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Abstract

IMPORTANCE Notable increases in mortality from alcohol-induced causes over the past 2 decades

in the United States have been reported. However, comprehensive assessments of trends in alcohol-

inducedmortality by sex, age, race/ethnicity, and social and geographic factors are lacking.

OBJECTIVE To examine trends in alcohol-induced mortality rates from 2000 to 2016, comparing

results by demographic characteristics including sex, race/ethnicity, age, county-level socioeconomic

status, and geographic location.

DESIGN, SETTING, AND PARTICIPANTS This serial cross-sectional study used US national vital

statistics data for years 2000 to 2016 for all US residents older than 15 years. Data analysis was

conducted from January to September 2019.

EXPOSURES Trends in alcohol-inducedmortality by sex, race/ethnicity, age, county-level

socioeconomic status (ie, median income, percentage of unemployed residents, percentage of

residents with a bachelor’s degree), rurality level, and US state.

MAINOUTCOMES ANDMEASURES Alcohol-inducedmortality, ie, deaths for which alcohol holds a

population-attributable fraction of 1. Deathswere expressed per 100000 residents as absolute and

age-standardized rates. Mortality trends were measured as average annual percentage changes

(AAPCs) for the entire period (ie, 2000-2016) and annual percentage changes (APCs) for individual

periods of change within the study period.

RESULTS A total of 425045 alcohol-induced deaths were identified from 2000 to 2016 (2000:

19 627 deaths; 14 979 [76.3%]men; 2016: 34 857 deaths; 25 213 [73.3%]men). The rate of alcohol-

induced deaths increased substantially among men (AAPC, 1.4%; 95% CI, 1.0% to 1.8%) and women

(AAPC, 3.1%; 95%CI, 2.6% to 3.6%) and accelerated recently (men, 2012-2016: APC, 4.2%; 95%CI,

3.1% to 5.3%; women, 2013-2016: APC, 7.1%; 95% CI, 5.1% to 9.1%). The largest increases by race/

ethnicity were observed among American Indian and Alaska Native men (AAPC, 3.3%; 95% CI, 2.6%

to 4.0%), American Indian and Alaska Nativewomen (AAPC, 4.2%; 95%CI, 3.8% to 4.6%), andwhite

women (AAPC, 4.1%; 95%CI, 3.6% to 4.7%). Despite initial declines among blackwomen, blackmen,

and Latinomen (eg, Latinomen, 2000-2003: APC, −5.1%; 95% CI, −9.8% to −0.1%; 2003-2013:

APC, −0.6%; 95% CI, −1.4% to 0.2%), increases occurred later in the study period (eg, Latino men,

2013-2016: APC, 4.1%; 95% CI, 0.3% to 8.1%). The rates of increase varied by age group and in turn

by racial/ethnic group. Among white individuals, large absolute increases occurred in midlife (eg, men

aged 55-59 years, 2000-2003: 25.5 deaths per 100000 residents; 2013-2016: 43.3 deaths per

100000 residents; women aged 50-54 years, 2000-2003: 7.4 deaths per 100000 residents; 2013-

2016: 16.5 deaths per 100000 residents), although APCs were also large for ages 25 to 34 years,

ranging from 4.6% to 6.9% per year amongmen and from 7.3% to 12.0% among women. Among

American Indian and Alaska Native individuals, increases throughout the age range were observed,
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Abstract (continued)

with the largest absolute increase occurring for ages 45 to 49 years amongmen (2000-2013: 113.6

deaths per 100000 residents; 2013-2016: 193.1 deaths per 100000 residents) and for ages 50 to 54

among women (2000-2013: from 56.1 deaths per 100000 residents; 2013-2016: 105.1 deaths per

100000 residents).

CONCLUSIONS ANDRELEVANCE This study found large increases in alcohol-induced death rates

across age and racial/ethnic subgroups of the US population, which have accelerated over recent

years. Large increases in alcohol-induced deaths among younger age groups may be associated with

future increases in alcohol-related disease.

JAMA Network Open. 2020;3(2):e1921451. doi:10.1001/jamanetworkopen.2019.21451

Introduction

Increases in mortality from alcohol-induced causes have been reported in the United States during

the past 2 decades.1 Recent reports have largely focused on the contributions of alcohol to increasing

rates of premature mortality among white US residents aged 25 to 64 years.2-5However, increases

have also been reported among other groups.1,3,5 Comprehensive assessments of trends in alcohol-

inducedmortality by sex, age, and race/ethnicity are lacking.

Alcohol-induced deaths include the subset of alcohol-related deaths that are certain to be

caused by drinking alcohol and therefore serve as indicators of the far larger spectrum of deaths,

including traffic collisions and cancer, that often cannot be clearly classified as being caused by

alcohol. Rates of alcohol-induced deaths are consequently markers of a far larger public

health problem.

Therefore, monitoring rates of alcohol-induced deaths over time within sociodemographic

subgroups of the US population is critical for targeting preventive health and health care resources.6

In this serial cross-sectional study, we analyzed patterns of alcohol-inducedmortality within the

United States between 2000 and 2016. We examined trends in alcohol-induced death rates over

time, comparing results by demographic characteristics including sex, race/ethnicity, age, county-

level socioeconomic status (SES), and geographic location.

Methods

Data Source and Study Population

This study usedmortality data and associated demographic characteristics for the entire US

population, derived from death certificates from the US National Center for Health Statistics, Centers

for Disease Control and Prevention, for the years 2000 to 2016, inclusive. Population data were

obtained from the US Census Bureau. For this study, we includedmembers of the full cohort of the

US population older than 15 years, the age cutoff commonly used by the World Health Organization

and the Centers for Disease Control and Prevention in reports on alcohol consumption and health

effects.7,8We restricted analyses of the American Indian and Alaska Native (AIAN) population to

Indian Health Service Purchased and Referred Care Service Delivery Area counties to minimize

misclassification within this population.9 As the data were publicly available, institutional review

board approval and informed consent were not needed, per the institutional policy of the National

Cancer Institute. Reporting of this study followed the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) reporting guideline.
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Variables

Alcohol-induced deaths were defined conservatively as deaths for which alcohol held a population

attributable fraction of 1, ie, deaths that are, by definition, due to alcohol consumption and could be

avoided if alcohol were not involved.10 Such deaths were identified from the underlying cause of

death recorded in death certificates using the 14 following International Statistical Classification of

Diseases and Related Health Problems, Tenth Revision (ICD-10) codes, as used by the Centers for

Disease Control and Prevention to quantify alcohol-induced deaths1: alcohol-induced pseudo-

Cushing syndrome (E24.4); mental and behavioral disorders due to alcohol use (F10); degeneration

of nervous system due to alcohol (G31.2); alcoholic polyneuropathy (G62.1); alcoholic myopathy

(G72.1); alcoholic cardiomyopathy (I42.6); alcoholic gastritis (K29.2); alcoholic liver disease (K70);

alcohol-induced acute pancreatitis (K85.2); alcohol-induced chronic pancreatitis (K86.0); finding of

alcohol in blood (R78.0); accidental poisoning by and exposure to alcohol (X45); intentional self-

poisoning by and exposure to alcohol (X65); and poisoning by and exposure to alcohol,

undetermined (Y15).

Sex, age, and race/ethnicity were ascertained from death certificates as originally recorded by

funeral directors. In line with the US Census, we categorized race/ethnicity as follows: non-Latino

white, non-Latino black, Latino, Asian and Pacific Islander (API), and AIAN.11Death certificate and

census data collect ethnicity information using the category Spanish/Hispanic/Latino; we used the

term Latino for this category. County-level SES was examined using data from the American

Community Survey (2011-2015). These variables included unemployment percentage (ie, percentage

of civilians aged �16 years in the labor force who are unemployed), percentage of population aged

25 years or older with a bachelor’s degree, and median household income in the past 12 months,

measured in 2015 inflation-adjusted dollars. Variables were classified into quintiles according to their

distribution across counties, by county population size, as described previously.12We also examined

rurality by categorizing counties using the 2013 Rural-Urban Continuum codes developed by the US

Department of Agriculture.13

Statistical Analysis

Mortality rates for each year of the study period were calculated using SEER*Stat version 8.3.5

(National Cancer Institute), standardized to the 2000US standard population in 5-year age

categories. Rates were calculated separately for men and women for all alcohol-induced deaths,

individual causes of alcohol-induced death, and within race/ethnicity categories. The Joinpoint

Regression Program version 4.6.0 (National Cancer Institute)14was used to quantify the overall

trends from 2000 to 2016 expressed as average annual percentage changes15 (AAPCs), to detect

statistically significant changes in the trajectory of death rates, and to quantify the trends in these

segments (expressed as annual percentage changes [APCs]). Statistically significant changes in trend

were identified using theMonte Carlo permutationmethod at a threshold of P < .05.16Weexamined

potential differences by age in 2 ways. First, age-specific rates, based on 5-year age groups, were

calculated for each of 2 periods (ie, 2000-2003 and 2013-2016). These 4-year periods allowed for

comparison of age-specific rates between themost recent vs the oldest years within the study period

while avoiding instability of data from potentially outlying individual years. Second, we used the

age-period-cohort analysis webtool developed by Rosenberg et al17 to identify APCs in mortality

rates during the study period for individual ages. Age-period-cohort models separate trends into age

associations, which reflect natural history; period associations, whichmay reflect changes in the

environment that affect all age groups; and cohort associations, which reflect differences in risk

across birth cohorts. The age-period-cohort analysis webtool implements a panel of estimable

age-period-cohort functions and correspondingWald tests in R code following the input of

age-specific numbers of events and person-years over time, which were uploaded to the tool in a

comma-separated values format. For this analysis, we limited the cohort to the population aged 20

to 80 years because of low case numbers and statistical instability among age groups outside

this range.
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Additional independent variables under investigation included county-level SES and US state.

Because of low numbers of deaths in some racial/ethnic categories, county-level analyses were

limited to white, black, and Latino individuals, and state-level analyses were limited to white

individuals. For analysis by county-level SES, AAPCs were calculated by individual level of each of

county-level attribute (ie, median income, unemployment percentage, percentage of residents with

a bachelor’s degree, rurality indicator). For analysis by US state, age-standardized rates formen and

women were calculated for each state for 2000 to 2003 and 2013 to 2016. Rates were depicted

using choropleth maps with classification by quantiles (n = 8). Additionally, the rate ratio, 2013 to

2016 vs 2000 to 2003, was calculated for each state.

Results

This study used national mortality and population data; therefore, it included the full US population,

which increased from 221.9 million individuals in 2000 to 262.2 million individuals in 2016. The

distribution of men and women was relatively stable during this time (2000: 51.5%women; 2016:

51.2%women), whereas the distribution by race/ethnicity changed somewhat (2000: 72.2%white;

11.3% Latino; 11.6%black; 4.1%API; and0.5%AIAN; 2016: 64.5%white; 16.0%Latino; 12.6%black;

6.1% API; and 0.5% AIAN).

A total of 425045 alcohol-induced deaths were identified from 2000 to 2016. In 2000, there

were 19 627 deaths (14 979 [76.3%] men; 4649 [23.7%] women) in the US population from alcohol-

induced causes, occurring at an age-standardized rate of 8.9 deaths per 100000 residents (men:

14.4 deaths per 100000 residents; women: 4.0 deaths per 100000 residents) (Figure 1). By 2016,

therewere 34 857 deaths (25 213 [72.3%]men; 9644 [27.7%]women)with alcohol-induced causes

at an age-standardized rate of 12.0 deaths per 100000 residents (men: 17.9 deaths per 100000

residents; women: 6.6 deaths per 100000 residents). The age-standardized rates for each year from

2000 to 2016 by individually contributing cause of alcohol-induced death are presented in eFigure 1

in the Supplement. In 2016, alcoholic liver disease accounted for 15 148 of 25 213 alcohol-induced

deaths (60.1%) amongmen and 6665 of 9644 (69.1%) among women. Deaths due to accidental

poisoning by and exposure to alcohol or mental and behavioral disorders due to alcohol accounted

for 9039 deaths (35.9%) amongmen and 2717 (28.2%) among women. The remaining 1026 deaths

(4.1%) amongmen and 262 deaths (2.7%) among women were accounted for by a range of causes

of alcohol-induced death.

The rate of death due to alcohol-induced causes overall increased from 2000 to 2016 at an

AAPC of 1.4% (95% CI, 1.0%-1.8%) amongmen and 3.1% (95% CI, 2.6%-3.6%) among women.

However, joinpoint analysis identified an accelerated increase in themost recent years; amongmen,

the APC for 2012 to 2016 was 4.2% (95% CI, 3.1%-5.3%), while among women the APC from 2013

to 2016 was 7.1% (95% CI, 5.1%-9.1%) (Table).

Difference AmongRacial/Ethnic Groups

In 2016, the highest age-standardized rate was observed among the AIAN population (113.2 and 58.8

deaths per 100000 residents amongmen and women, respectively) (Table). The next highest rate

of death among men occurred among Latino men (21.9 deaths per 100000 residents) followed by

white men (18.2 deaths per 100000 residents), black men (13.8 deaths per 100000 residents), and

API men (4.4 deaths per 100000 residents). After AIANwomen, the next highest rates of death

occurred among white women (7.6 deaths per 100000 residents), followed by Latina women (4.7

deaths per 100000 residents), black women (4.6 deaths per 100000 residents), and API women

(1.0 deaths per 100000 residents).

From 2000 to 2016, there was a significant increase in the rate of alcohol-induced deaths

among AIANmen (AAPC, 3.3%; 95% CI, 2.6% to 4.0%), white men (AAPC, 2.3%; 95% CI, 2.0% to

2.7%), and API men (AAPC, 1.2%; 95% CI, 0.3% to 2.1%). In contrast, a significant decrease occurred

among black men (AAPC, −2.4%; 95% CI, −3.3% to −1.4%), and no significant change occurred
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Figure 1. Age-Standardized Rates of Alcohol-Induced Death, 2000-2016
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among Latinomen. Among women, there were significant increases in all groups except black

women, and these increases occurredmore rapidly than amongmen (AIAN: AAPC, 4.2%; 95% CI,

3.8% to 4.6%; white: AAPC, 4.1%; 95% CI, 3.6% to 4.7%; API: AAPC, 2.2%; 95% CI, 0.5% to 4.0%;

Latina: AAPC, 2.1%; 95% CI, 1.1% to 3.1%).

With the exception of AIAN and API men and women, among whomwe observed steady

increases in alcohol-induced deaths over the study period, trends were not consistent among other

racial/ethnic groups (Table and Figure 1). For black women, the overall decrease from 2000 to 2016

reflected both a large decrease between 2000 and 2007 (APC, −5.9%; 95% CI, −8.2% to −3.6%)

and a subsequent increase from 2007 to 2016 (APC, 3.1%; 95% CI, 1.5% to 4.8%). Similarly, whereas

the overall trend among black men decreased from 2000 to 2016, the rate decreased substantially

between 2000 and 2006 (APC, −6.2%; 95% CI, −7.5% to −4.9%), slowed between 2006 and 2012

(APC, −1.7%; 95% CI, −3.6% to 0.2%), and then increased from 2012 to 2016 (APC, 2.7%; 95% CI,

0.2% to 5.4%).

Among white men and women, there was a general increase from 2000 to 2016, although the

largest increases occurred in the most recent years, particularly among women (2013-2016: APC,

7.8%; 95% CI, 5.7% to 9.9%). Among Latinomen, there was a decline from 2000 to 2013

(2000-2003: APC, −5.1%; 95% CI, −9.8% to −0.1%; 2003-2013: APC, −0.6%; 95% CI, −1.4% to

0.2%) but a later increase from 2013 to 2016 (APC, 4.1%; 95% CI, 0.3% to 8.1%). For Latina women,

there was an observed increase from 2000 to 2016, with the largest increase occurring from 2012 to

2016 (APC, 5.6%; 95% CI, 2.0% to 9.4%).

AgeDifferences

Considering themost recent period, ie, 2013 to 2016, peakmortality occurred between the ages of

55 and 64 years for all groups except the AIAN group (non-Latino white: men, 43.3 deaths per

100000 residents; women, 16.5 deaths per 100000 residents; Latino: men, 54.7 deaths per

100000 residents; women, 11.1 deaths per 100000 residents; non-Latino black: men, 41.2 deaths

per 100000 residents; women, 11.8 deaths per 100000 residents; API: men, 10.1 deaths per

100000 residents; women, 2.0 deaths per 100000 residents) (Figure 2). Among AIAN individuals,

peakmortality occurred between the ages of 45 and 49 years (men, 193.1 deaths per 100000

residents; women, 107.1 deaths per 100000 residents).

Table. Age-Standardized Rates of Alcohol-Induced Deaths and APCs, 2000 to 2016

Racial/Ethnic
Group

Men Women

Period

No. of Deaths per 100 000
Residentsa

APC (95% CI), % Period

No. of Deaths per 100 000
Residentsa

APC (95% CI), %Start End Start End

All 2000-2005 14.4 13.9 −0.6 (−1.5 to 0.3) 2000-2006 4.1 4.4 0.9 (0.1 to 1.8)

2005-2012 13.9 15.3 1.3 (0.6 to 1.9) 2006-2013 4.4 5.4 3.4 (2.6 to 4.1)

2012-2016 15.3 17.9 4.2 (3.1 to 5.3) 2013-2016 5.4 6.6 7.1 (5.1 to 9.1)

Non-Latino white 2000-2011 12.9 14.8 1.4 (1.0 to 1.7) 2000-2006 3.9 4.6 2.4 (1.5 to 3.2)

2011-2016 14.8 18.2 4.4 (3.3 to 5.4) 2006-2013 4.6 6.0 4.1 (3.3 to 4.9)

2013-2016 6.0 7.6 7.8 (5.7 to 9.9)

Latino/Latina 2000-2003 24.4 21.0 −5.1 (−9.8 to −0.1) 2000-2012 3.3 3.8 1.0 (0.1 to 1.9)

2003-2013 21.0 19.6 −0.6 (−1.4 to 0.2) 2012-2016 3.8 4.7 5.6 (2.0 to 9.4)

2013-2016 19.6 21.9 4.1 (0.3 to 8.1)

Non-Latino black 2000-2006 19.6 13.0 −6.2 (−7.5 to −4.9) 2000-2007 5.6 3.5 −5.9 (−8.2 to −3.6)

2006-2012 13.0 12.2 −1.7 (−3.6 to 0.2) 2007-2016 3.5 4.6 3.1 (1.5 to 4.8)

2012-2016 12.2 13.8 2.7 (0.2 to 5.4)

API 2000-2016 3.5 4.4 1.2 (0.3 to 2.1) 2000-2016 0.9 1.0 2.2 (0.5 to 4.0)

AIAN 2000-2016 66.9 113.2 3.3 (2.6 to 4.0) 2000-2016 30.7 58.8 4.2 (3.8 to 4.6)

Abbreviations: AIAN, American Indian and Alaska Native; APC, annual percentage

change; API, Asian and Pacific Islander.

a Rates are for single years at time interval boundaries.
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Among AIANmen and women, large absolute increases occurred throughout the age range,

with the largest absolute increase occurring for ages 45 to 49 years amongmen (2000-2013: 113.6

deaths per 100000 residents; 2013-2016: 193.1 deaths per 100000 residents) and for ages 50 to 54

among women (2000-2013: from 56.1 deaths per 100000 residents; 2013-2016: 105.1 deaths per

100000 residents) (Figure 2); APCs were generally similar by age (Figure 3). For example, increases

Figure 2. Comparison of AbsoluteMortality Rates of Alcohol-Induced Deaths in 2013 to 2016With Rates in 2000 to 2003
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Figure 3. Estimated Annual Percentage Change in Rates of Alcohol-Induced Deaths From 2000 to 2016 by Age
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from ages 23 to 60 years ranged from 2.4% per year to 6.7% per year amongmen and from 2.8% per

year to 6.1% per year among women, with no clear pattern. Among white individuals, increases in

absolute rates from 2000 to 2003 and from 2013 to 2016 also occurred throughmuch of the age

range but particularly in midlife (eg, men aged 55-59 years, 2000-2003: 25.5 deaths per 100000

residents; 2013-2016: 43.3 deaths per 100000 residents; women aged 50-54 years, 2000-2003:

7.4 deaths per 100000 residents; 2013-2016: 16.5 deaths per 100000 residents) (Figure 2); APCs

for ages 25 to 34 years ranged from 4.6% per year to 6.9% per year amongwhite men and from 7.3%

to 12.0% per year among white women by age (Figure 3). Among black men, decreases occurred

broadly throughout the age range and were largest between the ages of 38 and 54 years, with APCs

ranging from −3.1% per year to −5.7% per year. Decreases at most ages were more modest among

black women, and rates increased between the ages of 24 and 36 years, with APCs ranging from 1.3%

per year to 5.1% per year (Figure 2 and Figure 3). Absolute increases among Latina womenwere

largest between the ages of 45 and 69 years (ie, increases ranging from0.9 deaths per 100000

residents to 4.4 deaths per 100000 residents across the age groups in this range) (Figure 2),

although APCs were highest for Latina women aged approximately 30 years, ranging from 2.7% per

year to 5.4% per year (Figure 3). Among API individuals, statistically significant APCs were observed

amongmen aged 29 to 32 years (3.0%-3.5%per year) and aged 50 to 60 years (1.9%-3.1% per year)

and among women aged 46 to 51 years (3.4%-4.4% per year) (Figure 3).

To further explore the recent increases in mortality among black and Latino individuals, we

compared age-specific rates in 2013 to 2016 with those in 2009 to 2012. We found that the largest

absolute increases occurred between the ages of 60 and 64 years among Latino men (2009-2012:

45.8 deaths per 100000 residents; 2013-2016: 54.7 deaths per 100000 residents), between the

ages of 65 and 69 years among black men (2009-2012: 31.4 deaths per 100000 residents;

2013-2016: 35.7 deaths per 100000 residents) and between the ages of 55 and 59 years among

black women (2009-2012: 8.4 deaths per 100000 residents; 2013-2016: 11.8 deaths per 100000

residents) (eFigure 2 in the Supplement).

In addition to age associations, we also observed higher rates of alcohol-induced deaths among

more recent birth cohorts of non-Latino white and AIANmen and women (eFigure 3 in the

Supplement). Relative to the reference cohort (ie, those born in 1958), the cohort rate ratio increased

among white men to 2.76 (95% CI, 2.41-3.16) for the cohort born in 1986, while the cohort rate ratio

among white women was 6.92 (95% CI, 5.34-8.98) for the cohort born in 1989. Among AIAN men,

the corresponding rate ratio was 4.97 (95% CI, 3.49-7.09) for the cohort born in 1986, while among

AIANwomen the rate ratiowas 5.29 (95%CI, 3.06-9.13) for those born in 1988. Increases also tended

to be larger in themost recent periods (eFigure 4 in the Supplement). Relative to 2008 (ie, the

midpoint of our study), the rate ratio amongmen progressively increased from 1.03 (2010 vs 2008)

to 1.31 (2016 vs 2008), while the corresponding rate ratios among women increased from 1.10

to 1.58.

Trends in Alcohol-InducedDeaths by State and County

Among white individuals, rates of alcohol-induced deaths tended to be higher in states in the

western United States, such as Oregon (2013-2016: men, 32.4 deaths per 100000 residents;

women, 12.9 deaths per 100000 residents) andWyoming (2013-2016: men, 28.8 deaths per

100000 residents; women, 13.9 deaths per 100000 residents). However, increases occurred in

states throughout the country between 2000 to 2003 and 2013 to 2016 (eg, Iowa: men, rate ratio,

1.87; women, rate ratio, 2.37; Rhode Island: men, rate ratio, 1.56; women, rate ratio, 2.46) (Figure 4).

Increases among white men and women occurred throughout urban, rural, wealthier, and poorer

counties, as indicated by APCs greater than 1% (eFigure 5 in the Supplement).
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Discussion

The rate of alcohol-induced deaths, largely due to alcoholic liver disease, increased substantially

amongmen and women in the United States from 2000 to 2016, especially in more recent years.

Rates increased throughout the study period among AIANmen and women, white men and women,

API men and women, and Latina women. Although declines occurred among black women from

2000 to 2007, black men from 2000 to 2012, and Latinomen from 2000 to 2013, these promising

trends reversed course, and rates of alcohol-induced mortality increased from 2013 to 2016 in all

examined racial/ethnic groups.

Figure 4. Age-Standardized Rates of Alcohol-Induced Death for Non-LatinoWhite Individuals by State,

Comparing 2000-2003With 2013-2016
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In keeping with previous US reports highlighting morbidity andmortality among white

individuals at midlife,2we observed large absolute increases in alcohol-induced deaths within this

group, particularly amongmen. However, the steepest increases in the rates of alcohol-induced

deaths among white individuals in our study population occurred among younger adults,

particularly women.

Our results for mortality are generally supported by prior studies identifying increases in alcohol

use, high-risk drinking, and alcohol use disorders over recent years, particularly among women and

other population subgroups not traditionally recognized as being at high risk.6,18-21While we noted

widespread increases geographically, our observation that the highest rates of death among white

individuals occurred in the western United States echoes prior observations that states within this

region had some of the highest historical per capita alcohol consumption levels.21 However, alcohol

consumption levels are unlikely to fully explain mortality trends. Lack of access to high quality care

for alcoholmisuse and alcohol-associated diseases plays an important role inmortality vsmorbidity.21

Indeed, alcohol-induced deaths should be considered a function of both alcohol misuse and

insufficient primary, secondary, and tertiary prevention.

In our study, the largest absolute burden of alcohol-induced death and the largest absolute

increases occurred among AIAN individuals. National surveys indicate that AIAN individuals are less

likely to drink alcohol than other groups, but those who consume alcohol are more likely to drink

larger amounts and to binge drink.22,23Within the AIAN population, alcohol misuse should be

considered within the context of historical trauma and exposure to other risk factors, which include

poverty, family history of alcohol use disorder, availability of alcohol at a younger age through peer

groupings that include older relatives, and acculturation stress.22 Additionally, available treatment

and testing interventions have largely been developed for other populations and are poorly suited to

AIAN populations.21Dramatic underfunding of the Indian Health Service and underallocation of

funding for mental health and substance use disorder services are also associated with alcohol-

relatedmorbidity andmortality.24

Unlike rates of alcohol-induced death among other groups, which steadily increased from 2000

to 2016, rates among blackmen andwomen and Latinomen declined overmuch of the period before

increasing in later years. Our results for initial declines have been observed previously.1,25

Explanations for these declines and subsequent increases remain to be determined and speak to the

need for studies that carefully investigate trends in both alcohol use and access to appropriate health

care and treatment by race/ethnicity, sex, and birth cohort.25

Although the current study focuses on the United States, it is important to acknowledge that

alcohol is a leading cause of premature mortality worldwide.26 The highest levels of alcohol

consumption have consistently occurred in Europe, despite efforts by European Unionmember

states to make alcohol consumption a public health priority, indicating the substantial challenge of

alcohol-induced disease.27 Rates of alcohol-induced deaths in the United States have now reached

those of the United Kingdom, where the rate of alcohol-specific deaths in 2016 was 11.7 deaths per

100000 residents.28 However, rates in the United Kingdom have been largely stable since 2013, in

contrast with the rapid increases we observed during this period in the United States. In Canada,

increases from 2001 to 2017 have also been noted, particularly among women.29 Clearly, alcohol-

induced deaths are a major problemworldwide, meriting a substantial public health response.26

The US Preventive Services Task Force has recently recommended screening for unhealthy

alcohol use among adults in primary care settings as well as the provision of behavioral counseling

interventions.30 Similarly, the American Society of Clinical Oncology recently published a statement

on alcohol and cancer providing guidance for reducing the disease burden.31 Stronger alcohol

regulations have been associated with lower alcohol consumption, less binge drinking, and lower

rates of mortality from alcoholic cirrhosis.32However, in the case of both screening22 and

regulation,32 appropriateness and utility of interventions may vary with racial/ethnic and regional

differences, in accordance with underlying risk factors, cultural factors, and health care provision

disparities, demanding the deployment of sophisticated and culturally aware interventions.33
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Our study benefits from a thorough consideration of trends in alcohol-induced death rates

across individual population subgroups using the full US population older than 15 years. Previous

studies have described USmortality trends but focused on certain causes. For example, in 2018,

Tapper and Parikh34 described mortality due to cirrhosis and liver cancer, and several studies have

examined the association of alcoholic liver disease and alcohol-induced deaths in rising rates of

premature mortality in the United States.2,3,5We included all causes of death known definitively to

be induced by alcohol, providing an unambiguous measure of deaths of which alcohol is the sole

cause.35 Furthermore, we have examined how trends differed by sex, race/ethnicity, age, county-

level SES, and geographic location. To improve accessibility, we have predominantly presented our

results graphically, including displaying uncertainty surrounding our joinpoint estimates.

Limitations

This study has limitations. Because we restricted our outcome definition to alcohol-induced deaths,

we excluded causes known to be associated with alcohol but not 100% attributable to alcohol (eg,

traffic collisions, alcohol-associated cancers, infections and organ system diseases known to be

associated with alcohol use). Thus, although our analysis of trends in alcohol-induced deaths

provides an important indicator of the consequences of alcohol on population health, our findings

substantially underestimate the full mortality burden.26,36 Our study also bears limitations

associatedwith the underreporting of alcohol-attributable deaths on death certificates.37 Polednak37

observed that use ofmultiple-cause death records, as opposed to the underlying cause of death,may

enhance surveillance of premature mortality because of chronic (although not acute) disease

resulting from alcohol use; we encourage future research that considers the effects of this approach.

Conversely, we recognize that deaths classified as alcohol-induced deathsmay have been influenced

by coexisting conditions otherwise affecting the liver (eg, hepatitis C infection or nonalcoholic fatty

liver disease).38,39Misclassification of race/ethnicity data within death certificates is also possible in

our study but isminimal for groups other than AIAN individuals, for whomwe tookmeasures to limit

misclassification.3 Also, our analyses of county-level factors were limited to white, black, and Latino

individuals, and our analysis by state was limited to white individuals; these exclusions were made

because of sparse data for minority groups within the subdivisions.

Conclusions

This study showed increases in the rate of alcohol-induced deaths across racial/ethnic subgroups of

the US population, which have accelerated during recent years. Because many of the consequences

of alcohol consumption occur later in life, large increases in alcohol-induced deaths among younger

age groups portend substantial future increases in alcohol-related disease. Thus, narratives regarding

increasing deaths amongwhite US residents atmidlife should be extended to note large increases in

rates of alcohol-induced death among women and younger groups as well as amongminority

populations. Reflecting on the consequences of alcohol-relatedmorbidity andmortality throughout

the age range, our findings document an urgent public health crisis calling for concerted public

health action.

ARTICLE INFORMATION

Accepted for Publication:December 19, 2019.

Published: February 21, 2020. doi:10.1001/jamanetworkopen.2019.21451

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Spillane S

et al. JAMA Network Open.

Corresponding Author: Susan Spillane, PhD, Metabolic Epidemiology Branch, Division of Cancer Epidemiology

and Genetics, National Cancer Institute, 9609Medical Center Dr, Rockville, MD 20850 (spillasc@tcd.ie).

JAMANetworkOpen | SubstanceUse andAddiction Trends in Alcohol-Induced Deaths in the United States, 2000-2016

JAMA Network Open. 2020;3(2):e1921451. doi:10.1001/jamanetworkopen.2019.21451 (Reprinted) February 21, 2020 12/15

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.21451&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.21451
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.21451
mailto:spillasc@tcd.ie


Author Affiliations:Metabolic Epidemiology Branch, Division of Cancer Epidemiology and Genetics, National

Cancer Institute, National Institutes of Health, Bethesda, Maryland (Spillane, Shiels, Withrow, Chen, Berrington de

González, Freedman); Division of Cancer Treatment and Diagnosis, National Cancer Institute, National Institutes

of Health, Bethesda, Maryland (Best); Pacific Institute for Research and Evaluation, Calverton,

Maryland (Haozous).

Author Contributions:Dr Spillane had full access to all of the data in the study and takes responsibility for the

integrity of the data and the accuracy of the data analysis.

Concept and design: Spillane, Shiels, Withrow, Berrington de González, Freedman.

Acquisition, analysis, or interpretation of data: Spillane, Shiels, Best, Haozous, Withrow, Chen, Berrington de

González.

Drafting of the manuscript: Spillane.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Spillane, Shiels, Best, Berrington de González, Freedman.

Obtained funding: Freedman.

Administrative, technical, or material support: Freedman.

Supervision: Freedman.

Conflict of Interest Disclosures:None reported.

Funding/Support: This work was supported by grant CPFP-2016-1 from the Health Research Board of Ireland, and

by the Cancer Prevention Fellowship Programwithin the Intramural Research Program of the National Cancer

Institute.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,

management, analysis, and interpretation of the data; preparation, review, or approval of themanuscript; and

decision to submit themanuscript for publication.

Additional Contributions: Jeremy Lyman, BA (InformationManagement Services, Inc), helped produce

choropleth maps of the data. Mr Lyman did not receive compensation outside of his regular employment pay for

this work.

REFERENCES

1. QuickStats. QuickStats: age-adjusted death rates* attributable to alcohol-induced causes,† by race/ethnicity:

United States, 1999-2015.MMWRMorb Mortal Wkly Rep. 2017;66(18):491. doi:10.15585/mmwr.mm6618a12

2. Case A, Deaton A. Rising morbidity andmortality in midlife among white non-Hispanic Americans in the 21st

century. Proc Natl Acad Sci U S A. 2015;112(49):15078-15083. doi:10.1073/pnas.1518393112

3. Shiels MS, Chernyavskiy P, AndersonWF, et al. Trends in premature mortality in the USA by sex, race, and

ethnicity from 1999 to 2014: an analysis of death certificate data. Lancet. 2017;389(10073):1043-1054. doi:10.

1016/S0140-6736(17)30187-3

4. Monnat S. Drugs, alcohol, and suicide represent growing share of U.S. mortality. The Carsey School of Public

Policy at the Scholars’ Repository. https://scholars.unh.edu/carsey/292. Accessed January 14, 2020.

5. Woolf SH, Chapman DA, Buchanich JM, Bobby KJ, Zimmerman EB, Blackburn SM. Changes in midlife death

rates across racial and ethnic groups in the United States: systematic analysis of vital statistics. BMJ. 2018;

362:k3096. doi:10.1136/bmj.k3096

6. Grant BF, Chou SP, Saha TD, et al. Prevalence of 12-month alcohol use, high-risk drinking, and DSM-IV alcohol

use disorder in the United States, 2001-2002 to 2012-2013: results from the National Epidemiologic Survey on

Alcohol and Related Conditions. JAMA Psychiatry. 2017;74(9):911-923. doi:10.1001/jamapsychiatry.2017.2161

7. World Health Organization. Global status report on alcohol and health, 2014. https://www.who.int/substance_

abuse/publications/alcohol_2014/en/. Accessed January 14, 2020.

8. US Centers for Disease Control and Prevention. Vital Signs: Alcohol Poisoning Deaths—United States, 2010–

2012. https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6353a2.htm. Accessed January 11, 2018.

9. JimMA, Arias E, Seneca DS, et al. Racial misclassification of American Indians and Alaska Natives by Indian

Health Service Contract Health Service Delivery Area. Am J Public Health. 2014;104(suppl 3):S295-S302. doi:10.

2105/AJPH.2014.301933

10. Rehm J, Gmel GE Sr, Gmel G, et al. The relationship between different dimensions of alcohol use and the

burden of disease-an update. Addiction. 2017;112(6):968-1001. doi:10.1111/add.13757

JAMANetworkOpen | SubstanceUse andAddiction Trends in Alcohol-Induced Deaths in the United States, 2000-2016

JAMA Network Open. 2020;3(2):e1921451. doi:10.1001/jamanetworkopen.2019.21451 (Reprinted) February 21, 2020 13/15

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.15585/mmwr.mm6618a12
https://dx.doi.org/10.1073/pnas.1518393112
https://dx.doi.org/10.1016/S0140-6736(17)30187-3
https://dx.doi.org/10.1016/S0140-6736(17)30187-3
https://scholars.unh.edu/carsey/292
https://dx.doi.org/10.1136/bmj.k3096
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2017.2161&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.21451
https://www.who.int/substance_abuse/publications/alcohol_2014/en/
https://www.who.int/substance_abuse/publications/alcohol_2014/en/
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6353a2.htm
https://dx.doi.org/10.2105/AJPH.2014.301933
https://dx.doi.org/10.2105/AJPH.2014.301933
https://dx.doi.org/10.1111/add.13757


11. Strmic-Pawl HV, Jackson BA, Garner S. Race counts: racial and ethnic data on the U.S. Census and the

implications for tracking inequality. Sociol Race Ethn (Thousand Oaks). 2018;4(1):1-13. doi:10.1177/

2332649217742869

12. Shiels MS, Berrington de González A, Best AF, et al. Premature mortality from all causes and drug poisonings in

the USA according to socioeconomic status and rurality: an analysis of death certificate data by county from

2000-15. Lancet Public Health. 2019;4(2):e97-e106. doi:10.1016/S2468-2667(18)30208-1

13. US Department of Agriculture Economic Research Service. Rural-urban continuum codes. https://www.ers.usda.

gov/data-products/rural-urban-continuum-codes.aspx. Accessed April 19, 2019.

14. National Cancer Institute. Joinpoint trend analysis software. https://surveillance.cancer.gov/joinpoint/. Accessed

January 14, 2020.

15. Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average annual per cent change in trend

analysis. Stat Med. 2009;28(29):3670-3682. doi:10.1002/sim.3733

16. Kim HJ, FayMP, Feuer EJ, Midthune DN. Permutation tests for Joinpoint regression with applications to cancer

rates. Stat Med. 2000;19(3):335-351. doi:10.1002/(SICI)1097-0258(20000215)19:3<335::AID-SIM336>3.0.

CO;2-Z

17. Rosenberg PS, Check DP, AndersonWF. A web tool for age-period-cohort analysis of cancer incidence and

mortality rates. Cancer Epidemiol Biomarkers Prev. 2014;23(11):2296-2302. doi:10.1158/1055-9965.EPI-14-0300

18. Slater ME, Haughwout SP. Trends in substance use among reproductive-age females in the United States,

2002-2015. https://pubs.niaaa.nih.gov/publications/surveillance109/SUBST01.htm. AccessedMay 3, 2019.

19. White A, Castle I-JP, Chen CM, Shirley M, Roach D, Hingson R. Converging patterns of alcohol use and related

outcomes among females andmales in the United States, 2002 to 2012. Alcohol Clin Exp Res. 2015;39(9):

1712-1726. doi:10.1111/acer.12815

20. Hingson RW, ZhaW,White AM. Drinking beyond the binge threshold: predictors, consequences, and changes

in the U.S. Am J Prev Med. 2017;52(6):717-727. doi:10.1016/j.amepre.2017.02.014

21. Polednak AP. U.S. mortality from liver cirrhosis and alcoholic liver disease in 1999-2004: regional and state

variation in relation to per capita alcohol consumption. Subst Use Misuse. 2012;47(3):202-213. doi:10.3109/

10826084.2011.635462

22. SzlemkoWJ, Wood JW, Thurman PJ. Native Americans and alcohol: past, present, and future. J Gen Psychol.

2006;133(4):435-451. doi:10.3200/GENP.133.4.435-451

23. Cunningham JK, Solomon TA, MuramotoML. Alcohol use among Native Americans compared to whites:

examining the veracity of the ‘Native American elevated alcohol consumption’ belief. Drug Alcohol Depend. 2016;

160:65-75. doi:10.1016/j.drugalcdep.2015.12.015

24. SarcheM, Spicer P. Poverty and health disparities for American Indian and Alaska Native children: current

knowledge and future prospects. Ann N Y Acad Sci. 2008;1136:126-136. doi:10.1196/annals.1425.017

25. Zemore SE, Karriker-Jaffe KJ, Mulia N, et al. The future of research on alcohol-related disparities across U.S.

racial/ethnic groups: a plan of attack. J Stud Alcohol Drugs. 2018;79(1):7-21. doi:10.15288/jsad.2018.79.7

26. Griswold MG, Fullman N, Hawley C, et al; GBD 2016 Alcohol Collaborators. Alcohol use and burden for 195

countries and territories, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet.

2018;392(10152):1015-1035. doi:10.1016/S0140-6736(18)31310-2

27. World Health Organization. Fact sheet on alcohol consumption, alcohol-attributable harm and alcohol policy

responses in European Unionmember states, Norway and Switzerland. http://www.euro.who.int/en/media-

centre/sections/fact-sheets/2018/fact-sheet-on-alcohol-consumption,-alcohol-attributable-harm-and-

alcohol-policy-responses-in-european-union-member-states,-norway-and-switzerland-2018. Accessed July 29, 2019.

28. Office for National Statistics. Alcohol-specific deaths in the UK. https://www.ons.gov.uk/

peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/

alcoholrelateddeathsintheunitedkingdom/registeredin2016. Accessed July 15, 2019.

29. Canadian Institute for Health Information. Alcohol harm on the rise for Canadian women. https://www.cihi.ca/

en/alcohol-harm-on-the-rise-for-canadian-women. Accessed July 17, 2019.

30. Curry SJ, Krist AH, Owens DK, et al; US Preventive Services Task Force. Screening and behavioral counseling

interventions to reduce unhealthy alcohol use in adolescents and adults: US Preventive Services Task Force

recommendation statement. JAMA. 2018;320(18):1899-1909. doi:10.1001/jama.2018.16789

31. LoConte NK, Brewster AM, Kaur JS, Merrill JK, Alberg AJ. Alcohol and cancer: a statement of the American

Society of Clinical Oncology. J Clin Oncol. 2018;36(1):83-93. doi:10.1200/JCO.2017.76.1155

JAMANetworkOpen | SubstanceUse andAddiction Trends in Alcohol-Induced Deaths in the United States, 2000-2016

JAMA Network Open. 2020;3(2):e1921451. doi:10.1001/jamanetworkopen.2019.21451 (Reprinted) February 21, 2020 14/15

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1177/2332649217742869
https://dx.doi.org/10.1177/2332649217742869
https://dx.doi.org/10.1016/S2468-2667(18)30208-1
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx
https://surveillance.cancer.gov/joinpoint/
https://dx.doi.org/10.1002/sim.3733
https://dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3%3C335::AID-SIM336%3E3.0.CO;2-Z
https://dx.doi.org/10.1002/(SICI)1097-0258(20000215)19:3%3C335::AID-SIM336%3E3.0.CO;2-Z
https://dx.doi.org/10.1158/1055-9965.EPI-14-0300
https://pubs.niaaa.nih.gov/publications/surveillance109/SUBST01.htm
https://dx.doi.org/10.1111/acer.12815
https://dx.doi.org/10.1016/j.amepre.2017.02.014
https://dx.doi.org/10.3109/10826084.2011.635462
https://dx.doi.org/10.3109/10826084.2011.635462
https://dx.doi.org/10.3200/GENP.133.4.435-451
https://dx.doi.org/10.1016/j.drugalcdep.2015.12.015
https://dx.doi.org/10.1196/annals.1425.017
https://dx.doi.org/10.15288/jsad.2018.79.7
https://dx.doi.org/10.1016/S0140-6736(18)31310-2
http://www.euro.who.int/en/media-centre/sections/fact-sheets/2018/fact-sheet-on-alcohol-consumption%2c-alcohol-attributable-harm-and-alcohol-policy-responses-in-european-union-member-states
http://www.euro.who.int/en/media-centre/sections/fact-sheets/2018/fact-sheet-on-alcohol-consumption%2c-alcohol-attributable-harm-and-alcohol-policy-responses-in-european-union-member-states
http://www.euro.who.int/en/media-centre/sections/fact-sheets/2018/fact-sheet-on-alcohol-consumption%2c-alcohol-attributable-harm-and-alcohol-policy-responses-in-european-union-member-states
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/alcoholrelateddeathsintheunitedkingdom/registeredin2016
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/alcoholrelateddeathsintheunitedkingdom/registeredin2016
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/alcoholrelateddeathsintheunitedkingdom/registeredin2016
https://www.cihi.ca/en/alcohol-harm-on-the-rise-for-canadian-women
https://www.cihi.ca/en/alcohol-harm-on-the-rise-for-canadian-women
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.16789&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.21451
https://dx.doi.org/10.1200/JCO.2017.76.1155


32. Hadland SE, Xuan Z, Blanchette JG, Heeren TC, SwahnMH, Naimi TS. Alcohol policies and alcoholic cirrhosis

mortality in the United States. Prev Chronic Dis. 2015;12:E177. doi:10.5888/pcd12.150200

33. Muhunthan J, Angell B, Hackett ML, et al. Global systematic review of indigenous community–led legal

interventions to control alcohol. BMJ Open. 2017;7(3):e013932. doi:10.1136/bmjopen-2016-013932

34. Tapper EB, Parikh ND. Mortality due to cirrhosis and liver cancer in the United States, 1999-2016:

observational study. BMJ. 2018;362:k2817. doi:10.1136/bmj.k2817

35. Windsor-Shellard B. The impact of using the new definition of alcohol-specific deaths. https://www.ons.gov.uk/

peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/

theimpactofusingthenewdefinitionofalcoholspecificdeaths/2017-10-27. Accessed January 11, 2018.

36. Stahre M, Roeber J, Kanny D, Brewer RD, Zhang X. Contribution of excessive alcohol consumption to deaths

and years of potential life lost in the United States. Prev Chronic Dis. 2014;11:E109. doi:10.5888/pcd11.130293

37. Polednak AP. Surveillance of US death rates from chronic diseases related to excessive alcohol use. Alcohol.

2016;51(1):54-62. doi:10.1093/alcalc/agv056

38. Wieland A, Everson GT. Co-existing hepatitis C and alcoholic liver disease: a diminishing indication for liver

transplantation? Alcohol Alcohol. 2018;53(2):187-192. doi:10.1093/alcalc/agx101

39. Mahli A, Hellerbrand C. Alcohol and obesity: a dangerous association for fatty liver disease. Dig Dis. 2016;

34(suppl 1):32-39. doi:10.1159/000447279

SUPPLEMENT.

eFigure 1. Age-Standardized Rates of Alcohol-Induced Deaths, 2000-2016, by Sex and Specific Cause

eFigure 2.Male and Female Age-Specific Rates of Alcohol-Induced Deaths for 2013-2016 vs 2009-2012 for Latino/

Latina and non-Latino Black Individuals

eFigure 3.Male and Female Birth Cohort Effects Derived FromAge-Period-CohortModels for Persons Aged 20-80

Years, Inclusive

eFigure 4.Male and Female Time Period Effects Derived FromAge-Period-Cohort Models for Persons Aged 20-80

Years, Inclusive

eFigure 5. Annual Percentage Change in Alcohol-InducedMortality Rate, 2000-2016, by County-Level

Socioeconomic Status (SES) and Rurality

JAMANetworkOpen | SubstanceUse andAddiction Trends in Alcohol-Induced Deaths in the United States, 2000-2016

JAMA Network Open. 2020;3(2):e1921451. doi:10.1001/jamanetworkopen.2019.21451 (Reprinted) February 21, 2020 15/15

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.5888/pcd12.150200
https://dx.doi.org/10.1136/bmjopen-2016-013932
https://dx.doi.org/10.1136/bmj.k2817
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/theimpactofusingthenewdefinitionofalcoholspecificdeaths/2017-10-27
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/theimpactofusingthenewdefinitionofalcoholspecificdeaths/2017-10-27
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/theimpactofusingthenewdefinitionofalcoholspecificdeaths/2017-10-27
https://dx.doi.org/10.5888/pcd11.130293
https://dx.doi.org/10.1093/alcalc/agv056
https://dx.doi.org/10.1093/alcalc/agx101
https://dx.doi.org/10.1159/000447279

