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Although historically cisgender women (i.e., women whose sex
assigned at birth is consonant with their gender) in the United
States have had lower levels of alcohol consumption than
cisgender men, recent analyses of historical and cohort data
suggest that overall gender differences are narrowing.! This
narrowing is largely due to substantial increases in cisgender
women’s alcohol use, binge drinking (operationalized as four or
more drinks in 1 day for cisgender women; five or more drinks in
1 day for cisgender men)*? and alcohol use disorder (AUD; meets
criteria for past 12-month dependence or abuse as established in
the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders [DSM-V]).2 Cisgender women also report more barriers
to treatment*® and lower treatment utilization than cisgender
men.®? Given that cisgender women may experience more
severe alcohol-related problems (e.g., problems in relationships
or at work'®) and health impacts than do cisgender men, even

at lower levels of alcohol use,** understanding whether the
pandemic has led to an increase in alcohol use among cisgender
women is critically important.

Rates and risks for problematic alcohol use vary by sexual
identity,'?** race/ethnicity,* and other factors, including
socioeconomic status and relationship status.'® These
differences may be partially explained by differences in stress
levels, including economic stressors and psychological distress®”
and may have been further modified by the coronavirus disease
2019 (COVID-19) pandemic. Research on mental health during
the pandemic suggests that cisgender women experienced
elevated rates of stress, anxiety, and depression compared
to pre-pandemic rates,'82° at least in the early stages of the
pandemic. In contrast, some research has suggested no gender
differences in pandemic-related emotional distress.?*22

Stress is one of the strongest predictors of substance use,
including alcohol use,?® and higher levels of stressors increase
risks for problematic alcohol use, including AUD.?2?°> The
COVID-19 pandemic often has been described as a “perfect
storm” of multiple sources of stress and has been linked to
worsened mental health and health behaviors overall.?122:26-29
There is evidence of increased problematic alcohol use during
previous pandemics;* however, the COVID-19 pandemic is
unique among recent pandemics in the breadth and duration
of its impacts and thus may have more substantial effects on
health and well-being, including alcohol use. Cisgender women,
compared to cisgender men, may be particularly affected by the
pandemic due to higher levels of stressors.332 These stressors
may be related to negotiating working from home?® while
balancing remote schooling for children,?+?8 higher likelihood of
working in frontline and/or caregiver jobs,?®% increased risks for
intimate partner violence,?*-8 delays in accessing needed health
care,¥ isolation,*%-%2 and potentially higher risks for unintended
pregnancies.®! In a prospective study of families, cisgender
women, compared to cisgender men, reported higher levels of
stressors across four out of five domains. Specifically, cisgender
women experienced higher levels of stressors in work/finances
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(31% increase), home disruptions (64%), social isolation (13%),
and health care barriers (94%).42 The burden of pandemic-related
stressors, combined with chronic and cumulative stressors
disproportionately impacting cisgender women (e.g., sexism
and/or violence across the life span“®), may result in allostatic
overload, which heightens health risks.** When faced with higher
levels of stressors during the pandemic, cisgender women may
be at higher risk than cisgender men for alcohol consumption
because cisgender women are more likely than cisgender men

to use alcohol to cope with negative emotions.?***> Using alcohol
to cope may have potentially disproportionate impacts on

those experiencing the highest levels of stressors (e.g., frontline
workers, parents).*?

Transgender and nonbinary (TNB, i.e., people whose gender
differs from their sex assigned at birth) individuals experience
significant health disparities, and their health is negatively
affected by high levels of stigma, discrimination, and violence,
as well as low levels of support.*¢-! The COVID-19 pandemic
may have been particularly stressful for TNB people compared
to cisgender people due to elevated socioeconomic impacts
such as job loss,*? food>? and housing insecurity,”®>* as well as
reductions in social and community support.>->” TNB people
also have experienced disruptions to medical care (including
gender-affirming services), which heightens stress.>3>¢ Coping is
a key motivation for alcohol use among TNB populations,>*58?
which might suggest increased use of alcohol to cope during a
stressful event such as a global pandemic. Yet, research findings
on rates of alcohol use among TNB populations are more mixed
compared to cisgender people.®®-¢* Problematic alcohol use
is associated with increased risks for secondary harms that
disproportionately affect TNB individuals, such as suicidal
ideation, intimate partner violence, sexual violence, and the
exacerbation of mental and physical health problems,$%¢¢¢
highlighting the importance of a deeper understanding of
alcohol use among TNB individuals. Additionally, TNB people
experience barriers to treatment,®” including a lack of culturally
responsive care options®73 and discrimination by providers.¢® Of
note, the umbrella term “TNB” encompasses a diverse range of
identities and experiences, but existing research often does not
disentangle this diversity, instead aggregating across groups who
fall outside of cis-normative gendered expectations and who
then are compared with cisgender peers.

Understanding alcohol use among cisgender women and
TNB people during the pandemic is particularly important due
to risks for severe health outcomes. Not only are COVID-19
patients with AUD more likely to be hospitalized and to have
higher all-cause mortality,”* but alcohol-related mortality spiked
with the onset of the COVID-19 pandemic.”>7¢ Problematic
alcohol use also is a major risk factor for COVID-19 infections
and mortality.”” Although the connections between COVID-19
and alcohol use have widespread effects, specific alcohol-related
health impacts of the pandemic have been particularly harmful
for cisgender women, as indicated by a 125% increase in alcohol-
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associated hepatitis’® and a stark increase in the proportion of
patients screening positive for substance use (including alcohol
use) in emergency departments.”” To our knowledge, similar
research has not been done among TNB populations.

This review aims to understand the unique experiences
of cisgender women and TNB people, as well as among
understudied groups of cisgender women such as women of
color, sexual minority women (SMW, e.g., lesbian, bisexual,
queer women), and older women to describe subgroup impacts
of the COVID-19 pandemic on alcohol use. A recent scoping
review of substance use during the pandemic noted the
importance of examining substance use (including alcohol)
during the pandemic among cisgender women and TNB
populations.° Thus, this review aims to evaluate the extant
literature testing whether cisgender women drank at similar
or higher levels than cisgender men during the pandemic. The
review further explores alcohol use among TNB populations
during the pandemic, with a focus on gender differences in
rates of alcohol use (e.g., binge drinking, alcohol dependence,
quantity/frequency of drinking) in research conducted during
the pandemic (since March 2020) in the United States.

Methods

Search Methods Employed

This narrative review of alcohol use during the pandemic was
conducted to document whether alcohol use had increased
among women—a population already experiencing inclines
in alcohol use before the pandemic—and among TNB people
in order to inform needed prevention and interventions, as
well as to inform policy. The review process included seven
steps:#183(1) refining the topic and identifying the research
question; (2) developing a protocol; (3) identifying relevant

studies; (4) screening and selecting studies; (5) extracting the
data; (6) critically appraising and synthesizing the data; and
(7) reporting the results.

One author, a Health Sciences Library Informationist
conducted the literature searches on July 15,2022, in eight
databases: PubMed (pubmed.gov); APA Psycinfo (EBSCO);
CINAHL [Cumulative Index to Nursing and Allied Health
Literature] (EBSCO); Embase (embase.com); Scopus (scopus.com);
Gender Studies Database (EBSCO); GenderWatch (ProQuest);
and Web of Science (webofscience.com). Because the review
addresses two separate questions, two search strategies
were used. The first strategy comprised a combination of
search strings related to alcohol use, COVID-19, and women.
The second strategy combined search strings for alcohol use,
COVID-19,SMW, and TNB populations. No filters were applied
to the search results.

All records found via the database searches were exported to
an EndNote library (version X9). Duplicates were identified and
removed in EndNote, and the remaining library was imported
into the Covidence review software to facilitate identifying
relevant articles for the narrative review. Articles were eligible
for inclusion in this review if they met the following criteria
hierarchically: (1) were published in peer-reviewed journals
between March 2020 and July 2022; (2) were written in
English; (3) used human participants in the United States (to
reduce variability in responses to the pandemic); (4) included
measurement of alcohol use (broadly defined); (5) collected
data during the COVID-19 pandemic; and (6) included analyses
of gender differences in rates of alcohol use or focused solely
on cisgender women or TNB people and alcohol use during the
pandemic. Articles were excluded if they were review papers
or qualitative studies, if they did not conduct any gender
differences analyses (unless the study focused on women or TNB
samples only), and if alcohol was not an outcome.

Identification

Records identified from databases (n = 4,132)

Duplicate records removed before screening (n = 400)

\ 4

\4

Records screened (n = 3,732)

Records that did not fit inclusion criteria (n = 3,330)

Y

Screening
\ A

Reports assessed for eligibility (n = 400)

»| Reports excluded (n = 349):
No gender differences reported (n = 153)

\4

Grey literature (n = 74)
No U.S-specific findings (n = 64)
Review paper (n = 20)

Studies included in review (N =51)

Alcohol not an outcome (n = 20)
Qualitative study (n = 13)

Methods/data sources unclear (n = 4)
Duplicate (n=1)

Figure 1. PRISMA flow diagram of search strategy used during the narrative review of women'’s alcohol use during the pandemic.
Note: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Vol 43No 12023

ALCOHOL RESEARCH cCurrent Reviews



Data Extraction

After conducting a title and abstract review of all articles,

the authors reviewed the full text of the remaining papers to
determine final inclusion. Differences were discussed amongst
three authors until agreement was reached. The full texts of
the 400 articles were assessed for relevance to the review’s
aims. When an article was excluded during the full review,
authors documented the reason for its exclusion. (See Figure 1
for the search strategies for both questions combined.) Three
authors critically reviewed and synthesized data from the 51
included articles.

Results

Results of the Literature Search

The literature search identified a total of 4,132 records.

There were 400 duplicates, leaving 3,732 unique records for
consideration in the review; of these, 51 articles ultimately were
included.

Results of the Reviewed Studies
Appendices 1 and 2 (located after the references) list the 51
reviewed articles and include all data from the abstraction
protocol. Consistent with the goals of a narrative review,
potential methodological limitations of the research are
highlighted to help the reader better evaluate the validity
and generalizability of the findings. The results are broken
into four sections: (1) prevalence; (2) specific populations and
demographic differences (age, race/ethnicity) or life experiences
(pregnancy, intimate relationships, frontline work); (3) linkages
between alcohol and mental health, stress, or coping; and
(4) TNB individuals and SMW.

Table 1includes descriptive data of the studies reviewed.
Of those, 24% included nationally representative samples,
36% included pre-pandemic data (as opposed to retrospective
reporting or only having within-pandemic data), 51% had
data collection that ended early in the pandemic (March-May
2020), and 16% had data collection that ended in 2021. Slightly
more than one-quarter (26%) used the Alcohol Use Disorders
Identification Test (AUDIT) or AUDIT-Consumption (AUDIT-C),
with several studies using just one or two items from the AUDIT.
In addition, 6% used another validated measure, and 29%
examined quantity and frequency only. Of those studies that
looked at gender differences (as opposed to having a sample
of cisgender women only), 73% found gender differences in
alcohol use.

Of the 51 studies that met inclusion criteria, 20 studies
tested for trends over time in alcohol use, including the
pandemic period. Table 2 summarizes the results of those 20
studies, including the number of studies that found increases,
decreases, or no change in alcohol use. Overall, 12 of the
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20 studies documented increases in alcohol use during the
pandemic period. More studies documented increases among
cisgender women than among cisgender men (8 and 6 out of
13, respectively), and the only study with sufficient data to test
for trends among TNB individuals found increases in alcohol
consumption.

The following sections present the results in more detail,
organized by prevalence data; specific subpopulations; stress,
coping, and mental health; and alcohol use among SMW and TNB
people. Not all studies had mutually exclusive samples; thus,
studies may be mentioned in more than one section.

Prevalence

Eighteen studies were primarily aimed at describing prevalence
of alcohol use among adults during the pandemic and included
analyses of gender differences. These studies were divided into
two groups: cross-sectional studies (including repeated cross-
sectional studies) of adults and longitudinal/prospective studies
of adults.

Cross-sectional general population adult studies

Nine cross-sectional studies,’?#41 all conducted during the
early pandemic, met inclusion criteria. All used convenience
samples, with two samples recruited from social media. In three
studies that asked participants to compare retrospectively
their pre-pandemic AUD symptoms to current symptoms,8>-¢7
all found increased reports of AUD symptoms among cisgender
women during the early pandemic compared with retrospective
reports of pre-pandemic symptoms. In one study, cisgender men
also reported increases;® in another, they did not;® and in the
third study cisgender women reported increased drinking more
often than did cisgender men.®” A fourth study found no gender
differences in self-defined “drinking behaviors” during the early
pandemic.®8 Across these studies, the cross-sectional design—
including retrospective reporting of pre-pandemic drinking
behaviors and AUD symptoms as well as use of convenience
samples based on volunteers from social media—limit the
conclusions that can be drawn from these studies.

Three general population adult studies used repeated
cross-sectional assessments (with different samples at each
time point) before and during the pandemic to compare rates
across time.”?#48? Using nationally representative samples,

Kerr et al.8?” documented that daily drinking and alcohol volume
were higher among cisgender women interviewed during

the pandemic through 2021 compared to those interviewed
pre-pandemic. AUD prevalence across the continuum from
mild to severe was also higher during the pandemic. Sensitivity
analyses indicated that results were robust to the timing of
interviews and thus unlikely to be affected by pandemic-related
social distancing policies. Electronic health record data of

more than 100,000 patients visiting emergency departments
showed higher alcohol admissions and evaluations for cisgender
women during the pandemic compared with rates before the

ALCOHOL RESEARCH current Reviews



Table 1. Descriptives of Studies Included in Review

n %
Data collection start

Early pandemic (March-May 2020) 26 51.0%
Late 2020 7 13.7%
Pre-pandemic 18 35.3%
Early pandemic 26 51.0%
Late 2020 17 33.3%
Early 2021 7 13.7%
Late 2021 1 2.0%
Prospective 20 39.2%
More than one cross-sectional time point 7 13.7%
Cross-sectional 24 47.1%
Cisgender women only 4 7.8%
Cisgender women and men 33 64.7%
Cisgender women, men, and TNB people 4 7.8%
Cisgender women and TNB people 10 19.6%
Cisgender men 36 70.6%
TNB individuals 1 2.0%
Cisgender men and TNB individuals 9 17.6%
No comparison group 5 9.8%

Sample recruitment

Nationally representative 12 23.5%
Convenience 8 15.7%
Convenience: Online/social media 20 39.2%
Clinic sample 5 9.8%
Undergraduates (various recruitment methods) 5 9.8%
Other 1 2.0%
AUDIT or AUDIT-C 13 25.5%
Daily drinking questionnaire 3 5.9%
Quantity and frequency 15 29.4%
Quantity 3 5.9%
Frequency 7 13.7%
Perceptions 5 9.8%
Other validated scale 3 5.9%
Other 2 3.9%
Pre- and post/during pandemic data 10 19.6%
Retrospective recall of pre-pandemic AUDIT 1 2.0%
Retrospective report of current drinking in past vs drinking now 4 7.8%
Self-perceived changes in alcohol use 14 27.5%
Self-report of current drinking at more than one time point 12 23.5%
Did not measure changes in drinking 10 19.6%

Note: AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, AUDIT-Consumption; TNB, transgender or nonbinary
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Table 2. Summary of Results for Changes in Drinking After Onset of COVID-19 Pandemic

Number of Possible Studies

Proportion With Finding*

=
X

Overall

Alcohol use or problems increased 20
Alcohol use or problems decreased 20
Alcohol use or problems did not change 20

Cisgender Women

12 60.0%
25.0%
3 15.0%

‘

Alcohol use or problems increased 13
Alcohol use or problems decreased 13
Alcohol use or problems did not change 13

Cisgender Men

61.5%
15.4%
23.1%

‘

Alcohol use or problems increased 13
Alcohol use or problems decreased 13

Alcohol use or problems did not change 13

46.2%
23.1%
30.8%

I

Transgender and Nonbinary Individuals
Alcohol use or problems increased 1
Alcohol use or problems decreased

Alcohol use or problems did not change

1 100%
0 0%
0 0%

*Percentages within each group may not total 100% due to rounding. Note: COVID-19, coronavirus 2019.

pandemic.”® In contrast, expenditure data, as an indirect measure
of alcohol consumption, indicated lower household alcohol
expenses during the pandemic, compared with pre-pandemic
levels, for both cisgender men and cisgender women. However,
expenditures may not correlate precisely with volume sales—for
example, if purchases moved from on-premise to off-premise.®*
Repeated cross-sections of data provide sufficient rigor for
assessing changes in time trends, and all three studies included
pre-pandemic time points, a notable strength. Given that two
of the three studies found that increases in relatively serious
alcohol-related harm (e.g., AUD, alcohol-related emergency
department admissions) are concentrated among cisgender
women, these data indicate an emerging concern.

Longitudinal general population adult studies

Nine longitudinal studies of adults in the general population
met inclusion criteria.??1°° Three of these were based on a single
data source, the Understanding America Study (UAS),?29597

a nationally representative panel study conducted monthly,
with published data through mid-2020. All three studies from
UAS demonstrated increases in alcohol consumption during
the pandemic using repeated-measures longitudinal analyses,
including increases in drinking days and near-daily drinking
among cisgender women. However, these increases generally
were less than those seen in cisgender men and remained below
drinking levels among cisgender men.?29>7 In a representative
online sample of adults, among those who reported any alcohol
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use, cisgender men had higher levels of alcohol use (i.e., average
number of drinks per day) than cisgender women at baseline
(April-June 2019). However, alcohol use in cisgender men
declined over time (last wave of data collection was in March
2021), whereas it stayed the same over time in cisgender
women.'® |n an additional nationally representative study with
data from 2019 through the early months of the pandemic, days
consuming alcohol and heavy drinking days (defined as five or
more drinks within “a couple of hours” for cisgender men and
four or more drinks for cisgender women) increased among
cisgender women.?” Of note, however, no longitudinal studies
of the general adult population included data beyond January
2021, and no studies published in 2022 met inclusion criteria for
this review.

Given that surveys were completed by telephone both before
and during the pandemic, it is unlikely that study methodology
was substantially impacted by COVID-era research policies,
although an impact on willingness to participate in research
(either more or less willing) cannot be excluded and could be
a limitation. However, taken together, the available research
indicates that days consuming alcohol and heavy drinking days
on average increased among cisgender women in the general
population during the early and middle periods of the pandemic,
but that for both variables, their consumption levels largely
remained lower than, and did not change at the same rate as,
those of cisgender men.
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Specific Populations and Demographic Differences
Several studies focused on unique subpopulations of cisgender
women and alcohol use during the pandemic. The following
sections discuss unique impacts on different age groups,
different racial/ethnic populations, cisgender women in couple
relationships, those who are pregnant or who are parents, and
those who are frontline workers.

Adolescents, young adults, and older adults

Five cross-sectional studies met inclusion criteria; four01104
were among young adult college undergraduates, and one was a
nationally representative survey of high school students.'®> No
study had pre-pandemic data, and data collection spanned from
early in the pandemic through early 2021. In the only nationally
representative study of high school students meeting inclusion
criteria,'®® cisgender women students had higher rates of current
alcohol consumption (defined as at least one drink in the past 30
days) than cisgender men students but did not report that they
thought they drank more due to the pandemic. A cross-sectional
survey of undergraduate college students conducted in fall 2020,
with retrospectively reported pre-pandemic drinking, indicated
increased consumption during the pandemic among all groups.'°?
Moreover, consumption and increases in consumption were
greater among cisgender men compared with cisgender women
and TNB individuals. Sexual minority groups generally reported
higher levels of alcohol consumption and greater increases
compared with pre-pandemic levels in both the high school

and college samples; however, none of the studies examined
interactions between sexual identity and gender. When coupled
with the use of convenience samples, the cross-sectional designs
and retrospective reporting limit inference from studies among
college students.

Two studies included repeated cross-sectional samples of
college students,'°31% one of which included pre-pandemic data
collection.®® AUD prevalence was higher during the pandemic
compared with pre-pandemic, with increases concentrated
among cisgender women compared with cisgender men. For
example, 49.7% of cisgender women met criteria for AUD during
the pandemic, compared with 34.4% before the pandemic.

Seven studies'®¢**? included longitudinal data among young
adults (two of the seven from the same data source©?110). All
had pre-pandemic data points, a major strength of the evidence
base. However, the span of pandemic data collection was limited
to the early pandemic through late 2020. Two had nationally
representative data (most used convenience samples).108.112
Most of these studies only reported data through spring 2020,
which provides a limited assessment of pandemic-era changes in
alcohol consumption, and findings regarding gender differences
were mixed. Five of seven studies reported no gender
differences in drinking as indicated by average past 3-month
drinking quantity;'°® self-assessment of changes in drinking
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during the pandemic; and binge drinking (i.e., five or more drinks
in a row).11%111 A sixth study reported higher odds of drinking (any
drinking on previous day) among cisgender men compared with
cisgender women but noted no changes during the pandemic
period.?

The remaining studies of college students and young adults
generally found either faster declines in drinking among
cisgender men,% or faster increases,'®” compared with cisgender
women. A study comparing alcohol consumption during college
spring semester across 3 years (2018, 2019, and 2020) found
that whereas alcohol consumption (operationalized as number
of drinking days and drinks per day) generally increased during
spring semesters pre-pandemic, alcohol consumption either did
not increase or declined in 2020 depending on the measure;'%”
no gender differences were found. The most robust studies
(e.g., Jaffe et al. 2021'7) indicate that college drinking largely
declined in the early pandemic period, which is expected as
students moved off campus, but there is little evidence for
gender differences in these declines.

In sum, research among college students and young adults is
mixed. Some studies found higher levels of alcohol use among
cisgender men and some among cisgender women; however,
overall, there were no increases in alcohol use among cisgender
young women during the pandemic. Only one study identified
for this review focused on older adults.*® In this study, which
included a nationwide sample of older adults, cisgender women
accounted for 59% of those who reported drinking more than
usual during the pandemic.

Demographic differences by race/ethnicity

Only two studies focused on race/ethnicity and alcohol
consumption during the pandemic.t*41*> Among a sample of
American Indian cisgender women followed prospectively
through October 2021, approximately a quarter reported
self-perceived increased consumption and half reported binge
drinking (i.e., four or more “standard” drinks per day) during
the pandemic.'** Among Black, indigenous, and other people
of color (BIPOC) undergraduate students prospectively
followed from before the pandemic through spring 2020,
declines in drinking frequency were reported, but cisgender
women, compared with cisgender men, were less likely to show
declines.!*®> Overall, the sparse research is mixed on alcohol
use among BIPOC cisgender women during the pandemic,
suggesting that more research is needed.

Couple relationships and pregnancy

Three studies that met criteria for inclusion examined potential
differences in alcohol use among cisgender women and their
partners in heterosexual couple relationships and among
cisgender pregnant women; one study also investigated how
early parenthood might impact cisgender women'’s alcohol use
during the pandemic.}1¢'8 The study of cisgender women and
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their men partners during the pandemic detected no gender
differences in drinking levels; however, cisgender men reported
more alcohol problems than did cisgender women. Cisgender
women’s general stress and financial stress had no impacts on
their partners’ drinking (drinks per week); however, cisgender
men’s stress was associated with an increase in their partners’
drinking and a 22% increase in their own and their partners’ high-
intensity drinking (defined as 10 or more drinks per day for men
and eight or more drinks per day for women).!'8

There are mixed findings among pregnant cisgender women
inreports of changes in alcohol use during the pandemic.
Among a convenience sample of pregnant cisgender women,
11% reported perceived increases in their own and 28% in
their partners’ alcohol use since the pandemic’s beginning.
In contrast to these findings, none of the pregnant cisgender
women in a study of centers for high-risk pregnancies reported
self-perceived increases in alcohol use since the start of the
pandemic.t*¢ Notably, in the same study, 10% of postpartum
cisgender women reported increased alcohol use.'*¢

Together these findings suggest that in couple relationships
during the pandemic, cisgender men’s stress levels and drinking
may be associated with increased alcohol use and high intensity
drinking among cisgender women. Findings among pregnant
and postpartum women are mixed but suggest pregnancy
and postpartum periods may heighten risk for some cisgender
women. However, research was lacking on pregnant and
postpartum TNB people during the pandemic, and further work
should examine the impact of pregnancy more inclusively.

Frontline workers

Due to high levels of stress and risks for exposure to COVID-19
for health care and other frontline workers during the pandemic,
research on health and health behaviors is important for
understanding the broad impacts on this population. Yet, only
two studies on frontline workers met inclusion criteria.®>?
Among health care workers in New Orleans, there were no
significant gender differences in AUDIT-C scores. However,
cisgender men’s rates of high-risk drinking (defined as a score
of 4 or greater) stayed the same over time (45% at both time
points), whereas cisgender women'’s rates of high-risk drinking
were higher during the pandemic compared to pre-pandemic
(48% vs. 45%, respectively).?> In another study among health
care workers at 25 hospitals, adjusted analyses found that
cisgender women were no more likely than cisgender men

to have symptoms consistent with probable AUD despite
significantly higher likelihood of probable post-traumatic stress
disorder (PTSD).1*?

Coping, Stress, and Mental Health

The literature search yielded 10 studies that analyzed gender
differences in alcohol use and also tested associations
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between stress or mental health and alcohol use during
the pandemic.?4100119-12¢ However, only five of these studies
examined whether the associations between alcohol and stress
or mental health differed by gender,?+100.120.121124 three of which
included pre-pandemic data.'°%120124Two studies demonstrated
mixed findings about drinking to cope early in the pandemic
among cisgender women.1°%12° One study found significant
associations between COVID-related stressors and drinking
to cope, with stronger associations for cisgender men than
cisgender women.!?° In the other study, stronger coping motives
for drinking were associated with higher drinking levels at
baseline for cisgender women, and loneliness and coping were
related to changes in drinking levels over time.1°

Analyses using data from a quasi-experimental study of a
nationally representative sample determined that cisgender
women interviewed during the pandemic (compared to cisgender
women interviewed pre-pandemic) were nearly 1.5 times more
likely to report that drinking helped them forget their worries.*?*
Among cisgender women, single women (compared to married
women) were more likely, and Black women (compared to
white women) were less likely to report drinking to forget their
worries. Cisgender women with moderate to severe symptoms
of depression (compared to no depressive symptoms; adjusted
odds ratio: 2.45) and mild symptoms of anxiety (compared to no
anxiety symptoms; adjusted odds ratio: 1.62) were significantly
more likely to say that drinking helped them cope with their
worries.*** There were no differences among cisgender men and
no differences in comparisons between cisgender women and
cisgender men. Depression and anxiety were associated with
heightened risks for alcohol use!?* and drinking to cope!?* among
cisgender women during the pandemic.

TNB Individuals and SMW

TNB populations
Seven studies documented how the COVID-19 pandemic has
impacted TNB people’s drinking.101115127-131 These studies
included five cross-sectional and two prospective analyses,
primarily began data collection in early pandemic, and all had
trans-specific sample sizes of 200 or less. Within the literature
that examined the drinking behaviors and trajectories of TNB
people following the onset of COVID-19, the referent group to
which TNB people were compared varied across studies. In some
studies, the comparison was between TNB people and cisgender
(or specifically cisgender and heterosexual) peers.128130131 |n
other studies, TNB people were aggregated and compared
against cisgender women.!>12712? One study included solely
TNB people and evaluated their current behaviors against their
retrospectively reported pre-pandemic behaviors.1%

These comparisons provide differing information on TNB
people’s drinking during the COVID-19 pandemic. Comparisons
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between TNB people and cisgender women, which were
assessed at a variety of pandemic time points, typically found no
significant differences between these groups in terms of alcohol
use frequency (e.g., number of drinks consumed in a given day),
alcohol use changes (e.g., self-reported drinking frequency
before and during the pandemic), and likelihood of drinking to
cope.15127129 For the literature comparing TNB populations
to cisgender or cisgender/heterosexual peers more generally,
TNB people and cisgender/heterosexual peers had comparable
rates of increased drinking during the pandemic (TNB: 10.5%;
cisgender/heterosexual: 13%) and were equally likely to exhibit
problem drinking (based on PROMIS scores).'*

Compared to cisgender men and SMW peers, TNB
respondents reported a lower likelihood of problem
drinking (using AUDIT),** even though they reported higher
psychological distress during the early pandemic.'?® However,
based on self-report, TNB respondents were more likely to
report substantial increases in drinking during the pandemic.
Notably, these results are drawn solely from college students.**°

Other research on college students that drew from a more
general sample addressed these substantial changes in drinking
due to the pandemic, finding that mean number of drinks in the
past 30 days among “non-cisgender” people, using the phrasing
of that study, rose from 9.2 pre-pandemic (February 2020) to
16.8 during the pandemic (October 2020). However, these levels
were lower than among either cisgender men or women peers.1°
Extant research on TNB people’s drinking during the pandemic
yielded conflicting results, with the most common result being
null findings of differences between TNB people and cisgender
peers across a number of drinking outcomes (though this varied
based on the specific comparison being drawn). This small pool
of research also lacked examinations of other TNB-specific
factors that may influence drinking during the pandemic, such
as transphobic experiences or sustained access to trans-related
and trans-affirming health care as a preventive measure against
psychological distress.

Sexual minority women

Four studies included findings specific to cisgender
SMW.127128.132.133 More SMW than any other group reported
self-perceived increases in alcohol use since the start of the
pandemic (39% vs. 33% of sexual minority men and 24.5% of
cisgender heterosexual women).'® Two of the studies used

the same sample but reported on different time points in
recruitment (earlier in recruitment®®? and after all participants
had been recruited'?’). Among participants who were recruited
earlier in the study/pandemic, most reported increased anxiety
and depression since before the pandemic (more than 90%),
but fewer reported increases in drinking (40% to 55% reported
increases in drinking quantity, frequency, or both).132 Increases
in anxiety and depression were associated with more alcohol
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consequences and motivation to drink to cope. In the analysis

of the entire sample, participants indicated drinking on 26%

of days as compared to using cannabis on 32% of days. On
drinking days, participants consumed an average of almost
three drinks per day and endorsed coping motives on 57% of
drinking days.'?” Overall, findings indicate higher incidence

of increased alcohol use during the pandemic among sexual
minority women compared to cisgender heterosexual women
and sexual minority men; these increases were associated with
higher risks for poor mental health. Notably, none of the studies
reviewed included pre-pandemic data, and only one study was
prospective.'?” Two studies including sexual identity difference
analyses (e.g., bisexual compared to lesbian cisgender women)
within sexual minority women found few to no differences.?1%¢
Three studies included only young adults;*?7128132 only one study
included participants from a wider age range (anyone older than
age 18 was eligible).1%?

Discussion

This review of the extant literature suggests that alcohol
consumption, and especially reports of alcohol-related
problems such as AUD symptoms, increased among adults
in the United States during the pandemic. Although not all
studies were entirely concordant, many increases in the most
serious consequences of alcohol consumption seemed to be
concentrated in cisgender women. That said, most studies,
especially those representative of the U.S. population, indicate
that alcohol consumption and alcohol-related harms remain
higher among cisgender men. With respect to different
subpopulations, data among young adults suggest that alcohol
consumption in this age group declined in the early pandemic,
with little evidence for gender differences in the decline.
Too few studies have focused on cisgender BIPOC women,
frontline workers, and older cisgender women to draw broader
conclusions, suggesting a need for more research among these
populations that have experienced stark disparities in the
impacts of the pandemic.3342134-138

In the limited research that examined alcohol use among TNB
populations, evidence suggests minimal differences in drinking
frequency and other drinking outcomes (e.g., rates of increased
drinking) between TNB and cisgender populations, at least when
the comparison was between TNB people and either cisgender
women or cisgender/heterosexual individuals.15127.129.131
When compared with sexual minority college students, TNB
college students had a lower likelihood of problem drinking
(as determined using AUDIT) and a higher likelihood of self-
reporting substantial changes in drinking during the pandemic.1%°
TNB college students exhibited increases in mean number of
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drinks in the past 30 days over the pandemic, but baseline levels
were lower than in cisgender men and women peers.’°* However,
this body of research would benefit from clearer, more nuanced
analyses that disentangle the rich diversity of TNB identities and
stratify cisgender people by gender and sexual identity. Further
research also is warranted on the specific experiences of TNB
college students, as this population exhibited unique patterns.
Additionally, research on pandemic drinking trajectories among
TNB populations would benefit from a stronger emphasis on
trans-specific experiences and stressors that may influence
alcohol use; this research should be encouraged as an avenue of
further inquiry.

Research among LGBTQ people during the pandemic broadly
seems to suggest few to no differences compared with cisgender
heterosexual populations.’°41% Notably, however, alcohol use
seems to have increased since before the pandemic among
sexual minority women,'® and these increases are associated
with worsened mental health.1?”128 This is an alarming finding
given large pre-pandemic disparities in both alcohol use and
mental health between sexual minority women and heterosexual
women.*140-145 More research is needed to understand the
stressors and mechanisms underlying the higher rates of alcohol
use among sexual minority women during the pandemic.

Efforts to combat elevated drinking must account for the
complex reasons why people drink. Cisgender women were
more likely to drink to help forget worries after (compared to
before) the onset of the pandemic,*** and economic stressors—
such as pay decreases, difficulty paying bills, or losing one’s
job during the pandemic—have all been linked to increased
drinking among cisgender women.'* Using alcohol as a coping
mechanism impacted both TNB populations and cisgender
women, as drinking to cope during the pandemic occurred at
similar levels for both groups!?” and was higher for TNB people
and cisgender women than for cisgender heterosexual men.*#
Cisgender women also experienced greater levels of unpaid
labor (e.g., taking care of family members) during the pandemic,
which may have increased stress levels.3*14 This may also be true
for TNB people, who have faced distressing economic concerns
and impacts®2°314° as well as reduced access to health care,
housing, and social/community support.>3-5>150 Pandemic-related
stressors may be particularly impactful for cisgender women'’s
drinking,*>! but the potential impacts on TNB people’s drinking
is less clear. Further research is needed to fully articulate any
stressors and coping practices unique to TNB populations
during the pandemic, such as potential shifts in proximal
stress (e.g., anticipated stigma, concealment, or internalized
transphobia), which has been linked to problematic alcohol use
and drinking to cope.>®

Whether the associations between mental health concerns
and alcohol use were heightened during the pandemic is under-
researched; however, rates of depression and anxiety have
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increased,?22427152 which may put more people, particularly
cisgender women, including SMW and TNB people, at higher risk
of problematic alcohol use.

Limitations of the Review
One key limitation of this review is the focus on alcohol; different
forms of substance use can co-occur, potentially amplifying
associated health risks.®° Research is limited on co-occurring
substance use among cisgender women and TNB populations
during the COVID-19 pandemic. Future research should address
co-occurring substance use among cisgender women, sexual
minority populations, and TNB populations to thoroughly
examine its impact.

This review focuses solely on peer-reviewed publications,
which may have led to a limitation of the research reviewed
as only 16% of studies included time points in 2021 and none
extended into 2022. Perhaps little research was conducted in
2021 that looked at the continued impacts of the pandemic on
alcohol use; alternatively, findings may not yet be available in
the peer-reviewed literature. Timing is important as different
stages of the pandemic may have influenced population alcohol
use heterogeneously; moreover, different geographic locations
had discrete experiences of the pandemic. For example, the
first case of COVID-19 in the United States was documented
in January 2020 in Washington State, and cases were largely
concentrated on the west coast until March 2020. Stay-at-home
orders began in early to mid-March in some areas (e.g., Puerto
Rico, California, New Jersey) whereas some states did not issue
them until April (e.g., lowa, South Carolina, Missouri).!>® Many
cities and states temporarily suspended bar and restaurant
operations in the initial stages of the pandemic, which may have
made alcohol less accessible; however, countervailing alcohol
policies in many states that eased restrictions on take-out and
home delivery of alcohol may have counteracted restrictions on
on-premise consumption.*>*1% Similarly, stressors associated
with the initial stages of the pandemic could have contributed
to higher rates of alcohol use compared with later stages of the
pandemic. However, the extent to which stress eased as the
pandemic continued remains understudied. Moreover, evidence
suggests that boredom during the pandemic also may have been
associated with increased alcohol use.*>¢157

Articles rarely mentioned when data collection occurred,
much less with enough specificity to ensure it occurred during
the pandemic, which made it difficult to screen out articles
that collected data prior to 2020. To facilitate screening and
identification of articles only looking at alcohol use during the
pandemic, the authors made the decision to include “COVID”
as part of the search strategy to capture relevant literature in
the time available for the review and minimize the potential for
not finding relevant studies. It would be beneficial to update this
review in the future once more research has been published;
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however, this review gives a preliminary look at the available
evidence.

This review excluded studies conducted outside of the United
States, given the great variance in how different countries
responded to the pandemic. Indeed, a recent systematic review
suggests sizable variance in alcohol use during the pandemic
depending on the country.'*® This U.S.-centric review limited
understanding of alcohol use by cisgender women and TNB
people during the pandemic on a broader scale. Anecdotally, it
was noted that many papers that examined gender differences
or focused on cisgender women’s alcohol use were conducted
outside of the United States. Future reviews should broaden
the search to be inclusive of these important studies. Finally, the
review excluded qualitative research, as the focus was on rates
of alcohol use rather than on more nuanced findings related to
reasons for alcohol use or experiences during the pandemic.

Limitations of the Literature

Among the reviewed literature, the most robust designs were
longitudinal, multi-cohort approaches and included pre-
pandemic data (e.g., Jaffe et al.%?). Pre-pandemic longitudinal
data allow for assessment of pandemic-related deviations

from existing patterns. For example, college students typically
increase alcohol consumption during the spring semester;
therefore, increases in alcohol use in spring 2020 during the
pandemic period are not atypical and, in fact, might have been
lower than expected.’®” Another limitation is that most studies
did not test for gender-by-time interactions; as a result, there
are limited data on whether or not gender differences existed
in changes over time. Examination of gender differences was
further complicated by a frequent lack of clarity as to whether
studies were reporting on sex or gender, or simply reporting on
“women” without specifying how many of these women were
cisgender or TNB. Generally, if studies did not mention TNB
people in their study population, it is likely that TNB status was
either not measured or considered, or that TNB people were
actively excluded. Thus, in this review, studies that did not
discuss gender outside of cisgender women and men, or that only
used the terms “women” and “men,” were presumed to be not
inclusive of TNB people.

Another limitation related to research design is measurement
of alcohol use, changes in alcohol use, and other alcohol-related
outcomes. Although many studies used validated measures
of alcohol problems or commonly used measures of quantity
and frequency, others relied on more subjective assessments.
For example, 28% of the reviewed studies measured change in
alcohol use by asking participants for their perceptions of change
since the pandemic’s start, and 8% of studies asked participants
to retrospectively report drinking levels pre-pandemic and
current drinking. Retrospective subjective comparisons of
alcohol use before and during the pandemic with unvalidated
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measures were perhaps necessary given the lack of pre-
pandemic data collection in many studies but may have resulted
in substantial measurement error. Further, definitions of alcohol
use (e.g., problems, binge drinking) varied, making comparisons
across studies challenging. Finally, given the heterogeneity of
measures employed and domains of alcohol use examined, the
current literature is limited in its ability to allow for any kinds of
conclusions about differential rates of drinking versus alcohol
problems.

Very few studies focused on BIPOC populations, which is
particularly troubling given the sizable racial/ethnic disparities
in COVID-19 infections and deaths'*” and the compounding
impacts of sociopolitical events, racism (including anti-Asian
hate/attacks), xenophobia, and economic concerns on well-
being.1¢%1¢* The review also found few studies that included
comparisons between cisgender and TNB populations, and
those that did lacked sample sizes to conduct subgroup
comparisons among TNB people (e.g., transgender men versus
transgender women), despite discrete risks.* TNB populations
are underrepresented in gender differences research; thus, more
research on alcohol use among TNB people during the pandemic
is needed to better understand rates of alcohol use and unique
risk factors. Similarly, despite identified high risks among SMW,
studies examining LGBTQ subgroups often had extremely
small sample sizes for these groups, limiting the capacity
for studies to identify significant differences. Few studies
reported the intersections between gender and sexual identity
(e.g., comparing bisexual men and bisexual women), thus limiting
our understanding of gender differences.

No studies looked at gender differences in parenting and
how that might be associated with potentially higher risk for
alcohol use. Little research examined alcohol use among couples,
despite ample research demonstrating partners’ impacts on
each other’s drinking¢21% and clear linkages between intimate
partner violence and alcohol,*¢41¢5 as well as the increased risks
for intimate partner violence during the pandemic.3>3¢.16

One of the clearest limitations of the literature was the
overall lack of research examining gender differences, which
may be additionally related to the challenges of doing research
during the height of the pandemic. The shift to working from
home and the demands of social distancing made in-person
research challenging, if not impossible, which had downstream
implications for new research recruitment and data collection.
Moreover, the pandemic had unequal impacts on the
productivity of women and researchers from marginalized
groups,’¢7t which may have had disproportionate impacts on
rates of research focused on cisgender women, BIPOC women,
and TNB populations during the pandemic.
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Implications
The findings of this review point to a continued need for alcohol-
reduction interventions. A discussion of the complexities of
cisgender women’s and TNB people’s treatment utilization is
beyond the scope of this review. However, there are unique
pandemic-related considerations that may be worth attention.
Although the extent to which pandemic-related increases in
alcohol consumption will persist over the long term remains
unknown, available research from disasters indicates that
AUDs exacerbated by disaster exposures can persist over
time for some individuals;*’? thus, considering alcohol
treatment and service capacity and pre-pandemic disparities
is warranted. Interventions to reduce alcohol consumption
and treat symptoms of AUDs have well-documented efficacy.
However, before the pandemic, cisgender women® and TNB
individuals®2¢717% already had diminished rates of service
utilization that may have been exacerbated in the pandemic
setting. Digitally delivered services may increase access across
populations,’#17> yet cisgender women, including SMW,
and TNB people have more complex comorbidities that may
require higher levels of care.>¢”176177 For BIPOC women, SMW,
and TNB people, treatment also needs to address minority
stressors such as discrimination and stigma®%:173178-183 gnd
needs to be intersectional to address the overlapping and
compounding impacts of multiple sources of oppression and
marginalization.’®*18” Thus, an urgent research priority stemming
from these findings is to evaluate accessibility and acceptance of
service modalities.

There have been calls not to treat mental health concerns
or problematic health behaviors as individual-level issues,
particularly during a ubiquitous stressful and public health crisis
such as a global pandemic.!8818? Instead, interventions should
take a public health approach by modifying social and contextual
factors to build resiliency.1¢%17°191 Pegple have multiple motives
for drinking, such as cravings'’? or enhancing social situations.**2
Yet, the unique impacts of pandemic-related stressors warrant
enhancing access to resources, both emotional and economic,
that may, in turn, help decrease stress- and coping-related
motivations to drink. Efforts aimed at reducing distress and
lowering risks for problematic alcohol use thus need to focus on
ensuring consistent population-level access to resources such
as social support, childcare and elder care, sick leave, affordable
and accessible health care (including mental health care),
affordable and permanent housing, education, living wages, and
access to accurate health information. Whether these alone
would be sufficient during a pandemic to reduce barriers to
accessing help and uniquely support cisgender women and TNB
people is unknown.

Further, alcohol policies to reduce access are effective in
reducing harm.**® Alcohol policies generally became more
permissive during the pandemic (e.g., “to-go” drinks, home
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delivery). Some of those pandemic-related changes are becoming
permanent in some states.'?* Revisiting alcohol regulation,
including increasing price, as a public health approach could have
considerable public health benefits.

Summary of Conclusions

The gender gap in alcohol use is narrowing between cisgender
men and women—and seems to have gotten even narrower
during the pandemic. Additionally, cisgender women and TNB
people are less likely to seek treatment, and there may be unique
health risks related to COVID-19 and alcohol use at least for
cisgender women. Thus, research, prevention, and intervention
efforts are needed to address this public health issue. Halting
this worrisome trend in alcohol use by cisgender women—
across sexual identities—requires a public health approach that
considers the unique needs and concerns of cisgender women.
More research also is needed to understand alcohol use by TNB
individuals during the pandemic and how to best build resilience
and support for this underserved population. Ultimately, this
paper is about both sex and gender, capturing the drinking-
related experiences of cisgender women (for whom these align)
and TNB populations (for whom they do not), as well as various
subpopulations that may face unique risks (such as pregnant
people). Thus, findings suggest that research on alcohol use and
other mental health concerns needs to take both sex and gender
(including gender-diverse individuals beyond just comparisons
between cisgender men and women) into account to understand
not only differences in rates and changes over time but also
differences in predictors and outcomes.
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(GENDER DIFFERENCES IN THE
EPIDEMIOLOGY OF ALCOHOL
USE AND RELATED HARMS
IN THE UNITED STATES

Aaron M. White!

"National Institute on Alcohol Abuse and Alcoholism, National Institutes of Health, Bethesda, Maryland

Over the past century, differences in alcohol use and related harms between males and
females in the United States have diminished considerably. In general, males still consume
more alcohol and experience and cause more alcohol-related injuries and deaths than
females do, but the gaps are narrowing. Among adolescents and emerging adults, gaps in
drinking have narrowed primarily because alcohol use among males has declined more than
alcohol use among females. Among adults, alcohol use is increasing for women but not for
men. Rates of alcohol-related emergency department visits, hospitalizations, and deaths all
have increased among adults during the past two decades. Consistent with the changing
patterns of alcohol use, increases in these outcomes have been larger for women. Recent
studies also suggest that females are more susceptible than males to alcohol-induced liver
inflammation, cardiovascular disease, memory blackouts, hangovers, and certain cancers.
Prevention strategies that address the increases in alcohol consumption and unique health
risks for women are needed.

KEY WORDS: alcohol use disorder, sex, brain, development, stress, mental health, alcohol

INTRODUCTION

alcohol." Alcohol caused roughly 3 million deaths

Alcohol consumption has long been a male-
dominated activity. Globally, men consume more
alcohol and account for more alcohol-related harms
to self and others than women do. In 2016, 54%
of males (1.46 billion) and 32% of females (0.88
billion) age 15 and older worldwide consumed

Alcohol Research: Current Reviews

(5% of all deaths) that year, including 2.3 million
deaths for men (8% of deaths) and 0.7 million
deaths for women (3% of deaths). Although gender
gaps in alcohol use seemingly are universal, the
size of the gaps varies between countries and their
respective cultures, from a male to female ratio for
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current drinking of 1:1 in New Zealand and Norway
to 12.3:1 in India."® Large variations between
countries suggest that culturally prescribed

gender roles, above and beyond physiological sex
differences, are central in shaping gender-specific
drinking patterns.*

In the United States, more males than females
drink each year (68% males, 64% females). Males
drinkers tend to drink more often and more heavily
than females do,> consuming nearly three times as
much pure alcohol per year (19.0 liters for males,
6.7 liters for females)."® Males also are more likely
to be arrested for driving under the influence of
alcohol (DUI),’ treated in emergency departments
and hospitals for alcohol-related harms,*!* and to
die from alcohol-related causes.!" In addition, more
males (7%) than females (4%) are diagnosed with
an alcohol use disorder (AUD) each year. Among
those with AUD, roughly similar percentages of
males (9%) and females (9%) receive treatment.®
Research examining harms experienced due to
another person’s drinking suggests women are more
likely than men to suffer consequences as a result of
alcohol use by a spouse/partner/ex-partner (4.2% vs.
1.8%) or a family member (5.6% vs. 3.7%).1>13

NARROWING GENDER GAPS

Although males still outpace females for most
alcohol-related measures, the gaps are narrowing™'*
(see Figure 1). In the 85 years since the end of
Prohibition, drinking habits of males and females
have converged. For cohorts born near 1900, males
outnumbered females roughly 3:1 for measures of
alcohol consumption (e.g., prevalence, frequency)
and problematic drinking (e.g., binge drinking,
early-onset drinking). Many of these ratios are closer
to 1:1 today, and the differences continue to become
smaller (see the box Summary Statistics on Female
and Male Alcohol Use and Outcomes in the
United States and Figure 1)."* An analysis of six
different national surveys between 2000 and 2016
suggests that the number of women age 18 and older
who drink each year increased by 6% but decreased
by 0.2% for men, and the number of women who
binge drink increased by 14% but by only 0.5%
for men."® As this article explores, gender gaps are

Alcohol Research: Current Reviews

narrowing for different reasons among adolescents
and emerging adults relative to adults. Specifically,
alcohol use is declining faster for adolescent and
emerging adult males than for females, whereas gaps
are narrowing among adults because of increases in
drinking by women but not by men.'>'¢

1004 Past-month alcohol use
_ Bl Male @ Female
90 1 Past-year DSM-IV AUD
| [OMale OFemale
80

~
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(@]
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Persons ages 12 and older (%)
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Figure 1 Narrowing gender gaps in the prevalence of
past-month alcohol use and past-year DSM-IV
AUD between females and males age 12 and
older using data from NSDUH 2002-2012.
Gender gaps narrowed for both measures,
primarily due to increases in alcohol use among
females and smaller declines in AUD among
females than males. Source: White et al., 2015.°

Vol 40 No 2 | 2020



Summary Statistics on Female and Male Alcohol Use and Outcomes in the United States

Drinking patterns

- Female drinkers consume about one-third as much total pure alcohol per year as male drinkers (6.7 liters for

females, 19.0 liters for males).!

+ Alcohol use among people age 12 and older: Lifetime—382% male, 78% female; Past year—68% male, 62%
female; Past month—55% male, 46% female; Binge (4+/5+)* past month—29% male, 20% female?®

DSM-IV AUD7 (alcohol abuse or dependence) age 12 and older

+ Past-year AUD—males, 9.2 million (7%); females, 5.3 million (4%)%*
« Percentage who needed and received treatment for DSM-IV alcohol abuse or dependence—males, 9%;

females, 9%%

Overall deaths

« In 2017, 72,558 death certificates listed alcohol as a factor (18,072 females and 54,486 males).*

- Using death certificates and estimates, the Centers for Disease Control and Prevention calculated that 93,296
people died from alcohol-related causes each year between 2011 and 2015 (26,778 females and 66,519 males)."

« The World Health Organization reported that excessive drinking accounted for roughly 3 million deaths (5% of
all deaths) worldwide, including 2.3 million deaths for men (8% of deaths) and 0.7 million deaths for women

(3% of deaths).'

Cirrhosis deaths

¢ In 2017 there were 44,478 deaths due to cirrhosis and 50% (22,246) were caused by alcohol (15,470 deaths

among males; 6,776 deaths among females).!

« Overall, the rate of death from alcohol-related cirrhosis is more than twice as high for men (9.7 per 100,000)

than for women (4.1 per 100,000).'

Driving under the influence

 More men (10%) than women (5%) reported driving under the influence of alcohol (DUI) in the past year in 2017.%

Gender gaps are narrowing

- Differences are shrinking in drinking patterns, AUD, hospitalizations, emergency department visits, DUI, liver

disease, and deaths.>!#163!

*Binge drinking: Defined as four or more drinks on an occasion for females and five or more drinks on an occasion for males

(4+/5+).

+AUD: According to criteria for alcohol abuse and alcohol dependence in the fourth edition of the Diagnostic and Statistical

Manual of Mental Disorders (DSM-1V).

ADOLESCENTS

Alcohol use, like other drug use, becomes

more likely as young people enter and progress
through adolescence, which encompasses the
second decade of life or more."” Data from the
2018 National Survey on Drug Use and Health
(NSDUH) suggest that, by age 12, approximately 1
in 100 (1%) adolescents report consuming alcohol
in the previous month.® The prevalence increases
to nearly 1 in 4 (23%) by age 17. Racial, ethnic,
and gender differences in alcohol use also emerge

Alcohol Research: Current Reviews

during this period (see Table 1). Among students
ages 12 to 17, past-month alcohol use is reported
by 12% of White students, 9% of Hispanic or
Latino students, 8% of American Indian or
Alaska Native students, 6% of Black or African
American students, 6% of Asian students, and
11% of students of two or more races.® Although
more boys (19%) than girls (13%) start drinking
before age 14, girls who begin drinking in early
adolescence have a shorter time period between
first drink and first episode of binge drinking.®!8
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Table 1 Percentage of Past-Month Alcohol Consumption and Binge Drinking (4+/5+) and Past-Year
DSM-IV AUD Among Female and Male Adolescents and Young Adults by Race/Ethnicity, NSDUH 2018

I T T

Ages 12-17

Ages 18-25 Ages 12-17

Ages 18-25

Race/ Drink | Bingef | AUDZ | Drink | Binget | AUDZ | Drink | Binget | AUDI | Drink | Binget | AUDZ
Ethnicity*

Overall 9.6 53 1.9 55.5 349 8.8 8.8 4.6 1.5 544 35.0 11.1

Hispanic 8.0 3.9 1.6 49.3 33.0 8.5 6.9 3.8 1.8 49.6 21.3 10.7
NH Asian 5.6 3.7 1.8 45.1 234 8.0 3.7 2.0 0.0 43.0 321 10.8

NH 5.8 2.1 1.1 45.1 31.1 15.5 4.7 29 0.7 49.8 33.0 7.0
AI/AN

NH Black 6.3 29 0.5 437 23.0 44 3.6 1.7 0.9 41.2 23.6 5.8

NH 13.3 9.2 6.7 55.7 36.3 12.5 8.4 34 1.2 58.9 36.9 9.7
Multiple

NH 14.9 11.1 4.5 24.7 17.3 18.4 1.8 1.8 0.4 547 463 15.9
H/OPI

NH 11.5 6.6 2.2 62.8 403 10.0 11.6 6.2 1.8 61.0 30.6 12.7
White

*Race/ethnicity: Hispanic, non-Hispanic (NH) Asian, NH American Indian or Alaska Native (AI/AN), NH Black, NH more than
one race (NH Multiple), NH Hawaiian or other Pacific Islander (H/OPI), NH White.
tBinge drinking: Defined as four or more drinks on an occasion for females and five or more drinks on an occasion for males

(4+/5+).
+AUD: Either DSM-IV alcohol abuse or alcohol dependence.
Source: SAMHSA, 2019."

In contrast, when drinking starts at age 15 or later,
males progress more quickly to binge drinking.
Data from the 2018 NSDUH (see Table 1)
suggest that 5% of adolescents (5% of females and
5% of males) ages 12 to 17 engage in binge drinking
each month, defined as having four or more drinks
on an occasion for females or five or more on an
occasion for males.” The National Institute on
Alcohol Abuse and Alcoholism defines binge
drinking as reaching a blood alcohol concentration
(BAC) of 0.08%, the legal limit for operating a
motor vehicle for adults age 21 and older, which

Alcohol Research: Current Reviews

takes about four drinks in 2 hours for women or five
drinks in 2 hours for men (https://www.niaaa.nih.
gov/alcohol-health/overview-alcohol-consumption/
moderate-binge-drinking). It should be noted

that, for most teens, drinking four or five drinks

can produce a BAC well beyond 0.08%. When
typical body weights of adolescents are taken into
consideration, the number of drinks needed to reach
a BAC of 0.08% is closer to three standard drinks
within a 2-hour period for girls ages 9 to 17 and
boys ages 9 to 13, four drinks for boys ages 14 to

15, and five drinks for boys ages 16 to 17.2° Thus,
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it is likely that studies that assess binge drinking
among adolescents by using the criteria of four or
more drinks for girls and five or more for boys,
or in some cases a five-drink threshold for both
males and females,?' underestimate the extent

of potentially dangerous alcohol consumption,
particularly among young females.

Alcohol consumption, including binge
drinking, declined significantly among
adolescents since the beginning of the new
millennium. Between 2002 and 2018, past-
month alcohol use by adolescents ages 12 to 17
decreased from 18% to 9% and binge drinking
declined from 11% to 5%." The declines in
drinking were much larger for young males
than for young females, leading to significant
narrowing of long-established gender differences
in alcohol use among adolescents. Until recently,
by 10th grade, young males reported higher levels
of alcohol use and binge drinking than females.
By 12th grade, the differences were quite large
and remained so throughout adulthood. These
gender differences are disappearing and have
reversed for some measures. According to data
from the Monitoring the Future (MTF) study, in
1991, 46% of males and 40% of females in 10th
grade reported drinking in the past month. By
2018, levels declined significantly for both and
the gender gap reversed, with 22% of females
reporting alcohol use in the past month compared
to 17% of males.?? Among 12th graders, in 1991,
58% of males and 49% of females drank in the
month before the survey. In 2018, past-month
alcohol use was equally prevalent among males
(30%) and females (30%). Gender differences
in self-reported past-month drunkenness among
12th graders also narrowed considerably between
1991 (37% males, 25% females) and 2018 (19%
males, 16% females), as shown in Figure 2.

Smaller declines in alcohol use and
drunkenness by girls are troubling for several
reasons. Evidence suggests that levels of anxiety
and depression are increasing among adolescents,
particularly females,'* and it appears that
females, in general, are more likely than males to
drink to cope.?** Drinking to cope is associated

Alcohol Research: Current Reviews

with faster progression of alcohol use and a
higher incidence of alcohol-related harms.?® The
percentage of adolescents who report drinking
alone on their last drinking occasion also is
increasing, and more so for girls than boys.® In
a longitudinal study, more episodes of drinking
alone during adolescence predicted a larger
number of AUD symptoms during emerging
adulthood.?”

Roughly 1 in 9 students, including 10% of
females and 13% of males, drop out of school
by 12th grade. Compared to teens who stay
in school, those who drop out are more likely
to drink and/or use other drugs. In 2014,
approximately 1 in 3 (32%) students who dropped
out (37% males, 26% females) reported binge
drinking compared with 1 in 5 (26% males, 16%
females) 12th-grade students in school.?® Males
and females who drop out also are more likely
to smoke cigarettes, use marijuana, and misuse
prescription medications.® Effective prevention
strategies are needed to address alcohol and other
drug use in this population.

EMERGING ADULTS

Over the past few decades, alcohol use declined
among emerging adults, although the declines
were smaller than those seen among adolescents.?!
Gender gaps narrowed as well. Roughly 40%

of people ages 18 to 24 are enrolled in college.
Historically, male college students were more
likely to drink and did so more heavily than
female college students, and college students
drank far more than their peers not enrolled

in college. Gender differences among college
students have disappeared for some measures.

For instance, in 1953, 80% of males and 49% of
females in college reported having been drunk at
some point in their lives.? In 2014, 69% of both
males and females in college reported having been
drunk at some point in their lives.*® Differences

in alcohol use among college students and their
non-college peers are shrinking as well. According
to data from the MTF study, between 1980 and
2018, the prevalence of binge drinking—in this
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Figure 2 Past-month alcohol use from 1975 to 2018 and past-month drunkenness from 1991 to 2018 among 12th
graders. Alcohol use and drunkenness declined more for young males than for young females, leading to
disappearing gender gaps in 12th grade. Source: Adapted from Johnston, 2019.%

case having five or more drinks on an occasion
in the previous 2 weeks for both males and
females—declined among males in college from
52% to 32% and among males not in college
from 54% to 25%.*' The declines were smaller
for females. The prevalence declined for females
in college from 36% to 27% and for females not
in college from 29% to 25%. For past-month
alcohol use and reports of being drunk, the

Alcohol Research: Current Reviews

gender gaps reversed, with females both in and
outside of college exceeding the levels among
their male counterparts (see Figure 3).2% In 2018,
61% of females in college and 51% of females

not in college reported past-month drunkenness,
compared to 58% of males in college and 50% not
in college. These shifts are remarkable given the
long history of heavier alcohol use among young
adult males than females.
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Figure 3 Past-month alcohol use and drunkenness
among emerging adults (ages 18 to 22)
based on college status. Both measures are
declining more for emerging adult males
than for emerging adult females, leading to
disappearing gender gaps. Source: Adapted
from Schulenberg et al., 2019.!

ADULTS

Despite declines in alcohol use among adolescents
and emerging adults, the prevalence of alcohol use,
binge drinking, and the number of drinking days
in the past month increased among all females

age 12 and older between 2002 and 2012.° These
measures did not increase among males, leading to
narrowing gender gaps. Figure 1 shows narrowing
gender gaps in past-month alcohol use and past-year
AUD-—according to criteria for alcohol abuse

and alcohol dependence in the fourth edition of
the Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V). An examination of alcohol
measures among adults age 18 and older in six
national surveys showed increases in past-year
alcohol use and binge drinking among females
between 2000 and 2016, with no increases for
males."” The prevalence of alcohol consumption
and binge drinking did not increase for young
adults ages 18 to 29, but increased for all adults
age 30 and older, with the biggest increases
occurring among people beyond age 50.

Alcohol Research: Current Reviews

Several studies suggest that alcohol use and
related harms are increasing among older people
as the baby boomer cohort (now ages 55 to 75)
ages. As with adults as a whole, the increases in
alcohol use among older drinkers have been larger
for women than for men.'*¥2? Between 2005 and
2014, past-month binge drinking among adults
age 50 and older increased more for women (6%
to 9%) than for men (20% to 22%).* During that
time period, the prevalence of past-year AUD also
increased more for women age 50 and older (1.3%
to 2.4%) than for men in that age group (5.0% to
5.1%). Similarly, data from the National Health
Interview Surveys suggest that, between 1997
and 2014, the prevalence of past-month drinking
among adults aged 60 and older increased more for
women than for men, and the prevalence of binge
drinking in this age group increased for women
only.” Consistent with narrowing gender gaps in
alcohol use among older drinkers, between 2006
and 2014, the rates of emergency department (ED)
visits related to both acute and chronic alcohol
consumption increased more for women than men
among those ages 55 to 64.°

SEXUAL ORIENTATION

Sexual orientation influences drinking patterns
and alcohol-related outcomes for males and
females.*** In the 2018 NSDUH, past-month binge
drinking (four or more drinks for females and five
or more drinks for males) was reported by 26% of
respondents who identified as heterosexual, 33%
who identified as lesbian or gay, and 37% who
identified as bisexual.® Data from the National
Epidemiologic Survey on Alcohol and Related
Conditions III suggest that lesbians and bisexual
women are twice as likely as heterosexual women
to engage in binge drinking each year (lesbian
49%, bisexual 59%, heterosexual 26% )* (see
Table 2). Lesbians and bisexual women also are
more likely than heterosexual women to consume
12 or more drinks on an occasion—three times the
standard binge threshold for women—in the past
year (lesbian, 8%; bisexual, 8%; heterosexual, 3%).
Consuming 12 or more drinks is potentially lethal.
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Table 2 Binge Drinking Levels in the Past Year Among Women and Men Based on Sexual Identity,
National Epidemiologic Survey on Alcohol and Related Conditions 111, 2012-2013

Women (%) Men (%)

Binge Heterosexual | Lesbian Bisexual | Heterosexual Bisexual
Level*

4+/5+ 26.3 48.6
8+/10+ 7.2 20.7
12+/15+ 29 8.2

58.5 393 46.5 47.0
18.4 17.8 26.4
7.1 8.2 11.0

*Binge drinking: Defined as four or more drinks on an occasion for females and five or more drinks on

an occasion for males (4+/5+).
Source: Adapted from Fish, 2019.%

In a study based on data from the 2000 National
Alcohol Survey, lesbians were nearly 11 times
more likely, and bisexual women eight times more
likely, than heterosexual women to report negative
social consequences from drinking.**** Among
emerging adults ages 18 to 25, 8% of heterosexual
women reached criteria for DSM-IV AUD in the
previous year, compared to 15% of lesbians and
10% of bisexual women.® Alcohol use does not
decline as much with age among sexual minority
women relative to heterosexual women.?” Overall,
the influence of sexual orientation on alcohol use
and related outcomes appears to be greater among

women than among men.*%*

PREGNANCY

In 1973, a paper by Jones and Smith detailed

a syndrome involving facial dysmorphology,
growth retardation, and central nervous system
dysfunction in children exposed to alcohol in

the womb.*’ Since then, our understanding of
the effects of alcohol on embryonic and fetal
development has advanced greatly, yet alcohol
use during pregnancy remains a significant public
health concern. An examination of data from

the Behavioral Risk Factor Surveillance Survey
suggests that from 2015 to 2017, 12% of pregnant
women drank alcohol and 4% engaged in binge

Alcohol Research: Current Reviews

drinking in the previous month.* The average
frequency of binge drinking was five times per
month and the average number of drinks per binge
was six.

A report using data from NSDUH suggests that
past-month alcohol use did not decline between
2002 and 2017 for non-pregnant women ages
18 to 44 (from 57% to 58%) but did decline for
pregnant women in this age group (from 13% to
10%).* Between 2002 and 2014, past-month binge
drinking—in this case, five or more drinks on an
occasion—increased for non-pregnant women
(24.9% to 26.6%) but declined for pregnant women
(4.7% to 2.9%).* Risk factors associated with
alcohol use or binge drinking during pregnancy
include the use of other substances, meeting
DSM-IV criteria for AUD, depression, and being
unmarried. An examination of NSDUH data
averaged between 2001 and 2011 suggests that
alcohol use during pregnancy tends to decline
abruptly after the first month as women discover
they are pregnant. Among pregnant women, 42%
reported drinking in the first month, declining
to 17% in the second month and 8% in the third
month. For binge drinking, prevalence declined
from 20% in the first month of pregnancy to 9%
in the second month and 3% in the third month.*
Monthly declines were much smaller for women
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who met criteria for DSM-1V alcohol dependence
in the previous year.

Despite declines in drinking during pregnancy,
the fact that roughly 1 in 10 pregnant women
still drink each month is concerning.** A recent
estimate suggests that the prevalence of fetal
alcohol spectrum disorder (FASD) in the United
States is 1% to 5%.% A prospective study of
roughly 31,000 women found that birth weight in
newborns was reduced even when the mother’s
alcohol intake was limited to an average of one
drink per day (14 grams of alcohol).*¢ Drinking
even 3.5 standard U.S. servings of alcohol (14
grams each) per week is associated with lower
1Q scores in offspring at age 8, particularly if
they have one of four genetic variants in alcohol-
metabolizing genes.*” Alcohol exposure during
the first trimester appears to be particularly
detrimental, but even low to moderate levels
of alcohol exposure throughout pregnancy are
associated with morphological, cognitive, and
motor deficits.**** It should be noted that recent
studies raise the possibility that alcohol use by the
father before conception also might influence fetal
development and later alcohol use.*

HEALTH EFFECTS

As patterns of alcohol use by girls and women
changed over the past few decades, so did

our knowledge about the potential health
consequences faced by female drinkers. Research
suggests that, although women tend to drink less
than men, a risk-severity paradox occurs wherein
women suffer greater harms than men at lower
levels of alcohol exposure.*® For instance, men in
the military drink more heavily than women in the
military, yet women are at greater risk of DSM-IV
alcohol dependence and lost productivity.’' The
number of drinks needed to feel drunk is one-third
lower among women (four drinks) than men (seven
drinks), probably relating to lower average body
weights and less total body water in women.>
Despite drinking less often and less heavily than
males, roughly similar percentages of female and

Alcohol Research: Current Reviews

male drinkers in college report having experienced
at least one alcohol-induced memory blackout in
the past 2 weeks (10% females, 9% males),> in

the past 6 months (22% females, 17% males),>

and in the past year (29.2% females, 28.8%
males).”® Females with AUD perform more poorly
than males with AUD on a variety of cognitive
tasks, even with fewer years of AUD.*® Research
suggests that women have faster progression of
AUD than men and are at greater risk than men
for alcohol-induced hangovers, liver inflammation,
cardiovascular diseases, and certain cancers.'-37-6
Compared with their male counterparts, women
with alcoholic liver disease have a more rapid
progression to fibrosis that persists after abstinence
from alcohol.®’ The Million Women Study in

the United Kingdom, which included more than
28,000 women with breast cancer, suggests that
every 10 grams of alcohol consumed per day (less
than one standard 14-gram U.S. serving) was
associated with a 12% increase in the risk of breast
cancer.®”? Because women reach higher blood
alcohol levels than do men of comparable weight,
their body tissues are exposed to more alcohol and
acetaldehyde, a toxic metabolite of alcohol, with
each drink.%

MEDICAL EMERGENCIES
AND DEATHS

Long-standing gender differences in alcohol-
related medical emergencies and deaths are
narrowing. Alcohol-related hospitalizations and
ED visits increased over the past few decades, and
rates increased more for women.*!%* Although
men still account for the majority of these events,
women are catching up. For instance, between
2006 and 2014, the number of ED visits involving
alcohol increased from 2,132,645 to 3,366,477
for men (a 58% increase) and from 947,173 to
1,609,320 for women (a 70% increase).®

Between 1999 and 2017, nearly 1 million people
died from alcohol-related injuries, overdoses, and
diseases in the United States.®* The number of
such deaths more than doubled from 35,914 per
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year to 72,558 per year, and the rate increased
51%, from 17 to 26 per 100,000. Males accounted
for the majority (76%) of alcohol-related deaths
over the years (721,587 males, 223,293 females).
However, a steeper increase was observed for
females (136% in numbers, 85% in age-adjusted
rates) than for males (93% in numbers and 39%
in rates). Over the years, rates of alcohol-related
deaths were highest for males and females in the
age range of 45 to 74, but the biggest increase in
rates occurred among young adults ages 25 to 34
for both genders. Deaths related to injuries and
overdoses increased significantly for females ages
16 to 20 but did not change for males. Although
alcohol-related mortality increased each year for
non-Hispanic White males and females, there were
initial declines early on for several groups. By the
end of the study period, deaths were increasing

in all racial and ethnic groups for both males and
females in nearly every age group.

DRIVING UNDER
THE INFLUENCE

Driving under the influence of alcohol (DUI)
declined over the past few decades, but the rates
of decline were greater for males than females.®
For instance, Schwartz and Davaran reported that,
between 1990 and 2007, rates of arrests for DUI
declined by 32% for males (from 2,019 to 1,033
per 100,000) but by only 5% for females (from
306 to 275 per 100,000).° The authors suggested
that the smaller decline among females might

be partly related to changes in DUI enforcement
practices. Schwartz observed a similar narrowing
of the gender gap in DUI arrests due to steeper
declines for males than females between 1982 and
2004.97 Reilly et al. reported that the percentage
of DUI arrests involving female drivers increased
in California from 11% in 1989 to 24% in 2012.%¢
Further, the percentage of female clients attending
a DUI program in southern California increased
from 28% in 2009 to 31% in 2014. Among male
drivers who died in car crashes, the percentage of
crashes in which the driver had a BAC of 0.08%
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or greater decreased from 25% in 2008 to 21%
in 2017. In contrast, there was a small increase in
the percentage of female drivers in fatal crashes
with BACs greater than 0.08%, from 13% to
14%.% Overall, it appears that differences in the
prevalence of DUI arrests and fatalities between
males and females are becoming smaller.”

HARMS TO OTHERS

Alcohol consumption by an individual often leads
to harms to others, also known as secondhand
harms.!*"'72 Traffic crash injuries and fatalities
are well-known secondhand harms caused by
another person’s alcohol use, but there are more.
A recent study by Nayak and colleagues utilized
data from the 2015 National Alcohol’s Harms to
Others Survey, which asked respondents about
secondhand harms such as having property
vandalized or damaged, being harassed or
assaulted, or experiencing financial troubles.!> The
findings suggest that roughly 1 in 5 adults in the
United States experiences harm due to someone
else’s alcohol use each year. This includes 21% of
adult women and 23% of adult men. Women and
men under age 25, those who were unmarried, and
those who drank excessively, were more likely to
report experiencing secondhand harms. Women
more often than men reported harm related to
aggression on the part of an alcohol-consuming
spouse, partner, ex-partner, or family member.
Men were more likely to report harm because

of a stranger’s drinking. Additional research on
secondhand harms from alcohol use could be
helpful for elucidating gender differences in the
risk for alcohol-related consequences.

SUMMARY

For at least a century, differences in the prevalence
and amount of alcohol consumption between
males and females in the United States have

been narrowing.”>’¢ As a result, so have rates of
alcohol-related harms, including DUIs, ED visits,
hospitalizations, and deaths. Although men still
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account for more total alcohol consumption and
the negative outcomes that follow, the gaps are
slowly disappearing. In fact, among adolescents
and emerging adults, females are now more likely
to report drinking and getting drunk in the past
month than their male peers for the first time since
researchers began measuring such behaviors.
Importantly, it is not the case that women in the
U.S. are simply drinking more like men. Instead,
women and men appear to be moving toward
one another in terms of drinking patterns and
harms. Among adolescents and emerging adults,
narrowing gaps are being driven primarily by faster
declines in alcohol use by males than females.
Among adults, gaps are narrowing primarily
because women are drinking more while men are
either drinking less or maintaining their levels.
Knowledge of the unique risks that alcohol
poses for women—including an increased
likelihood of memory blackouts and hangovers
and a faster progression of liver disease and
AUD—makes recent increases in alcohol use
by women more concerning.”” Although alcohol
use by pregnant women has declined, research
regarding the impact of prenatal alcohol exposure
has accelerated and suggests that relatively
small amounts of alcohol can produce detectable
changes in morphology and deficits in cognitive
and motor function. It is important to consider
the unique factors that might influence alcohol
use among women, and the unique direct and
secondhand health effects that alcohol poses for
women, when developing prevention strategies to
address alcohol use and related harms.
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Measuring the Burden—
Current and Future
Research Trends

Results From the NIAAA Expert
Panel on Alcohol and Chronic
Disease Epidemiology

Rosalind A. Breslow, Ph.D., M.P.H., R.D.,
and Kenneth J. Mukamal, M.D.

Alcohol has a significant impact on health and well-being, from
the beneficial aspects of moderate drinking fo the defrimental
effects of alcoholism. The broad implications of alcohol use on
public health have been addressed through a wide range of
epidemiological and clinical studies, many of which are
described in this issue of Alcohol Research: Current Reviews.
Where chronic disease is involved, alcohol use can be a risk
factor that not only affects the onset of various chronic diseases
but also exacerbates the ongoing extent and severity of those
diseases. Lifestyle choices and genetic influences also
contribute to, or help to alleviate, that risk. Kev worbs: NIAAA
Expert Panel on Alcohol and Chronic Disease Epidemiology;
alcohol consumption; alcohol burden; chronic disease; risk
factors; epidemiology; research; diabetes; cardiovascular
disease; cancer; stroke; liver disease; genetic factors; eating
behaviors; clinical trials

chronic disease. The National Institute on Alcohol

Abuse and Alcoholism (NIAAA) hosted a 2-day Expert
Panel on Alcohol and Chronic Disease Epidemiology in
August 2011 to review the state of the field on alcohol and
chronic disease. The panel was chaired by Kenneth J. Mukamal,
M.D., and Rosalind A. Breslow, Ph.D., M.PH., R.D., and
was convened by NIAAA’s Division of Epidemiology and
Prevention Research.

Panel members (see textbox) represented a wide range of
backgrounds and expertise, ranging from alcohol-related chronic
diseases and risk factors to methods and technology. Among
the chronic diseases addressed were diabetes, cardiovascular
disease, cancer, stroke, and liver disease. The broader aspects

Research is continuing to investigate how alcohol impacts
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of the design and implementation of clinical trials and the
implication of technological advances for research also were
considered. Other topics included the links between genetics
and other lifestyle factors, such as eating behavior, and the
relationship between drinking and various chronic diseases.
Taken together, these summaries provide unique insight into
the current state of research on alcohol’s role in chronic dis-
ease and the direction these investigations may take in the
future. (For more information on the epidemiological chal-
lenges of elucidating the effects of alcohol consumption and
drinking as they relate to the initiation/ exacerbation and
treatment of chronic diseases, see the article by Shield and
colleagues [pp. 155-173]). Panel members also were asked
what research they would most strongly support if funds
were unlimited and how they might scale back that research
if funding were limited (see Future Ideas textbox). Highlights
from this panel are presented below and specific recommen-
dations are listed in the accompanying sidebar.

Clinical Trials

Clinical studies include clinical nutrition studies, controlled
feeding studies, and metabolic studies. This type of research
has numerous strengths for studying alcohol and chronic
disease, including the ability to control alcohol dose and
diet, collect abundant biologic samples from a variety of tis-
sues, assess cause and effect, and examine mechanisms—all
with a relatively small number of participants enrolled for a
short period of time.

Clinical study end points typically are surrogate markers
for chronic diseases because the disease itself may take years
or even decades to develop. For example, lipoproteins and
markers of inflammation have been used as surrogates for
cardiovascular disease, insulin sensitivity for diabetes, and
DNA damage for cancer.

According to Dr. David J. Baer, considerable need for
controlled clinical studies on alcohol and chronic disease still
exists. There have been few clinical studies, even on cardio-
vascular disease (Brien et al. 2011), which is the focus of
most alcohol-related chronic disease research. He also noted
the relatively few controlled clinical studies of alcohol and
obesity (Sayon-Orea et al. 2011) that were advocated by the

Rosalind A. Breslow, Ph.D., M.P.H., R.D., is an epidemi-
ologist, Division of Epidemiology and Prevention Research,
National Institute on Alcohol Abuse and Alcoholism,
National Institutes of Health, Bethesda, Maryland.

Kenneth J. Mukamal, M.D., is associate professor of
medicine, Harvard Medical School, Division of General
Medicine & Primary Care, Beth Israel Deaconess Medical
Center, Boston, Massachusetts.



Report of the Dietary Guidelines Advisory Committee on
the Dietary Guidelines for Americans (U.S. Department of
Agriculture 2010).

Dr. Baer suggested the following future opportunities
for alcohol and chronic disease research:
* Drinking patterns;
e Effects on metabolism and disease risk;

* Non-ethanol components of alcoholic beverages;

¢ Possible effects on cardiovascular disease, diabetes (insulin
sensitivity), cancer, and bone metabolism;

* Gender and age differences (pre- and postmenopausal
women, men);

*  Genetic basis for response of chronic disease surrogate
markers to alcohol;

* Energy metabolism, body weight regulation, and insulin
sensitivity;

e Interaction of alcohol with lower-fat or higher-protein diets;
and

¢ Bone metabolism.

Cardiovascular Disease

Studies on alcohol and cardiovascular disease have yielded
important findings with regard to public health. For example,
we now know that the association of alcohol use within rec-
ommended limits with lower risk of heart disease depends
more on the frequency with which alcohol is consumed and
not on the type (Cleophas 1999). Wine, beer, and spirits all
have been associated with reduced risk of myocardial infarc-
tion. Modest differences in the effects of those different types
of alcohol are thought to be more a result of lifestyle differ-
ences among drinkers rather than a direct link to a specific
type of alcohol. How often people drink alcohol has a larger
impact on cardiovascular disease. Among men, drinking
more frequently seems to have a greater impact than the
actual amount consumed (Mukamal et al. 2003); effects are
less clear among women. The beneficial effects of alcohol
also have been shown to be similar for people with existing
cardiovascular disease or diabetes (Costanzo et al. 2010;
Koppes et al. 2006) and those in the general population.

In addition to its beneficial effects on coronary heart disease,
moderate drinking has been found to reduce the risk of
ischemic stroke but at a lesser magnitude and with lower lev-

els of consumption (Klatsky et al. 2001).

Although the exact mechanisms involved in these cardio-
protective effects still are under investigation, the putative
benefits on cardiovascular disease likely are the result of alcohol’s
effects on lipids and insulin sensitivity (Dijousse et al. 2009).

In his presentation, Dr. Kenneth J. Mukamal noted that
standard epidemiologic studies of alcohol consumption and
coronary heart disease incidence or mortality are no longer
useful, as virtually all prospective studies performed since
1980 have shown that moderate drinking reduces risk
(Corrao et al. 2000; Mukamal et al. 2010; Ronksley et al.
2011). Recent analytic strategies have resulted in more pre-
cise statistical estimates, but the conclusion is unchanged. In
essence, he stated, “We've been doing the same epidemiology
since 1992.”

Dr. Mukamal suggested the following future opportuni-
ties for alcohol and cardiovascular disease research:

e Effects of heavy and binge drinking;

* Effects of changes in alcohol consumption over time;

¢ Differences in effect of gender-specific drinking patterns;

¢ (enetic interactions;

* Studies of new mechanisms directly related to alcohol’s
effects (for example, cholesterol efflux capacity) (Khera et
al. 2011);

¢ Dooling projects for questions that require large samples; and

*  Use of case crossover designs to account for both triggering
events and chronic use (Mostofsky 2011).

Cancer

Alcohol consumption increases the risk for several cancers,
including breast, colon, liver, and upper aero-digestive cancers
(oral, pharynx, larynx, and esophagus) (Schutze et al. 2011;
World Cancer Research Fund 2007). The potential mecha-
nisms underlying alcohol’s effects include the carcinogenicity
of acetaldehyde (for colorectal cancer and upper acro-digestive
tract cancers), which is an intermediate product of alcohol
metabolism; impairment of the one-carbon nutrient
metabolism (for colorectal cancer); alteration of hormone
levels (for breast cancer); and oxidative stress resulting from
alcohol metabolism.

Dr. Edward Giovannucci noted the paucity of research
on drinking patterns and cancer. He acknowledged too that
studies can yield disparate findings, describing a study that
initially showed no relationship between average alcohol
consumption and prostate cancer but which in a posteriori
analyses hinted at a possible relationship with high-quantity/
low-frequency drinking (Platz et al. 2004).
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In identifying areas for future research, Dr. Giovannucci
discussed the importance of studying cancer—nutrient interac-
tions, particularly for colon cancer. For example, the epidemi-
ologic literature has consistently shown an interaction
between alcohol and folate, a nutrient that seems to be
protective at higher levels of drinking (Ferrari et al. 2007;
Jiang et al. 2003). This suggests that the excess risk of cancer
resulting from alcohol use potentially could be modified by
a nutrient or combination of nutrients.

Further study also is needed to better understand the
role of genetics and family history in cancer risk. The genes
involved in alcohol metabolism (Yokoyama et al. 2001)
and nutrient metabolism (for example, the gene methylenete-
trahydrofolate reductase [MTHFR] for folate as well as other

genes involved in the one-carbon metabolism pathway) are
other areas that warrant additional study. Determining the
molecular characteristics of tumors, such as tumor subtypes
classified by level of methylation, which might reflect defects
in one-carbon metabolism (Schernhammer et al. 2010), is
another area that requires further investigation. In addition,
little research has been conducted with cancer survivors, a
group that may be especially willing to modify their drink-
ing habits.

Finally, as noted by Dr. Giovannucci, alcohol increases
the risk for many cancers, but not all. Recent studies have
found that alcohol is associated with a lower risk of kidney
cancer (Lee et al. 2007) and non-Hodgkins lymphoma

Future Research ldeas, Large and Small, for Consideration

asked to consider directions for future studies—both

large and small. Specifically, the panelists described
what studies they would suggest for future research and
how they would refine those visions when funds are lim-
ited. Selected noteworthy examples are described below.

I n addition to the full panel discussions, panelists were

* A randomized trial to evaluate alcohol consumption
and risk of muldiple clinical outcomes with sufficient
power to evaluate prespecified genetic environmental
interactions would be ideal. However, with limited
resources, it might be more realistic to use a hybrid
design, with a prospective cohort study and a smaller
nested trial. For example, a trial might evaluate if rec-
ommending moderate alcohol consumption, versus
no recommendation, had an effect on cardiovascular
and stroke outcomes among patients with a high risk
for vascular problems.

e (Clinical trials to establish the effects of alcohol
consumption on clinical cardiovascular and cancer
outcomes. A large-scale trial using high-risk popula-
tions with standardized exposure to alcohol would be
ideal. A more practical approach would be to con-
duct shorter trials with subclinical measures of both
cardiovascular disease and, to a lesser degree, cancer,
using such techniques as serial computed tomogra-
phy angiography and colonography.

e Studies to identify factors that influence the risk for
liver disease among moderate drinkers. A large,
prospective study would be ideal and would include
serial measures of genomic, dietary, anthropometric,
and behavioral risk factors obtained as objectively as
possible, coupled with serial noninvasive measures of
liver disease using magnetic resonance imaging for
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fat and fibroscan for fibrosis. Such a cohort could
additionally fold in cardiovascular disease risk factors
and clinical and subclinical cardiovascular disease.
Among other things, this study would help to
address the simultaneous associations of alcohol con-
sumption with lower risk of cardiovascular disease
but higher risk of fatty liver, which is associated with
a higher risk for cardiovascular disease. Although of
more limited utility, a cross-sectional study with the
same measures would also be of clear import.

Studies to verify estimates of drinking patterns. This
is particularly important as self-reported estimates
form the basis for epidemiological studies but have
yet to be validated, particularly in the context of eat-
ing patterns, portion sizes, and health beliefs.

Studies of how alcohol ingestion impacts energy
balance in both moderate and binge drinkers.

Studies to better understand the risk factors underly-
ing alcohol-related chronic disease. These factors
range from fixed characteristics, such as genetics and
ethnic background, to broader modifiable behaviors,
such as diet, exercise, or smoking. An ideal study
would be multifaceted and include both disease-
specific and composite global endpoints, such as
healthy aging or survival free of chronic disease. A
more limited study could simply compile data from
the dozens of cohort studies worldwide where much
of this data already have been collected. A more
comprehensive effort would use ongoing studies
prospectively to incorporate novel measures of drink-
ing patterns, biomarkers of health status, or greater
assessment of quality of life and mental health.



(Kroll et al. 2012). Understanding how these two cancers

differ from others is another area requiring additional research.
Dr. Giovannucci suggested the following future oppor-

tunities for alcohol and cancer research:

o Effects of drinking patterns on cancer risk;

e Nutrient interactions;

* Genetic susceptibility (genes related to alcohol
metabolism, genes related to one-carbon metabolism);

* Tumor subtypes;
e Cancer survivors; and

* DPathways that might explain the limited protective
aspects of alcohol consumption.

Diabetes

* Dool data from large cohort studies with genetic informa-
tion on alcohol metabolizing and diabetes-related genes
to examine the interactions between alcohol, genetic
predisposition, and diabetes risk.

* Conduct metabolic studies specifically within subgroups
to examine how alcohol modifies risk based on lifestyle
characteristics, such as body mass index, diet, and physi-
cal activity.

Stroke and Cognition

Evidence that alcohol can impact diabetes has been consis-
tent over several studies. Results from the Nurses’ Health
Study (Stampfer et al. 1988), the Health Professionals
Follow-up Study (Conigrave et al. 2001), a systematic review
(Howard et al. 2004), and two meta-analyses (Baliunas et al.
2009; Koppes et al. 2005) all show that moderate drinking is
associated with a lower risk of diabetes. Heavy drinking, on
the other hand, seems to lead to an increased risk of diabetes,
although sample sizes generally have been too small to draw
firm conclusions.

Dr. Eric Rimm described specific areas of research that
warrant further study. For example, only about 30 to 50 percent
of alcohol’s beneficial effects on diabetes can be linked to
biomarkers studied to date. In addition to its overall effect
on insulin sensitivity (Davies et al. 2002), moderate alcohol
consumption improves adiponectin, a fat-tissue hormone
associated with insulin sensitivity; inflammatory status
(Joosten et al. 2008); and HDL cholesterol. With regard
to metabolic studies, he noted the value of using short-term
feeding studies because they provide an opportunity to
control and simultaneously examine drinking (for example,
with meals or without) and diet (for example, high versus
low glycemic load) (Mekary et al. 2011). He also discussed
the importance of studying genetic predisposition (Beulens
et al. 2007).

In addition to these areas, Dr. Rimm suggested several
future opportunities for alcohol and type 2 diabetes research:

* Dool large cohort studies to maximize power to look at
subpopulations where alcohol may be most detrimental
or most beneficial.

Several important findings on the effects of alcohol con-
sumption on the incidence of stroke have emerged from

the Northern Manhattan Study, a prospective, multiethnic
cohort study (Elkind et al. 2006; Sacco et al. 1999). In that
study, subjects with the lowest risk for ischemic stroke con-
sumed, on average, two drinks per day. Those effects were
similar among drinkers of wine, beer, and liquor. In contrast,
no protective effect was found for hemorrhagic stroke.

The study’s principal investigator, Dr. Ralph Sacco,
presented the results of two meta-analyses. One found the
greatest protection against all strokes combined was most
evident at a lower level of drinking, less than or equal to
one drink per day (Ronksley et al. 2011). Other analyses
compared results from ischemic with hemorrhagic strokes
(Reynolds et al. 2003). For ischemic stroke, moderate drink-
ing was protective, whereas heavy drinking was associated
with an increased risk; for hemorrhagic stroke, heavy drink-
ing increased risk (although sample size was insufficient to
study the effects of moderate drinking on hemorrhagic stroke).

The heterogeneity of strokes underscores the impor-
tance of studying stroke subtypes. Both ischemic strokes (the
majority of all strokes) and hemorrhagic strokes (about 17
percent of all strokes) have subtypes with differing etiologies
that may respond differently to alcohol consumption. Little
research has been conducted on these subtypes, partly
because of the small numbers of each that occur within most
studies and the need for relatively large samples to obtain
sufficiently precise estimates of risk. Numerous subclinical
markers of stroke, such as endothelial function, currently are
being pursued by researchers (Suzuki et al. 2009).

Cognition

The prevalence of cognitive impairment is growing rapidly
as the population ages, and, like stroke, cognitive impair-
ment is not a single disease or condition. Studies of alcohol
use and cognition have examined a variety of outcomes,
including Alzheimer’s disease, cognitive function, dementia,
and mild cognitive impairment (Lee et al. 2010). Studies
and meta-analyses generally show that moderate drinking is
associated with a decreased risk of dementia (Mukamal et al.
20036; Peters et al. 2008), Alzheimer’s disease (Peters et al.
2008), vascular dementia (Peters et al. 2008), and cognitive
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Recommendations for Strengthening Studies

n addition to offering ideas for future studies, the
Expert Panel also made recommendations for strength-
ening research in the field. Specific suggestions include:

. Standardize alcohol consumption measurement in
prospective and retrospective studies of alcohol and
chronic disease to the greatest degree possible.
Standardized measures:

a. Should include consumption quantity, frequency,
and binge drinking (i.e., basic drinking patterns).

b. Should consider drinking over the lifespan (for
example, during youth, middle age, menopause,
and during time of heaviest drinking) as the criti-
cal time periods for effects of alcohol on chronic
disease development are uncertain.

c. Are available from NIAAA and from the
NIH/National Human Genome Research Institute
Phenx Toolkit: http://www.niaaa.nih.gov/Resources/
Research Resources/Pages/ TaskForce.aspx;
hteps://www.phenx.org/Default.aspx?tabid=36

. Strongly encourage collection of biological material
and broad consent for genetic studies in all clinical
trials and in as many population studies as possible.

. Objectively validate standardized alcohol measures
using novel technologies as they become available.
Examples may include implantable biosensors and
point-of-care devices with wireless transmission capability.

. Develop new biomarkers for moderate alcohol con-
sumption to complement those used for heavy drinking.

. Identify surrogate markers for chronic disease
(including measures of subclinical disease) that will
have utility in small-scale studies and for elucidating
mechanisms and pathways linking alcohol to chronic
disease.

. Pool data from existing cohort studies to facilitate
examination by population subgroups, including
but not limited to age, lifespan phase, race/ethnicity,
menopausal status, body mass index/anthropomet-
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8.

rics, dietary intake/nutritional status, smoking status,
physical activity/fitness, cancer survivorship, and age
of drinking onset. Pooled data also may facilitate
studies of rare or understudied outcomes such as
liver disease.

a. Standardized alcohol questions should be used
where possible.

b. Confounding and interaction should be consid-
ered to ensure robust estimates and define suscep-
tible subgroups.

c. Targeted sub-studies within large cohorts should
be considered as a cost-efficient way to better
understand and explain results in the full cohort.
For example, when data on alcohol consumption
are not gathered in enough detail in the original
study, targeted follow-up studies may be used among
stratified subsets of subjects to collect biological
samples and to obtain more detailed data on con-
sumption for extrapolating to the parent study.

. Include associations between alcohol dependence/

abuse and chronic disease outcomes. Studies using
pooled data or sub-studies within large cohorts may
have the power to address these drinking problems.
Data on period of maximum drinking could be
important, particularly given the marked variation
in alcohol intake during the lifespan.

Perform studies in understudied areas, including
but not limited to the effects of alcohol on diabetes,
obesity, cognition, healthy aging, and food intake.

. Focus on relationships between drinking patterns

and chronic disease. Drinking patterns include but
are not limited to basic patterns such as usual quan-
tity, frequency, and binge drinking as well as when,
where, and with whom alcohol was consumed and
whether it was consumed with a meal.

10. Encourage clinical trials across the spectrum of

chronic disease from studies that examine key physi-
ological parameters and intermediate studies such as
feeding studies that examine surrogates or subclinical



phenotypes to practical trials that examine chronic
disease outcomes.

a. Physiologic studies are preferred when epidemio-
logic evidence is relatively limited.

b. Practical trials are preferred when there is extensive
evidence from physiological and epidemiological
studies.

11. Encourage studies examining the interactions
between the genetics that predispose individuals
to drink and the genetics that modify how alcohol
affects chronic disease.

12. Encourage studies of carefully defined homogeneous
phenotypes. For example, studies are needed to
clarify the effects of alcohol on thrombotic versus
embolic ischemic stroke, Alzheimer’s disease versus
other dementias, specific eye diseases, etc.

decline (Peters et al. 2008). According to Dr. Sacco, there
currently is great interest in vascular risk factors for demen-
tia, yet little alcohol research has been done in that area.

Other future opportunities for research into alcohol and
chronic neurological disease noted by Dr. Sacco include the
following:

* Cobhort studies with careful end point adjudication to
separate ischemic stroke subtypes and different etiologies
of dementia and cognitive impairment;

* Examination of interactions with race and ethnicity and
other neurological risk factors;

e Comparison of associations across beverage types for
neurological outcomes; and

* Understanding protective alcohol mechanisms including

inflammatory relationships, subclinical measures and
biomarkers, and gene—environment interactions.

Chronic Liver Disease

Chronic liver disease has long been associated with alcohol
consumption and includes alcoholic liver discase, hepatitis
C, and nonalcoholic steatohepatitis. Despite this clear associ-

13. Encourage studies on moderate drinking patterns
and metabolism ranging from total energy and
macronutrient metabolism to specific metabolic
pathways for small molecules such as vitamins,
amino acids, sugars, and steroids and their products
and precursors.

14. Examine the effectiveness of communication mes-
sages about drinking. Studies may include, but are
not limited to, how to disseminate cost-benefit mes-
sages, individualized messages based on patient
demographic and clinical history, and guidance for
health care professionals on how to advise patients.

15. Encourage the use of natural experiments to exam-
ine whether policy interventions or alcohol inter-
vention studies might change the relationship
between alcohol and chronic disease.

ation, however, there is a lack of strong clinical measures to
describe and predict the progression of chronic liver disease.
Dr. James Everhart noted that the course of alcoholic liver
disease is several decades in duration and begins as simple
steatosis (fatty liver) before progressing to more advanced
stages including steatohepatitis, alcoholic cirrhosis, and,
eventually, liver failure.

Dr. Everhart noted that alcoholic liver disease may be
overrepresented in terms of mortality because of the current
classification system. Histologically, alcoholic fatty liver and
nonalcoholic fatty liver look similar (Scaglioni et al. 2011),
and patients with otherwise similar multiple risk factors and
histology may be classified as having alcoholic liver disease
rather than nonalcoholic steatohepatitis simply because they
do or do not drink. According to Dr. Everhart, the current
strict separation of alcoholic and nonalcoholic fatty liver
disease limits epidemiology, public health, and clinical
understanding.

In examining the effects of drinking amounts on liver
disease, little association has been found between moderate
drinking and alcoholic liver disease, and only a minority of
very heavy drinkers develops alcoholic liver disease, although
the reason is not clear. It is possible that drinking patterns
and diet each play a role in risk. More information also is
needed to determine if drinking at times other than during
meals could increase risk.

Other factors that put people at higher risk for liver dis-
ease include being obese, using cannabis, having diabetes,
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and being female (Hart et al. 2010). Conversely, coffee con-
sumption seems to lower risk and smoking seems to have no
effect on the development of chronic liver disease. Genetic
susceptibility is another important risk factor for liver dis-
ease. For example, a variant in one gene, PNPLA3, originally
associated with fatty liver, has been strongly associated with
alcoholic liver disease. Again, additional research is needed
to determine how these factors influence alcohol’s effects.

Dr. Everhart suggested several future opportunities for
alcohol and chronic liver disease research:

* Improve the current chronic liver disease classification
scheme;

* Develop reliable and accurate measures of progressive
liver disease that can be applied serially;

* Implement better measures of alcohol consumption and
its patterns to study drinking patterns and interactions

between drinking and dieg;

* Evaluate how genetics may influence the link between
alcohol consumption and the risk of liver disease; and

* Identify determinants of chronic liver disease among
heavy drinkers.

Genetics

Chronic diseases tend to run in families yet do not follow a
simple genetic pattern; that is, they are complex and poly-
genic. Identifying the genes that affect chronic disease risk
can be hampered by multiple factors, including phenotypic
complexity, multiple genes with small effects, environmental
variability, gene—gene interactions, and gene—environment
interactions. Alcohol’s role in chronic disease likely reflects a
gene—environment interaction in which risk is influenced by
genes, by lifestyle choices, and by a combination of both. In
addition, as noted by Dr. Howard J. Edenberg, most of the
variations in genes related to alcohol and chronic disease
likely have only small effects, making those genetic influ-
ences especially difficult to identify.

One way of overcoming these difficulties, as proposed
by Dr. Edenberg, is to obtain large sample sizes by combining
data from multiple epidemiologic studies. This enables
investigators to examine gene—environmental associations
using secondary data analyses. The drawback is that studies
typically ask different questions about alcohol use and often
include different time frames, often collect no data on drink-
ing problems, and may not obtain appropriate consent for
genetic testing. Dr. Edenberg suggested a number of strategies
to manage these obstacles. For example, investigators could
be encouraged to incorporate standardized alcohol consump-
tion questions, particularly for patterns of consumption, and
to obtain DNA samples using proper consent for genetic
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studies, where appropriate. Existing studies also could be
enhanced through targeted ancillary studies in which key
subsets of subjects are re-contacted to provide more detailed
or standardized information. The payoffs from such steps
could lead to the discovery of key genes and pathways that
reveal mechanisms and potential targets for therapy. Even if
the effect of a variant is small, the pathway it leads to could
be of major importance.

Dr. Edenberg suggested several future opportunities for
the genetics of alcohol and chronic disease research:

* Design and incorporate more detailed alcohol exposure
measutres that include patterns of consumption and
drinking problems;

¢ Search out ongoing and planned studies to;

— Partner to incorporate exposure measures as carly as

possible;

— Target follow-up and additional studies to gather more
detailed exposure information and genetic samples; and

— Encourage collection of samples with consent for
genetic studies.

Eating Behaviors

The link between alcohol intake and eating behaviors is not
well known. Studies generally show that alcohol calories,
when added to the diet, increase total energy intake (Yeomans
2010). Yet despite the fact that alcohol is an energy source,

is largely uncompensated (i.e., supplements rather than
replaces other calories), may weaken feeding controls, and
spares fat for storage, little evidence exists that moderate
drinking is associated with increased body mass index or
weight gain (Liangpunsakul 2010; Liu et al. 1994; Wang et
al. 2010) (although a French study did show such an effect
[Lukasiewicz et al. 2005]). On the other hand, certain drink-
ing patterns, particularly binge drinking, have been associ-
ated with higher body mass index (Arif and Rohrer 2005;
Breslow and Smothers 2005), although impulsivity related

to both eating and drinking could be an alternative explana-
tion. According to Dr. Richard Mattes, determining alcohol’s
effects on eating behaviors is further confounded by beverage
consumption itself and the fact that energy compensation
for fluids is less than for semisolid or solid foods (Mattes
1996; Mourao et al. 2007).

He also suggested that what people think they are eating
may be more important in terms of appetitive sensations
than its true energy value, noting current research showing
that manipulating food form (liquid or solid) can alter a
person’s expectation of how filling that food will be.

Dr. Mattes suggested several research opportunities for
future studies on ingestive behavior and alcohol-related



chronic disease research, particularly in controlled experi-
mental designs:

* Clarify the role of moderate alcohol consumption on
energy balance;

¢ Assess which properties of alcohol contribute to hunger
and satiety;

* Ascertain the true biological energy value of alcohol;
o Test the role of drinking patterns on energy balance; and

¢ Determine the effects of different levels of alcohol con-
sumption on body composition and energy balance.

Technology

A number of promising technologies and medical devices
currently are under development by the National Institute
of Biomedical Imaging and Bioengineering and others that
may enhance alcohol-related chronic disease research in the
future. Dr. John Haller reviewed the research on three areas:
sensors, point-of-care (POC) diagnostic devices, and imag-
ing technologies and bioinformatics tools.

Sensors are used to detect and quantitate clinically rele-
vant analytes. Examples include BioMEMs, microfluidics
(Chin et al. 2011), and nanoscale technologies, including
micro-total analysis systems, arrays, and biochips. These mul-
tifunctional devices can measure multiple analytes across a
variety of diseases using a platform the size of a credit card.

Such technologies then can be combined into POC tests,
which are defined as diagnostic testing at or near the site of
patient care (rather than at centralized laboratories). Benefits
include earlier diagnosis of disease and the ability to monitor
patients at home. For example, POC tests for alcohol include a
breath test and saliva-testing devices (htep://www.aacc.
org/events/online_progs/documents/Alcohol Testing1.2.pdf);
SpectRx, a wristwatch-type device; and Giner, a WrisTas trans-
dermal sensor for measuring alcohol consumption (Marques
and McKnight 2009). Dr. Haller also reviewed implantable
monitors and a tattoo using nanosensors that reside under the
skin. By shining a light on the tattoo the subject enables track-
ing of sodium and glucose levels by portable digital devices,
including smartphones. In the future, such a technology could
be used to track alcohol
consumption.

Biomedical imaging of the brain is another area where
advances could be applied to the study of alcohol and
chronic disease. Most radiology images (e.g., magnetic reso-
nance imaging [MRI], computerized tomography) show
anatomy/morphology. These images generally capture the
late stages of chronic disease. An alternative approach would
be to examine the physiological function (e.g., neurorecep-
tors) using nuclear imaging (e.g., positron emission tomog-

raphy and single-photon emission computed tomography).
Magnetic resonance spectroscopy can image relative chemi-
cal composition. MRI diffusion tensor imaging can image
white matter tracts (connectivity), and functional MRI can
image relative blood flow, a marker of neural activity. These
structural and functional neuroimaging methods currently
are being used in alcohol research (Buhler and Mann 2011).
Dr. Haller noted that informatics (data modeling, simulation,
and analysis) also will have a significant role in making sense
of the large amounts of high-dimension data now available.
Dr. Haller had the following suggestions regarding alcohol-

related chronic disease research:

* Among the variety of technologies and medical devices
that exist for the study of individuals and populations,
those of particular interest might include sensors, POC
diagnostic devices, imaging technologies, and bioinfor-
matics tools;

* A better alternative to the “hammer-in-search-of-a-nail”
approach in imaging is to define the clinical problem of
interest first, then find the appropriate tools to address
the problem or chronic disease under study;

¢ Alcohol and chronic disease epidemiology could be
improved through the use of new sensors (including
POC diagnostics, sensors embedded in the home or
implanted in the body) to enhance alcohol measure-
ment and by techniques that can image physiological
function early in the course of chronic disease; and

¢ Technological advances will inevitably produce vast
amounts of data about individuals and populations, but
they require new informatics tools that enable meaningful
use of the darta in wide varieties of research settings.

Summary

This NIAAA workshop provided an excellent forum for
summarizing the current state of the field and for identifying
future research opportunities. Although by no means
exhaustive, the ideas provided here highlight areas in need
of additional study and offer a roadmap for moving forward
across a variety of methodological approaches and content
areas. NIAAA would like to thank all of the presenters for
their insight and for taking the time to participate in this
unique workshop. Our hope is that the ideas presented here
will stimulate additional research and further advance our
understanding of the role of alcohol in chronic disease. W

Additional Resources

The agenda, roster of speakers, and speaker’s abstracts can be
obtained from the author. A copy of the meeting transcript
also is available from the author, upon request.
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Gaps in Clinical
Prevention and Treatment
for Alcohol Use Disorders

Costs, Consequences, and Strategies

Mark L. Willenbring, M.D.

Heavy drinking causes significant morbidity, premature
mortality, and other social and economic burdens on society,
prompting numerous prevention and treatment efforts fo avoid
or ameliorate the prevalence of heavy drinking and its
consequences. However, the impact on public health of current
selective (i.e., clinical) prevention and freatment strategies is
unclear. Screening and brief counseling for af-risk drinkers in
ambulatory primary care has the strongest evidence for efficacy,
and some evidence indicates this approach is cost-effective and
reduces excess morbidity and dysfunction. Widespread
implementation of screening and brief counseling of
nondependent heavy drinkers outside of the medical context
has the potential to have a large public health impact. For
people with functional dependence, no appropriate freatment
and prevention approaches currently exist, although such
strategies might be able to prevent or reduce the morbidity and
other harmful consequences associated with the condition
before its eventual natural resolution. For people with alcohol
use disorders, particularly severe and recurrent dependence,
tfreatment studies have shown improvement in the short term.
However, there is no compelling evidence that freatment of
alcohol use disorders has resulted in reductions in overall
disease burden. More research is needed on ways to address
functional alcohol dependence as well as severe and recurrent
alcohol dependence. Key worps: Alcohol use, abuse, and
dependence; heavy drinking; alcohol use disorders (AUDs);
alcohol-related problems; alcohol burden; burden of disease;
morbidity; mortality; prevention; treatment; prevention
strategy; treatment strategy; screening and brief intervention;
primary care; cost-effectiveness of AOD health services

in this issue summarize the disease burden and eco-

nomic cost to society attributable to alcohol use, which
provide a powerful incentive to develop and implement ways
to reduce them. The focus of this a.rticﬁ)e is on the role of

H eavy drinking takes a high toll on society. Other articles
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selective (i.e., clinical) prevention and treatment approaches
for heavy drinkers and people with alcohol use disorders
(AUDs) in reducing the burden associated with excessive
alcohol use. As useg here, selective, or clinical, prevention
refers to strategjes targeted at individuals at hlgEer risk of
experiencing adverse alcohol effects, such as screenlng and
brief counseling of heavy drinkers in health care settings or
internet-based screening and advice provided to college stu-
dents. The term “treatment” refers to services for alcoiol
dependence provided by a professional, such as a counselor,
social worker, nurse, psychologist, or physician. Community
peer-led support groups such as Alcoholics Anonymous are
considered to be distinct from professional treatment ser-
vices, much like a diabetes support group would be distin-
guished from endocrlnology services. The article focuses on
the following three questions: (1) Can selective prevention
and treatment reduce the disease burden attributable to
heavy drinking? (2) Are some treatment approaches more
cost-effective Lghan others? (3) Do gaps exist in the current
continuum of care? After addressing these issues, the review
suggests research priorities to help close existing gaps and
reduce the burden of disease.

Selective Prevention and Treatment:
Effectiveness, Cost-Effectiveness,
and Disease Burden

Screening and brief advice for at-risk (i.c., nondependent)
drinkers, commonly known as screening and brief interven-
tion (SBI), is effective at reducing drinking for a year or
more and in many studies also has been shown to reduce
alcohol-related harms, such as motor-vehicle crashes and
driving violations. Its efficacy is supported by numerous
randomized controlled trials and multiple meta-analyses; as a
result, the U.S. Prevention Task Force has listed it as a Type
B recommendation for medical prevention services (Babor et
al. 2007; Whitlock et al. 2004). The evidence is strongest for
nondependent heavy drinkers who present for primary care
services in ambulatory settings. Unfortunately, a recent
meta-analysis of studies of SBI in primary care settings failed
to show significant reductions in subsequent health care
utilization (Bray et al. 2011). The efficacy of SBI in other
settings, such as emergency departments (EDs) or hospitals,
has not been established, although several randomized con-
trolled trials have been conducted (Field et al. 2010). One
explanation for the observed differences may be the patient
populations analyzed. Thus, in most of the outpatient pri-
mary care studies, participants with alcohol dependence were
excluded from the analysis, whereas that generally was not
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the case for studies conducted in EDs or hospital settings.
Moreover, patients with alcohol dependence are much more
commonly encountered in ED and hospital settings than in
primary ambulatory care. In summary, at this time, SBI in
primary care ambulatory settings for adults can be strongly
recommended as highly efficacious, whereas SBI in EDs or
hospitals cannot.

SBI also seems to be effective among select groups when
delivered through internet-based or computerized applica-
tions. In particular, there is strong evidence that digital SBI
can effectively reduce drinking and associated consequences
among college students (Moreira et al. 2009). It is not clear
whether or to what extent this finding might generalize to
other population subgroups, but it is certainly plausible that
it could, provided the target population has easy access to
computers and is computer literate. The same holds true for
other methods, such as telephone-based SBI or use of the
relatively new publication and Web site called Rethinking
Drinking, which is published by the National Institute on
Alcohol Abuse and Alcoholism (NTAAA).

Despite the evidence supporting its effectiveness, SBI is
not yet being implemented widely (Hingson et al. 2012).
Widespread dissemination of information about recom-
mended drinking limits and easy access to screening and
brief counseling has the potential to make a significant public
health impact. Because at-risk drinkers are much more
numerous than alcohol-dependent people, at-risk drinking
contributes a much greater disease burden than alcohol
dependence. Accordingly, widespread implementation of
SBI has the potential to reduce a greater proportion of disease
burden than even very effective treatment, a concept known
as the prevention paradox (Rose 1981). Therefore, more
research is needed to expand the implementation of SBI in
the at-risk population and further increase its effectiveness.

Estimating the effectiveness and cost-effectiveness of
treatment is more complex. Most reviews conclude that treat-
ment is effective at reducing drinking and associated conse-
quences. Multiple behavioral treatment approaches—such as
cognitive— behavioral therapy, motivational enhancement
therapy, 12-step facilitation, behavioral marital therapy, and
community reinforcement—have similar and relatively high
levels of short-term success in reducing drinking and associ-
ated consequences, at least when treatment is provided by
the highly trained, motivated, and closely supervised clini-
cians participating in clinical efficacy trials (Project MATCH
Research Group 1998). Why these technically diverse coun-
seling techniques produce almost identical drinking outcomes
is unclear. Three alternative explanations have been offered:

* The specific technique is less important than other,
mostly unidentified, factors associated with psychotherapy.

*  Each approach works via different mechanisms but produces
similar results on average, much like different antidepres-
sants acting through different mechanisms produce similar
outcomes in the treatment of depression.

* Professional treatment only has a small effect in deter-
mining outcome compared with other, nontreatment
factors, such as social control (e.g., driving-while-intoxicated
laws, family pressure, or employer mandate), natural his-
tory of alcohol dependence, and the tendency to revert to
usual levels of drinking following resolution of a crisis
where drinking had peaked (i.e., regression to the mean).

This last explanation is supported by recent research
demonstrating that changes in drinking habits begin weeks
before treatment entry (Penberthy et al. 2007). Likewise,
in another study of treatment of alcohol dependence that
examined events leading to treatment secking (Orford et al.
2006), the findings suggested that the change point occurred
prior to treatment entry. Thus, it is unclear how much of the
positive change can be attributed to the treatment processes
themselves as opposed to other factors leading to and follow-
ing treatment secking,.

What is clear, however, is that researchers and clinicians
do not yet understand how or why some people change in
response to treatment and others do not. To address this
issue, NIAAA led the way at the National Institutes of Health
(NIH) in shifting the focus of behavioral treatment research
to identifying the mechanisms of behavior change rather
than encouraging more comparisons of different psychotherapy
approaches (Willenbring 2007). The NIH subsequently
developed a major initiative on basic behavioral research (Li
2009). This research initiative provides an opportunity to
investigate many obvious questions. For example, what are
the social forces that either support or impede positive health
behavior change? What determines their impact, in terms of
the response of the individual? Why and how do people
begin to change, and what determines the resilience of that
change? What is the basic science underlying behavior change,
at all levels from genetic and genomic to cellular, organic,
individual, and social interactions? Research elucidating the
basic science of behavior change is an exciting and promising
area that has the potential to substantially change the types
of interventions that are available, making them more pow-
erful, available, and cost-effective.

The lack of clarity about what causes change in drinking
behavior also results in uncertainty as to whether treatment
of alcohol dependence reduces disease burden. The commu-
nity prevalence of alcohol dependence, which is about 4 percent
in any year, has not changed substantially in recent years
(Substance Abuse and Mental Health Services Administration
2011). Earlier studies found a cost offset of treatment—that
is, lower health care costs after treatment than before treatment
(Holder 1998). More recent studies, however, have found
that heavy drinkers who are not in crisis underutilize health
care, at least in an employed population, suggesting that the
observed cost reduction is more a reflection of the natural
history of drinking behavior and of a regression to the mean
(Finney 2008; Zarkin et al. 2004). In other words, people
suffering from any disease tend to seek treatment when their
condition is most severe. In the case of alcohol dependence,
treatment seeking therefore would be preceded by an escala-
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tion of drinking, complications, and utilization of medical
services and, consequently, high costs before treatment entry.
Because chronic conditions such as alcohol dependence wax
and wane, most people will tend to improve after a period
of greater severity, even without effective treatment, so that
subsequent reduced costs may not necessarily be associated
with treatment. Also, every patient’s disease trajectory is dif-
ferent, so that when drinkers are assessed before and after
treatment, some of them will be well at followup, whereas
for others their condition will be more severe. The average
severity, however, will be less following treatment, because
for all patients studied, their disease severity at treatment
entry will have been high. The most rigorous study of cost-
effectiveness of alcoholism treatment, the COMBINE trial,
found that treatment was cost-effective, especially pharma-
cotherapy with medical management (Zarkin et al. 2008,
2010). The interpretation of these findings is limited, however,
by the study’s highly rigorous trial design, intensive follow
up, and exclusion criteria (Anton et al. 2006), and it is
unknown to what extent these findings generalize to com-
munity treatment programs and participants.

Another limitation when estimating the effects of treatment
on public health is that relatively few affected people seek
treatment. For example, among people who develop alcohol
dependence at some point in their lives only 12 percent seek
treatment in a specialty treatment program (Hasin et al.
2007). Among people who have AUDs and who perceive a
need for treatment, almost two-thirds (i.e., 65 percent) fail
to obtain it because they are not ready to stop drinking or
feel they can handle it on their own. Other common reasons
for the failure to seek treatment include practical barriers,
such as lack of health insurance, the cost of treatment, and
lack of transportation or access to treatment, which are
reported by 59 percent of respondents, and stigma, which is
reported by 31 percent (Center for Behavioral Health Statistics
and Quality 2012).? Thus, more people might seek treat-
ment if it was less expensive, stigmatizing, and disruptive
than most treatment approaches. Efforts to improve access,
affordability, and attractiveness of treatment, especially for
individuals with less severe AUDs should be encouraged.

Despite these limitations, some tentative conclusions
can be drawn as to which approaches to treating alcohol
dependence are more cost effective. Studies found no significant
difference in outcomes between residential and outpatient
treatment and no clear relationship between intensity of
treatment and outcome (Fink et al. 1985; Longabaugh et al.
1983; McCrady 1986). For example, medical management
plus pharmacotherapy with naltrexone generated similar
outcomes to more expensive counseling approaches, even
when counseling was performed once weekly and on an
outpatient basis (Anton et al. 2006; O’Malley et al. 2003).
These studies suggest that a more individualized, outpatient,
and medically based approach may provide a cost-effective
alternative to approaches favoring intensive psycho-education,
which often are provided in residential settings. Treatment
provided in residential rather than outpatient settings may
add considerable expense without a commensurate improve-
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ment in outcomes. In addition, confidential treatment by
their usual primary care physician involving only routine
clinic visits may attract more people, thus expanding access
to effective treatments.

Gaps in the Continuum of Care

There are several gaps in the continuum of care that deserve
attention, affecting drinkers across the spectrum of alcohol
involvement. Recent epidemiological research has demon-
strated that alcohol involvement varies along a continuum
ranging from asymptomatic heavy drinking (i.e., at-risk
drinking), through functional alcohol dependence, and to
severe and recurrent alcohol dependence (Willenbring et al.
2009). The continuum of care ideally should correspond to
this epidemiology but does not at this time. Most studies
and treatment approaches have focused on the more severe
end of the spectrum—that is, people with severe, recurrent
dependence. However, the vast majority of heavy drinkers
either does not have alcohol dependence or has a relatively
milder, self-limiting form (Moss et al. 2007). This spectrum
of severity is similar to that for other chronic diseases, such
as asthma. Likewise, examining treatment seekers in the
current system of care yields similar results to studying
hospitalized asthmatics: thus, heavy drinkers in treatment
exhibit more severe dependence, more comorbidity, less
response to treatment, and a less supportive social network
compared with people who do not seek intensive treatment
(Bischof et al. 2003; Dawson et al. 2005; Sobell et al. 2000).
In contrast, people with functional alcohol dependence?
predominantly exhibit “internal” symptoms, such as impaired
control; a persistent desire to cut down on their drinking but
finding it hard to do; and alcohol use despite internal symptoms
such as insomnia, nausea, or hangover. These individuals
generally drink much less than more seriously affected people
(Moss et al. 2007). Functional alcohol dependence typically
resolves after a few years, mostly without requiring specialty
treatment (Hasin et al. 2007). Large gaps in services exist
for people at both ends of the spectrum of dependence
severity—that is, both for people at the milder end of the
spectrum (i.e., at-risk drinkers and people with functional
alcohol dependence) and for those at the most severe end
(i.e., with recurrent, treatment-refractory dependence).
There currently are few services for at-risk drinkers and
people with functional alcohol dependence. In primary
medical care, very few patients are screened and positive
screening results addressed (McGlynn et al. 2003). Furthermore,
functional alcohol dependence largely is ignored because
although these individuals meet diagnostic criteria for
dependence, they rarely seek treatment in the current system
(Moss et al. 2007). These gaps are significant from a public
health perspective because the prevalence of at-risk drinking

1 The numbers add up to more than 100 percent because respondents could endorse mulfiple reasons.

2 People with functional alcohol dependence are those who meet the criteria for a medical diagnosis
of alcohol dependence but remain functional in sociely (i.e., in their jobs, families, and social lives).



and functional dependence is much higher than that of
more severe disorders and these conditions therefore account
for the majority of excess morbidity, mortality, and associ-
ated costs attributable to alcohol consumption (Centers for
Disease Control and Prevention 2012). Whether wider
implementation of SBI would result in a reduction in disease
burden is not known at this time. However, enhancement
of these approaches, especially among young people and
community-dwelling heavy drinkers not seeking medical
care, might reduce disease burden, although the two popula-
tions require somewhat distinct approaches. More studies of
secondary prevention efforts outside of medical settings
therefore are needed.

SBI in primary care settings to identify people with
AUD:s at the milder end of the severity spectrum is effective
and may be cost-effective (Solberg et al. 2008), but many
questions remain. For example, is it more cost-effective to tar-
get higher-risk groups (e.g., young people) for routine screen-
ing or is universal screening better overall? And when should
screening occur (e.g., only during annual prevention visits
or at every new patient visit) and how often should it be
repeated? However, the biggest problem remains that effective
selective prevention interventions such as SBI are not widely
implemented. Although implementation has worked well in
situations where additional grant funds were available, it still
is unknown whether physicians will engage in this widely or
how to best facilitate implementation. The Veterans Affairs
health services system has been the most effective at imple-
menting annual screening, but this system is unique in its
structure and hierarchical nature. Implementation of such
approaches in private health care organizations is much more
complex and difficult. Therefore, more research is needed on
low-cost ways to encourage wider adoption of SBI in primary
care settings. Additional research should focus on SBI in
other medical settings, especially mental health settings and
medical specialties particularly affected by heavy drinking,
such as gastroenterology (with patients with alcohol-related
liver disease, gastritis, and pancreatitis) and otolaryngology
(with patients with alcohol-related head and neck cancers).

Because so many hospitalized heavy drinkers have
dependence, SBI is much less effective in this group (Saitz et
al. 2007) and its effectiveness with patients in EDs or trauma
centers also is unknown. Although some early studies showed
positive results, subsequent research has yielded as many neg-
ative as positive findings (Field et al. 2010). Current efforts to
implement SBI in these more acute-care settings therefore are
premature, and more research is needed to determine if heavy
drinkers encountered in such settings require more intensive
services, linkage to ambulatory care services, or both.

People with functional alcohol dependence likely require
more than brief counseling, but there is a major gap in
research concerning optimal treatment strategies. Currently,
few, if any, services are available for this group because they
fall between at-risk drinkers and those with severe recurrent
alcohol dependence (who are most likely to enter the current
specialty treatment system). Pharmacotherapy (e.g., antire-

lapse medications) combined with medical management
offers an attractive possible approach for this group, and evi-
dence suggests that this combination yields comparable
results to state-of-the-art counseling (Anton et al. 20065
O’Malley et al. 2003). Such an approach would allow most
people with functional dependence to be treated in primary
care and mental health care settings, similar to people with
mild to moderate depression. More research, especially
regarding effectiveness and implementation, is needed on this
approach. Although most people with functional alcohol
dependence eventually recover without any treatment (Hasin
et al. 2007; Moss et al. 2007), their period of illness is associ-
ated with less severe but still significant dysfunction, such

as absenteeism, attending work or school while sick (i.e.,
presenteeism), and reduced productivity. Early identification
and treatment could reduce or hopefully eliminate these costs
to the affected individuals and society.

Gaps in treatment also exist for people with severe recur-
rent alcohol dependence—the group that most people tend
to think of when they think of “alcoholism.” A recent exhaus-
tive report examining the current treatment system concluded
that “Most of those who are providing addiction treatment
are not medical professionals and are not equipped with the
knowledge, skills or credentials necessary to provide the full
range of evidence-based services to address addiction effectively,”
(p- 3) and that “Addiction treatment facilities and programs
are not adequately regulated or held accountable for provid-
ing treatment consistent with medical standards and proven
treatment practices.” (National Center on Addiction and
Substance Abuse at Columbia University 2012, pp. 3-4).
The current addiction treatment system first was conceptual-
ized in the middle of the last century, as documented by
White (2002), and has changed litde since. No other chronic
disease is treated with brief stints in a program with limited
follow up care. Instead, for other chronic conditions patients
are followed closely by physicians and other professionals over
long periods of time, with the goal of minimizing symptoms
and relapses, treating complications, and maximizing func-
tion. In these cases, care is provided indefinitely, often for life.
Such a longitudinal-care approach also offers considerable
promise in treating people with severe recurrent alcohol
dependence. Several studies have found a highly significant
positive effect for longitudinal care in people who have one
or more medical complications of alcohol dependence
(Kristenson et al. 1984; Lieber et al. 2003), including two
studies that found significant reduction in 2-year mortality
(Willenbring and Olsen 1999; Willenbring et al. 1995).
Some findings also indicate that integrating treatment for
substance use disorders into that for severe and persistent
mental illness may be effective at reducing substance use,
although no high-quality randomized controlled trials of
this approach have been published (Drake et al. 2000).
Pharmacotherapy for AUDs also may be effective in people
with severe mental illnesses (Petrakis et al. 2004, 2005,
20065 Salloum et al. 2005). Finally, the ongoing need for
recovery support and maintenance should be addressed.
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Thus, more research is needed on the best long-term man-
agement strategies for recurrent alcohol dependence.

Conclusion

At this time no solid conclusions can be drawn as to whether
current approaches to prevention of and treatment for AUDs
reduce the disease burden attributable to heavy drinking,
although these strategies have shown positive outcomes in
the short term. SBI for at-risk drinkers in ambulatory primary
care settings has the strongest evidence for efficacy, and some
evidence supports its cost-effectiveness and associated reduc-
tion in excess morbidity and dysfunction. However, these
benefits do not necessarily indicate that health care costs for
these patients are reduced. Widespread implementation of
SBI for nondependent heavy drinkers outside of the medical
context has the potential to have a large public health impact.
For heavy drinkers with more severe conditions (i.e., recur-
rent alcohol dependence), time-limited counseling may
improve short-term recovery rates, but its long-term impact
is less clear. Moreover, recent research findings have not been
widely implemented. Scientifically based, medically anchored
treatment approaches may provide a more attractive and
cost-effective approach than the current intensive but time-
limited treatment. More research is needed on ways to
address functional alcohol dependence as well as severe and
recurrent alcohol dependence. H
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Focus On: Women and the Cosis
of Alcohol Use

Sharon C. Wilsnack, Ph.D.; Richard W. Wilsnack, Ph.D.;
and Lori Wolfgang Kantor, M.A.

Although light-to-moderate drinking among women is
associated with reduced risks of some cardiovascular problems,
strokes, and weakening of bones, such levels of drinking also
are associated with increased risks of breast cancer and liver
problems, and heavy drinking increases risks of hypertension
and bone fractures and injuries. Women'’s heavy-drinking
patterns and alcohol use disorders are associated with
increased likelihood of many psychiatric problems, including
depression, posttraumatic stress disorder, eating disorders, and
suicidality, as well as increased risks of intimate partner
violence and sexual assault, although causality in the
associations of drinking with psychiatric disorders and with
violence remains unclear. It is important for women to be aware
of the risks associated with alcohol use, especially because
gaps between U.S. men’s and women’s drinking may have
narrowed. However, analyses of health risks and benefits need
improvement to avoid giving women oversimplified advice
about drinking. Kev worbs: Alcohol consumption; alcohol use,
abuse, and dependence; alcohol use disorder; alcohol
burden; drinking patterns; prevalence; alcohol burden;
alcohol-related problems; alcohol-related injuries; women;
pregnancy; cardiovascular disease; stroke; bone mass
density; breast cancer; liver disease; psychiatric disorders;
posttraumatic stress disorder (PTSD); depression; eating
disorders; suicidal behavior; intimate partner violence; sexual
assault

States generally is lower among women compared with

men (Substance Abuse and Mental Health Services
Administration [SAMHSA] 2011), this gap has narrowed
(Grucza et al. 2008). Furthermore, although women con-
sume alcohol at lower levels than men, their body composi-
tion puts them at higher risk than men of developing some
alcohol-related prob%ems, both acutely (because of higher
blood alcohol levels from a given amount of alcohol?) and
chronically (from alcohol—re%ated organ damage). This article
examines alcohol-use patterns (with particular attention to
midlife) and how they differ for men and women and sum-

Even though the prevalence of alcohol use in the United

1 Because women’s bodies generally have less water than men’s bodies, alcohol becomes less
diluted, and women therefore reach higher blood alcohol levels than men even if both are drinking
the same amount.

marizes recent evidence on associations between women’s
alcohol consumption and their physical and mental health.

Drinking Practices and Patterns Among
Women in Midlife

Rates of drinking decline with age for both men and women
in the United States, and drinking remains less prevalent
among women compared with men. In 2010, the proportion
of people reporting at least one drink in the previous 30 days
(i.e., current drinkers) decreased from 70 percent among

21- to 25-year-olds to 61.1 percent among 40- to 44-year-
olds and 51.6 percent among 60- to 64-year-olds (SAMHSA
2011). The same survey also found that approximately 57.4
percent of males aged 12 or older were current drinkers,
compared with 46.5 percent of females of the same age
range (SAMHSA 2011).

Rates of binge drinking also are higher among men than
women (Centers for Disease Control and Prevention [CDC]
2012). One survey (National Institute on Alcohol Abuse and
Alcoholism [NIAAA] 2012) reported that 28.8 percent of
women and 43.1 percent of men reported binge drinking
(i.e., consuming within 2 hours four or more drinks for
women and five or more drinks for men) in the previous
year. In a multinational study of 35 countries, Wilsnack and
colleagues (2009) reported that, as expected, men consistently
drank more than women and were more likely to engage in
high-volume drinking and high-frequency drinking. Women
were more likely to be lifetime nondrinkers and to be former
drinkers.? The authors suggest that women may find it easier
than men to quit drinking because (1) women generally are
lighter drinkers than men; (2) drinking is not as important
to women’s social roles as it is to men’s; and/or (3) women
who stop drinking during pregnancy and early childrearing
may not resume drinking later on.

Despite these findings, Grucza and colleagues (2008) reported
significant increases between 1990-1991 and 2000-2001 in
the lifetime prevalence of drinking for women aged 38-47
in the United States. There also was an increase in lifetime
prevalence of alcohol dependence among women drinkers
aged 38-47. Similar increases were not found for male drinkers,
suggesting that the gender gap in alcohol use and dependence
is narrowing, at least in these age groups.

2 Former drinkers reported drinking in the past but not in the last 12 months.

Sharon C. Wilsnack, Ph.D., and Richard W. Wilsnack,
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Neuroscience, University of North Dakotfa School of
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Drinking During Pregnancy: Patterns and
Predictors

Women who become pregnant in their thirties and forties
may be more likely to drink during pregnancy than younger
women. From 2001 to 2005, 17.7 percent of 35- to 44-year-
old women reported drinking during pregnancy, compared
with 8.6 percent of pregnant women aged 18-24 (Denny
etal. 2009). Among women in eight States who gave birth
between 1997 and 2002, 30.3 percent reported drinking
during pregnancy, and 8.3 percent reported binge drinking
(four or more drinks on one occasion). Whereas 22.5 percent
of the women reported drinking during the first month of
pregnancy, drinking declined during pregnancy; only 7.9
percent of women reported drinking during the third trimester,
and only 2.7 percent reported drinking during all trimesters.
Drinking during pregnancy was more prevalent among
women over 30 (more than 30 percent drank) than among
younger women (Ethen at al. 2009).

Understanding the predictors of drinking during pregnancy
may help target prevention efforts. The eight-State study by
Ethen and colleagues (2009) found that both drinking and
binge drinking during pregnancy were predicted by prepreg-
nancy binge drinking. Drinking and binge drinking during
pregnancy also were more prevalent among women who
were non-Hispanic whites, who smoked during pregnancy,
and whose pregnancy was unintended. A recent review of
14 studies of drinking during pregnancy in nine countries
(Skagerstrém et al. 2011) found that drinking during pregnancy
was associated with heavier drinking prior to pregnancy in
all seven studies that measured this; smaller numbers of studies
consistently found that drinking during pregnancy was associated
with higher income/social class and with histories of abuse or
exposure to violence and histories of drinking problems.

Physical Health Effects of Women’s Drinking

Light to moderate alcohol use has been found to generally
be beneficial for many health outcomes and is associated
with decreased mortality. Heavier use, however, is associated
with poorer health and increased mortality. One meta-analysis
of 34 studies in 13 countries found that, compared with
abstaining, drinking less than two drinks per day among
women and drinking less than four drinks per day among
men was associated with significantly reduced total mortality,
but higher levels of alcohol use were associated with increased
mortality (Di Castelnuovo et al. 2006). These findings should
not encourage people to start drinking alcohol for its health
benefits, because of the significant health problems associated
with heavier use, as described below.

Another study used data from a large survey of middle-
aged (median age 58) female nurses in the United States and
assessed the health of participants who lived to age 70 and
older. The study found that light to moderate alcohol con-
sumption at midlife was associated with modestly increased
odds of good health at age 70 or older (no chronic illnesses,
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physical impairment, or mental problems). That is, women
who averaged between one-third and one drink per day had
about 20 percent higher odds than nondrinkers of good
health at age 70 and older. Also, the women who drank
frequently during the week (5 to 7 days) had better odds of
good health at age 70 and older than the women who drank
only once or twice a week (Sun et al. 2011). However, these
findings should be interpreted with caution because the
measures of alcohol consumption were quite limited.

Effects of Women'’s Drinking on Cardiovascular Health

Many studies have found that light to moderate alcohol use
is associated with lower risks of cardiovascular disease and
mortality, but these studies often have not reported specifically
on women’s drinking. However, studies of coronary heart
disease risk in Denmark (Tolstrup et al. 2006) and England
(Ward et al. 2011) found that the risks were lower in women
who consumed more alcohol. In the United States, pooled
data from nine National Health Interview Surveys (1987—
2000) showed that women drinking up to seven drinks per
week had lower risks of cardiovascular mortality than life-
time abstainers (Mukamal et al. 2010).

Light-to-moderate drinking also may be associated with
lower risks of sudden cardiac death (SCD). The study of
nurses in the United States, which examined heart problems
in 4-year periods after reported drinking or abstaining,
found the lowest risk of SCD among women who averaged
approximately one-half to one drink per day. Women who
drank more heavily (more than 30 g or two drinks per day)
had SCD risks similar to risks of abstainers, but the number
of SCD cases among women who consumed more than 30 g
per day was limited (Chiuve et al. 2010). As noted earlier, how-
ever, these findings are based on limited measures of drinking.

In contrast to studies finding beneficial effects, a meta-
analysis of six studies (Samokhvalov et al. 2010) found that
womenss risks of atrial fibrillation (AF) increased steadily
with increasing alcohol consumption. Whereas women who
averaged up to two drinks a day did not have significantly
higher risks than abstainers, women who consumed more
than two to three drinks daily had a 17 percent increased
risk of AF, and women who consumed more than four
drinks daily had twice the risk of AE

Women’s risk of hypertension also may increase steadily
as alcohol consumption increases. A meta-analysis of eight
studies indicated that the risk was reduced somewhat among
women drinking lightly (averaging less than a drink a day),
but the risk then rose steadily with higher levels of consump-
tion. Compared with abstainers, women who averaged
roughly four drinks a day had nearly twice the risk of hyper-
tension, and women averaging roughly eight drinks a day
had nearly three times the risk (Taylor et al. 2009).

Effects of Women’s Drinking on Stroke Risk

The risk of stroke is lower among women who are light-to-
moderate drinkers. The U.S. nurses” study found lower risk of



strokes among women who were recent light drinkers, aver-
aging approximately one drink a day (Jimenez et al. 2012).
Among 45,449 Swedish women aged 30 to 50 who were
followed up approximately 11 years later, risks of ischemic
stroke were significantly lower among women averaging less
than one drink a day (compared with abstainers). The num-
bers of women with hemorrhagic strokes and/or strokes after
drinking more heavily were too small for reliable evaluation
(Lu et al. 2008). Meta-analyses of five to nine other studies
found that women’s light-to-moderate drinking was protec-
tive against both ischemic and hemorrhagic strokes (with
lowest risks in women averaging about one drink a day), but
risks of morbidity and mortality from both types of strokes
increased rapidly as women’s consumption rose above three

to four drinks a day (Patra et al. 2010).

Effects of Women'’s Drinking on Liver Disease

Women apparently are more vulnerable than men to liver
cirrhosis and other liver injury from alcohol use, possibly
because of estrogens, although the mechanisms are as yet
unclear (Eagon 2010). A meta-analysis of 12 studies found
that women’s risks of morbidity and mortality from liver
cirrhosis increased steadily with higher levels of alcohol
consumption, with no protective effect of light to moderate
drinking, and the risks increased more rapidly for women
than for men (Rehm et al. 2010). These risks may be increased
by other personal characteristics and by drinking patterns.

In a very large sample of women in the United Kingdom,
followed up for an average of 6.2 years, risks of cirrhosis
among women averaging two or more drinks a day increased
greatly if their body mass indexes were greater than 28 kg/m?
(Liu et al. 2010). In a large study of women in New York
State, levels of y-glutamyl-transferase (GGT), a liver enzyme
that increases in all forms of liver disease (Niemeli and Alatalo
2010), were highest not only in women who averaged more
than a drink a day but also in women who did their drink-
ing only on weekends and without food (Stranges et al. 2004).

Effects of Women’s Drinking on Breast Cancer Risk

Even moderate alcohol consumption increases breast cancer
risk, and the risk rises as drinking increases. A multinational
meta-analysis of 98 studies found that the risk of breast can-
cer increased an average of 10 percent for every increase of
10 grams per day in alcohol consumption (Key et al. 2006).
A 10-year follow-up study of more than 38,000 U.S. women
aged 45 and older found a significant trend of increased risk
of invasive breast cancer associated with increased alcohol
consumption at baseline, with the greatest risk among women
averaging at least 30 grams of alcohol per day (Zhang et al.
2007). The risks from alcohol consumption were clearest for
estrogen- and progesterone-receptor-positive tumors and for
women currently taking postmenopausal hormones, consis-
tent with the hypothesis that part of alcohol’s effect on breast

cancer is to increase estrogen exposure (Garcia-Closas et al.
2002; Onland-Moret et al. 2005). Another U.S. study, based

on data from 184,418 postmenopausal women aged 50

to 71, reported similar findings (Lew et al. 2009). After 7
years of follow-up, the researchers found that risks of breast
cancer increased steadily the more women drank. Risks

were highest for estrogen- and progesterone-receptor-positive
tumors, with risks of these tumors 46 percent higher for
women drinking more than 35 grams of alcohol (more than
two drinks) a day. However, when Suzuki and colleagues
(2010) followed up 50,757 Japanese women (aged 40 to 69)
over 13 years, they found that breast cancer risk increased 6
percent with every additional 10 grams per day of alcohol
consumption, but the observed association was not modified
by menopausal status or use of exogenous estrogens. These
findings suggest that breast cancer risks associated with alcohol
consumption involve more than just estrogen levels.

Effects of Women'’s Drinking on Bone Health

Higher bone-mineral density (BMD) is associated with resis-
tance to fracture. A recent review of research relevant to 40-
to 60-year-old women concluded that there was fair evidence
that moderate drinking did no harm to BMD (Waugh et al.
2009). In fact, a number of studies have found that light to
moderate drinking is associated with increased BMD, at
least among postmenopausal women (Maurel et al. 2012).
For example, Tucker and colleagues (2009) found that, in
women from the Framingham Offspring cohort, hip and
spine BMD were 5.0 to 8.3 percent greater in postmenopausal
women who consumed more than two drinks per day than
in nondrinkers. A study of 2,043 postmenopausal women

in the United States found that BMD was 3.8 percent higher
in women who had more than 29 drinking occasions per
month than those who abstained, although this finding only
was marginally significant (because of small numbers of daily
drinkers) (Wosje and Kalkwarf 2007). Finally, a study in
Scotland of 3,218 women aged 50 to 62 found significant
increases in BMD in the femoral neck and lumbar spine in
women who averaged more than one drink a day, compared
with lifetime abstainers (McLernon et al. 2012). However, in
general these studies were unable to evaluate effects of heavy
drinking, and the processes by which alcohol affects BMD
remain uncertain but may involve effects of increased levels
of estrogen and calcitonin (Maurel et al. 2012).

In contrast, the prevailing wisdom is that heavy drinking
(averaging multiple drinks per day) increases women’s risks
of fractures, such as from falls (Epstein et al. 2007). In a
combined study of 11,032 women in Canada, Australia, and
the Netherlands, the risks of hip fractures and osteoporotic
fractures were higher in women averaging two or more drinks
a day than in women averaging up to one drink a day (Kanis
etal. 2005). In Sweden, a study of 10,902 middle-aged
women showed that low-energy fractures were more likely in
women who had higher levels of GGT, which is associated
with chronic heavy drinking (Holmberg et al. 2006).
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Women’s Drinking and Psychiatric Disorders

Alcohol Use Disorders

In addition to physical health risks associated with alcohol
use, womenss risks of mental health problems also are related
to their drinking. It is clear that women’s heavy and binge
drinking is associated with alcohol use disorders (AUDs).
For example, U.S. data show that among women aged 50
or older, those who engage in binge drinking (four or more
drinks on a drinking occasion) have more than three times
greater risks of alcohol abuse, and more than five times
greater risks of alcohol dependence, than women who drink
but do not engage in binge drinking (Chou et al. 2011).
However, there has otherwise been limited attention to
gender-specific ways in which women’s drinking may be
related to AUDs. One exception is that women, like men,
are at greater risk of AUD:s if they begin drinking at early
ages. A large study in Missouri has found elevated risks of
AUDs in women who began drinking before age 18 (Jenkins
et al. 2011), confirming findings from U.S. national surveys
(Dawson et al. 2008). A second exception is that it has long
been thought that development of AUDs is “telescoped” in
women compared with men, occurring in a shorter period of
time after women begin to drink (Greenfield 2002). However,
this pattern was identified in women in treatment for AUDs,
and U.S. survey data now indicate that telescoping does not
occur in women drinkers in the general population (Keyes et
al. 2010) but may be related to the experiences that bring
women to treatment.

Psychiatric Disorders Other Than AUDs

General-population studies often have found links between
women’s drinking and psychiatric disorders, but the time
order and causes of these linkages are often unclear. For
example, a German survey found that women with alcohol
abuse or dependence, or women who drank an average of

at least 20 to 30 grams of alcohol per day, were more likely
than other women to have a variety of psychiatric disorders
(affective, anxiety, or somatoform), and the connections
between drinking and disorders were stronger for women
than for men (Bott et al. 2005). A Danish survey found that
any psychiatric disorders were more likely in women averag-
ing more than three drinks a day, and anxiety disorders were
specifically more likely among women averaging more than
two drinks a day, compared with nondrinkers (Flensborg-
Madsen et al. 2011). In addition, U.S. data on women aged
50 and older showed higher risks of both panic disorder and
posttraumatic stress disorder (PTSD) in women who engaged
in any binge drinking, compared with non-binge drinkers
(Chou et al. 2011). Unlike the preceding studies, which
linked drinking patterns to increased risks of general psychi-
atric comorbidity, most studies of women’s alcohol use and
psychiatric disorders have focused on comorbidity of specific
disorders with AUDs and risky drinking patterns. These
more specific linkages are discussed in the sections that follow.
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Depression. Research clearly has established that depressive
disorders and symptoms are more likely among people
with AUD:s (e.g., Grant et al. 2004), but studies have not
always examined this connection specifically among women.
However, a large U.S. twin study found that diagnoses of
major depression and alcohol dependence were correlated
among women (Prescott et al. 2000), and data from the
large National Epidemiologic Study on Alcohol and Related
Conditions (NESARC) showed that women with major
depressive disorder were more likely to report multiple
criteria for alcohol abuse and dependence (Lynskey and
Agrawal 2008). Rescarch also has repeatedly found associations
of women’s depression with binge drinking. For example,
in a major Canadian survey, women’s binge drinking (five
or more, or eight or more, drinks per day) was associated
with measures of recent and longer-term depression (Graham
et al. 2007), and data from the large U.S. Behavioral Risk
Factor Surveillance System surveys showed that lifetime
depression was significantly more likely in women who
engaged in binge drinking (four or more drinks in a day)
(Strine et al. 2008).

PTSD. AUDs often have been associated with symptoms
or diagnoses of PTSD. For example, in young adults
followed up from the U.S. National Survey of Adolescents,
women with PTSD in the past 6 months were more than
twice as likely as other women to meet critetia for a Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition
diagnosis of alcohol abuse (Danielson et al. 2009). Among
women from the large Missouri Adolescent Female Twin
Study, PTSD was associated with a greater likelihood of
AUD:s (Sartor et al. 2010). In surveys of three Mexican
cities, lifetime PTSD was more prevalent in women who
misused alcohol (with at least one indicator of alcohol abuse
or dependence) (Slone et al. 2006). In addition, in the
large California Women’s Health Survey, having symptoms
of PTSD doubled the odds that women engaged in binge
drinking (Timko et al. 2008). However, most of these
studies have not found any effects of PTSD beyond the
effects of the traumatic experiences that led to PTSD, a
pattern also reported in other recent studies of women
who have experienced sexual assaults (Najdowski and Ullman
2009; Testa et al. 2007). Therefore, PTSD may be an
indicator of experiences distressful enough to lead women
to drink to excess, but PTSD itself may not necessarily be
a cause of such drinking.

Alcohol and Eating Disorders. Research often has found
that eating disorders in women are associated with problem
drinking. The strongest recent evidence is in a meta-analysis
of 41 studies, mainly in the U.S. and Canada, in which
women’s eating disorders consistently were associated with
AUDs (Gadalla and Piran 2007). The meta-analysis included
a very large Canadian general-population survey in which
risks of eating disorders also were associated with heavier
weekly drinking among women ages 15 to 44 (Piran and



Gadalla 2007). Hypotheses to explain observed links between
women’s eating disorders and drinking typically have focused
on possible common antecedents (distress, personality
characteristics, and genetic factors) rather than on ways
that eating disorders might cause or be caused by drinking
(Conason and Sher 2006).

The meta-analysis by Gadalla and Piran (2007) showed
that problem drinking was associated more specifically with
bulimic behavior than with anorexia nervosa. The associations
also were stronger among women in community or student
samples but were weaker or absent when women in treat-
ment for eating disorders were compared with women in the
general population. A muldisite European study comparing
individuals (mostly women) in treatment versus healthy
individuals in the general population also failed to find that
those in eating disorders treatment drank more heavily
(Krug et al. 2008). It is possible that such negative findings
could result because many women receiving treatment or
seeking treatment for eating disorders curtail their drinking.

Alcohol and Suicidal Behavior. Although research often
has reported on factors affecting rates of suicide among
women, only rarely have studies been able to show how
individual women’s drinking patterns are related to suicidal
behavior. An exception was a 20-year follow-up of a large
sample of Swedish women hospitalized because of suicidal
behavior; those women diagnosed also with alcohol abuse
or dependence had a higher risk of later committing suicide
(Tidemalm et al. 2008). Most general-population surveys
of individual women have shown that suicidal ideation
(thinking about committing suicide) was associated with
heavier, more frequent, or more hazardous drinking. In
the United States, for example, women’s suicidal ideation
was associated with hazardous drinking patterns in a
longitudinal study of women aged 26 to 54 (Wilsnack et
al. 2004) and was associated with alcohol dependence in the
large National Longitudinal Alcohol Epidemiologic Survey
(Grant and Hasin 1999). A large study of active-duty U.S.
Air Force personnel also found that women’s suicidal
ideation was associated with higher levels of alcohol
problems, but only among women who were not mothers
(Langhinrichsen-Rohling et al. 2011). In Seoul, Korea,
women aged 18 to 64 showed a strong association of
suicidal ideation with drinking nearly daily (Park et al.
2010). Finally, a French survey of women aged 18 to 30
found that suicidal ideation was more common in heavier
drinkers, although the relationship no longer was statistically
significant after controlling for effects of depression and
other adverse experiences (Legleye et al. 2010).

Alcohol-Related Injuries

Similar to research on women’s suicidality, research on women’s
alcohol-related injuries has given more attention to gender
differences in injury rates and how women’s injury rates are

related to population drinking patterns and less attention to
how drinking is related to the risks of injury in individual

women. However, studies have reported two consistent findings
about how individual drinking patterns are linked to injuries.

First, risks of injury increase among women who have
consumed alcohol in the 6 hours before being injured;
women’s injury risks associated with drinking occur relatively
rapidly. This conclusion has been confirmed by a combined
analysis of 28 hospital emergency-department studies in 16
countries (Borges et al. 2006). Additional confirmation has
come from a large emergency-department survey in Sydney,
Australia, where the risk was greatest in women who had
consumed more than 90 grams of alcohol in the 6 hours
before being injured (Williams et al. 2011).

The other consistent finding is that risks of injury are
greatest among women whose drinking patterns are particularly
heavy or hazardous. A study of women outpatients at a
Veterans Administration hospital found that the likelihood
of multiple recent injuries was nearly doubled in the heaviest
versus the lightest drinkers (Chavez et al. 2012). A study of
women with high-risk drinking patterns at five U.S. colleges
found that their risks of recent injury were directly related
to their number of days of drinking five or more drinks
(Mundt et al. 2009). In addition, large surveys of women
aged 45 to 69 in three Eastern European countries found
that the percentage of women with injuries was higher in
women with high scores on the CAGE? screening instru-
ment for problem drinking (Vikhireva et al. 2010).

Intimate Partner Violence

Associations between alcohol use and intimate partner vio-
lence (IPV) have been well documented in research in North
America. Male-to-female IPV perpetration consistently has
been linked to heavy and problem drinking by men (Caetano
et al. 2000; Thompson and Kingree 2006). The large-scale
NESARC survey found that past-year IPV victimization was
more likely in women who have symptoms of alcohol abuse
or dependence (La Flair et al. 2012), and meta-analysis of six
surveys of adolescents and young adults showed that women’s
frequency and/or quantity of drinking was positively related
to their perpetration of IPV (Rothman et al. 2012). Further-
more, a comparative study of alcohol consumption and IPV
in Canada, the United States, and eight countries in Latin
America found that in all 10 countries, rates of physical part-
ner aggression were higher among drinkers than nondrinkers
(men and women); and among drinkers, rates were higher
among persons who reported drinking larger amounts per
occasion. Women reported being victims of more severe
aggression than men, and men were more likely than women
to be drinking at the time of an incident of physical aggres-

3 The CAGE is @ screening instrument (Ewing 1984) consisting of the following four questions: Have
you ever felt you should cut down on your drinking? Have people annoyed you by criticizing your
drinking? Have you ever felt bad or guilty about your drinking? Eye opener: Have you ever had a drink
first thing in the morning to sfeady your nerves or o get rid of a hangover? Two positive responses
are considered a positive test and indicate further assessment is warranted.
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sion (Graham et al. 2008). Other multinational studies have
shown that odds of IPV were greater where one or both
partners had alcohol problems (Abramsky et al. 2011) and
that aggression severity was significantly higher if one or
both partners had been drinking when the aggression
occurred (Graham et al. 2011). However, in all this research,
it is unclear to what extent drinking is a cause or an effect of

IPV, or both.

Alcohol and Sexual Assault

It has been known for some time that women’s drinking is
positively associated with their risks of sexual assault, but
how and why this association occurs remains unsettled
(Abbey et al. 2004). Part of the association results because
women often drink with men who drink, and the men’s
intoxication makes them more likely to be sexually aggressive
toward women (Abbey 2011). Other links between women’s
drinking and sexual assaults are harder to interpret because
investigators often lack time-ordered data, they differ in the
types of sexual activity they evaluate (ranging from rape to
much broader categories of unwanted sexual advances), and
most of their studies are limited to college women (as a high-
risk group).

Nevertheless, certain patterns have become clear in recent
years. First, risks of sexual assault are most clearly higher in

Percent
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women who have established patterns of binge drinking or
problem drinking. For example, in a large national survey of
college women in 1999, women with alcohol problems were
more likely to report experiencing unwanted sexual advances
(Pino and Johnson-Johns 2009). At a large New York State
university, women who increased their drinking during their
first year in college (and who averaged more than four drinks
per drinking occasion, with frequent such occasions) had
higher odds of sexual victimization (Parks et al. 2008).

Second, women are more likely to experience rape or
other severe sexual assault if they become intoxicated, at the
time of the assault or as a typical drinking pattern. A large
U.S. survey of college women found that the percentage
who had been raped was high in women with any recent
experience of binge drinking (four or more drinks per occa-
sion) and that more than two-thirds of the women who had
been raped reported being intoxicated at the time (Mohler-
Kuo et al. 2004). A study of more than 300 young women
who had been sexually assaulted since age 14 found that the
odds of sexual penetration were greater only among women
reporting high levels of intoxication (Testa et al. 2004). An
carlier national survey of college women who had experi-
enced sexual victimization found that the severity of the
assault was predicted in part by the women’s frequency of
intoxication (Ullman et al. 1999).

Findings like these have led some investigators to conclude
that one reason why drinking may increase women’s risks of
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Figure

Female intimate-partner violence victimization by women’s past-12-month heavy episodic drinking (HED) (10 countries of the Americas).

NOTE: * p < .05 for logistic regression, controlling for age.

SOURCE: Graham, K.; Bernards, S.; Munné, M.; and Wilsnack, S.C.; Eds. Unhappy Hours: Alcohol and Partner Aggression in the Americas. Washington, DC: Pan American Health Organization, 2008.
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sexual assault is that highly intoxicated women may be inca-
pacitated, unable to resist unwanted sexual advances. A
national survey of college women found that a past-year history
of binge drinking (five or more drinks at a sitting) was
specifically associated with experiencing incapacitated rape
(McCauley et al. 2009). A study of first-year college students
found that reported maximum consumption per occasion
during the fall semester was strongly associated with experi-
encing incapacitated rape (Testa and Hoffman 2012). A
number of related studies reviewed by Testa and Livingston
(2009) led to the conclusions that in many rapes, especially
of college students, women are incapacitated by some form
of substance use, and that many rapes associated with alcohol
use involve incapacitation.

Conclusions

Because alcohol consumption has become a more normal
activity for women, it is important for women to have science-
based information to help them decide whether and when
to drink, and in what amounts, based on potential risks or
benefits of drinking. Such past and current information has
had some important limitations. Some of these limitations
have been addressed in recent decades. In most recent studies
(e.g., Mukamal et al. 2010; Patra et al. 2010), apparent
health benefits of moderate drinking now are based on com-
parisons with lifetime abstainers, excluding potentially sicker
ex-drinkers who were part of some earlier comparisons. Also,
long-term studies of alcohol consumption in women now
are likely to include more detailed measures of baseline
drinking (Moore et al. 2005; Wilsnack et al. 2006) than
earlier studies used (Stampfer et al. 1988). However, some
research findings are still presented in terms of rates of health
outcomes in whole groups of women (such as for injuries and
suicidality; Landberg 2010; Ramstedt 2005), which can be
misleading if these results are used to draw conclusions
about the effects of drinking on individuals. Finally, research
on long-term health effects of women’s drinking can measure
only some of the lifestyle characteristics (such as eating pat-
terns and exercise) that may be associated with how women
drink and that may account for some of the apparent effects
of drinking (Mukamal et al. 2010; Rimm & Moats 2007).

A major current limitation of information about alcohol
effects is that such effects often are reported, in scientific
papers but particularly in the news media, as simple associa-
tions (this drinking pattern is associated with that health
outcome). Less is said about how large the effects are (not
very large for some cardiovascular benefits of moderate
drinking), and adverse effects often are implied to increase in
a linear way with each unit increase in drinking. There is too
little attention paid to how the effects of drinking may not
be linear (with the exception of research on cardiovascular
benefits versus hazards at different levels of drinking). There
also is too little attention paid to how drinking may be both
a cause and an effect of some adverse health and behavioral

outcomes (such as psychiatric disorders and intimate partner
violence). Finally, research findings often are presented as if
they applied similarly to all women drinkers, without dis-
cussing how other conditions and contexts (such as a
drinker’s other health conditions) might modify how alcohol
affects health. (One exception, for example, is the research
by Liu et al. [2010] showing that risks of cirrhosis from rela-
tively heavy drinking are greater in women with high body
mass indices.) Therefore, what we should strive for is infor-
mation about health effects of women’s drinking that shows
not only the effect sizes, but also when and where and
among which women the effects are greatest.

Keeping those limitations in mind, the findings summarized
here may offer some guidelines for women making personal
decisions about drinking in midlife. Light-to-moderate
drinking is associated to some extent with reduced risks of
some cardiovascular problems, strokes, and weakening of
bones. On the other hand, even low levels of alcohol con-
sumption may cause women some increase in risks of breast
cancer and liver problems, and heavy drinking also increases
risks of hypertension and bone fractures and injuries. Women’s
heavy drinking patterns and AUDs are associated with
increased likelihood of many psychiatric problems, including
depression, PTSD, eating disorders, and suicidality. Women’s
heavy drinking and AUDs also are associated with increased
risks of intimate partner violence and sexual assault, although
causality in the associations of drinking with psychiatric dis-
orders and with violence remains unclear. On balance, the
evidence summarized here suggests that, for those women
who choose to drink, moderation in consumption is the
safest or least costly strategy to adopt toward alcohol. W
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The Burden of Alcohol Use

Excessive Alcohol Consumption
and Related Consequences Among
College Students

Aaron White, Ph.D., and Ralph Hingson, Sc.D.

Research shows that mulfiple factors influence college drinking,
from an individual’s genetic susceptibility to the positive and
negative effects of alcohol, alcohol use during high school,
campus norms related to drinking, expectations regarding the
benefits and detrimental effects of drinking, penalties for
underage drinking, parental attitudes about drinking while af
college, whether one is member of a Greek organization or
involved in athletics, and conditions within the larger community
that determine how accessible and affordable alcohol is.
Consequences of college drinking include missed classes and
lower grades, injuries, sexual assaults, overdoses, memaory
blackouts, changes in brain function, lingering cognitive deficits,
and death. This article examines recent findings about the
causes and consequences of excessive drinking among college
students relative fo their non-college peers and many of the
strategies used fo collect and analyze relevant data, as well as
the inherent hurdles and limitations of such strategies. Key
Worps: Alcohol consumption; alcohol use, abuse, and
dependence; alcohol burden; alcohol effects and
consequences; harmful drinking; underage drinking; binge
drinking; college student; risk factors; genetic factors;
environmental factors; social norms; parental attitude; Greek
organization; athletes; community environment; academic
performance; injury; sexual assault; overdose; memory
blackout; brain function; cognitive deficits; death;
accessibility; availability; affordability; survey; data
collection; data analysis.

Abuse and Alcoholism (NTAAA) issued its first report

on alcohol misuse by college students, research
advances have transformed our understanding of excessive
drinking on college campuses and the negative outcomes
that follow from it. For instance, we now know that a broad
array of factors influence whether a particular college student
will choose to drink, the types of consequences they suffer
from drinking, and how they respond to those consequences.

Since 1976, when the National Institute on Alcohol

We have learned that predisposing factors include an indi-
vidual’s genetic susceptibility to the positive and negative
effects o% alcohol, alcohol use during high school, campus
norms related to drinking, expectations regarding the benefits
and detrimental effects of drinking, penalties for underage
drinking, parental attitudes about drinking while at college,
whether one is member of a Greek organization or involved
in athletics, and conditions within the larger community
that determine how accessible and affordable alcohol is.
Consequences include missed classes and lower grades, injuries,
sexual assaults, overdoses, memory blackouts, changes in
brain function, lingering cognitive deficits, and death.

This article reviews recent research findings about alcohol
consumption by today’s college students and the outcomes
that follow. It examines what we know about the causes and
consequences of excessive drinking among college students
relative to their non-college peers and many of the strategies
used to collect and analyze relevant data, as well as the inherent
hurdles and limitations of such strategies.

Excessive Drinking At College

Currently, only two active national survey studies are able to
characterize the drinking habits of college students in the
United States. The National Survey on Drug Use and Health
(NSDUH), an annual survey sponsored by the Substance
Abuse and Mental Health Services Administration (SAMHSA),
involves face-to-face interviews with approximately 67,500
persons ages 12 and older each year regarding use of alcohol
and other drugs. Monitoring the Future (MTF) is an annual,
paper-and-pencil national survey of alcohol and other drug
use with a sample comprising nearly 50,000 students in 8th,
10th, and 12th grades drawn from roughly 420 public and
private schools. Approximately 2,400 graduating seniors are
resurveyed in subsequent years, allowing for the monitoring
of trends in college drinking.

In addition, two prior surveys yielded data on college
drinking that remain valuable and relevant. The National
Epidemiologic Survey on Alcohol and Related Conditions
(NESARC), sponsored by NIAAA, collected data on alcohol
and other drug use from a sample of roughly 46,500 citizens
18 and older using face-to-face computer-assisted interviews.
Two waves of data (2001 and 2004) were collected from the
same sample, and data from an independent sample are
scheduled to be collected in 2013. The Harvard College
Alcohol Study (CAS), although no longer active, was a land-
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Alcohol Abuse and Alcoholism, Bethesda, Maryland.

The Burden of Alcohol Use: Excessive Alcohol Consumption and Related Consequences Among College Students | 201



mark paper-and-pencil survey that provided national data
(years 1993, 1997, 1999, and 2001) from roughly 15,000
students on more than 100 college campuses each year
(Wechsler and Nelson 2008). Data from both NESARC
and Harvard CAS remain useful for examining associations
between patterns of drinking at college and the frequency
and prevalence of alcohol-related consequences for both
drinkers and nondrinkers.

Data from NSDUH and MTF suggest that roughly 65
petcent of college students drink alcohol in a given month
(see figure 1 for data from MTF), and Harvard CAS all sug-
gest that a large percentage of college students who drink do
so to excess. Excessive, or “binge,” drinking is defined in
NSDUH, MTFE and NESARC as consuming five or more
drinks in an evening, although the instruments vary in the
specified time frames given (i.e., once or more in the past
month for NSDUH, past 2 weeks for MTE and multiple
time periods for NESARC) (Johnston et al. 20014; SAMHSA
2011). The Harvard CAS was the first national study of col-
lege students to utilize a gender-specific definition of binge
drinking (i.e., four or more drinks in an evening for females
or five or more for males in the past 2 weeks) to equate the
risk of alcohol-related harms (Wechsler et al. 1995). The
Centers for Disease Control and Prevention (CDC) utilizes
the same four or more/five or more gender-specific measures

but specifies a 30-day time period (Chen et al. 2011). NIAAA
uses the four or more/five or more gender-specific measure but
specifies a time frame of 2 hours for consumption, as this would
generate blood alcohol levels of roughly 0.08 percent, the legal
limit for driving, for drinkers of average weight (NIAAA 2004).

According to NSDUH, the percentage of 18- to 22-year-
old college students who reported drinking five or more drinks
on an occasion in the previous 30 days remained relatively
stable from 2002 (44 percent) to 2010 (44 percent) (SAMHSA
2011). Among 18- to 22-year-olds not enrolled in college, the
percentage who engaged in binge drinking decreased significandy
from 2002 (39 percent) to 2010 (36 percent) (see figure 2).

Looking at a longer time period, data from MTF suggest
that there have been significant declines in the percentage of
college students consuming five or more drinks in the previ-
ous 2 weeks, from 44 percent in 1980 to 36 percent in 2011
(Johnston et al. 2012) (see figure 3). This time frame includes
the passage of the National Minimum Drinking Age Act of
1984, which effectively increased the drinking age from 18
to 21 in the United States.

Across the four waves of data collection in the Harvard
CAS (1993, 1997, 1999, and 2001), rates of binge drinking
remained relatively stable (44, 43, 45, and 44 percent, respec-
tively) (Wechsler et al. 2002) (see figure 4). However, the
number of non—binge drinkers decreased, whereas the number
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Figure 1 Alcohol: Trends in 30-day prevalence among college students vs. others 1 to 4 years beyond high school (fwelfth graders included for

comparision).

SOURCE: The Monitoring the Future study, the University of Michigan.

NOTE: Others refers to high school graduates 1 to 4 years beyond high school not currently enrolled full time in college.
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of frequent binge drinkers (three or more binge-drinking
episodes in a 2-week period) increased. Wechsler and colleagues
(2002) reported that binge drinkers consumed 91 percent
of all the alcohol consumed by college students during the
study period. Frequent binge drinkers, a group comprising
only 1 in 5 college students, accounted for 68 percent of all
alcohol consumed (Wechsler and Nelson 2008).

Individual and Environmental Contributors to
Excessive Drinking

Survey data indicate that males outpace females with regard
to binge drinking. According to MTE in 2011, 43 percent

of male and 32 percent of female college students crossed the
binge threshold in a given 2-week period. Further, 40 percent
of students—more males (44 percent) than females (37
percent)—reported getting drunk in a given month. Research
suggests that gender differences in alcohol use by college
students have narrowed considerably over the years. In their
landmark 1953 report on college drinking, Yale researchers
Straus and Bacon indicated that, based on survey data from
more than 15,000 students on 27 college campuses, 80
percent of males and 49 percent of females reported having
been drunk at some point. Nearly 60 years later, in 2011,
data from MTF indicated that 68 percent of males and 68
percent females reported having been drunk. These new,
higher levels of drinking among females seem to be ingrained
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Figure 2 Binge alcohol use among adults aged 18 to 22, by college enrollment: 2002-2011. Survey years are shown on the horizontal axis, and the
percentage using in the past month is shown on the vertical axis. For each college enrollment status (enrolled full time in college and not
enrolled full time in college), there is a line showing use over the years 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, and
2011. Tests of statistical significance at the .05 level were performed between 2011 and each of the previous years listed; significant

results are indicated where appropriate.

Among adults aged 18 to 22 enrolled full time in college, 44.4 percent were past-month binge alcohol users in 2002, 43.5 percent in
2003, 43.4 percent in 2004, 44.8 percent in 2005, 45.6 percent in 2006, 43.6 percent in 2007, 40.7 percent in 2008, 43.6 percent in
2009, 42.2 percent in 2010, and 39.1 percent in 2011. The differences between the 2011 estimate and the 2002, 2003, 2004, 2005,
2006, 2007, 2009, and 2010 estimates were statistically significant.

Among adults aged 18 to 22 not enrolled full time in college, 38.9 percent were past-month binge alcohol users in 2002, 38.7 percent
in 2003, 39.4 percent in 2004, 38.3 percent in 2005, 38.5 percent in 2006, 38.6 percent in 2007, 38.2 percent in 2008, 38.0 percent in
2009, 35.4 percent in 2010, and 35.4 percent in 2011. The differences between the 2011 estimate and the 2002 through 2009 esti-

mates were statistically significant.

SOURCE: Substance Abuse and Mental Health Services Administration. Results From the 2011 National Survey on Drug Use and Health: Summary of National Findings, NSDUH Series H-44, HHS
Publication No. (SMA) 12-4713. Rockville, MD: Substance Abuse and Mental Health Services Administration, 2012.
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in the youth drinking culture. Whereas binge-drinking rates
declined significantly among high-school seniors over the
last decade, the effect was driven by a decline among males
only. Binge-drinking rates among females remained relatively
stable (Johnston et al. 2012) (see figure 5).

Beyond gender, survey studies of college drinking reveal
a range of characteristics of both individual students and
campus environments that influence the likelihood of binge
drinking. Data from the Harvard CAS and other studies
reveal that males, Caucasians, members of Greek organizations,
students on campuses with lower percentages of minority
and older students, athletes, students coping with psychological
distress, those on campuses near a high density of alcohol
outlets, students with access to cheap drink specials, a will-
ingness to endure the consequences of alcohol misuse, and
drinking at off-campus parties and bars all contribute to
excessive drinking (Mallett et al. 2013; Wechsler and Kuo
2003; Yusko et al. 2008). Further, students living off campus
and/or in Greek housing, those who drink to try to fit it
students with inflated beliefs about the proportion of other
students who binge drink, and those with positive expecta-
tions about the results of drinking are more likely to drink
excessively (Scott-Sheldon et al. 2012; Wechsler and Nelson
2008). Importantly, excessive drinking prior to college rela-
tive to other college-bound students is predictive of both

excessive drinking at college and experiencing alcohol-related
consequences (Varvil-Weld et al. 2013; White et al. 2002).

Strengths and Weaknesses of Binge-Drinking
Measures

Several studies indicate that crossing commonly used
binge-drinking thresholds increases a college student’s risk
of experiencing negative alcohol-related consequences. For
instance, data from the Harvard CAS indicate that students
who binge one or two times during a 2-week period are
roughly three times as likely as non—binge drinkers to get
behind in school work, do something regretful while drinking,
experience a memory blackout, have unplanned sex, fail to
use birth control during sex, damage property, get in trouble
with police, drive after drinking, or get injured (Wechsler et
al. 2000). The more often a student binges, the greater the
risk of negative outcomes. Further, the more binge drinking
that occurs on a campus, the more likely non—binge drinkers
and abstainers are to experience secondhand consequences
of alcohol use, such as having studying or sleep disrupted,

being a victim of sexual assault, and having property damaged
(Wechsler and Nelson 2008).
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Figure 3 Alcohol: Trends in 2-week prevalence of consuming five or more drinks in a row among college students vs. others 1 to 4 years beyond

high school (12th graders included for comparision).

SOURCE: The Monitoring the Future study, the University of Michigan.
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Because of the increased risk of consequences to self and
others that occurs when a person drinks at or beyond the
binge threshold, a great deal of empbhasis is placed on tracking
the percentage of college students that cross binge thresholds.
Although this has proven extremely valuable, as Wechsler
and Nelson (2001, p. 289) state, “Alcohol use is a complex
behavior. No single measure will capture all the relevant
aspects of alcohol use.” One limitation of using a single
threshold is that it removes data regarding just how heavily
students actually drink (Alexander and Bowen 2004; Read
et al. 2008) and assigns the same level of risk to all students
who cross the thresholds regardless of how far beyond the
threshold they go. This is an important consideration as
recent studies suggest that plenty of college students who
cross the binge threshold when they drink go far beyond it.

In a study of 10,424 first-semester college freshmen,
more than one-half of all males and one-third of all females
categorized as binge drinkers drank at levels two or more
times the binge threshold (8 or more drinks for women and
10 or more drinks for men) at least once in the 2 weeks
before the survey. Indeed, one in four binge-drinking males
consumed 15 or more drinks at a time during that period
(White et al. 2006). Naimi and colleagues (2010) reported
that 18- 24-year-olds in the United States drink an average
of 9.5 drinks per binge episode, nearly twice the standard
binge threshold. Data from MTF also reveal that both col-
lege students and their non-college peers often drink at levels
that exceed the binge threshold. On average, between 2005
and 2011, 7 percent of college females surveyed and 24 percent
of college males consumed 10 or more drinks at least once

in a 2-week period, compared with 7 percent of females and
18 percent of males not in college. Further, 2 percent of all
college females surveyed and 10 percent of college males
consumed 15 or more drinks in a 2-week period. Rates among
non-college peers were similar, at 2 percent among females
and 9 percent among males (Johnston et al. 2012). For a
140-pound female, consuming 15 drinks over a 6-hour period
would produce an estimated blood alcohol level above 0.4
percent, a level known to have claimed, directly, several lives
on college campuses in recent years. For a 160-pound male,
drinking in this way would lead to a blood alcohol level
above 0.3 percent, a potentially lethal level associated with
memory blackouts and injury deaths.

Data from the Harvard CAS suggested that students
who binge drink frequently (three or more times in a 2-week
period) are at particularly high risk of negative alcohol-related
outcomes. Compared with students who binge drink one
or two times in a 2-week period, those who binge three or
more times are twice as likely to experience alcohol-induced
memory losses (27 percent vs. 54 percent, respectively), not
use protection during sex (10 percent vs. 20 percent, respec-
tively), engage in unplanned sex (22 percent vs. 42 percent,
respectively), and get hurt or injured (11 percent vs. 27
percent, respectively), and are equally likely to need medical
treatment for an overdose (1 percent vs. 1 percent). Whereas
binge frequency is associated with an increased risk of nega-
tive outcomes, additional research indicates that there is a
relationship between how often a student binges and the
peak number of drinks he or she consumes. White and col-
leagues (2000) reported that 19 percent of frequent binge
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Figure 4 Drinking habits of college students from Harvard CAS.

SOURCE: Johnston, L.D.; O'Malley, P.M.; Bachman, J.G.; and Schulenberg, J.E. Monitoring the Future National Survey Results on Drug Use, 1975-2011: Volume I: Secondary School Students.

Ann Arbor, MI: Institute for Social Research, The University of Michigan.
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drinkers consume three or more times the binge threshold
(12 or more drinks for females and 15 or more for males) at
least once in a 2-week period compared with only 5 percent
of infrequent binge drinkers. As a result of the association
between frequency of binge drinking and peak levels of con-
sumption, it is difficult to determine if the increase in risk
that comes with frequent bingeing is a result of the number
of binge episodes, per se, or the number of drinks consumed
in an episode.

Importanty, although evidence suggests that many students
drink at levels far beyond the binge threshold, additional
research suggests that the majority of alcohol-related harms
on college campuses result from drinking at levels near the
standard four/five-drink measure. This is related to the well-
known prevention paradox in which the majority of health
problems, such as alcohol-related consequences, tend to occur
among those considered to be at lower risk (Rose 1985).

For a particular individual, the odds of experiencing alcohol-
related harms increase as the level of consumption increases
(Wechsler and Nelson 2001). However, at the population
level, far fewer people drink in this manner. As a result, more
total consequences occur among those who drink at relatively
lower risk levels. For instance, based on data from roughly
9,000 college-student drinkers across 14 college campuses in
California, Gruenewald and colleagues (2010) estimated that
more than one-half of all alcohol-related consequences resulted
from drinking occasions in which four or fewer drinks were
consumed. Similarly, using national data from nearly 50,000
students surveyed across the four waves of the Harvard CAS,
Weitzman and Nelson (2004) observed that roughly one-
quarter to one-third of alcohol-related consequences, including
getting injured, vandalizing property, having unprotected
sex, and falling behind in school, occurred among students
who usually consume three or four drinks per occasion. Such
findings raise the possibility that a reduction in high peak
levels of consumption might not necessarily result in large
overall reductions in alcohol-related consequences on a campus.
However, a reduction in high peak levels of drinking would
certainly help save the lives of students who drink at these
high levels.

In summary, while binge-drinking thresholds are useful
for sorting students into categories based on levels of risk, a
single threshold cannot adequately characterize the drinking
habits of college students or the risks associated with alcohol
use on college campuses (Read et al. 2008). It is not uncom-
mon for college students to far exceed standard binge thresh-
olds. Presently, only MTF tracks and reports the incidence
of drinking beyond the binge threshold on college campuses.
Such data are important as they allow for better tracking of
changes in the drinking habits of students. For instance, it is
possible that the number of students who drink at extreme
levels could increase, whereas the overall percentage of stu-
dents who binge drink declines or remains stable. Such a
phenomenon might help explain why some consequences of
excessive alcohol use, like overdoses requiring hospitalization,
seem to be on the rise despite relatively stable levels of binge
drinking on college campuses across several decades. Finally,
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although sorting students into binge drinking categories fails
to capture high peak levels of consumption among students,
a large proportion of harms actually occurs at or near the
standard four or more/five or more threshold.

Do Students Know How to Define Standard
Servings?

Despite concerns about the accuracy of self-report data for
assessing levels of alcohol use among college students and the
general population, such surveys remain the most common
tool for assessing alcohol use. One major concern is whether
students and other young adults are aware of what consti-
tutes a single serving of alcohol. Research shows that college
students and the general public tend to define and pour single
servings of alcohol that are significantly larger than standard
drinks, suggesting they might underestimate their true levels
of consumption on surveys (Devos-Comby and Lange 2008;
Kerr and Stockwell 2012). For instance, White and col-
leagues (2003, 2005) asked students to pour single servings
of different types of alcohol beverages into cups of various
sizes. Overall, students poured drinks that were too large.
When asked to simply define standard drinks in terms of
fluid ounces, students tended to overstate the number of
ounces in a standard drink. The average number of ounces
of liquor in student-defined mixed drinks was 4.5 ounces
rather than the 1.5 ounces in actual standard drinks (White
et al. 2005). When students were provided with feedback
regarding discrepancies between their definitions of single
servings and the actual sizes of standard drinks, they tended
to revise their self-reported levels of consumption upward,
leading to a significant increase in the number of students
categorized as binge drinkers (White et al. 2005). Such findings
suggest that students underreport their levels of consumption
on surveys, raising the possibility that more students drink
excessively than survey data indicate.

Although a lack of knowledge regarding standard serving
sizes could lead students to underestimate, and thus under-
report, how much they drink, field research suggests that the
discrepancy between self-reported and actual levels of con-
sumption might be smaller than expected from lab studies.
For instance, Northcote and Livingston (2011) conducted
a study in which they monitored the number of drinks con-
sumed by research participants in bars and then asked them
to report their consumption a few days later. Reports by
study participants were consistent with the observations
made by researchers for participants who had consumed
less than eight total drinks. Only those who consumed eight
drinks or more tended to underestimate their consumption.
When comparing estimated blood alcohol concentrations
(BAC) based on self-report to actual BAC readings in college
students returning to campus from bars, actual BAC levels
tended to be lower, rather than higher, than levels calculated
using self-reported consumption (Kraus et al. 2005). Similarly,
when actual BAC levels are compared with estimated BAC



levels in bar patrons, estimates are spread evenly between
accurate, underestimates, and overestimates (Clapp et al. 2009).

In short, although self-reported drinking data might not
be perfect, and college students lack awareness of how stan-
dard drink sizes are defined, research does not suggest that
the discrepancies between self-reported and actual drinking
levels are large enough to question the general findings of
college drinking surveys.

Paper-and-Pencil, Face-To-Face, and Electronic
Surveys: Does It Make a Difference?

National surveys of college drinking often utilize paper-and-
pencil questionnaires (e.g., MTF and Harvard CAS) or face-
to-face computer-assisted personal interviews (e.g., NSDUH
and NESARC). It now is possible to collect survey data
electronically via the Internet and also using handheld
devices, such as smartphones and personal digital assistants.
This raises questions about the comparability between tradi-
tional survey methods and electronic data collection.

Several studies comparing traditional (e.g., paper and
pencil) and electronic means of data collection suggest that
the approaches yield generally similar results from survey
participants (Boyer et al. 2002; Jones and Pitt 1999; LaBrie
et al. 2006; Lygidakis et al. 2010). For instance, in a compar-
ison of Web-based and paper-and-pencil survey approaches,
Knapp and Kirk (2003) found no differences in outcomes,
suggesting that Web-based surveys do not diminish the accu-
racy or honesty of responses. Similarly, LaBrie and colleagues
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(2006) observed similar outcomes of self-reported alcohol
consumption in a paper-and-pencil survey and an electronic
survey. However, other studies suggest that students actually
feel more comfortable answering personal questions truth-
fully when completing questionnaires electronically (Turner
etal. 1998), which can lead to higher levels of self-reported
substance use and other risky behaviors. Both Lygidakis and
colleagues (2010) and Wang and colleagues (2005) indicate
that adolescents completing electronic surveys reported
higher levels of alcohol and other drug use compared with
those completing paper-and-pencil versions.

Response rate is an important consideration, with
higher response rates increasing the representativeness of the
sample and limiting the likelihood that response biases will
influence the outcomes. Two national paper-and-pencil
surveys mentioned above, MTF and Harvard CAS, report
response rates for college students of approximately 59
percent. For MTE this response rate represents a retention
rate, as the participants were followed up after high school.
Response rates for the in-person computer-assisted personal
interviews, NSDUH and NESARC, which assess college
student drinking but are not limited to college students, are
roughly 77 percent and 81 percent, respectively. Currently,
there is no basis for assessing response rates for national
Web-based assessments of college drinking. However, smaller
studies suggest that response rates might be comparable, if
not higher, than other approaches. McCabe and colleagues
(2002) reported that, among 7,000 undergraduate students,
one-half of whom were surveyed about alcohol and other
drug use via the Internet and half surveyed via paper-and-
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pencil surveys delivered through the mail, the response rates
were 63 percent for the Web survey and 40 percent for the
paper-and-pencil survey. Further, response rates for Web-based
surveys can be improved by sending reminders via e-mail
(van Gelder et al. 2010).

In summary, in recent years an increasing number of
researchers have utilized electronic survey methods to collect
college-drinking data. At present, evidence suggests that
these methods can yield results quite similar to those obtained
from traditional survey methods and that response rates
might actually be higher.

Alcohol-Related Consequences Among College
Students

Drinking to intoxication leads to widespread impairments
in cognitive abilities, including decisionmaking and impulse
control, and impairments in motor skills, such as balance
and hand-eye coordination, thereby increasing the risk of
injuries and various other harms. Indeed, research suggests
that students who report “getting drunk” even just once in
a typical week have a higher likelihood of being injured,
experiencing falls that require medical treatment, causing
injury in traffic crashes, being taken advantage of sexually,
and injuring others in various ways (O’Brien et al. 20006).
Students who drink with the objective of getting drunk are
far more likely to experience a range of consequences, from
hangovers to blackouts, than other students who drink
(Boekeloo et al. 2011).

National estimates suggest that thousands of college
students are injured, killed, or suffer other significant conse-
quences each year as a result of drinking. However, researchers
have questioned the manner in which such national estimates
are calculated. In many cases, the lack of college identifiers
in datasets means that the actual amount of annual alcohol-
attributable harm that occurs among college students is
unknown. Although the Harvard CAS collected data regarding
the consequences of drinking, its final year of administration
was 2001. Currently, assessing the damage done, on a
national level, by college drinking requires estimating rates
of consequences using a variety of data sources. Such assess-
ments are complicated by the fact that outcomes considered
to be negative consequences by researchers (e.g., blackouts
and hangovers) are not always perceived as negative by students
(Mallett et al. 2013). Further, college students often drink
off campus, such as during spring breaks and summer vacations,
meaning that many alcohol-related consequences experienced
by college students are not necessarily associated with college
itself. As such, our understanding of alcohol-related conse-
quences among college students remains somewhat cloudy.

In one set of estimates, Hingson and colleagues (2002,
2005, 2009) utilized census data and national datasets
regarding traffic crashes and other injury deaths to estimate
the prevalence of various alcohol-related harms among all
young people aged 18-24. Next, they attributed an amount
of harm to college students equal to the proportion of all 18-
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to 24-year-olds who were enrolled full time in 4-year colleges
(33 percent in 2005, the most recent year analyzed) (Hingson
etal. 2009). Because college students drink more heavily
than their non-college peers, it is possible this approach
underestimated the magnitude of alcohol-related consequences
on college campuses. Hingson and colleagues (2002, 2005,
2009) also used the percentage of college students who
reported various alcohol-related behaviors (e.g., being assaulted
by another drinking college student) in national surveys
to derive national estimates of the total numbers of college
students who experienced these consequences.

Based on the above strategies along with other sources
of data, researchers have estimated the following rates and
prevalence of alcohol-related harms involving college students:

e Death: It is possible that more than 1,800 college students
between the ages of 18 and 24 die each year from alcohol-
related unintentional injuries, including motor-vehicle

crashes (Hingson et al. 2009).

* Injury: An estimated 599,000 students between the ages
of 18 and 24 are unintentionally injured each year under
the influence of alcohol (Hingson et al. 2009).

* Physical Assault: Approximately 646,000 students between
the ages of 18 and 24 are assaulted each year by another
student who has been drinking (Hingson et al. 2009).

* Sexual Assault: Perhaps greater than 97,000 students
between the ages of 18 and 24 are victims of alcohol-
related sexual assault or date rape each year (Hingson et

al. 2009).

¢ Unsafe Sex: An estimated 400,000 students between the
ages of 18 and 24 had unprotected sex and nearly 110,000
students between the ages of 18 and 24 report having

been too intoxicated to know if they consented to having
sex (Hingson et al. 2002).

* Health Problems: More than 150,000 students develop
an alcohol-related health problem each year (Hingson et
al. 2002).

* Suicide Attempts: Between 1.2 and 1.5 percent of college
students indicate that they tried to commit suicide within
the past year as a result of drinking or drug use (Presley et
al. 1998).

* Drunk Driving: Roughly 2.7 million college students
between the ages of 18 and 24 drive under the influence
of alcohol each year (Hingson et al. 2009).

* Memory Loss: National estimates suggest that 10 percent
of non-binge drinkers, 27 percent of occasional binge
drinkers, and 54 percent of frequent binge drinkers
reported at least one incident in the past year of blacking
out, defined as having forgotten where they were or what



they did while drinking (Wechsler et al. 2000; White
2003).

* Property Damage: More than 25 percent of administra-
tors from schools with relatively low drinking levels and
more than 50 percent from schools with high drinking
levels say their campuses have a “moderate” or “major”
problem with alcohol-related property damage (Wechsler
et al. 1995).

* Dolice Involvement: Approximately 5 percent of 4-year
college students are involved with the police or campus
security as a result of their drinking (Wechsler et al. 2002)
and an estimated 110,000 students between the ages of
18 and 24 are arrested for an alcohol-related violation
such as public drunkenness or driving under the influence
(Hingson et al. 2002). A more recent national study
reported that 8.5 percent of students were arrested or had
other trouble with the police because of drinking (Presley
and Pimentel 2006).

* Alcohol Abuse and Dependence: Roughly 20 percent of
college students meet the criteria for an alcohol use disorder
in a given year (8 percent alcohol abuse, 13 percent alcohol
dependence). Rates among age mates not in college are
comparable (17 percent any alcohol use disorder, 7 percent
alcohol abuse, 10 percent alcohol dependence) (Blanco et
al. 2008).

With regard to assessing the number of college students
who die from alcohol each year, in addition to the lack of
college identifiers in datasets, another barrier is the fact that
levels of alcohol often are not measured in nontraffic fatalities.
As such, attributable fractions, based on analyses of existing
reports in which alcohol levels were measured postmortem,
are used to estimate the number of deaths by various means
that likely involved alcohol. The CDC often uses attributable
fractions calculated by Smith and colleagues (1999) based
upon a review of 331 medical-examiner studies. An updated
approach is needed. The combination of including college
identifiers in medical records and measuring alcohol levels
in all deaths would allow for accurate assessments of the
role of alcohol in the deaths of college students and their
non-college peers.

Academic Performance

About 25 percent of college students report academic conse-
quences of their drinking, including missing class, falling
behind in class, doing poorly on exams or papers, and receiving
lower grades overall (Engs et al. 1996; Presley et al. 19964, &5
Wechsler et al. 2002). Although some published research
studies have not found a statistically significant association
between binge drinking and academic performance (Gill
2002; Howland et al. 2010; Paschall and Freisthler 2003;

Williams 2003; Wood et al. 1997), studies linking binge
drinking to poorer academic performance outnumber the
former studies two to one. Presley and Pimentel (2006)
reported that in a national survey of college students, those
who engaged in binge drinking and drank at least three
times per week were 5.9 times more likely than those who
drank but never binged to perform pootly on a test or pro-
ject as a result of drinking (40.2 vs. 6.8 percent), 5.4 times
more likely to have missed a class (64.4 vs. 11.9 percent),
and 4.2 times more likely to have had memory loss (64.2

vs. 15.3 percent) (Thombs et al. 2009). Singleton and
colleagues (2007, 2009), in separate prospective studies,
found negative associations between heavy alcohol use and
grade point average. Jennison (2004), based on a national
prospective study, reported binge drinkers in college were
more likely to drop out of college, work in less prestigious
jobs, and experience alcohol dependence 10 years later.
Wechsler and colleagues (2000) and Powell and colleagues
(2004), based on the Harvard CAS, found frequent binge
drinkers were six times more likely than non—binge drinkers
to miss class and five times more likely to fall behind in
school. White and colleagues (2002) observed that the number
of blackouts, a consequence of heavy drinking, was negatively
associated with grade point average (GPA). It is important
to note that although data regarding GPA often are collected
via self-report, the negative association between alcohol con-
sumption and GPA holds even when official records are
obtained (Singleton 2007). Collectively, the existing research
suggests that heavy drinking is associated with poorer academic
success in college.

Alcohol Blackouts

Excessive drinking can lead to a form of memory impairment
known as a blackout. Blackouts are periods of amnesia during
which a person actively engages in behaviors (e.g., walking,
talking) but the brain is unable to create memories for the
events. Blackouts are different from passing out, which
means either falling asleep or becoming unconscious from
excessive drinking. During blackouts, people are capable of
participating in events ranging from the mundane, such as
eating food, to the emotionally charged, such as fights and
even sexual intercourse, with little or no recall (Goodwin
1995). Like milder alcohol-induced short-term memory
impairments caused by one or two drinks, blackouts primarily
are anterograde, meaning they involve problems with the
formation and storage of new memories rather than problems
recalling memories formed prior to intoxication. Further,
short-term memory often is left partially intact. As such,
during a blackout, an intoxicated person is able to discuss
events that happened prior to the onset of the blackout and
to hold new information in short-term storage long enough
to have detailed conversations. They will not, however, be
able to transfer new information into long-term storage,
leaving holes in their memory. Because of the nature of
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blackouts, it can be difficult or impossible to know when a
drinker in the midst of one (Goodwin 1995).

There are two general types of blackouts based on the
severity of the memory impairments. Fragmentary black-
outs, sometimes referred to as gray outs or brown outs, are a
form of amnesia in which memory for events is spotty but
not completely absent. This form is the most common.

En bloc blackouts, on the other hand, represent complete
amnesia for events (Goodwin 1995).

Blackouts surprisingly are common among college students
who drink alcohol. White and colleagues (2002) reported
that one-half (51 percent) of roughly 800 college students
who had ever consumed alcohol at any point in their lives
reported experiencing at least one alcohol-induced blackout,
defined as awakening in the morning not able to recall
things one did or places one went while under the influence.
The average number of total blackouts in those who experi-
enced them was six. Of those who had consumed alcohol
during the 2 weeks before the survey was administered, 9
percent reported blacking out. Based on data from 4,539
inbound college students during the summer between high-
school graduation and the start of the freshmen year, 12
petcent of males and females who drank in the previous 2
weeks experienced a blackout during that time (White and
Swartzwelder 2009). Data from the Harvard CAS indicate
that blackouts were experienced in a 30-day period by 25
percent of students in 1993 and 27 percent of students in
1997, 1999, and 2001 (Wechsler et al. 2002). A small study
by White and colleagues (2004), in which 50 students with
histories of blackouts were interviewed, suggests that frag-
mentary blackouts are far more common than en bloc black-
outs. Roughly 80 percent of students described their last
blackout as fragmentary.

Blackouts tend to occur following consumption of rela-
tively large doses of alcohol and are more likely if one drinks
quickly and on an empty stomach, both of which cause a
rapid rise and high peak in BAC (Goodwin 1995; Perry et
al. 2006). For this reason, pregaming, or prepartying, which
typically involves fast-paced drinking prior to going out
to an event, increases the risk of blacking out. Labrie and
colleagues (2011) reported that 25 percent of 2,546 students
who engaged in prepartying experienced at least one black-
out in the previous month. Playing drinking games and
drinking shots were risk factors. Further, skipping meals
to restrict calories on drinking days is associated with an
increased risk of blackouts and other consequences (Giles
et al. 2009).

Because blackouts typically follow high peak levels of
drinking, it is not surprising that they are predictive of other
alcohol-related consequences. Mundt and colleagues (2012)
examined past-year blackouts in a sample of more than 900
students in a randomized trial of a screening and brief inter-
vention for problem alcohol use and found that blackouts
predicted alcohol-related injuries over a subsequent 2-year
period. Compared with students who had no history of
blackouts, those who reported one to two blackouts at baseline
were 1.5 times more likely to experience an alcohol-related
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injury, whereas those with six or more blackouts were 2.5
times more likely. In a follow-up report based on the same
sample, Mundt and Zakletskaia (2012) estimated that
among study participants, one in eight emergency-department
(ED) visits for alcohol-related injuries involved a blackout.
On a campus of 40,000 students, this would translate into
roughly $500,000 in annual costs related to blackout-associated
ED visits.

In the study of 50 students with blackout histories by
White and colleagues (2004), estimated peak BACs during
the night of the last blackout generally were similar for males
(0.30 percent) and females (0.35 percent), although it is
unlikely that self-reported alcohol consumption during
nights in which blackouts occur is highly accurate. A study
of amnesia in people arrested for either public intoxication,
driving under the influence, or underage drinking found
that the probability of a fragmentary or en bloc blackout
was 50/50 at a BAC of 0.22 percent and the probability of
an en bloc blackout, specifically, was 50/50 at a BAC of 0.31
percent, based on breath alcohol readings (Perry et al. 20006).
In their study of blackouts in college students, Hartzler and
Fromme (20034) noted a steep increase in the likelihood
of blackouts above a BAC of 0.25 percent, calculated from
self-reported consumption. Thus, from existing research, it
seems that the odds of blacking out increase as BAC levels
climb and that blackouts become quite common at BAC
levels approaching or exceeding 0.30 percent. As such, the
high prevalence of blackouts in college students points to
the magnitude of excessive consumption that occurs in the
college environment. It should be noted, however, that BAC
levels calculated based on self-reported consumption are
unlikely to be accurate given the presence of partial or com-
plete amnesia during the drinking occasion.

It seems that some people are more sensitive to the
effects of alcohol on memory than others and are therefore
at increased risk of experiencing blackouts. Wetherill and
Fromme (2011) examined the effects of alcohol on contex-
tual memory in college students with and without a history
of blackouts. Performance on a task was similar while the
groups were sober, but students with a history of blackouts
performed more poorly when intoxicated than those without
a history of blackouts. Similarly, Hartzler and Fromme
(2003) reported that when mildly intoxicated, study partic-
ipants with a history of blackouts performed more poorly on
a narrative recall task than those without a history of black-
outs. When performing a memory task while sober, brain
activity measured with functional magnetic resonance imag-
ing is similar in people with a history of blackouts and those
without such a history (Wetherill et al. 2012). However,
when intoxicated, those with a history of blackouts exhibit
lower levels of activity in several regions of the frontal lobes
compared with subjects without a history of blackouts.

Thus, studies suggest that there are differences in the
effects of alcohol on memory and brain function between
those who experience blackouts and those who do not.
Research by Nelson and colleagues (2004), using data from
monozygotic twins, suggests that there could be a significant



genetic component to these differences. Controlling for fre-
quency of intoxication, the researchers found that if one
twin experienced blackouts, the other was more likely than
chance to experience them as well. Further, Asian-American
students with the aldehyde dehydrogenase ALDH2*2 allele?
are less likely to experience blackouts than those without it
even after adjusting for maximum number of drinks con-
sumed in a day (Lucsak et al. 2006).

Several challenges hinder the assessment of blackouts
and the events that transpire during them. Blackouts repre-
sent periods of amnesia. As such, it is difficult to imagine
that self-reported drinking levels are highly accurate for
nights when blackouts occur. Further, in order for a person
to know what transpired during a blackout, and sometimes
to be aware that a blackout occurred at all, they need to be
told by other individuals. Often, the information provided
by these other individuals is unreliable as they were intoxi-
cated themselves (Nash and Takarangi 2011). Thus, it is
quite likely that self-reported rates and frequencies of black-
outs, drinking levels during nights in which blackouts occur,
and the rates of various types of consequences that occur
during them, are underestimated.

Alcohol Overdoses

When consumed in large quantities during a single occasion,
such as a binge episode, alcohol can cause death directly by
suppressing brain stem nuclei that control vital reflexes, like
breathing and gagging to clear the airway (Miller and Gold
1991). Even a single session of binge drinking causes inflam-
mation and transient damage to the heart (Zagrosek et al.
2010). The acute toxic effects of alcohol in the body can
manifest in symptoms of alcohol poisoning, which include
vomiting, slow and irregular breathing, hypothermia, mental
confusion, stupor, and death (NIAAA 20074; Oster-Aaland
et al. 2009). Using data from the Global Burden of Disease
Study, the World Health Organization (WHO) estimated
that, in 2002, alcohol poisoning caused 65,700 deaths
worldwide, with 2,700 poisoning deaths occurring in the
United States (WHO 2009). New stories about alcohol
overdoses among college students and their non-college
peers have become increasingly common, a fact that is per-
haps not surprising given the tendency toward excessive
drinking in this age-group.

To investigate the prevalence of hospitalizations for
alcohol overdoses—which stem from excessive intoxication
or poisoning—among college-aged young people in the
United States, White and colleagues (2011) examined rates
of inpatient hospitalizations for 18- to 24-year-olds between
1999 and 2008 using data from the Nationwide Inpatient
Sample, which contains hospital discharge records from
roughly 20 percent of all hospitals in the country. Hospitalizations
for alcohol overdoses without any other drugs involved
increased 25 percent among 18- to 24-year-olds from 1999
to 2008, highlighting the risks involved in heavy drinking.

In total, nearly 30,000 young people in this age-group, more
males (19,847) than females (9,525) were hospitalized for
alcohol overdoses with no other drugs involved in 2008.
Hospitalizations for overdoses involving other drugs but
not alcohol increased 55 percent over the same time period,
while those involving alcohol and drugs in combination rose
76 percent. In total, there were 59,000 hospitalizations in
2008 among 18- to 24-year-olds for alcohol overdoses only
or in combination with other drugs. Given that 33 percent
of people in this age-group were full-time college students
at 4-year colleges in 2008, a conservative estimate would
suggest approximately 20,000 hospitalizations for alcohol
overdoses alone or in combination with other drugs involved
college students, although the exact number is not known.
Data from the Drug Abuse Warning Network (DAWN)
indicate that ED visits for alcohol-related events increased in
a similar fashion as those observed for inpatient hospitaliza-
tions. Among those ages 18 to 20, ED visits for alcohol-related
events with no other drugs increased 19 percent, from 67,382
cases in 2005 to 82,786 cases in 2009. Visits related to com-
bined use of alcohol and other drugs increased 27 percent,
from 27,784 cases in 2005 to 38,067 cases in 2009. In 2009,
12 percent of ED visits related to alcohol involved use of
alcohol in combination with other drugs (SAMHSA 2011).
Alcohol interacts with a wide variety of illicit and pre-
scription drugs, including opioids and related narcotic anal-
gesics, sedatives, and tranquilizers (NIAAA 20074; Tanaka
2002). Importantly, BAC required for fatal overdoses are
lower when alcohol is combined with prescription drugs. An
analysis of 1,006 fatal poisonings attributed to alcohol alone
or in combination with other drugs revealed that the median
postmortem BAC:s in those who overdosed on alcohol alone
was 0.33 percent, compared with 0.13 percent to 0.17 percent
among those who overdosed on a combination of alcohol
and prescription drugs (Koski et al. 2003, 2005). The combined
use of alcohol and other drugs peaks in the 18- to 24-year-
old age range (McCabe et al. 2000), suggesting that college-
aged young adults are at particularly high risk of suffering
consequences from alcohol-and-other-drug combinations.
The above findings reflect the fact that heavy consump-
tion of alcohol quickly can become a medical emergency.
One does not need to get behind the wheel of a car after
drinking or jump off a balcony into a swimming pool on a
dare to risk serious harm. Simply drinking too much alcohol
is enough to require hospitalization and potentially cause
death. Further, combining alcohol with other drugs can
increase the risk of requiring medical intervention substantially.
Thus, efforts to minimize the consequences of alcohol-
related harms on college campuses should not lose sight
of the fact that alcohol often is combined with other drugs
and, when this is the case, the risks can be greater than when
alcohol or drugs are used alone.

! The ALDH2*2 allele results in decreased action by the enzyme acetaldehyde dehydrogenase, which
is responsible for the breakdown of acetaldehyde. The accumulation of acetaldehyde after drinking
alcohol leads fo symptoms of acetaldehyde poisoning, such as facial flushing and increased heart
and respiration rafes.
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Measuring the true scope of medical treatment for alcohol
overdoses among college students is difficult for several rea-
sons. First, in datasets such as the Nationwide Emergency
Department Sample (NEDS) and the Nationwide Inpatient
Sample (NIS), no college identifiers are included to indicate
whether a young person treated for an alcohol overdose is
enrolled in college. Many schools do not track or report the
number of students treated for an alcohol overdose, and
many students drink excessively when away from campus.
Further, schools that implement Good Samaritan or Amnesty
policies, which allow students to get help for overly intoxi-
cated peers without fear of sanctions, could create the false
impression that overdoses are on the rise. For instance, after
Cornell University implemented an amnesty policy, they
witnessed an increase in calls to residence assistants and 911
for help dealing with an intoxicated friend (Lewis and
Marchell 2006). Given the dangerous nature of alcohol over-
doses, with or without other drugs involved, it is important
to improve the tracking of these events at colleges and in the
larger community.

Sexual Assault

Sexual assault is a pervasive problem on college campuses,
and alcohol plays a central role in it. A study of roughly
5,500 college females on two campuses revealed that nearly
20 percent experienced some form of sexual assault while at
college (Krebs et al. 2009). Data from the Harvard CAS sug-
gested that 5 percent of women surveyed were raped while
at college (Mohler-Kuo et al. 2004). In a national sample of
students who completed the Core Alcohol and Drug Survey
in 2005, 82 percent of students who experienced unwanted
sexual intercourse were intoxicated at the time. Similarly,
nearly three-quarters (72 percent) of respondents to the
Harvard CAS study who reported being raped were intoxicated
at the time. In many cases, rape victims are incapacitated by
alcohol. In one study, 3.4 percent of rape victims reported
being so intoxicated they were unable to consent (Mohler-
Kuo et al. 2004). In a study of 1,238 college students on
three campuses over a 3-year period, 6 percent of students
reported being raped while incapacitated by alcohol (Kaysen
et al. 2006).

Research suggests that the involvement of alcohol
increases the risk of being victimized in several ways, such
as by impairing perceptions that one is in danger and by
reducing the ability to respond effectively to sexual aggres-
sion (Abbey 2002; McCauley et al. 2010; Testa and Livingston
2009). Further, alcohol might increase the chances that a
male will commit a sexual assault by leading them to misin-
terpret a female’s friendly gestures or flirtation as interest in
sex and by increasing sexual aggression (Abbey 2002). When
asked to read a story about a potential date rape involving
intoxicated college students, both male and female subjects
who are intoxicated were more likely to view the female as
sexually aroused and the male as acting appropriately (Abbey
etal. 2003).
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It is widely held that sexual assaults, with and without
alcohol involvement, are underreported on college campuses.
Title IX of the Education Amendments Act of 1972, a Federal
civil rights law, requires universities to address sexual harass-
ment and sexual violence. However, universities vary with
regard to how they handle such cases, and a student’s percep-
tion of safety and protection can influence the likelihood
of reporting a sexual assault. Indeed, many universities have
indicated changes in rates of reports of assaults consistent
with changes in campus policies regarding how such cases
are handled. As such, although it is clear that alcohol often
is involved in sexual assaults on college campuses, questions
about the frequency and nature of such assaults remain.

Spring Break and 21st Birthday Celebrations—
Event-Specific Drinking Occasions

More college students drink, and drink more heavily, during
specific celebratory events, such as spring break and 21st
birthday celebrations, than during a typical week. Spring
break is a roughly weeklong recess from school that takes
place in the spring at colleges throughout the United States.
While some students continue to work, travel home, or simply
relax, others use the opportunity to travel to beaches and
other party destinations. During spring break, approximately
42 percent of students get drunk on at least 1 day, 11 percent
drink to the point of blacking out or passing out, 32 percent
report hangovers, and 2 percent get into trouble with the
police (Litt et al. 2013). Students with a history of binge
drinking and those intending to get drunk tend to drink

the heaviest (Patrick et al. 2013), suggesting that prevention
efforts aimed at altering students’ intentions to get drunk
while on spring break might lead to a reduction in peak
drinking and the consequences that follow (Mallett et al.
2013). Interestingly, students who typically are light drinkers
are more likely than those who typically are binge drinkers
to experience consequences from excessive drinking during
spring break (Lee et al. 2009).

In addition to spring break, 21st birthday celebrations
are another event-specific opportunity for students to drink
excessively. An estimated 4 out of 5 college students drink
alcohol to celebrate their 21st birthdays (Rutledge et al.,
2008) and many students drink more than they plan. Of
150 male and female college students surveyed about their
intentions to drink during their upcoming 21st birthday
celebrations, 68 percent consumed more than they antici-
pated while only 21 percent drank less and 11 percent were
accurate. On average, males intended to consume 8.5 drinks
but consumed 12.5, while females expected to drink 7 but
had 9 (Brister et al., 2010). As with spring-break drinking,
students with a history of binge drinking and those who
intended to drink heavily on their 21st birthday consumed
the most (Brister et al., 2011). In one study, roughly 12
percent of students reported consuming 21 or more drinks
while celebrating, and one-third of females (35 percent) and
nearly half of males (49 percent) reached estimated BACs



above 0.25 percent (Rutledge et al., 2008). Such high levels
of consumption substantially increase the odds of sexual
assaults, fights, injuries, and death (Mallett et al., 2013).
Research indicates that brief interventions conducted in the
week leading up to the 21st birthday celebration can reduce
levels of consumption and associated consequences, suggesting
that the risks of experiencing alcohol related consequences
stemming from 21st birthday celebrations could be partially

mitigated through specifically timed prevention efforts
(Neighbors et al. 2009, 2012).

Summary

We have learned a considerable amount about the drinking
habits of college students and the consequences that follow
since NIAAA first reported on the matter in 1976. Surprisingly,
drinking levels have remained relatively stable on and around
college campuses over the last 30 years, with roughly two out
of five male and female students engaging in excessive, or
binge, drinking. Excessive drinking results in a wide range of
consequences, including injuries, assaults, car crashes, mem-
ory blackouts, lower grades, sexual assaults, overdoses and
death. Further, secondhand effects from excessive drinking
place non—binge-drinking students at higher risk of injury,
sexual assaults, and having their studying disrupted.

Estimates of the rates of alcohol use and related conse-
quences are imperfect. Lack of knowledge of standard drink
sizes and the effects of alcohol on memory formation all
complicate the collection of accurate data from traditional
self-report surveys. Underreporting of sexual assaults leads to
difficulty in estimating the true extent of the problem. Lack
of college identifiers in mortality records and the fact that
alcohol levels are tested too infrequently in non—traffic-related
deaths leaves uncertainty regarding the actual number of
college students who die each year from alcohol-related
causes. Similarly, college identifiers are not present in most
crime reports and hospital reports.

Although it is beyond the scope of this review to examine
efforts to prevent excessive drinking on college campuses, it
should be noted that important strides have been made in
this area (Carey et al. 2012). In addition, data from MTF
suggest that levels of binge drinking are decreasing among
12¢h graders, particularly males. Hopefully, as our under-
standing of the nature of the problem continues to improve
with better measurement strategies, improvements in pre-
vention approaches combined with declines in precollege
drinking will lead to reductions in both the levels of alcohol
consumption by college students and the negative conse-
quences that result.
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Prevalence and Predictors
of Adolescent Alcohol Use
and Binge Drinking in the

United States

Megan E. Patrick, Ph.D., and John E. Schulenberg, Ph.D.

Because alcohol use typically is initiated during adolescence
and young adulthood and may have long-term consequences,
the Monitoring the Future (MTF) study annually assesses various
measures of alcohol use among 8th-, 10th-, and 12th-grade
students. These analyses have found that although alcohol use
among these age groups overall has been declining since
1975, levels remain high. Thus, in 2011 about one-quarter of
8th graders, one-half of 10th graders, and almost two-thirds of
12th graders reported drinking alcohol in the month preceding
the interview. Binge drinking (i.e., consumption of five or more
drinks in a row) was also prevalent. Specific rates of drinking,
binge drinking, and getting drunk varied among different
student subgroups based on gender and race/ethnicity. The MTF
study has also identified numerous factors that influence the risk
of alcohol use among adolescents, including parents and
peers, school and work, religiosity and community attachment,
exercise and sports participation, externalizing behavior and
other drug use, risk taking and sensation seeking, well-being,
and drinking aftitudes and reasons for alcohol use. Drinking
during adolescence can have long-term effects on a person’s
life trajectory. Therefore, these findings have broad implications
for prevention and infervention efforts with this population.
Key worps: Underage drinking; binge drinking; adolescent;
high school student; young adult; prevalence; predictors;
causes of alcohol and other drug use; risk factors; school risk
factors; environmental risk factors; family risk factors; peer
risk factors; gender differences; racial/ethnic differences;
Monitoring the Future (MTF) Study; United States

during adolescence and young adulthood. To describe the

historical and developmental trends in substance use in
this age group, the Monitoring the Future (MTF) study
(Johnston et al. 2012) was designed in 1975. Since then,
this ongoing national-cohort sequential longitudinal study
assessing the epidemiology and etiology of substance use
among adolescents and adults has been funded by the
National Institute on Drug Abuse (NIDA). This article
summarizes findings from the MTF study regardin% the

prevalence and predictors of alcohol use during adolescence.

I n the United States, alcohol use t};}pically begins and escalates

The Prevalence of Drinking and Historical
Changes

As is true for adults, alcohol is the most commonly abused
substance among American youth. The MTF study has
been documenting the prevalence and trends in alcohol use
frequency and binge drinking (i.e., consumption of five or
more drinks in a row) for the past several decades in annual,
national samples of American 8th-, 10th-, and 12¢th-grade
students. Using these data, Patrick and Schulenberg (2010)
found that very few 8th- and 10th-grade students who
reported having ever used alcohol had not used alcohol

in the past year, suggesting that most of the alcohol use
reported is relatively recent. Therefore, this article focuses
on alcohol use in the past 12 months and the past 30 days,
as well as self-reported drunkenness in the past 30 days and
binge drinking in the past 2 weeks. The prevalence figures
for these variables for 2011 are summarized in table 1,
broken down by grade level, gender, and racial/ethnic
subgroups (for more information, see Johnston et al. 2012).

In 2011, 27 percent of 8th graders, 50 percent of 10th
graders, and 64 percent of 12th graders reported having used
alcohol in the past 12 months. The corresponding rates for
alcohol use in the past 30 days were 13 percent, 27 percent,
and 40 percent, respectively. Furthermore, 4 percent of 8th
graders, 14 percent of 10th graders, and 25 percent of 12th
graders reported having been drunk within the past month.
Finally, binge drinking in the past 2 weeks was reported by
6 percent of 8th graders, 15 percent of 10th graders, and 22
percent of 12th graders.

Interestingly, it is more common for students to report
binge drinking 2 or more times in the past 2 weeks than to
report binge drinking only once in the past 2 weeks; thus,
61 percent of 8th graders and 62 percent of 10th graders
who had engaged in binge drinking in the previous 2 weeks
did so on multiple occasions (Patrick and Schulenberg 2010).
This observation suggests a fast shift to frequent heavier
drinking for many young people. In addition, the surveys
indicate that extreme binge drinking (i.c., consumption
of 10 or more or 15 or more drinks in a row) is a problem
among 12th graders (this variable was not assessed among
8th and 10¢h graders). Thus, 10.5 percent of high school
seniors reported consuming 10 or more drinks in a row, and
5.6 percent reported consuming 15 or more drinks in a row
in the past 2 weeks (Patrick et al. 2013).

Alcohol use differs not only by age but also by demo-
graphic subgroups, including gender and race/ethnicity

Megan E. Patrick, Ph.D., is a research assistant professor
at the Institute for Social Research, and John E. Schulenberg,
Ph.D., is professor in the Department of Psychology and
research professor at the Institute for Social Research,
University of Michigan, Ann Arbor, Michigan.
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(see table 1). In 8th grade, girls tend to have somewhat higher
rates of alcohol use (i.e., 13 percent in the past 30 days) than
do boys (12 percent). Among older students, however, this
ratio is reversed, with 38 percent of female and 42 percent of
male 12th graders reporting alcohol use in the past 30 days.
This gender difference continues into adulthood, with men
consistently using alcohol at higher rates compared with
women (Johnston et al. 2012; Wilsnack et al. 2000). A similar
interaction seems to exist between grade and race/ethnicity
(Wallace et al. 2003). Thus, among 8th graders, Hispanic
youth tend to report a greater prevalence of alcohol consumption
in the last 12 months (36 percent) or last 30 days (18 percent),
as well as of being drunk in the last 30 days (6 percent) and
binge drinking in the past 2 weeks (10 percent) than do both

White and African American youth. By 12th grade, however,
White adolescents have the highest prevalence levels of

the three racial/ethnic groups on all alcohol use measures,
African American adolescents have the lowest levels, and
Hispanics have intermediate levels. For example, for binge-
drinking, prevalence rates among 12th graders are 26 percent
for Whites, 11 percent for African Americans, and 21
percent for Hispanics. Some, but not all, of these race/
ethnicity differences in alcohol use among 12¢h graders are
attributable to differential high-school dropout rates among
the different groups. Thus, dropout rates tend to be higher
among racial/ethnic minority youth, and alcohol and other
drug (AOD) use tends to be higher among school dropouts
than among those staying in school (Bachman et al. 2008).

Table 1 Prevalence of Alcohol Use (%) by Demographic Subgroups in 8th, 10th, and 12th Graders, 2011

Any Use in
Past 12 Months

Any Use in
Past 30 Days

5+ Drinks in a Row
in Past 2 Weeks

Been Drunk in
Past 30 Days

8th Graders

Total 26.9 12.7
Gender
Boys 26.2 12.1
Girls 27.1 12.8
Race/Ethnicity*
White 26.2 12.3
African American 26.2 11.6
Hispanic 36.0 18.0
10th Graders
Total 49.8 27.2
Gender
Boys 49.1 28.2
Girls 50.3 26.0
Race/Ethnicity
White 52.1 29.1
African American 43.6 20.8
Hispanic 54.8 31.8
12th Graders
Total 63.5 40.0
Gender
Boys 63.3 42.1
Girls 63.5 37.5
Race/Ethnicity
White 66.8 43.8
African American 5.2 30.1
Hispanic 65.3 39.7

4.4 6.4
4.4 6.1
4.2 6.5
4.7 6.2
2.9 5.1
5.6 10.4
13.7 14.7
14.9 16.5
12.4 12.7
15.6 16.1
8.3 9.4
13.8 19.7
25.0 21.6
27.5 25.5
22.0 17.6
29.9 25.9
14.2 11.3
20.0 20.8

*To derive percentages for each racial subgroup, dafa for the specified year and the previous year were combined o increase subgroup sample sizes and thus provide more stable estimates.
NOTE: For 8th graders, the approximate weighted Nis 16,000. For 10th graders, the approximate weighted Nis 14,900. For 12th graders, the approximate weighted N'is 14,100.

SOURCE: The Monitoring the Future study, the University of Michigan.
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Opverall, alcohol use among adolescents and young adults
has been declining to the lowest levels in recent decades, as
shown by the trends in self-reported alcohol use in the past
12 months and drunkenness in the past 30 days (see figure
1) (Johnston et al. 2012; Patrick and Schulenberg 2010).
Similar trends have been observed for alcohol use in the
past 30 days and binge drinking in the past 2 weeks. These
historical shifts in AOD use can be attributed to multiple
influences. For example, changes in the minimum legal
drinking age (e.g., Wagenaar et al. 2001) as well as in perceived
social norms (e.g., Keyes et al. 2012) have been shown to
contribute to changes in alcohol use. Of particular interest
are historical shifts that relate to changes in developmental
trajectories. Latent growth modeling analyses with multicohort
data have demonstrated that, compared with earlier cohorts,
more recent cohorts exhibit lower initial levels of binge
drinking but more rapid increases from age 18 to young
adulthood (Jager et al. 2013). This acceleration of alcohol
use helps explain the findings that use among adolescents
has been decreasing at faster rates than among young adults
in recent decades.

Predictors of Alcohol Use Among Adolescents

Despite the changes in alcohol use that have occurred over
the past three decades, the relevant risk and protective factors
tend to remain very stable across historic time, age, gender,
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and race/ethnicity (e.g., Brown et al. 2001; Donovan et al.
1999; Patrick and Schulenberg 2010). Like many other
large-scale studies on adolescent AOD use, the MTF study
has cast a wide net in terms of risk and protective factors,
correlates, and consequences of substance use. Not only is
this approach well suited to placing alcohol use within the
larger context of adolescent development, it makes good

use of the MTF large-scale survey approach that emphasizes
breadth of measurement. Conceptually, the analyses drew
from broad multidomain models when examining causes,
correlates, and outcomes of adolescent alcohol use (e.g.,
Brown et al. 2009; Chassin et al. 2009; Maggs and Schulenberg
2005). This section summarizes MTF study findings con-
cerning several domains of predictors of AOD use during
adolescence, after considering methodological issues when
examining causes and consequences of adolescent alcohol use.

Methodological Issues in Understanding Risk Factors
for and Consequences of Adolescent Alcohol Use

When considering the correlates of AOD use, any attempt
to discern whether these correlates are causes or conse-
quences of substance use is hampered by three factors:

¢ Firm conclusions about causal connections are difficult
without randomly controlled experiments.

8th grade: past 12 months

10th grade: past 12 months

12th grade: past 12 months

8th grade: been drunk in past 30 days

10th grade: been drunk in past 30 days

SRR S O

12th grade: been drunk in past 30 days

0

Year

Figure

Trends in alcohol use in the past 12 months and in having been drunk in the past 30 days for 8th, 10th, and 12th graders, 1991-2011.
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* Alcohol use during adolescence typically is reciprocally
related to risk factors across development, such that prob-
lems that contribute to alcohol use may get worse with
continued alcohol use (e.g., Cairns and Cairns, 1994;
Dodge et al. 2009; Schulenberg and Maslowsky 2009).

* Factors that are identified as causes or as consequences of
alcohol use during adolescence in the total sample likely
do not apply to all young people, given the heterogeneity
in developmental course (Schulenberg 2006).

Cross-sectional studies, in which each individual is
evaluated only once, typically provide little leverage for
concluding whether a given construct is a cause, correlate,
or consequence of alcohol use, emphasizing the importance
of conceptual guidance, logic, and statistical controls.
Furthermore, when adolescents report using multiple substances,
it is difficult to determine whether they are using the drugs
simultaneously or whether use of one substance leads to use
of another. Longitudinal panel studies, in which the same
individuals are followed over time, provide more leverage but
still leave room for alternative interpretations. For example,
these studies may suffer from selection effects—that is, a
construct excluded from the analysis actually “causes” both
drug use and assumed consequence of drug use, rendering
the relationship between cause and consequence spurious.
Some recent analytic strategies that have been used with
longitudinal data, such as propensity score analyses (Bachman
etal. 2011) and fixed effects analysis (Patrick et al. 20124;
Staff et al. 2009), allow for greater control of selection
effects and thus better leverage on likely causal connections.
Nevertheless, despite such statistical advances, experiments
in which participants are randomly assigned to experimental
groups remain the gold standard for demonstrating causal
connections.

Finally, the use of self-report data may limit the useful-
ness of study findings because such data rely on participants
to remember and accurately perceive their own level of sub-
stance use. Nevertheless, most studies like the MTF study
rely on these measures, because they have been found to be
valid and reliable (Bachman et al. 2011; O’Malley et al. 1983)
and because it is very expensive and burdensome to collect
physiological data (e.g., blood, urine, or hair) and/or infor-
mation from multiple reporters (e.g., parents or peers) in
large-scale studies.

Influence of Parents and Peers

One developmental transition characteristic of adolescence
is the movement away from parents and increasing involve-
ment with peers. Nonetheless, parents still play a pivotal role
in adolescent experiences and in fact can sometimes counter
the effects of other risk factors for AOD use. Like many
other reports in the literature (e.g., Dishion and McMahon
1998; Kiesner et al. 2009), the MTF study found that parental
supervision and monitoring relate to lower AOD use among
8th and 10th graders and together are one of the strongest
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predictors (Dever et al. 2012; Pilgrim et al. 2006). Of particular
importance, this effect was equally important (i.e., invariant)
across gender and race/ethnicity (Pilgrim et al. 2006). Further-
more, parental monitoring was especially protective against
substance use for high-risk—taking adolescents (Dever et
al. 2012).

The literature for decades has indicated that peer use
is one of the strongest correlates of AOD use. This was
confirmed in the MTF; thus, in an analysis of multiple
predictors of binge drinking among 8th and 10th graders
from 1991 to 2007, having friends who get drunk was the
strongest risk factor, regardless of the grade level or cohort
analyzed (Patrick and Schulenberg 2010). Moreover, friends’
alcohol use in high school predicted both concurrent binge
drinking and future trajectories of binge drinking (Schulenberg
etal. 1996). Overall, the frequency of evenings out with
friends (unsupervised by adults) was associated with more
AOD use (Bachman et al. 2008; Brown et al. 2001; Patrick
and Schulenberg 2010). Of course, a central issue when eval-
uating the role of peer use as a correlate and predictor of
alcohol use is the extent to which friends actually influence
an individual or the individual select friends who, like them,
already drink. During adolescence and the transition to
adulthood, both of these processes typically play a role (e.g.,
Patrick et al. 20125).

Influence of School and Work

The broad domain of education also significantly relates to
AOD use during adolescence (Crosnoe 2011). Studies con-
sistently have found that grades, educational expectations,
and school bonding are negatively correlated with AOD use,
whereas school disengagement, school failure, school misbe-
havior, and skipping school are positively correlated with
AOD use (Bachman et al. 2008; Bryant et al. 2003; Dever
et al. 2012; Patrick and Schulenberg 2010; Pilgrim et al.
2006; Schulenberg et al. 1994). For example, in a longitudinal
analysis examining 8th-grade predictors of concurrent and
subsequent AOD use, school misbehavior and peer encour-
agement of misbehavior were positively associated with
concurrent substance use and increased substance use over
time. Conversely, school bonding, interest, and effort were
negatively associated with concurrent and increased sub-
stance use, as were academic achievement and parental help
with school (Bryant et al. 2003). Positive school attitudes
were of particular importance and were especially influential
as protective factors against substance use for low-achieving
adolescents. The relationship between educational factors
and AOD use is bidirectional, and it is clear that AOD use
can contribute to educational difficulties. In general, however,
it seems that based on MTF study longitudinal data and
careful consideration of selection factors, the more common
direction of influence is that school difficulties contribute
to AOD use during adolescence (Bachman et al. 2008).

By the time they leave high school, most adolescents
have worked part time during the school year. Although it
has long been recognized that hours of work during adoles-



cence are positively related to use of AODs, conclusions
about causal connections have remained elusive (Staff et

al. 2009). Analysis of MTF study data found that when
sociodemographic and educational characteristics are con-
trolled for, the positive relationship between hours of work
and AOD use diminishes, suggesting that selection effects
exist. In other words, long hours of work and substance use
have a common set of causes, particularly disengagement
from school (Bachman and Schulenberg 1993; Bachman
etal. 2011). The influence of selection effects is further sup-
ported by findings that simply wanting to work long hours
is associated with heavier AOD use. This is true regardless of
actual hours spent working, and especially among those who
do not work (Bachman et al. 2003; Staff et al. 2010).

Religiosity and Community Attachment

Numerous studies found that religiosity tends to be nega-
tively correlated with AOD use during adolescence (Brown
et al. 2001; Wallace et al. 2003, 2007; Wray-Lake et al.
2012). This is true for both African American and White
youth. In fact, religiosity does not explain race differences
in substance use (Wallace et al. 2003). Religiosity tends

to operate at both the individual and contextual levels,
because highly religious adolescents attending highly reli-
gious schools have lower alcohol use compared with highly
religious adolescents attending non-highly religious schools
(Wallace et al. 2007). More broadly, community attach-
ments, including religiosity as well as social trust and social
responsibility, tend to be negatively correlated with AOD
use during adolescence (Wray-Lake et al. 2012).

Exercise and Sports Participation

Whereas exercise correlates negatively with alcohol use,
participating in team sports cortelates positively with alcohol
use during high school (Terry-McElrath et al. 2011). This is
especially true for males (Dever et al. 2012).

Externalizing Behaviors and Other Drug Use

As part of a broader set of problem behaviors, it is not
surprising that alcohol use is associated with externalizing
behaviors as well as cigarette smoking and illicit drug use
during adolescence. In the MTF study, externalizing behaviors
overall, and aggressive behavior and theft/property damage
in particular, correlated with AOD use during adolescence
(Bachman et al. 2008; Brown et al. 2001; Maslowsky and
Schulenberg, in press; Patrick and Schulenberg 2010).
Disentangling causal connections is difficult, however, and it
is likely that alcohol use both contributes to and is caused by
externalizing behaviors (Osgood et al. 1988), particularly if
these behaviors involve spending unsupervised time with
peers (Osgood et al. 1996). Cigarette smoking and other
illicit drug use also tend to be highly correlated with alcohol
use during adolescence (Patrick and Schulenberg 2010).

Risk Taking and Sensation Seeking

The willingness to take risks and high levels of sensation
seeking also both correlate with higher levels of AOD use
(Dever et al. 2012; Patrick and Schulenberg 2010; Pilgrim et
al. 2006; Schulenberg et al. 1996). Among 8th graders and
10th graders, the impact of risk taking on substance use
(including alcohol) was partly mediated through school
bonding (which negatively affected AOD use) and time with
friends (which positively affected AOD use); these effects
were largely invariant across race/ethnicity and gender

(Pilgrim et al. 20006).

Well-Being

Self-esteem tends to be negatively correlated with AOD use
and, correspondingly, self-derogation and depressive affect
tend to be positively correlated with AOD use during ado-
lescence (Maslowsky and Schulenberg, in press; Patrick and
Schulenberg 2010; Schulenberg et al. 1996). When examin-
ing the relative contributions of conduct problems, depres-
sive affect, and the interaction of conduct problems and
depressive affect on AOD use, depressive affect is not as
powerful a predictor as are conduct problems. However,

the interaction of the two variables (i.e., high levels of both)
is a relatively powerful predictor of alcohol use, especially for
younger adolescents (Maslowsky and Schulenberg, in press).

Drinking Attitudes and Reasons for Using Alcohol

Attitudes regarding alcohol use and reasons for use are pow-
erful correlates and predictors of drinking behavior. Indeed,
disapproval of binge drinking is one of the strongest protec-
tive factors against heavy drinking (Patrick and Schulenberg
2010). A long-standing focus of the MTF study has been to
show how, at the population level, changes in perceptions of
risk about and disapproval of substance use precede changes
in substance use (Bachman et al. 1998; Johnston et al. 2012;
Keyes et al. 2011). A recent analysis assessed the effects of
age, period (i.e., the year in which data were obtained), and
cohort effects of population-based social norms regarding
heavy alcohol use (i.e., level of disapproval of heavy use) on
individual-level heavy drinking during adolescence. The
study found that cohort effects predominated, indicating
that being part of a birth cohort that reported higher disap-
proval of heavy drinking set the stage for lower alcohol use
(Keyes et al. 2012).

Motivations or reasons for drinking also are associated
with alcohol use behaviors and may serve as a marker for the
development of problematic behavioral patterns. The reasons
for alcohol use typically change across adolescence and into
adulthood. MTF study investigators have assessed reasons
for drinking using MTF study panel data following high-
school seniors into young adulthood. (MTF survey questions
regarding motivations are not included in the 8th- and 10th-
grade surveys.) Of particular interest here, 12th-grade
adolescents tend to report higher motivation for drinking
to get drunk (as well as other social and coping reasons for
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drinking) than do young adults. Conversely, 12th graders
report lower motivations to use alcohol to relax, to sleep, and
because it tastes good, all of which increase across the transi-
tion to adulthood (Patrick and Schulenberg 2011; Patrick
etal. 2011). It is important to understand the reasons for
alcohol use among adolescents, because the reasons for use
reported in 12th grade, when adolescents are about 18, show
long-term longitudinal associations with alcohol use and
symptoms of alcohol use disorders decades later (Patrick et
al. 2011; Schulenberg et al. 1996).

Long-Term Consequences of Alcohol Use

Attempting to discern long-term consequences of adolescent
AOD use is fraught with conceptual and methodological
complexities (e.g., Schulenberg et al. 2003), yet it is critical
for understanding the development (i.c., etiology) of adult
alcohol use disorders. Numerous studies have demonstrated
that alcohol use in middle school and high school may

be an important indicator of later problems. For example,
although most students mature out of their heavy alcohol
use (Schulenberg and Maggs 2002; Schulenberg and Patrick
2012; Schulenberg et al. 1996), substance use in high school
is one of the strongest predictors of substance use in adult-
hood. Specifically, binge drinking in 12th grade predicts
symptoms of alcohol use disorders 17 years later, at age 35
(Merline et al. 2004, 2008; Patrick et al. 2011). Further-
more, trajectories of binge drinking are predictive of alcohol
use disorders during middle adulthood (Schulenberg and
Patrick 2012), and continued substance use into young
adulthood is associated with HIV-related risk behaviors
(Patrick et al. 2012). Finally, binge drinking in high school
predicts subsequent dropping out of college, although an
increase in binge drinking during college is related to not
dropping out (Schulenberg and Patrick 2012).

Implications for Prevention and Intervention

Studies on the etiology and epidemiology of alcohol use
ought to go hand in hand in order to combine the broader
approach of epidemiology with the more in-depth emphasis
of etiology. As the discussion in this article has shown, there
are both historical and developmental predictors related to
adolescent AOD use that are changing over time. Under-
standing the scope of alcohol use during the middle-school
and high-school years, and associated long-term problems, is
an important step toward effectively intervening to reduce
high-risk drinking and its negative consequences. The scope
of the problem is underscored by the findings that more
than one in five American high-school seniors in the class of
2011 reported binge drinking in the previous 2 weeks. The
documented developmental increases in alcohol use across
adolescence and young adulthood make this a particularly
important time for intervention. In particular, the fast escala-
tion among adolescents from binge drinking once to binge
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drinking multiple times within a given 2-week period (Patrick
and Schulenberg 2010) highlights the importance of prevent-
ing early initiation as well as early escalation of AOD use.
Levels of alcohol use have been declining in recent
decades, suggesting that past interventions, such as increas-
ing the minimum legal drinking age to 21, have been effec-
tive. However, although it is worth recognizing that most
adolescents manage to avoid heavy alcohol use and that such
use is not an inevitable developmental progression, alcohol
remains the most commonly used substance among adoles-
cents, and its use is a leading cause of death and injury (U.S.
Department of Health and Human Services 2007). To
design effective programs and target prevention efforts
toward students most likely to develop problematic levels of
alcohol use, it is essential to identify characteristics of indi-
viduals at greatest risk. This effort is aided by the fact that
the importance of risk and protective factors tends to remain
very stable over time. As summarized above, demographic
differences in drinking behavior point to important sub-
groups that should be targeted, including young men and
White and Hispanic adolescents. Finally, the findings
described here point to several risk and protective factors
to consider when designing prevention and intervention
programs, including parental involvement, peer influences,
academic success, religiosity, externalizing and internalizing
behaviors, alcohol attitudes, and self-reported reasons for

drinking. M
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The Burden of Alcohol Use

Focus on Children and
Preadolescents

John E. Donovan, Ph.D.

The study of alcohol use by children ages 12 and younger
has been very limited. This article summarizes information
from U.S. national and statewide surveys on the prevalence of
alcohol use among children in grades 6 and lower, data on
health conditions wholly attributable to alcohol, the
prevalence of children’s treatment admissions for alcohol
abuse, and their rates of presentation at emergency
departments for acute alcohol intoxication. Factors
hampering the estimation of alcohol burden in this
population include the lack of ongoing national surveys of
alcohol use and problems in children, the hand-me-down
nature of alcohol assessments in this population, and the
lack of studies fo establish whether there is a causal
relationship between childhood-onset drinking and morbidity
and mortality in adolescence and later in life that would
permit determination of alcohol-attributable fractions. This
article concludes that although the alcohol burden in
childhood is low, it may be augmented by both referred
alcohol burden through parental drinking and alcohol abuse
and by deferred alcohol burden from longer-term
consequences of early use. Key worps: Alcohol consumption;
alcohol use, abuse, and dependence; age of alcohol and
other drug use onset; prevalence; alcohol burden; alcohol-
attributable fractions; alcohol-related problems; alcohol
intoxication; alcohol poisoning; childhood; child;
preadolescent; youth; elementary school student; mortality;
morbidity; survey; national surveillance data; health and
disease; emergency care; treatment; underage drinking

of the contribution of alcohol use in a population to

morbidity and mortality in that population (Rehm et
al. 2010). It is difficult to calculate the burden of alcohol
use for middle-school and high-school adolescents (see
Patrick and Schulembery, p. 193 in this issue) and nearly
impossible to do so for children and preadolescents. There
are a number of reasons for this, most of which reflect the
early stage of development of the research literature on
alcohol use in this young population.

The burden of alcohol use usually is expressed as a function
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Factors Limiting Estimation of Alcohol Burden

The Absence of Recent National Surveillance Data

Chief among the factors inhibiting the estimation of alcohol
burden in children and preadolescents is the absence of
ongoing national surveillance data. The prevalence of child
alcohol use can theoretically be estimated from either adoles-
cents’ retrospective recall of their alcohol use in childhood or
from survey research with children.

Retrospective reports of the age at first drink, however, are
not very reliable for this life stage. Typically, reported age of
onset of alcohol use increases as a function of the age of the
adolescents questioned (Bailey et al. 1992; Engels et al. 1997;
Johnson et al. 1998; Labouvie et al. 1997; Parra et al. 2003).
For example, in the most recent national data from the 2009
Youth Risk Behavior Survey (YRBS), 28.1 percent of 9th
graders reported that they drank alcohol before age 13, com-
pared with 14.2 percent of 12th graders (Eaton et al. 2010).
These are not cohort effects but rather evidence of “forward
telescoping,” as shown by the fact that although the percentages
at all grades have declined over time, a similar pattern can be
seen in each of the previous YRBS surveys (1991-2007).
This pattern also is evident in the 1993-2010 national data
from the Monitoring the Future (MTF) surveys (see figures
6 to 20 in Johnston et al. 2011): in every year, less than one-
half as many 12th graders as 8th graders report alcohol use
initiation by grade 6. Thus, estimates based on retrospective
recall are problematic as a summary of the prevalence of
childhood drinking.

Direct surveys of children constitute a more appropriate
approach for capturing normative data on child drinking.
However, of the three major ongoing Federally sponsored
national surveys in the United States—the annual MTF
survey, the biennial YRBS, and the annual National Survey
on Drug Use and Health (NSDUH)—only the NSDUH
includes children who are age 12, and none includes children
younger than 12. According to the 2010 NSDUH results
(Tables 2.15B and 2.16B in Substance Abuse and Mental
Health Services Administration [SAMHSA] 2011), 7.1 per-
cent of 12-year-olds had ever had a drink of alcohol (i.c., a
can of beer, a glass of wine, or a shot of liquor) in their life, 4.4
percent had a drink in the past year, 1.6 percent had a drink
in the past month, and 0.4 percent had consumed five or
more drinks on the same occasion.

Despite the absence of children in these ongoing Federal
surveillance studies, preliminary information on the prevalence
of alcohol use in children has nevertheless been compiled
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through a comprehensive search of internet sources to locate
Nationwide and Statewide surveys of children in grades 6
and below (see Donovan 2007). Based on this review of the
four Nationwide and seven Statewide datasets located, it is
clear that a substantial number of children have had some
exposure to alcohol. Data from the cross-national Health
Behaviour of School-Aged Children Study (Nic Gabhainn
and Frangois 2000) indicate that in a 1998 national sample
of 11-year-old U.S. students, 62 percent of boys and 58 per-
cent of girls had ever tasted alcohol, 8 percent of boys and 7
percent of girls had consumed alcohol at least weekly, and 3
petcent of both boys and girls had ever been drunk twice or
more. According to the 1999 Partnership Attitude Tracking
Study (sponsored by the Partnership for a Drug-Free America),
which surveyed a national probability sample of nearly 2,400
U.S. elementary-school students, 9.8 percent of 4th graders,
16.1 percent of 5th graders, and 29.4 percent of 6th graders
had had more than just a sip of alcohol in their life. In
2000-2001, the National Survey of Parents and Youth
(NSPY) collected alcohol use information on 1,560 9- to
12-year-olds and found that 6.2 percent of 9-year-olds, 5.5
percent of 10-year-olds, 9.2 percent of 11-year-olds, and
15.5 percent of 12-year-olds had had more than a few sips
of alcohol in their life. Data on alcohol use in the past year
(rather than lifetime) are reported annually by Pride Surveys
(see www.pridesurveys.com): according to the 2009-2010
summary of school-district surveys performed across the
United States, 4.0 percent of 4th graders, 4.8 percent of 5th
graders, and 8.3 percent of 6th graders had drunk alcohol in
the past year. Both the Nationwide and Statewide datasets
examined showed a decline in the prevalence of child drinking
over the past 10 years or so. The datasets located for this
review, however, generally are cither outdated or nonrepre-
sentative, and their limitations must be recognized in any
attempt to estimate the burden of alcohol use in this population.
The absence of any recent national survey of alcohol use
among children argues for the need to institute ongoing
Nationwide surveillance of this population.

It is nevertheless evident, however, that the percentage
of children who have experience with alcohol decreases as
the intensity of alcohol involvement increases (from a sip or
taste to more than a few sips ever to use in the past year, past
month, or past week), and that it differs as a function of
grade, gender, and ethnicity (see Donovan 2007). Alcohol
use rates increased with age, doubling between grades 4 and
6, with the largest jump in prevalence between grades 5 and
6. At each grade level, boys were more likely to have used
alcohol than girls. African-American children were nearly
as likely as white and Hispanic children to have used alcohol.
About one-third as many children reported having had more
than a sip of alcohol as reported having had only a sip. In
general, around one-third of children who had ever used
alcohol reported its use in the past year as well, and use in
the past month occurred in only about one-third of those
children who reported use in the past year.

There are few current Nationwide data sources on the
prevalence of children’s experience of problems attributed
to alcohol use that could inform estimates of their wholly
alcohol-attributable health conditions (i.c., alcohol dependence
and acute intoxication). Several community-level studies
suggest that rates of alcohol use disorders are close to zero
prior to adolescence (Cohen et al. 1993; Giaconia et al.
1994; Sung et al. 2004). The low number of Nationwide
admissions for treatment of alcohol abuse at ages 10-12
bears this out (see figures 14 and 15 in SAMHSA 2008).
Patients under the age of 15 constitute just 0.5 percent of
those admitted for treatment of alcohol abuse alone and 0.7
percent of those admitted primarily for treatment of alcohol
abuse who also had abused another drug (Table 3.2a in
SAMHSA 2008).

Likewise, in contrast to adolescents, children rarely pre-
sent at hospital emergency departments for acute intoxica-
tion (alcohol poisoning). In 2009, the rate of visits to emer-
gency departments for acute alcohol intoxication was 5.6 per
100,000 for U.S. children ages 0-5 and 1.0 per 100,000 for
children ages 6-11 versus 310.8 per 100,000 for adolescents
ages 12-17 (Drug Abuse Warning Network 2010). Of all
calls to poison-control centers in the United States in 2009
involving children ages 5 or younger, 2.12 percent of cases
involved ingestion of alcohol (Bronstein et al. 2010). This
probably is an underestimate, as many children ingested prod-
ucts such as cold medicines, cologne, perfume, aftershave,
and mouthwash that contain ethanol (see Vogel et al. 1995).

In summary, there are few surveillance studies of alcohol
use and alcohol-related problems among children and pread-
olescents. The extant data indicate that although the rates of
alcohol use are low in this population, substantial numbers
of children do have experience with alcohol and the rates of
wholly alcohol-attributable health conditions are very low in
this population. No evidence has been generated regarding
the influence of child drinking on other diseases or injuries

within childhood.

Problems of Measurement

A second major limitation for estimating alcohol burden in
this population is the widespread use of “hand-me-down”
measures for the assessment of children’s alcohol use.
Measures originally developed for use with adults have been
modified for use with college students; then modified for
use with adolescents; and, finally, modified for assessment
of children. Reliance on such hand-me-down assessments
has resulted, for instance, in only limited research into sipping
and tasting of alcohol despite the fact that this is the most
common form of children’s experience with alcohol (see
Casswell 1996; Casswell et al. 1991; Donovan and Molina
2008; Johnson et al. 1997).

The hand-me-down nature of child and adolescent
assessments is nowhere more evident than in the case of
heavy episodic (binge) drinking, a major contributor to adult
morbidity and mortality. In adults, binge drinking has been
operationally defined as five or more drinks per occasion for

Children and Preadolescents | 187



men and as four of more drinks per occasion for women
(Wechsler et al. 1995); these levels of intake result in blood
alcohol concentrations (BAC) of 0.08 percent (the legal defi-
nition of intoxication) if consumed within a 2-hour window.
Using these definitions for children and adolescents is inap-
propriate, however, because they weigh less and thus have
smaller volumes of total body water than adults. A recent
analysis (Donovan 2009) modified the Widmark equation
for estimating BAC so it would be more developmentally
appropriate. This was done by incorporating formulas for
estimating total body water that were derived from children
and adolescents and by using ethanol elimination rates
derived from child and adolescent presentations for acute
alcohol intoxication at emergency departments. BAC estimates
were calculated for intake of from one to five standard drinks
for boys and girls separately at each age from 9 to 17 to
determine how many drinks were required to result in

an estimated mean BAC of 0.08 percent or higher. Data
from more than 4,700 children and adolescents from the
1999-2002 National Health and Nutrition Examination
Survey were analyzed. Gitls and boys ages 913 had mean
estimated BACs of 0.08 percent or higher at three or more
drinks, as did girls ages 14—17. Boys ages 14 and 15 had
mean estimated BACs of 0.08 percent or higher at four or
more drinks, and boys ages 16 and 17 reached this level at
five or more drinks. Table 1 summarizes the resulting recom-
mendations for defining binge drinking for children and
adolescents by age and gender. Only boys ages 16 or 17 met
the adult definition.

In addition to the concern over hand-me-down assessments,
there is a lack of consensus on the definition of the various
levels of alcohol involvement for both children and adolescents.
As is evident in the summary of survey studies above, drinker
status was defined variously as consumption of more than
a sip, more than a few sips, or a whole drink. This severely
hinders the performance of meta-analyses across studies and
the description of trends over time. Bacon (1976) noted a
similar lack of consensus 35 years ago.

In general, evidence from both test—retest examinations
and collateral reports suggests that children’s self-reports of
their alcohol use are as valid as adolescent self-reports (Dielman
etal. 1995; Donovan et al. 2004). Given their typically low
levels of intake and the opportunistic nature of their drinking,
misreporting in child reports of their alcohol involvement is
unlikely to reflect cognitive overload. More likely, difficulties
stem from a lack of familiarity with alcohol beverage types
(beer versus liquor, for example) and with estimation of
drink volumes consumed. At least one recently developed
inventory uses pictorial images to assess alcohol and drug use
and their risk factors (see Andrews et al. 2003; Ridenour et
al. 2009, 2011).

In addition to making child alcohol assessments more
developmentally appropriate and user friendly, surveillance
studies of child alcohol use need to be expanded to include
questions on the intensity and patterning of their current
alcohol use (e.g., frequency of use, usual and greatest intake,
frequency of binge drinking, and contexts of use).
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Table 1 Recommended Cut Points (Number of Drinks) for
Developmentally Appropriate Definition of Binge Drinking in Children
and Adolescents (Donovan 2009)

Age Boys Girls
9-13 3+ 3+
14-15 4+ 3+
16-17 5+ 34

Barriers to Collecting Child Data

Although monitoring the Nationwide prevalence of children’s
alcohol use would constitute a step in the right direction,
increased research also is needed. It is possible that so few
studies have been conducted in this area because of the per-
ception of several barriers to such research (see Donovan
2007). One perceived barrier is that few children drink, so
there is little variation to explain. A second is the difficulty
of gaining school-district approval to access elementary
school populations, necessitating the use of targeted-age
directory sampling or household enumeration sampling
methods. A third barrier sometimes raised is the misappre-
hension that parents will be reluctant to consent to their
children’s participation in alcohol research.

Referred Childhood Alcohol Burden Through
Parent Drinking

Parents contribute to the alcohol burden of their children
in a variety of ways. First, they model drinking behavior for
good or for ill. National surveys show that the majority
(87.9 percent) of adults in the United States ages 26 and
older have ever drank, 69.0 percent drank in the past year,
and 54.9 percent drank in the past month (Table 2.37B

in SAMHSA 2011). Children learn about alcohol and its
effects and usages from observing their parents drinking

or from hearing their parents talk about their drinking, as
well as from their exposure to drinking in the larger social
environment (e.g., relatives, peers and their families, neigh-
borhood events, alcohol commercials on TV and radio,
magazine ads, Internet Web sites, social media, and drinking
in movies and even in animated feature films) (see Zucker
et al. 2008, 2009). Children whose parents drink are more
likely to initiate early use (Donovan and Molina 2008,
2011; Hawkins et al. 1997).

Second, parents actively teach their children about alcohol.
Children are first introduced to alcohol use by parents or
other relatives in a family context (see Jackson 1997; Jahoda
and Cramond 1972; Johnson et al. 1997). Such precocious
socialization into alcohol use can reflect either Old World
cultural beliefs regarding the role of alcohol as food or as a
necessary adjunct for celebrations or the belief that introducing



children to alcohol use as part of family dinners or events
serves to inoculate them from later involvement in problem
drinking. Research has not yet established, however, whether
learning to drink in a family context actually serves to protect
children from developing later alcohol problems. The relevant
longitudinal research (Dielman et al. 1989; McMorris et al.
2011; van der Vorst et al. 2010) suggests that this is not the
case: prior supervised drinking increases the likelihood of
unsupervised drinking and more negative consequences later
on. In addition, children who were permitted to drink alcohol
at home have been found to show increased alcohol involve-
ment and drunkenness over time (Jackson et al. 1999; Komro
etal. 2007). Research also shows that European adolescents,
who are more often introduced to alcohol in family contexts,
typically are more likely to be involved in binge drinking
and intoxication than U.S. adolescents of the same age
(Currie et al. 2008; Friese and Grube 2010; Grube 2009).

Third, the home environment is the most popular
source of alcohol for children. Among 6th-grade students
who had ever had alcohol, the largest percentage (32.7 percent)
obtained the alcohol from a parent or guardian the last time
they drank (Hearst et al. 2007). Other adults become a more
important source of alcohol than parents as children move into
adolescence. Greater access to alcohol in the home and greater
parental provision of alcohol are associated with greater alcohol
intake and problems later on (Komro et al. 2007; van den
Eijnden etal. 2011).

In addition to their direct impact on child drinking,
parental drinking and alcohol abuse may increase child mor-
bidity and mortality through other means as well. Children
also may be placed at increased risk through prenatal exposure
to maternal drinking (Jacobson and Jacobson 2002; Mattson
et al. 2001; Rasmussen 2005; Richardson et al. 2002; Streissguth
etal. 1999); through genetic inheritance of liabilities to
alcohol abuse and related addictive behaviors (Schuckit
1994; Sher 1991; Zucker et al. 2003); through alcohol-
impaired parenting, abuse, and neglect (Bijur et al. 1992;
Dube et al. 2001; Kelleher et al. 1994); and through their
adoption of parent-socialized alcohol-specific intentions,
attitudes, and expectancies (e.g., Donovan et al. 2009;
Handley and Chassin 2009; Tildesley and Andrews 2008),
leading to both short-term and longer-term consequences.
In addition, children are at risk of injury or death through
riding in cars driven by an alcohol-impaired parent: in 2009
alone, 14 percent of the children ages 14 and younger killed
in traffic crashes were killed in alcohol-impaired driving
crashes, and one-half of these children were passengers in
vehicles driven by a driver with a BAC of 0.08 percent or
higher (U.S. Department of Transportation 2011).

Deferred Childhood Alcohol Burden Through
Long-Term Consequences

The measurable burdens of child and preadolescent drinking
are for the most part postponed into adolescence and young

adulthood. Early onset of alcohol use predicts involvement
in alcohol problems, alcohol abuse, and alcohol dependence
in adolescence (Gruber et al. 1996; Hawkins et al. 1997;
Horton, 2007; McGue and lacono, 2005; Pederson and
Skrondal, 1998; Warner et al. 2007). Early-onset drinking
also relates to a variety of other problematic outcomes in
adolescence, including absences from school, delinquent
behavior, drinking and driving, smoking, marijuana and
other illicit drug use, sexual intercourse, and pregnancy
(Ellickson et al. 2001; Gruber et al. 1996; McCluskey et al.
2002; Stueve and O’Donnell, 2005).

There also is evidence that early initiation of alcohol use
affects a number of outcomes in young adulthood as well.
These young-adult outcomes include not only alcohol use
disorder (e.g., Hingson et al. 2006; King and Chassin, 2007)
but also prescription drug misuse (Hermos et al. 2008),
substance use disorders (Hingson et al. 2008; King and
Chassin, 2007), employment problems (Ellickson et al.
2003), unintentional injuries (Hingson and Zha 2009;
Hingson et al. 2000), and risky driving and drinking and
driving (Hingson et al. 2002; Zakrajsek and Shope 2006).
Retrospective data from adults also have shown a relation-
ship between earlier onset of drinking and lifetime experi-
ence of an alcohol use disorders (e.g., DeWit et al. 2000;
Grant and Dawson 1997). Research currently is lacking,
however, on whether early-onset drinking relates to psy-
chosocial functioning in other young-adult life areas, such
as educational, occupational, marital, social, political, and
community functioning, and relationship with parents.

As yet, there are few studies of the mechanisms linking
early-onset drinking to young-adult alcohol problems and
other negative outcomes. McGue and Iacono (2008) sce
this linkage as emanating from the interrelations between
early drinking and other problem behaviors in adolescence
(Donovan and Jessor 1985) and the stability of this syndrome
into young adulthood (Jessor et al. 1991), which is seen as
reflecting both inherited vulnerability and the influence of
early problem behavior on the selection of risky social envi-
ronments. Identification of such underlying mediating
mechanisms is an important component of establishing any
causal linkage between early-onset drinking and these later
outcomes that would inform estimation of their alcohol-
attributable fractions (Rehm et al. 2010). The greater the
role of mediating variables in this pathway, the smaller the
alcohol-attributable fraction is likely to be.

Conclusions

In summary, there are few surveillance studies of alcohol use
and alcohol-related problems among children and preadoles-
cents, a situation that makes estimation of alcohol burden

in this population problematic. The available data indicate
that whereas the rates of alcohol use are relatively low in this
population, substantial numbers of children do in fact have
experience with alcohol. With respect to wholly alcohol-
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attributable health conditions, the available data suggest very
low levels of alcohol abuse and acute intoxication among
children. The scattered and inaccessible nature of much of
this available data highlights the need for better ongoing
surveillance of this population. Although these direct assess-
ments imply that alcohol burden in children is relatively low,
their alcohol burden is increased through the alcohol use and
abuse of their parents, and through the increased likelihood
among early drinkers of alcohol problems and other negative
outcomes in adolescence and young adulthood. W

Acknowledgements

This research was supported by Grant No. AA-012342 from
the National Institute on Alcohol Abuse and Alcoholism.

The author thanks Drs. Joel Grube and Duncan Clark
for their help in locating several reports.

Financial Disclosure

The author declares that he has no competing financial
interests.

References

Anprews, J.A.; TiLDesLEY, E.; Hops, H.; T AL. Elementary school age children’s future inten-
fions and use of substances. Journal of Clinical Child and Adolescent Psychology
32(4):556-567, 2003. PMID: 14710464

Bacon, S.D. Defining adolescent alcohol use: Implications for a definition of adolescent
alcoholism. Journal of Studies on Alcohol 37(7):1014-1019, 1976.

BAILEY, S.L.; FLEWELLING, R.L.; AND RAcHAL, J.V. The characterization of inconsistencies in
self-reports of alcohol and marijuana use in a longitudinal study of adolescents.
Journal of Studies on Alcohol 53(6):636-647, 1992. PMID: 1434637

Buur, P.E.; Kurzon, M.; Overpeck, M.D.; anp ScHeioT, P.C. Parental alcohol use, problem
drinking, and children’s injuries. JAMA: Journal of the American Medical Association
267(23):3166-3171, 1992. PMID: 1593737

BroNsTEIN, A.C., Spyker, D.A., CANTILENA, L.R., JR.; €T AL. 2009 Annual Report of the
American Association of Poison Control Centers” National Poison Data System (NPDS):
27th Annual Report. Clinical Toxicology 48(10):979-1178, 2010. PMID: 21192756

CassweLL, S. Alcohol use: Growing up and learning about drinking: Children in Dunedin
in the 1980s. In Silva, P.A. and Stanton, W.R., Eds. From Child to Adult: The Dunedin
Multidisciplinary Health and Development Study. Auckland, New Zealand: Oxford
University Press, 1996, pp. 206-224.

CASSWELL, S.; STEWART, J.; CONNOLLY, G.; AND Siva, P. A longitudinal study of New Zealand
children’s experience with alcohol. Brifish Journal of Addiction 86(3):277-285, 1991.
PMID: 2025690

CoHeN, P.; CoHeN, J.; Kasen, S.; ET AL. An epidemiological study of disorders in lafe child-
hood and adolescence: |. Age- and gender-specific prevalence. Journal of Child
Psychology and Psychiatry 34(6):851-867, 1993. PMID: 8408371

Curri, C.; Nic GaHAINN, S.; Gobeau, E.; eT AL., EDs. Inequalities in Young People’s Health:
Health Behaviour in School-aged Children International Report from the 2005/2006
Survey. Copenhagen, Denmark: WHO Regional Office for Europe, 2008, pp. 131-134.
Available at: http://www.hbsc.org/publications/international/. Accessed May 14, 2012.

DeWT, D.J.; Aotar, E.M.; Orrorp, D.R.; anp OeBornE, A.C. Age of first alcohol use: A risk
factor for the development of alcohol disorders. American Journal of Psychiatry
157(5):745-750, 2000. PMID: 10784467

190 |A|COh0| Research: Current Reviews

Dietman, T.E.; Leech, S.L.; AND LoveLanp-CHerry, C. Parents’ and children’s reports of parent-
ing practices and parent and child alcohol use. Drugs & Society 8(3/4):83-101, 1995.

Dietman, T.E.; Svope, J.T.; Leech, S.L.; anp Butcharr, A.T. Differential effectiveness of an
elementary school-based alcohol misuse prevention program. Journal of School Health
59(6): 255-263, 1989. PMID: 2770251

Donovan, J.E. Really underage drinkers: The epidemiology of children’s alcohol use in
the United States. Prevention Science 8(3):192-205, 2007. PMID: 17629790

Donovan, J.E. Estimated blood alcohol concentrations for child and adolescent drinking
and their implications for screening instruments. Pediatrics 123(6):975-e981, 2009.
PMID: 19482748

Donovan, J.E., anp Jessor, R. Structure of problem behavior in adolescence and young
adulthood. Journal of Consulting and Clinical Psychology 53(6):890-904, 1985. PMID:
4086689

Donovan, J.E.; LeecH, S.L.; Zucker, R.A., €T AL. Really underage drinkers: Alcohol use
among elementary students. Alcoholism: Clinical and Experimental Research
28(2):341-349, 2004. PMID: 15112942

Donovan, J.E., ano MoLina, B.S. Childhood risk factors for early-onset drinking. Journal of
Studies on Alcohol and Drugs 72(5):741-751, 2011. PMID: 21906502

Donovan, J.E.; Mouina, B.S.; anp KeLLy, T.M. Alcohol outcome expectancies as socially
shared and socialized beliefs. Psychology of Addictive Behaviors 23(2):248-259,
2009. PMID: 19586141

Donovan, J.E., anp MoLina, B.S.G. Children’s introduction fo alcohol use: Sips and tastes.
Alcoholism: Clinical and Experimental Research 32(1):108-119, 2008. PMID: 18070249

Drug Abuse Warning Network. National Estimates of Drug-Related Emergency
Department Visits, 2004-2009. Rockville, MD: Centfer for Behavioral Health Statistics
and Quality, Substance Abuse and Mental Health Services Administration, 2010.
Available at: http:/www.samhsa.gov/data/DAWN.aspx. Accessed May 14, 2012,

Dust, S.R.; ANDA, R.F.; Feurm, V.J.; €7 AL. Growing up with parental alcohol abuse:
Exposure to childhood abuse, neglect, and household dysfunction. Child Abuse &
Neglect 25(12):1627-1640, 2001. PMID: 11814159

Eaton, D.K.; Kann, L.; KINCHEN, S.; €T AL. Youth risk behavior surveillance—United States,
2009. Morbidity and Mortality Weekly Report: Surveillance Summaries 59 (5):1-142,
2010. PMID: 20520591

ErLickson, P.L.; Tucker, J.S.; anp Kiein, D.J. Ten-year prospective study of public health
problems associated with early drinking. Pediafrics 111(5 Pt. 1):949-955, 2003. PMID:
12728070

Ertickson, P.L.; Tucker, J.S.; Ktem, D.J.; ano McGuiean, K.A. Prospective risk factors for
alcohol misuse in late adolescence. Journal of Studies on Alcohol 62(6):773-782,
2001. PMID: 11838914

EnceLs, R.C.; Knisse, R.A.; anp Drop, M.J. Inconsistencies in adolescents” self-reports of
initiation of alcohol and tobacco use. Addictive Behaviors 22(5):613-623, 1997. PMID:
9347063

Friese, B.M., anp Gruge, J.W. Youth Drinking Rates and Problems: A Comparison of
European Countries and the United States. Rockville, MD: Office of Juvenile Justice and
Delinquency Prevention, Office of Justice Programs, U.S. Department of Justice, 2010.
Available at: http://www.udetc.org/documents/YouthDrinkingRatesandProblems. pdf.
Accessed May 14, 2012.

Giaconia, R.M.; ReNHerz, H.Z.; Siverma, A.B.; ET AL. Age of onset of psychiatric disorders
in a community population of older adolescents. Journal of the American Academy of
Child and Adolescent Psychiatry 33(5):706-717, 1994. PMID: 8056734

GranT, B.F., aND DawsoN, D.A. Age at onset of alcohol use and its association with DSM-
IV alcohol abuse and dependence: Results from the National Longitudinal Alcohol
Epidemiologic Survey. Journal of Substance Abuse 9(2):103-110, 1997. PMID:
9494942

Gruse, J.W. Environmental approaches fo preventing drinking and drinking problems
among youth. In Scheier, L., Ed. Handbook of Drug Use Etiology: Theory, Methods, and
Empirical Findings. Washington, DC: American Psychological Association, 2009, pp.
493-509.



GRUBER, E.; DICLEMENTE, R.J.; ANDERSON, M.M.; anD Lopico, M. Early drinking onset and its
association with alcohol use and problem behavior in late adolescence. Preventive
Medicine 25(3):293-300, 1996. PMID: 8781007

HanpLEY, E.D., AND CHAsSIN, L. Intergenerational transmission of alcohol expectancies in a
high-risk sample. Journal of Studies on Alcohol and Drugs 70(5):675-682, 2009.
PMID: 19737491

Hawkins, J.D.; Graram, J.W.; Macui, E.; €T L. Exploring the effects of age of alcohol use
initiation and psychosocial risk factors on subsequent alcohol misuse. Journal of
Studies on Alcohol 58(3):280-290, 1997. PMID: 9130220

HearsT, M.O.; FULKERSON, J.A.; MALDONADO-MoLINA, M.M.; T AL. Who needs liquor stores
when parents will do? The importance of social sources of alcohol among young urban
teens. Preventive Medicine 44(6):471-476, 2007. PMID: 17428525

Hermos, J.A.; WINTER, M.R.; Heeren, T.C.; AND HinGsoN, R.W. Early age-of-onset drinking
predicts prescription drug misuse among teenagers and young adults: Results from a
national survey. Journal of Addiction Medicine 2(1):22-30, 2008. PMID: 21768969

HinGsON, R.W., aND ZHA, W. Age of drinking onset, alcohol use disorders, frequent heavy
drinking, and unintentionally injuring oneself and others after drinking. Pediatrics
123(6):1477-1484, 2009. PMID: 19482757

HinesoN, H.W.; Heere, T.; AnD Ebwards, E.M. Age at drinking onset, alcohol dependence,
and their relation fo drug use and dependence, driving under the influence of drugs,
and motor-vehicle crash involvement because of drugs. Journal of Studies on Alcohol
and Drugs 69(2):192-201, 2008. PMID: 18299759

HINGSON, R.; HEEReN, T.; Jamanka, A.; AND HowLano, J. Age of drinking onset and uninten-
fional injury involvement after drinking. JAMA: Journal of the American Medical
Association 284(12):1527-1533, 2000. PMID: 11000646

HINGSON, R.; HeereN, T.; LEVENSON, S.; ET AL. Age of drinking onset, driving after drinking,
and involvement in alcohol-related motor-vehicle crashes. Accident: Analysis and
Prevention 34(1):85-92, 2002. PMID: 11789578

HingsoN, R.W.; Heeren, T.; aND WINTER, M.R. Age at drinking onset and alcohol depen-
dence: Age at onset, duration, severity. Archives of Pediatrics & Adolescent Medicine
160(7):739-746, 2006. PMID: 16818840

HINGSON, R.; HeereN, T.; AND Zakocs, R. Age of drinking onset and involvement in physical
fights after drinking. Pediatrics 108(4):872-877, 2001. PMID: 11581438

Horton, E.G. Racial differences in the effects of age of onset on alcohol consumption
and development of alcohol-related problems among males from mid-adolescence to
young adulthood. Journal of Ethnicity in Substance Abuse 6(1):1-13, 2007. PMID:
17430813

Jackson, C. Initial and experimental stages of tobacco and alcohol use during late child-

hood: Relation fo peer, parent, and personal risk factors. Addictive Behaviors
22(5):685-698, 1997. PMID: 9347070

Jackson, C.; HeNRIKSEN, L.; aND Dickinson, D. Alcohol-specific socialization, parenting
behaviors and alcohol use by children. Journal of Studies on Alcohol 60(3):362-367,
1999. PMID: 10371264

Jacosson, J.L., anp Jacosson, S.W. Effects of prenatal alcohol exposure on child develop-
ment. Alcohol Research & Health 26(4):282-286, 2002. PMID: 12875038

JaHopa, G., AND Cramond, J. Children and Alcohol: A Developmental Study in Glasgow.
London: Her Majesty’s Stationery Office, 1972.

JEssor, R.; Donovan, J.E.; ano Costa, F.M. Beyond Adolescence: Problem Behavior and
Young Adult Development. New York: Cambridge University Press, 1991.

JoHNSON, C.C.; GREENLUND, K.J.; WEBBER, L.S.; AND BEReNSON, G.S. Alcohol first use and afti-
tudes among young children. Journal of Child and Family Studies 6(3):359-372,
1997.

JoHNsON, R.A.; GErSTEIN, D.R.; AND Rasinski, KA. Adjusting survey estimates for response
bias: An application to trends in alcohol and marijuana use. Public Opinion Quarterly
62(3):354-377, 1998.

Johnston, L.D.; O'Malley, P.M.; Bachman, J.G.; and Schulenberg, J.E. Moniforing the
Future National Survey Results on Drug Use, 1975-2010: Volume I. Secondary School

Students. Ann Arbor, MI: Institute for Social Research, 2011. Available at:
http:/www.monitoringthefuture.org. Accessed May 14, 2012.

KetLeHer, K.; CHAFFIN, M.; HOLLENBERG, J.; AND FiscHeR, E. Alcohol and drug disorders among
physically abusive and neglectful parents in a community-based sample. American
Journal of Public Health 84(10):1586-1590, 1994. PMID: 7943475

King, K.M., anp CHassin, L. A prospective study of the effects of age of initiation of alco-
hol and drug use on young adult substance dependence. Journal of Studies on Alcohol
and Drugs 68(2):256-265, 2007. PMID: 17286344

Komro, K.A.; MaLboNADO-MoLiNa, M.M.; ToBLer, A.L.; ET AL. Effects of home access and
availability of alcohol on young adolescents’ alcohol use. Addiction
102(10):1597-1608, 2007. PMID: 17854336

Lasouvie, E.; BaTes, M.E.; AND PanDINA, R.J. Age of first use: Its reliability and predictive
utility. Journal of Studies on Alcohol 58(6):638-643, 1997. PMID: 9391924

Martson, S.N.; ScHoenriELD, A.M.; AND RiLEy, E.P. Teratogenic effects of alcohol on brain
and behavior. Alcohol Research & Health 25(3):185-191, 2001. PMID: 11810956

McCruskey, C. P.; Kroun, M.D.; Lizotre, A.J.; and Robriauez, M.L. Early substance use and
school achievement: An examination of Latino, White, and African American youth.
Journal of Drug Issues 32(2):921-944, 2002.

McGue, M., AnD Iacono, W.G. The association of early adolescent problem behavior with
adult psychopathology. American Journal of Psychiatry 162(6):1118-1124, 2005.
PMID: 15930060

McGue, M., anD Iacono, W.G. The adolescent origins of substance use disorders.
Infernational Journal of Methods in Psychiafric Research 17(Suppl. 1):S30-S38, 2008.
PMID: 18543360

McMorris, B.J.; CATALANO, R.F.; Kiv, M.J.; €T AL. Influence of family factors and supervised
alcohol use on adolescent alcohol use and harms: Similarities between youth in differ-
ent alcohol policy contexts. Journal of Studies on Alcohol and Drugs 72(3): 418-428,
2011. PMID: 21513678

Nic GABHAINN, S., AND Francois, Y. Substance use. In: Currie, C., Hurrelmann, K.,
Seftertobulte, W., et al., Eds. Health Behaviour in School-Aged Children: A WHO Cross-
National Study (HBSC) International Report. Copenhagen, Denmark: World Health
Organization Regional Office for Europe, 2000. Available at hwwp://www.hbsc.org/pub-
lications/infernational/. Accessed May 14, 2012.

OusoN, H.C.; Sampson, P.D.; BArr, H.; €T AL. Prenatal exposure to alcohol and school prob-
lems in late childhood: A longitudinal prospective study. Development and
Psychopathology 4(3):341-359, 1992,

Parra, G.R.; O'NEiLL, S.E.; AND SHER, K.J. Reliability of self-reported age of substance
involvement onset. Psychology of Addictive Behaviors 17(3):211-218, 2003. PMID:
14498815

PeDERSEN, W., AND SKRONDAL, A. Alcohol consumption debut: Predictors and conse-
quences. Journal of Studies on Alcohol 59(1):32-42, 1998. PMID: 9498313

Rasmussen, C. Executive functioning and working memory in fetal alcohol spectrum dis-
order. Alcoholism: Clinical and Experimental Research 29(8):1359-1367, 2005. PMID:
16131842

REHM, J; BALIUNAS, D; BoreEs, G.L.; ET AL. The relation between different dimensions of
alcohol consumption and burden of disease: An overview. Addictfion 105(5):817-843,
2010. PMID: 20331573

RicHARDSON, G.A., Ryan, C., WiLLForD, J., ET AL. Prenatal alcohol and marijuana exposure:
Effects on neuropsychological outcomes at 10 years. Neurotoxicology and Teratology
24(3):309-320, 2002. PMID: 12009486

RiDENOUR, T.A.; CLark, D.B.; anp CortLer, L.B. The illustration-based Assessment of Liability
and EXposure to Substance use and Antisocial behavior® for children. American
Journal of Drug and Alcohol Abuse 35(4):242-252, 2009. PMID: 20180677

RIDENOUR, T.A.; MINNES, S.; MaLDONADO-MOLINA, M.M.; €T AL. Psychometrics and cross-cultur-
al comparisons of the illustration-based Assessment of Liability and Exposure to
Substance Use and Antisocial Behavior® for children. Open Family Studies Journal
4(Suppl. 1-M2):17-26, 2011.

Children and Preadolescents | 191



Scruckir, M.A. A clinical model of genetic influences in alcohol dependence. Journal of
Studies on Alcohol 55(1):5-17, 1994. PMID: 8189726

SHER, K.J. Children of Alcoholics: A Critical Appraisal of Theory and Research. Chicago,
IL: University of Chicago Press, 1991.

STREISSGUTH, A.P.; BARR, H.M.; BooksTeI, F.L.; ET AL. The long-ferm neurocognitive conse-
quences of prenatal alcohol exposure: A 14-year study. Psychological Science
10(3):186-190, 1999.

Stueve, A., and O’DonneLL, L.N. Early alcohol initiation and subsequent sexual and alco-
hol risk behaviors among urban youths. American Journal of Public Health
95(5):887-893, 2005. PMID: 15855470

Substance Abuse and Mental Health Services Administration (SAMHSA). Results from
the 2010 National Survey on Drug Use and Health: Summary of National Findings
(NSDUH Series H-41, HHS Publication No. SMA 11-4658). Rockville, MD: Center for
Behavioral Health Statistics and Quality, SAMHSA, 2011.

SAMHSA. Treatment Episode Data Set (TEDS): 1996-2006. National Admissions to
Substance Abuse Treatment Services (DASIS Series: S-43, DHHS Publication No. SMA
08-4347). Rockville, MD: Office of Applied Studies, SAMHSA, 2008.

Sune, M.; Erkan, A.; ANGoLD, A.; AND CosTELLo, E.J. Effects of age at first substance use
and psychiatric comorbidity on the development of substance use disorders. Drug and
Alcohol Dependence 75(3):287-299, 2004. PMID: 15283950

TiDestey, E.A.; anD Anprews, J.A. The development of children’s intentions to use alco-
hol: Direct and indirect effects of parent alcohol use and parenting behaviors.
Psychology of Addictive Behaviors 22(3):326-339, 2008. PMID: 18778126

U.S. Department of Transportation. Traffic Safety Facts, 2009 Data: Children. Washington,
DC: National Highway Traffic Safety Administration, 2011. DOT HS 811 387. Available at:
http://www-nrd.nhtsa.dot.gov/Pubs/811387.pdf. Accessed May 14, 2012.

192 |A|COh0| Research: Current Reviews

VAN DEN EUNDEN, R.; VAN De MHeeN, D.; VET, R.; anp VermuLsT, A. Alcohol-specific parenting
and adolescents’ alcohol-related problems: The interacting roles of alcohol availability
and parental rules. Journal of Studies on Alcohol and Drugs 72(3):408-417. 2011.
PMID: 21513677

VAN DER VORST, H.; ENGELs, R.C.; aNp Burk, W.J. Do parents and best friends influence the
normative increase in adolescents’ alcohol use at home and outside the home?
Journal of Studies on Alcohol and Drugs 71(1):105-114, 2010. PMID: 20105420

VoeeL, C.; Caraccio, T.; Morenson, H.; AND Harr, S. Alcohol intoxication in young children.
Journal of Toxicology. Clinical Toxicology 33(1):25-33, 1995. PMID: 7837310

WARNER, L.A.; WHITE, H.R.; AND JoHnson, V. Alcohol initiation experiences and family histo-
ry of alcoholism as predictors of problem-drinking trajectories. Journal of Studies on
Alcohol and Drugs 68(1):56-65, 2007. PMID: 17149518

WEcHSLER, H.; DowpaLL, G.W.; Davenporr, A.; AND Rivm, E.B. A gender-specific measure of
binge drinking among college students. American Journal of Public Health
85(7):982-985, 1995. PMID: 7604925

ZAKRAJSEK, J.S.; AND SHope, J.T. Longitudinal examination of underage drinking and sub-
sequent drinking and risky driving. Journal of Safety Research 37(5):443-451, 2006.
PMID: 17123546

Zucker, R.A.; Donovan, J.E.; Masten, A.S.; €T AL. Early developmental processes and the
continuity of risk for underage drinking and problem drinking. Pediatfrics 121(Suppl.
4):5252-5272, 2008. PMID: 18381493

Zucker, R.A.; DoNovan, J.E.; Masten, A.S.; ET AL. Developmental processes and mecha-
nisms: Ages 0-10. Alcohol Research & Health 32(1):16-29, 2009.

Zucker, R.A.; Wone, M.M.; PurLer, L.I.; anp Firzeerap, H.E. Resilience and vulnerability
among sons of alcoholics: Relationship to developmental outcomes between early
childhood and adolescence. In Luthar, S., Ed. Resilience and Vulnerability: Adaptation
in the Context of Childhood Adversities. New York: Cambridge University Press, 2003,
pp. 76-103.



Alcohol and Mortality

Global Alcohol-Attributable Deaths
From Cancer, Liver Cirrhosis, and
Injury in 2010

Jirgen Rehm, Ph.D., and Kevin D. Shield, MH.Sc.

Alcohol consumption has long been recognized as a risk
factor for mortality. By combining data on alcohol per capita
consumption, alcohol-drinking status and alcohol-drinking
patterns, risk relationships, and mortality, the Comparative
Risk Assessment Study estimated alcohol-attributable
mortality for 1990 and 2010. Alcohol-attributable cancer,
liver cirrhosis, and injury were responsible for the majority of
the burden of alcohol-attributable mortality in 1990 and
2010. In 2010, alcohol-attributable cancer, liver cirrhosis,
and injury caused 1,500,000 deaths (319,500 deaths
among women and 1,180,500 deaths among men) and
51,898,400 potential years of life lost (PYLL) (9,214,300
PYLL among women and 42,684,100 PYLL among men). This
represents 2.8 percent (1.3 percent for women and 4.1
percent for men) of all deaths and 3.0 percent (1.3 percent
for women and 4.3 percent for men) of all PYLL in 2010. The
absolute mortality burden of alcohol-attributable cancer, liver
cirrhosis, and injury increased from 1990 to 2010 for both
genders. In addition, the rates of deaths and PYLL per
100,000 people from alcohol-attributable cancer, liver
cirrhosis, and injury increased from 1990 to 2010 (with the
exception of liver cirrhosis rates for women). Results of this
paper indicate that alcohol is a significant and increasing risk
factor for the global burden of mortality. Kev worbps: Alcohol
consumption; alcohol burden; alcohol-attributable
mortality; alcohol-attributable fractions; global alcohol-
attributable mortality; risk factor; cancer; liver cirrhosis;
injury; burden of disease; Global Burden of Disease and
Injury study

Alcohol and Mortality

Alcohol is causally linked to more than 200 different diseases,
conditions, and injuries (as specified in the International
Classification of Diseases, Revision 10 [ICD-10] three-digit
codes [see Rehm 2011; Rehm et al. 2009; Shield et al., 2013¢
[pp. 155-173 of this issue]). All of these disease, condition,
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and injury categories cause mortality and disability, and,
thus, alcohol consumption causes a net burden of mortality
and disability (Rothman et al. 2008). However, certain pat-
terns of alcohol consumption are protective for ischemic dis-
eases (Roerecke and Rehm 20124) and diabetes (Baliunas et
al. 2009), and, thus, alcohol can prevent death and disability
from these causes. The total mortality and disability caused
by and prevented by the consumption of alcohol is calcu-
lated by comparing the expected mortality under current
conditions to a counterfactual scenario where no one has
consumed alcohol (Ezzati et al. 2006; Walter 1976).
Although the counterfactual scenario seems unrealistic as
almost one-half of the global population consumes alcohol
(for the most up-to-date statistics on alcohol consumption,
see Shield et al. 20134; World Health Organization 20114),
recent natural experiments in countries where there has been
a considerable reduction in alcohol consumption showed a
clear reduction in mortality (e.g., Russia) (Leon et al. 1997;
Neufeld and Rehm 2013). Accordingly, the calculations

of the deaths and disability caused by alcohol consumption
seem to correspond to real phenomena and, thus, could pre-
dict an approximate level of reduction in mortality if alcohol
consumption were to be reduced.

This article outlines the alcohol-attributable mortality
burden from three major causes: cancer, liver cirrhosis, and
injury. All three categories have long been identified as causally
linked to alcohol consumption. With respect to cancet, in
1988 the International Agency for Research on Cancer
established alcohol as a carcinogen (International Agency for
Research on Cancer 1988), and in its latest monograph has
found alcohol consumption to be causally associated with
oral cavity, pharynx, larynx, esophagus, liver, colon, rectum,
and female breast cancers (International Agency for Research
on Cancer 2010, 2012). Studies have shown that stomach
cancer may be associated with alcohol consumption, but
evidence on the causal relationship between stomach cancer
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and alcohol consumption is not yet conclusive (International
Agency for Research on Cancer 2012; Rehm and Shield, in
press). Biologically, it has been established that ethanol, and
not other ingredients of alcoholic beverages, is the ingredient
that mainly causes cancer (Lachenmeier et al. 2012), with
acetaldehyde (the first metabolite of ethanol) likely being the
most important biological carcinogen (International Agency
for Research on Cancer 2010, 2012; Rehm and Shield, in
press). In addition, observational studies have found a clear
dose-response relationship between alcohol consumption
and the risk of cancer, with no observed threshold for the
effect of alcohol, as an elevated risk of cancer has been observed
even for people who consume relatively low amounts of alcohol
(Bagnardi et al. 2013; Rehm et al. 20104).

Liver cirrhosis has been associated with alcohol consump-
tion, especially heavy consumption, since the seminal work
of Benjamin Rush (Rush 1785). The causal link between
alcohol consumption and liver cirrhosis is so strong and
important that the World Health Organization has created
a specific category for alcoholic liver cirrhosis (World Health
Organization 2007). As with cancer, there is a dose-response
relationship between alcohol consumption and the risk of
liver cirrhosis, with no lower threshold being observed (Rehm
et al. 2010¢); however, the majority of the effect can be seen
for heavy drinking (Rehm et al. 2010c).

The risk of injury also has been causally linked to alcohol
consumption, with this relationship fulfilling all of the classic
Bradford Hill criteria (e.g., consistency of the effect, tempo-
rality, a dose-repsonse relationship with the risk of an injury
[biological gradient]) (Rehm et al. 20034). The effect of
alcohol on injury is acute; the level of risk for both intentional
and unintentional injuries is clearly linked to blood alcohol
level (Taylor and Rehm 2012; Taylor et al. 2010), with a
very low threshold (Eckardt et al. 1998). There also is an
association between average consumption of alcohol and
injury (Corrao et al. 2004).

Alcohol-attributable cancer, liver cirrhosis, and injury
constitute the majority of the burden of alcohol-attributable
mortality. Collectively, they were responsible for 89 percent
of the net burden of alcohol-attributable mortality (i.e., the
mortality rate after including the beneficial effects of alcohol
on ischemic diseases and diabetes) and for 79 percent of the
gross burden of alcohol-attributable mortality (Shield et al.
20134) in the United States in 2005, for people 15 to 64
years of age. Additionally, they were responsible for 91 percent
of the net alcohol-attributable mortality and 79 percent of
the gross alcohol-attributable mortality in the European
Union (Rehm et al. 2012) and 80 percent of the net alcohol-
attributable mortality and 72 percent of the gross alcohol-
attributable mortality globally (Rehm et al. 2009) in 2004.
This article does not review the other causes of alcohol-
attributable deaths included in the latest Comparative Risk
Assessment (CRA) Study (Lim et al. 2012). The CRA study
estimates as published in December contained significant
errors in the calculation of alcohol-attributable cardiovascular
deaths, estimating that 33 percent of all ischemic heart disease

deaths were attributed to alcohol, which is an impossibility
as the relationship between alcohol consumption and this
disease category is mainly protective (for details on relation-
ship between alcohol and heart disease, see Roerecke and
Rehm 2010, 20124). A comparison with other alcohol-
attributable disease and protective effects will thus only

be possible once the corrected CRA results are published.

Methodology Underlying the Estimation of the
Mortality Burden of Alcohol-Attributable Diseases
and Injuries

The number of alcohol-attributable cancer, liver cirrhosis,
and injury deaths in 1990 and 2010 were estimated using
alcohol-attributable fractions (AAFs) (Benichou 2001;
Walter 1976, 1980). AAFs are calculated by comparing

the population risk of a disease under current conditions to a
counterfactual scenario where no one has consumed alcohol.
This is achieved by using information on the distribution of
levels of alcohol consumption and the associated relative
risks (RRs) (i.e., risks of disease for different levels of alcohol
consumption versus abstainers). These calculated AAFs

then were applied to mortality data obtained from the 2010
Global Burden of Disease (GBD) Study for 1990 and 2010
(Lim et al. 2012). Mortality data for 1990 and 2010 were
modelled using data on mortality from 1980 to 2010. Data
on mortality were imputed for those countries with little

or no data by using data from other countries and were
smoothed over time (in addition to other data corrections
procedures that corrected for cause of death recording errors)

(Lozano et al. 2012).

Calculating the Alcohol-Attributable Mortality Burden
of Cancer and Liver Cirrhosis

Alcohol consumption is causally related to mouth and
oropharynx cancers (ICD-10 codes: C00 to C14), esophageal
cancer (C15), liver cancer (C22), laryngeal cancer (C32),
breast cancer (C50), colon cancer (C18), and rectal cancer
(C20). Alcohol RR functions for cancer were obtained from
Corrao and colleagues (2004) (For information about the
causal relationship between alcohol and cancer, see Baan
et al. 2007; International Agency for Research on Cancer
2010.) The alcohol RR for liver cirrhosis (ICD-10 codes:
K70 and K74) was obtained from Rehm and colleagues
(Rehm et al. 2010¢). The above-noted RRs were modelled
based on drinking status and average daily alcohol consump-
tion among drinkers. The same RRs were used to estimate
the AAFs by country, sex, and age for 1990 and for 2010.
Alcohol-drinking statuses and adult (people 15 years of
age and older) per capita consumption data for 1990 were
obtained from various population surveys (Shield et al.
20136), and the Global Information System on Alcohol and
Health (available at: http://apps.who. int/ghodata/?theme=
GISAH), respectively. Data on drinking status and adult per
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capita consumption for 2010 were estimated by projections
(performed using regression analyses) using data from years
prior to 2010 (Shield et al. 20134). Average daily alcohol
consumption was modelled using a gamma distribution
(Rehm et al. 20106) and data on per capita consumption for
1990, which was projected to 2010 (Shield et al. 20134).
(For more information on the methodology of how alcohol
consumption was modelled, see Kehoe et al. 2012; Rehm et
al. 20106). This paper presents alcohol consumption data
from 2005, the latest year with actual data available.

Calculating the Alcohol-Attributable Mortality Burden
of Injuries

The burden of injury mortality attributable to alcohol con-
sumption was modelled according to methodology outlined
by Shield and colleagues (2012), using risk information
obtained from a meta-analysis (Taylor et al. 2010) and alcohol
consumption data from 1990 and 2010. The risk of an
injury caused to the drinker over a year was calculated based
on alcohol consumed during normal drinking occasions and
alcohol consumed during binge-drinking occasions. Alcohol-

attributable injuries caused to nondrinkers also were estimated

(Shield et al. 2012).

Global Consumption of Alcohol

In 2005 adult per capita consumption of alcohol was 6.1
litres of pure alcohol. Figure 1 shows the adult per capita
consumption of alcohol by country. Alcohol consumption
per drinker in 2005 was 17.1 litres (9.5 litres per female
drinker and 20.5 litres per male drinker). Of all adults, 45.8
percent were lifetime abstainers (55.6 percent of female
adults and 36.0 percent of male adults), 13.6 percent were
former drinkers (13.1 percent of female adults and 14.1 per-
cent of male adults), and 40.6 percent were current drinkers
(31.3 percent of female adults and 49.9 percent of male adults).
The global pattern of drinking score (a score from 1 to 5
that measures the harmfulness of alcohol drinking patterns,
with 1 being the least harmful and 5 being the most harmful
[Rehm et al. 20034]) was 2.6 in 2005 and ranged from 4.9
for Eastern Europe to 1.5 for Western Europe. Thus, alcohol
consumption in Eastern Europe can be characterized by fre-

Adult per capita consumption of pure alcohol (I per adult)
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Figure 1 Adult per capita consumption of pure alcohol by country in 2005.

NOTE: More detailed information can be obtained from the author.
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quent heavy alcohol consumption outside of meals and
drinking to intoxication.

Global Alcohol-Attributable Mortality From Cancer

In 2010, alcohol-attributable cancer caused 337,400 deaths
(91,500 deaths among women and 245,900 deaths among
men) and 8,460,000 PYLL (2,143,000 PYLL among
women and 6,317,000 PYLL among men). This burden

is equal to 4.9 deaths per 100,000 people (2.7 deaths per
100,000 women and 7.1 deaths per 100,000 men) and
122.8 PYLL per 100,000 people (62.8 PYLL per 100,000
women and 181.9 PYLL per 100,000 men). Stated another
way, alcohol-attributable cancer was responsible for 4.2 per-
cent of all cancer deaths in 2010 and 4.6 percent of all PYLL
caused by cancer. Figure 2 shows the number of alcohol-
attributable cancer deaths per 100,000 people by region in
2010. Eastern Europe had the highest burden of mortality
and morbidity from alcohol-attributable cancer, with 10.3
deaths and 272.0 PYLL per 100,000 people. North Africa
and the Middle East had the lowest mortality burden of

alcohol-attributable cancer, with 0.6 deaths and 17.1 PYLL
per 100,000 people.

In 1990, alcohol-attributable cancer caused 243,000
deaths worldwide (70,700 deaths among women and 172,300
deaths among men) and 6,405,700 PYLL (1,762,200 PYLL
among women and 4,643,500 PYLL among men). This
mortality burden is equal to 4.6 deaths per 100,000 people
(2.7 deaths per 100,000 women and 6.5 deaths per 100,000
men) and 120.8 PYLL per 100,000 people (67.0 PYLL per
100,000 women and 173.9 PYLL per 100,000 men) caused
by alcohol-attributable cancer. From 1990 to 2010 the abso-
lute mortality burden of alcohol-attributable cancer (mea-
sured in deaths and PYLL) and the rates of deaths and PYLL
per 100,000 people have each increased.

Global Alcohol-Attributable Mortality From Liver
Cirrhosis

In 2010, alcohol-attributable liver cirrhosis was responsible
for 493,300 deaths worldwide (156,900 deaths among
women and 336,400 deaths among men) and 14,327,800 PYLL
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Figure 2 Alcohol-attributable cancer deaths per 100,000 people in 2010 by global-burden-of-disease region.

NOTE: More detailed information can be obtained from the author.
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(4,011,100 PYLL among women and 10,316,800 PYLL
among men). This mortality burden is equal to 7.2 deaths
per 100,000 people (4.6 deaths per 100,000 women and 9.7
deaths per 100,000 men) and 208.0 PYLL per 100,00 peo-
ple (117.5 PYLL per 100,000 women and 297.0 PYLL per
100,000 men) caused by alcohol-attributable liver cirrhosis
in 2010. Overall, in 2010 alcohol-attributable liver cirrhosis
was responsible for 47.9 percent of all liver cirrhosis deaths
and 47.1 percent of all liver cirrhosis PYLL. Figure 3 out-
lines the number of alcohol-attributable liver cirrhosis deaths
per 100,000 people by region in 2010, showing strong
regional variability.

In 1990, alcohol-attributable liver cirthosis was responsi-
ble for 373,200 deaths worldwide (125,300 deaths among
women and 247,900 deaths among men) and 10,906,200
PYLL (3,253,300 PYLL among women and 7,652,900
PYLL among men). That is, 7.0 deaths per 100,000 people
(4.8 deaths per 100,000 women and 9.3 deaths per 100,000
men) and 205.7 PYLL per 100,000 people (123.7 PYLL per
100,000 women and 286.6 PYLL per 100,000 men) were
caused by liver cirrhosis attributable to alcohol consumption.
From 1990 to 2010, the absolute mortality burden of alcohol-

attributable liver cirrhosis (measured in deaths and PYLL)
and this mortality burden per 100,000 people have each
increased (except for women, where alcohol-attributable liver

cirrhosis deaths and PYLL per 100,000 decreased slightly).

Global Alcohol-Attributable Mortality From Injury

Globally in 2010, alcohol-attributable injuries were responsi-
ble for 669,300 deaths (71,100 deaths among women and
598,200 deaths among men) and 29,110,600 PYLL
(3,060,200 PYLL among women and 26,050,400 PYLL
among men). This mortality burden is equal to 9.7 deaths
per 100,000 people (2.1 deaths per 100,000 women and
17.2 deaths per 100,000 men) and 422.6 PYLL per 100,000
people (89.6 PYLL per 100,000 women and 750.0 PYLL
per 100,000 men). Overall, in 2010 alcohol-attributable
injuries were responsible for 13.2 percent of all injury deaths
and 12.6 percent of all injury PYLL. Figure 4 outlines the
number of alcohol-attributable injury deaths per 100,000
people in 2010. Eastern Europe had the greatest mortality
burden of alcohol-attributable injuries, with 76.7 deaths and
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Figure 3 Alcohol-attributable liver cirrhosis deaths per 100,000 people in 2010 by global-burden-of-disease region.

NOTE: More defailed information can be obtained from the author.
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3,484.7 PYLL per 100,000 people, whereas North Africa
and the Middle East had the lowest mortality burden, with
2.0 deaths and 117.2 PYLL per 100,000 people.

In 1990, alcohol-attributable injuries were responsible
for 485,100 deaths (54,700 deaths among women and
430,400 deaths among men) and 21,934,800 PYLL (2,409,100
PYLL among women and 19,525,700 PYLL among men),
equal to 9.2 deaths (2.1 deaths per 100,000 women and
16.1 deaths per 100,000 men) and 413.8 PYLL per 100,000
people (91.6 PYLL per 100,000 women and 731.3 PYLL
per 100,000 men). The absolute number of alcohol-
attributable injury deaths and PYLL and the number of
alcohol-attributable injury deaths and PYLL per 100,000
people each increased from 1990 to 2010.

Appendix 1 presents the number and percentage of
alcohol-attributable cancer, liver cirrhosis, and injury deaths
and PYLL by GBD study region for 1990 and 2010. Appendix
2 presents the number of alcohol-attributable cancer, liver
cirrhosis, and injury deaths per 100,000 people. Unlike fig-
ures 1, 2, and 3, the figures in Appendix 2 use the same scale
for each cause of death.

Global Alcohol-Attributable Cancer, Liver
Cirrhosis, and Injury Mortality As Part of
Overall Mortality

In 2010, alcohol-attributable cancer, liver cirrhosis, and injury
caused 1,500,000 deaths (319,500 deaths among women
and 1,180,500 deaths among men). This represents 2.8 percent
of all deaths (1.3 percent of all deaths among women and
4.1 percent of all deaths among men), or 21.8 deaths per
100,000 people (9.4 deaths per 100,000 women and 34.0
deaths per 100,000 men). In 1990, alcohol-attributable cancer,
liver cirrhosis, and injury caused 1,101,400 deaths (250,800
deaths among women and 850,600 deaths among men),
representing 20.8 deaths per 100,000 people (9.5 deaths per
100,000 women and 31.9 deaths per 100,000 men). The
table outlines the mortality burden (measured in deaths and
PYLL) of alcohol-attributable cancer, liver cirrhosis, and
injury for 1990 and 2010 by age and by sex. Compared with
the mortality burden in 1990, the absolute number of alcohol-
attributable deaths from cancer, liver cirrhosis, and injury in
2010 is higher, and the rate of deaths per 100,000 also
increased for men but decreased slightly for women in 2010.

Figure 4 Alcohol-attributable injury deaths per 100,000 people in 2010 by global-burden-of-disease region.

NOTE: More detailed information can be obtained from the author.
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The burden of mortality from alcohol-attributable cancer,
liver cirrhosis, and injury led to 51,898,400 PYLL (9,214,300
PYLL among women and 42,684,100 PYLL among men) in
2010 and 39,246,800 PYLL (7,424,600 PYLL among
women and 31,822,100 PYLL among men) in 1990. This
mortality burden represents 3.0 percent (1.3 percent for
women and 4.3 percent for men) of all PYLL in 2010 and
2.0 percent (0.9 percent for women and 2.9 percent for
men) of all PYLL in 1990. In 2010, alcohol-attributable
cancet, liver cirrhosis, and injury led to 753.4 PYLL per
100,000 people (269.8 PYLL per 100,000 women and
1,228.9 PYLL per 100,000 men) and to 740.4 PYLL per
100,000 people (282.2 PYLL per 100,000 women and
1,191.9 per 100,000 men) in 1990. Again, the overall rates
of PYLL per 100,000 people increased, but this effect was
attributed to increases for men, coupled with slight decreases
for women.

Measurement Limitations

The methods used to estimate the number of alcohol-
attributable cancer, liver cirrhosis, and injury deaths and
PYLL have limitations as a result of the available data on
mortality and the measurement of alcohol consumption and
RRs. Most low- and middle-income countries do not have
reliable mortality data and measurement of adult mortality
in these countries (through verbal autopsies or surveys) is
infrequent. Therefore, estimates of mortality and PYLL have
a large degree of uncertainty (Wang et al. 2012). Additionally,
for high-income countries, information concerning the cause
of death has long been acknowledged as containing inaccu-
racies (James et al. 1955), and more recent studies have
confirmed considerable degrees of error in this information
(Nashelsky and Lawrence 2003; Shojania et al. 2003). To
adjust for inaccuracies and inconsistencies in mortality data,

Table 1 Deaths and Years of Life Lost (YLL) From Cancer, Liver Cirrhosis, and Injuries Attributable to Alcohol Consumption in 1990 and 2010

Year Gender Age (Years) Deaths % Of All Deaths YLL % Of All YLL
1990 Women 0fo 15 4,000 0.1 324,400 0.1
1510 34 22,300 1.5 1,349,500 1.5
3510 64 128,700 2.9 4,437,000 3.0
65+ 95,800 1.0 1,313,800 1.1
Total 250,800 1.2 7,424,600 0.9
Men 0fo 15 6,700 0.1 540,400 0.1
1510 34 174,400 8.4 10,547,900 8.4
3510 64 502,600 7.4 18,167,100 7.8
65+ 166,800 1.8 2,566,700 2.0
Total 850,600 3.4 31,822,100 2.9
Total Total 1,101,400 24 39,246,800 2.0
2010 Women 0to 15 3,800 0.1 313,800 0.1
1510 34 28,800 1.7 1,741,700 1.7
3510 64 162,000 3.1 5,570,800 3.1
65+ 124,800 0.9 1,587,900 1.1
Total 319,500 1.3 9,214,300 1.3
Men 0to 15 6,100 0.1 492,400 0.1
1510 34 214,900 8.5 12,972,300 8.5
3510 64 709,200 7.9 25,549,800 8.2
65+ 250,300 1.9 3,669,500 2.2
Total 1,180,500 4.1 42,684,100 4.3
Total Total 1,500,000 2.8 51,898,400 3.0

NOTE: More detailed information can be obtained from the author.
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the 2010 GBD study modelled the number of deaths math-
ematically (Wang et al. 2012).

Survey data measuring alcohol consumption, patterns of
alcohol consumption, and the prevalence of lifetime abstainers,
former drinkers, and current drinkers also are susceptible
to numerous biases (Shield and Rehm 2012). To correct for
the undercoverage that is observed when alcohol consump-
tion is measured by population surveys (as compared with
per capita consumption of alcohol), alcohol consumption
was modelled by triangulating per capita and survey data
(see above). Total alcohol consumption was set to 80 percent
of per capita consumption in order to account for alcohol
produced and/or sold, but not consumed, and to account
for the undercoverage of the alcohol consumption typically
observed in studies that calculate the alcohol RRs (Rehm et
al. 20106). Additionally, although alcohol was measured
using adult per capita consumption and most people 14
years and younger do not consume alcohol or binge regularly,
some adolescents 10 to 14 years of age report previously trying
alcohol and previously being intoxicated (Windle et al. 2008).

The CRA was based on alcohol RR functions that typically
were differentiated by sex and adjusted for age, smoking status,
and other potentially confounding factors. The use of adjusted
RR functions may introduce bias into the estimated number
of deaths and PYLL that would not have occurred if no one
had ever consumed alcohol (Flegal et al. 2006; Korn and
Graubard 1999; Rockhill and Newman 1998). However,
most of the published literature on alcohol-as-a-risk-factor—
only reports adjusted RRs, and, thus, the use of unadjusted
alcohol RRs for the CRA study would have led to imprecise
estimates as a result of leaving out most of the studies. The
bias of using adjusted RRs is likely to be small, as most analyses
of the estimated RRs show no marked differences after
adjustment for the potentially confounding factors and effect
measure modifiers. Future CRA studies may require more
complex modelling techniques for alcohol if other dimensions
of alcohol consumption, such as irregular heavy-drinking
occasions, impact RR estimates.

Finally, this analysis did not account for a lag time for
the calculation methods used in this paper. This is especially
a problem for cancer, which has a lag time of 15 to 20 years
(Holmes et al. 2012; Rehm et al. 2007). In other words, the
alcohol-attributable deaths and PYLL in 2010 actually are
based on consumption patterns from 1990 to 1995, but in
this paper were estimated based on consumption in 1990
and 2010. Although liver cirrhosis also is a chronic disease
that develops over time like cancer (Rehm et al. 20134), the
impact of population-level consumption on liver cirrhosis
deaths can be quite abrupt. For example, Gorbachev’s anti-
alcohol campaign was reflected in a clear reduction in Russia’s
liver cirrhosis mortality (Leon 1997). Likewise, the German
seizure of alcohol in France in World War II led to reduced
cirrhosis mortality (Zatonski et al. 2010). Most of the effect
of alcohol consumption on liver cirrhosis probably is cap-
tured within 1 year (Holmes et al. 2012). For injury, with
the exception of suicide, there is no noticeable lag time as

the risk of injury is associated with blood alcohol content
(Taylor and Rehm 2012; see also Cherpitel 2013).

Implications of Alcohol-Attributable Mortality

In 1990 and in 2010, alcohol consumption had a huge
impact on mortality. Regions such as Europe (especially
Eastern Europe) and parts of Sub-Saharan Africa (especially
south Sub-Saharan Africa) that have a high per capita con-
sumption of alcohol and detrimental drinking patterns are
more affected by alcohol consumption compared with other
regions. It is important to note that the alcohol-attributable
mortality burden is composed of two elements: AAF and the
overall mortality burden of the respective disease. Accordingly,
the observed overall increase from 1990 to 2010 in alcohol-
attributable cancer, liver cirrhosis, and injury deaths and

in PYLL can be attributed to two different sources: (1) an
increase in the number of cancer, liver cirrhosis, and injury
deaths (mainly attributed to increases of these deaths in low-
to middle-income countries) (Lozano et al. 2012) and (2) an
increase in alcohol consumption in low- to middle-income
countries (Shield et al. 20135).

Low- and middle-income countries have higher rates
of alcohol-attributable mortality per 100,000 people, even
though these countries typically have lower AAF (as their
overall burden of mortality is higher). Economic wealth is
correlated with overall mortality (Lozano et al. 2012), and,
thus, the mortality burden per litre of alcohol consumed is
highest in low-income countries, followed by middle-income
countries (Rehm et al. 2009; Schmidt et al. 2010). It follows,
therefore, that increases in the alcohol-attributable mortality
burden in low- and middle-income countries attributed to
economic growth may be able to be reduced or controlled
for by implementing alcohol control policies such as taxation
(Shield et al. 2011; Sornpaisarn et al. 20124, 4, 2013), bans
on advertising, and restrictions on availability (Anderson et
al. 2009; World Health Organization 20114) preferably
while maintaining the relatively high levels of abstention in
these countries.

The typical causes of death associated with alcohol use
disorders are liver cirrhosis and injuries, (i.c., exactly the cat-
egories described in this article). Liver cirrhosis and injuries,
and to a lesser degree cancer, may primarily be responsible
for the high proportion of alcohol-attributable mortality
explained by alcohol use disorders (Rehm et al. 20134);
however, additional research is required to empirically confirm
this hypothesis. By increasing the rate of treatment for alcohol
use disorders (Rehm et al. 20134), the mortality burden of
alcohol-attributable diseases also can be reduced. Recent
research has shown that the mortality burden associated with
alcohol use disorders, albeit high, has been underestimated
(see Harris and Barraclough 1998 for the first meta-analysis;
and Callaghan et al. 2012; Campos et al. 2011; Guitart et al.
2011; Hayes et al., 2011; Saieva et al. 2012; Tikkanen et al.
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2009 for recent papers that observed a markedly higher mor-
tality risk than in the first meta-analysis). W
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Focus on: The Burden of Alcohol
Use—Trauma and Emergency
Outfcomes

Cheryl J. Cherpitel, Dr.P.H.

Hospital emergency departments (EDs) see many patients with
alcohol-related injuries and therefore frequently are used fo
assess the relationship between alcohol consumption and injury
risk. These studies typically use either case—control or
case—crossover designs. Case-control studies, which compare
injured ED patients with either medical ED patients or the
general population, found an increased risk of injury after
alcohol consumption, but differences between the case and
control subjects partly may account for this effect.
Case—-crossover designs, which avoid this potential confounding
factor by using the injured patients as their own control
subjects, also found elevated rates of injury risk after alcohol
consumption. However, the degree to which risk is increased
can vary depending on the study design used. Other factors
influencing injury risk include concurrent use of other drugs and
drinking patterns. Additional studies have evaluated cross-
country variation in injury risk as well as the risk by type (i.e.,
intentional vs. unintentional) and cause of the injury. Finally, ED
studies have helped defermine the alcohol-attributable fraction
of injuries, the causal aftribution of injuries to drinking, and the
impact of others” drinking. Although these studies have some
limitations, they have provided valuable insight into the
association between drinking and injury risk. Key worps: Alcohol
consumption; alcohol-related injury; alcohol and drug
related—injury; alcohol-attributable fractions; risk factors;
alcohol and other drug-induced risk; hospital; emergency
department; emergency room; emergency care; trauma;
injury; intentional injury; unintentional injury; patients;
case—control studies; case—crossover studies

and mortality related to both intentional (i.e., violence-

related) and unintentional injury. In 2000, 16.2 percent
of deaths and 13.2 percent of disability-adjusted life years
(DALYs) from injuries, worldwide, were estimated to be
attributable to alcohol (Rehm et al. 2009). Alcohol affects
psychomotor skills, including reaction time, as well as cogni-
tive skills, such as judgment; as a result, people drinking alcohol
often place themselves in high-risk situations for injury.

Much of the data linking alcohol with nonfatal injuries

have come from studies conducted in hospital emergency
departments (EDs). As described in this article, in these set-
tings the prevalence of alcohol involvement in the patients’
injuries, as measured by a positive blood alcohol concentra-
tion (BAC) at the time of arrival in the ED or self-reported

Alcohol consumption is a leading risk factor for morbidity
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drinking prior to the injury event, is substantial. To accu-
rately assess the relationship between alcohol use and injury
risk, ED studies generally have used probability sampling
designs, in which all times of day and days of the week are
represented equally. This approach circumvents biases associ-
ated with sampling that might occur, for example, if samples
were identified only on weekend evenings, when a higher
prevalence of drinking and, possibly, of injury might be
expected. Although the high prevalence rates mentioned
above suggest that alcohol is an important risk factor for
injury, they do not provide the information necessary to
evaluate the actual level of risk for injury at which drinking
places the individual.

Data to establish drinking-related risk of both intentional
and unintentional injury in ED samples generally have come
from two types of study design: case—control studies and
case—crossover studies. This article summarizes the findings
of these studies and explores specific aspects of the relation-
ship between alcohol use and injury risk.

Risk of Injury in ED Studies

Case-Control Studies

Two types of case—control studies have been used to estimate
the risk of injury from drinking for patients treated in the
ED. The most commonly used type of case—control study
uses noninjured (i.e., medical) patients attending the same
ED during the same period of time as quasi-control subjects.
These patients presumably come from the same geographic
area as the injured patients and likely share other characteris-
tics (e.g., socioeconomic status). Researchers conducted a
meta-analysis of 15 ED studies conducted in 7 countries that
participated in the Emergency Room Collaborative Alcohol
Analysis Project (ERCAAP) (Cherpitel et al. 20034) and
which all used the same methodology and instrumentation.
The studies only included those patients who arrived at the
ED within 6 hours of the injury event and excluded those
medical patients who primarily were admitted to the ED

for alcohol intoxication or withdrawal symptoms. The meta-
analysis found a pooled odds ratio (OR) of injury associated
with a positive BAC (20.01 percent) of 2.4 (95% CI = 1.9—
3.0);! moreover, the OR was higher (OR = 2.9) for patients
with higher BAC levels (=0.10 percent) (Ye and Cherpitel

T The OR is the ratio between the risk that o person with a certain characteristic (e.g., positive BAC)
experiences a certain outcome (e.g., an injury) and the risk that a person without that characteristic
experiences the same outcome. In other words, an OR of 2.4 indicates that people who have a posi-
five BAC are 2.4 times as likely to be injured as people without a positive BAC.

Cheryl J. Cherpitel, Dr.P.H. is a senior scienfist in the
Alcohol Research Group, Emeryville, California.



2009). A similar likelihood of injury (OR = 2.1) was found
for patients who reported drinking within 6 hours prior to
the injury event, regardless of time of arrival in the ED.

One concern with this approach of using medical patients
as control subjects for injured patients is the possibility of
underestimating the true risk of drinking associated with
injury. Noninjured patients have been found to be heavier
drinkers than people in the general population from which
they come who do not seek emergency care (Cherpitel
1993). Thus, these patients may be attending the ED for
conditions related to their drinking (in addition to those
associated with alcohol intoxication or withdrawal).

In the second type of case—control study used to estimate
risk of injury from drinking in ED patient samples, people
in the general population of the community from which the
ED patients come are used as control subjects. These indi-
viduals presumably are free of conditions that may be related
to their drinking. Only four such studies have been reported
to date, including two from Australia (Mcleod et al. 1999;
Watt et al. 2004) and one each from the United States (Vinson
et al. 2003) and Mexico (Borges et al. 1998). In these studies,
the ORs ranged from 6.7 in the Mexican study to 3.1 in the
U.S. study and around 2.0 in the Australian studies. Moreover,
both the U.S. and the Australian studies demonstrated a
dose-response relationship.

Case-Crossover Studies

The second study design used to estimate the risk of injury
from alcohol consumption is the case—crossover study
(Maclure 1991). This approach is thought to circumvent

at least some of the problems raised with the case—control
design, such as demographic and others differences between
case and control subjects that may be related to both alcohol
consumption and likelihood of injury. There are two approaches
to the case—crossover design, both of which use injured
patients as their own control subjects, thereby theoretically
reducing confounding of the alcohol-injury relationship
from stable risk factors, such as age and gender.

o The matched-interval approach. Studies using the matched-
interval approach compare drinking within 6 hours prior
to the injury event with drinking during a predetermined
control period, such as the same 6-hour period during
the previous day or previous week. Such studies have reported
ORs ranging from 3.2 (based on any drinking at the
same time the previous day) (Vinson et al. 2003) to 5.7
in a 10-country study (based on any drinking at the same
time the previous week) (Borges et al. 20064). Both studies
demonstrated a dose-response relationship. Thus, the analysis
of Vinson and colleagues (2003) determined ORs ranging
from 1.8 with consumption of 1 to 2 drinks prior to injury
to 17 with consumption of 7 or more drinks. Likewise,
Borges and colleagues (20066) found ORs ranging from
3.3 with consumption of one to two drinks to 10.1 with
consumption of six or more drinks prior to injury.

o The usual-frequency approach. This approach compares
the patients’ drinking in the 6 hours preceding the injury
to their expected drinking during that time, based on
their usual frequency of drinking. In a study using this
approach that included 28 EDs across 16 countries, the
estimated ORs ranged from 1.05 (Canada) to 35.0
(South Africa), with a pooled estimate of 5.69 (95%

CI = 4.04-8.00) (Borges et al. 20064).

Comparison of Methods fo Estimate Risk

The results described above indicate that the estimates of risk
of injury in samples from the same country can vary depend-
ing on the method used. For example, in analyses across
eight countries participating in ERCAAP, analyses using the
case—control method found that the pooled OR of injury for
self-reported drinking prior to the event was 2.1, compared
with an OR of 5.2 when the usual-frequency method of
case—crossover analysis was used (Ye and Cherpitel 2009).
Furthermore, the World Health Organization (WHO)
Collaborative Study on Alcohol and Injury, which used the
case—crossover method across 12 countries, found a pooled
OR of injury of 6.8 using the usual-frequency approach,
compared with 5.7 using the matched-interval approach
(Borges et al. 20066). Case—control designs may underesti-
mate the risk of injury if noninjured control subjects are
presenting to the ED with other conditions related to their
drinking, whereas both the matched-interval and usual-
frequency approaches to the case—crossover design are subject
to recall bias of drinking in the past.

Effects of Other Factors on Risk of Injury

Effects of Other Drug Use

None of these estimates of risk of injury related to drinking
have taken into consideration other drug use at the time

of injury, although multiple substances commonly are used
together in ED populations (Buchfuhrer and Radecki 1996).
Other drug use might be expected to elevate the risk of
injury, either alone or in combination with alcohol; however,
this may not be the case. One study found an OR of 3.3 for
drinking within 6 hours prior to injury and an OR of 3.0
for drinking in combination with other drug use during the
same time; in contrast, drug use alone had no significant
effect on risk (Cherpitel et al. 20124). It is important to con-
sider that in this study the majority of drug users reported
using marijuana. However, given their different pharmaco-
logical properties, all drugs would not be expected to act in a
similar manner, either alone or in combination with alcohol.
Consequently, in other populations with different drug use
patterns the findings might be different.
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Effects of Usual Drinking Patterns

The risk of injury from drinking prior to the event (i.e.,
acute consumption) also is influenced by the drinker’s usual
drinking patterns (i.e., chronic consumption). Cherpitel and
colleagues (2004) found that the risk of injury from drink-
ing prior to the event was lower among frequent heavy
drinkers than among infrequent heavy drinkers, suggesting
that heavier drinkers may have developed tolerance against
some adverse effects of alcohol that lead to injury. Likewise,
in an analysis by Gmel and colleagues (2006), the risk of
injury was greater among usual light drinkers who occasion-
ally drink heavily (i.e., report episodic heavy drinking) than
among people who usually drink heavily but report no
episodic heavy drinking or among people who usually drink
heavily as well as report episodic heavy drinking.

Risk of Alcohol-Related Injury

Although acute alcohol consumption, modified by drinking
pattern, has been found to be associated with risk of injury,
drinking pattern also has been found to be associated with
risk of an alcohol-related injury? (defined as drinking within
6 hours prior to injury), with frequency of drinking among
non-heavy drinkers (Cherpitel et al. 20034) and both
episodic and frequent heavy drinking predictive of alcohol-
related injury (Cherpitel et al. 2012¢). An analysis of com-
bined data from ERCAAP and from the WHO Collaborative
Study on Alcohol and Injury across 16 countries found the
pooled risk of alcohol-related injury was increased with
heavy episodic drinking (OR = 2.7) as well as with chronic
high-volume drinking (OR = 3.5); moreover, the risk was
highest for people reporting both patterns of drinking (OR
= 6.1) (Ye and Cherpitel 2009).

Cross-country Variation in Risk of Injury

A great deal of variation has been found across countries in
risk of injury and risk of alcohol-related injury, and this het-
erogeneity seems to be associated with a country’s level of
detrimental drinking pattern (DDP). The DDP score,
which is based on aggregate survey data and key informant
surveys, is a measure developed for comparative risk assess-
ment in the WHO’s Global Burden of Disease study (Rehm
et al. 2004). It includes such indicators of drinking patterns
as heavy drinking occasions, drinking with meals, and drink-
ing in public places. The DDP has been assessed in a large
number of countries around the world as a measure of the
“detrimental impact” on health, and other drinking-related

harms, at a given level of alcohol consumption (Rehm et al.
2001, 2003). Countries with a higher level of DDP have

2 As used here, the ferm “alcohol-related injury” refers fo injuries where the patient reporfed using
alcohol in the 6-hour period immediately preceding the injury; in contrast, the term “injury” is used
here to refer to any injury, regardless of whether it was preceded by alcohol use or not.
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been found to have a higher risk of injury related to alcohol
than those with lower DDP scores (Cherpitel et al. 20056).

Risk by Type and Cause of Injury

Risk of injury from alcohol also varies by type (i.e., inten-
tional vs. unintentional) and cause of injury. For example,
Macdonald and colleagues (2006) found that the risk was
highest for violence-related (i.e., intentional) injuries. A
case—crossover analysis using the usual-frequency approach
that included data from 15 countries in the ERCAAP and
WHO projects found that greater variations across countries
existed in risk of an intentional injury than in risk of unin-
tentional injury; this difference was at least in part explained
by the level of DDP in a country (Cherpitel and Ye 2010).
Overall, the pooled OR for intentional injury related to
drinking in these countries was 21.5, compared with 3.37
for unintentional injury (Borges et al. 2009). Furthermore,
the risk of intentional injury showed a greater dose—response
association than the risk of unintentional injury (Borges et
al. 2009). Thus, the ORs for intentional injuries ranged
from 11.14 for one to two drinks prior to injury to 35.57
for five or more drinks during this time, whereas the ORs
for unintentional injuries ranged from 3.86 to 6.4, respec-
tively. Among the unintentional injuries, the risk also varied
depending on the cause of the injury. For example, the OR
was 5.24 for traffic-related injuries, compared with 3.39 for
injuries related to falls.

Alcohol-Attributable Fraction

Another variable that has been studied in the context of
assessing the risk of injuries after drinking is the alcohol-
attributable fraction (AAF). This variable represents the
proportional reduction in injury that would be expected if
the risk factor (i.e., drinking prior to injury) was absent; it
reflects the burden of injury in a given society that results
from alcohol use. The AAF also varies across countries in
ED studies, because it is related to both the risk of injury
and the prevalence of alcohol-related injury. In a case—control
study of 14 EDs from six countries in ERCAAP, the AAF
based on self-reported drinking within 6 hours prior to the
injury event varied from 0.5 percent to 18.5 percent for all
types of injury, and from 19.1 percent to 83.3 percent for
intentional injury (Cherpitel et al. 20054). The pooled esti-
mate from all EDs for the AAF was 5.8 percent for all types
of injury and 42.5 percent for intentional injury. In other
words, more than 40 percent of all intentional injuries would
not have occurred if the people involved had not been drinking.
Moreover, the investigators determined higher AAF estimates
for male than female subjects for both unintentional injuries
(5.5 percent vs. 1.7 percent) and intentional injuries (50.0
percent vs. 7.7 percent).



Causal Attribution
The ED studies in the ERCAAP and WHO projects also

assessed the patients’ causal attribution of their injuries to
their drinking—that is, patients were asked whether they
believed the injury would have occurred if they had not been
drinking. In an evaluation that included 15 countries, one-
half of the patients who reported drinking prior to injury
also reported a causal attribution (Cherpitel et al. 2006).
This information was used to establish a subjective AAF—an
AAF derived from the patient’s own causal attribution of
their injury to drinking. This subjective AAF then was com-
pared to the AAF obtained using the standard formula based
on the relative risk of injury from alcohol and prevalence of
drinking in the 6-hour period (i.c., the objective AAF) from
the six ERCAAP countries, as described above. This compar-
ison found that for unintentional injuries, the subjective
AAF generally was somewhat higher than the objective AAE
For intentional injuries, however, the subjective AAF was
substantially lower (i.e., 5.9 percent to 46.7 percent) than
the objective AAF (i.e., 24.9 percent to 83.3 percent) (Bond
and Macdonald 2009).

Others’ Drinking

Researchers also increasingly are interested in studying the
harm, including injury, resulting from other people’s drink-
ing. Evaluating these so-called externalities is important for a
fuller understanding of the burden of alcohol-related injury
in society. To assess such externalities, investigators for the
ED studies in the WHO project also obtained data on whether
the patient being treated for a violence-related injury believed
the other person had been drinking. Across the 14 countries,
from 14 percent to 73 percent of the victims believed that
others definitely had been drinking. Based on these data, the
pooled estimate for the AAF was 38.8 percent when both
victim and perpetrator were considered, compared with an
AAF of 23.9 percent when only the patient was considered
(Cherpitel et al. 20124).

Considerations and Limitations in Estimating Risk
of Injury

The data reported here on the risk of injury primarily were
derived from patients’ self-reports of drinking prior to injury.
Although the ED studies all estimated the patient’s BAC at
the time of ED admission based on breath alcohol levels,
self-reports seem to be a better measure of drinking, because
in many cases a substantial period of time may have lapsed
between the patient’s last drink, the injury event, and arrival
at the ED. As a result, the BAC may be negative even though
the patient reports drinking prior to injury. Indeed, this dis-
crepancy has been found in an analysis of the concordance
between self-reported drinking and BAC measurements in

the ERCAAP and WHO studies across 16 countries
(Cherpitel et al. 2007).

The studies reported here all have been conducted in
EDs, rather than in trauma centers that generally treat the
most serious injury cases and, consequently, are less con-
ducive to the detailed data collection effort required in studies
of alcohol and injury, unless the patient is admitted to the
hospital. It is unknown how this may affect the resulting
conclusions regarding the rates of the risk of injury from
drinking, because the literature has been mixed regarding
alcohol’s association with injury severity.

As noted earlier, some limitations also apply to the methods
that have been used to estimate the risk of injury related to
alcohol consumption. Case—control studies may underesti-
mate this risk because the medical patient controls also may
have drinking-related conditions. The matched-interval approach
to case—crossover analyses eliminates the heaviest drinkers
(i.e., those who report drinking both during the period pre-
ceding the injury and during the control period), which may
lead to underestimates of the risk of injury for these drinkers.
Likewise, the usual-frequency approach may underestimate
the risk of injury for heavy drinkers because of the increase
in expected drinking occasions for the heaviest drinkers.

In addition, when estimating risk of injury using the case—
crossover approach, it is important to consider the activity in
which the patient was engaged at the time of injury. For example,
for a patient injured in a motor vehicle accident who had
been drinking, the comparison with the control time interval
only would be valid if the patient also had been in a motor
vehicle during the control interval. Otherwise, the patient
would not have been exposed to the risk of incurring a motor
vehicle-related injury, regardless of whether he or she had
been drinking. This is an important consideration in future
studies that seck to examine risk of injury related to alcohol.

Lastly, the risk of injury related to drinking likely is
affected by a number of individual-level characteristics such
as age, gender, and risk-taking disposition, as well as by soci-
etal-level characteristics such as detrimental drinking pattern,
as discussed above. Estimates of AAFs for injury, which are
required for determining the global burden of disease for
injury related to alcohol, generally have not taken these vari-
ables into consideration, and this is a necessary direction for
future research on the burden alcohol-related injury puts on
society. W
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Community Indicators

Assessing the Impact of Alcohol
Use on Communities

Andrea Flynn, Ph.D., and Samantha Wells, Ph.D.

Community indicators are used to assess the impact of alcohol
on communities. This article reviews the main data sources for
community indicators, discusses their strengths and limitations,
and discusses indicafors used in reference to four main topics
relating to alcohol use and problems at the community level:
alcohol use, patterns, and problems; alcohol availability;
alcohol-related health outcomes/trauma; and alcohol-related
crime and enforcement. It also reviews the challenges
associated with collecting community indicator data, along with
important innovations in the field that have confributed fo befter
knowledge of how tfo collect and analyze community-level data
on the impact of alcohol. Key worps: Alcohol use, abuse, and
dependence; alcohol burden; problematic alcohol use;
harmful drinking; alcohol-related harm; alcohol use patterns;
alcohol effects and consequences; alcohol availability; risk
factors; environmental impact; crime; community indicators;
community monitoring; community epidemiology; data
collection; public policy on alcohol

researchers have long been interested in community-level

measurement of population health in the form of com-
munity indicators. Community indicators are measures that
communicate information about a given dimension of a
community’s well-being (Besleme and Mullin 1997). In the
United States, the current popularity of community indicators
can be traced back to the social-indicators movement of the
1960s and 1970s (see Gross and Straussman 1974; Land
and Spilerman 1975; MacRae 1985), which saw growing
research attention paid to the measurement of social prob-
lems and issues such as divorce, crime, education, and social
mobility. Although the social-indicators movement initially
focused on issues at the national level, recognition of consid-
erable regional and local variation in the prevalence and
causes of social problems led to increased interest in mea-
surement at the local level and, as such, the development
of “community indicators.”

Community indicators that assess alcohol use and related
harm are of great interest to community stakeholders and
researchers. Alcohol use has been identified as a major risk
factor for acute and chronic health harms and imparts eco-

I n the United States and other countries around the world,

nomic, health, and social costs to individuals, communities,
and societies (Rehm et al. 2009). Alcohol intoxication is
linked to injury, violence, and traffic crashes (Edwards et al.
1994) and chronic alcohol use increases the risk of liver
damage and various cancers, among other health harms
(Edwards et al. 1994; Rehm et al. 2003; Room et al. 2005).
National surveys have revealed a great deal of variability
across different communities in the extent of alcohol use and
related harms (Gruenewald et al. 1997). Thus, it may not be
practical or fiscally responsible to base local prevention and
intervention initiatives on national data that do not reflect
patterns or problems within a particular community. Moreover,
prevention, treatment, and enforcement activities are com-
monly enacted at the local level (Gruenewald et al. 1997).
Therefore, community-level data on the impact of alcohol
use that take into consideration the local economic, social,
and policy context are key to guiding local decisionmaking
and maximizing the effectiveness of prevention and interven-
tion approaches.

Community indicators have been used extensively for
a variety of purposes by both researchers and community
stakeholders. For communities, indicator data can be used
to inform priority-setting agendas by identifying specific
concerns within a community, guide policy and education
initiatives, monitor community status on a particular mea-
sure over time or in comparison with other communities,
and evaluate programs or policies (Besleme and Mullin
1997; Gabriel 1997; Gruenewald et al. 1997; Mansfield
and Wilson 2008; Metzler et al. 2008). Local-level data also
are critical for justifying requests for funding and provide a
powerful tool for resource allocation within communities
(Mansfield and Wilson 2008). For researchers, community
indicators are central for improving knowledge of factors
influencing community well-being, advancing innovative
theoretical models and analytical approaches for use in
research and prevention planning (for example, see Holder
19984), and monitoring and evaluating community prevention/
intervention initiatives (Metzler et al. 2008).

This article provides an overview of community indicators
of alcohol use and related harms, outlining common sources
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of community indicator data and highlighting the various
challenges of collecting data on alcohol at the community
level. The literature on community indicators of alcohol use
and harms is expansive, spanning a large number of disciplines
and extending back for numerous decades. As such, it is
beyond the scope of this article to provide a comprehensive
review of all the literature and measures pertaining to com-
munity indicators on alcohol. Rather, this article provides
background information relevant to the use of community
indicators in general and in relation to alcohol use and
harms, providing examples of some of the most common
measures used by alcohol researchers. In addition, the article
mentions notable methodological and technological advances
that have characterized this field of study over the past few
decades, while highlighting the ongoing challenges faced by
researchers and community stakeholders interested in assessing
alcohol use and alcohol-related harm at the local level. This
article draws on extensive knowledge regarding community
indicator data on alcohol use and harms that has emerged
from key community-based intervention trials, such as the
Saving Lives project led by Hingson (Hingson et al. 1996),
the Community Trials project led by Holder (Grube 1997;
Holder 2000; Holder and Reynolds 1997; Holder and
Treno 1997; Holder et al. 19974, 19976, 2000; Millar and
Gruenewald 1997; Reynolds et al. 1997; Saltz and Stanghetta
1997; Treno and Holder 1997; Voas 1997; Voas et al. 1997),
and the Communities Mobilizing for Change on Alcohol
(CMCA) project led by Wagenaar (Wagenaar et al. 1994,
1999, 20004, 20004). The sections that follow outline some
of the main community indicators emerging from this literature
and other relevant research in reference to four main topics—
alcohol use, patterns, and problems; alcohol availability;
alcohol-related health outcomes/trauma; and alcohol-related
crime and enforcement.

What Is A Community?

A number of different definitions of community have been
proposed and used in the social sciences since the 1800s (for
a helpful overview of the various ways in which community
has been defined historically, see Holder 1992). Generally
speaking, the concept of community implies both geographic
and social proximity. Gruenewald and colleagues (1997)
define a community as “a contiguous geopolitical area over-
seen by a common political structure with common policing
and enforcement agencies and common educational and
utility systems, and in which individuals are in daily physical
contact for the purposes of economic and social exchange”
(pp. 10-11). Holder (1992, 19986) provides a similar defi-
nition based on a community-systems perspective and theo-
retically geared toward the prevention of alcohol problems.
Community, in this context, is conceptualized as a dynamic,
complex, and adaptive system consisting of “a set or sets of
persons engaged in shared socio-cultural-politico-economic
processes” (Holder 19986, p. 12). This definition informs the
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theoretical premise that reducing alcohol use and alcohol-
related problems requires a focus on the community system
and structural factors influencing alcohol use rather than on
individual-level treatment and prevention (Holder 19984;
Holder et al. 2005; Treno and Lee 2002).

Putting these definitions of community into practice
when attempting to define and use community indicators is
not without its challenges and has direct implications for
data collection. When defining the boundaries of the com-
munity for the purpose of generating community indicators,
it is necessary to consider data availability, methodological
requirements of research (i.e., having sufficient cases for
meaningful analyses), the catchment area in terms of service
provision, other geographic boundaries according to which
data are routinely collected by a community, and local stake-
holder perspectives on their understanding of community
(Gruenewald et al. 1997). These considerations do not
always coincide (e.g., available data may not match the
catchment area of interest to community stakeholders), making
it necessary to weigh the relative importance of these factors
when defining the boundaries of the community under

study (Gruenewald et al. 1997).

Data Sources for Community Indicators on Alcohol

Community indicators relating to alcohol use and harms are
typically gleaned from two main types of data sources: (1)
archival sources collected for purposes other than addressing
research questions on the impact of alcohol on communities
(e.g., data from police and hospital records; crash data from
traffic safety databases); and (2) primary data collected by
researchers for the purpose of assessing, understanding, and
addressing alcohol use and related harms. These different
sources of data have inherent advantages and disadvantages
in terms of their utility for assessing the community-level
impact of alcohol use.

Archival Data

Archival data are an important source of community indicator
data. Examples of these archival data sources include admin-
istrative and surveillance databases maintained by local city
departments, community organizations, municipal/national
agencies, schools, hospitals, and police/law enforcement
departments, in addition to larger health data—recording
systems and traffic crash databases (e.g., the Healthcare
Cost and Utilization Project [HCUP] databases and the
Fatality Analysis Reporting System [FARS]). A wide range
of indicators produced from archival data are used to assess
various alcohol-related issues and harms at the community
level (examples and discussion of common indicators are pre-
sented in the section Community Indicators on Alcohol and
Alcohol-Related Harm; see also the table).

A main benefit of using archival sources to produce
community indicators is that they can be a cost-effective
means of documenting alcohol use and harms, offering a



large volume of retrospective data. In addition, unlike many
of the constructs and measures used in social and epidemio-
logical research, archival data often result in indicators that
are straightforward, understandable, and of interest to the
community, making them easier to use in community plan-
ning (Gabriel 1997; Gruenewald et al. 1997; Mansfield and
Wilson 2008). Despite these advantages, there also are several
limitations associated with using archival data to assess alcohol
use/harms in a community. By definition, these data are not
gathered for research purposes and thus raise concerns relating
to both reliability and validity. Most notably, archival data
are subject to various sources of measurement error conse-
quent to the fact that they are not collected according to the
systematic and rigorous procedures that characterize social
and epidemiological research. In addition, for some measures,
the involvement of alcohol may not be explicitly identified.
For instance, hospital staff and police typically do not sys-
tematically record data on alcohol consumption as part of
routine practice (Brinkman et al. 2001; Gruenewald et al.
1997; Stockwell et al. 2000). When alcohol data are recorded
in community settings, they may be collected in an inconsis-
tent mannet, influenced by subjective judgments and local
practices (Brinkman et al. 2001). These limitations affect
the extent to which researchers can confidently use existing
data such as hospital records or police data to assess alcohol
involvement in injury or crime. Moreover, access to such
data requires cooperation of local community agencies and/or
municipal or regional departments, which may not be
always possible.

Another important caveat relates to the use of archival
data for conducting community comparisons. Differences
across communities in policies and data recording systems
(Gruenewald et al. 1997; Brinkman et al. 2001; Stockwell et
al. 2000) can make it difficult to conduct comparisons across
communities. For example, when using arrest data on alcohol-
related crime such as public intoxication or disorderly conduct,
the indicator will reflect the definition used by the police
department (itself dependent on local or regional statutes) as
well as on local enforcement capacity and practices, including
levels of police discretion. Thus, data on arrests may not be
directly comparable across communities, even if the commu-
nities themselves are well matched on demographic or other
important baseline measures (Gruenewald et al. 1997).
Changes in recording systems or policies also present problems
for researchers interested in examining patterns over time
within communities. For example, variation over time in
the number of alcohol-related arrests may reflect changes in
enforcement, recording practices, or policies rather than true
variations in alcohol-related crime (Gruenewald et al. 1997).

Events with low levels of incidence present another chal-
lenge relating to use of archival data for assessing the impact
of alcohol on communities. For instance, although alcohol-
related morbidity and mortality are of great interest to
communities, these types of indicators may be difficult
to provide at the community level, particularly for smaller
communities, because of their relatively low baseline rate.

Moreover, in the case of health-related indicators, the prob-
lem of low incidence is compounded by the fact that most
health-related harms associated with alcohol use are only
partially attributable to alcohol (Rehm et al. 2003). Although
researchers have developed approaches for estimating the
proportion of a given outcome that is attributable to alcohol
as a specific risk factor (i.e., the attributable fraction, AF)
(see English et al. 1995; Martin et al. 2010; Rehm et al. 2003;
Single et al. 1999; Stockwell et al. 2000; World Health
Organization [WHO] 2000), these types of analyses require
a large volume of data and are typically only conducted at
higher levels of aggregation (e.g., State, Federal).

Primary Data

Given that archival data often are unavailable or insufficient
to assess alcohol use and harm at the community level, primary
data are collected to enhance knowledge of the community-
level impact of alcohol use (Gruenewald et al. 1997; Stockwell
et al. 2000). Population or subpopulation surveys are the
predominant source of primary data used to produce alcohol-
related community indicators. Surveys offer the advantage of
allowing researchers to define the constructs of interest and
use psychometrically sound measures, including measures
that have been used in other community-level, State, or Federal
surveys, thereby facilitating comparisons. Surveys also permit
the collection of self-report data that cannot be gleaned from
archival data, such as individual-level alcohol use patterns;
underage access to alcohol; and beliefs, attitudes, and percep-
tions surrounding alcohol. These data allow for individual
and group-level risk factors to be determined and permit
analyses on subpopulations of interest, such as adolescents or
young adults (Gruenewald et al. 1997; Stockwell et al. 2000).
In some instances, it may be possible to extract community-
level data from surveys conducted at higher levels of aggrega-
tion (e.g., State or national surveys). However, the time
frames of State and national surveys often do not meet
community or research needs. For example, timing of data
collection is an essential factor when monitoring the impact
of local policy changes or community initiatives, which may
not coincide with national survey data collection (Mansfield
and Wilson 2008). Moreover, when attempting to glean
information from national or State-level surveys, sample sizes
for smaller communities often are insufficient to permit
valid conclusions about specific communities or population
subgroups within a community (Gruenewald et al. 1997;
Mansfield and Wilson 2008; Stockwell et al. 2000). For
these reasons, surveys implemented at the community level
are key to developing local indicators of alcohol use and
harms. Surveys have been widely used in community-based
research projects, including both general population surveys
and surveys of particular population groups, such as college
students (discussed below in Community Indicators on
Alcohol and Alcohol-Related Harmy; see also the table).
When conducting surveys to produce community indi-
cators, it is necessary to consider the limitations of the survey
method. Recent evidence suggests that population surveys
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Table Examples, Strengths and Limitations of Community Indicators from Archival and Primary Data Sources

Indicator Indicators from Archival Sources Indicators from Primary Data Sources
Category Examples of Indicators Strengths Limitations Examples of Indicators  Strengths Limitations
Alcohol use, Per capita Generated from  Does not capture Self-reported drinking ~ Offer individual- and  General limitations
patterns and alcohol available sales  patterns of access behavior and group-level data of surveys and self-
problems consumption data or use problems (youth, unavailable from report measures
adults) archival sources that - high cost of
Excludes “surrogate” - age at first use can be aggregated surveys
alcohols (homemade, - drinking prevalence  fo community level, - possible biases
illegal, alcohol not - drinking volume ~ including drinking (selection bias,
intended for - heavy episodic pattern social desirability
consumption) drinking (i.e., bias, recall bias,
binge drinking) Ability to implement  coverage bias)
Dafa may not be - hazardous or scientifically valid
available at the local harmful drinking and reliable measures
level (depends on employed in other
catchment area of Alcohol dependence  communities and
research and definition other levels of
of “community”) aggregation
(State, Federal) for
Comparison purposes
Alcohol Formal access ~ Data on outlet  Data do not capture Alcohol purchase Capture events not  Persuasiveness of
availability - number of active licenses are sales fo minors attempts at alcohol ~ visible in archival  results potentially
outlet licenses  generally outlets by data and not affected  undermined by the
per 100,000 maintained with  Data do not capture pseudo-underage by self-report biases  fact that buyers
population good geographic social access customers are actually of
- concentration/  specificity by Useful in legal age
spatial distribu-  Alcohol Control  Data do not capture evaluations of
tion of outlets  Boards differences between strategies fo reduce
- excise faxes outlets with respect to youth access fo
on alcoholic sales (e.g., small outlefs alcohol
beverages versus large outlets)
- price of alcoholic
beverages Community estimates
may be affected by
migratory pafterns and
purchases in communities
of non-residence
Price data difficult fo obtain
Self-report data Provides data General limitations

Social access
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collected from under-
age youth on ability

to purchase alcohol

at alcohol outlefs

Self-report data from
underage youth on
social sources of
alcohol (friends, family
members, bought by
someone else, fook
from someone
else’s home)

unavailable from
archival sources

Data on a high-risk
group unavailable

from archival data

sources

of self-report data

General limitations
of self-report data
and surveys

Additional concerns
with coverage bias
for telephone
surveys due fo high
rafes of cell phone
use among youth
and young adults



Table Examples, Strengths and Limitations of Community Indicators from Archival and Primary Data Sources (continued)

Indicators from Archival Sources
Examples of Indicators Strengths Limitations

Indicator
Category

Indicators from Primary Data Sources
Examples of Indicators  Strengths Limitations

Hospital discharge

data

- rates of direct
alcohol mortality
or morbidity:
alcohol
cardiomyopathy,
alcohol cirrhosis
of liver, alcoholic
psychoses,
accidental
ethyl alcohol
poisoning, efc.

- rates of indirectly-
related alcohol
deaths: certain
malignant tumors,
cirrhosis, pancre-
atifis, efc.

Alcohol-related
health and
trauma

Nighttime presen-
tations of frauma
from violence or
traffic accidents
(surrogate measures)

Alcohol-involved
traffic crashes

Single-vehicle
nighttime traffic
crashes

Alcohol-related
crime

Calls to police for
nighttime assaults

Calls fo emergency
medical services
for alcohol-related

injury

Calls to police for
public drunkenness
or disorderly contact

Arest rafes for driving
under the influence

Arrest rafes for
nighttime assaults

Alcohol-related arests
as a percentage of
total arrests

Capture serious
health/trauma
outcomes -
strong impact
for communities

Nighttime
emergency
department (ED)
presentations
and nighttime
single vehicle
traffic crashes
are reliable
surrogates of
alcohol-involved
frauma

If cooperation
can be obtained,
arrest or EMS
records are a
cost-effective
source of data
that is meaningful
to community
members

Low base rates of
mortality from alcohol
at the community level

Multiple causes of
death often poorly
recorded in archival
data

Proportion of mortali-
ty/morbidity events
aftributable to alcohol
difficult fo estimate at
the community level

Hospital/ED cases capture
only the most severe
cases

Blood alcohol concen-
trations (BAC) not
routinely recorded in
hospital/emergency
seftings

BAC not always
measured in injury-
producing/fatal crashes

Fatal crashes rare at
community level

Heavily dependent on
police enforcement and
accuracy in recording

Difficult to determine if
changes are due fo
changes in police
enforcement, valid
changes in crime, or
prevention programs

In community prevention
frials or when communities
are inferested in com-
parisons, different
statutes or operational
policies affect ability to
compare communities
Arrests represent only a
proportion of offenses —
underestimates harm

Self-reported health
harms and trauma
experiences related
to alcohol

ED surveys

- BAC measurement

- self reported alcohol
consumption prior fo
ED presentation

Self-reported crime

- alcohol consumption
prior to driving/driving
while infoxicated

- violence perpetration
after drinking

Roadside survey data

- BAC readings

General strengths
of surveys and
self-report data

BAC data provides
objective measure-
ment of alcohol
involvement in
injury presentations
to ED

Self-reported alcohol
consumption shown
to be valid measure
of alcohol use

Self-reported crime
captures incidents
not reported fo
police

BAC provides an
objective measure
of alcohol
consumption

General limitations
of self-report data
and surveys

Difficulty obtaining
permission for ED
surveys

General limitations
of self-report data
Challenges of
implementing
roadside surveys

- can be difficult
to obtain police
cooperation

- high cost

- generally not
random (not
representative
of community)

- can be difficult to
find appropriate
comparison
communities
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can underestimate the prevalence of alcohol use and associated
harms because of selection bias, response bias, and coverage
bias (e.g., exclusion of homeless people) (Shield and Rehm
2012; see also Curtin et al. 2005; Dillman et al. 2002; Kempf
and Remington 2007). The growth in use of voicemail,
caller ID, cell phones, and do-not-call lists, along with a
growing aversion to aggressive telemarketing (Galesic et al.
2006), have contributed to a notable decline in telephone
survey response rates (Dillman et al. 2002; Hartge 1999;
Kempf and Remington 2007; see also Galea and Tracy
2007). Young people may be particularly underrepresented
in population surveys, given their high reliance on cell phones
and nonuse of landlines (Blumberg et al. 2007). Large-scale
surveys can also be expensive and time consuming to implement.

When collecting primary data on alcohol use and harms,
it is also important to consider the limitations of self-report
data on drinking behavior and harms associated with drinking.
Although self-report data on alcohol use generally are believed
to be adequately valid and reliable and are widely used in social
and epidemiological research, they have been found to be
susceptible to recall error as well as intentional distortion related
in part to social desirability (Del Boca and Darkes 2003).

Despite these limitations, surveys are key to answering
specific questions about alcohol use and harms in the absence
of suitable archival data and are central for cross-validating
data gleaned from other sources. Moreover, extensive work
on conducting surveys as part of community prevention trials
has led to important methodological and statistical innova-
tions, producing advanced knowledge of how to design and
analyze surveys better (see Murray 1998; Murray and Short
1995, 1996; Murray et al. 2004).

In addition to surveys, other forms of primary data used
to produce community indicators include pseudo-patron
studies designed to assess sales of alcohol to individuals appear-
ing underage in both off-premise and on-premise alcohol
outlets (see, for example, Freisthler et al. 2003; Saltz and
Stanghetta 1997; Toomey et al. 2008; Treno et al. 2006;
Wagenaar et al. 20004) and roadside breath testing to assess
drinking and driving (e.g., McCartt et al. 2009; Roeper and
Voas 1998). These methods and their strengths and limitations
are discussed in later sections on alcohol availability and
crime/enforcement, respectively.

Opverall, although primary data, particularly surveys,
allow for the use of psychometrically sound measures, they
suffer from potential biases that researchers must take into
account when assessing the impact of alcohol use on a com-
munity. Alternatively, archival data sources can provide use-
ful data on alcohol’s effects on local communities but require
careful interpretation and application and do not always allow
researchers to answer questions of interest. Each data source
thus offers unique strengths and limitations, such that trian-
gulation of both types of data is a common approach taken
by alcohol researchers when assessing the impact of alcohol
on communities.
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Community Indicators on Alcohol and Alcohol-
Related Harm

Table 1 provides a summary of common community indicators
of alcohol use and related harms measured in community-
based research. These indicators are organized into four
broad areas: alcohol use, patterns, and problems; alcohol
availability; alcohol-related health outcomes/trauma; and
alcohol-related crime/enforcement. Although this table does
not provide an exhaustive list of all possible measures used to
assess alcohol use and alcohol-related harm at the commu-
nity level, it provides common measures used in community
research (see Saltz et al. 1992). For each category, examples
of indicators produced using archival and primary data
sources are provided, and general strengths and limitations
associated with these data are noted.

Alcohol Use, Patterns, and Problems

At the community level, indicators of alcohol use, patterns,
and problems commonly are produced from individual-level
self-report (i.e., survey) data. Existing community-based
studies have examined a wide range of self-report measures
of alcohol use, including, for example, lifetime drinking,
drinking frequency, heavy episodic drinking (or binge drink-
ing) and hazardous or harmful drinking, alcohol problems,
and alcohol dependence (see Dent et al. 2005; Flewelling

et al. 2005; Harrison et al. 2000; Hawkins et al. 2009; Perry
etal. 1996, 2000, 2002; Saltz et al. 2009, 2010; Spera et al.
2010; Wagenaar et al. 2006; see table 1). It is beyond the
scope of this article to discuss the many different instruments
used and all of the methodological challenges associated with
measuring self-reported drinking and problems. Choice in
how to measure indicators of use, patterns, and problems
will depend on the research question being asked and the
population under examination. The strengths and limitations
of various specific measures of alcohol consumption have
been discussed extensively in the literature (see Dawson 2003;
Gmel et al. 20064; Graham et al. 2004; Greenfield 2000;
Rehm 1998; Rehm et al. 1999), and recommendations for
measurement have been put forward elsewhere (see Dawson
and Room 2000).

Drinking behavior among youth often is of particular
interest to both researchers and communities. Evidence suggests
that youth are more likely than adults to engage in risky
patterns of drinking (Adlaf et al. 2005) and to experience
harms from drinking, including harms to brain develop-
ment, physical health, financial well-being, and social life
(Adlaf et al. 2005; Kolbe et al. 1993; Toumbourou et al.
2007; White and Swartzwelder 2004). Moreover, drinking
at a young age can become an ingrained pattern of behavior,
with youth who engage in risky drinking being more likely
to exhibit problem drinking later in life (Jefferis et al. 2005).
For these reasons, measuring alcohol use and alcohol-related
problems among youth often is prioritized in prevention and
early-intervention initiatives designed to reduce harm from



alcohol at both the individual and community levels (see
DeJong et al. 2009; Nelson et al. 2010). The well-known
prevention initiative CMCA (Wagenaar et al. 1994, 1999,
20004, b) is notable for its focus on community-level strate-
gies for reducing alcohol use and problems among youth
and its development of indicators of alcohol use and harms
to evaluate program effectiveness.

Surveys on youth drinking have commonly captured
these populations in their educational environments, including
elementary, high school, and college or university settings.
The priority of addressing alcohol use among college students
is well evidenced by the NIAAA’s Rapid Response to College
Drinking Problems initiative, which produced recommenda-
tions for reducing heavy drinking by this subgroup (see DeJong
et al. 2009; Nelson et al. 2010). Alcohol use, patterns, and
problems have been measured in the implementation and
evaluation of alcohol prevention trials in school and college
settings (see reviews by Saltz 2011 for college-based preven-
tion approaches and Stigler et al. 2011 for elementary and
high school programs). Examples of measures of alcohol use
and problems among college and school-age students include
self-reported alcohol use (i.e., measures of frequency of
drinking, drinking patterns, and binge drinking) (Flewelling
et al. 2005; Harrison 2000; Hawkins et al. 2009; Perry et al.
1996, 2000, 2002; Saltz et al. 2009, 2010), the incidence
and likelihood of intoxication at off-campus drinking estab-
lishments (Salez et al. 2010), age of onset of drinking (Hawkins
et al. 2009), and perceptions and experiences of negative
consequences associated with drinking (Flewelling et al. 2005;
Saltz et al. 2009, 2010). Significanty, although surveys of
college and university students may provide communities
with estimates of alcohol use, patterns, and problems among
this segment of the population, these surveys are inherently
limited to the sampling frame of youth attending these insti-
tutions. As a result, they fail to capture youth from the broader
community not attending educational institutions and thus
cannot offer community prevalence data for that age range.

With respect to archival data on alcohol use, this type
of information is less commonly available at the community
level compared with higher levels of aggregation. Most
notable in this regard is the use of sales data to examine per
capita alcohol consumption. WHO (2000) has recom-
mended that alcohol use among populations be monitored
using reliable estimates of per capita alcohol consumption
derived from alcohol sales data, in addition to monitoring
through population surveys of alcohol use. Sales data commonly
have been used at the State, regional, and Federal levels to
examine the link between per capita alcohol consumption
and various health harms, including suicide (Kerr et al.
201164, Landberg 2009), mortality and morbidity (Kerr et al.
20114; Nordstrom and Ramstedt 2005; Polednak 2012),
and traffic crashes (Gruenewald and Ponicki 1995). These
types of analyses, however, generally are restricted to large
populations (Dawson 2003) and thus are less applicable to
alcohol researchers interested in community indicators (i.e.,
measures below the State level of aggregation), in part as a

result of the low base rate of harms at the community level
and in part from challenges associated with obtaining sales
data at the community level compared with the State level.

Availability

Measuring the availability of alcohol at the community level
is essential for assessing the impact of policies designed to
reduce alcohol use and alcohol-related harms (see Babor et
al. 2003). Availability commonly is measured in terms of
commercial access (including alcohol outlet density, days
and hours of sales, and price of alcohol) as well as social
access (i.e., informal sources of alcohol, such as peers).

With respect to commercial access, although the evidence
on the effects of limiting alcohol outlet density on alcohol
consumption is somewhat mixed (see Livingston et al. 2007),
studies generally have found significant positive relationships
between alcohol outlet density and a range of problems at
the community level, including rates of violence, drinking
and driving, motor vehicle accidents, medical harms, and
crime (Britt et al. 2005; Campbell et al. 2009; Gruenewald
and Remer 2006; Gruenewald et al. 2006; Livingston et al.
2007; Toomey et al. 2012). Evidence also suggests a positive
relationship between days (Middleton et al. 2010) and hours
(Hahn et al. 2010) of sale and alcohol consumption and
alcohol-related harms (see also Edwards et al. 1994). Alcohol
prices and taxes are inversely related to alcohol consumption
and heavy drinking (Chaloupka et al. 2002; Edwards et al.
1994; Osterberg 2004; Wagenaar et al. 2009), although the
extent of the impact of price changes depends to some
extent on cultural context (i.c., drinking norms) and prevail-
ing social and economic circumstances, among other factors
(Osterberg 2004; see also Babor et al. 2003). Researchers
have used indicators of commercial access to evaluate whether
changes in State policies have an impact on alcohol use/
problems in communities (see Babor et al. 2003; Edwards et
al. 1994; Hahn et al. 2010; Middleton et al. 2010).

Community indicators of economic availability commonly
are produced using archival data sources, including alcohol
price and tax (excise and sales) data from State departments
and alcohol-control boards, although the quality of these
data and their utility for research at the community level
varies substantially across States (Gruenewald et al. 1997).
Archival data on retail alcohol prices are difficult to obtain
at the State level, and even more so at the community level.
Evidence suggests that available data are prone to substantial
measurement error (Young and Bielinska-Kwapisz 2003),
leading many researchers to rely on tax data instead. When
making comparisons across communities or over time,
researchers generally also prefer to use tax rates over price data
to avoid conflating price differences with differing tax rates
across space and over time. Liquor licensing information
from alcohol-control boards commonly is used to generate
indicators of commercial availability—namely, number of
outlets/population rates and concentration of on- and off-
premise outlets (Sherman et al. 1996; see also Gruenewald et
al. 1997). However, counts of active licenses represent only
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an indirect measure of alcohol availability and can underestimate
alcohol sales (Gruenewald et al. 1992). Geographic Information
System (GIS) mapping has emerged as an innovative means
of generating community indicators of outlet density (includ-
ing off- and on-premise outlets) and to examine alcohol outlet
density and locations in relation to alcohol-related problems,
such as assaults and sale of alcohol to minors (see Gruenewald
et al. 2002; Millar and Gruenewald et al. 1997).

One major caveat relating to measures of commercial
access to alcohol is that archival data obscure who is making
purchases, who is consuming the alcohol purchased, and
how (in what patterns) the alcohol is being consumed.
Therefore, important information about risky drinking behavior
(i.e., binge drinking) and populations who engage in such
behavior remains unknown from data on alcohol availability.
This limitation is particularly salient for measuring drinking
among youth, who commonly obtain alcohol from social
rather than commercial sources (see Wagenaar et al. 1993).

In light of this limitation, and the fact that early preven-
tion of alcohol use and alcohol-related problems is often a
high priority for communities and researchers, other data
collection strategies have been implemented to measure access
to alcohol among youth. Access surveys involving pseudo-
underage youth purchase attempts have produced indicators
of youth commercial access, often as part of the evaluation
of community prevention initiatives (see Chen et al. 2010;
Grube 1997; McCartt et al. 2009; Paschall et al. 2007; Perry
etal. 1996, 2000, 2002; Toomey ct al. 2008; Wagenaar et al.
1994, 1999, 20004, 4). Self-reported social access to alcohol
has also been measured in school or community surveys of
youth, with participants asked to report on sources from
which they obtain alcohol (i.e., commercial [on- or off-premise
outlets] versus social [friends, family, etc.] sources) (see Dent
et al. 2005; Harrison et al. 2000; Hearst et al. 2007; Jones-
Webb et al. 1997; Wagenaar et al. 1994). Some studies also
have examined perceived availability of alcohol among youth
(Flewelling et al. 2005; Perry et al. 1996, 2000, 2002; Treno
et al. 2008).

Health Outcomes/Trauma

As stated previously, evidence reveals a strong and consistent
association between alcohol consumption and a variety of
negative health outcomes, including morbidity, early mortality,
and increased risk of trauma such as burns, falls, drowning,
and injury from interpersonal violence (Cherpitel 1995;
Gmel et al. 20064; Rehm et al. 2003, 2006; Treno et al. 1997).
Collectively, alcohol-related health harms and traumas impose
notable demands on local emergency and hospital services.
Documenting alcohol-related morbidity, mortality, and
trauma is thus often a priority for communities and researchers,
with such research informing initiatives geared toward pre-
venting alcohol-related harm and efforts to reduce health costs.
Both archival and primary data have been used to pro-
duce community indicators relating to fatal and nonfartal
alcohol-involved health harms. Data sources and types of
indicators emerging from these data include (1) hospital
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data, used to produce indicators of hospitalizations and
emergency department (ED) visits associated with acute or
chronic alcohol use; (2) traffic fatality data, used to estimate
alcohol involvement in crashes; and (3) household or
subpopulation surveys, used to generate indicators from
self-reported data on alcohol-involved injuries (including
violence). As shown in table 1, each of these data sources has
strengths and limitations pertaining to their udility for pro-
ducing community indicators on alcohol-related harms.

Hospital and ED Data. Archival hospital data allow for
documentation of cases of alcohol-related health outcomes
and trauma requiring urgent or emergent care. Such data
can provide powerful information for use by communities
(e.g., in educational or prevention campaigns) because of
their severity and corresponding psychological impact
(Stockwell et al. 2000). Despite this appeal, notable challenges
exist to using archival data to produce community
indicators on health outcomes and trauma associated with
alcohol. First, as stated above, one of the major caveats
with measuring alcohol-related mortality and morbidity at
the community level is the rarity of cases (Giesbrecht et al.
1989; Stockwell et al. 2000), meaning that there may be
insufficient numbers for meaningful analysis at the community
level. Second, it often is quite difficult to obtain access

to hospital or ED data within communities, particularly
data of reasonable quality for developing valid and reliable
estimates. Third, it often is challenging or impossible to
determine the extent of alcohol involvement in health
outcomes. As previously noted, many chronic health
harms associated with alcohol, including those leading to
hospitalization and mortality, are only partially attributable
to this risk factor (Rehm et al. 2003). In terms of emergency
cases, archival data frequently do not capture alcohol
involvement (Giesbrecht et al. 1989; Stockwell et al. 2000).
Blood alcohol concentration (BAC) is not routinely
assessed in hospitals or urgent-care centers in relation to
traumatic presentations, given that staff generally are
operating under time and resource constraints that preclude
systematic testing for alcohol use. Staff also may be
hesitant to make conclusions about intoxication because
of insurance and liability concerns (Giesbrecht et al. 1989,
1997; Stockwell et al. 2000; Treno and Holder 1997). As a
result, archival data of emergency cases likely underestimate
the role of alcohol in trauma requiring emergent care. In
cases where BAC is recorded, determining the role of
alcohol in a traumatic event is complicated by time
elapsed since the incident and by alcohol consumed after
the incident (Young et al. 2004).

In the face of challenges associated with lack of docu-
mentation of alcohol involvement in archival data, researchers
commonly turn to surrogate measures of alcohol-related
trauma. Such measures have been well studied using interna-
tional data. For instance, Young and colleagues (2004) found
that being male, unmarried, younger than age 45, and pre-
senting at EDs in the late night or early morning hours on



Fridays, Saturdays, or Sundays were most highly associated
with alcohol consumption prior to injury (based on BAC
and self-reported alcohol consumption within 6 hours prior to
injury). The strongest predictor of alcohol-related injury was
time of day of presentation (odds ratio of 4.92 for presenta-
tions occurring between midnight and 4:59 a.m.). It follows
that, in the absence of reliable BAC data, proxy measures
that take into account time-of-day presentation and demo-
graphic variables may offer a means for estimating alcohol-
related trauma in a community (Brinkman et al. 2001;
Treno et al. 1996). Such estimates require access to medical
records that include time-of-day presentation and detailed
demographic information.

Archival data on hospitalizations and ED visits are becom-
ing more readily available for use in the development of
community indicators. For example, the Healthcare Cost
and Utilization Project (see Steiner et al. 2002, hetp://www.
hecup-us.ahrq.gov/) consists of a series of health care
databases that provide data on inpatient, ambulatory, and
ED cases for community hospitals in participating States
since 1988. These databases permit research on topics such
as diagnoses; procedures; mortality; cost of health services;
access to health care programs; and treatment outcomes at
the national, State, and local levels (http://www.hcup-us.
ahrq.gov/). Some participating States allow the release of
hospital and patient-level geographic data that may permit
analysis at the community level (Steiner et al. 2002).

Researchers have also produced indicators on alcohol-
involved trauma at the community level from ED surveys,
involving the collection of interview and breathalyzer data
from ED patients (see Cherpitel 1994 and 1993 for reviews
of ED studies; see also Busset al. 1995; Cherpitel et al. 20095
Holder et al. 2000; Treno and Holder 1997). Cherpitel
(1995) measured alcohol-related problems and injuries or
illnesses for which emergency medical care was sought in a
countywide representative study of ED data. When compar-
ing these data to a general population sample, Cherpitel
(1995) found no difference in frequency of drunkenness
related to injury between the two samples, suggesting that
ED surveys may be a useful approach for measuring these
issues. However, obtaining ED cooperation and producing
representative ED samples is a notable challenge faced by
researchers when endeavoring to conduct ED surveys

(Holder et al. 2000).

Traffic Fatality Data. Alcohol-related traffic fatalities are
an important form of trauma in the community-indicator
literature on alcohol-related harm. Consistent evidence
confirms that alcohol is a leading cause of traffic crashes,
particularly those resulting in fatal and nonfatal injuries
(Hingson and Winter 2003). Research has demonstrated
that the relative risk of fatal injury and fatal crash involvement
rises with increasing driver BAC (see the classic Grand
Rapids study by Borkenstein et al. [1974] and subsequent
studies by Hurst [1973]; Kriiger and Vollrath [2004];
Mathijssen and Houwing [2005]; Mayhew et al. [1986];

McCarroll and Haddon [1962]; Perrine et al. [1971];
Zador [1991]; and Zador et al. [2000]). Relative risk data
such as these have been widely used to support alcohol
safety legislation, including the lowering of BAC driving
limits (see review by Mann et al. 2001).

The FARS (formerly the Fatal Accident Reporting
System) (see http://www.nhtsa.gov/FARS), initially established
in 1975, is a reliable database of all fatal crashes in the
United States and includes the BACs of drivers involved
in fatal crashes. When chemical tests of driver BACs are
not performed in fatal crashes, FARS provides imputed data
(see Subramanian 2002). FARS data can be disaggregated to
the level of the county (see Voas et al. 1998; Williams 2006).
Studies using FARS or State traffic safety department
databases have generated indicators of various levels of driver
BAC associated with traffic fatalities (e.g., Hingson et al.
2005, et al. 2006; Wagenaar and Wolfson 1995). However,
fatal crashes are relatively rare events (Voas et al. 1997), and
thus aggregation of events over a long time period may be
needed to produce sufficient cases for analysis at the com-
munity level (e.g., sce Wagenaar et al. 20004).

Researchers commonly also use fatal single-vehicle
nighttime crashes as a surrogate for alcohol-involved traffic
fatalities, which can be a useful strategy when data on alcohol
involvement in crashes are unavailable for the community of
interest or too few cases have been documented. These data
have been shown to be a reliable proxy for alcohol-related
fatalities. They often are available from local or State sources
(e.g., police departments or departments of transportation)
and, depending on the size of the community, may occur in
sufficient numbers for analysis (see Hingson et al. 1996;
Roeper and Voas 1998; Treno et al. 2006; Wagenaar and
Holder 1991; Wagenaar et al. 20004, 2006). Nevertheless,
caution is warranted when interpreting traffic crash data,
particularly in the absence of BAC data, given the myriad of
other factors that stand to be involved in crashes, including
road conditions, speeding, and use of seat belts. The use of
multiple data sources for triangulation of data (Gruenewald
etal. 1997) can help overcome the limitations of any one
measure of alcohol-involved vehicle crashes.

Population Survey Data. Population or community
surveys are used to measure self-reported alcohol-related
health outcomes and trauma. An advantage of these
surveys is that they can detect events not resulting in
fatalities or hospital admissions (Gruenewald et al. 1997).
These data are thus useful for documenting less severe
cases, which are more common than fatal or near-fatal
cases. However, the number of self-reported events (e.g.,
injury) may still be insufficient for analysis, particularly
in small communities. General limitations of population
surveys apply to these data, including the cost and time
required to conduct them, as well as reporting and
coverage biases that may result in underestimates of
alcohol-related harms.
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Crime/Enforcement

Both primary and archival data sources have been used to
generate measures of alcohol-related crime in communities.
At the community level, household, telephone, and school
surveys have been conducted to measure various self-reported
crimes, including driving under the influence (DUI) (e.g.,
Clapp et al. 2005; Saltz et al. 2009; Wagenaar et al. 2000),
underage alcohol purchases (e.g., Harrison et al. 2000),
alcohol-related violence (Greenfield and Weisner 1995), and
public drunkenness (Greenfield and Weisner 1995). The
general strengths and limitations of surveys and self-report
measures of alcohol use have been discussed previously.
Therefore, this section will focus on roadside surveys and
arrest data.

Roadside surveys involve stopping motorists at roadside
checkpoints for the purpose of collecting breath alcohol
measurements. Two key purposes of roadside surveys are to
track drinking and driving trends and to evaluate alcohol
safety programs (Lange et al. 1999; Lestina et al. 1999). The
majority of roadside studies conducted to track trends in
drinking and driving have occurred at the national level (e.g.,
in the United States, Canada, Britain, Germany, Sweden,
Norway, Belgium, and the Netherlands) (see Lacey et al.
2008; Lestina et al. 1999; Lund and Wolfe 1991; Voas et al.
1998; Wolfe 1974 for information on the U.S. National
Roadside Surveys). These national surveys typically do not
provide sufficient data at the community level for assessment
of local drinking and driving because of the exclusion of
smaller communities and/or roadways with low daily traffic
counts (Voas et al. 1998). At the community level, roadside
surveys primarily have been used in the evaluation of com-
munity prevention trials (e.g., McCartt et al. 2009; Roeper
and Voas 1998). They allow researchers to assess changes
in drinking-and-driving behavior in relation to prevention
campaigns when fatality and crash data are unavailable (Roeper
and Voas 1998). In instances where fatality and crash data
are available, roadside survey data may still be useful to
confirm that changes in crash data reflect valid changes in
drinking-and-driving behavior rather than other changes
not related to alcohol consumption (e.g., roadway improve-
ments) (Roeper and Voas 1998).

Two main strategies are used to implement roadside sur-
veys at the community level: (1) “piggybacking” on existing
police sobriety check points; and (2) using roadside check
points dedicated entirely to research. In both instances,
cooperation of local police is imperative, which may create
a challenge in communities lacking widespread support for
the research (Howard and Barofsky 1992). In addition to
the notable cost associated with conducting roadside surveys,
there are several limitations and challenges associated with
this method of data collection (Lestina et al. 1999). For
example, many high-BAC drivers are able to avoid roadside
survey check points by driving alternate routes, resulting in
underestimates of local levels of drinking and driving
(Lestina et al. 1999). Drivers also may refuse to provide a
breath sample, and these people may be likely to have higher
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BAC:s than those who consent to a breath test (Lestina et al.
1999). Conversely, overestimates of impaired driving may
occur if roadways characterized by high volumes of alcohol-
related crashes are targeted for surveys (Lestina et al. 1999).
In evaluations of alcohol-safety programs (and other alcohol
interventions), it is necessary to compare the intervention
community with a comparison community in which the
program was not implemented to determine whether
changes in drinking and driving can be attributed to the
intervention. However, finding adequate comparison sites
can be a challenge, given the need for a community with
similar population characteristics and policies and the fact
that comparison (“non-experimental”) communities may
have their own campaigns to reduce drinking and driving
(see Voas 1997).

Arrest data on DUI as well as other alcohol-related
offenses also represent valuable indicators for communities.
Numerous researchers have used archival police and justice
records to produce community indicators of alcohol-related
crimes, including DUI, liquor law violations, assault, public
drunkenness, and disorderly conduct (e.g., Breen et al. 2011;
Duncan et al. 2002; Sherman et al. 1996; Treno et al. 2006;
Wagenaar et al. 20002) (see table 1). When using archival
data to assess levels of alcohol-related crime, it is important
to recognize that such arrests represent only offenses brought
to the attention of the police that they have acted upon.
Some criminal events (e.g., violent crime) are not commonly
reported to the police, or there may be insufficient cause for
police to file an arrest report (Brinkman et al. 2001).
Moreover, by definition, arrest data are dependent on local
and State statutes and also are highly sensitive to enforce-
ment capacity and practices as well as operational changes
and recording practices, including police discretion
(Gruenewald et al. 1997). These factors are thus critical to
consider when making comparisons over time or across
communities. As noted previously, changes in alcohol-related
arrests can represent changes in actual crime, changes in
enforcement or recording practices, or changes in policies
and laws (Gruenewald et al. 1997). In some instances, con-
founding variables (such as police discretion in making
arrests) are difficult if not impossible to measure.

Another problem with police data is that for many types
of crime (e.g., violence), police do not formally measure
alcohol involvement (i.e., through a breath test). Although
some research has measured alcohol-involved crime through
archival records of cases that police have flagged for alcohol
involvement (Wagenaar et al. 20004), these data are unlikely
to be systematic and rely in large part on police discretion
(see discussion by Brinkman et al. 2001). To partially address
such concerns, surrogate measures have been used to pro-
duce indicators of alcohol-related crime from archival data.
For example, nighttime assaults have been used as a proxy
for alcohol-related violence, given that temporal data are
likely to be recorded in police records and violent assaults
during nighttime hours have a high likelihood of being
alcohol related (Brinkman et al. 2001).



Indicators of enforcement are also related to measure-
ment of alcohol-related crime at the community level.
Some investigators have measured enforcement activities in
community-based research projects, often for the purpose of
evaluating policy changes or prevention efforts (e.g., Grube
1997; McCartt et al. 2009; Voas, Holder and Gruenewald
1997; see also Wagenaar and Wolfson 1995) (see table 1).
Indicators of enforcement can provide communities with
data on enforcement capacity and, if tracked over time, can
allow for an assessment of the impact of enforcement on
reducing alcohol-related crime.

Conclusion

Measuring alcohol use and harm in communities is complex
and requires researchers to make choices and find creative
ways of assessing the local-level impact of alcohol. The data
source and indicator used will depend on data availability,
the purpose of the research (e.g., to provide a community
with descriptive data versus evaluation of an intervention),
and, in many cases, community support for the research to
facilitate access to archival data or cooperation in primary
data collection efforts.

Whether using archival or primary data to produce
community indicators, it is important for both researchers
and community stakeholders to be aware of the strengths
and potential limitations of the data. They must also recog-
nize the value of combining data from multiple sources
when making conclusions about the impact of alcohol on
communities. Indeed, many community-based projects have
relied on both primary and archival data to assess alcohol use
and harms in communities and to evaluate the impact of
intervention initiatives. Triangulation of indicators is key for
validating measures and thus drawing accurate conclusions
about research findings.

Despite the limitations and challenges associated with
assessing alcohol use and alcohol-related harms at the com-
munity level, many significant advances have been made in
the field, including important advances in statistical methods
(e.g., Murray 1998; Murray and Short 1995, 1996; Murray
et al. 2004), refinement of surrogate measures (e.g., Treno et
al. 1994, 1996, 1997), and spatial analysis (e.g., Gruenewald
et al. 2002; Millar and Gruenewald 1997). Another example
of an innovative approach that currently is being employed
to develop community indicators involves use of a mobile
research laboratory to collect social, epidemiological, and
biological data in diverse communities in the province of
Ontario, Canada. Led by a mulddisciplinary team of researchers,
this project involves collection of local data and the develop-
ment of a community indicator database relating to mental
health and addictions in participating communities, includ-
ing indicators of alcohol use and harms (see Wells et al. 2011).

Building on these types of innovations and the rich history
of social indicators in the United States, a number of com-
munities recently have sought to develop comprehensive

community indicator systems consisting of data on a range
of factors (e.g., social, economic, and environmental) to
allow a detailed examination of influences on community
well-being (Besleme and Mullin 1997; Ramos and Jones
2005). National initiatives such as the 2008 Community
Health Status Indicators (CHSI) project (see Heitgerd et al.
2008; Metzler et al. 2008; see also www.communityhealth.
hhs.gov), the Community Assessment Initiative (htep://
www.cdc.gov/ai/index.html), and the National Neighborhood
Indicators Partnership (http://www.neighborhoodindicators.
org), for example, have sought to improve access to local
data and inform use of data in planning efforts and evalua-
tion of health policies and interventions. At the international
level, the Community Indicators Consortium, established in
2003, represents one of the most extensive efforts to engage
stakeholders from around the world and to document and
share knowledge on community indicators (see Ramos and
Jones 2005; http://www.communityindicators.net). Some
projects included in the Community Indicators Consortium
database of indicator projects specifically include risky alcohol
consumption as part of their examination of community
well-being (see http://www.communityindicators.net). These
types of initiatives suggest that community indicators, includ-
ing indicators of alcohol use and harm, will continue to grow
in the coming years as an area of interest and innovation.
Community indicators are certainly not a panacea for
either investigators or community stakeholders. However,
when produced with a thorough understanding of the local
community system and through thoughtful application of
advanced methodological knowledge, they can serve as a
powerful tool for understanding, assessing, and addressing
alcohol-related problems within their local context. W
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Measuring the Burden:
Alcohol’s Evolving Impact

Ralph Hingson, Sc.D., and Jiirgen Rehm, Ph.D.

Measuring the impact of alcohol consumption on morbidity and mortality depends on
the accurate measurement of alcohol exposure, risk relationships, and outcomes. A
variety of complicating factors make it difficult to measure these elements. This article
reviews these factors and provides an overview of the articles that make up this special
issue on current research examining alcohol’s role in the burden of disease. These
topics include estimating alcohol consumption as well as alcohol-related morbidity
and mortality in various demographic groups, and the burden of alcohol use disorders.
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Reviews examines the public health
impact of alcohol consumption
beyond the role of alcohol use disorders
alone (Room et al. 2005)—that is, it looks

at the burden of disease. Determining
impact hinges on accurate and consis-
tent “measurements.” As demonstrated
in the articles in this issue, impact typi-
cally is estimated based on three elements

(Rehm et al. 201064; Walter 1976):

This issue of Alcohol Research: Current

* The measurement of exposure (i.e.,
the relevant dimension of alcohol

use) causing the burden (Kehoe
etal. 2012; Rehm et al. 20106);

* The measurement of the risk rela-
tions (i.e., what level/pattern of
consumption is linked to what
outcome) (Rehm et al. 20104); and
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measurement

¢ The measurement of outcomes.
These different measurements are

central to this issue of Alcohol Research:
Current Reviews.

Measurement Challenges

Numerous challenges exist when mea-
suring the extent and predictors of
alcohol-related mortality and morbidity.
Those challenges also affect our ability
to evaluate the effectiveness of inter-
ventions to reduce alcohol-related
morbidity and mortality. Different
challenges exist for acute alcohol-related
mortality and chronic disease mortality
and morbidity, although some of the
same challenges confront measurement
in both areas. The following list of
challenges is illustrative but not exhaustive.

Acute Mortality and Morbidity
(Injuries and Poisonings)

Postmortem alcohol test data are not
consistently available for many types of
acute injury or poisoning deaths. The
best available U.S. estimates indicate
alcohol-attributable acute deaths out-
number chronic disease deaths 44,000
to 35,000 (Centers for Disease Control
and Prevention [CDC] 2013). Traffic
crashes have been the leading category
of alcohol-attributable injury or death
over the past 30 years. During that
time period, the majority of drivers in
fatal crashes (both fatally injured and,
to a lesser extent, surviving drivers)
have been tested for alcohol. This permits
researchers to make accurate estimates
of the number of drivers, passengers, and
others who die in fatal crashes in which
a driver was known to have been drinking,



In addition, by examining the
characteristics of crashes and drivers in
fatal crashes where alcohol is present,
the National Highway Traffic Safety
Administration (NHTSA) (Klein
1986; NHTSA 2002) has developed
an imputational approach to estimate
the proportion of fatal crashes involv-
ing alcohol even when the driver is not
tested. This approach was verified using
data from States with high percentages
of drivers involved in fatal crashes that
were tested for alcohol use. Researchers
used the NHTSA model to predict
the percentage of fatal crashes that
involved alcohol and then compared
those findings with the actual alcohol
test results. NHTSA found they could
estimate with great accuracy not only
the proportion of fatal crashes involv-
ing alcohol-positive drivers but also the
blood alcohol level (BAL) of the driver

at the time of the crash.
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Using this approach, researchers
have been able to determine annual
State and national estimates of alcohol
involvement in fatal traffic crashes
since 1982. Furthermore, having those
accurate direct-test results and imputed
results has permitted researchers to
make epidemiologic estimates of the
increased odds of fatal crashes and other
crash involvement at various BALs
(Voas et al. 2012). Drivers who were
stopped at random in roadside surveys
were compared with drivers who were
fatally injured in single-vehicle crashes
and who were driving in the same States
on the same types of roads on the same
days of the week and times of day.

Because these data are available
monthly on a national, State, and
community level, researchers also have
been able to monitor trends in fatal
crashes involving alcohol relative to
fatal crashes where alcohol is not involved

Alcohol-Related . 62%

Non-Alcohol-Related 4 16%

over time. In addition, researchers are
able to use quasi-experimental and
other research designs to evaluate
whether State-level traffic safety legisla-
tion and community-level education
and law enforcement and treatment
programs are effective in reducing
alcohol-related traffic deaths (Ferguson
2012; Hingson and White 2013).
Such studies have guided policy-
makers to select and implement effective
programs and policies. Since the early
1980s, alcohol-related traffic death
rates per 100,000 have been reduced
more than 50 percent versus the decline
in traffic crash death rates where alco-
hol is not involved (figure 1). It has
been estimated that as many as 300,000
deaths have been prevented as a result
of reduced incidences of drinking and
driving, which is greater than those
attributed to increased use of airbags,
seat belts, and motorcycle and bicycle

6.42
(n=19,521)

4.32
(n=13,364)

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Figure 1 Alcohol-related versus non-alcohol-related traffic fatalities, rate per 100,000, all ages, United States, 1982-2010

SOURCES: National Highway Traffic Safety Administration, 2012; U.S. Census Bureau, 2012.
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helmets combined (Cummings et al.
20006; Fell and Voas 2006).

Unfortunately, unlike traffic deaths,
postmortem alcohol testing is not
nearly as complete for other types of
unintentional or intentional poisoning
and injury deaths. In 18 States (figure
2), a violent-death registry is in place
where 80 percent or more of all homi-
cides and suicides are tested. However,
testing levels of alcohol for other types
of injuries or deaths is not routine. As
a consequence, imputations for alcohol
involvement in other types of injuries
or deaths have not been developed,
and studies of laws and programs to
reduce those types of injuries and deaths
do not have the same precision as
evaluations of efforts to prevent alcohol-
related traffic deaths.

Second, research is emerging indi-
cating that alcohol may interact with
and pharmacologically potentiate the
effects of other drugs, thereby increasing
risks of motor-vehicle crashes (Asbridge
etal. 2012; Li et al. 2012) and poisoning/

?'x:’ ——

overdose deaths (White et al. 2011).
People may be involved in traffic crashes
or poisoning deaths at lower BALs if
other drugs are present, and this may
modify BAL levels used in establishing
attributable fractions for motor-vehicle
and poisoning deaths. Most national
surveys and many research projects
inquire about alcohol and drug consump-
tion separately not simultaneously. If
alcohol and drugs pharmacologically
interact, simultaneous-use questions
should be considered.

Third, it is important to calculate
the secondhand harm alcohol misuse
poses. Just as awareness of the second-
hand negative consequences of passive
smoke inhalation has heightened the
public health resolve to curb smoking,
learning about the secondhand effects
of alcohol misuse may heighten the
resolve to study and implement effective
interventions to reduce alcohol misuse.
For example, 40 percent of people who
die in traffic crashes involving drinking
drivers in the United States are not
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driving. Half of the deaths in crashes
involving drinking drivers under the
age of 25 are those other than the driver.
This has incited citizen activists and
policymakers to pass more than 2,000
laws at the State and Federal levels to
reduce alcohol-impaired driving
(Hingson et al. 2003).

Fourth, many prevention activities
are implemented at the community
level, and community-level data are
needed to stimulate the planning and
evaluation of those interventions
(Hingson and White 2012). Yet most
surveillance data-monitoring systems
measure behavior and consequences at
the State and Federal levels. Strategies
are needed to either facilitate more
community-level data collection or
to offer technical assistance to con-
cerned communities and researchers
so that they can collect their local
data using standardized questions and
sampling procedures for comparison
with other communities, their State,
and the Nation.
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Figure 2 States participating in National Violent Death Registry (18 States)

SOURCE: Centers for Disease Control and Prevention, National Violent Death Reporting System, 2013.
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Chronic Conditions

When examining either acute-disease
and chronic-disease mortality and
morbidity, a variety of measurement
challenges may produce underreporting,
First, drinking levels reported in surveys
account for only 40 to 60 percent of
alcohol sales (Midanik 1982; World
Health Organization [WHO] 2011).
Underreporting may lead to underesti-
mates of alcohol’s contribution to
chronic disease (Meier et al. 2013).
Second, survey respondents often
underestimate alcohol serving sizes,
particularly when consumed in contain-
ers that vary from accepted standard
drink sizes. Memory may become an
issue after respondents have consumed
so many drinks so rapidly that they
incur partial memory lapses or total
blackouts. Also, the duration of time
that respondents are asked to recall
consumption can vary in different
studies. In general, shorter time periods
of recall (e.g., days and weeks) produce
higher consumption, estimates than
requests for monthly, yearly, or lifetime
consumption. On the other hand,
drinking patterns may vary over time
and even in the same year, prompting
recommendations to use yearly recall
periods. Method or mode of data col-
lection (i.e., face-to-face, telephone,
mail, or Web based) also can influence
drinking reports as well as response
rates and biases in survey samples.
Household-based surveys may not
include groups with high levels of alcohol
consumption, such as students, the
homeless, or people in institutions or
in inpatient alcohol treatment facilities
(Meier et al. 2013; Stockwell et al.
2004). Also, unrecorded alcohol, use
of alcohol in food, spillage, waste, and
consumption by children and tourists
may not be considered in surveys
(Meier et al. 2013).

Second, especially with chronic
disease, in etiology studies the time
proximity of drinking data collection
to disease outcome must be carefully
evaluated. Although some chronic dis-
cases may take years to develop, cessa-
tion or reduction of drinking may stop
the process and reduce morbidity or

mortality consequences almost imme-
diately. This can be seen in the imme-
diate gains in mortality and life
expectancy in Russia following the
Gorbachev reforms that led to a reduc-
tion of drinking (Leon et al. 1997).
However, these immediate gains could
be found for some chronic diseases,
but not for others, such as cancer.

In cohort studies, drinking patterns
can vary in the same individual over
time, and etiology studies vary in how
often someone drank over time and/or
the intervals over time when drinking
was measured.

Third, maintaining high response
rates in surveys and longitudinal studies
has become increasingly difficult over
time, particularly using telephone
methods, as the percentage of the
population who uses mobile phones
increases. If nonresponse becomes high
and disproportionately involves people
with characteristics and behaviors
(involving but not limited to alcohol
use that influence disease and injury
etiology), that may cloud our under-
standing of alcohol’s role in the devel-
opment and progression of disease. It
also can limit the ability of researchers
to monitor disease and death-rate
trends over time.

Fourth, both in estimates of acute
and chronic conditions, attributable
fractions from meta-analyses of epi-
demiologic studies are used to estimate
alcohol’s contribution to mortality and
disability. Yet, these attributable fractions
may change over time. For example,
the percentage of factual traffic-crash
deaths that involve alcohol have dropped
from 60 percent to just under 40 percent
in the past 30 years (NHTSA 2012). If
the most current epidemiologic studies
are not used in alcohol-attributable
fraction estimates, the proportion of
acute and chronic disease mortality
and morbidity attributed to alcohol
may be inaccurate.

Fifth, when chronic disease mor-
bidity and mortality attributions are
made, the range of diseases considered
may vary. Current U.S. estimates may
not fully consider alcohol’s role in
chronic diseases such as HIV.

Overview of Measuring the
Burden: Alcohol’s Evolving
Impact

This issue of ARCR examines the
methodology involved in measuring
the burden of alcohol use in greater
detail. Drs. Flynn and Wells (2013)
provide an overview on consumption
indicators; environmental background
indicators such as availability informa-
tion; alcohol-attributable problems;
indicators for alcohol-attributable
health outcomes (both chronic and
acute); and, last but not least, law
enforcement indicators. They also
make a case for triangulating different
data sources in order to come to valid
conclusions as well as outline methods
and statistical techniques to technically
integrate these data.

Dr. Cheryl Cherpitel focuses more
in depth on one of these data sources
for the community in her examination
of hospital emergency departments
(Cherpitel 2013). She describes not
only the methodologies to make use of
these data, such as case-control or case-
crossover designs and their potential
biases, but also the use of such data to
derive alcohol-attributable fractions,
which is a research topic in its own
right (Shield et al. 20124).

The next two chapters deal with
two other outcomes of alcohol use.
Dr. Shield and colleagues (20136)
summarize findings on the impact
of alcohol and chronic disease (i.e.,
cancer, neuropsychiatric conditions,
cardiovascular, and digestive diseases).
Methodologically, they discuss limita-
tions of current techniques used to
derive risk relations and consequently,
attributable fractions.

Drs. Rehm and Shield (2013)
focus on mortality, more specifically on
global estimates of alcohol-attributable
mortality for the year 2010. They
report the causes of death with com-
prise the overwhelming majority of
all alcohol-attributable deaths: cancer,
liver cirrhosis, and injury. Clearly,
cancer reflects the mortality-related
alcohol use 15 to 20 years ago, liver
cirrhosis mainly current drinking but
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also a bit of the history, and injury
with the exception suicide mainly the
level of current acute consumption
(Holmes et al. 2012).

No overview on alcohol use and
consequences would be complete without
mentioning the efforts to enumerate
alcohol-attributable economic costs.
The sidebar focuses on the last attempt
to estimate such costs for the United
States, focusing on heavy drinking
(Bouchery et al. 2010).

The first part of the volume is
complimented by three sidebars. Dr.
Poznyak and colleagues (2013) give
insight into the WHO system to col-
lect data on alcohol consumption,
alcohol-attributable harm, and alcohol
policy. Drs. Wiedermann and Frick
(2013) describe the use of surveys to
derive disability weights to calculate
the disability-adjusted life-years. Dr.
Hilton (2013) introduces an important
national data bank—the NIAAA
Alcohol Policy Information System—
for alcohol research.

In the second part of the volume,
the focus is on alcohol use and its con-
sequences over the lifespan. It starts
chronologically with use by children
and adolescents (Donovan 2013;
Patrick 2013). Another group, in part
defined by age, is college students
(White 2013). All three groups again
are characterized by specific method-
ological problems. For example, regu-
lar quantity—frequency measures do
not capture alcohol use best, as con-
sumption tends to vary. Also, especially
for high-school and younger students,
a lot of research is based on cross-
sectional studies, which makes causal
conclusions impossible. More longitu-
dinal studies are needed to start disen-
tangling the web of the impact of
alcohol starting from earliest consump-
tion. Such studies may append the
usual self-report measures with objec-
tive measures such as repeated BAL
for college students (for example, see
Thombs et al. 2009).

For children, adolescents, and
college students, despite the problems
with establishing causality, a number of
alcohol-attributable consequences have

been identified. Some of them may be
further in the future, as there are links
between age of onset of alcohol use
and alcohol dependence or other con-
sequences in later years in the United
States (Donovan 2013; Grant and
Dawson 1997). The most important
consequence is alcohol-attributable
death. Although this outcome is rela-
tively infrequent, a comparison to all-
cause deaths during this stage of life
shows that alcohol is the most important
risk factor for mortality (and serious
illness) (Rehm et al. 2006).

Other groups of concern high-
lighted in this issue include women
(Wilsnack et al. 2013) and ethnic
groups (Chartier et al. 2013). Although
women in all countries drink less, have
less heavy-drinking occasions, and
experience less alcohol-attributable harm
than men (WHO 2011), this gap
seems to be closing in several countries
including the United States (Shield et
al. 20124; Wilsnack et al. 2013). As for
ethnicity and race, Native Americans,
Hispanics, and Blacks experience
higher rates of alcohol-attributable
harm than Whites in the United States.
This is of course in part linked to dif-
ferent drinking patterns (Chartier et al.
2013; Shield et al. 20134); but it also
may be worsened by an interaction
of socioeconomic status and alcohol
(Schmidt et al. 2010). Drs. Chartier
and colleagues show that more detailed
studies are needed, specifically on the
mechanisms of alcohol’s impacts on
health consequences in different eth-
nicities and races.

Alcohol use disorders (AUDs) are
one of the most important consequences
of alcohol use. Dr. Willenbring (2013)
examines some of the issues related to
measuring the public health impact of
AUDs and treatment. Although heavy
drinking is responsible for the majority
of the alcohol-attributable burden of
disease and mortality (for estimates, see
Rehm et al. 2013), the public health
impact of interventions—from screening
and brief interventions to treatment
of alcohol dependence—is not fully
understood (for exceptions, see McQueen
et al. 2011, who found that brief inter-
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ventions in the hospital setting were
associated with a reduction of mortality
after one year of 40 percent, or Rehm
et al. 2013, who found that increases
of the treatment rate to 40 percent in
Europe could help avoid more than 10
petcent of alcohol-attributable mortal-
ity). Again, more research is needed to
understand the long-term consequences
of interventions.

The issue concludes with contri-
butions on the new Diagnostic and
Statistical Manual of Mental Disorders—IV
(Grant 2013). Notes from a special
NIAAA expert panel on alcohol and
chronic diseases (Breslow and Mukamal
2013) also are included and outline
future research opportunities for the

field. W
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EDITORS’ NOTE

Measuring the Burden

Alcohol’s Evolving Impact on Individuals,
Families, and Society

Jiirgen Rehm, Ph.D., and Ralph Hingson, Sc.D.

those around him or her, and society as a whole. These costs

result from the increased health risks (both physical and mental)
associated with alcohol consumption as well as from the social harms
caused by alcohol. This issue of Alcohol Research: Current Reviews examines
the public health impact of alcohol consumption, looking at the full
burden of disease that can be attributed to drinking,.

The attempt to measure the impact of alcohol use on various disease
categories is relatively new to the alcohol research field. In fact, much of
our understanding of how alcohol affects health and disease in society is
rooted in work from the 1980s and 1990s. This research reflects a truly
international perspective. A group of Australian authors, led by Dr.
Dallas English, were some of the first to look at the issues involved in
attributing mortality and morbidity to substance abuse (English et al.
1995). Dr. James Shultz and his colleagues conducted other seminal
research for the Centers for Disease Control and Prevention. They
developed the Alcohol-Related Disease Impact (ARDI) software to
allow States to calculate mortality, years of potential life lost (YPLL),
direct health care costs, indirect morbidity and mortality costs, and
non—health sector costs associated with alcohol use (Shultz et al. 1991).
Canadian researchers, under the direction of Dr. Eric Single, developed
the Canadian version of the alcohol-attributable fractions in the mid-
1990s (Single 1999). Also at the forefront of research in this field are
Dr. Robin Room and this issue’s Scientific Review Editor, Dr. Jiirgen
Rehm, both of whom have made significant contributions to our over-
all understanding of the field.

The study of the burden of disease on a truly global scale began
with the World Health Organization’s (WHO’s) Global Burden of
Disease Study (Murray and Lopez 1996). Thanks to the WHO efforts,
we now have a worldwide view of the far-reaching consequences of
alcohol use and misuse.

Although the field has made much progress and in a short time, there
are research gaps that still remain. For example, more research is needed
on the relationship between diseases and detailed drinking patterns;
more needs to be known about the burden of alcohol-related mental
disorders (e.g., depression); future research needs to disentangle the effect
of comorbid conditions when assessing the burden of disease attributable
to alcohol; the estimates of how alcohol contributes to infectious diseases
like HIV need to be further refined; and the alcohol-attributable fractions
need to be updated more frequently in response to new developments
in science and as the population’s health status and behaviors change.

A lcohol use is associated with tremendous costs to the drinker,
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EDITORS’ NOTE CONTINUED

Finally, the impact of alcohol on social harm, including harm to people
other than the drinker, still is terra incognita in many areas (Gmel and
Rehm 2003).

Opver the last two decades, the United States has made substantial
progress in improving public health. Still, alcohol remains an important
risk factor for disease burden and social harm, not only in the United
States but also globally (Murray et al. 2013). Additional research in this
area will increase our understanding of alcohol’s role in creating disease
burden and social harm and aid in the development of stronger, more
effective measures to prevent these devastating effects.
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