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Abstract: Objective: Mortality-trends from alcoholic liver disease (ALD) have recently increased and they differ by various 

factors in the U.S. However, these trends have only been analyzed using univariate models and in reality they may be 

influenced by various factors. We thus examined trends in age-standardized mortality from ALD among U.S. adults for 

1999-2017, using multivariable piecewise log-linear models. Methods: We collected mortality-data from the Centers for 

Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research database, us-ing the Underlying 

Cause of Death. Results: We identified 296,194 deaths from ALD and 346,386 deaths indirectly attributable to ALD 

during the period from 1999-2017. The multivariable-adjusted, age-standardized ALD mortality was stable during 1999-

2006 (annual percentage change [APC]=-2.24, P=0.24), and increased during 2006-2017 (APC=3.18, P<0.006). Their 

trends did not differ by sex, race, age or urbanization. Subgroup analyses revealed up-ward multivariable-adjusted, age-

standardized mortality-trends in alcoholic fatty liver (APC=4.64, P<0.001), alcohol-ic hepatitis (APC=4.38, P<0.001), and 

alcoholic cirrhosis (APC=5.33, P<0.001), but downward mortality-trends in alcoholic hepatic failure (APC=-1.63, 

P=0.006) and unspecified ALD (APC=-0.86, P=0.013). Strikingly, non-alcoholic cirrhosis also had an upward 

multivariable-adjusted, age-standardized mortality-trend (APC=0.69, P=0.046). By contrast, recent mortality-trends were 

stable for all cause of deaths (APC=-0.39, P=0.379) and downward for ma-lignant neoplasms excluding liver cancer 

(APC=-2.82, P<0.001), infections (APC=-2.60, P<0.001), cardiovascular disease (APC=-0.69, P=0.044) and respiratory 

disease (APC=-0.56, P=0.002). The adjusted mortality with ALD as a contributing cause of death also had an upward 

trend during 2000-2017 (APC=5.47, P<0.001). Strikingly, common comorbidities of ALD, including hepatocellular 

carcinoma, cerebrovascular and ischemic heart cardiovascular dis-eases and sepsis, had upward trends during the past 

14 to 16 years. Conclusions: ALD had an upward multivariable-adjusted, age-standardized mortality-trend among U.S. 

adults, without significant differences by sex, race, age or urbanization. Three ALD subtypes (alcoholic fatty liver, 

alcoholic hepatitis and alcoholic cirrhosis) and non-alcoholic cirrhosis had upward morality-trends, while other ALD 

subtypes and other causes of death did not. 
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Introduction 

 
Likely due to increasing alcohol- use, some sub-

types of alcoholic liver disease (ALD) have re-

cently increased in prevalence, hospitalization or 

mortality [1-4]. Prevalence of alcoholic fa-tty liver 

disease, which is a subtype of ALD, 

 

 
increased [4, 5]. Mortality of alcoholic hepatitis 

and cirrhosis also had upward trends [6, 7]. 

Moreover, mortality trends in these causes of 

death appeared to differ by ethnicity/race, age, 

sex and urbanization [1- 3]. However, all of the-

se trend analyses used univariate models and 

could be influenced or biased by confounders. 
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Thus, multivariable-adjusted trends in ALD-

mortality and related factors are much needed to 

exclude the confounding factors. Moreover, little 

is known about the multivariable- adjusted age-

standardized mortality trends in all sub-types of 

ALD. We therefore examined trends in age-

standardized mortality of ALD and its sub-types 

among U.S. adults by factors using multi-variable 

piecewise log- linear models, as well as other 

common causes of death as the control. 
 

Methods 

 
In this population-based trend study, we col-

lected mortality-data (age-standardized for the 

2000 U.S. standard population) from the Cen-

ters for Disease Control and Prevention Wide-

ranging Online Data for Epidemiologic 

Research database (CDC WONDER), using the 

Underlying Cause of Death Data to identify all 

deaths from ALD, its subtypes and other 

common causes of death in the United States 

from 1999-2017. Rates in WONDER were 

suppressed when the death count was <20 (or 

missing data). This study is exempt from 

approval from an institu-tional review board 

(IRB) due to the use of de-identified publicly 

available data on deceased U.S. residents. 
 

Subjects were included if they were aged 25  
years or older and had ALD (International Cla-  
ssification of Diseases, 10th  edition [ICD-10]  
code, K70) as the underlying cause of death on  
their death certificates. The subtypes of ALD  
were classified using the ICD-10 system, for  
alcoholic fatty liver (ICD-10 code, K70.0), alco-  
holic hepatitis (ICD-10 code, K70.1), alcoholic  
fibrosis and sclerosis of liver (ICD-10 code,  
K70.2), alcoholic cirrhosis of liver (ICD-10 code,  
K70.3), alcoholic hepatic failure (ICD-10 code,  
K70.4), and unspecified alcoholic liver disease 

(ICD-10 code, K70.9). We also extracted the 

mortality data of other common causes of de-

ath by their ICD-10 codes, including all causes, 

malignant neoplasms excluding HCC (ICD-10 

code, C00-C21 and C23-C48), infections (ICD-  
10 code, A00-B99), cardiovascular disease 

(ICD-10 code, I00-I99), and respiratory disease 

(ICD-10 code, J00-J98) [8]. Furthermore, we 

examined whether the trends of ALD mortality 

correlated with those of common comorbidity in 

ALD patients. Specifically, we extracted mor-tality 

data on deceased adults in the U.S.A. who had 

the common comorbidity of ALD as the 

 
 

 
underlying cause of death and ALD as a con-

tributing cause of death (up to 20 contributing 

causes of death are allowed). The common 

comorbidities included sepsis (A41, A40), cere-

brovascular and ischemic heart disease (I60-I69, 

I25), trauma (V01-Y89), hepatocellular car-

cinoma (C22.0), gastrointestinal bleeding (K25-

K28, K92.0-K92.2, I85.0), peritonitis (K65.9) 

and hepatorenal syndrome (K76.7) [9]. 
 
Data were also extracted by the following vari-

ables: Sex (female/male), 20-year age group 

(25-44 years, 45-64 years, and 65+ years), 

race (White/non-White), urbanization (metro/ 

non-metro, based on the 2006 NCHS Urban-

Rural Scheme for Counties). Institutional Re-

view Board approval was not required because 

this was not human- subject research (all sub-

jects were deceased at the time of study) and 

we used de-identified, publicly available data. 
 
Trends in mortality over time were explored using 

the National Cancer Institute’s join point 

regression software (version 4.7.0.0) to deter-

mine the possible presence of 1 trend change-

point. We then used multivariable piecewise log-

linear models to adjust covariables (Stata, 

version 15) as described before [5, 10-14]. 

Specifically, trends in age -standardized mortal-

ity were further adjusted for sex, race (White/ 

non-White), 3-tier age groups and urbanization, 

except when the variable was used as the major 

factor. The years with death-count fewer than 20 

were excluded due to unreliable data. Bas-ed on 

the multivariable piecewise linear model and 

adjusted to sex, race and urbanization, we 

predicted the age-standardized mortality among 

U.S. adults during 1999-2040 by age-group, 

using the age-standardized mortality ratios of 

male/female, White/non-White and 

Metropolitan/Non-Metropolitan in 2017. Given  
a recently-reported change-point of trends in 

ALD mortality during 2007-2017 [7], we ana-

lyzed the trend and its potential change-point 

using a similar multivariable piece-wise log-lin-

ear model. All P values were 2-sided, and only 

P<0.05 was considered statistically signifi-cant. 
 
Results 

 
We identified 296,194 deaths due to ALD dur-ing 

the period of 1999-2017 and found a recent 

upward trend in multivariable-adjusted, age-

standardized mortality of AFD from 2006-2017 
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Table 1. Multivariable-adjusted trends in age-standardized mortality of alcoholic liver disease among U.S. adults aged 25+ years, 1999-2017   
 1999-2017 1999 2017   Trend segment 1    Trend segment 2  

P for Parallelism   

   

Deaths, 
  

Deaths, 
    

P for 
    

P for  

 
Deaths, n  

ASM  
ASM  Years APC# (95% CI)  

Years APC# (95% CI) (2006-2017)  

  
n  

n  
trend  

trend  

              
 

Overall 296194 11948 6.71  22231 9.17  1999-2006 -2.24 (-5.94, 1.47) 0.24  2006-2017  3.18 (0.92, 5.45) 0.006  
 

Sex                  
 

Male 83681 3034 3.25  6673 5.58  1999-2009 -1.76 (-5.11, 1.59) 0.30  2009-2017  3.92 (-0.01, 7.85) 0.051 0.70  
 

Female* 212513 8914 10.64 15458 13.09 1999-2006 -1.18 (-6.62, 4.25) 0.67  2006-2017  3.69 (0.42, 6.97) 0.027 Reference 
 

Age, yr                  
 

25-44 44496 2445 2.89  3019 3.77  1999-2006 -3.56 (-8.95, 1.83) 0.19  2006-2017  3.87 (1.48, 6.25) 0.005 0.59  
 

45-64 189129 6661 11.03 13912   15.90    1999-2005 -1.04 (-4.60, 2.52) 0.57  2005-2017  3.41 (1.83, 4.99) <0.001  0.92  
 

65+* 62569 2842 8.14  5300 10.09 1999-2010 -1.38 (-2.91, 0.14) 0.07  2010-2017  5.37 (2.95, 7.80) <0.001  Reference 
 

Race                  
 

White 257224 10034 6.63  19400 9.94  1999-2011 1.36 (-0.74, 3.46) 0.20  2011-2017  6.26 (-0.51, 13.04) 0.07  0.40  
 

Non-White* 38970 1914 7.25  2831 6.00  1999-2006 -5.13 (-10.89, 0.63)  0.08  2006-2017  1.84 (-0.65, 4.34) 0.147 Reference 
 

Urbanization (2006)                  
 

Metropolitan 241854 9794 6.81  18055 8.94  1999-2006 -3.55 (-7.97, 0.87) 0.12  2006-2017  3.13 (0.40, 5.86) 0.025 0.88  
 

Non-metropolitan* 54340 2154 6.58  4176 10.51 1999-2009 0.17 (-2.73, 3.06) 0.92  2009-2017  3.86 (-0.76, 8.48) 0.106 Reference 
   

ASM, Age-standardized mortality (per 100,000); APC, annual percentage change; CI, confidence intervals. #All APC were adjusted for sex, race, age (3 groups), and urbanization, except when as the factor.  *There were suppressed/unreliable 

data for females, aged 65+, Non-White and Non-Metropolitan for several years (1999-2008, 2010, 2011, 2013). Urbanization was defined using the 2006 version of the NCHS (National Center for Health Statistics) Urban-Rural 

Classification Scheme for Counties. 
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Figure 1. Multivariable-adjusted trends in sex-, race-

and urbanization-adjusted age-standardized mortal-ity 

of alcoholic liver disease among U.S. adults by age 

group during 1999-2017 and beyond. There was a 

changing point of the trends in all age groups (verti-cal 

line, 2006) during 1999-2017. For data points in the 

years after 2017 (dash line), the ratios of male/ 

female, white/non-white and metropolitan/non-met-

ropolitan were assumed similar to those in 2017, and 

used for respective mortality prediction. Analysis was 

limited to adults aged 25+ years.  

 

(Table 1, annual percentage change [APC] 

=3.18, P=0.006). Trends in multivariable -ad-

justed, age-standardized mortality did not dif-

fer by sex, race, age or urbanization (Table 1). 
 

No change-points were identified from 2007-

2017 (P=0.482). Strikingly, our multivariable 

model showed that subjects aged 65+ years 

had the highest and the fastest growing mor-

tality in the 3 age-groups, despite the trend 

similar to those of other age groups. The age-

standardized mortality ratios of male/female, 

White/non-White and Metropolitan/Non-Metro-

politan were 2.346, 1.657 and 0.851 in 2017, 

respectively. Based on these ratios and mod-

els, we predicted the sex-, race- and urbaniza-

tion-adjusted age-standardized mortality due 

to ALD from 1999-2040 (Figure 1). If no effec-

tive interventions are made, the predicted ALD 

mortality would double by 2040 and become 

12 per 100,000 in adults 65+ years. 
 

Our analyses on subtypes of ALD (Table 2) 

showed upward mortality-trends in alcoholic 

fatty liver (APC=4.64, P<0.001), alcoholic he-

patitis (APC=4.38, P<0.001), and alcoholic cir-

rhosis of liver (APC=5.33, P<0.001) during the 

past 5-10 years, but downward mortality-tr-

ends in alcoholic hepatic failure (APC=-1.63, 

P=0.006) and unspecified alcoholic liver dis-

eases (APC=-0.86, P=0.013). Strikingly, the 

 
 

 

multivariable- adjusted age- standardized mor-

tality-trend of non-alcoholic cirrhosis was also 

upward (APC=0.69, P=0.046). By contrast, re-

cent multivariable-adjusted age-standardized 

mortality-trends were stable for all causes 

(APC=- 0.39, P=0.379), but decreasing for ma-

lignant neoplasm excluding liver cancer (APC=-

2.82, P<0.001), infections (APC=-2.60, P<  
0.001), cardiovascular disease (APC=-0.69, 

P=0.044) and respiratory disease (APC=-0.56, 

P=0.002) during the past 8-15 years. 
 
Among the 346,386 deaths with ALD as a con-

tributing cause of death in U.S. adults from 1999 

-2017, 269,634 (77.8%) had another ty-pe of 

ALD as the underlying cause of death. Consistent 

with the trend in age- , race- and sex-adjusted 

mortality with ALD as the underlying cause of 

death, those with ALD as a contribut-ing cause of 

death were also in an upward trend during the 

period of 2000-2017 (APC=5.47, P<0.001, Table 

3) and this may have begun 2 years earlier for 

the beginning of the upward trend in ALD as the 

underlying cause of death. Strikingly, all common 

comorbidities of ALD, except trauma (V01-Y89), 

had an upward trend during the past 14 to 16 

years (Table 3) which was different from the 

downward or stable trends in the general 

population (Table 1) [8]. 
 
Discussion 

 
Age- standardized mortality due to ALD among 

U.S. adults decreased during 1999-2006, but 

has continued increasing ever since. There were 

no significant differences in ALD-morta-lity trends 

by sex, race, age and urbanization. Therefore, the 

mortality disparities of ALD by these factors [6, 7, 

15] will continue increasing. These findings are 

somewhat alarming and highlight the need for 

awareness of ALD bur-dens and continued health 

disparities. 
 
Our subgroup analyses demonstrate that alco-

holic cirrhosis of the liver had the fastest grow-

ing and the largest proportion of multivariable-

adjusted age-standardized mortality among all 

ALD subtypes. Alcoholic fatty liver and alcoholic 

hepatitis too had an upward trend in their mor-

tality rates, which was in part supported by pre-

vious studies [6, 9, 16, 17]. These 3 subtypes of 

ALD thus would mostly likely contribute to the 

overall upward trends of ALD. These obser-

vations were further augmented by the down- 
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Table 2. Multivariable-adjusted trends in age-standardized mortality of subtypes of alcoholic liver disease and other causes among U.S. 

adults aged 25+ years, 1999-2017 
 

 1999 2017   Trend segment 1    Trend segment 2  
 

Cause, ICD-10 code(s) No. 
ASM 

 No. 
ASM 

 
Years APC* (95% CI) P 

 
Years APC* (95% CI) P  

 
Deaths  

Deaths   
 

            
 

ALD (K70)              
 

Alcoholic fatty liver (K70.0)** 303 0.20  469 0.19  1999-2002  -17.31 (-32.93, -1.70) 0.03  2002-2017 4.64 (2.77, 6.51) <0.001  
 

Alcoholic hepatitis (K70.1) 804 0.47 1396 0.60  1999-2005   -6.64 (-9.63, -3.66) <0.001  2005-2017 4.38 (3.08, 5.69) <0.001  
 

Alcoholic cirrhosis of liver (K70.3) 7260 4.09  16547 6.73  1999-2009 -0.41 (-1.69, 0.87) 0.528 2009-2017 5.33 (3.83, 6.83) <0.001  
 

Alcoholic hepatic failure (K70.4) 1564 0.88  1545 0.66  1999-2005   -5.32 (-9.02, -1.62) 0.005 2005-2017 -1.63 (-2.78, -0.48) 0.006 
 

ALD, unspecified (K70.9) 2014 1.13 2263 0.95  1999-2017 -0.86 (-1.54, -0.19) 0.013     
 

Other underlying causes of death              
 

Cirrhosis (K74.3 to K74.6) excluding alcoholic cirrhosis (K70.3)  13809 7.78 19397 8.76  1999-2008   -1.78 (-2.58, -0.98) <0.001  2008-2017 0.69 (0.01, 1.38) 0.046 
 

All causes 2319606 1314.25 2749563 1098.72  1999-2012   -2.02 (-2.29, -1.75) <0.001  2012-2017 -0.39 (-1.25, 0.48) 0.379 
 

Malignant neoplasm excluding liver cancer 534316 301.70  569440 224.11  1999-2011   -1.91 (-2.23, -1.59) <0.001  2011-2017  -2.82 (-3.86, -1.77)  <0.001 
 

Infections (A00-B99) 58447 32.94 68303 27.25 1999-2005 -0.39 (-2.58, 1.79) 0.72  2005-2017  -2.60 (-3.57, -1.64)  <0.001 
 

Cardiovascular disease (I00-I99) 951686 540.97  856964 338.16  1999-2011   -4.07 (-4.27, -3.86) <0.001  2011-2017  -0.69 (-1.36, -0.02) 0.044 
 

Respiratory disease (J00-J98) 227985 129.37  277101 109.63  1999-2007 -1.59 (-2.03, -1.15) <0.001  2007-2017 -0.56 (-0.91, -0.21) 0.002 
   

ALD, alcoholic liver disease; ASM, Age-standardized mortality (per 100,000); APC, annual percentage change; CI, confidence intervals; ICD-10, International classification of diseases, 10th edition. *Adjusted for sex and race (white/nonwhite).  
Alcoholic fibrosis and sclerosis of liver (K70.2) did not have enough deaths to compute trends even without adjusting for any groups. **Contained some unreliable values for age adjusted rate in selected years. 

 

 

Table 3. Multivariable-adjusted trends in age-standardized leading mortality in U.S. adults with alcoholic liver disease as contributing cause 

of death, 1999-2017 
 

Cause, ICD-10 code(s) 
1999  2017    Trend segment 1    Trend segment 2  

 

No. Deaths ASM 
 

No. Deaths ASM 
 

Years APC* (95% CI) P 
 

Years APC* (95% CI) P  

    
 

All 11022 6.21 29199 11.95 1999-2000  -26.06 (-45.50, -6.62) 0.009 2000-2017 5.47 (4.79, 6.15) <0.001  
 

Sepsis (A41, A40) 55 0.01 285 0.12  1999-2001 -12.52 (-69.15, 44.11) 0.655 2001-2017 6.98 (5.50, 8.45) <0.001  
 

Cerebrovascular and ischemic heart disease (I60-I69, I25) 228 0.10 623 0.25  1999-2001 -31.34 (-72.81, 10.13) 0.136 2001-2017 6.98 (5.50, 8.45) <0.001  
 

Trauma (V01-Y89) 143 0.07 979 0.42  1999-2011 19.80 (15.41, 24.20) <0.001  2011-2017 -0.63 (-8.95, 7.69) 0.880 
 

Hepatocellular carcinoma (C22.0) 112 0.07 830 0.28  1999-2003 -0.76 (-31.75, 30.23) 0.960 2003-2017 11.58 (8.69, 14.47) <0.001  
   

ALD, alcoholic liver disease; ASM, Age-standardized mortality (per 100,000); APC, annual percentage change; CI, confidence intervals; ICD-10, International classification of diseases, 10th edition. *Adjusted for sex and race (white/nonwhite); 

adults defined as being 25+ years of age. Gastrointestinal bleeding (K25-K28, K92.0-K92.2, I85.0), Peritonitis (K65.9) and Hepatorenal syndrome (K76.7) each had too few cases for reliable trend analyses. 
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ward mortality trends in all causes, malignant 

neoplasm excluding liver cancer, infections, 

cardiovascular disease and respiratory disease 

(as compared with upward trends in subtypes of 

ALD) which may serve as a population con-trol for 

the study period. It is noteworthy that the trends 

in common causes of death in this study are 

consistent with a previous report on short-term 

trends [8]. Therefore, the 3 subtypes of ALD with 

upward trends should be consid-ered as a 

research topic and as a priority for disease 

prevention and treatment. 
 

Previous univariate modelling revealed that age-

standardized mortality trends in ALD and its 

subtypes appeared to differ by age, sex, eth-

nicity/race, and urbanization [1-3]. Strikingly, the 

multivariable modelling used here did not reveal 

any trend differences by these factors. Thus, the 

previously reported trend difference might be 

influenced or biased by confounding factors. The 

further efforts may focus on the overall 

population rather than a single group by one of 

these factors. However, the lack of trend 

difference in mortality of ALD and some of its 

subtypes by age, sex, ethnicity/race and ur-

banization should not negate the importance of 

public health measures and health policies that 

are effective in selected populations (e.g., 

screening males for hepatocellular carcinoma)  
[18]. Similarly, the fastest growing mortality in 

older adults shown here are very concerning, 

and seems to deserve attention among pri-

mary care providers, hepatologists and public 

health workers. 
 

It is noteworthy that non-alcoholic cirrhosis of 

the liver had an upward multivariable-adjusted 

mortality trend during 2008-2017 (APC=0.69), 

after 9 years of a downward trend. This trend 

contrasts the overall downward mortality in all 

causes and other causes of death as shown 

here. The other trend analysis, albeit using a 

univariate model, confirms the upward trend in 

non-alcoholic cirrhosis of the liver and stable 

trends in mortality of liver malignancies [8]. 

Further studies and interventions are warrant-

ed to confirm our findings and reverse the 

upward mortality trend in non-alcoholic cirrho-

sis of the liver. Indeed, various guidelines and 

scholars have focused on this subject and 

more research would effectively reverse the 

upward mortality-trend soon [18-21]. 
 

We also showed the correlation of ALD with its 

common comorbidities, such as hepatocellular 

carcinoma, cerebrovascular and ischemic he- 
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art cardiovascular diseases and sepsis via 

adjusted trend analyses. These findings are 

consistent with previous reports on the subject 

[22, 23]. Our works also highlights a bigger 

adjusted mortality trend in hepatocellular carci-

noma among the subjects with ALD than the 

overall mortality trend among these subjects 

(ACP=11.58 versus 5.47). Additional studies and 

measures are warranted to attenuate and 

reverse those very pressing upward trends. 
 
Limitations of this study include potential mis-

classification of causes on death certificates, 

which were used before [7, 15] and not being 

highly specific for underlying causes of death 

other than pneumonia [24]. Owing to a long 

study-period, we might have underestimated the 

number of trend change-points. To address this 

issue, we conducted a sensitivity analysis for 

2007-2017, but did not identify any addition-al 

change-points, which were shown in a uni-

variable model [7]. The difference might be 

attributable to multivariable versus univariable 

model and aged 25+ versus 20+ years in this 

and the prior studies, respectively. 
 
In summary, we here show the continuation of 

upward multivariable-adjusted trends in ALD 

mortality, without significant tend difference in 

age, sex, ethnicity/race, and urbanization. Th-

ree ALD subtypes appear to significantly con-

tribute to the overall upward-trends of ALD 

mor-tality, including alcoholic fatty liver, 

alcoholic hepatitis and alcoholic cirrhosis, 

while other ALD subtypes and other causes of 

death did not have an upward mortality trend. 

Further research is warranted to validate and 

delineate the associated factors. 
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