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ABSTRACT. Objective: The incidence rate of hepatocellular carcinoma 
has been rising in the United States during the last 2 decades. Heavy 
alcohol use has been widely recognized as one of the major etiological 
factors of hepatocellular carcinoma. This study sought to assess the 
extent to which heavy alcohol use contributed to premature death from 
hepatocellular carcinoma on a population scale in the United States. 
Method: We analyzed the Multiple Cause of Death public-use data 
sets. Using codes from the International Classifi cation of Diseases, 
10th Revision, hepatocellular carcinoma death was defi ned based on the 
underlying cause of death, and heavy alcohol use was indicated by the 
presence of any alcohol-induced medical conditions among the contrib-
uting causes of death. During 1999–2006 in the United States, 51,400 
hepatocellular carcinoma deaths were identifi ed from 17,727,245 natural 
deaths of persons age 25 or older. We conducted Poisson regression, life 
table, and multiple linear regression analyses to compare prevalence 

ratios, cumulative probabilities, and mean ages of death, respectively, 
from hepatocellular carcinoma by heavy alcohol use status across sex 
and race/ethnicity. Results: Heavy alcohol use decedents had higher 
prevalence ratios of dying from hepatocellular carcinoma than from 
non–chronic liver diseases compared with those decedents without heavy 
alcohol use. Heavy alcohol use was associated with decreased mean ages 
and increased cumulative probabilities of death among hepatocellular 
carcinoma decedents across racial/ethnic groups in both sexes. This 
association was stronger among women than men and stronger among 
non-Hispanic Whites than non-Hispanic Blacks. Conclusions: This 
study provides mortality-based empirical evidence to further establish 
heavy alcohol consumption as one of the key risk factors contributing 
to premature deaths from hepatocellular carcinoma in the United States, 
and its effect appears more prominent among women and non-Hispanic 
Whites. (J. Stud. Alcohol Drugs, 72, 892–902, 2011)
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HEPATOCELLULAR CARCINOMA (HCC) is among 
the deadliest cancers worldwide, affecting about half 

a million people per year and ranking as the third leading 
cause of cancer mortality (Parkin et al., 2001, 2005). In the 
United States, the age-adjusted incidence rates rose from 
3.1/100,000 during 1992–1993 to 5.1/100,000 during 2003–
2005, with an overall annual percentage change of 4.3% 
(Altekruse et al., 2009). Because the prognosis for HCC 
remains uniformly poor regardless of its underlying etiology, 
the mortality rate for liver cancer (excluding intrahepatic 
bile duct) increased correspondingly during the same period 
(Altekruse et al., 2009; El-Serag et al., 2008; Raoul, 2008).
 Numerous studies have examined the causal link between 
heavy alcohol use (HAU) and HCC risk. Because chronic 
alcohol consumption has long been associated with progres-
sive liver disease that can lead to the development of liver 

cirrhosis, it has been widely recognized as one of the major 
etiological factors of HCC, in addition to chronic infections 
with hepatitis B virus and hepatitis C virus and intake of 
afl atoxin (El-Serag and Mason, 1999; Yu et al., 2008). Epi-
demiological studies also have suggested that HAU, diabetes, 
and viral hepatitis may exert synergistic effects on the risk 
for HCC and that these factors are likely contributors to the 
rising incidence of HCC in the United States (Hassan et al., 
2002; Singal and Anand, 2007; Voigt, 2005).
 Recently, increasing numbers of studies have reported 
substantial racial/ethnic variations in the rising incidence and 
survival outcomes of HCC by showing greater increases in 
incidence among middle-aged Black, Hispanic, and White 
men (Altekruse et al., 2009; Davila and El-Serag, 2006; 
Harrison et al., 2004; Wong and Corley, 2008). Nonethe-
less, to our knowledge, to date no study has systematically 
evaluated the effect of HAU on premature death from HCC 
on a population scale. Given that close to 18 million adults 
in the United States have an alcohol use disorder (Grant et 
al., 2004)—a prevalence almost fi vefold that for hepatitis 
C virus (Armstrong et al., 2006)—more research is needed 
to provide information on the national burden of alcohol-
related HCC, to clarify whether the differences in the effect 
of HAU on HCC premature death vary with demographic 
factors, and to help identify populations at risk for premature 
death from HCC to facilitate prevention.
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 To fi ll the gap in the existing literature, we performed 
a comprehensive analysis of the Multiple Cause of Death 
(MCD) public-use data compiled by the National Center for 
Health Statistics (NCHS). These data are based on informa-
tion from resident death certifi cates fi led in the 50 states 
and the District of Columbia, which cover more than 99% 
of deaths occurring in the United States (Heron et al., 2009). 
The MCD fi les are a valuable data source for estimating the 
disease burden and assessing population health disparities 
for several reasons. They have large case numbers from 
the U.S. total population; they include basic demographic 
information; they contain detailed diagnostic codes of the 
conditions that underlie or contribute to the fi nal death; and 
they span the whole age spectrum. These unique features 
made it possible to overcome some limitations in the existing 
studies because of small case numbers and/or short follow-
up time. The large case numbers also allowed us to stratify 
our analysis by sex and race/ethnicity with enough power 
to investigate the relationship between HAU and premature 
death from HCC, as well as how this relationship may differ 
across these subpopulations.

Method

Data sources

 The primary data sources used in this study were the 
MCD data sets for 1999–2006 obtained from the NCHS Web 
site (at www.cdc.gov/nchs/data_access/Vitalstatsonline.htm). 
In the MCD fi les, causes of death were coded according to 
the International Classifi cation of Diseases, 10th Revision 
(ICD-10), coding scheme (World Health Organization, 
1992). For each death record, MCD data include codes for 
one underlying cause and up to 20 contributing causes of 
death. Other available MCD data elements include age at 
death, sex, education, race, ethnicity, marital status, and 
place of death. In the present study, deaths at ages younger 
than 25 years were excluded given that the carcinogenesis 
of HCC involving multiple stages and chronic alcohol con-
sumption is very rare for young people. In addition, we 
excluded deaths from unnatural causes (ICD-10 codes V01 
through Y89) to minimize the bias in death age for reasons 
such as intentional and unintentional injuries and poison-
ings that are unrelated to the natural course of progression 
of chronic diseases. This led to a total of 17,727,245 natural 
deaths between 1999 and 2006 in the fi nal analysis.
 Midyear population data from 1999 to 2006 used for 
the calculation of mortality rates and life table parameters 
were obtained from two sets of the U.S. population esti-
mates developed by the U.S. Census Bureau for NCHS: the 
bridged-race intercensal resident population estimates for 
1999 (NCHS, 2004) and the bridged-race vintage postcensal 
estimates of the resident population for 2000 through 2006 
(NCHS, 2008).

Hepatocellular carcinoma death and heavy alcohol use 
ascertainment

 The ICD-10 codes used in the present analysis are pre-
sented in Table 1. Based on the underlying cause, deaths 
were divided into three groups: HCC, other chronic liver 
diseases (CLD), and non-CLD (i.e., all other causes). Us-
ing the underlying cause for HCC identifi cation is an effort 
to ensure the inclusion of primary liver cancer cases only. 
According to NCHS, the underlying cause of death is the 
disease or injury that initiated the train of morbid events 
leading directly to death or the circumstances of the ac-
cident or violence that produced the injury (NCHS, 2010). 
Furthermore, HCC was identifi ed by two ICD-10 codes on 
the underlying cause of death—C22.0 (liver cell carcinoma) 
or C22.9 (liver cancer, unspecifi ed)—if a contributing cause 
of hepatitis C virus infection, hepatitis B virus infection, or 
liver cirrhosis was present. These two ICD-10 codes are des-
ignated for primary liver cancer (World Health Organization, 
1992) and are rarely present in the contributing causes. (A 
separate code, C78.7, is reserved for secondary malignant 
neoplasm of liver—i.e., other cancers metastatic to the liver.) 
Following Kim et al. (2005), we included C22.9 (liver can-
cer, unspecifi ed) conditional on the presence of liver diseases 
to minimize the inclusion of secondary liver cancers. Using 
this defi nition for HCC death, Kim et al. (2005) found good 
agreement of the estimate of HCC deaths from MCD with 
that based on hospitalization data from the National Inpatient 
Sample. Accordingly, a total of 51,400 deaths were identifi ed 
as HCC deaths in the current analysis after excluding 233 
HCC cases with death age less than 25 years.
 We further ascertained the primary nature of the HCC 
among the 51,400 HCC deaths by examining the presence 
of any other cancers on their lists of contributing causes of 
death. Among these decedents, only about 5.6% (or 2,889 
deaths) had other cancers recorded in the contributing 
causes, of which about 75% (or 2,154 deaths) were clearly 
coded as secondary cancers, possibly metastasized from 
HCC or other co-occurring cancers (data not shown).
 Following the defi nition suggested by Manos et al. (2008) 
for CLD, there were 214,253 deaths identifi ed as other CLD 
deaths (i.e., all deaths from CLD except deaths from HCC; 
see ICD-10 codes in Table 1).
 Because there is no information on alcohol drinking 
behaviors in the MCD data sets, alcohol-induced medical 
conditions listed on the death certifi cates were used as a 
proxy measure for HAU. These conditions include mental/
behavioral disorders because of use of alcohol and alcoholic 
cirrhosis (Table 1). This proxy measure has a high predictive 
value in identifying heavy drinkers because these medical 
conditions are 100% attributable to alcohol use, but it also 
is a conservative measure because not all heavy drinkers 
develop those alcohol-induced medical conditions (Chen et 
al., 2007).
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Statistical analysis

 We performed descriptive analysis to summarize the 
total numbers and rates of mortality and the prevalence of 
HAU by cause-of-death categories (i.e., HCC, other CLD, 
and non-CLD causes) for each of the subpopulation groups 
(defi ned by sex and race/ethnicity). Mean ages at HCC death 
and their standard errors also were calculated by HAU status. 
To facilitate comparisons across subpopulation groups, age-

standardized mortality rates of HCC were calculated using 
the 2000 U.S. population age distribution as the standard 
(Ingram et al., 2003).
 A set of Poisson regressions was conducted to calculate 
adjusted prevalence ratios to evaluate the effect of HAU on 
the risks for HCC death, other CLD death, and death from 
all other causes. These models adjusted for demographic 
characteristics and other potential confounders for premature 
death, including marital status (married, single, divorced, 
and widowed), education (≤8 years, 9–12 years, and ≥13 
years), year of death (1999, 2000, 2001, 2002, 2003, 2004, 
2005, and 2006), place of death (inpatient, outpatient, nurs-
ing home, decedent’s home, and other), heavy tobacco use 
(yes/no), diabetes (yes/no), hypertension (yes/ no), and HIV 
(yes/no). Contributing causes of death were used to identify 
the presence of heavy tobacco use, diabetes, hypertension, 
and HIV (see ICD-10 codes in Table 1). The SAS procedure 
GENMOD (SAS Version 9.2, SAS Institute Inc., Cary, NC; 
Spiegelman and Hertzmark, 2005) was used to estimate the 
Poisson regression models, which generated the adjusted 
prevalence ratios and their 95% confi dence intervals.
 Two approaches—multiple-cause life table analysis and 
multiple linear regression analysis—were used to assess the 
effect of HAU on premature mortality (as represented by 
age at death) among HCC decedents. First, multiple-cause 
life tables were constructed to reveal the differences in age 
patterns between HCC decedents with and without HAU. As 
an extension of a single-cause life table, a multiple-cause life 
table generates cause-specifi c survival probabilities or cumu-
lative probabilities of death by age for subpopulation groups 
to assess the effect of specifi c causes (Selvin, 1996). In addi-
tion to life table analysis, a multiple linear regression model 
was used to calculate adjusted mean age at death based on 
predictive margins, which are directly standardized to the 
distribution of each covariate in the model (Graubard and 
Korn, 1999). This analysis included the same set of covari-
ates (marital status, educational attainment, year of death, 
place of death, heavy tobacco use, diabetes, hypertension, 
and HIV) and was performed with the statistical software 
package SUDAAN, Version 10 (Research Triangle Institute, 
2008).
 To generate sex- and race/ethnicity-specifi c estimates, 
all analyses were conducted by sex and race/ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, and other 
races). All statistical tests were two-sided, and a type I error 
level of less than .05 was considered signifi cant.

Results

Numbers and age-adjusted rates of hepatocellular 
carcinoma deaths

 From 1999 to 2006, there were 51,400 HCC deaths at age 
25 years or older, including 38,650 among men and 12,750 

TABLE 1. International Classifi cation of Diseases, 10th Revision, codes for 
liver cancer, other chronic liver diseases, alcohol-induced medical condi-
tions, heavy tobacco use, diabetes, hypertension, HIV infection

Liver cancer (HCC)a

 C22.0 Liver cell carcinoma, hepatocellular carcinoma
 C22.9b Liver cancer, unspecifi ed
Other chronic liver diseases (CLD)a

 K70 Alcoholic liver disease
 K71 Toxic liver disease
 K72 Hepatic failure, not elsewhere classifi ed
 K73 Chronic hepatitis, not elsewhere classifi ed
 K74 Fibrosis and cirrhosis of liver
 K75.1–K75.9 Other infl ammatory liver diseases, excluding
  abscess of liver (K75.0)
 K76 Other diseases of liver
 K83 Other diseases of biliary tract
 B16–B19 Viral hepatitis
 B94.2 Sequelae of viral hepatitis
 D73.1 Hypersplenism
 D73.2 Chronic congestive splenomegaly
 E80 Disorders of porphyrin and bilirubin metabolism
 E83 Disorders of mineral metabolism
 I81 Portal vein thrombosis
 I82.0 Budd-Chiari syndrome
 I85 Esophageal varices
 R16 Hepatomegaly and splenomegaly, not elsewhere 
  classifi ed
 R17 Unspecifi ed jaundice
 R18 Ascites
Alcohol-induced medical conditions
 E24.4 Alcohol-induced pseudo-Cushing’s syndrome
 F10 Mental and behavioral disorders due to use of alcohol
 G31.2 Degeneration of nervous system due to alcohol
 G62.1 Alcoholic polyneuropathy
 G72.1 Alcoholic myopathy
 I42.6 Alcoholic cardiomyopathy
 K29.2 Alcoholic gastritis
 K70 Alcoholic liver disease
 K86.0 Alcohol-induced chronic pancreatitis
 R78.0 Finding of alcohol in blood
Heavy tobacco use
 F17 Mental and behavioral disorders due to use of tobacco
Diabetes
 E10–E14 Diabetes mellitus
Hypertension
 I10-I13 Hypertensive diseases, excluding secondary 
  hypertension
Human immunodefi ciency virus infection (HIV)
 B20–B24 Human immunodefi ciency virus (HIV) disease

Notes: HCC = hepatocellular carcinoma. aCodes included in the HCC and 
other CLD categories are defi ned as chronic liver diseases according to 
Manos et al. (2008). bC22.9 was included as HCC if a contributing cause 
of hepatitis C or B virus infection or liver cirrhosis was present (Kim et al., 
2005). Source: International Classifi cation of Diseases and Related Health 
Problems, Tenth Revision. Geneva, Switzerland (World Health Organiza-
tion, 1992).
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among women (Table 2). Although more than 60% of these 
decedents were non-Hispanic White, the annual age-adjusted 
HCC mortality rate was lowest in this group for both sexes 
(4.56/100,000 men and 1.15/100,000 women), followed by 
non-Hispanic Blacks, Hispanics, and other races (Figure 
1). Across all race/ethnicity groups, the age-adjusted HCC 
mortality rate was much higher for men than women (with 
the male to female ratio ranging from 2.7 to 4.2).

Prevalence of heavy alcohol use among deaths from 
hepatocellular carcinoma, other chronic liver diseases, and 
non–chronic liver diseases

 As shown in Table 2, across all race/ethnicity groups for 
both sexes, HCC decedents had higher HAU prevalence than 
decedents with non-CLD causes but much lower HAU preva-
lence than decedents with other CLD causes. Within HCC 

TABLE 2. Number of cases and prevalence of heavy alcohol use (HAU) among decedents who died from hepatocellular carcinoma (HCC), other 
chronic liver diseases (CLD), and non-CLD at age 25 and older: United States, 1999–2006

 HCC Other CLD Non-CLD

 w/ HAU w/ HAU w/ HAU

 Total  % of Total  % of Total  % of
Sex and race/ethnicity n n total n n total n n total

Male
 Non-Hispanic White 24,696 1,682 6.81 159,592 57,032 35.74 6,677,497 81,759 1.22
 Non-Hispanic Black 5,590 350 6.26 23,558 7,727 32.80 937,924 18,437 1.97
 Hispanic 4,597 552 12.01 28,042 12,765 45.52 367,514 9,522 2.59
 Other races 3,767 127 3.37 7,837 3,201 40.84 194,887 4,064 2.09
 All 38,650 2,711 7.01 219,029 80,725 36.86 8,177,822 113,782 1.39
Female
 Non-Hispanic White 7,929 202 2.55 96,471 21,469 22.25 7,597,579 21,964 0.29
 Non-Hispanic Black 1,687 44 2.61 14,584 3,456 23.70 1,017,989 4,498 0.44
 Hispanic 1,588 53 3.34 13,095 2,477 18.92 351,068 1,234 0.35
 Other races 1,546 29 1.88 5,660 1,539 27.19 182,548 1,094 0.60
 All 12,750 328 2.57 129,810 28,941 22.29 9,149,184 28,790 0.31
Total 51,400 3,039 5.91 348,839 109,666 31.44 17,327,006 142,572 0.82

Source: Multiple Cause of Death data fi les, 1999–2006 (National Center for Health Statistics).

FIGURE 1. Average annual age-standardized mortality rate of hepatocellular carcinoma (HCC) for “Non-Hispanic White,” “Non-Hispanic Black,” “Hispanic,” 
and “Other Races” by sex for adults ages 25 years and older in the United States, 1999–2006. Source: Multiple Cause of Death data fi les, 1999–2006 (National 
Center for Health Statistics).
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deaths, HAU prevalence was higher in men than in women 
for all race/ethnicity groups, and higher for both sexes in 
Hispanics (12.01% in men and 3.34% in women) than any 
of the other race/ethnicity groups. Among deaths from 
other CLD or non-CLD causes, for men, HAU prevalence 
was higher in Hispanics and non-Hispanic others (i.e., the 
other races category) than in non-Hispanic Whites and non-
Hispanic Blacks; for women, it was higher in non-Hispanic 
Blacks and non-Hispanic others than in non-Hispanic Whites 
and Hispanics.

Effect of heavy alcohol use on risks for hepatocellular 
carcinoma and other chronic liver diseases death

 Table 3 presents the adjusted prevalence ratios estimated 
from Poisson models for HAU status. The prevalence ratios 
for HCC relative to non-CLD causes were all greater than 
1 (ranging from 2.04 to 8.09) and statistically signifi cant 
(p < .001) in both men and women across all race/ethnicity 
groups, indicating that HAU was associated with elevated 
risks for dying from HCC versus non-CLD causes. However, 
HAU showed a much stronger association with other CLD 
death than with HCC death. This is evidenced by the much 
larger prevalence ratios (ranging from 10.91 to 35.61, all ps 
< .001) for other CLD causes relative to non-CLD causes. 
Also, the prevalence ratios for HCC relative to other CLD 
were well below 1 (ranging from 0.08 to 0.22, all ps < .001), 
indicating largely reduced prevalence ratios of dying from 
HCC versus other CLD if the decedents had HAU.

Effect of heavy alcohol use on age patterns of 
hepatocellular carcinoma deaths

 Figure 2 provides the cumulative probabilities of death 
from the life table analysis to display the age pattern of HCC 
death by sex, race/ethnicity, and HAU status. Before age 45, 

the cumulative probabilities of death remained very low and 
similar for all of these subgroups. However, the cumulative 
distributions revealed distinct patterns of HCC mortality 
associated with HAU status and sex. Generally, after age 
45, men showed faster increases in cumulative probabilities 
of death than women. Within each sex, without exception, 
decedents with HAU showed faster increases in cumulative 
probabilities of death than those without HAU across race/
ethnicity groups. This pattern clearly indicates that HAU 
resulted in dying at younger ages from HCC. Nonetheless, 
some variations in cumulative probabilities of death were 
observed across the race/ethnicity groups. Among men, 
non-Hispanic Whites showed the largest difference (.19) 
in cumulative probabilities of death before age 65 between 
decedents with HAU (.54) and those without HAU (.35), 
whereas non-Hispanic Blacks showed the smallest differ-
ence (.13) in cumulative probabilities of death before age 65 
between decedents with HAU (.71) and those without HAU 
(.58). In contrast, among women, the difference in cumula-
tive probabilities of death before age 65 between HAU and 
non-HAU decedents was .20 or more in both Hispanics (.35 
vs. .13) and non-Hispanic Whites (.41 vs. .21) but only .04 
in non-Hispanic others (.20 vs. .16).

Effect of heavy alcohol use on mean age at hepatocellular 
carcinoma deaths

 In addition to the age structure for HCC deaths through-
out the life span, the effect of HAU on premature mortality 
was evidenced by the mean age at death. Table 4 presents 
the unadjusted and adjusted mean ages at HCC death by sex 
and race/ethnicity. Overall, compared with their counterparts 
without HAU, male decedents with HAU died 4.20 years 
younger (M = 64.12, SE = 0.07, vs. M = 59.92, SE = 0.20) 
and female decedents died 6.72 years younger (M = 70.24, 
SE = 0.11, vs. M = 63.52, SE = 0.67). A similar pattern is 

TABLE 3. Adjusted prevalence ratios (PR) of hepatocellular carcinoma (HCC) deaths, other chronic liver diseases (CLD) deaths, and non-
CLD deaths for heavy alcohol use (HAU) relative to non-HAU among decedents who died at age 25 and older: United States, 1999–2006

HCC vs. other CLD deaths HCC vs. non-CLD deaths Other CLD vs. non-CLD deaths

Sex and race/ethnicity PRa [95% CI] PRa [95% CI] PRa [95% CI]

Male
 Non-Hispanic White 0.18*** [0.17, 0.19] 4.81*** [4.56, 5.07] 20.50*** [20.26, 20.74]
 Non-Hispanic Black 0.19*** [0.17, 0.21] 3.11*** [2.78, 3.49] 15.04*** [14.60, 15.49]
 Hispanic 0.22*** [0.20, 0.24] 4.42*** [4.03, 4.86] 10.91*** [10.64, 11.20]
 Other races 0.11*** [0.09, 0.13] 2.04*** [1.69, 2.46] 16.20*** [15.36, 17.08]
 All 0.17*** [0.16, 0.18] 4.15*** [3.98, 4.33] 18.65*** [18.46, 18.83]
Female
 Non-Hispanic White 0.10*** [0.09, 0.12] 6.38*** [5.52, 7.38] 35.61*** [35.02, 36.20]
 Non-Hispanic Black 0.10*** [0.08, 0.14] 5.22*** [3.84, 7.08] 29.75*** [28.53, 31.01]
 Hispanic 0.19*** [0.14, 0.25] 8.09*** [6.10, 10.73] 17.27*** [16.48, 18.10]
 Other races 0.08*** [0.06, 0.12] 2.68*** [1.81, 3.96] 19.24*** [17.98, 20.59]
 All 0.11*** [0.10, 0.12] 5.71*** [5.09, 6.39] 31.58*** [31.13, 32.04]

Notes: aAdjusted for covariates including education, marital status, place of death, year of death, heavy tobacco use, diabetes, hyperten-
sion, and HIV using Poisson regression. Source: Multiple Cause of Death data fi les, 1999–2006 (National Center for Health Statistics).
***p < .001.
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FIGURE 2. Cumulative probability of death from hepatocellular carcinoma (HCC) based on complete multiple-cause life tables, by sex, for Non-Hispanic 
White, Non-Hispanic Black, Hispanic, and other races, and heavy alcohol use (HAU) status for adults ages 25 years and older in the United States, 1999–2006. 
Source: Multiple Cause of Death data fi les, 1999–2006 (National Center for Health Statistics).

TABLE 4. Unadjusted and adjusted mean ages at death among hepatocellular carcinoma (HCC) decedents who died at age 25 and older: United States, 
1999–2006

 Unadjusted mean age at HCC death Adjusted meana age at HCC death

w/o HAU w/ HAU Contrast w/o HAU w/ HAU Contrastb

Sex and race/ethnicity M SE M SE Diff. SE p Ma SE Ma SE Diff. SE p

Male
 Non-Hispanic White 66.07 0.08 61.08 0.25 4.99 0.31 <.0001 65.75 0.08 62.24 0.24 3.52 0.25 <.0001
 Non-Hispanic Black 59.00 0.16 56.64 0.49 2.36 0.63 <.0001 60.68 0.15 58.92 0.47 1.76 0.49 .0003
 Hispanic 62.20 0.19 58.89 0.45 3.31 0.53 <.0001 61.64 0.17 58.46 0.43 3.18 0.47 <.0001
 Other races 61.34 0.22 58.11 0.99 3.23 1.20 .002 60.83 0.21 58.87 0.88 1.96 0.91 .03
 All 64.12 0.07 59.92 0.20 4.20 0.25 <.0001 64.05 0.07 60.98 0.20 3.07 0.20 <.0001
Female
 Non-Hispanic White 71.77 0.14 64.17 0.85 7.60 0.88 <.0001 71.54 0.14 66.08 0.73 5.46 0.73 <.0001
 Non-Hispanic Black 65.20 0.34 60.86 1.80 4.34 2.08 .04 66.69 0.30 63.54 1.45 3.15 1.48 .03
 Hispanic 69.94 0.31 62.09 1.66 7.85 1.69 <.0001 69.01 0.29 63.94 1.46 5.07 1.48 .0006
 Other races 68.22 0.31 65.62 2.30 2.60 2.29 .26 68.26 0.28 68.46 1.99 -0.19 2.01 .92
 All 70.24 0.11 63.52 0.67 6.72 0.71 <.0001 70.18 0.11 65.77 0.58 4.42 0.59 <.0001

Notes: Diff. = difference; HAU = Heavy alcohol use, as indicated by alcohol-induced medical conditions. aAdjusted for covariates including education, marital 
status, place of death, year of death, heavy tobacco use, diabetes, hypertension, and HIV based on predictive margins estimated from multiple linear regression. 
bMultiple R2 was .23 and .29 for all predictors in the regression model for male and female decedents, respectively. Source: Multiple Cause of Death data fi les, 
1999–2006 (National Center for Health Statistics).
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seen across all subpopulation groups with some variations. 
Because non-Hispanic Whites without HAU had the oldest 
mean age at HCC death among both men (M = 66.07, SE = 
0.08) and women (M = 71.77, SE = 0.14), the reduction in 
life for their HAU counterparts (4.99 and 7.60 years for men 
and women, respectively) also was generally larger than that 
for minority groups except for Hispanic women.
 Table 4 also reports the adjusted mean age at HCC death 
estimated by predictive margins from linear regression 
models. These results confi rm the patterns observed with 
the unadjusted mean ages. Although the differences in mean 
age between HAU and non-HAU groups were generally 
reduced after adjusting (i.e., standardizing) for demographic 
characteristics and other risk factors, they remain statistically 
signifi cant across all sex and race/ethnicity groups except 
non-Hispanic women of other races.
 Further analysis was conducted to examine the joint ef-
fects of HAU and hepatitis B or C (B/C) virus infection on 
the mean age at HCC death by sex after controlling for race/
ethnicity and other demographic and risk factors. Interest-
ingly, the results indicate that the interaction effect of the 
two risk factors on age at death was not signifi cant for men 
(b = 0.3673, p = .3523) but was signifi cant for women (b = 
-2.7462, p = .0328) (data not shown). Therefore, the joint 
effects of the two risk factors tend to be additive in men and 
multiplicative in women. Table 5 shows the adjusted mean 
age at HCC death by HAU and hepatitis B/C status. Among 
men, compared with HCC decedents without HAU and 
hepatitis B/C, the average reduction in life was 2.78, 5.63, 
and 8.04 years for HCC decedents with HAU only, hepatitis 
B/C only, and both HAU and hepatitis B/C, respectively. In 
contrast, among women, compared with HCC decedents 
without HAU and hepatitis B/C, the average reduction in 
life was 3.55, 2.97, and 9.25 years for HCC decedents with 
HAU only, hepatitis B/C only, and both HAU and hepatitis 
B/C, respectively.

Discussion

 In the present study, our primary interest was to examine 
the association of HAU, as indicated by the presence of 
alcohol-induced medical conditions, with premature death 
from HCC. To our knowledge, this is the fi rst such study 
conducted on a population scale in the United States.
 Our results confi rmed the increased risk of HCC con-
ferred by HAU, showing that decedents with HAU had 
higher prevalence ratios of dying from HCC than dying from 
non-CLD than did those without HAU. This is consistent 
with fi ndings from previous studies that alcohol consump-
tion is a risk factor for primary liver cancer (Bagnardi et 
al., 2001; El-Serag, 2004; Mueller et al., 2009). The results 
also indicated a much stronger association between HAU 
and risks for dying from other CLD than from HCC. This 
fi nding exhibits a pattern of competing mortality risks: 
Compared with those without HAU, those with HAU were 
more likely to die of other CLD before they had a chance 
to develop HCC. This is not surprising, given that excessive 
alcohol consumption may have direct and indirect effects 
on HCC carcinogenesis that involve a sequential process, 
with cirrhosis as an intermediate key step (Boffetta and 
Hashibe, 2006; Schafer and Sorrell, 1999). Although this 
has been suggested in the literature, our study is among the 
fi rst to present systematic data on the three-group contrasts 
of competing mortality risks for HCC, other CLD, and all 
other causes with respect to HAU (Table 3).
 Also of signifi cance, our fi ndings provided empirical evi-
dence that HAU is associated with a reduction in the mean 
age at HCC death and an increased cumulative probability 
of HCC death across all race/ethnicity groups among both 
sexes. Chronic alcohol consumption may induce cytochrome 
P450 2E1 (CYP2E1) to lead to increased acetaldehyde pro-
duction and reactive oxygen species generation, which alter 
cell integrity through the formation of adducts with DNA 

TABLE 5. Adjusted mean ages at death by heavy alcohol use and hepatitis B/C status among hepatocellular 
carcinoma (HCC) decedents who died at age 25 and older: United States, 1999–2006

Adjusted meana age
at HCC death Contrastb

Sex HAU Hepatitis B/C Adjusted M SE Difference SE p

Male – – 65.17 0.07 Ref.
+ – 62.39 0.22 -2.78 0.23 <.0001
– + 59.54 0.13 -5.63 0.14 <.0001
+ + 57.13 0.30 -8.04 0.31 <.0001

Female – – 70.64 0.12 Ref.
+ – 67.09 0.66 -3.55 0.67 <.0001
– + 67.67 0.25 -2.97 0.27 <.0001
+ + 61.39 1.08 -9.25 1.09 <.0001

Notes: HAU = Heavy alcohol use, as indicated by alcohol-induced medical conditions. aAdjusted for covari-
ates including education, marital status, place of death, year of death, heavy tobacco use, diabetes, hyperten-
sion, and HIV based on predictive margins estimated from multiple linear regression. bMultiple R2 was .27 
and .30 for all predictors in the regression model for male and female decedents, respectively.
Source: Multiple Cause of Death data fi les, 1999–2006 (National Center for Health Statistics).
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and cellular proteins (Brooks and Theruvathu, 2005; Free-
man et al., 2005). Reactive oxygen species also can react 
with lipid molecules in the cell membrane, leading to the 
formation of biologically reactive aldehyde molecules that 
share structural and reactive properties similar to those of 
acetaldehyde (Das and Vasudevan, 2007; Seitz and Becker, 
2007) and stimulate collagen synthesis in hepatic stellate 
cells. This is a key step in progressive hepatic scarring 
toward cirrhosis (Tuma and Casey, 2003). Chronic, heavy 
alcohol consumption also increases intrahepatic lipopolysac-
charide levels and the activation of the liver’s Kupffer cells. 
Once activated, Kupffer cells synthesize and release a range 
of proinfl ammatory cytokines.
 Hepatic insults because of increases in proinfl ammatory 
cytokines and oxidative stress lead to rapid activation of 
hepatic stellate cells. The activation of hepatic stellate cells 
is characterized by transdifferentiation of cells to a myofi -
broblastic state during which increased proliferation and col-
lagen synthesis/deposition occurs. The continued deposition 
of collagen results in the emergence of hepatic scarring and 
the progression toward cirrhosis (Friedman, 2008). In addi-
tion, chronic alcohol consumption causes an imbalance in 
endothelin and nitric oxide signaling, resulting in increased 
vasoconstriction and portal pressure, and the changes in the 
microcirculation in and around transformed cells may play 
a role in the initiation and/or progression of angiogenesis in 
dysplastic nodules (hepatic foci). It appears that neoangio-
genesis is a prerequisite for hepatic foci to expand to HCC 
(Sugimachi et al., 2003). These mechanisms link heavy 
chronic alcohol use with the increased rate of liver fi brosis, 
cirrhosis, and tumorigenesis and their progression. They 
therefore provide biologically plausible explanations for the 
age difference at HCC death reported in the present study.
 By analyzing the data for men and women separately, our 
fi ndings revealed that HAU affected women more strongly 
than men regarding premature HCC death, although overall, 
men had higher HCC mortality rates and died younger than 
women. Specifi cally, after controlling for demographic char-
acteristics and other risk factors, those with HAU had greater 
reductions in adjusted mean age at HCC death among 
women than among men for non-Hispanic Whites (5.46 vs. 
3.52 years), non-Hispanic Blacks (3.15 vs. 1.76 years), and 
Hispanics (5.07 vs. 3.18 years). Similarly, the difference in 
cumulative probability of HCC death between decedents 
with HAU and those without HAU was larger in women than 
in men after age 45 for these three racial/ethnic groups. In 
addition, interaction analysis of HAU and hepatitis B/C re-
vealed that their combined effect tends to be additive in men 
but multiplicative in women. These patterns further support 
the previous observation that alcohol has more detrimental 
effects on the progression of liver disease in women than in 
men, given similar exposure levels (Becker et al., 1996).
 A number of mechanisms have been cited to explain why 
women appear to be more vulnerable than men to many 

adverse consequences of alcohol use (Müller, 2006). First, 
men and women absorb and metabolize alcohol differently. 
In general, women have less body water than men of similar 
body weight and would achieve higher concentrations of 
alcohol in the blood than men after drinking equivalent 
amounts of alcohol (Taylor et al., 1996). Compared with 
men, women have a lower level of total gastric alcohol de-
hydrogenase, an enzyme involved in alcohol metabolism, 
and thus a weaker fi rst-pass barrier to prevent excess alcohol 
from penetrating the body. Although alcoholism reduces the 
fi rst-pass metabolism in both men and women, the effect is 
more severe in women, resulting in a total loss of the fi rst-
pass protection (DiPadova et al., 1987; Frezza et al., 1990). 
Moreover, given that alcohol is metabolized almost entirely 
in the liver, women appear to eliminate alcohol from the 
blood faster because of their higher liver volume per unit of 
lean body mass (Kwo et al., 1998; Li et al., 2000). Although 
the mechanisms underlying the relationship between alco-
hol elimination rates and liver damage still are not clear, it 
has been speculated that faster alcohol elimination rates in 
women may result in higher concentrations of acetaldehyde 
in liver, a toxic product of alcohol metabolism (Thomasson, 
2000). Findings from animal research also indicate that el-
evated female risk for liver damage from alcohol could be 
attributable to the physiological effects of the female repro-
ductive hormone estrogen, which increases the sensitivity 
of hepatic Kupffer cells to endotoxin (Ikejima et al., 1998). 
Although studies continue to explore other explanations for 
sex differences in the susceptibility to alcohol’s effects (e.g., 
differences in infl ammatory cytokines and CYP2E1 expres-
sion), fi ndings from our study underscore the importance of 
this line of research.
 Taking advantage of the large case numbers in the mor-
tality data, we were able to further break down the analysis 
by race/ethnicity, and we observed substantial racial/ethnic 
disparities both in the HCC mortality rate and in the mean 
age at death. Several explanations have been proposed for 
racial/ethnic differences in alcohol susceptibility, including 
metabolic, pharmacokinetic, and genetic mechanisms (Li et 
al., 2000; Lieber, 2000). Our results show that, compared 
with non-Hispanic White decedents, non-Hispanic Black 
decedents had a smaller reduction in mean age at death by 
HAU, especially among men. This is consistent with previ-
ous observations that Blacks had lower alcohol elimination 
rates than Whites (Thomasson, 1995) because of their lower 
liver weight per unit body weight (Li et al., 2000). Further-
more, the variability of the HAU effect on premature death 
from HCC may be partly attributable to the different patterns 
of comorbid conditions, such as co-infection with hepatitis 
C virus, hepatitis B virus, and HIV across different racial/
ethnic groups. For instance, our additional analysis revealed 
a higher prevalence of comorbidity with hepatitis B virus, 
hepatitis C virus, and HIV among non-Hispanic Black HCC 
decedents than among their non-Hispanic White counterparts 



900 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / NOVEMBER 2011

(data not shown). These co-infections accelerate disease pro-
gression of HCC (García-Samaniego et al., 2001; Michielsen 
et al., 2005) and may have played a more important role in 
the younger age at death in this subpopulation group regard-
less of HAU status.
 In most prospective studies, the duration of follow-up 
is insuffi cient to provide complete outcome data on the 
progression of HCC because it is not feasible to conduct 
large-scale prospective studies that follow subjects for a 
lifetime. The current study draws strength from mortality 
data, with all death records in the United States covering the 
full age spectrum of a life course. The large number of death 
certifi cates provided a study sample that is unparalleled in 
prospective studies. The detailed ICD-10 codes of the condi-
tions that underlie or contribute to the fi nal death allowed us 
to assess common combinations of events or conditions such 
as HAU and hepatitis C virus as risks for HCC. Addition-
ally, to minimize the confounding, we excluded unnatural 
deaths from the analysis and adjusted our estimates for de-
mographic factors that may be associated with the HCC risk 
or mortality.
 At the same time, because of the nature of the mortality 
data, the present study has several limitations. First, we used 
alcohol-induced medical conditions as a proxy for HAU, 
and we lacked information on specifi c levels of alcohol 
consumption. Therefore, we were not able to assess the dose-
response relationship between alcohol use (especially light 
and moderate alcohol use) and HCC mortality. Similarly, this 
limitation also applies to tobacco use and other risk factors 
because of the unavailability of information on the actual 
exposure levels in the MCD data.
 Second, using alcohol-induced medical conditions as a 
proxy for heavy drinking may underidentify heavy drinkers 
because not all heavy drinkers develop these medical condi-
tions, and alcohol-induced medical conditions are generally 
underreported on death certifi cates (Hanzlick, 1988; Pollock 
et al., 1987). Therefore, this measurement bias could lead to 
a conservative estimate of the impact of HAU on premature 
HCC death. Nonetheless, the underreporting problem should 
not signifi cantly affect the validity of our fi ndings because 
our focus is on comparisons among identifi ed cases and not 
on prevalence estimates.
 Third, because there was no information on treatment 
history in the death records, we were not able to control for 
the potential confounding effect of treatment differentials, 
although this bias should be small on a population scale 
because the prognosis of HCC has been uniformly poor, 
except when the patient receives liver transplantation (which 
is limited by resources).
 Fourth, we could not control for a potential effect of state 
because beginning in 2005, state identifi cation has no longer 
been included in the MCD. However, our sensitivity analyses 
based on data from 1999 to 2004 did not fi nd substantial 
changes in the effect size estimates of HAU when includ-

ing state as an additional covariate or in the standard error 
estimates of the HAU effect when including state as a cluster 
variable (i.e., considering deaths as being nested in states) in 
the models.
 Fifth, the exclusion of unnatural deaths, although neces-
sary in isolating external factors (e.g., injury and poisoning) 
that are unrelated to the natural course of disease progres-
sion, could result in an underestimation of the prevalence 
of HAU among non-CLD deaths presented in Table 2. The 
exclusion of deaths before age 25 may also introduce a po-
tential bias. Given that the number of HCC decedents with 
death age less than 25 years is rare (only 233 in our data), 
this bias, if any, should be ignorable.
 Finally, it is not possible for us to check the accuracy of 
the HCC diagnosis recorded on the death certifi cates or to 
access supplemental data, such as decedents’ medical histo-
ries, which could shed light on the information revealed by 
death certifi cate data (Redelings et al., 2007). Again, this 
potential measurement error should be small because previ-
ous research has found a close correspondence between the 
mortality data and the Surveillance, Epidemiology, and End 
Results incidence data (Altekruse et al., 2009) and hospital-
ization data (Kim et al., 2005). The cross-validation of the 
MCD data and the National Inpatient Sample data by Kim 
et al. (2005) indicated a high consistency between death 
certifi cates and medical practitioners’ assessments recorded 
on the hospital records for HCC diagnoses among HCC 
decedents. Our own examination of other comorbid cancers 
among the HCC decedents also suggests that there is a very 
low chance that secondary liver cancer deaths were included 
in our analysis.
 In conclusion, we have provided population mortality-
based evidence that HAU contributes to the premature death 
from HCC in the United States, and we have shown that 
alcohol consumption affects men and women differently in 
terms of HCC mortality. Our fi ndings suggest that abstinence 
from HAU not only will decrease the risk for HCC but also 
reduce the loss of life because of HCC.
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