of AUD; however, odds for HID-3 

compared with HID-2 were substantially accelerated in men as compared to women. Men 

accounted for significantly more of the AUD diagnoses in the HID-3 group than did women, 

χ2 = 45.29, df = 1, p < 0.0001.
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Twin Similarity for HID

Twin concordance for the 4 drinking levels along with the corresponding correlations in 

liability (polychoric correlations) is presented in Table 3. Examination of Table 3 revealed 

that there were many twin pairs that were concordant for HID-2 and HID-3. Remarkably, the 

most common type of concordant pair among men was HID-3; there were 28 MZ pairs and 

21 DZ pairs in which both twins had consumed 15 or more drinks in a single day in the past 

year. This reinforces the idea that there is substantial meaningful variation above the binge 

threshold, and even above the HID-2 threshold. Cross-trait twin correlations of HID with 

other past-year alcohol consumption measures can be found in the supplemental materials 

(Table S1); these analyses demonstrate that HID is a unique construct genetically as well as 

phenotypically.

The MZ and DZ twin correlations for HID significantly differed among women (Wald χ2 = 

4.74, df = 1, p = 0.03) but not among men (Wald χ2 = 2.25, df = 1, p = 0.13), suggesting that 

there may be genetic influences on HID propensity in women, but not men. However, the 

correlations within zygosity did not differ for men and women among the MZ pairs (Wald 

χ2 = 0.07, df = 1, p = 0.80) or the DZ pairs (Wald χ2 = 0.01, df = 1, p = 0.93), suggesting 

that there were no quantitative sex differences. Finally, there was no significant difference 

between the opposite-sex and same-sex DZ pairs (Wald χ2 = 3.59, df = 2, p = 0.17), 

suggesting that there were also no qualitative sex differences.

Genetic and Environmental Influences on HID Propensity

Biometric model-fitting suggested that there was a genetic contribution to past-year HID 

propensity in both men and women, and no evidence for a significant contribution of the 

common environment in either sex (see Table 4, model 1). Because constraining the 

parameter estimates in men and women did not result in a significant decrease in model fit 

(Wald χ2 = 1.04, df = 2, p = 0.59; see Table 4, model 3), the hypothesis of quantitative sex 

differences in the proportion of variation in HID propensity attributable to genetic, common, 

or individual-specific environmental factors was rejected. Evidence for qualitative sex 

differences was examined by testing whether the genetic correlation for opposite-sex twin 

pairs significantly differed from 0.5; it did not (Wald χ2 = 1.64, df = 1, p = 0.20; see Table 4, 

model 4). In sum, there was no evidence for quantitative or qualitative sex differences in the 

genetic and environmental influences on HID propensity. A final model assuming no 

quantitative or qualitative sex differences suggested that the propensity to engage in HID 

was significantly heritable, with estimates of genetic and individual-specific environmental 

influences of 37 and 63%, respectively (Table 4, model 4).

DISCUSSION

HID was surprisingly prevalent in this community-based cohort of working-age adults and 

was notably higher than in past examinations of HID in the US (Hingson et al., 2017). This 

might be explained by Australian drinking culture (Midford, 2005) and the higher per capita 

alcohol consumption in Australia than in the US (World Health Organization, 2011). This 

cannot be explained by the low cost of alcohol, as alcohol is actually more expensive in 

Australia than in the US (Blecher et al., 2018; World Health Organization, 2011). One 
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potentially relevant difference between Australian and US national samples is their racial 

and ethnic compositions. This sample was primarily of Northern European ancestry—a 

group that tends to engage in alcohol use and heavy drinking at a higher rate than other 

racial and ethnic groups (Chartier and Caetano, 2010). We suspect that this, coupled with 

few participants from lower-drinking racial and ethnic groups (e.g., those of East Asian and 

African descent) in the sample, may have contributed to the unexpectedly high rate of HID.

The rates of blackout, passing out, and AUD highlight the importance of differentiating 

drinkers who consume above the binge threshold, as the acute physiological consequences of 

alcohol only began to appear substantially at the HID level. Given that binge-only drinkers 

experience alcohol-related consequences at low rates and experience a somewhat different 

set of drinking-related consequences (Hingson et al., 2017), the unique experiences of 

heavier drinkers may be obscured by combining all heavy drinkers into a single category.

HID was especially prevalent among men, which mirrors past findings (Hingson et al., 2017) 

and the larger literature showing that men drink at higher rates, in higher quantities, and 

experience more alcohol-related problems compared with women (Wilsnack et al., 2000). 

The sex difference in the prevalence of HID observed in this mid-adult sample may be more 

pronounced than that found among younger samples. For example, the magnitude of sex 

differences in consuming at least 60 g of ethanol in a day (equivalent to 5 standard drinks, 

similar to the definition of “binge drinking” used in the present study) in the past year was 

substantially higher in older than in younger adults in samples from Australia and the US 

(Wilsnack et al., 2009), and the magnitude of sex differences in risky drinking was 

consistently higher in older than younger age groups across 5 national Australian surveys 

(Livingston et al., 2018).

The greater sex difference in HID prevalence among working-age than college-aged adults 

might be explained by cultural and societal norms, as well as age and developmental 

considerations more pointedly relevant to a mid-adult sample. For example, issues of 

homemaking and parenthood could play a role in reduced rates of HID among adult women 

who typically shoulder domestic responsibilities and are expected to abstain from alcohol 

while pregnant or breastfeeding (Laborde and Mair, 2012; Lyons and Willott, 2008). This 

was reflected in the present sample, with rates of HID being higher among unmarried 

women while not differing across marital status for men. Interestingly, previous studies have 

found that romantic partnership/marriage serves as a protective factor for heavy drinking 

(Barr et al., 2017) and AUD (Kendler et al., 2016) for men as well as women.

The propensity to engage in HID was significantly heritable. The heritability estimate of 

37% was similar to the estimate from a previous study that examined consuming 20 or more 

drinks on a single occasion among middle-aged men (Slutske et al., 1999). Similar to the 

previous studies of max drinks conducted in the US and Finland, there was no evidence for 

common environmental factors, and the remaining variation was explained by individual-

specific environmental factors. An important next step will be to determine the high-risk 

environments that apply to working-age adults, because most of the environments that have 

been identified in college-aged adults (Patrick and Azar, 2018) do not apply to this older age 

group. For example, the present study identified 2 potential individual-specific 
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environmental factors contributing to HID propensity in working-age adults: lower 

educational attainment, and, among women, never having married.2 In addition, previous 

genetically informed studies have demonstrated that involvement in romantic partnerships 

can constrain the influence of genetic propensity for heavy drinking (Barr et al., 2017; Heath 

et al., 1989). This suggests that being in a committed relationship may have a protective 

influence by muting the genetic propensity to engage in heavy drinking. The protective 

influence of being in a committed relationship will be an important area of future research 

on the genetic epidemiology of HID.

There was no evidence for quantitative or qualitative sex differences in the genetic 

contribution to HID. In the full unconstrained biometric model, the heritability estimates for 

HID propensity for men and women were quite similar: 38% among men and 41% among 

women. Although the estimate of the genetic correlation of 0.01 among opposite-sex twin 

pairs appeared quite disparate from the correlation of 0.50 among same-sex pairs, the 

difference was not significant; this lack of evidence for significant qualitative sex differences 

could be due to low statistical power. To date, the only previous human study of HID was 

conducted among men (Slutske et al., 1999), and previous studies of max drinks were not 

able to examine qualitative sex differences because they did not include opposite-sex twin 

pairs (Dick et al., 2011; Kendler et al., 2010). Future research should continue to explore 

potential sex differences in the sources of genetic influences on HID-related phenotypes, 

particularly given the recent evidence of sex-specific genetic effects for the “high drinking in 

the dark” phenotype in mice (Iancu et al., 2018).

Limitations

This study has some limitations. Although the maximum drink proxy was bolstered by 

corroborating patterns of past-year drinking, future research should also query the frequency 

of HID directly. The development of psychometrically sound assessments focused 

specifically on HID will be important given that individuals drinking at this level are more 

likely to experience memory impairment and blackout, and to therefore be less reliable 

reporters of their drinking behavior (Northcote and Livingston, 2011).

Given the superior psychometric properties of continuous measures (Markon et al., 2011), 

the use of a categorical measure of alcohol use might be questioned. However, a useful 

property of categorical measures is that they better align with the categorical treatment 

decisions made by clinicians and that are also used by public health workers to gauge the 

treatment needs of a population (Kessler, 2002). The single-item categorical measure of 

binge drinking has been embraced by the NIAAA for just this reason and is now being 

routinely used in primary care (NIAAA 2007; Saitz, Cheng, Allensworth-Davies, Winter, 

and Smith, 2014). By dividing the binary construct of binge drinking into 3 levels of 

severity, HID has some of the benefits of both continuous and categorical approaches to 

measurement.

2Cross-twin cross-trait correlations of educational attainment and marital status with HID were nearly all modest and nonsignificant, 
suggesting that educational attainment and marital status represent unique environmental characteristics that contribute to HID 
independent of genetic or shared environmental infiuences (see Table S2).
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Although 1 of the goals of this study was to study HID in an understudied segment of the 

population, the generalizability of the findings might be limited by focusing on working-age 

adults. In particular, there is evidence from twin studies of alcohol involvement that the 

contribution of genetic and common environmental influences change across development 

(e.g., Deutsch, Wood, and Slutske, 2017; Kendler et al., 2008, 2012). In particular, the 

proportions of variation in HID propensity due to common environmental influences would 

likely be higher among adolescents and college-aged young adults than in the present study. 

Additionally, per capita alcohol use in Australia was particularly high during the time period 

when these data were collected, and therefore may not reflect the current state of alcohol 

consumption patterns (Australian Institute of Health and Welfare, 2016). Importantly, the 

birth cohort represented in this sample has been found to evidence higher drinking rates than 

more recent cohorts born in the 1990s, leaving open the possibility that the prevalence rates 

presented here may be due to a cohort effect (Livingston et al., 2016). Nonetheless, such a 

HID-enriched sample also represents a strength in the effort to better understand the factors 

associated with the engagement in HID.

There may also be limits to the generalizability of this study owing to the sample being 

Australians of primarily northern European ancestry. The similarity of the estimates of 

genetic and environmental influences to the previous twin studies of HID-like measures 

conducted in the US and Finland suggests that the biometric results are not specific to the 

Australian context. However, the US and Finnish samples are also predominantly of 

European ancestry (>90%; Dick et al., 2011; Henderson et al., 1990). It is critically 

important that future research includes more racially and ethnically diverse samples.

CONCLUSIONS

This study makes 2 important contributions to the literature. First, it convincingly 

demonstrates that HID is not restricted to college-aged young adults, but also can be highly 

prevalent among working-age adults. Whether there are other settings where the prevalence 

of HID among post–college-aged adults is as high as in the present study remains an 

important question for future research. Furthermore, the high rates with which adults engage 

in this high-risk drinking behavior highlight the importance of developing approaches to 

more effectively mitigate the harms of HID in this population. Second, it demonstrates that 

there are important genetic influences that may increase the propensity to engage in HID. 

Moving forward, it will be important to be mindful of the role of genetic predisposition as 

well as contextual factors in our emerging understanding of the factors that influence the 

occurrence of HID.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Panel (A): Box-and-whisker plots of the distributions of the max drinks variable by sex and 

drinking category. Upper limit max drinks for men = 94, upper limit max drinks for women 

= 50; within-box black line represents the group median of max drinks, filled box 
represents the interquartile range (scores 25% above and below the median are represented 

in their respective area of the filled box above and below the median line), upper and lower 
whiskers represent upper and lower quartiles (scores up to 1.5s times the interquartile 

range), circles represent outliers with scores between 1.5 and 3 times the interquartile range, 

asterisks represent outliers with scores more than 3 times the interquartile range. Panel (B): 

Percent of men and women in each drinking category. HID-2: 2 times sex-adjusted binge 

threshold, HID-3: 3 or more times sex-adjusted binge threshold.
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Table 3.

Twin pair concordance and polychoric correlations for levels of past-year binge and high-intensity drinking

Twin 2 Twin 2

Monozygotic men (155 pairs) Monozygotic women (314 pairs)

Twin 1 1 2 3 4 1 2 3 4

1) Nonbinge 5 3 3 2 46 43 12 6

2) Binge 3 15 15 10 38 45 19 16

3) High-intensity 2 1 11 13 17 3 19 16 10

4) High-intensity 3 3 9 17 28 6 12 12 11

r = 0.38, p < 0.001 r = 0.41, p < 0.001

Twin 2 Twin 2

Dizygotic men (109 pairs) Dizygotic women (237 pairs)

Twin 1 1 2 3 4 1 2 3 4

1) Nonbinge 6 2 0 4 31 17 11 8

2) Binge 0 3 9 6 24 38 16 13

3) High-intensity 2 2 11 9 13 8 20 10 10

4) High-intensity 3 3 5 15 21 4 15 6 6

r = 0.19, p = 0.009 r = 0.20, p < 0.001

Male twin

Dizygotic opposite-sex (187 pairs)

Female twin 1 2 3 4

1) Nonbinge 4 20 18 20

2) Binge 5 17 17 18

3) High-intensity 2 5 13 14 13

4) High-intensity 3 2 6 5 10

r < 0.01, p = 0.89

Correlations are age-adjusted. Data from 355 MZ (216 women, 319 men) and 605 DZ twins from incomplete pairs (169 women from same-sex 
pairs, 136 men from same-sex pairs, and 199 women and 101 men from opposite-sex pairs) were also included in the biometric modeling.

Dark gray diagnoal boxes indicate twin pairs concordant for drinking category.
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