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Abstract

Introduction: Alcohol is a leading contributor to liver disease, however, estimating the 

proportion of liver disease deaths attributable to alcohol use can be methodologically challenging.

Methods: We compared three approaches for estimating alcohol-attributable liver disease 

deaths (AALDD), using the U.S. as an example. One involved summing deaths from alcoholic 

liver disease and a proportion from unspecified cirrhosis (direct method); two used population 

attributable fraction (PAF) methodology, including one that adjusted for per capita alcohol sales. 

For PAFs, the 2011–2015 Behavioral Risk Factor Surveillance System and per capita sales from 

the Alcohol Epidemiologic Data System were used to derive alcohol consumption prevalence 

estimates at various levels (excessive alcohol use was defined by medium and high consumption 

levels). Prevalence estimates were used with relative risks from two meta-analyses, and PAFs 

were applied to the 2011–2015 average annual number of deaths from alcoholic cirrhosis and 

unspecified cirrhosis (using National Vital Statistics System data) to estimate AALDD.

Results: The number of AALDD was higher using the direct method (28,345 annually) than 

the PAF methods, but similar when alcohol prevalence was adjusted using per capita sales and 

all alcohol consumption levels were considered (e.g., 25,145 AALDD). Using the PAF method, 

disaggregating non-drinkers into lifetime abstainers and former drinkers to incorporate relative 

risks for former drinkers yielded higher AALDD estimates (e.g., 27,686) than methods with all 

non-drinkers combined.

Discussion and Conclusions: Using PAF methods that adjust for per capita sales and model 

risks for former drinkers yield more complete and possibly more valid AALDD estimates.
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INTRODUCTION

Chronic liver disease, which typically manifests as liver cirrhosis, is an important and 

increasing cause of death globally, including that caused or exacerbated by alcohol 

consumption (1, 2). In 2016, chronic liver disease was the 11th leading cause of death 

worldwide, accounting for approximately two percent of all deaths. Of those deaths, 

approximately half are due to alcohol (2). In the U.S. in 2019, there were 24,000 deaths from 

alcoholic liver disease (3, 4); mortality rates from alcohol-attributable liver disease have 

increased particularly among women and younger age groups (5). For conditions such as 

alcoholic cirrhosis or alcoholic hepatitis, all deaths are fully attributable to alcohol; however, 

alcohol can also contribute to mortality for other emerging causes of liver disease (e.g., 

hepatitis C, ‘non-alcoholic’ fatty liver disease).

Given the rising and projected increases in liver disease mortality, including alcohol-

attributable cirrhosis (6), and its contribution to declines in life expectancy (7), it is 

important to have valid estimates of the contribution of alcohol to all liver disease deaths. 

However, there is no single laboratory test to reliably indicate that alcohol may be playing 

a role in any particular case of liver disease, and information about alcohol consumption 

may not be collected or recorded reliably in medical records, potentially resulting in 

underestimates of alcohol involvement (8, 9).

Accurately estimating the number and proportion of liver disease deaths from alcohol use 

is important for public health surveillance of alcohol-attributable harm, and the estimates 

can be derived using two broad approaches. First, a ‘direct’ approach that sums deaths from 

fully alcohol-attributable liver disease and apportions deaths from unspecified liver disease 

based on an estimated proportion of unspecified cirrhosis deaths actually being alcohol-

attributable (10). Second, an ‘indirect’ approach using population attributable fraction (PAF) 

methodology, which considers the prevalence of drinking at various levels of consumption 

and the risk of dying from a particular cause at each level of drinking.

Both approaches have advantages and limitations. In the U.S., the Centers for Disease 

Control and Prevention (CDC) uses the direct approach in its Alcohol-Related Disease 

Impact (ARDI) application, a tool that estimates the number of alcohol-related deaths in 

the U.S. from 58 causes relative (11). However, the most recent estimate for the proportion 

of unspecified cirrhosis deaths that are due to alcohol use is based on a 1986 follow-back 

survey of next of kin (10) and may not represent the current epidemiology of the causes of 

chronic liver disease.

Global endeavors, such as the World Health Organization’s (WHO) Global Status Report 

on Alcohol and Health and the Institute for Health Metrics and Evaluation’s (IHME) 

Global Burden of Disease study, have typically relied on indirect methods involving PAF 

methodology to assess alcohol-attributable mortality for chronic health conditions, such as 

liver disease (12, 13). These methods use meta-analyzed relative risk estimates for various 

levels of alcohol consumption for multiple etiologies of liver disease mortality, and combine 

these relative risks with alcohol use prevalence estimates to calculate alcohol-attributable 

fractions. However, the original studies underlying such meta-analyses may contain outdated 
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information, be influenced by the distribution of liver disease etiology, or both. Further, 

prevalence estimates for various levels of consumption are based on self-reported surveys, 

which underestimate alcohol consumption relative to estimates of apparent per capita 

consumption based on alcohol sales and tax receipt data (14, 15).

We are not aware of previous studies directly comparing indirect and direct methods of 

assessing the burden of alcohol-attributable liver disease. Therefore, the purpose of this 

study was to compare these approaches for calculating the average annual number of 

alcohol-attributable liver disease deaths (AALDD), using the U.S. as an example. We 

examined differences in AALDD by sex, level of alcohol consumption (all consumption 

levels versus excessive drinking), selection of relative risk estimates, the inclusion of risk 

estimates for former drinkers, and the type of relative risk function (categorical versus 

continuous).

METHODS

Overview

We compared several approaches for estimating AALDD in the U.S. Method 1, which 

is currently used in the CDC’s ARDI application, involves summing all deaths from 

alcoholic liver disease and adding 40% of deaths from unspecified cirrhosis; the 40% 

alcohol-attributable proportion is based on a study that conducted interviews with next of 

kin for people who died by liver disease (10, 11). Method 2 involves PAF methodology 

in which prevalence estimates for low, medium, and high levels of alcohol consumption 

were calculated using the 2011–2015 Behavioral Risk Factor Surveillance System (BRFSS) 

after ‘indexing’. This indexing procedure is a survey-based adjustment, described elsewhere 

(16), which adjusts each respondent’s self-reported consumption to account for the number 

of drinks consumed during binge drinking occasions, if those quantities exceed usual 

consumption on days when alcohol is consumed. Method 3 also uses PAF methodology 

using BRFSS-based alcohol consumption prevalence estimates, but each respondents’ 

average daily alcohol consumption prevalence estimates were calculated after adjusting so 

that population-weighted consumption accounted for 73% of presumed alcohol per capita 

consumption (17) based on alcohol sales and tax data from Alcohol Epidemiological Data 

System (18). This 73% level was chosen to align with alcohol consumption reported in 

U.S.-based epidemiological cohort studies used to derive relative risk estimates for alcohol 

consumption (17, 19). For each method, we also examined the percentage of all liver disease 

deaths that were attributable to alcohol, using the same ICD-10 codes in the denominator as 

used to calculate AALDD in the study.

In Method 1, it is not possible to determine the contribution of various levels of alcohol 

consumption to AALDD because it does not rely on PAF calculations; however, in ARDI 

these deaths are considered to be from excessive drinking. For Methods 2 and 3, we 

examined AALDD for any level of average daily alcohol consumption (low, medium, 

and high) and for excessive drinking (medium and high consumption). In Methods 2 

and 3, low average daily consumption was defined as an average of >0–≤1 standard 

drinks/day (women) or >0–≤2 drinks/day (men), medium consumption was defined as >1–

≤2 drinks/day (women) or >2–≤4 drinks/day (men), and high consumption was defined as 
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>2 drinks/day (women) or >4 drinks/day (men) (17). To determine the number of deaths 

from excessive drinking, relative risks were calculated in two ways. First, relative risks for 

medium and high consumption were rescaled such that they were divided by the relative risk 

for low consumption, so the risk of AALDD among excessive drinkers was relative to the 

risk among people who drink low levels of alcohol (20). Second, we also used relative risks 

for excessive drinking that were not rescaled for which the non-drinkers were the reference 

group.

Data Sources Used to Calculate the Prevalence of Alcohol Consumption

Self-reported alcohol consumption from the BRFSS was used as the foundation for 

calculating average daily consumption prevalence estimates for Methods 2 and 3. The 

BRFSS is a state-based telephone survey of approximately 400,000 non-institutionalized, 

U.S. adults aged ≥18 years, conducted in all states, the District of Columbia, and U.S. 

territories (though data from U.S. territories were not included in this analysis) (4). It is 

conducted via random-digit-dialing. The 2011–2015 BRFSS data (median response rate 

range: 45.2–49.7%) were used to align with the years of data in CDC’s ARDI application at 

the time of this study.

U.S. data for population-level apparent consumption (referred to as “per capita sales” and 

used in Method 3 to adjust prevalence estimates) were obtained from the National Institute 

of Alcohol Abuse and Alcoholism’s Alcohol Epidemiologic Data System (18). The data are 

based on the volume of each alcoholic beverage type sold annually in each state from sales 

receipts reports and shipment data from state government and industry sources. Per capita 

sales were derived by summing beverage-specific consumption and dividing by the number 

of persons in the U.S. ≥18 years.

Relative Risk Estimates for Mortality

Methods 2 and 3 use PAF methodology in which the prevalence estimate for each level of 

consumption is combined with its corresponding relative risk estimate. For these methods, 

we compared AALDD using relative risk estimates from two meta-analyses (see relative 

risk estimates in Supplementary Table 1). One relative risk function is currently used by the 

WHO from Rehm et al. (12, 21) and a second relative risk function is from the Institute 

of Health Metrics and Evaluation (IHME) Global Burden of Disease study (13). Both 

meta-analyses present continuous relative risk functions. To create categorical relative risk 

estimates corresponding to the low, medium, and high levels of average daily consumption 

used in the CDC’s ARDI application, the relative risk at the midpoint for the low and 

medium consumption groups was used (11, 20); for the high volume group, we calculated 

the risk corresponding to the median consumption value given that this group has no upper 

bound and the distribution is highly skewed.

We also assessed differences in the estimated number of AALDD with categorical relative 

risks versus continuous functions using the WHO relative risks. AALDD based on 

categorical relative risks were estimated using the three levels of average daily consumption 

(low, medium, and high) from the ARDI application. AALDD based on continuous risks 

were calculated using the WHO continuous risk functions (21), which were described in 
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the International Model of Alcohol Harms and Policies (InterMAHP) application (22, 23). 

To compare categorical and continuous relative risks, deaths from all levels of alcohol 

consumption were estimated (not deaths from excessive drinking).

To assess the impact of including information on former drinkers in estimates of AALDD, 

we conducted an additional analysis to reclassify non-drinkers into former drinkers versus 

lifetime abstainers, and recalculated deaths for Methods 2 and 3 after incorporating relative 

risk estimates for former drinkers. However, former drinkers may have drunk excessively 

and may have stopped drinking because of an alcohol-related health condition, including 

liver disease (24). We estimated the percentage of non-drinkers who were former drinkers 

versus lifetime abstainers based on U.S. adult respondents from the 2015 National Survey on 

Drug Use and Health (25). Non-drinkers were those who reported no alcohol consumption 

in past year, former drinkers were defined as non-drinkers who reported a history of lifetime 

alcohol consumption, and lifetime abstainers were non-drinkers who reported no history 

of lifetime alcohol consumption. The relative risk for former drinkers and developing liver 

disease was obtained from another meta-analysis (26).

Data Source for Mortality

Mortality data for 2011–2015 were from CDC’s National Vital Statistics System based on 

ICD-10 codes for deaths from alcoholic liver disease and unspecified liver cirrhosis (27). 

Alcoholic liver disease (i.e., fully alcohol-attributable) included ICD-10 codes K70.0-K70.4 

and K70.9, and unspecified liver cirrhosis (partially attributable to alcohol) included K74.0-

K74.2, K74.6, K76.0, K76.7 and K76.9 (20, 28).

RESULTS

Compared with the survey-based adjustment that adjusts consumption data to account for 

binge drinking (Method 2), adjusting consumption data to account for 73% of per capita 

sales (Method 3) resulted in higher prevalence estimates of medium and high average daily 

consumption, and lower prevalence estimates for low average daily consumption (Table 

1). For example, for men, the prevalence of medium consumption was 11.0% and high 

consumption was 10.6% using Method 3, compared with 6.4% for medium consumption 

and 3.5% for high consumption using Method 2. Among men, 40.7% were non-drinkers, 

of which 15.6% were classified as lifetime abstainers and 25.1% as former drinkers; 

among women, 53.4% were non-drinkers who were similarly distributed between lifetime 

abstainers (27.2%) and former drinkers (26.2%).

Method 1 does not estimate deaths based on consumption levels, so results do not vary by 

alcohol consumption levels or relative risks (Table 2), although CDC’s ARDI application 

considers all 28,345/year deaths as due to excessive consumption. For AALDD estimates 

from excessive drinking in reference to low levels of alcohol consumption (rather than 

non-drinking), Method 3 that adjusted to 73% of per capita sales resulted in almost twice 

the number of AALDD compared to Method 2 that used the survey-based adjustment 

(WHO relative risk estimates: 15,633 versus 7,696; IHME: 19,280 versus 10,527). However, 

because low average daily drinking increases the risk of liver disease, the number of 

AALDD from excessive consumption was substantially higher in reference to non-drinking 
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(rather than low consumption). For example, using Method 3 and WHO’s relative risk 

function, there were 15,633 AALDD deaths from excessive drinking using low consumption 

as the reference group, but 22,837 AALDD deaths with non-drinking as the reference group, 

a 46.1% relative difference. Using the IHME relative risk function, the relative difference 

was 12.0% (21,921 versus 19,280). Using WHO relative risk function, compared with 

AALDD from any level of drinking for Method 3, excessive drinking accounted for 90.1% 

(97.1% if using IHME risks) when non-drinking was the referent, but only for 62.2% (85.4% 

if using IHME risks) when low consumption was the referent.

For deaths from any consumption (i.e., all levels of consumption), Method 1 yielded the 

largest estimate of average annual AALDD (28,345), while Method 2 yielded the lowest 

estimates (e.g., 18,789 using WHO’s relative risks) (Table 2).. Estimated AALDD using 

Method 2 yielded a total number of AALDD that barely exceeded the approximately 18,000 

deaths from just the deaths coded as alcoholic liver disease deaths in the vital statistics data, 

which are fully alcohol-attributable (data n him him ot shown). For any drinking, Method 

3 using WHO’s relative risks yielded approximately 33% higher total estimates (25,145 

AALDD) than Method 2, and approximately 11% lower estimates than Method 1.

For any drinking, the different relative risk functions only modestly affected AALDD 

estimates (Table 2). The WHO relative risks resulted in slightly higher AALDD estimates 

associated with any drinking than from the IHME relative risks (e.g., 25,145 versus 22,578 

using Method 3), particularly for women. Conversely, compared to the WHO relative risks, 

the IHME relative risks resulted in higher AALDD estimates associated with excessive 

drinking when using low drinking as the referent (e.g., 19,280 versus 15,633 using Method 

3), with relative differences more pronounced among men.

Stratifying non-drinkers into former drinkers and lifetime abstainers, and incorporating risk 

estimates for former drinkers into estimates using WHO relative risks, resulted in higher 

estimated total AALDD for both sexes, regardless of whether categorical or continuous 

relative risks were used (Table 3). For example, based on Method 3 including risks for 

former drinkers resulted in 2,541 additional AALDD (27,686 versus 25,145 with categorical 

relative risks) compared to not including risks for former drinkers. Compared to using 

continuous relative risks, categorical relative risks yielded higher AALDD estimates for men 

and women (both with and without modeling risks for former drinkers).

Method 1 yielded the greatest proportion of alcohol-attributable deaths relative to all liver 

disease deaths (65.8%), followed by Method 3 when accounting for risks from former 

drinkers (64.3%); Method 2 yielded the lowest proportion (43.6%) of liver disease deaths 

that were alcohol-attributable (Figure 1).

DISCUSSION

Given the large and increasing burden of chronic liver disease, sufficiently accounting 

for the contribution of alcohol can inform the use of evidence-based strategies to combat 

it (29). To our knowledge, this is one of the only studies comparing a ‘direct’ method 

(summing deaths from alcoholic cirrhosis plus a proportion from unspecified cirrhosis) with 
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an ‘indirect’ approach using PAF methodology. We found that the two methods yielded 

similar estimates of AALDD, but only when the indirect method incorporated risks from 

all levels of alcohol consumption (including low volume consumption), when survey-based 

prevalence estimates were adjusted to more closely correspond with consumption based on 

sales and tax data, and when modeling risk estimates for former drinkers.

Going forward, the indirect approach using PAF methodology has practical and scientific 

attributes that may favor its use to better capture the full contribution of alcohol to liver 

disease deaths, particularly given the limitations with the coding of alcohol in liver disease 

deaths. First, indirect methods allow for estimating alcohol involvement in liver disease 

deaths at various levels of alcohol use (e.g., low, medium, high). Second, using PAF 

methodology allows one to capture the contribution of alcohol to liver diseases for various 

conditions to which alcohol contributes, but is not the sole or principal cause and for which 

alcohol’s attribution in any single death would be difficult to estimate on clinical grounds 

(e.g., the progression of cirrhosis from hepatitis C).

However, PAF-based estimates can be limited by their reliance on survey data, which 

typically substantially underestimate population-level consumption compared to that based 

on alcohol sales and tax receipt data (14). In this study, when we applied a more 

modest survey-based adjustment (rather than one based on sales data) to calculate alcohol 

consumption prevalence estimates, the findings were similar to just the number of deaths 

from alcoholic liver disease). This suggests that the survey-based adjustment to account for 

the underreporting of alcohol use was not robust enough and emphasizes the importance of 

using sales data, tax data, or both, as the ideal method for adjusting self-reported alcohol 

consumption when using PAF methods (17).

Such data on alcohol from surveys, sales records, and taxes is generally available in higher 

income countries and increasingly available in lower- and middle-income countries as well. 

If country-specific data are not available, supplemental data can be obtained from global 

systems such as the WHO’s Global Information System on Alcohol and Health or the 

IHME’s Global Burden of Disease. While the indirect approach can be used in various 

jurisdictions, the accuracy of the results will depend on the quality of the jurisdiction-

specific data and the number of data sources informed by global-level supplemental data. 

Overall, it is most important to undertake at least some type of surveillance for alcohol-

caused liver disease, and this paper illustrates that comparable estimates can be achieved 

with either a direct or indirect approach.

Disaggregating nondrinkers into lifetime abstainers and former drinkers, and incorporating 

risk estimates for former drinkers, resulted in increased estimates of AALDD. This is 

consistent with research indicating that many former drinkers had drunk excessively and 

are at increased risk for liver disease, suggesting it would be problematic to assign them 

the same risk of dying as never drinkers (24, 30). However, estimates of risk for former 

drinkers may not address the issue of “former drinker bias” in those studies included in 

meta-analyses in which the reference group was comprised of nondrinkers, rather than 

lifetime abstainers (31). Because former drinkers might have elevated risks for several 

diseases, including liver disease, removing former drinkers from the nondrinking reference 
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group would produce less biased relative risks related to alcohol and would likely result 

in increased risk estimates at all levels of consumption (32). However, many data sources 

that assess alcohol consumption do not assess whether non-drinkers are former drinkers 

or lifetime abstainers, making it challenging to estimate how former drinkers contribute to 

the alcohol-related public health impact in states. Finally, studies show that a substantial 

proportion of those who report being lifetime abstainers were in fact former drinkers, 

highlighting the need for better surveillance of lifetime drinking measures (33).

We also found that categorical relative risks yielded higher AALDD estimates than those 

based on continuous risk functions. In this study, categorical risks for low and medium 

average daily consumption were derived from continuous functions by evaluating the 

function at the midpoint of the consumption boundaries (for the high consumption level, 

the median was used). It is possible that categorical risk estimates exceeded continuous ones 

for low and medium consumption levels because the consumption level represented by the 

midpoints could be higher than the median consumption of respondents in the level ranges. 

AALDD estimates based on categorical or continuous relative risks might be more similar 

if points below the range midpoints were used as the basis for selecting the relative risks, 

or if the median observed values within each consumption level range were calculated from 

survey data.

When calculating the contribution of excessive drinking to AALDD, the choice of the 

reference group (low consumption or non-drinking) for the relative risk estimates makes a 

considerable difference. Since alcohol use increases the risk of liver disease, even at low 

consumption levels (13, 21), estimating the risk of AALDD from excessive drinking at 

medium and high consumption levels is underestimated when low consumption is used as 

the referent.

This work is subject to caveats and limitations. First, in addition to the former drinker bias 

discussed above, AALDD estimates were conservative because some liver disease-related 

diagnoses that alcohol contributes to were not included in either meta-analyses used for 

determining the relative risks; examples include deaths from esophageal varices and portal 

hypertension, which are almost exclusively sequelae of liver cirrhosis, and hepatitis C and 

‘non-alcoholic’ fatty liver disease for which alcohol consumption can be a contributing 

factor (34, 35). For Method 3, our estimates were also conservative because we did not 

adjust prevalence estimates to account for unrecorded consumption (e.g., home-produced 

alcohol) in the U.S. population, which is estimated to be approximately 10% of total 

consumption (12). Second, all three methods relied on some older data (e.g., the proportion 

of unspecified cirrhosis deaths from alcohol in Method 1, and some of the studies in the 

meta-analyses used for Methods 2 and 3); therefore, differences in the current distribution of 

specific diagnoses within the category of liver disease might yield different pooled relative 

risks compared to existing ones. Third, Methods 2 and 3 were based on cross-sectional 

relationships between alcohol consumption and liver disease mortality. However, this is 

unlikely to have a substantial impact on the findings, given both the relative stability of 

alcohol consumption in the U.S. and the ‘reservoir’ effect regarding population alcohol 

use and cirrhosis (36, 37). Fourth, although we used the same ICD-10 codes to define 

deaths for all three methods, there were slight differences in the ICD-10 codes used in the 
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meta-analyses that were used to determine the relative risks, so we included the two sets of 

relative risks to facilitate comparisons of the resulting AALDD estimates.

CONCLUSIONS

We found that direct and PAF methods can yield similar estimates of AALDD. However, 

when using PAF methods to derive estimates of AALDD, it is important to consider the 

contribution of all levels of alcohol consumption and to adjust survey-based prevalence 

estimates of alcohol consumption to account for per capita alcohol sales. In addition, since 

about half of non-drinkers are former drinkers including some who drank excessively in 

the past, it is also important to model the risks of former drinkers. If valid relative risks 

are available to calculate PAF, estimates of AALDD can also capture other causes of liver 

disease mortality including viral hepatitis and so-called ‘nonalcoholic’ fatty liver disease 

(38).

Regardless of methodologic approach, alcohol consumption remains a predominant 

contributor to chronic liver disease (5). It is also noteworthy that alcohol consumption, 

and excessive consumption in particular, can cause or exacerbate multiple types of liver 

disease conditions, in addition to those caused solely by alcohol (39). Therefore, effective 

population-level alcohol control strategies can help to address the large burden of chronic 

liver disease (29, 40). The implementation of stronger evidence-based alcohol policies (e.g., 

increasing alcohol taxes, regulating alcohol outlet density) has been associated with lower 

rates of death from alcohol-related liver diseases (41, 42).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Proportion of alcohol-attributable deaths relative to total deaths from assessed types of liver 

diseasea from all levels of alcohol consumption, by sex and method,b U.S. population, 2011–

2015
a To calculate the proportion of liver deaths due to alcohol, the denominator (i.e., total deaths 

from liver disease) was based on the same ICD-10 codes as used to determine the numerator 

(i.e., deaths that were alcohol-attributable.)
b Method 1 involves summing all deaths from alcoholic cirrhosis and 40% of deaths 

from unspecified cirrhosis; the current approach used in the Centers for Disease Control 

Prevention Alcohol-Related Disease Impact application. Method 2 adjusts average daily 

consumption by indexing the number of drinks consumed during binge drinking occasions, 

if those quantities exceed usual consumption on days when alcohol is consumed (16). 

Method 3 adjusts the self-reported alcohol consumption to account for 73% of per capita 

alcohol sales (17). Method 3 accounting for former drinkers is the same as method 3, 

except non-drinkers were divided into lifetime abstainers and never drinkers, and relative 

risk estimates for former drinkers were also incorporated in estimates of deaths.
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