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Abstract

Background: Alcohol has been linked to health disparities between races in the US; however, race-specific alcohol-
attributable mortality has never been estimated. The objective of this article is to estimate premature mortality attributable
to alcohol in the US in 2005, differentiated by race, age and sex for people 15 to 64 years of age.

Methods and Findings: Mortality attributable to alcohol was estimated based on alcohol-attributable fractions using
indicators of exposure from the National Epidemiologic Survey on Alcohol and Related Conditions and risk relations from
the Comparative Risk Assessment study. Consumption data were corrected for undercoverage (the observed
underreporting of alcohol consumption when using survey as compared to sales data) using adult per capita consumption
from WHO databases. Mortality data by cause of death were obtained from the US Department of Health and Human
Services. For people 15 to 64 years of age in the US in 2005, alcohol was responsible for 55,974 deaths (46,461 for men; 9,513
for women) representing 9.0% of all deaths, and 1,288,700 PYLL (1,087,280 for men; 201,420 for women) representing 10.7%
of all PYLL. Per 100,000 people, this represents 29 deaths (29 for White; 40 for Black; 82 for Native Americans; 6 for Asian/
Pacific Islander) and 670 PYLL (673 for White; 808 for Black; 1,808 for Native American; 158 for Asian/Pacific Islander).
Sensitivity analyses showed a lower but still substantial burden without adjusting for undercoverage.

Conclusions: The burden of mortality attributable to alcohol in the US is unequal among people of different races and
between men and women. Racial differences in alcohol consumption and the resulting harms explain in part the observed
disparities in the premature mortality burden between races, suggesting the need for interventions for specific subgroups
of the population such as Native Americans.
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Introduction Alcohol use 1s a major risk factor for mortality, with more than
30 International Classification of Diseases (ICD)-10 three digit
codes containing alcohol in their name, and more than 200 ICD-
10 three-digit codes where alcohol is a component cause [3,4].
Clurrently, alcohol is the eighth leading cause of mortality globally,
and in 2004 alcohol was responsible for 2.3 million deaths,
modifiable risk factors, such as alcohol consumption, tobacco representing 3.8% of all deaths [4_] For the US in 2005 alcohol
smoking, and being overweight or obese [1]. In particular, alcohol consumption has been estimated to be responsible for 64,000
consumption has been hypothesized to contribute substantially to deaths (approximately 45,000 for men and 20,000 for women) for
this disparity, as volume and patterns of alcohol consumption have all ages (however, this estimate is based on out of date
been shown to vary greatly by race [2]. methodology) [5]. To lessen the burden of disease and injury

attributable to alcohol, a global strategy to reduce the harmful use

A consistent gap in measures of mortality has been observed for
people of different races in the United States (US). The observed
large variations by race in measures of mortality have been
hypothesized to be attributable in part to differences in exposure to
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of alcohol was agreed upon at the World Health Organization’s
(WHO) 63rd World Health Assembly [6]. A key part of this
strategy 1s to accurately monitor alcohol consumption and the
resulting attributable harms, as reliable health data are the
foundation of health policies, strategies, and evaluation. Despite
the magnitude of mortality attributable to alcohol consumption,
alcohol-attributable burden estimates have yet to be calculated by
race for any country.

Previous estimates of the burden of mortality attributable to
alcohol in the US were limited by being differentiated by sex but
not by race [7-9], used older and less accurate methods of
estimating the burden of mortality [3], and did not include data for
alcohol-related diseases such as colon cancer, rectal cancer, and
tuberculosis [7-9]. Thus, up-to-date, accurate estimates of the
alcohol-attributable burden of disease in the US differentiated by
race, age and sex are necessary to formulate effective policies and
programs to ameliorate health inequalities and to identify cost-
effective health interventions that would make the biggest
difference to those in the worst health [10,11].

Accordingly, this paper provides an updated estimate of
premature mortality, i.e., the number of deaths and Potential
Years of Life Lost (PYLL) below age 65 years attributable to
alcohol consumption for the US in 2005 differentiated by race, age
and sex.

Methods

To estimate the number of deaths and PYLL attributable to
alcohol consumption, we restricted our analysis to people aged 15
to 64 years for two reasons. First, premature mortality is the most
important indicator for public health, as most of the PYLLs can be
found in this age category. Second, deaths that occur after the age
of 64 are often complicated in pathology and often are miscoded
[12], thus contributing to potential bias in comparisons over the
full life span. The cut-off of 65 years of age has also been used in
other studies that calculate the burden of disease attributable to
alcohol consumption [13-16]. When comparing alcohol-attribut-
able harms with harms caused by other risk factors based on
published studies, we made sure that the same age categories are
used.

Calculation of the Alcohol-Attributable Fractions by Race,
Age and Sex

The number of deaths caused by alcohol consumption was
calculated using an Alcohol-Attributable Fraction (AAF), which is
defined as the fraction of mortality that would not be present if
exposure to alcohol was 0 (in this case, if every person was a
lifetime abstainer) [17,18].

The method to calculate the number of deaths and PYLL
attributable to alcohol consumption has two main steps: (1)
calculation of the race-, age-, sex-, and consumption-specific
AAFs, and then (2) application of these AAFs to the corresponding
mortality and PYLL dataz.

Step 1: Calculation of the AAFs by Race, Age and Sex, and
of the Alcohol Consumption Exposure Estimates

Alcohol consumption, measured in grams per day, was obtained
from the Wave 1 2001-2002 National Epidemiologic Survey on
Alcohol and Related Conditions (NESARC 2001-2002) [2].
NESARC 2001-2002 employed a complex, multi-stage sampling
that oversampled 18 to 24 year olds, Blacks and Hispanics.
Computer-assisted personal interviews were conducted in face-to-
face household settings. Individuals living in non-institutionalized
group housing, such as military personnel living off base, and
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residents of institutionalized group housing, such as boarding
houses, shelters, and dormitories, were also recruited [19]. In total,
43,093 respondents aged 18 years and older were recruited, with
an overall response rate for the survey of 81%.

Summed across estimates for four separate beverage types,
volume was estimated based on overall frequency of drinking,
usual and largest quantities consumed, frequency of consuming the
largest quantity, frequency of consuming 5+ drinks, usual drink
size, and ethanol content by volume of the brand usually
consumed. The test-retest reliabilities for the various measures of
alcohol consumption from the NESARC 2001-2002 were good to
excellent, with intra-class correlation coeflicients ranging from
0.68 to 0.84 [20]. A coverage rate of 53% between the NESARC
2001-2002 survey and adult per capita alcohol consumption for the
US was found (estimated as 8.75 liters per capita for 2001/2002, the
years during which sampling took place), based on the Global
Information System for Alcohol and Health (GISAH) database
[21]. This means that the survey data combined underestimated
the sales and unrecorded data of the US by 47% for 2001/2002.
This underestimate is partly due to sampling (some high
consuming groups such as the homeless are not part of surveys
[22]) or is due to underestimation of one’s own drinking [23].

Consumption estimates were calculated based on race, age and
sex. Race in the NESARC 2001-2002 was defined by four
categories 1) White (including most Hispanics), 2) Black, 3) Asian/
Pacific Islander, and 4) Native American (see (US Census Bureau
1991) for definitions). For individuals who did not identify their
race or who identified themselves as multi-racial, the US Census
Bureau used an algorithm to impute/assign a race. To correct for
undercoverage (the observed underreporting of alcohol consump-
tion when using survey data as compared to adult per capita
consumption) alcohol consumption data was then triangulated
with per capita consumption data for 2005 obtained from the
GISAH database [16] (for definition and description of coverage
rate see [23,24]). This method of triangulation is detailed
elsewhere [25,26]. A detailed outline of the methods used to
model alcohol consumption is outlined in Appendix S1.

Risk Relations

Sources for Relative Risk (RR) functions by ICD-10 code are
outlined in Table S1 in Appendix S2. The RRs, in most cases,
were obtained from meta-analyses reporting a continuous RR
function by dose of exposure, ie., by average daily grams of
ethanol consumed. In the underlying meta-analyses, older ICD
codes were transferred into ICD-10 via the algorithms of Global
Burden of Disease study. An outline of the causal relationship
between alcohol and these ICD-10 code categories is described in
detail elsewhere [3].

AAF Calculations

For most chronic diseases associated with alcohol consumption,
we estimated the number of alcohol-attributable fatalities by
combining prevalence data on drinking status, average daily
volume of alcohol consumed, and the RR estimates associated
with the respective exposure category [3]. In order to estimate the
number of fatalities from ischemic heart disease, we combined
prevalence data on drinking status, binge drinking status, and
average daily volume of alcohol consumed [27,28]. For alcohol-
attributable HIV deaths, we could only estimate the effect of
alcohol consumption on adherence to antiretroviral medication
[29]. For injuries, volumes of consumption from both average
drinking and heavy drinking occasions and frequency of consum-
ing 5 standard drinks or more were combined with the respective
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RR functions to estimate fatalities (see Appendix S3 for additional
details) [30,31].

Step 2: Application of the AAFs to Race-, Age- and Sex-
specific Mortality, and to PYLL Data Estimates of
Mortality

For our analysis, we used both incidence-based (mortality) and
time-based (PYLL) measures of public health. Mortality data were
obtained from the US Department of Health and Human Services
for 2005 by ICD-10 codes, differentiated by age categories, race,
and sex. Life expectancies for these age categories were also
obtained from the US Department of Health and Human Services
by sex for 2005 [32]. ICD-10 codes have been used since 1999 by
the US Department of Health and Human Services to report
mortality in the United States; however, estimates of deaths prior
to 1999 by ICD-10 code are available from the US Department of
Health and Human Services [33]. PYLL were calculated using a
time-discounting (3%) methodology [34]. Time-discounting meth-
ods were used to account for peoples’ preference of a healthy year
now, rather than a healthy year in the future. Population estimates
for 2005 were based on the latest revisions from the US Census
Bureau [2].

Standardized Rates of Mortality

To directly compare the number of deaths across races while
controlling for any differences in age and sex structure of the
White, Black, Native American and Asian/Pacific Islander
populations, we calculated standardized rates of mortality per
100,000 people using the 2005 US population as the standard
population.

All statistics and analyses were performed using R and STATA
[35,36].

Results

Table 1 outlines the prevalence of “current drinkers,” “former
drinkers,” and “lifetime abstainers,” and levels of consumption
among current drinkers. In general, average daily consumption,
frequency of binge drinking (data not shown), and number of
drinks per binge drinking occasion (data not shown) were highest
in the youngest age categories, and among men in all age
categories. With the exception of Black men, who had a higher
average daily consumption than did Native American men, Native
Americans had the highest daily consumption, frequency of binge
drinking, and number of drinks per binge drinking occasion.

For people aged 15 to 64 years, alcohol was responsible for
55,974 deaths in 2005 representing 9.0% of all deaths in that age
range. This number can be broken down by sex into 46,461
representing 12.0% of all deaths of men, and 9,513 representing
4.1% of all deaths of women (see Table 2 for the number of deaths
attributable to alcohol by sex and by cause, Figure 1 for the
percentage of deaths attributable to alcohol consumption by sex
and race, and Appendix S4 for the percentage of deaths
attributable to alcohol consumption by major causes of death).
These are net deaths, where the beneficial effects of alcohol, such
as the protective effects of low to moderate drinking on ischemic
disease and diabetes, have already been subtracted.

Most of the deaths attributable to alcohol were due to injuries,
with 36,622 such deaths (33,485 for men; 3,137 for women). In
terms of the number of deaths attributable to alcohol, the net effect
was highest for the older age groups, peaking in the age range of
45 to 54 years; however, this was dependent on the cause of death,
with people in younger age categories experiencing much more
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Figure 1. Percentage of all deaths attributable to alcohol consumption by race and sex for people aged 15 to 64 years.

doi:10.1371/journal.pone.0051923.g001

mortality attributable to injuries than was experienced by people
in older age groups.

In the US in 2005 for people aged 15 to 64 years, 1,288,700
PYLL, representing 10.7% of all PYLL, were attributable to
alcohol. This number can be broken down by sex into 1,087,280
representing 14.7% of all PYLL for men, and 201,420 PYLL
representing 4.3% of all PYLL for women (see Table 3 for the
number of PYLL attributable to alcohol by race, age, sex and
cause, and Figure 2 for the percentage of PYLL attributable to
alcohol consumption by sex and race). As with mortality, the
biggest contributor to PYLL attributable to alcohol was injuries,
which constituted 7.2% of all PYLL (10.6% for men and 1.6% for
women) for people aged 15 to 64 years. Overall, alcohol was
responsible for a greater percentage of all PYLL for men when
compared to women. Native Americans had the highest percent-
age of PYLL attributable to alcohol consumption (22.8%) when
compared to any other group, with people who identified as White
having the second highest percentage of PYLL attributable to
alcohol consumption (11.2%).

In the US in 2005 the standardized rates of alcohol-attributable
mortality and PYLL per 100,000 people varied by sex and race
(see Figure 3 for population standardized mortality rates and
Figure 4 for population standardized PYLL rates, in each case for
2005), reflecting a difference in both drinking patterns and causes
of mortality while controlling for population structure. Men

PLOS ONE | www.plosone.org

experienced 49 alcohol-attributable deaths and 1,142 alcohol-
attributable PYLL and women experienced 10 alcohol-attribut-
able deaths and 207 alcohol-attributable PYLL, in each case per
100,000 people. In terms of race, Native Americans experienced
many more harms for both sexes, with 82 deaths per 100,000
people (130 for men; 35 for women) and 1,808 PYLL per 100,000
people (2,838 for men; 798 for women). This rate of mortality for
Native Americans represented more than ten times the rate
experienced by Asian/Pacific Islanders. Asian/Pacific Islanders
experienced the lowest rates of harms for both mortality and
PYLL. In terms of the two largest populations in the US, people
who identified themselves as White experienced fewer harms in
terms of mortality and PYLL per 100,000 people when compared
to people who identified as Black; people who identified
themselves as White experienced 29 deaths (49 for men; 9 for
women) and 673 PYLL (1,172 for men; 185 for women) per
100,000, and people who identified as Black experienced 40
deaths (61 for men; 19 for women) and 808 PYLL (1,252 for men;
374 for women) per 100,000.

Comment

This is the first report which outlines the burden of mortality
and PYLL attributable to alcohol consumption in the US
differentiated by race, age and sex, and it reveals that alcohol
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consumption is a large contributor to the burden of mortality. As
previously hypothesized, this variation in premature mortality
provides evidence that a health disparity in alcohol-attributable
harms exists across races in the US. In particular, Native
Americans, and to a lesser extent Black Americans, when
compared to other races, have a higher standardized rate of
alcohol-attributable mortality and PYLL. Thus, alcohol consump-
tion can be seen as a main contributor underlying the known
health disparities in the US [1]. In addition to racial differences in
alcohol-attributable mortality, men in every racial group experi-
enced more than three times the amount of mortality when
compared to women.

The observed differences in alcohol-attributable mortality
across races may not be attributable to alcohol consumption
alone as health-care utilization and the underlying population risk
for alcohol-related diseases, injuries and conditions also impact on
differences in the burden of alcohol-attributable mortality across
races [17,18]. Thus, effective interventions and policies aimed at
addressing this disparity should address race differences in health
plan coverage and health-care utilization for alcohol-related
conditions [1l], and should include race-specific interventions
aimed at reducing the volume of alcohol consumed and deterring
harmful alcohol consumption patterns [37,38].

This analysis has certain limitations, such as the quality of
health outcomes data [39]. Information concerning cause of death
has long been seen as containing inaccuracies [40], and more
recent studies still confirm considerable degrees of error in such
information [41,42]. Additionally, the exposure estimates for
drinking status and binge drinking patterns used in our analysis
were measured in 2001, whereas the outcomes were measured in
2005; however, the length of time between 2001 and 2005 should
not greatly affect the alcohol-attributable mortality and PYLL
estimates as alcohol consumption in the US remained relatively
stable from 2001 to 2005 [43]. The estimates of alcohol
consumption used in our analysis were also cross-sectional, i.e.,
measured more or less concurrently with deaths and PYLL,
whereas long-term patterns of alcohol consumption impact the risk
of some chronic diseases such as cancer [44].

Furthermore, our analysis did not include all aspects of harms to
others (such as motor vehicle accidents, and assaults), which
recently have been shown to constitute a large proportion of the
burden of injury attributable to alcohol [45]; this exclusion was
due to an absence of a methodology to calculate these harms by
race, age and sex [15].

We also did not estimate the number of deaths for people in the
US over the age of 64 due to the unreliability of data relating to
cause of death in the elderly [12]. If the age group above 64 years
had been included in our analysis, we estimated that the number
of deaths and PYLL attributable to alcohol would have increased
from 55,974 deaths and 1,288,700 PYLL to 82,213 deaths and
1,557,030 PYLL. Our analysis focused on premature mortality;
however, in a case where all alcohol-attributable mortality is
examined, injury may play a smaller part, as its role in causing
death in people 65 years of age and older is relatively smaller than
its same role in younger age groups [32].

This analysis was based only on race and does not provide
alcohol-attributable estimates by ethnicity or socio-economic
status. Alcohol consumption has been shown to vary by both
ethnicity and socio-economic status [2] and, thus, the alcohol-
attributable harms are expected to vary by these variables as well
[46]. The exclusion from this paper of analyses of these variables
was due to the unavailability of data differentiated by ethnicity and
socio-economic status.
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Figure 2. Percentage of all Potential Years of Life Lost attributable to alcohol consumption by race and sex for people aged 15 to

64 years.
doi:10.1371/journal.pone.0051923.9002

This analysis is also based on RR functions that were usually
differentiated by sex and adjusted for age and smoking status, and
in some cases for a variety of other risk factors. While the use of
adjusted RR functions may introduce bias (see [47-49]) most of
the published literature on risk factors only report adjusted RRs
and, thus, they are the basis of almost all comparative risk analyses
([39]; for alcohol see the publications outlined in Appendix S2).
For the risk estimates for alcohol in particular, most analyses show
no marked differences after adjustment for the usual confounders
and effect measure modifiers tested (see [3], and the meta-analyses
cited there). However, there may be a need for adjustment to the
RRs for alcohol if future research indicates that other dimensions
of alcohol consumption, such as irregular heavy drinking
occasions, impact the risk estimates.

For our analysis, we corrected the survey estimates of
consumption so that the coverage of the alcohol consumption
data used was equal to 80% of the US per capita consumption for
2005 (the per capita consumption of alcohol in 2005 was 9.5 liters of
pure alcohol per person). If we had not triangulated the survey
data based on total adult per capita consumption, the survey
coverage rate would have been 49.7% for 2005. If unadjusted
alcohol consumption survey data were used to calculate the
burden of alcohol consumption, we estimated that alcohol would
be responsible for 49,788 deaths and 1,120,740 PYLL for people

PLOS ONE | www.plosone.org
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aged 15 to 64 years. These results are similar to those which we
calculated using a coverage rate of 80%, where it was estimated
that 55,974 deaths and 1,228,700 PYLL were attributable to
alcohol consumption.

The incomplete coverage of per capita consumption in the
NESARC 2001-2002, typical of survey-based consumption
estimates, may have been due to disproportionately high levels
of consumption among non-responders and to not capturing in the
sampling frame people who were homeless and not living in
shelters (about half of all people who are homeless in the US) [50].
This may be a concern as a relatively small proportion of the
population is responsible for the majority of the alcohol consumed.
For instance, in the NESARC 2001-2002 sample, 6.7% of White
male drinkers consumed 33% of the overall consumption, so
excluding or undersampling of small groups with high consump-
tion may result in a large degree of undercoverage [51]. However,
given that the unsheltered, homeless population represents a small
fraction of the total population (0.1% of those people 15 years of
age and older), their inclusion in the NESARC 2001-2002 would
have increased the survey coverage rates by less than 1% (on the
basis of the assumptions in Shield and Rehm [22]). Thus, almost
all of the undercoverage results from incomplete reporting of
consumption among survey respondents and disproportionately
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Figure 3. Population standardized deaths per 100,000 people attributable to alcohol consumption by race and sex.

doi:10.1371/journal.pone.0051923.9g003

high levels of consumption among the non-responders who were
part of the sampling frame.

It should be noted that our analysis did not take into account
morbidity attributable to alcohol consumption. As alcohol
consumption has a greater impact on morbidity (as measured by
Years Lived with Disability (YLD), a metric which combines the
duration lived with a disease or injury and the severity of the
disease or injury) than on mortality or premature mortality (as
measured in PYLL), metrics such as Disability Adjusted Life Years
(DALYs5) (a measure that combines PYLL and YLD) are required
to accurately characterize the burden of alcohol consumption.

Danaei and colleagues estimated that alcohol consumption was
responsible for 64,000 deaths (45,000 for men and 20,000 for
women) for all ages in the US in 2005 [5]. These estimates are
substantially lower than our study’s estimates of 82,213 deaths
(61,539 for men and 20,674 for women) for all ages. Our updated
estimates of the burden of alcohol consumption show that alcohol
is a greater risk factor for mortality in the US than was previously
thought. Differences between our estimates and those of Danaei
and colleagues may be explained by our use of better modeling
methods for alcohol consumption and its associated risks, and our
use of alcohol consumption data corrected for undercoverage. In
addition, we included alcohol-attributable causes of death not
included in the study by Danaei and colleagues, such as infectious
diseases [52].

PLOS ONE | www.plosone.org
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Comparison to Other Risk Factors

Our updated estimate of the burden of alcohol consumption in
terms of mortality for the US is still lower than the burden
estimated for tobacco, and poor diet and physical inactivity [53];
tobacco use was responsible for an estimated 435,000 deaths, and
poor diet and physical inactivity were responsible for an estimated
400,000 deaths in the US in 2000 (there were no age restrictions
used when calculating these estimates.

Conclusion

This is the first study which compares alcohol-attributable
mortality and PYLL across different races in the US. However,
since alcohol consumption also has effects on social harms, more
research is needed to quantify the alcohol-attributable social harms
differentiated by race, age and sex. Since there is a disparity in
alcohol-attributable harms in the US between racial groups,
research is required to identify the mechanisms that give rise to
and sustain these disparities in order to effectively develop and
target alcohol policy strategies.
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