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Alcohol, the most prevalent sub-
stance of use and abuse in the United
States, is responsible for pervasive health,
social, and economic consequences.1,2 In
Healthy People 2000, the US Public
Health Service targets the reduction of al-
cohol-related mortality as part of its na-
tional strategy for disease and injury pre-
vention and health promotion.3 During the
1980s, substantial progress was made to-
ward increasing public awareness of the
risks associated with alcohol use. Nation-
wide reductions in per capita alcohol con-
sumption, alcohol-related motor vehicle
accident fatalities, and alcoholic cirrhosis
deaths have since been reported by the
Centers for Disease Control and Preven-
tion (CDC).4

In 1991, as part of ongoing analyses
of the health status of its residents, the
California Department of Health Services
completed a review ofdeaths from a broad
array of alcohol-related causes. The de-
partment examined time trends in deaths
from those causes specifically defined as
alcohol attributable (100% associated with
alcohol use) for 1980 to 1989, and it pro-
vided a focused analysis of alcohol-related
mortality for 1989 from all causes for
which alcohol use and misuse are risk fac-
tors. Alcohol-relatedyears ofpotential life
lost (YPLL) were also calculated. Pat-
terns of alcohol-related mortality and
YPLLwere examinedby gender and race/
ethnicity. Calculations were performed
using Alcohol-Related Disease Impact
(ARDI) software developed for the CDC.5
This paper discusses the methodological
issues in applying alcohol-attributable
fractions to mortality data and the impli-
cations of study findings for future re-

search efforts.
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Methods

Data Sources
Mortality data by diagnosis, 5-year

age group, race/ethnicity, sex, and place
of residence were extracted from the Cal-
ifornia Department of Health Services'
Death Statistical Master Files for 1980
through 1989. The cause of death used for
tabulations was the underlying cause, de-
fined as "(a) the disease or injury which
initiated the train ofevents leading directly
to death, or (b) the circumstances of the
accident or violence which produced the
fatal injury."6 Race-, sex-, and 5-year age
group-specific population data used to
compute rates came from the California
Department of Finance.7 California
abridged life table data were used to cal-
culate YPLL based on current life expect-
anCy.8

All calculations except for statistical
testswere performed using the ARDI soft-
ware, whose design features and method-
ology have been described elsewhere.5,9

Alcohol-Related Diagnoses and
Attributable Fractions

Alcohol use and misuse are risk factors
for numerous chronic diseases and
injuries.10-'4 The alcohol-attributable frac-
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tion represents a best estimate of the pro-
portion of disease or injury deaths that
would be reduced if these risk factors were
eliminated.9 The set of fractions used in this
study are those developed for ARDI soft-
ware from epidemiological studies, clinical
case series, and injury surveillance reports.
In the absence of strong evidence that sup-
ports a causal link between alcohol use and
a specific diagnosis, calculation of the alco-
hol-attrbutable fraction value may not be
based on robust relative risk estimates and
alcohol-exposure prevalence measures.
The ARDI software developers and the
CDC have made a concerted effort to pre-
sent an unbiased review of data supporting
or refuting a relationship between alcohol
and a specific diagnosis, and the authors ac-
knowledge that comorbidity and overlap-
ping conditions do exist among many "al-
cohol-related" deaths.25,9

The alcohol-attributable fraction val-
ues used in this study may potentially
overestimate or underestimate the num-
ber of deaths attnbuted to alcohol use and
misuse in California. This is because no
definitive work has been accomplished as
yet using California data to derive more
precise state-specific values.

Two types of diagnoses are distin-
guished in this study. Twelve diagnoses are
definitionally related to alcohol use and
misuse and are referred to as "alcohol-
defined" diagnoses. All mortality and
YPLL due to these diagnoses are directly
attributable to alcohol, and the alcohol-
attributable fraction value is set to 1.0
(100%o). Twenty-four additional diagnoses,
for which alcohol use and abuse are con-
tributing risk factors, have alcohol-attrb-
utable fractions ofless than 1.0 (range: 0.05
to 0.75). In this discussion, the expression
"alcohol-related" diagnoses refers to the
combination of all 36 diagnoses. Alcohol-
related diagnoses, alcohol-attributable
fraction values, and age ranges used in this
study are presented in Table 1.

Alcohol-Related Measures
For each alcohol-related diagnosis,

total numbers of deaths for men and
women in 5-year age groups, for all races
combined or for individual race/ethnic
groups, were entered intoARDI. For each
age-race-sex group, the number of deaths
for each diagnosis was multiplied by the
corresponding alcohol-attributable frac-
tion value to calculate alcohol-related
mortality:

Alcohol-related mortality =

Deaths x Alcohol-attnbutable fraction

ARDI also calculated age-specific and
age-adjusted mortality rates using the di-
rect method.15

Alcohol-related mortality for 1989
was calculated separately by sex and by
race/ethnicity (Asian/Other, Black, His-
panic, White), and mortality rates were
compared using the procedure outlined by
Kleinman for testing the difference be-
tween independent rates.16 A binomial ap-
proximation formulawas used to calculate
the 95% confidence interval of this differ-
ence. If the 95% confidence interval did
not include the value zero, the difference
between the two rateswas considered sta-
tistically significant at the .05 level.

Alcohol-Defined Measures
For the subset of 12 alcohol-defined

diagnoses, numbers of deaths were tabu-
lated in 5-year age groups, by sex, for
Blacks and non-Blacks for 1980 to 1989.
Crude mortality rates and race- and sex-
specific rates by cause of death were cal-
culated for California residents aged 15
and over. Age-adjusted death rates were
computed by the direct method, using the
age distribution of the population of Cali-
fornia in 1980 as the standard population.

A linear regression procedure was
used to determine the statistical signifi-
cance of trends in alcohol-defined mortal-
ity rates for the 10-year period.'7 If the
95% confidence interval of the slope of a
linear equation fitted to the data by the
method ofleast squares did not include the
value zero, the null hypothesis that the
slope equals zero was rejected at the .05
level of significance (P < .05) and the
trend was considered statistically signifi-
cant.

Results
Alcohol-Related Mortalty,
California 1989

An estimated 13 276 California resi-
dents died during 1989 from causes related
to alcohol (Table 1), representing 6.2% of
all deaths in the state. California, with 12%
of the US population, contributes about
13% of the total alcohol-related mortality
for the nation.18

Individual diagnoses that accounted
for large proportions of the total estimated
alcohol-related mortality were motor ve-
hicle accidents (17.8%), alcoholic cirrho-
sis of the liver (11.4%), homicide (10.8%),
suicide (8.0%), and cerebrovascular dis-
eases (7.6%). These five individual causes
of death accounted for more than half of
the estimated alcohol-related mortality in

California during 1989. Five diagnostic
categories accounted for 90% of the total
estimated alcohol-related mortality in Cal-
ifornia during 1989: unintentional injuries,
digestive diseases, intentional injuries,
malignant neoplasms, and cardiovascular
diseases.

Overall, 45.7 deaths per 100 000 pop-
ulation were attributed to alcohol use and
misuse in California during 1989. The es-
timated alcohol-related mortality rate for
men was significantly greater than that for
women (P < .05). Men had significantly
higher death rates for 21 of the 36 alcohol-
related diagnoses; women had a signifi-
cantly higher rate in only one diagnostic
category: cerebrovascular diseases.

Men accounted for 9058 (68.2%) of
the alcohol-related deaths in Califomia
during 1989; women, for 4218 (31.8%).
Among California residents, such deaths
accounted for 8.0% of all deaths for men
and 4.1% for women. For men, major
causes of these deaths were motor vehicle
accidents (1698 deaths, 18.7%), homicide
(1166 deaths, 12.9%), and alcoholic cir-
rhosis of the liver (1090 deaths, 12.0%o).
For women, the largest contnbutors to al-
cohol-related mortality were motor vehi-
cle accidents (663 deaths, 15.7%), cere-
brovascular diseases (616 deaths, 14.6%),
and alcoholic cirrhosis of the liver (425
deaths, 10.1%).

Examined by diagnostic category,
the gender disparitywas most pronounced
for mental disorders and intentional inju-
ries (Table 2). Men were three times more
likely than women to die from alcohol-
defined causes such as alcohol depen-
dence syndrome and alcohol abuse, and
nearly four times more likely to die from
alcohol-related homicide and suicide.

Examined by race/ethnicity, the
leading cause of alcohol-related mortality
for the White, Hispanic, and Asian/Other
groups was motor vehicle accidents (Ta-
ble 1); the leading cause for Blacks was
homicide. Statistical tests indicate that
Blacks had a significantly higher death
rate (66.6 per 100 000 population) than
each of the other race/ethnicity groups
(P < .05). Regarding specific causes of
death, Blacks had significantly higher es-
timated alcohol-related mortality rates for
homicide, alcohol dependence, alcoholic
liver damage (unspecified), cancer of the
esophagus, diabetes mellitus, and acci-
dents caused by fires than each of the
other race/ethnicity groups; Whites, for
suicide and accidental falls; and Hispan-
ics, for motor vehicle accidents.
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Alcohol-Related Years ofPotential
Life Lost, California 1989

During 1989, approximately 207 000
YPLL to age 65 and 372 000YPLL to life
expectancy were attributable to alcohol-
related causes (Table 3). Each death rep-
resented a mean of 15.6 YPLL to age 65
and 28.0 YPLL to life expectancy. The
major contributors to these alcohol-
related years lost were the diagnostic cat-
egories of unintentional injuries, inten-
tional injuries, and digestive diseases.

Men accounted for 77% of the total
YPLL to age 65 and 71% of the total
YPLL to life expectancy. On average,
each male death was associated with
17.6 and 29.2 years lost, respectively,
whereas each female death represented
11.1 and 25.3 years lost, respectively. For
both sexes, alcohol-related injury deaths
accounted for nearly 40 YPLL to life
expectancy per death. Male-female
YPLL differentials were greatest for in-
tentional injury and mental disorder
deaths (Table 2).

Trends in Alcohol-Defined
Mortality, California 1980 to 1989

Data on deaths from the subset of 12
alcohol-defined diagnoses for California
residents aged 15 years and older were
examined for 1980 to 1989 (Table 4). Dur-
ing this 10-year period, a total of 30 493
deaths from alcohol-defined causes were
reported. The 3249 alcohol-defined
deaths in 1989 represent 24.5% of the
13 276 alcohol-related deaths estimated
for that year. Three of the 12 diagnoses
comprised more than 80% of the total
number of alcohol-defined deaths: alco-
holic cirrhosis of the liver; alcoholic liver
damage, unspecified; and alcohol depen-
dence syndrome. If the category of

alcohol-defined deaths had been included
in the leading causes of death tabula-
tions published for California, it would
have ranked 10th in 1980 as well as in
1989.

The age-adjusted alcohol-defined
death rate significantly declined from 17.2
deaths per 100 000 population aged 15 and
over in 1980 to 13.7 deaths in 1989 (Table
5). The age-adjusted alcohol-defined death
rate for men was significantly higher than
that for women, and the rate for Blacks

was significantly higher than that for non-
Blacks (P < .05).

Although regression analysis indi-
cated that trends in age-adjusted alcohol-
defined mortality rates for the four major
race-sex groups significantly declined
(P < .05), these rates have not declined
uniformly for each group: rates for Black
men declined by 11.2 per 100 000 com-

pared with 3.7 per 100 000 for non-Black
men, 3.9 per 100 000 for Black women,
and 2.8 per 100 000 for non-Blackwomen.
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Diwussion
Alcohol is the most comionly used

and abused substance in Califomia, and this
study examined its impact on mortality dur-
ing the 1980s. Findin from analyses ofvi-
tal statistics data indicate that more than
30 000 deaths among California residents
fiom 1980 to 1989 can be attnbuted to 12
alcohol-defined causes, and that an esti-
mated 13 000 deaths during 1989 alone can
be attnbuted to all alcohol-related causes.

Alcohol-related deaths among Cali-
fornia residents, particularly those deaths
due to intentional and unintentional inju-
ries, represent a premature mortality
equivalent of more than 370 000 years
based on current estimates of life expect-
ancy. The economic costs of those lost
years have been estimated to be between
$11.7 billion and $14.4 billion annually.2-19

This study demonstrates that the risk
of mortality from alcohol-related causes is
disproportionate among different seg-
ments of the population. We found that
men are twice as likely to die as a result of
alcohol use and misuse, that alcohol-re-
lated mortality rates are significantly
higher for Blacks, and that intentional and
unintentional injuries are major contribu-
tors to premature mortality due to alcohol
use and abuse in California for all race/
ethnicity groups. However, some racial!
ethnic disparities were apparent in the
1989 data: Whites had a significantly
higher death rate for alcohol-related sui-
cide; Blacks, for alcohol-related homi-
cide; and Hispanics, for alcohol-related
motor vehicle accidents. Age-adjusted
death rates for Black men who died as a

result of alcohol-defined causes from 1980

to 1989 were found to be consistently and
significantly higher than those for all other
race-sex groups examined.

It is useful to explore new techniques
of analyzing vital statistics data in re-
sponse to ongoing public health problems.
However, several considerations must be
kept in mindwhen interpreting the results.
Major methodological limitations in com-
puting alcohol-attributable fraction values
and unresolved research issues in deter-
mining the effects of alcohol use and mis-
use are addressed elsewhere.59 The au-
thors acknowledge that applying a single
alcohol-attnrbutable fraction value to com-
pute the number of deaths across all age,
race/ethnicity, and sex categories for a
specific cause of death is problematic. For
most alcohol-related diagnoses, age-,
race-, and sex-specific relative risks are
not currently available for California. This
leads to the assumption that the relative
risk estimates developed for various un-
derlying causes of death using national
data can be applied to state-specific mor-
tality data and generalized across age,
race, and sex categories. Although the
ARDI software has undergone intensive
review by the CDC, the need for more
precise alcohol-attributable fractions is
clear; the software was intentionally de-
signed to accommodate user-specified
changes in these fractions produced from
either an expert consensus-building pro-
cess or definitive research studies.

Another problem is that alcohol-re-
lated conditionsoften are not reported as the
underlying cause of death on the death cer-
tificate, the primary data source for this
analysis.2ov1 The degree to which tabula-
tionsbased on the listed underlying cause of
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death underreport or exclude other interme-
diate and contributory alcohol-related
causes is currently unknown. Because the
data used in this study are based solely on
the underlying cause ofdeath, they may un-
derstate the overall impact of alcohol on
mortality. Further studies using data on
both underlying and multiple causes of
death are needed to allow direct computa-
tion of alcohol-attrbutable fraction values
based on California's own population com-
position, prevalence-of-use estimates, and
morbidity and mortality experience.

One problem area has been in deter-
mining the extent of alcohol involvement
in injuries. Motorvehicle accidents are the
leading cause of alcohol-related mortality
in California, accounting for nearly 20% of
the total estimated alcohol-related deaths
for 1989. Death rates for alcohol-involved
traffic fatalities have declined since 1987,
and California is expected to meet the na-
tional health status objective for the year
2000 of 8.5 per 100 000 population.223 Sta-
tistics released by the California Highway
Patrol for 1990 show a 5.1% decrease in
the number of people killed in alcohol-
involved accidents from 1989.23 Using
highway patrol data to adjust the default
ARDI alcohol-attnbutable fraction value
for alcohol-related motor vehicle accident
deaths (0.42) to correspond more closely
with California's experience (0.46) repre-
sents one enhancement to the disease im-
pact estimation methodology the Califor-
nia Department of Health Services is
considering.

Caution in interpreting trend data by
race/ethnicity is also warranted. Changes
in the criteria for reporting race/ethnicity
on the California death certificate, as well
as in the enumeration of persons of His-
panic origin during the 1980 census, may
contribute to lower numbers ofdeaths and
lower death rates for Hispanics compared
with Whites.18 Multidisciplinary research
efforts to address measurement problems
associated with comorbidity, the report-
ing of alcohol-related diagnoses on death
certificates, and racial/ethnic misclassifi-
cation of decedents are essential for im-
proving research methodologies based on
vital statistics data.

Despite current limitations, the ARDI
software provides a rapid data develop-
ment and analysis tool that health profes-
sionals can use to promote data sharing at
the national, state, and local levels. Its

structured database approach has the po-
tential for providing comprehensive de-
scriptions of the health and economic con-
sequences of alcohol use and misuse and
for promoting standardization of data col-
lected across study populations. Collabo-
rative research and analysis efforts will be
essential to aid in quantifying the impact of
alcohol use and misuse on mortality, and to
serve as a basis for formulating policies and
implementing effective prevention strate-
gies for reducing alcohol-related deaths in
California. Continuing evaluation of mor-
tality data would do much to raise public
awareness of alcohol as a major compo-
nent ofthe substance abuse problem and of
the costly and deadly outcomes associated
with its use and misuse. O
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