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Abstract

Socioeconomic gaps in life expectancy have widened substantially in the United States since 

2000. Yet the contribution of specific causes to these growing disparities remains unknown. 

We used death records from the National Vital Statistics System and population data from 

Current Population Surveys to quantify the contribution of alcohol-attributable causes of death 

to changes in US life expectancy between 2000 and 2018 by sex and socioeconomic status (as 

measured by educational attainment). During the study period, the gap in life expectancy between 

people with low (high school diploma or less) compared with high (college degree) levels of 

education increased by three years among men and five years among women. Between 2000 

and 2010 declines in cardiovascular disease mortality among people with high education made 

major contributions to growing inequalities. In contrast, between 2010 and 2018 deaths from 

a cause with an alcohol-attributable fraction of 20 percent or more were a dominant driver of 

socioeconomic divergence. Increased efforts to implement cost-effective alcohol control policies 

will be essential for reducing health disparities.

In stark contrast to the overall global trend of increasing life expectancy during the past 

several decades,1,2 the United States has experienced stagnation and then declines in life 

expectancy at birth since about 2010.3,4 These trends constitute a severe public health 

concern, as prolonged stagnation of and declines in life expectancy are rare globally and 

have only been seen during times of crisis.2

Looking at the trends preceding declines in life expectancy reveals that gains in life 

expectancy between 2001 and 2014 were highly unequal across socioeconomic groups.5 

Although men and women in the top 5 percent of the income distribution experienced 

increases of 2.3 and 2.9 years, respectively, their counterparts in the bottom 5 percent gained 
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only 0.3 and less than 0.1 years, respectively. These socioeconomic inequalities are an 

important contributor to the overall recent stagnation in US life expectancy.

It is not yet fully understood which causes of death contributed to the overall stagnation 

or to these increasing disparities in life expectancy. Anne Case and Angus Deaton6 were 

the first to demonstrate that rising mortality from “deaths of despair”—causes of death 

related to drug and alcohol poisoning, suicide, and alcohol-related liver disease—was a 

major contributor to stagnating US life expectancy, especially among groups with lower 

socioeconomic status (SES). However, the importance of these causes in explaining overall 

trends in mortality at the population level has been criticized as overstated.7 Other causes 

of death that have been found to contribute to the trends in life expectancy during the past 

decade are motor vehicle–related injuries, liver diseases, pneumonia, and diabetes mellitus,8 

all of which can be causally linked to alcohol use.9 We note that the period of time we are 

examining predates the COVID-19 pandemic.

Current evidence suggests that about 5 percent of all deaths in the US can be attributed 

to alcohol use.10,11 Furthermore, findings from meta-analyses show that alcohol use 

disproportionally affects those with low SES, leading to a relative risk of dying from a 

100 percent alcohol-attributable cause of death for low compared with high SES that is 

about 1.5 to 2 times as large as the corresponding relative risk for all-cause mortality.12

However, it remains unknown to what extent alcohol-attributable causes of death contributed 

to the overall trends and growing socioeconomic divide in US life expectancy since 2000. 

The objectives of this study were to investigate changes in US life expectancy at age 

eighteen between 2000 and 2018 by SES and sex and to quantify how causes of death for 

which alcohol use is a risk factor have contributed to these changes.

Study Data And Methods

We adhered to the standards set out in the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) Statement (see online appendix exhibit A1).13

DEFINITIONS

Life expectancy at age eighteen was defined as the average age of death among people who 

survived to age eighteen, assuming that mortality conditions of the period prevailed over the 

rest of their lifetimes.14 Age was categorized into five-year age groups (with the youngest 

age group being ages 18–24 and the oldest age group being ages 80 and older). SES was 

operationalized via educational attainment and grouped into three categories: low education 

(high school diploma or less), middle education (some college but no college degree), and 

high education (college degree or more).

We included all major causes of death that are causally linked to alcohol use according 

to Jürgen Rehm and coauthors’ 2017 review9 and the Centers for Disease Control and 

Prevention:15 alcohol use disorders; liver disease and cirrhosis; pancreatitis; motor vehicle 

accidents; other unintentional injuries; suicide; cancer (female breast cancer, liver cancer, 

pancreatic cancer, and cancers of the digestive tract); hemorrhagic stroke; hypertensive heart 
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disease; ischemic heart disease and ischemic stroke; diabetes mellitus; and lower respiratory 

infections (pneumonia).We classified these causes of death using the alcohol-attributable 

fraction, which is an indicator of the degree to which causes of death are affected by 

alcohol use at the population level. Alcohol-attributable fractions are informed by the 

prevalence, pattern, and level of alcohol use in the geography of interest and the relative risk 

function linking alcohol use to mortality risks. They indicate the proportion of deaths from 

a specific cause that would not have occurred in a counterfactual scenario of everyone being 

a lifetime abstainer. The International Model of Alcohol Harms and Policies, an open-access 

alcohol harms estimator, was used to calculate alcohol-attributable fractions,16,17 using 

exposure estimates published by Jakob Manthey and colleagues.18 International Statistical 

Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), codes, 

along with their corresponding alcohol-attributable fractions, are shown in appendix exhibit 

A2.13 All remaining causes of death were included in one “rest” category. In addition to 

mental and behavioral disorders due to use of alcohol (F10), the alcohol use disorders 

category included other causes of death that are fully attributable to alcohol use (such as 

alcohol poisoning, X45). To facilitate interpretation and communication of the results, the 

causes of death were grouped according to their alcohol-attributable fraction, as follows: 

less than 20 percent: cancer, hemorrhagic stroke, hypertensive heart disease, ischemic heart 

disease and ischemic stroke, diabetes mellitus, and lower respiratory infections; 20 percent 

to less than 50 percent: pancreatitis, motor vehicle accidents, other unintentional injuries, 

and suicide; and 50–100 percent: alcohol use disorders and liver disease and cirrhosis.

DATA SOURCES

The study used individual death records for 2000–18 obtained from the National Vital 

Statistics System.19 Specifically, we used the Multiple Cause-of-Death Files, which contain 

all deaths and information on education, age, and sex of the deceased, in addition to the 

underlying cause of death coded according to ICD-10.20 The data contained a total of 

50,146,136 adult deaths. There were no missing data on age and sex, but education level 

was missing for 3.8 percent of the decedents. To ensure the inclusion of all observed deaths 

and prevent underestimation of mortality rates, these deaths were randomly assigned to an 

education category based on the observed proportion of deaths in each education group by 

age group, year, sex, and cause of death.3

We calculated population estimates for 2000–18 by educational attainment, age, and sex, 

using data from the Current Population Surveys, also known as the March CPS.21,22 

The CPS sample is based on the US civilian, noninstitutionalized population, and it is 

representative at the national and state levels. The CPS recruits a probability sample of 

about 60,000 occupied households. Each year a computerized questionnaire is administered 

through both in-person and telephone interviews to about 150,000 adults. Education is 

classified by the highest level of education completed. The sample for our study period 

included 2,602,919 adults with no missing information on education, age, and sex.

STATISTICAL ANALYSES

First, we aggregated mortality counts obtained from the National Vital Statistics System by 

year, cause of death, education, age group, and sex, and we divided by respective population 
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counts to generate mortality rates. Population counts were calculated as the sum of the 

survey weights (person weight) in each subgroup, using March CPS data. For presentation, 

we age-standardized mortality rates using the age distribution of the overall population in 

2018. Life expectancy at age eighteen by year, education, and sex was calculated using 

standard life table techniques.23 Mortality data and population estimates were processed 

using STATA software, version 15.1; all further statistical analyses were conducted using R 

statistical software, version 3.6.1.

DECOMPOSITION

For the decomposition of cause-specific contributions to changes in life expectancy, we 

applied the continuous change decomposition method described by Shiro Horiuchi and 

colleagues.24 Intuitively, this method estimates the contribution of changes in mortality rates 

due to a specific cause of death to the change in life expectancy between two time points by 

holding mortality rates from all other causes of death fixed at their initial level, changing just 

the mortality rates for the cause of interest to their final levels, and seeing how many years 

of life expectancy would be gained or lost after recomputing on the basis of these updated 

rates. This process is then repeated for each cause-of-death group. In practice, the method 

is applied through numerical integration and by assuming that all of the age-cause-specific 

rates change proportionately between each year. This is to prevent residual contribution 

estimates that arise because life expectancy is a nonlinear function of mortality rates.25 

To facilitate interpretation, contributions were aggregated over the course of four periods: 

2000–05, 2005–10, 2010–15, and 2015–18 (periods overlap because the first year in each 

period is the baseline year.)

CONTRIBUTION TO INEQUALITIES

To quantify the contribution that different causes of death made to changes in inequality 

in life expectancy, we calculated the proportion of total changes in inequality that was 

contributed by each of the causes of death in each period. For example, if the high-SES 

group gained 0.1 years of life expectancy because of cause X over the course of 2000–05 

and the low-SES group lost 0.2 years because of cause X during the same period, the 

increase in inequality in life expectancy between high and low SES because of cause X 

would be 0.3 years. If the total gain (from all causes of death) was 1.0 years for people with 

high SES and 0.1 years for those with low SES, the increase in inequality in life expectancy 

for all causes would be 0.9 years. Cause X would thereby have contributed 33 percent to this 

increase.

LIMITATIONS

We note several limitations to this work. First, SES is a multifaceted concept that refers to 

“social and economic factors that influence what position(s) individuals and groups hold 

within the structure of society.”26 Educational attainment hence represents only one facet of 

SES, which is also affected by aspects of income, wealth, housing conditions, employment, 

and occupation.27,28 However, as it is the only SES-related information available in national 

mortality statistics,19,29 it was used as an indicator of SES in our study.
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Also, our study relied on separate data sources to inform mortality and population counts 

by education, age, and sex. Information on education in mortality data may introduce 

error, as it is assigned by funeral directors or the next of kin.30 This “dual data” bias 

can lead to measurement error in the size of SES mortality differentials.31,32 Although 

an alternative would be to use mortality-linked survey data,32–34 this approach has two 

important limitations: Publicly available linked data are available for selected causes of 

death and all-cause mortality only, limiting their utility for the present study, and the 

smaller sample sizes in linked data sources lead to large sampling errors around mortality 

estimates for individual causes.35 Linked mortality surveys may also be less representative, 

as response rates vary between 50 percent and 60 percent.36

The distribution of levels of educational attainment and the opportunities attached to each 

level have shifted over time, introducing bias in comparisons of education levels over 

time.32,33 In addition, stigmatized disease categories such as alcohol use disorders may be 

differentially assigned to people with lower levels of education.7

Finally, although alcohol-attributable fractions were used to describe the strength of the 

causal link between alcohol use and specific causes of death at the population level, they 

constitute a relatively coarse indicator. An individual-level determination of the role that 

alcohol played in the occurrence of a death was not possible. Furthermore, it should be 

noted that cause-specific mortality rates differ regarding their timeline of being affected by 

changes in consumption. Cancer mortality, for example, has a long latency in which effects 

of increased exposure to alcohol use would only appear about a decade later.37

Study Results

The proportion of men and women with low education declined from 49 percent and 50 

percent, respectively, in 2000 to 41 percent and 38 percent, respectively, in 2018, whereas 

the proportion of men and women with high education increased between 2000 (25 percent 

and 23 percent, respectively) and 2018 (32 percent and 33 percent, respectively) (see 

appendix exhibit A3).13

There was considerable variation in gains in life expectancy between educational levels and 

sexes. During the total observation period, life expectancy among men with high education 

increased by 3.7 years, from 80.2 years in 2000 to 83.9 years in 2018 (exhibit 1). In contrast, 

life expectancy for men with low education was much lower in 2000, at 71.2 years, and 

increased only by 0.7 years, to 71.9 years, in 2018.With this, the gap in life expectancy 

between men with low and high education increased by 3.0 years, from 9.0 years in 2000 to 

12.0 years in 2018.

Among women, those with high education had a life expectancy of 81.5 years in 2000, 

which increased by 5.5 years to 87.0 years in 2018 (exhibit 2). Among women with low 

education, life expectancy increased by 0.5 years, from 77.4 years in 2000 to 77.9 years 

in 2018. The gap in life expectancy between women with low and high education thereby 

increased by 5.0 years, from 4.1 years in 2000 to 9.1 years in 2018.
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Changes in mortality rates underlying the observed changes in life expectancy and 

inequalities differed greatly by cause of death (appendix exhibits A4 and A5).13 Complete 

data on mortality rates by cause of death, SES, and sex are in appendix exhibit B1.13

CAUSE-SPECIFIC CONTRIBUTIONS TO CHANGES IN LIFE EXPECTANCY

Exhibit 3 presents the cause-specific contributions to gains and losses in life expectancy at 

age eighteen in US men and women with high and low education during selected periods. 

The complete results are in appendix exhibit A6.13 Values above zero represent the positive 

contributions of cause-specific changes in life expectancy (years gained), whereas values 

below zero show negative contributions (years lost).

There are two main trends. First, causes of death with an alcohol-attributable fraction 

of 20 percent or more made overall negative contributions to life expectancy, especially 

among men and women with middle and low education. These causes included alcohol use 

disorders, liver diseases and cirrhosis, pancreatitis, suicide, motor vehicle accidents, and 

other unintentional injuries. Together, they accounted for a net loss in life expectancy of 0.38 

years in men with low education and 0.23 years in women with low education between 2010 

and 2018. In comparison, the net loss in life expectancy among men and women with high 

education from these causes during this period was only 0.04 and 0.03 years, respectively. 

The second main trend was a large but decreasing gain in life expectancy resulting from 

reductions in mortality from cardiovascular diseases—ischemic heart disease and ischemic 

stroke in particular—across all groups. During the whole observation period (2000–18), men 

and women with high education experienced a gain of 1.80 years and 2.08 years of life 

expectancy, respectively, attributable to reductions in mortality from ischemic heart disease 

and ischemic stroke. Among men and women with low education, these gains were lower, at 

just 1.16 years and 1.19 years, respectively. However, across all educational groups and both 

sexes, gains from progress against ischemic heart disease and ischemic stroke decreased 

considerably during the observation period and nearly disappeared completely after 2015 

(appendix exhibit A6).

Finally, it should be noted that considerable changes in life expectancy were observed that 

were due to the remaining causes of death, which were not individually accounted for in this 

analysis. For example, among both men and women with low education, more than 0.6 years 

of life were lost between 2010 and 2018 because of the remaining causes of death (appendix 

exhibit A6).

CONTRIBUTION TO CHANGES IN INEQUALITY IN LIFE EXPECTANCY

Exhibit 4 illustrates the absolute contribution of each cause of death, grouped by alcohol-

attributable fraction, to increases or decreases in life expectancy inequality between people 

with low, middle, and high levels of educational attainment. (Detailed results are in appendix 

exhibit B2.)13

In the first period (2000–05), a stark increase in the inequalities in life expectancy between 

low and high education was observed for both men (1.65 years) and women (3.21 years). 

In this first period, changes in causes of death with an alcohol-attributable fraction of 20 

percent or more contributed less than 5 percent to the total increase in the gap in life 
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expectancy between both men (0.05 years) and women (0.13 years) with low and high 

education. However, changes in ischemic heart disease and ischemic stroke alone explained 

more than 20 percent of this increase in inequality among both sexes (0.45 years among 

men, 0.70 years among women). Among men, the second-largest increase in the gap in life 

expectancy between low and high education was observed for the period 2015–18 (0.90 

years). In this period, changes in causes of death with an alcohol-attributable fraction of 20 

percent or more contributed nearly 20 percent to the changes in inequality in life expectancy 

(0.17 years), whereas changes in ischemic heart disease and ischemic stroke contributed 

about 7 percent (0.06 years). Among women, the second-largest increase in the gap in life 

expectancy between low and high education was observed for the period 2010–15, with an 

increase of 1.94 years. Changes in causes of death with an alcohol-attributable fraction of 20 

percent or more contributed about 5 percent to this increase (0.11 years). However, changes 

in ischemic heart disease and ischemic stroke contributed about 15 percent (0.28 years).

Discussion

We found that especially during the period 2010–18, alcohol-attributable causes of death 

were a major contributor to the widening SES gap, as indicated by educational attainment, 

in US life expectancy. During this period deaths from liver disease and cirrhosis, suicides, 

and motor vehicle accidents were substantially more concentrated among men and women 

without college degrees than among those with a college degree or more and were a 

dominant cause of the rapid socioeconomic divergence in US life expectancy. Alarmingly, 

the large negative contributions of alcohol-attributable causes of death to life expectancy 

changes among people without degrees were a relatively recent phenomenon, only emerging 

as an important explanation for why lower educational groups experienced stagnating and 

reversing life expectancy trends in 2010 and later. Beyond educational differences, slowing 

progress against ischemic heart disease and ischemic stroke mortality was an important 

contributor to stagnating life expectancy for all groups. Overall, our findings draw attention 

to the important and growing role that alcohol-attributable causes of death play in social and 

economic disparities in US life expectancy.

The findings of this study are in line with findings in previous research6,12 that showed a 

widening socioeconomic gap in mortality in the US.38 Our finding that overall stagnation 

across all groups was driven by a rapid slowdown in progress in ischemic heart disease 

and ischemic stroke mortality is also consistent with recently published research indicating 

that slowing progress against cardiovascular disease mortality is the main reason for recent 

trends in US mortality.39,40 To our knowledge, however, this is the first study to investigate 

and reveal the contribution of alcohol-attributable causes of death to widening mortality 

inequalities in the US. The results from these analyses are consistent with studies conducted 

in Scandinavia and the United Kingdom that found that more deprived socioeconomic 

groups experience a shorter life expectancy because of alcohol consumption or alcohol-

attributable causes of death.41,42

Taken together, these findings suggest that although policy attention needs to be given to 

improving cardiovascular disease–related mortality to reverse mortality stagnation for all 

groups, such efforts alone might not result in reduced mortality disparities without additional 

Probst et al. Page 7

Health Aff (Millwood). Author manuscript; available in PMC 2022 November 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



attention to reducing alcohol-attributable deaths in lower-SES groups. These efforts seem 

especially important in times of COVID-19, during which overall life expectancy losses 

in the US have reached an unprecedented high.43 First evidence on the impact of the 

COVID-19 pandemic shows a 25.9 percent increase in alcohol-attributable mortality from 

2019 to 2020, surpassing the respective 16.6 percent increase in all-cause mortality.44

Implications

Many recent studies have held so-called deaths of despair and stagnating cardiovascular 

disease mortality responsible for trends in US mortality.39,40,45 However, we found that 

the role of specific causes of death varied substantially by level of education during our 

study period. Our results call attention to the disproportionate role of alcohol-attributable 

causes of death among less educated groups and the impact of these causes on the recent 

widening disparities in mortality. Immediate action is needed to address alcohol-attributable 

causes of death, especially among people with low education. Even though cost-effective 

alcohol control policies are available,46 current data from the US show that they are vastly 

underused.47 There have been practically no improvements in alcohol policies directed at the 

general adult population, such as taxation or restriction of availability, and existing excise 

taxes are in most cases not being corrected for inflation, leading to a de facto erosion of 

alcohol taxes. Policies such as minimum unit pricing, which has some evidence supporting 

its ability to reach drinkers with low SES and risky drinking patterns in particular,48 are, 

to the best of our knowledge, currently not implemented at all in the US. Expanding the 

implementation of such policies while also addressing the broader social and economic 

determinants of health will be essential for reducing the large and growing gap in life 

expectancy between less- and more-well-off Americans.49 ∎

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EXHIBIT 1. Life expectancy at age 18 for men in the US, by educational attainment, 2000–18
SOURCE Authors’ analysis of mortality data from the National Vital Statistics System 

and population data from Current Population Surveys, 2000–18. NOTES “Low education” 

means high school diploma or less, “middle education” means some college but no college 

degree, and “high education” means college degree or more. Educational attainment is used 

here as an indicator of socioeconomic status.
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EXHIBIT 2. Life expectancy at age 18 for women in the US, by educational attainment, 2000–18
SOURCE Authors’ analysis of mortality data from the National Vital Statistics System and 

population data from Current Population Surveys, 2000–18. NOTES Education levels are 

defined in the notes to exhibit 1. Educational attainment is used here as an indicator of 

socioeconomic status.

Probst et al. Page 13

Health Aff (Millwood). Author manuscript; available in PMC 2022 November 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



EXHIBIT 4. Absolute contribution to increases and decreases in inequality in life expectancy at 
age 18 for people with middle and low education compared with high education in the US, by 
cause of death, time period, and sex, 2000–18
SOURCE Authors’ analysis of mortality data from the National Vital Statistics System 

and population data from Current Population Surveys, 2000–18. NOTES Positive numbers 

indicate an increase in absolute socioeconomic inequalities (difference) in life expectancy in 

years; negative numbers indicate a decline in the inequality in life expectancy. Education 

levels are defined in the notes to exhibit 1. Educational attainment is used here as 

an indicator of socioeconomic status. Cause-of-death categories are defined by alcohol-

attributable fraction (AAF). Diseases in each of the three categories are defined in the text.
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EXHIBIT 3

Cause-specific contributions (in years) to annual changes in life expectancy among US adult men and women, 

by educational attainment, 2000–05 and 2015–18

High education Low education

Causes of death 2000–05 2015–18 2000–05 2015–18

MEN

Alcohol use disorder 0.00 −0.01 0.00 −0.02

Liver disease and cirrhosis 0.03 −0.01 0.03 −0.02

Pancreatitis 0.00 0.00 0.00 0.00

Suicide 0.01 −0.02 0.00 −0.08

Motor vehicle accident 0.03 0.02 0.00 −0.05

Unintentional injury
a 0.02 −0.01 0.01 −0.02

IHD and ischemic stroke 0.98 0.05 0.54 −0.01

Hemorrhagic stroke 0.04 0.01 0.02 0.00

Hypertensive heart disease 0.00 −0.04 −0.03 −0.04

Diabetes mellitus 0.03 0.00 −0.02 −0.04

Cancer 0.13 0.04 0.02 0.01

Lower respiratory infections 0.01 −0.03 0.00 −0.03

Rest
b 1.17 0.28 0.23 −0.30

Total 2.45 0.31 0.80 −0.59

WOMEN

Alcohol use disorder 0.00 0.00 0.00 −0.01

Liver disease and cirrhosis 0.03 0.00 0.00 −0.02

Pancreatitis 0.00 0.00 0.00 0.00

Suicide 0.00 0.00 −0.01 −0.02

Motor vehicle accident 0.03 0.01 0.00 −0.03

Unintentional injury
a 0.03 −0.04 −0.02 −0.02

IHD and ischemic stroke 1.22 −0.10 0.52 0.01

Hemorrhagic stroke 0.07 0.00 0.02 0.00

Hypertensive heart disease 0.03 −0.07 −0.02 −0.03

Diabetes mellitus 0.06 −0.01 0.02 −0.01

Cancer 0.32 −0.01 0.10 0.00

Lower respiratory infections 0.01 −0.03 0.00 −0.03

Rest
b 1.96 −0.52 −0.06 −0.21

Total 3.77 −0.76 0.55 −0.38

SOURCE Authors’ analysis of mortality data from the National Vital Statistics System and population data from Current Population Surveys, 
2000–18.

NOTES Education levels are defined in the notes to exhibit 1. Educational attainment is used here as an indicator of socioeconomic status. IHD is 
ischemic heart disease.

a
Other than motor vehicle accidents.

b
Includes all remaining causes of death.
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