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BACKGROUND & AIMS: Chronic liver disease (CLD) is a
common and expensive condition, and studies of CLD-related
hospitalizations have underestimated the true burden of dis-
ease. We analyzed data from a large, diverse health care system
to compare time trends in CLD-related hospitalizations with
those in congestive heart failure (CHF) or chronic obstructive
pulmonary disease (COPD). METHODS: We collected data from
a large health care system in Texas on hospitalizations related
to CLD (n ¼ 27,783), CHF (n ¼ 60,415), and COPD (n ¼ 34,199)
from January 1, 2004 through December 31, 2013. We calcu-
lated annual hospitalization rates (per 100,000) and compared
hospital course, inpatient mortality, ancillary services, and
readmissions. RESULTS: Compared with patients with CHF
(median age, 71 years) or COPD (median age, 69 years), pa-
tients with CLD were significantly younger (median age, 57
years) (P < .01 vs CHF and COPD). Higher proportions of pa-
tients with CLD were uninsured (11.7% vs 5.4% for CHF and
5.4% for COPD, P < .01) and Hispanic (17% for CLD vs 9.3% for
CHF and 5.0% for COPD, P < .01). A lower proportion of pa-
tients with CLD had Medicare (41.5% vs 68.6% with CHF and
70.1% with COPD, P < .01). From 2004 through 2013, the rate
of CLD-related hospitalization increased by 92% (from 1295/
100,000 to 2490/100,000), compared with 6.7% for CHF (from
3843/100,000 to 4103/100,000) and 48.8% for COPD (from
1775/100,000 to 2642/100,000). During this time period, CLD-
related hospitalizations covered by Medicare increased from
31.8% to 41.5%, whereas hospitalizations covered by Medicare
did not change for CHF (remained at 70%) or COPD (remained
at 70%). Patients with CLD had longer hospital stays (7.3 days
vs 6.2 days for CHF and 5.9 days for COPD, P < .01). A higher
proportion of patients with CLD died or were discharged to
hospice (14.2% vs 11.5% of patients with CHF and 9.3% of
patients with COPD, P < .01), and a smaller proportion had
access to postacute care (13.2% vs 23.2% of patients with CHF
and 27.4% of patients with COPD, P < .01). A higher proportion
of patients with CLD were readmitted to the hospital within 30
days (25% vs 21.9% of patients with CHF and 20.6% with
COPD, P < .01). CONCLUSIONS: Patients with CLD, compared
with selected other chronic diseases, had increasing rates of
hospitalization, longer hospital stays, more readmissions, and,
despite these adverse outcomes, less access to postacute care.
Disease management models for CLD are greatly needed to
manage the anticipated increase in hospitalizations for CLD.
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The burden of chronic liver disease (CLD) in the
United States is underestimated.1,2 Despite tremen-

dous advancements in medical management, liver-related
mortality has remained relatively unchanged over the last
3 decades, and CLD is currently the 4th leading cause of
death among persons aged 45–64 years.2 In addition,
morbidity attributed to CLD is substantial given the high
prevalence of hepatitis C cirrhosis and its complications,
suboptimal penetration of treatment for hepatitis C virus
(HCV), increasing prevalence of nonalcoholic fatty liver
disease, pervasive influence of alcoholic liver disease, and
rising incidence of liver cancer.3–11

Similar to other chronic diseases, a large proportion of
CLD-related morbidity is reflected in inpatient health care
use.12–17 There are, however, conflicting data on time trends
in morbidity and mortality attributable to CLD. Recent
studies are limited by examination of trends in general
prevalence of specific diagnoses in selective populations,
comparisons across selected liver diseases, or incomplete
case ascertainment.6,18–21 Furthermore, there are sparse
comparisons of CLD burden relative to other chronic dis-
eases such as congestive heart failure (CHF) or chronic
obstructive pulmonary disease (COPD)—conditions that
may serve as effective comparators given their complex
chronic nature (similar to CLD), established inpatient
morbidity burden, and relative prioritization in existing
quality improvement initiatives.13,14,22

We used data from a large, diverse health care system in
the United States to compare time trends in CLD-related
hospitalizations with those in other chronic conditions
(CHF and COPD). We hypothesized that CLD-related
morbidity is higher than the morbidity associated with
other common chronic diseases. If true, these data would
suggest that parallel efforts are warranted to temper CLD-
related morbidity.

Abbreviations used in this paper: BSWH, Baylor Scott & White Health;
CHF, congestive heart failure; CLD, chronic liver disease; COPD, chronic
obstructive pulmonary disease; CHV, hepatitis C virus; IQR, interquartile
range; SHR, standardized hospitalization rate.

© 2018 by the AGA Institute
0016-5085/$36.00

https://doi.org/10.1053/j.gastro.2018.05.032

FLA 5.5.0 DTD � YGAST61898_proof � 31 July 2018 � 12:49 pm � ce

Gastroenterology 2018;-:1–11

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

CL
IN
IC
AL

LI
VE

R

https://doi.org/10.1053/j.gastro.2018.05.032


Methods
The aim of the study was to compare CLD-related hospi-

talizations vs hospitalizations related to CHF and COPD. The
study protocol was approved by Baylor Scott & White Health
system (BSWH) under a waiver of informed consent. The
STROBE reporting recommendations (Supplementary Material)
were followed in presentation of the data.23

Setting
BSWH is one of the largest integrated health care systems in

the United States. The north Texas division of BSWH serves the
Dallas-Fort Worth Metroplex and surrounding communities
(including 16 hospitals with a catchment area of 7 million
individuals and over 130,000 annual hospitalizations). The
Dallas-Fort Worth Metroplex is the largest metropolitan area in
Texas and the fourth largest metropolitan area (out of 382) in
the United States. Between 2000 and 2010 (US census data),
the population increased from 5.1 million to 6.4 million (23%
increase). BetweenQ8 2000 and 2010, median age changed from
32.0 to 33.5 years, age > 65 years from 7.9% to 8.8%, and
proportion of women from 50.2% to 50.7%. In the same period,
the white population decreased from 69.3% to 65.3% and the
Hispanic population increased from 21.7% to 27.5%. The dis-
tribution of the BSWH patient population (as compared with
the US population in 2010) is 63.8% white (72.4%), 16.4%
African American (12.6%), and 14.2% (16.3%) Hispanic, with
61.1% women (50.8%) and 30.3% 65 years or older (13.0%).24

Overall, 44% of patients have commercial insurance, 33% have
Medicare, 13.8% have Medicaid, 7.3% are either private-pay
patients or are uninsured, and 2% are other.

Case Ascertainment
We examined all CLD-related hospitalizations from January

1, 2004 to December 31, 2013 among adult patients (>25

years) in the BSWH system. Discharge diagnoses were classified
in accordance with the International Classification of Diseases.
We have previously shown that current national practices to
identify CLD-related hospitalizations underestimate the true
burden of disease.2 For example, we found that in enumerating
liver-related deaths, mortality attributed to certain manifesta-
tions of liver disease (eg, hepatorenal syndrome), viral hepati-
tis, and hepatobiliary malignancy were not included in national
estimates of liver-related mortality. Based on these data, we
classified a hospitalization as a CLD-related hospitalization if it
was associated with (1) a primary diagnosis of CLD (eg, alco-
holic cirrhosis) as the underlying reason for hospitalization or
(2) a secondary related complication associated with CLD (eg,
sepsis or hepatic encephalopathy) as the underlying reason for
hospitalization in combination with a primary diagnosis of CLD
(eg, alcoholic cirrhosis or viral hepatitis). We used the same
approach to define CHF- and COPD-related hospitalizations
(Supplementary Table 1).

Statistical Methods
We used BSWH data available from the latest year (2013)

and examined the overall differences in demographics between
the 3 groups of patients.

Primary Outcome. The primary outcome was a com-
parison of trends in CLD-, CHF-, and COPD-related hospitali-
zations between 2004 and 2013. First, we examined rates of
CLD-related hospitalizations compared with CHF- and COPD-
related hospitalizations. The numerator included the number
of hospitalizations related to a specific disease (CLD, CHF, and
COPD), and the denominator was the total number of inpatient
hospitalizations for a given year.

Next, we developed adjusted models for each of the 3
conditions (CLD, CHF, and COPD) to examine changes in hos-
pitalizations for each disease after accounting for patient de-
mographic, disease severity, and hospitalization-related
characteristics. Comparisons were made for subsequent years
(2005–2013) using 2004 as a reference for each of the 3
chronic diseases. For each condition, we examined hospitali-
zations for patients with vs all those without the given condi-
tion. CLD, CHF, and COPD were not mutually exclusive, and
hence the current models included patients who might have
more than 1 chronic condition in the numerator, although this
percentage was small (5.6%). The deviance test for the quality
of fit of model and the residual plot indicated extra Poisson
variation.25 Consequently, after a series of specification tests,
we estimated hospitalization rates with a negative binomial
regression model.26 Like a standard Poisson model, the nega-
tive binomial model is log-linear but allows for a more general
variance structure than the Poisson model. Multivariate
regression models were created by including all variables with
P < .05 in unadjusted analysis. Patient demographics included
age, sex, race/ethnicity, and primary insurance payer defined
each year. We used the case mix index, which is a measure of
the relative cost or resources needed to treat the mix of pa-
tients and reflects the diversity and clinical complexity.27–29 We
tested the model by checking the quality of fit of our negative
binomial model. The value of the Pearson chi-squared and
deviance divided by the number of degrees of freedom was
close to 1, indicating that the fit of the model was adequate.

We also calculated the standardized hospitalization rate
(SHR). This allowed a comparison of trends in CLD relative to
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