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Abstract

BACKGROUND—The health and economic burden from liver disease in the United States is 

substantial and rising. The objective of this study was to characterize temporal trends in mortality 

from chronic liver disease and liver cancer and the incidence of associated risk factors using 

population-based data over the past 30 years.

METHODS—Population-based mortality data were obtained from the National Vital Statistics 

System, and population estimates were derived from the national census for US adults (aged >45 

years). Crude death rates (CDRs), age-adjusted death rates (ADRs), and average annual 

percentage change (AAPC) statistics were calculated.

RESULTS—In total, 690,414 deaths (1.1%) were attributable to chronic liver disease, whereas 

331,393 deaths (0.5%) were attributable to liver cancer between 1981 and 2010. The incidence of 

liver cancer was estimated at 7.1 cases per 100,000 population. Mortality rates from chronic liver 

disease and liver cancer increased substantially over the past 3 decades, with ADRs of 23.7 and 

16.6 per 100,000 population in 2010, respectively. The AAPC from 2006 to 2010 demonstrated an 

increased ADR for chronic liver disease (AAPC, 1.5%; 95% confidence interval, 0.3%–2.8%) and 

liver cancer (AAPC, 2.6%; 95% confidence interval, 2.4%–2.7%).

CONCLUSIONS—A comprehensive approach that involves primary and secondary prevention, 

increased access to treatment, and more funding for liver-related research is needed to address the 

high death rates associated with chronic liver disease and liver cancer in the United States.
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INTRODUCTION

The health and economic burden associated with chronic liver disease and liver cancer in the 

United States is substantial.1,2 An estimated 150,000 new patients are diagnosed with 

chronic liver disease each year in the United States, and nearly 20% of these patients have 

cirrhosis at presentation.3 The increase in cirrhosis, along with rises in the prevalence of 

other risk factors, has resulted in a growing incidence of primary liver cancer.4 Once 

diagnosed, primary liver cancer generally carries a guarded prognosis with an estimated 5-

year survival of only 25% to 40% and a median overall survival of 1 to 60 months, 

depending on the stage of disease at presentation.2,5–11 The most common form of primary 

liver cancer, hepatocellular carcinoma (HCC), is the third leading cause of cancer death in 

the United States despite a relatively low incidence rate of <5 per 100,000 population.12,13 

Preventable risk factors for primary liver cancer include alcohol abuse and infection with 

hepatitis B virus (HBV) and hepatitis C virus (HCV), and up to 50% of liver cancers in the 

United States are still attributable to HBV or HCV.12,14–16 Increasing rates of nonalcoholic 

fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) also have been 

observed as worldwide rates of obesity continue to surge.15,17,18 In turn, obesity, NAFLD, 

and NASH have been implicated in the development of both chronic liver disease and liver 

cancer, and observational studies have demonstrated a correlation between rising rates of 

obesity and chronic liver disease.18–22

National efforts to impact the mortality burden associated with liver diseases have not 

received enough attention.23 To our knowledge, no large population-based study has 

explicitly examined the mortality of liver-related diseases in relation to the changing 

incidence of obesity, chronic liver disease, and cirrhosis at the national level. Therefore, the 

purpose of the current study was to characterize temporal trends in the disease-specific 

mortality associated with chronic liver disease and liver cancer. Specifically, using 

population-based data, we sought to identify and define temporal changes in the associated 

death rates of certain underlying liver-related risk factors (eg, HBV, HCV, obesity, etc), 

chronic liver disease, as well as primary liver cancer relative to other major causes of 

mortality in the United States (eg, cardiovascular, diabetes, etc).

MATERIALS AND METHODS

Deaths and Population Estimates

We obtained population-based mortality data from the National Vital Statistics System 

(NVSS) as well as population estimates derived from the national census between 1981 and 

2010.24 Annual numbers of deaths, defined as the underlying cause of death noted on the 

death certificate, were recorded. The underlying causes of death were classified according to 

the Ninth Revision of the International Classification of Diseases (ICD-9) for the years 

1981 through 1998 and the 10th Revision of the ICD (ICD-10) for the years 1999 through 
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2010. Specifically, the annual number of deaths from all causes (ICD-9 code 001-E999, 

ICD-10 code A00-Y89), viral hepatitis (ICD-9 code 070, ICD-10 code B15-19), all cancer 

(ICD-9 code 140–208, ICD-10 code C00-C97), liver cancer (ICD-9 code 155, ICD-10 code 

C22), diabetes (ICD-9 code 250, ICD-10 code E10-E14), major cardiovascular disease 

(CVD) (ICD-9 codes 390–434 and 436–448, ICD-10 code I00-I78), chronic liver disease 

and cirrhosis (ICD-9 code 571, ICD-10 codes K70 and K73-K74), and alcoholic liver 

disease (ICD-9 code 571.0–571.3, ICD-10 code K70) were obtained for analysis and 

comparison.25,26 Because the overwhelming majority of patients who are diagnosed with 

liver disease aged >45 years, data were collected for all adults in the United States using this 

cutoff age. To associate trends of risk factors and potential associations with cause-specific 

mortality, data on the incidence of HBV, HCV, and liver cancer as well as the prevalence of 

obesity (defined as a body mass index >30 kg/m2) also were collected from the Centers for 

Disease Control and Prevention (CDC).16,27,28

Statistical Analysis

Crude death rates (CDRs) and age-adjusted death rates (ADRs) and 95% confidence 

intervals (CIs) were calculated as cases per 100,000 population. The standard error and the 

95% CIs for age-adjusted death rates were calculated based on the method originally 

described by Keyfitz.29 Yearly cause-specific death rates were calculated and also were as 

stratified into 5-year periods from 1981 to 2010. CDRs were calculated from the total 

number of deaths from a particular cause in the given year or 5-year period by using the 

mid-year resident population. ADRs were calculated by direct standardization methods 

using the 2000 US population as the standard population.30

To illustrate recent trends, we analyzed the chronological pattern of cause-specific death 

rates from 2006 to 2010. We used joinpoint regression models to calculate annual 

percentage change (APC) statistics, which characterize the magnitude and direction of short-

term (2006–2010) and long-term (1981–2010) trends in ADR. The same joinpoint 

regression models also were used to calculate trends in incidence rates of liver cancer 

between 1999 and 2010.31 Recent epidemiologic studies have used Join-point, a statistical 

software package (version 4.0.4; Surveillance Research Program, National Cancer Institute, 

Bethesda, Md) that provides a best-fitting linear regression model for incidence rates over 

time using the least amount of “joinpoint.”2,23 Through this approach, we calculated the 

APC and the average APC (AAPC) between 2006 and 2010. Trends were considered 

statistically significantly if each joinpoint indicated a change in trend with a 95% CI that did 

not overlap zero (2-sided t test; P <.05) using a Monte-Carlo permutation method. For this 

study, a maximum of 3 joinpoints (4 line segments) were allowed for each analysis. The 

Joinpoint Regression Program was used for the joinpoint analysis, whereas other statistical 

analyses used STATA version 12.0 (Stata-Corp, College Station, Tex).23,31

RESULTS

CDRs From All Causes and Underlying Diseases: 1981 to 2010

In total, 61,744,032 deaths from all causes among individuals aged >45 years in the United 

States were registered between 1981 and 2010. Of these, 690,414 deaths (1.1%) were 
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attributable to chronic liver disease and cirrhosis, whereas 331,393 deaths (0.5%) were 

attributable to liver cancer. CDRs among individuals aged >45 years for all causes declined 

over the study period from 2490.03 deaths per 100,000 population in 1981 to 1882.67 deaths 

per 100,000 population in 2010. The largest drops in CDR were from the top 2 leading 

causes of death in the United States—CVD and diabetes. The CDR from major CVD 

dropped from a high of 1343.57 deaths per 100,000 population in 1981 to a low of 624.69 

deaths per 100,000 population in 2010, representing nearly a 54% decrease. Similarly, crude 

deaths from diabetes declined nearly 14% over the study period, with the highest drop in 

deaths reported during the late 1990s. Deaths from all cancer followed a similar trend, 

decreasing 23.8% over the study period (from 565.8 deaths per 100,000 population in 1981 

to 457.0 deaths per 100,000 population in 2010). In contrast, the CDR from liver cancer 

doubled between 1981 (8.0 deaths per 100,000 population) and 2010 (16.3 deaths per 

100,000 population). It is noteworthy that, although the CDRs from chronic liver disease 

and cirrhosis decreased (from 34.7 deaths per 100,000 population in 1981 to 23.8 deaths per 

100,000 population in 2010) over the study period, the CDR from viral hepatitis increased 

(from 0.8 deaths per 100,000 population in 1981 to 5.9 deaths per 100,000 population in 

2010). Similarly, deaths from alcoholic liver disease decreased over the study period from a 

high of 13.5 deaths per 100,000 population in 1981 to a nadir of 9.7 deaths per 100,000 

population in 2002/2003.

ADRs for All Causes and Underlying Disease and Trends in Risk Factors: 1981 to 2010

Variations in population structure over time were accounted for by calculating ADRs using 

the 2000 US population as the standard population. The ADRs from all causes (2624.5 

deaths per 100,000 population in 1981 to 1962.7 deaths per 100,000 population in 2010) and 

from all cancer (560.5 deaths per 100,000 population in 1981 to 476.2 deaths per 100,000 

population in 2010) sharply declined over the study period (Table 1). ADRs for chronic liver 

disease and cirrhosis declined over the study period from a high of 33.5 deaths per 100,000 

population in 1981to a nadir of 22.1 deaths per 100,000 population in 2006. In contrast, 

deaths from liver cancer rose from a low of 7.9 deaths per 100,000 population in 1981 to 

16.6 deaths per 100,000 population in 2010. The incidence of liver cancer increased 3.7% 

between 1999 and 2010 and is currently estimated at 7.1 new cases per 100,000 population 

(P <.05). It is noteworthy that incidence rates of risk factors for chronic liver disease and 

cancer were mixed during the study period (Fig. 1). Incident cases of HBV declined after 

reaching a peak of 11.5 new cases per 100,000 population in 1985 to a low of 1.3 new cases 

per 100,000 population in 2008. Similarly, incident HCV cases declined after 1992, reaching 

a low of 0.3 new cases per 100,000 population in 2008. The prevalence of obesity, however, 

increased nearly 2-fold from 15.9% of the US population in 1995 to 28.1% in 2010.

Trends in ADRs From All Causes and Underlying Diseases: 1981 to 2010

ADRs from all causes, all cancer, major CVD, and diabetes decreased over the study period 

(Fig. 2). Deaths from CVD experienced the greatest change over the last decade, with a 

4.2% reduction in deaths between 2001 and 2010 (Table 2). The steepest decline in deaths 

from all cancer also occurred during the past decade (2001–2010), with a 1.4% reduction in 

the ADR during this period. In contrast, the ADR from underlying liver diseases was mixed 

but generally increased over the study period (Fig. 3). Chronic liver disease and cirrhosis 
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ADRs were mixed, declining by 2.3% until 1996 (95% CI, −2.5% to −2.1%) but witnessing 

a recent sharp increase from 2006 to 2010 (APC, 1.5%; 95% CI, 0.3%–2.8%). The ADR for 

liver cancer increased for each study period, with an APC of 2.6% in the most recent period 

(1999–2010). The ADR from viral hepatitis had the largest increase among mortality causes 

analyzed, with an 11.6% increase from 1981 to 2000 and an 11.5% increase from 2004 to 

2007.

Recent short-term trends evaluated according to the AAPC were conducted for all causes 

and underlying diseases. The AAPC during the most recent 5 years reflected a statistically 

significant decline in the ADRs for all causes (AAPC, −1.7%; 95% CI, −1.9% to −1.5%), 

cancer (AAPC, −1.4%; 95% CI, −1.5% to −1.3%), diabetes mellitus (AAPC, −2.9%; 95% 

CI, −3.4% to −2.5%), and major CVD (AAPC, −4.2%; 95% CI, −4.4% to −3.9%). However, 

increasing short-term ADRs were observed for liver diseases such as liver cancer (AAPC, 

2.6%; 95% CI, 2.4%–2.7%), chronic liver disease and cirrhosis (AAPC, 1.5%; 95% CI, 

0.3%–2.8%), viral hepatitis (AAPC, 1.3%; 95% CI, −1.8% to 4.5%), and alcoholic liver 

disease (AAPC, 2.6%; 95% CI, 2.4%–2.7%).

DISCUSSION

Large population-based studies are necessary to elucidate the true efficacy of interventions 

and national initiatives aimed at lowering mortality for a variety of diseases. The current 

study is important because we used a wide array of population-based data from a variety of 

sources, including the NVSS, the US national census, as well as the CDC. In doing this, we 

were able to provide a comprehensive assessment of national trends in the epidemiology of 

chronic liver disease, liver cancer, and associated liver-specific risk factors in the United 

States over the past 30 years. Whereas the incidence of liver cancer increased 3.7% between 

1999 and 2010, incident cases of HBV and HCV declined. In contrast, the prevalence of 

obesity nearly doubled, with >25% of the US population categorized as obese in 2010. 

Perhaps more noteworthy, we observed a decrease in the ADRs from all causes, all cancer, 

major CVD, and diabetes over the study period but an increase in the ADR of patients with 

viral hepatitis and liver cancer over that same time. In fact, the AAPC increased by about 

1.5% to 2.5% per year between 2006 and 2010 for each of the liver diseases examined, 

including viral hepatitis, cirrhosis, and liver cancer. Collectively, data from the current study 

serve to underscore the ongoing fatal impact that liver cancer and other liver-related diseases 

continue to have in the United States.

Primary liver cancer has traditionally been considered a major health care concern of non-

US populations, including Asia and sub-Saharan Africa.12,32,33 In these geographic areas, 

risk factors, including HBV and HCV, and exposure to environment risk factors, such as 

aflatoxin, have resulted in a high incidence of liver disease.12,13,32–34 More recently, 

however, there has been growing recognition that the incidence of primary liver cancer is on 

the rise in the United States. Altekruse et al noted that the incidence of HCC in 2005 was 4.9 

per 100,000 population and has been steadily rising at a rate of 4.5% per year for the last 3 

decades.4 In the current study, we similarly noted an increase in liver cancer in the United 

States with an overall incidence of 7.1 per 100,000 population in 2010. Although the 

incidence of liver cancer may be relatively low compared with some other diseases, 
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mortality from liver cancer has steadily risen over the past 30 years, with an increase greater 

than 2-fold in the ADR. In fact, the ADR for liver cancer increased 27.5% in the last 10 

years analyzed (2001–2010) (Fig. 3). The reason for this ongoing rise in mortality associated 

with liver cancer is undoubtedly multifactorial. Although some patients with liver cancer 

may be candidates for resection, ablation, or transplantation; most patients, because of 

advanced disease, are not surgical candidates and have more limited therapeutic options (eg, 

chemoembolization or systemic therapy).35 Other investigators have demonstrated that, 

although advances in liver transplantation and hepatic resection have improved survival for 

a select population, the effect on overall disease-specific mortality at the national level has 

been more limited.4,36 Furthermore, our group has documented variation in choice of 

therapy for patients with liver cancer and has demonstrated that receipt of therapy depends 

on a wide variety of factors, including clinical data as well as provider-level and hospital-

level factors.37,38 In fact, even referral to a specialist varies considerably, with barriers to 

treatment preventing up to 50% of patients who have early stage disease from receiving 

potentially curative therapy.39–41

Thus, as the US population continues to age disproportionately, it seems reasonable to 

conclude that the increased ADR associated with liver cancer and other chronic liver 

diseases may be attributable in part to this aging phenomenon. In the current study, however, 

we specifically assessed both the CDR and the ADR. Although the CDR may have been 

subject to confounding because of an aging population, we controlled for age in the ADR 

models. It is noteworthy that, even after controlling for age, we noted increases in the ADR 

for liver cancer over the last 30 years and for chronic liver disease over the last 5 years. 

These data suggest that, rather than age, other factors like HBV or HCV exposure may be 

responsible for the documented increased trend in liver-specific mortality over time. El-

Serag previously reported that chronic hepatic viral infections account for approximately 

80% of all cases of HCC in the United States.33 By comparison, data from the current study 

indicate that incident cases of HBV and HCV dropped nearly 8-fold over the last 30 years 

and are currently estimated to be only 1.3 and 0.3 per 100,000 population, respectively. For 

example, we noted that the incidence of HBV infection has been on the decline since the 

mid-1980s, paralleling the introduction and widespread implementation of the HBV vaccine 

(Fig. 1). In fact, vaccination rates have continued to increase, such that an estimated 93% of 

US children are currently vaccinated against HBV.42 Despite the reduction in HBV and 

HCV infection, we observed that mortality from viral hepatitis and chronic liver disease was 

on the rise. These findings were similar to other recent studies that reported a decrease in 

HBV and HCV infection yet an increase in hepatic viral-related mortality.14,16,43 Indeed, the 

CDC predicts that the trend in increasing viral-related mortality will continue, with greater 

than 170,000 deaths from HBV-related and HCV-related liver diseases predicted between 

2010 and 2019.22,44 Consistent with the CDC’s projection, we noted that the ADR from 

viral hepatitis had the largest increase among mortality causes analyzed, with an 11.6% 

increase from 1981 to 2000 and an 11.5% increase from 2004 to 2007. Thus, although 

efforts need to be devoted to primary prevention, attention and energy should also be 

directed toward secondary prevention efforts among patients with chronic viral hepatitis 

infection.45
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Although much attention has been given to the financial and societal impact caused by rising 

obesity rates, its impact on liver disease has been less popularized. It has been estimated that 

obese and diabetic patients are at nearly twice the risk of developing liver cancer than non-

obese, nondiabetic patients.46–49 Indeed, although viral hepatitis infection increases the risk 

of liver cancer more than any other risk factor for any given individual patient, diabetes and 

obesity are responsible for the greatest population-based attributable risk for liver cancer in 

the United States.50 A host of previous studies defined the importance of metabolic risk 

factors, such as obesity and type 2 diabetes, on chronic liver disease and liver cancer.20,51–53 

Specifically, obesity is a recognized risk factor in the development of NAFLD, NASH, and 

primary liver cancer.19–22,46,54 In turn, increasing obesity rates undoubtedly have 

contributed to the rise in the incidence of NASH and NAFLD, which now affect anywhere 

between 12% and 46% of the US population.55 Data from our population-based cohort 

similarly noted a dramatic increase in the incidence of obesity, with obesity tripling over the 

last 3 decades to the point that nearly 3 in every 10 individuals in the United States in 2010 

had a body mass index >30 kg/m2 (Fig. 1). We observed that this dramatic increase in 

obesity paralleled an increase in chronic liver disease and liver cancer, which was consistent 

with a previous report by Nordenstedt et al (Fig. 1).56 Because recent trends demonstrate no 

slowing in the rising epidemic of obesity, the subsequent impact on liver disease will likely 

continue to worsen.

The current study had several limitations. Although broad in scope, the use of large, 

population-based data sets inherently lack certain detailed clinical, pathologic, and 

treatment-related data. Therefore, we could not examine more specific categories of liver 

disease, and we also were unable to characterize mortality rates according to extent of 

disease (eg, viral load, stage of liver cancer, etc). The purpose of the study, however, was 

not to examine patterns of care or outcomes among certain subtypes of patients but, rather, 

to define broad temporal trends in population-based death rates associated with chronic liver 

disease and liver cancer in the United States. To this end, the use and synthesis of data from 

3 distinct, population-based resources (ie, NVSS, the US national census, and the CDC) was 

a particular strength of the current study. Another potential limitation involved the reliance 

on death certificate records for cause of death. Although the cause of death recorded on a 

death certificate sometimes may be misclassified, death certificates are the standard and 

accepted means to procure this information.57,58 However, any possible misclassification 

bias related to the documentation of death on the certificate would likely be nondifferential 

in nature. In addition, patients with multiple comorbid conditions like HBV and HCV are 

only reported as having a single, primary cause of death on the death certificate. In turn, 

information regarding the proportion of patients who might have had overlapping diseases 

(eg, HCV, HBV, etc) was unavailable.

In conclusion, mortality rates from chronic liver disease and liver cancer have increased 

substantially over the past 3 decades. In 2010, the ADRs associated with chronic liver 

disease and liver cancer were 23.67 and 16.57 per 100,000 population, respectively. 

Although we noted that certain risk factors, such as HBV and HCV, decreased in incidence 

over time, there was a dramatic rise in the prevalence of other risk factors such as obesity. 

Although they are still relatively uncommon in the United States, liver diseases, including 

chronic liver disease and liver cancer, strongly impact health care because of their associated 
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high mortality. A comprehensive approach that involves both primary and secondary 

prevention, increased access to treatment, and more funding for liver-related research is 

needed if we hope to address the high death rates associated with chronic liver disease and 

liver cancer in the United States.
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Figure 1. 
Trends in the incidence and prevalence of various risk factors for liver cancer are illustrated. 

BMI indicates body mass index (measured in kg/m2).
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Figure 2. 
Trends in age-adjusted death rates are illustrated using Joinpoint analyses from (A) all 

causes, (B) all cancer. APC indicates annual percentage change. P ≤ .05.
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Figure 3. 
Trends in age-adjusted death rates are illustrated using Joinpoint analyses from (A) liver 

cancer (B) chronic liver disease and cirrhosis, (C) alcoholic liver disease, and (D) viral 

hepatitis. APC indicates annual percentage change. P ≤ .05.
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TABLE 1

Age-Adjusted Death Rates in Individuals Aged >45 Years According to Underlying Diseases in the United 

States From 1981 to 2010 per 100,000 Population

Underlying Disease

Rate per 100,000 Population (95% CI)

1981–1985 1986–1990 1991–1995

All causes 2592.0 (2590.3–2593.7) 2504.1 (2502.5–2505.7) 2376.2 (2374.8–2377.7)

Viral hepatitis 0.8 (0.8–0.8) 1.2 (1.2–1.3) 2.3 (2.2–2.3)

Cancer 569.1 (568.4–569.9) 581.9 (581.1–582.6) 582.8 (582.1–583.5)

Liver cancer 8.1 (8.0–8.2) 9.1 (9.0–9.2) 11.0 (11.1–12.3)

Diabetes mellitus 47.6 (47.4–47.9) 51.3 (51.1–51.6) 60.0 (59.7–60.2)

Major cardiovascular diseases 1392.1 (1390.9–1393.4) 1231.0 (1229.9–1232.2) 1087.4 (1086.4–1088.4)

Chronic liver disease and cirrhosis 31.1 (30.9–31.3) 27.5 (27.3–27.7) 24.5 (24.4–24.7)

Alcoholic liver disease 12.1 (12.0–12.2) 11.5 (11.3–11.6) 10.8 (10.7–10.9)

Underlying Diseases

Rate per 100,000 Population (95% CI)

1996–2000 2001–2005 2006–2010

All causes 2304.7 (2303.3–2306.1) 2195.6 (2194.3–2196.9) 2009.2 (2008.1–2010.5)

Viral hepatitis 3.9 (3.9–4.0) 4.6 (4.5–4.6) 5.8 (5.8–5.9)

Cancer 555.1 (555.4–555.8) 523.7 (523.1–524.4) 486.4 (485.8–487.0)

Liver cancer 12.4 (12.3–12.5) 13.8 (13.7–13.9) 15.6 (15.5–15.7)

Diabetes mellitus 67.0 (66.8–67.3) 69.4 (69.2–69.6) 60.3 (60.1–60.5)

Major cardiovascular diseases 991.9 (991.0–992.8) 859.3 (858.5–860.1) 693.7 (693.0–694.4)

Chronic liver disease and cirrhosis 23.2 (23.1–23.4) 22.9 (22.8–23.1) 22.9 (22.8–23.0)

Alcoholic liver disease 10.1 (10.0–10.2) 9.7 (9.6–9.8) 10.5 (10.4–10.6)

Abbreviations: CI, confidence interval.
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