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Abstract

Background: Alcohol-related mortality rates in the U.S. have risen since 2000, though how 

trends vary across socio-economic status is unclear.

Methods: This analysis combines data from vital statistics and the National Health Interview 

Survey (NHIS) to estimate alcohol-related mortality rates at four levels of educational attainment 

(less than high school, high school/GED, some college/associate’s degree, four-year degree or 

more) over the period 2000–2017. The analysis includes a comprehensive set of 48 alcohol-related 

causes of death, including causes which are indirectly influenced by alcohol use. I consider period 

and cohort patterns in inequality using the relative index of inequality (RII).

Results: Mortality rates increased over the study period, at all levels of educational attainment. 

Relative increases were larger for females than males at nearly all ages and levels of educational 

attainment, and were largest among 45–59 year-old women. Male and female members of the 

1950–1959 birth cohort exhibited elevated rates of alcohol-related mortality relative to 

neighboring cohorts. Despite widespread increases in alcohol-related mortality, educational 

inequalities present at the beginning of the analysis persisted and exceeded those in all-cause 

mortality. Disparities were typically greatest among younger adults ages 30–44, though inequality 

in this age group declined over time. Inequality increased among females ages 60–74, as well as 

among males ages 45–74.

Implications: While interventions targeting these groups may reduce educational disparities, 

care should also be taken to stem the increasing prevalence of alcohol-related deaths at all levels of 

educational attainment.

The Centers for Disease Control and Prevention (CDC) estimates that alcohol-related 

mortality rates increased 36% over the first 17 years of the 21st century (Miniño et al. 2002; 

Xu et al. 2018). Unfavorable trends in alcohol-related mortality were accompanied by 

growth in high risk drinking behaviors, especially among women, older adults, ethnic/racial 

minorities, and groups of lower socio-economic status (Grant et al. 2017). Although 

increases in alcohol-related mortality rates have often been considered a leading contributor 

to growing divides in mortality patterns by educational attainment (see, e.g., Case and 

Deaton 2015; 2017), trends in alcohol-related mortality by education are commonly 

examined only in combination with drug-overdose and suicide mortality. The mechanisms 
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resulting in alcohol-related deaths, and their underlying trends, however, may differ from 

those resulting in drug-related or suicide deaths.

This study examines alcohol-related mortality rates by educational attainment, independent 

of drug-overdose and suicide mortality, and is guided by the following questions:

1. What are the recent trends in alcohol-related mortality rates by sex and level of 

educational attainment in the U.S.?

2. How has inequality in alcohol-related mortality by educational attainment 

changed over time?

2a. What are the period and cohort trends in inequality?

To answer these questions, I combine data from vital statistics and from the National Health 

Interview Survey. While past analyses have often been limited to a small set of alcohol-

related causes, this is the first study to consider educational disparities in all 48 of the adult 

causes of death which have been consistently linked to the consumption of alcohol. The 

analysis is the first study of alcohol-related mortality to address bias associated with 

misreporting of decedents’ educational attainment on death certificates.

Background

Alcohol-related causes of death

To estimate the annual alcohol-related mortality rates cited above, the CDC limits alcohol-

related causes of death to those which are 100% attributable to alcohol use. These are deaths 

which cannot occur without the consumption of alcohol, and include conditions such as 

alcoholic liver diseases and alcohol poisoning. In addition to these 100%-attributable causes, 

however, alcohol consumption can also influence mortality risks for other causes, including 

accidents, cardiovascular diseases, and cancers (Baan et al. 2007; Breslow and Graubard 

2008; Rehm et al. 2010). The CDC’s Alcohol-Related Disease Impact (ARDI) application 

compiles empirical evidence linking consumption to cause-specific mortality risks in the 

form of alcohol-attributable fractions (AAF). Fractions range from .01 for certain conditions 

such as chronic hepatitis or hypertension to 1 for entirely alcohol-attributable causes. While 

fractions are small for many indirect causes, some indirect causes contribute considerably to 

the overall landscape of alcohol-related mortality. Notably, fatal motor vehicle accidents 

involving alcohol comprised 14% of alcohol-related deaths between 2006 and 2010, second 

only to alcoholic liver disease at 17% (ARDI). Using these fractions, Stahre et al. (2014) 

estimate that 1 in 10 deaths of working age adults between 2006 and 2010 were attributable 

to alcohol (age-standardized death rate of 27.9 per 100,000).

One mechanism through which alcohol use may influence mortality risks is through 

interaction with other risk factors. Heavy alcohol consumption reduces diet quality (Breslow 

et al. 2010; Lieber 2003) and can suppress immune function (Watzl and Watson 1992), 

consequences which may speed the development of fatal health conditions. Probst et al. 

(2014) hypothesize that these factors may be especially salient for lower status groups, 

whose lower likelihood to purchase healthy foods may decrease the body’s ability to process 

alcohol. Similarly, the combination of alcohol and cigarette use is associated with increased 
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mortality risks from aero-digestive cancers, and possibly from traffic and fire injuries 

(Taylor and Rehm 2006). Given the negative relationship between cigarette smoking and 

educational attainment (Jamal et al. 2015), this interaction may disproportionately affect less 

educated groups. Heavy drinking is also associated with a greater risk of developing 

colorectal cancer, but only among obese individuals (Zhao et al. 2012). Since individuals of 

lower levels of educational attainment are more likely to have ever been obese (Vierboom 

2017), this interaction too may disproportionately affect lower status groups.

Trends and differentials in alcohol consumption

Binge drinking (consuming 5 or more alcoholic drinks per sitting for men and 4 or more 

drinks for women) was responsible for more than half of all alcohol-related deaths between 

2006 and 2010 (ARDI). While research suggests that moderate alcohol consumption may be 

protective for certain conditions (Bell et al. 2017), Roerecke and Rehm (2010) find that any 

beneficial effects for heart disease disappear when “light to moderate drinking is mixed with 

irregular heavy drinking occasions.” Although richer and more educated groups are more 

likely to binge drink, the frequency and intensity of binge drinking among binge drinkers is 

highest for less educated groups (CDC 2012; Kanny et al. 2018). Such differences in self-

reported long-term drinking behaviors have been estimated to account for roughly 18% of 

differences in all-cause mortality between less-than-high-school and college graduates 

(Mehta et al. 2015).

Social factors are important mediators on the pathway between problematic alcohol use and 

death. Research by Rogers et al. (2015) suggests that the social harms associated with 

problematic drinking, such as a spouse threatening to leave, may have larger implications for 

mortality than the possible physical harms of drinking. The threshold for incurring social 

harm may vary across groups. People with lower levels of educational attainment are more 

likely to report higher levels of perceived stigma when it comes to their drinking behavior—

a trait that is associated with a lower likelihood of seeking treatment for an alcohol disorder 

(Keyes et al. 2010). An individual with relatively little formal education may therefore face 

greater perceived social harm and be less likely to seek treatment than others, even at the 

same levels of alcohol consumption.

The prevalence of alcohol-related mortality and/or problematic drinking varies across 

cohorts, age groups, and period. Cohort-specific life course factors may initiate long-term 

“biological or psychological chains of risk” (Kuh et al. 2003) that create cohort patterns in 

alcohol consumption (Lui et al. 2018; Virtanen et al. 2018). Extended durations of poverty 

or involuntary unemployment in early adulthood, for example, significantly predict heavy 

alcohol use in adulthood (Caldwell et al. 2008; Mossakowski 2008). As with many health 

behaviors, the prevalence, frequency, and intensity of problematic drinking additionally is 

not evenly distributed across the life course, often peaking in young- to mid-adulthood 

(Kanny et al. 2018). An extensive body of research has also debated the existence of period 

effects in alcohol-related mortality and consumption, especially in response to recessions or 

fluctuations in the price of alcohol (Herttua et al. 2011; Herttua et al. 2017; Makela et al. 

2015; Zaridze et al. 2009).
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Methods & Data

Overview

I examine trends in alcohol-related mortality rates between 2000–2017 and consider 

educational disparities in those rates using the relative index of inequality (RII). I consider 

trends in four age groups (30+, 30–44, 45–59, and 60–74) and across six ten-year birth 

cohorts (1920’s-1960’s). To estimate period rates, I pool annual data across three 6-year 

time periods: 2000–05, 2006–11, and 2012–17. For cohort calculations, data is pooled 

across 10-year birth cohorts and 10-year age intervals. To avoid relying on small sample 

sizes of deaths, cohort analyses begin at age 40.

Educational attainment is treated in four levels: less than high school, high school degree or 

equivalent, some college or associate’s degree, and bachelor’s degree or higher.

All estimates were performed using Stata Version 15.

The dual data source bias

Typically, mortality rates are calculated by dividing the number of deaths by person-years of 

exposure. In simplified notation, the alcohol-related mortality rate, Malc, is estimated as:

Malc = Dalc

PYL
(1)

where Dalc is the number of alcohol-related deaths and PYL is the number of person-years 

lived. In the U.S., these rates are often calculated using death certificate data from vital 

statistics in the numerator and person-year estimates from the Census or the Current 

Population Survey (CPS) in the denominator. Calculating age-specific mortality rates by 

educational attainment, however, requires having reliable information on educational 

attainment in both the numerator and the denominator. Unlike in surveys, educational 

attainment on death certificates is not self-reported, but reported by funeral directors, 

sometimes with help of surviving kin (Rostron et al. 2010). The CDC estimates that 

educational attainment on death certificates is incompatible with self-reported educational 

attainment in the CPS in 28% of cases (Rostron et al. 2010). Termed the dual data source 

bias, this numerator-denominator mismatch can significantly bias estimates of education-

specific mortality rates (Hendi 2017; Rostron et al. 2010).

To avoid combining two sources of education reporting in a single fraction, I use a method 

outlined in Ho’s (2017) study of educational disparities in drug overdose deaths. Equation 

(1) above can be expanded to:

Malc = Dalc

Dall ∗ Dall

PYL (2)

where Dall is the number of deaths from all causes. Equation (2) can then be rewritten as:
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Malc = Ralc ∗ Mall (3)

where Ralc is the proportion of all deaths attributable to alcohol and Mall is the mortality rate 

from all causes. Although Mall and Ralc must still be estimated using survey and vital 

statistics data, each can be estimated using a single source and without combining different 

sources of education reporting in the same fraction.

Calculating the proportion of deaths attributable to alcohol (Ralc)

To estimate the proportion of deaths attributable to alcohol within a demographic group, I 

use public-use multiple cause-of-death files for years 2000–2017, downloaded from the 

National Bureau of Economic Research (NBER 2019). The records, which include all death 

certificates filed in a given year, list a decedent’s age, sex, educational attainment, 

underlying cause of death, and any contributing causes of death. I classify deaths as alcohol-

related according to the classification system developed by the CDC’s Alcohol-Related 

Disease Impact (ARDI) application. The ARDI application groups alcohol-related causes of 

death into three categories, explained below and listed in Appendix Table 1. A more 

thorough explanation of the CDC’s methods is available on the ARDI website (cdc.gov/

ARDI).

The first category is a set of 10 causes which are 100% attributable to alcohol use, such as 

alcohol abuse and alcoholic liver disease. In the present analysis, I classify a death as 

alcohol-related if any cause on the death certificate, either underlying or contributing, is one 

of these 10 causes.

The second classification of causes in the ARDI database are causes for which previous 

studies have directly observed the relationship between alcohol use and a given underlying 

cause of death. In some studies, investigators measured the proportion of persons dying from 

a particular cause with blood alcohol concentrations above a certain level. In others, follow-

up studies obtained information from medical records or next-of-kin interviews to determine 

“a decedent’s pattern of alcohol consumption” (see ARDI methods section). Both types of 

studies provide a direct estimate of the proportion of deaths from a particular cause that are 

associated with alcohol use (termed the alcohol attributable fraction, or AAF). Appendix 

Table 1 lists the ICD-10 code(s) and AAF assigned to each cause.

The final set of ARDI causes include those for which CDC researchers combined data on the 

prevalence of alcohol consumption and data from meta-analyses on the association between 

cause-specific mortality risks and consumption to indirectly measure the alcohol-attributable 

fraction. Indirectly-measured fractions are based on cut-points for low, medium, and high 

levels of consumption. In this analysis, I assign all groups the fractions associated with a 

medium level of consumption. The fractions are often smallest at this level of consumption, 

thus minimizing possible bias associated with mis-assigning consumption levels. Under the 

assumption of medium consumption, these causes comprised between 4.4% and 9.0% of all 

alcohol-related deaths between 2000 and 2017 (Appendix Figure 1).
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To estimate the total number of alcohol-related deaths in a given demographic group, I sum 

the number of deaths with 100% alcohol-attributable (underlying or contributing) causes of 

death with the number of deaths from (underlying) causes with directly- or indirectly-

measured AAFs, each having been multiplied by their respective fraction. To avoid over-

counting, deaths with an underlying AAF cause of death and a 100% alcohol-attributable 

contributing cause are excluded from the sum of AAF causes (since these deaths have 

already been classified as alcohol-related). In the case of a negative AAF, which indicates a 

protective effect of consumption, I subtract the number of deaths averted from the total of 

alcohol-related deaths. Appendix Figure 1 illustrates the distribution of the ARDI 

components of alcohol-related deaths over the period.

Calculating all-cause mortality rates by educational attainment (Mall)

To estimate all-cause mortality rates by educational attainment, I use data from the 1990–

2009 public-use waves of the National Health Interview Survey (NHIS), downloaded from 

IPUMS (Blewett et al. 2018). NHIS, administered annually by the National Center for 

Health Statistics (NCHS), is a cross-sectional health survey that is nationally-representative 

of the non-institutionalized civilian population. Each wave has been linked to the National 

Death Index through December 2011, allowing for mortality follow-up. Although the NHIS 

includes decedents’ causes of death, the survey cannot be used to estimate alcohol-related 

mortality on its own due to the limited set of causes of death and small sample sizes of 

cause-specific deaths. More detailed information on survey design and sampling procedures 

are available on the IPUMS website (nhis.ipums.org).

I use mortality follow-up information to construct a person-year file in which respondents 

are censored upon contributing 10 years of follow-up, death, or at the end of 2011; 

whichever comes first. I restrict the study population to adults who were eligible for 

mortality follow-up and who were at least 30 years old at time of follow-up. Eligible 

respondents who were younger than 30 at baseline, but at least 25 (when formal schooling 

up to a college degree has likely been completed), can age into the sample upon reaching 

age 30. Although the analysis begins in 2000, I allow surviving respondents from waves as 

early as 1990 to enter the sample in 2000.

Table 1 shows the number of deaths and person-years lived in the person-year file. Although 

the counts in Table 1 are unweighted to show sample size, all calculations use the NCHS-

recommended sampling weights to adjust for respondents who were ineligible for mortality 

follow-up (mortwt in IPUMS). To estimate age-specific mortality rates from all causes by 

period, I divide the weighted count of deaths by the count of person-years in each 

demographic group (sex, level of educational attainment, 5-year age interval), either across 

years (2000–2005 and 2006–2011) or 10-year birth cohort.

Combining Ralc and Mall

After multiplying all-cause mortality rates from the NHIS by the fraction of deaths 

associated with alcohol in vital statistics (Equation 3), I age-standardize period rates using 

the 2012 U.S. age distribution. To minimize cohort differences in age distributions across 

10-year age intervals owing to differential exposure times, I standardize rates within each 
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age interval (assuming a standard of 0.5 in both of the 5-year age intervals). To capitalize on 

the most recent vital statistics data, I estimate alcohol-related mortality rates for 2012–2017 

under the assumption that all-cause mortality rates remained constant at 2006–2011 levels 

(while allowing Ralc to vary).

The Relative Index of Inequality (RII)

To calculate the relative index of inequality (Mackenbach and Kunst 1997; Schalick et al. 

2000), I regress age-standardized death rates against the midpoints of the cumulative 

proportion of the four levels of educational attainment in the U.S. population, ranked lowest 

to highest. For period analyses, I use the sex-specific distribution of educational attainment 

in the CPS for the given age range in the first year of each period. For 30–44 year-olds, for 

example, I use the distribution of educational attainment among 30–44 year olds in years 

2000, 2006, and 2012. For cohorts, I use the sex-specific distributions among 30–39 year-

olds in the year when cohort members were 30–39 years old (for the 1940’s cohort, for 

example, I use the distribution among 30–39 year-olds in the 1980 CPS). I use weighted 

least squares regressions weighted by the relative size of each level of educational 

attainment.

The RII, commonly expressed as the ratio of the predicted mortality rate for the lowest status 

group against the predicted rate for the highest status group (Mackenbach and Kunst 1997; 

Schalick et al. 2000), can be interpreted as the relative disadvantage associated with 

belonging to the 0th vs. 100th percentile of educational attainment. The measure controls for 

changes in the distribution of educational attainment in the population over time, while 

additionally accounting for patterns throughout the distribution.

Results

Table 2 shows the percentage of all deaths attributable to alcohol (Ralc * 100) in vital 

statistics, by educational attainment. Regardless of sex or educational attainment, the 

percentage of deaths attributable to alcohol was greatest at ages 30–34 (hovering around 

25% for males and 15% for females) and diminished with age (shrinking to less than 2% 

above age 80). Remarkably, the percentage of deaths attributable to alcohol increased 

between 2000–05 and 2012–17 for each of the 72 age, sex, and education groups in Table 2. 

Three of the four largest absolute increases were recorded among 30–34 year-old women 

with at least a high school degree (increases of 4.3–5.0 percentage points), while the four 

largest percent increases occurred among 55–64 year-old women without a college degree 

(increases of 68–85%). The negative association between Ralc and educational attainment, 

which is strong at young- and mid-adult ages, weakened with age and at some point was 

reversed. At ages 55 and above, the fraction of deaths attributable to alcohol was higher 

among women with college degrees than among women who did not graduate from high 

school.

Table 3 shows trends in age-standardized all-cause and alcohol-related mortality rates by 

educational attainment for adults 30+. Between 2000–05 and 2006–11, all-cause mortality 

rates decreased 6%−16% for all groups except less-than-high-school graduates. Rates among 

this group showed little change for men (an increase of 0.5%) and a small decrease for 
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women (3%). In contrast to widespread improvements in all-cause mortality, death rates 

from alcohol-related causes increased at all levels of educational attainment over the same 

period, a trend that continued into 2012–17. Although absolute increases over the 18-year 

study period were largest for less-than-high-school graduates (increases of 28.3 additional 

alcohol-related deaths per 100,000 among men and 12.8 among women), relative increases 

were largest for high school graduates (30% for males and 45% for females). Males 

exhibited a higher incidence of alcohol-related mortality than women, though relative 

increases were larger among the latter at all levels of educational attainment (11–30% vs. 

27–45%).

Table 3 suggests that well-documented educational inequalities in all-cause mortality were 

eclipsed by those in alcohol-related mortality. In 2000–05, non-high-school graduate males 

were 1.8 times more likely to die from all causes than college graduates, but 2.8 times more 

likely to die from alcohol-related causes (2.0 vs. 2.6 among women). Among males, 

inequality in alcohol-related mortality as measured by the RII grew over the 18-year study 

period, peaking at 3.00 in the middle of the period. In contrast, increases in alcohol-related 

mortality rates among women were accompanied by little change in the RII (stable around 

2.5).

Appendix Table 2 shows the RII for 100% alcohol-attributable causes only. Throughout the 

study period, educational inequality was highest for the combination of 100%-attributable 

underlying and contributing causes, and lowest for the comprehensive set of alcohol-related 

causes used by the main analysis. Among males, inequality increased for 100% alcohol-

attributable deaths over the period. Among females, inequality in 100%-attributable causes 

declined over time, driven by especially speedy rate increases at higher levels of educational 

attainment (not shown).

To illuminate age patterns underlying trends in Table 3, Table 4 shows age-standardized 

alcohol-related mortality rates and RIIs for three 15-year age intervals (30–44, 45–59, and 

60–74). Over the period, alcohol-related mortality rates increased at least 11% for all groups 

except college-educated males ages 60–74 (3.1% increase), 30–44 year-old females without 

a high school degree (0.8% increase), and 30–44 year-old males without a high school 

degree (a decline of 8.1%). No change or even declines in rates for the least educated group 

at ages 30–44 is reflected in significant declines in the RII over time. Nevertheless, 

inequality among women in this age group remained higher than at any other age throughout 

the period. Among males, accelerating inequality among 45–59 year-olds surpassed 

inequality at younger ages by the middle of the period.

Percent increases in alcohol-related mortality rates were larger for females than males in 10 

out of 12 age and education comparisons. The top three largest increases in Table 4 occurred 

for women ages 45–59. Increases here were led by women with some college or an 

associate’s degree (73.2% increase), followed by women with a terminal high school degree 

(70.5% increase). As a result of these sizable rate increases in the middle of the education 

distribution, the female RII in the middle ages remained constant over the period. In 

contrast, inequality grew for females 60–74, as well as for males 45–74.
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Tables 5a and 5b consider trends in alcohol-related mortality rates and inequality across 10-

year birth cohorts at comparable 10-year age intervals, for males (Table 5a) and females 

(Table 5b). For both sexes, the 1950’s cohort stands out for its unusual patterns. It is the only 

cohort for which mortality rates at all levels of educational attainment consistently exceeded 

rates in a neighboring cohort (relative to the 1940’s cohort for females, and relative to both 

the 1940’s and 1960’s cohorts for males). Within-cohort rate increases between ages 40–49 

and 50–59 in this cohort were also notably large, especially for college graduates (for whom 

rates nearly doubled with age). Males born between 1950–1959 experienced greater levels of 

educational inequality in alcohol-related mortality than did neighboring cohorts. For females 

in this cohort, inequality at ages 40–49 was greater than in any subgroup in any other table 

(RII of 5.69). By ages 50–59, however, the RII for females in this cohort declined 

considerably to 2.90, driven by rapid increases in alcohol mortality among the most 

educated groups.

Discussion

Findings in context

This paper examined trends in inequalities in alcohol-related mortality by educational 

attainment in the U.S. over the period 2000–2017. It is the first study to document universal 

increases in alcohol-related mortality at ages 30+ for both sexes and at all levels of 

educational attainment, with increases ranging from 11–45% (Table 3). Large educational 

disparities in alcohol-related mortality that existed at the beginning of the study widened 

among men ages 45–74, as well as among women ages 60–74. Inequality at ages 30–44 

declined for both sexes, driven by declining or stable rates among less-than-high-school 

graduates and rising rates at higher levels of educational attainment. Shifting patterns in this 

age group are consistent with work by Lui et al. (2018) who find that, in cohorts born after 

1975, heavy drinking is more common among groups with higher levels of educational 

attainment.

Relative to neighboring cohorts, the 1950’s birth cohort experienced elevated alcohol-related 

mortality rates. Educational inequalities were especially high in this cohort, particularly 

among 40–49 year-old women. Disparities are consistent with work documenting notably 

high levels of heavy drinking among less educated women in the 1956–1960 birth cohort 

(Lui et al. 2018). That pattern may have weakened with age, however. By ages 50–59, 

considerable increases in alcohol-related mortality for well-educated women led to 

significant reductions in inequality.

How does the U.S. compare to other high-income countries? In an analysis of alcohol-

related mortality in several European countries, Mackenbach et al. (2015) document a 

distinction between Western and Southern European countries on one hand (where alcohol-

mortality rates changed little over recent decades), and Eastern and Northern countries on 

the other (where rates rose for all socio-economic groups over the period). The patterns 

documented in this analysis suggest that the U.S. trajectory is similar to the one observed in 

Eastern and Northern Europe. Widespread increases in these countries were particularly 

rapid for lower SES groups, considerably widening social disparities. This is also true for 

U.S. males, though U.S. females do not consistently fit this pattern, given particularly rapid 
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increases in alcohol-related mortality among women with a terminal high school degree or 

some college experience.

Despite similar trends, the magnitude of alcohol mortality rates among males in Eastern and 

Northern European countries far exceeds that documented among U.S. males in the present 

analysis. Herttua et al.’s (2007) analysis of alcohol-related mortality at low, medium, and 

high levels of educational attainment in Finland estimated that male rates in 2002–03 ranged 

from roughly 62 deaths per 100,000 at the high level of educational attainment to 195 deaths 

per 100,000 at the low level; nearly twice as high as the 2000–05 range in the present 

analysis (37 to 101 deaths per 100,000). Surprisingly, rates among females were remarkably 

similar between these two studies, ranging from roughly 14 to 40 deaths per 100,000 for the 

high and low levels of educational attainment in Herttua et al.’s study and from 14 to 36 

deaths per 100,000 in the present analysis. Compared to sex differences in European 

countries, these findings suggest that alcohol-related mortality levels may be unusually high 

among U.S. women (or unusually low among U.S. men). Declining sex differences in 

alcohol-related mortality in the U.S. are consistent with declining sex differences in high 

risk drinking and alcohol-related emergency room admissions (Grant et al. 2017; White et 

al. 2018).

Strengths and limitations

This analysis has several strengths. It is the first to examine trends in alcohol-related 

mortality by educational attainment in the United States using a comprehensive set of 

alcohol-related causes of death, including causes which are not entirely attributable to 

alcohol use. Its method of mortality rate estimation aims to reduce bias introduced by 

education misreporting on death certificates. Inequality is summarized using the relative 

index of inequality, which accounts for changes in the distribution of educational attainment 

over time and adjusts for trends throughout the distribution.

This study also has several limitations, four of which are discussed below. First, while the 

analysis includes all adult causes of death which research has rigorously linked to alcohol 

consumption, other causes continue to be identified and are not included here (Rehm et al. 

2010). Second, the alcohol-attributable fractions in the ARDI application are assumed to 

apply across population subgroups (the sex- and age-specific fractions for motor vehicle 

fatalities are a notable exception). Assuming a constant contribution of alcohol across levels 

of educational attainment likely underestimates disparities in alcohol-related mortality. 

Evidence from abroad suggests that lower status groups bear a disproportionately larger 

burden of alcohol-related harm, even at similar levels of alcohol consumption (Makela and 

Paljarvi 2008; Probst et al. 2014).

Third, while the estimation approach for calculating alcohol-related mortality rates reduces 

some of the bias associated with education misreporting on death certificates, it cannot avoid 

the bias entirely. Education reporting on death certificates must still be relied on to estimate 

the fraction of deaths attributable to alcohol. If education misreporting operates in different 

directions, or at different magnitudes, for alcohol-related vs. all-cause mortality, the fraction 

of deaths associated with alcohol will be biased. However, it is difficult to hypothesize the 

direction of such a bias. Finally, the analysis assumes that all-cause mortality rates in 2012–
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17 remained constant over time. The assumption is necessary to study the most recent trends 

in the rapidly expanding proportion of deaths associated with alcohol in vital statistics 

(Table 2). Case and Deaton’s (2017) finding of a sustained deterioration in mortality 

conditions among non-Hispanic white college dropouts tentatively suggests that the growing 

divide in all-cause mortality documented between 2000–05 and 2006–11 in the present 

analysis may have continued into the final period. If so, estimates of educational disparities 

in alcohol mortality in the final period are conservative.

Conclusion

The prevalence of high risk drinking, alcohol use disorders, and alcohol-related emergency 

room visits has increased in recent years (Grant et al. 2017; White et al. 2018). This analysis 

documented that these trends were accompanied by near-universal increases in alcohol 

mortality across sex, age, and education subgroups (rising between 11% and 45% for adults 

ages 30+). Relative increases were consistently larger for females than males at all levels of 

educational attainment.

Future research should more clearly situate the U.S. among its peer countries, paying careful 

attention to differences between the U.S. and countries in which alcohol mortality has not 

increased. Additionally, research on age- and cohort-specific patterns of alcohol 

consumption by socio-economic status should aim to establish a link between changes in 

behavior and alcohol-related mortality.

Age- and cohort-patterns suggest the importance of targeted interventions across the life-

course. Educational disparities in alcohol-related mortality increased among males ages 45–

74 and females ages 60–74. Although inequality declined at ages 30–44, considerable 

disparities in this age group remained at the end of the study. Given the concentration of 

binge drinking at these ages (Kanny et al. 2018), persistent inequality at ages 30–44 may be 

amenable to interventions focused on binge drinking. Interventions aimed at groups with 

lower levels of educational attainment in this and other age groups may reduce educational 

disparities, yet care should also be taken to stem the increasing prevalence of alcohol-related 

deaths at all levels of educational attainment.

Appendix
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Appendix Figure 1. 
Distribution of alcohol-related cause-of-death components between 2000 and 2017.

Source: Vital statistics 2000–2017.

The following 4 categories are mutually exclusive and exhaustive (also see Appendix Table 

1):

100% attributable underlying: Deaths with 100% alcohol-attributable underlying causes.

100% attributable contributing: Deaths with 100% alcohol-attributable contributing causes.

Directly-measured AAF: Deaths with an underlying cause with a directly-measured alcohol-

attributable fraction.

Indirectly-measured AAF: Deaths with an underlying cause with an indirectly-measured 

alcohol-attributable fraction.

Appendix Table 1.

Alcohol-attributable fractions (AAF) and ICD-10 codes for alcohol-related adult causes of 

death.

Cause of death Sex
a

AAF Indirect AAF by 
consumption level ICD-10 Codes

Low Med High

CHRONIC CAUSES

  100% attributable

   Alcoholic psychosis 1 -- -- -- F10.3-F10.9
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Cause of death Sex
a

AAF Indirect AAF by 
consumption level ICD-10 Codes

Low Med High

   Alcohol abuse 1 -- -- -- F10.0-F10.1

   Alcohol dependence 
syndrome 1 -- -- -- F10.2

   Alcohol polyneuropathy 1 -- -- -- G62.1

   Degeneration of nervous 
system due to alcohol 1 -- -- -- G31.2

   Alcoholic myopathy 1 -- -- -- G72.1

   Alcohol 
cardiomyopathy 1 -- -- -- I42.6

   Alcoholic gastritis 1 -- -- -- K29.2

   Alcoholic liver disease 1 -- -- -- K70-K70.4, K70.9

   Alcohol-induced 
chronic pancreatitis 1 -- -- -- K86.0

-- -- --

  Causes with direct AAF 
estimates -- -- --

   Acute pancreatitis 0.24 -- -- -- K85

   Chronic pancreatitis 0.84 -- -- -- K86.1

   Epilepsy 0.15 -- -- -- G40, G41

   Esophageal varices 0.40 -- -- -- I85, I98.2

   Gastroesophageal 
hemorrhage 0.47 -- -- -- K22.6

   Liver cirrhosis, 
unspecified 0.40 -- -- -- K74.3-K74.6, K76.0, K76.9

   Portal hypertension 0.40 -- -- -- K76.6

   Spontaneous abortion 
(females only) 0.04 -- -- -- O03

  Causes with indirect 
AAF estimates

   Breast cancer (females 
only)

Females --
N/A 0.01 0.00 C50

   Cholelithiases
Males -- N/A −0.01 −0.01

K80
Females -- N/A −0.01 0.00

   Chronic hepatitis
Males -- N/A 0.01 0.02

K73
Females -- N/A 0.01 0.01

   Esophageal cancer
Males -- N/A 0.03 0.07

C15
Females -- N/A 0.04 0.02

   Hypertension
Males -- N/A 0.01 0.02

I10-I15
Females -- N/A 0.01 0.01

   Ischemic heart disease
Males -- N/A 0.00 0.00

I20-I25
Females -- N/A 0.00 0.00

   Laryngeal cancer
Males -- N/A 0.07 0.09

C32
Females -- N/A 0.08 0.03

   Liver cancer
Males -- N/A 0.05 0.06

C22
Females -- N/A 0.05 0.02
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Cause of death Sex
a

AAF Indirect AAF by 
consumption level ICD-10 Codes

Low Med High

   Oropharyngeal cancer
Males -- N/A 0.02 0.10

C01-C06, C09-C10, C12-C14
Females -- N/A 0.02 0.03

   Psoriasis
Males -- N/A 0.02 0.03

L40.0-L40.4, L40.8, L40.9
Females -- N/A 0.02 0.01

   Stroke, ischemic
Males -- N/A 0.03 0.01

G45, I63, I65-I67, I69.3
Females -- N/A 0.01 0.00

   Stroke, hemorrhagic
Males -- N/A 0.07 0.11

I60-I62, I69-I69.2
Females -- N/A 0.02 0.01

   Superventricular cardiac 
dysrhythmia

Males -- N/A 0.03 0.03
I47.1, I47.9, I48

Females -- N/A 0.03 0.01

ACUTE CAUSES

  100% attributable

   Alcohol poisoning 1 -- -- -- X45, Y15, T51.0, T51.1, T51.9

   Excessive blood alcohol 
level 1 -- -- -- R78.0

   Suicide by an exposure 
to alcohol 1 -- -- -- X65

       

  Causes with direct AAF 
estimates

   Air-space transport 0.18 -- -- -- V95-V97

   Aspiration 0.18 -- -- -- W78-W79

   Drowning injuries 0.34 -- -- -- W65-W74

   Fall injuries 0.32 -- -- -- W00-W19

   Fire injuries 0.42 -- -- -- X00-X09

   Firearm injuries 0.18 -- -- -- W32-W34

   Homicide 0.47 -- -- -- X85-Y09, Y87.1

   Motor-vehicle non-
traffic crashes 0.18 -- -- --

V02.0, V03.0, V04.0, V09.0, 
V12-V14(.0-.2), V19.0-V19.3, 
V20-V28(.0-.2), V29.0-V29.3, 
V30-V39(.0-.3),V40-V49(.0-.
3), V50-V59(.0-.3), V60-V69(.
0-.3), V70-V79(.0-.3), V81.0, 
V82.0, V83-V86(.4-.9), V88.0-
V88.8, V89.0

   Motor-vehicle traffic 
crashes

Males

V02(.1, .9), V03(.1, .9), V04(.
1, .9), V09.2, V12-V14(.3-.9), 
V19.4-V19.6, V20-V28(.3-.9), 
V29.4-V29.9, V30-V39(.4-.9), 
V40-V49(.4-.9), V50-V59(.4-.
9), V60-V69(.4-.9), V70-V79(.
4-.9), V80.3-V80.5, V81.1, 
V82.1, V83-V86(.0-.3), V87.0-
V87.8, V89.2

  25–34 
yrs

0.49 -- -- --

  35–44 
yrs

0.47 -- -- --

  45–54 
yrs

0.41 -- -- --

  55–64 
yrs

0.28 -- -- --

 65+ yrs 0.12 -- -- --

Females
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Cause of death Sex
a

AAF Indirect AAF by 
consumption level ICD-10 Codes

Low Med High

  25–34 
yrs

0.37 -- -- --

  35–44 
yrs

0.34 -- -- --

  45–54 
yrs

0.28 -- -- --

  55–64 
yrs

0.16 -- -- --

  65+ 
yrs

0.08 -- -- --

   Occupational and 
machine injuries

0.18 -- -- -- W24-W31, W45

   Other road vehicle 
crashes 0.18 -- -- --

V01, V05-V06, V09.1, V09.3, 
V09.9, V10-V11, V15-V18, 
V19.3, V19.8-V19.9, V80.0-
V80.2, V80.6-V80.9, V81.2-
V81.9, V82.2-V82.9, V87.9, 
V88.9, V89.1, V89.3, V89.9

   Poisoning (not alcohol) 0.29 -- -- -- X40-X49 (except X45)

   Suicide 0.23 -- -- -- X60-X84 (except X65), Y87.0

   Water transport 0.18 -- -- -- V90-V94

a.
Applies to both males and females if not otherwise specified

Adapted from the CDC’s ADRI application (2019). This list includes all ARDI adult causes of death for the country as a 
whole between 2006–2010. Indirectly-measured AAFs were estimated for any consumption of alcohol.

Appendix Table 2.

Relative index of inequality in alcohol-related mortality by classification method of alcohol-

related deaths and period, adults 30+.

Classification method Period

2000–2005 2006–2011 2012–2017

Males

100% attributable (underlying) 2.89 3.33 3.01

100% attributable 3.20 3.61 3.32

Comprehensive 2.61 3.00 2.93

Females

100% attributable (underlying) 2.85 2.70 2.49

100% attributable 2.71 2.59 2.40

Comprehensive 2.52 2.54 2.50

Source: NHIS 1990–2009 and vital statistics 2000–2017.

100% attributable (underlying): Only deaths with 100% alcohol-attributable underlying causes (see Appendix Table 1) are 
considered alcohol-related.

100% attributable: Only deaths with 100% alcohol-attributable underlying or contributing causes are considered alcohol-
related.

Comprehensive: Classification method of the main analysis. Deaths with 100% alcohol-attributable underlying or 
contributing causes, as well as underlying causes with alcohol-attributable fractions, are considered alcohol-related.
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Table 3.

Age-standardized mortality rate (per 100,000) and relative index of inequality in all-cause and alcohol-related 

mortality by period, adults 30+.

Cause & education
Period % change

(2000–05)
– (2012–17)2000–2005 2006–2011 2012–2017

Males

All causes

Relative index of ineq. 1.74 2.03 --

Mortality rates

 LHS 1712.0 1720.2 -- --

 HS 1341.2 1255.9 -- --

 SC 1249.8 1111.1 -- --

 BA+ 941.6 796.1 -- --

Alcohol-related causes

Relative index of ineq. 2.61 3.00 2.93

Mortality rates

 LHS 100.5 111.4 128.8 28.16

 HS 67.1 75.0 86.8 29.36

 SC 59.1 61.6 71.4 20.81

 BA+ 36.5 34.6 40.5 10.96

Females

All causes

Relative index of ineq. 1.96 2.04 --

Mortality rates

 LHS 1222.6 1186.8 -- --

 HS 862.8 810.6 -- --

 SC 746.0 696.2 -- --

 BA+ 616.5 547.5 -- --

Alcohol-related causes

Relative index of ineq. 2.52 2.54 2.50

Mortality rates

 LHS 36.1 41.3 48.9 35.46

 HS 23.0 27.2 33.3 44.78

 SC 19.7 23.0 28.0 42.13

 BA+ 14.0 15.0 17.8 27.14

Source: NHIS 1990–2009 and vital statistics 2000–2017. Note: Mortality rates age-standardized using the 2012 U.S. population distribution. LHS: 
less than high school. HS: High school diploma or GED. SC: Some college or associate’s degree. BA: Bachelor’s degree or more.
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Table 4.

Age-standardized mortality rate (per 100,000) and relative index of inequality in alcohol-related mortality, by 

age and period.

Age & education
Period % change

(2000–05)
– (2012–17)2000–2005 2006–2011 2012–2017

Males

30–44

Relative index of ineq. 4.29 3.55 3.28

Mortality rates

 LHS 68.5 60.1 63.0 −8.1

 HS 39.3 43.9 46.8 19.0

 SC 33.0 33.1 36.6 11.0

 BA+ 14.7 15.7 17.8 21.2

45–59

Relative index of ineq. 3.09 3.82 3.71

Mortality rates

 LHS 122.8 144.0 165.5 34.8

 HS 77.1 90.3 100.6 30.4

 SC 66.6 69.9 78.2 17.4

 BA+ 36.7 34.3 39.9 8.9

60–74

Relative index of ineq. 2.05 2.87 2.91

Mortality rates

 LHS 109.0 133.6 166.1 52.5

 HS 81.7 88.6 114.2 39.7

 SC 73.3 77.3 96.8 32.1

 BA+ 51.1 43.8 52.8 3.1

Females

30–44

Relative index of ineq. 4.91 4.14 3.94

Mortality rates

 LHS 27.7 26.1 28.0 0.8

 HS 16.9 17.7 20.4 20.5

 SC 12.2 13.1 15.3 25.7

 BA+ 5.5 5.8 6.6 20.3

45–59

Relative index of ineq. 3.28 3.32 3.27

Mortality rates

 LHS 42.9 55.2 66.2 54.3

 HS 24.2 33.5 41.2 70.5

 SC 18.8 26.7 32.6 73.2

 BA+ 13.0 14.7 17.6 35.9

60–74
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Age & education
Period % change

(2000–05)
– (2012–17)2000–2005 2006–2011 2012–2017

Relative index of ineq. 1.70 1.84 1.84

Mortality rates

 LHS 34.6 39.2 49.9 44.3

 HS 24.1 25.8 33.9 40.5

 SC 25.4 24.9 31.5 24.2

 BA+ 19.1 20.2 24.8 29.8

Source: NHIS 1990–2009 and Vital Statistics 2000–17. Note: Mortality rates age-standardized using the 2012 U.S. population distribution. LHS: 
less than high school. HS: High school diploma or GED. SC: Some college or associate’s degree. BA: Bachelor’s degree or more.
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Table 5a.

Relative index of inequality in alcohol-related mortality, by age & cohort. Males.

Cohort & Education
Age

40–49 50–59 60–69 70–79

1920–1929

Relative index of inequality 1.67

Mortality rates

   LHS 106.5

   HS 82.9

   SC 78.2

   BA 59.8

1930–1939

Relative index of inequality 2.06 1.70

Mortality rates

   LHS 111.5 110.5

   HS 79.4 80.3

   SC 70.9 78.8

   BA 53.5 64.9

1940–1949

Relative index of inequality 2.80 2.91

Mortality rates

   LHS 121.1 126.3

   HS 80.9 86.4

   SC 70.0 74.6

   BA 40.0 39.7

1950–1959

Relative index of inequality 4.90 3.55

Mortality rates

   LHS 113.7 164.3

   HS 60.6 100.2

   SC 46.9 78.0

   BA 21.6 42.6

1960–1969

Relative index of inequality 3.97

Mortality rates

   LHS 78.3

   HS 58.2

   SC 46.2

   BA 16.4
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Source: NHIS 1990–2009 and vital statistics 2000–2017. Note: To minimize cohort differences in age distributions due to different exposure times, 
rates are age-standardized within each 10-year age interval (assuming a standard of 0.5 in each 5-year age interval). LHS: less than high school. 
HS: High school diploma or GED. SC: Some college or associate’s degree. BA: Bachelor’s degree or more.
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Table 5b.

Relative index of inequality in alcohol-related mortality, by age & cohort. Females.

Cohort & Education
Age

40–49 50–59 60–69 70–79

1920–1929

Relative index of inequality 1.23

Mortality rates

   LHS 36.4

   HS 30.9

   SC 33.0

   BA 29.7

1930–1939

Relative index of inequality 1.76 1.40

Mortality rates

   LHS 33.2 37.5

   HS 21.7 29.7

   SC 25.8 30.9

   BA 18.4 26.1

1940–1949

Relative index of inequality 3.24 2.02

Mortality rates

   LHS 41.4 37.6

   HS 21.9 23.5

   SC 18.0 22.9

   BA 13.2 17.1

1950–1959

Relative index of inequality 5.69 2.80

Mortality rates

   LHS 49.0 50.5

   HS 23.6 32.8

   SC 17.0 27.7

   BA 8.7 15.7

1960–1969

Relative index of inequality 4.72

Mortality rates

   LHS 44.7

   HS 26.3

   SC 18.9

   BA 8.9

See notes for Table 5a.
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