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Abstract

Purpose of Review We sought to review the contemporary epidemiology of cirrhosis,
focusing on the relative burden of the most common chronic liver diseases.

Recent Findings The key findings in the review highlight the increasing prevalence and
impact of alcohol-related liver disease, particularly among young people, and the epi-
demic of nonalcoholic fatty liver commensurate with rising rates of obesity. We also
contrast recent advances in the care of persons with hepatitis C with the lamentable rise
in new infections associated with intravenous drug use. Finally, we highlight the impact of
both conventional complications of cirrhosis (namely hepatic encephalopathy) but also
the host of patient-reported outcomes adversely impacted by the symptoms of cirrhosis.
Summary Cirrhosis is associated with an expanding footprint in contemporary public
health. In order to improve global outcomes, we must not only focus on the identifying
and treating persons with viral hepatitis but also preventing the rise of alcohol-related
liver disease and nonalcoholic fatty liver disease while attending to the urgent patient-
centered needs posed by the symptoms of cirrhosis.
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Introduction

Cirrhosis is end-stage liver disease characterized by the CLD is substantial, it is disproportionately related to the
extensive fibrosis caused by any chronic liver disease impact attributable to the minority with cirrhosis [1-5].
(CLD). The prevalence of CLD is rising and cirrhosis Most patients with cirrhosis are asymptomatic and com-
with it. Although the personal and financial burden of pensated but are at risk of decompensation (5-7% per
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year or 58% over 10 years [6]) at a rate commensurate
with the nature and activity of the underlying CLD [5].
In turn, the impact of cirrhosis is related to its stage.
Whereas patients with compensated cirrhosis are at
low (<5%) annual risk of death [5], however, after
developing complications such as ascites or variceal
hemorrhage, the annual risk of death climbs to 20%

and 57%, respectively [5]. In tandem with these classic
complications are several symptoms related to the
perturbed physiology of CLD including fatigue, sexual
dysfunction, pruritus, muscle cramps, and falls; all of
which can devastate quality of life (QOL) [2]. Herein, we
review recent data regarding the epidemiological trends
and impact of contemporary cirrhosis.

Public Health Burden of Cirrhosis
-]

Cirrhosis has an increasingly large footprint in American public health. The true
national prevalence of cirrhosis is difficult to determine since asymptomatic, well-
compensated patients can go undiagnosed for years. However, recent data from
Mellinger et al. suggests that in 2015, at least 294,215 or 0.27% of American
adults with private health insurance through an employer had cirthosis [7ee].
These results are consistent with those of Scaglione et al. who reported that based
on noninvasive indices of fibrosis (AST to Platelet Ratio Index (APRI) > 2),
633,323 or 0.27% of all American adults evaluated from 1999 to 2010 in a
nationally representative sample had cirrhosis [8]. In the Veteran’s Affairs system,
where the prevalence of CLD—particularly hepatitis C—is greater than in the
general population, Beste et al. found that the prevalence of cirthosis rose to
1.1%, a 59% increase from 2001 to 2013 [9]. These trends are likely generaliz-
able. Cirrhosis is becoming more common, including among young people. In a
population-based age-period-cohort analysis from Ontario, Canada, Flemming
et al. found that compared with people born in 1951, the risk of developing
cirrhosis was 1.31 times greater for those born in 1966, 1.55 times greater for
those born in 1980, and 2.16 times greater for those born in 1990, with higher
risk observed among women in each birth cohort [10ee]. These trends translate
into worsening outcomes. Indeed, Beste reported that cirrhosis mortality rose by
52% from 2001 to 2013 [9]. Tapper et al. recently reported that since 1999,
during a period when deaths due to cardiovascular disease, cancer, and infections
have declined, the number of deaths due to cirrhosis has risen by 65% in the USA,
with as many as 51,127 patients dying from cirrhosis in 2016 alone [11ee].
Notably, deaths due to cirrhosis are rising by 10.5% each year and have climbed
by more than 200% from 2009 to 2016 [11ee].

The expanding impact of CLD and cirrhosis can be measured in many other
ways. Peery et al. reported that in the USA in 2014, there were over 1 million
ambulatory visits associated with a diagnosis of CLD [12e]. They also reported
that CLD accounted for 251,790 hospital admissions in 2014, an increase of
25% from 2005, with the estimated total charges in excess of $13.6 billion
[12e]. In fact, cirrhosis is outpacing the impact of other common chronic
diseases. Asrani et al. reported that from 2000 to 2014, after adjusting for age
and sex, the rates of hospitalization throughout Texas that were associated with
CLD and cirrhosis increased by about 257% and 342%, respectively [13ee].
Further, the rate of hospitalization for CLD increased by 92%, dwarfing in-
creases in hospitalization rates for CHF and COPD, respectively 6.7% and

48.8% [14].
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The healthcare needs of patients with CLD are not evenly distributed. According
to a nationally representative study, as many as 1 in 4 patients admitted with
cirrhosis are readmitted within 30 days [15, 16], driven by the presence of cirrhotic
complications such as hepatic encephalopathy. These admissions are complex and
costly, with a median charge per readmission of $30,607 (2015 USD) [12e].
Nguyen et al. reported that so-called “high-need, high-cost (HNHC)” [17] patients
with CLD accounted for a disproportionate consumption of the total healthcare
resources. They found that among patients hospitalized for CLD in the first half of
2013, the lowest decile of healthcare utilizers spent a median of 0.13 days/month
hospitalized at a median cost of $480 per month compared with the highest decile
of utilizers who spent a median of 4.14 days/month hospitalized at a median cost
of $8925 per month [17]. Higher needs and costs were strongly associated with
poorer patients and patients whose CLD was complicated by infection and car-
diovascular comorbidities [17].

Burden of Complications

In general, the personal and healthcare burdens of cirrhosis are proportional to the
degree of cirrhotic decompensations [5], the worst of which being hepatic en-
cephalopathy (HE). In a cohort of 1979 VA patients with cirthosis and portal
hypertension and/or APRI > 2.0, Tapper et al. reported a 22.6% probability of
developing overt HE after 1 year which increases to a 43.6% probability after

5 years [18], suggesting that a significant proportion of patients with cirrhosis
experience HE at some point in their disease course. While HE itself presents as a
spectrum, even the earliest stage (termed covert hepatic encephalopathy [CHE]) is
strongly associated with adverse events. The association between HE and very poor
quality of life has been well characterized. Patidar et al. also showed that even
presence of CHE is associated with a 2.5 times greater risk of hospitalization and a
4.9 times greater risk of death [19]. Further, Bajaj et al. reported that this association
between HE and increased mortality remains consistent even among the sickest
patients with cirrhosis, those with acute-on-chronic liver failure [20]. Adjusting for
disease severity and MELD, these investigators found that having HE of grade 3 or
greater was associated with a 3-fold greater risk of death in the hospital and a 4.6-
fold greater risk of death after 30 days [20]. Additionally, the financial impact of
HE due to frequent admission and readmission is of great significance. Peery et al.
reported that in 2015, 19,563 index admissions (with a median cost of $27,816 per
admission) for HE were followed by 2847 associated readmissions (with a median
cost of $30,250 per readmission) after 30 days [12e].

The most common hepatic decompensation, however, is ascites [3, 5, 6].
Ascites develops at annual rates of 4.4% and 6.6% in patients with compen-
sated cirrhosis without and with varices [5]. Gomez et al. reported 21% and
45% G6-year risks of developing ascites in patients with compensated HCV
cirrhosis without and with varices. [3] Similar to HE, ascites has a direct and
measurable financial impact due to hospitalization. Peery et al. reported that in
2015, for the 6142 hospitalizations with a primary diagnosis of ascites, the
median cost per admission was $28,058 [12e]. Ascites is also associated with
significantly depressed quality of life [2], commensurate with the severity of
volume of overload and its interference with physical functioning [21] as well as
the serum sodium [22].
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It's also important to emphasize that morbidity due to cirrhosis is not
limited to traditional decompensations such as ascites and HE. Many under-
recognized symptoms play equally if not more important roles in determining
quality of life. Falls are common, occurring in up to 4 in 10 patients with
cirrhosis (namely those with covert HE) [23]. Further, Ezaz et al. found that
patients with cirrhosis were at 2.2-fold increased risk of severe injury after a fall
[24]. Ttching is common, present in up to 40% of patients with cirrhosis [25].
Liver insufficiency also has a significant impact on sexual function and satis-
faction. Paternostro et al. reported that most (63.8%) male patients with
cirrhosis suffered from some degree of erectile dysfunction [26]. Among 71
women with cirrhosis who had not undergone liver transplantation, Sorrell and
Brown found that 42.3% experienced decreased interest in sexual activity post-
diagnosis [27]. Muscle cramps can be disabling. Chatrath et al. reported that
among 150 patients with cirrhosis, 67% suffered from cramps, which were
independently associated with depressed quality of life [28].

Etiologies of Cirrhosis

The most common etiologies of cirrhosis include hepatitis C virus (HCV)
infection, alcoholic liver disease (ALD), and nonalcoholic fatty liver disease
(NAFLD). Rarer diseases such as autoimmune hepatitis (prevalence <10/
100,000) [29], primary biliary cirrhosis (<30/100,000) [30], primary scle-
rosing cholangitis (<8/100,000) [31], and hemochromatosis-associated
cirrhosis (<6/100,000) [32] play smaller roles in the overall burden of
cirrhosis. As detailed below, even within the most common causes of CLD,
shifting demographic trends are changing the contemporary face of cirrho-
sis. We show that while the prevalence of HCV cirrhosis is declining, the
incidence of HCV may be rising associated with the opiate epidemic.
Meanwhile, steady increases in the incidence of ALD and NAFLD are met by
a rising prevalence of cirrhosis due to these conditions.

Hepatitis C Virus

Recent innovations in treatment of HCV infection using direct-acting an-
tiviral agents (DAAs) have resulted in much higher rates of sustained
virologic response (SVR). With DAAs, there was a marked increase in the
rate of SVR among patients with cirrhosis between 1999 and 2015, from
11.0% to 87.0%, respectively [33]. This will transform the epidemiology of
cirrhosis. For patients with HCV-cirrhosis, the result will be improved
outcomes. Patients with cirrhosis who achieve SVR have much lower rates
of mortality (1.01 vs 2.93 per 100 person-years), and development of HCC
(0.55 vs 2.63 per 100 person-years) [34]. Additionally, for patients with
HCV, the result of DAA therapy will be lower rates of cirrhosis. Whereas
Beste found that HCV was associated with 48% of cirrhosis [9] among VA
patients in 2013, this proportion is certain to fall. Indeed, even now, HCV
is no longer the biggest indication for liver transplant, giving way to ALD
[35]. Second, the prognosis of the vast majority of contemporary patients
with HCV-related cirrhosis who have experienced SVR remains unclear.
The expected natural history of HCV-related cirrhosis in the pre-DAA era
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cannot be extrapolated to contemporary patients. More research is neces-
sary to fully ascertain the extent of these changes.

Two emerging factors related to HCV play potentially important yet
unclear roles in the future of CLD epidemiology. First, for many, it is a
dispiriting postscript to the transformational changes of the DAA era that
the incidence of HCV is rising. Commensurate with rising rates of intra-
venous drug use (IVDU) among young persons, there has been a doubling
in the incidence of acute hepatitis C (0.3 to 0.7 cases/100,000) [36].
Among active users of intravenous drugs followed at one center in New
York, the rate of HCV infection is 13 per 100 person-years [37]. Second,
there remain millions of individuals with active, untreated HCV who may
be unaware of their serostatus. Recent survey data from 2013 to 2016
showed that 38.5% of evaluated baby boomers with HCV were unaware of
their infection, including > 60% with elevated noninvasive indices for
fibrosis [38].

Nonalcoholic Fatty Liver Disease

The fatty infiltration of the liver associated with NAFLD can lead to
nonalcoholic steatohepatitis (NASH), a major source of hepatocellular
damage which can lead to cirrhosis. Estimates vary, though it is now
estimated that more than 25% of the adult population in the USA has
some form of NAFLD, a product of sharp increases in obesity and diabetes,
both in youth and adults [39e]. It is predicted that the prevalence of
NAFLD will continue to rise and play an increasingly important role as an
indication for liver transplant [40], with a projected 21% and 63% increase
in the prevalence of NAFLD and NASH [41], respectively, from 2015 to
2030. In the same time period, the prevalence of NAFLD-related decom-
pensated cirrhosis and HCC are expected to increase by 180% and 146%,
respectively [41]. Patients with NAFLD-related cirrhosis pose unique chal-
lenges since we lack a cure for NAFLD as offered by DAAs for HCV.
However, what differentiates NAFLD from traditional CLD and makes it
particularly dangerous is its prevalence among young people [10ee]. Al-
though it is unclear whether NAFLD poses most risk for cardiovascular-
morbidity or liver-related morbidity, NAFLD is associated with higher rates
of all-cause mortality after 10 years [42ee]. Obesity can affect children in
their very first years and follow them for the rest of their lives, allowing the
effects of NAFLD to begin so early in life that, even by early adulthood, the
adverse effects of metabolic syndrome and cirrhosis begin to take their toll
[43].

Alcoholic Liver Disease

Perhaps the most surprising shift in the epidemiology of cirrhosis is the
sharp increase in the prevalence of ALD. Mellinger et al. reported that
among Americans with private insurance through an employer in 2015,
the prevalence of alcohol-related cirrhosis (AC) was 0.10% and rising, a
stunning increase of 43% from 2009 [7ee]|. AC has traditionally been
observed in older patients. For unclear reasons, potentially related to the
pattern of drinking (more binge consumption) [44], alcohol-related inju-
ries are increasingly common among young people. Many young adults are
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now presenting to clinics with decompensated cirrhosis due to ALD. We reported
that, in 2016, rates of death due to cirrhosis for persons aged 25-34 had climbed
by more than 200% since 2009, almost entirely due to ALD [11ee]. As above,
similar trends were later observed by Flemming in Ontario where young people
born as late as 1990 have the highest incidence-rate ratio for the development of
cirthosis [10ee]. Compared with other forms of CLD, patients with ALD tend to
present a later stage with a higher prevalence of cirrhotic decompensations [45],
require more intense healthcare resource utilization [7ee], and have a higher
mortality [46, 47].

Given these increases in the prevalence of ALD and AC, it's important
to note that AC poses unique challenges when compared with non-AC. In
the same study from Mellinger et al., patients with AC had higher rates of
decompensated cirrhosis and more comorbidities than patients with non-
AC [7ee]. It is therefore not surprising that they report that 1 year after
diagnosis, the average cost caring for an AC patient ($44,835) was almost
double the average cost of a non-AC patient ($23,319) [7ee]. The net
result is that alcohol abuse in youth is fueling a deadly surge in ALD
among young adults which has already shown to have a tremendously
negative impact on public health.

Understanding Recent Data

Changing epidemiological data must be interpreted in the context of study
design and secular trends. We believe there are a few key forces pertinent to
CLD epidemiology, which we graphically summarize in Fig. 1. First, increas-
ingly, we must recognize that any given person with CLD may have multiple
discrete etiologies of CLD. Given the rising prevalence of alcohol abuse and
obesity/diabetes, the result will be that most other forms of CLD will share an
overlap with ALD or NAFLD. Second, the ubiquitous use of imaging in
patients with CLD is one of the principal ways in which patients with CLD
and cirrhosis come to the attention of their clinicians. By shifting the diag-
nosis of cirrhosis from the symptomatic decompensated stages to the pre-
symptomatic compensated stages and expanding the pool of diagnosed pa-
tients, data regarding the natural history of cirrthosis may change in important
ways. However, even despite the currently expanding use of imaging, we are
likely still systematically underestimating the true impact of cirrhosis [48].
Third, the trajectory of any given liver disease is related to the therapeutic
interventions available. As described by D’Amico et al., the prognosis and
natural history of cirrhosis follows a nonlinear progression beginning from
the stable, low-cost, to low-need compensated state [5]. The cardinal event
that governs risk of decompensation is the development of portal hyperten-
sion and varices, after which the development of ascites, hemorrhage, and
encephalopathy become more commonplace [4]. Gomez et al. studied pa-
tients with compensated cirrhosis due to HCV and found that individuals
with non-bleeding esophageal varices at baseline experienced a higher rate of
decompensation, death, liver transplant, and even development of HCC
when compared with those without varices [3]. Further, sustained virologic
response is associated with reduced risk of decompensation and mortality [3,
49, 50]. Similar observations have been made across hepatology with respect
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Fig. 1. The relative burden of chronic liver disease and cirrhosis by etiology over time. In this stylized figure, we depict how the
incidences of the most common forms of chronic liver disease are changing over time. These trends reflect the relatively greater
severity of disease inherent to ALD (alcohol-related liver disease) and the recent resurgence of incident HCV (hepatitis C virus).

NAFLD, nonalcoholic fatty liver disease.

Conclusion

to intensity of alcohol consumption, control of hepatitis B, and cholestatic
liver disease [51-54]. Finally, in order to curb projected increases in the
prevalence of cirrhosis, public health interventions to forestall the spread of
HCV by addressing the opiate crisis are essential. Identification of and linkage
to care for persons with HCV are critical to ensure our optimistic predictions
for the future of HCV.

The use of DAAs to cure HCV on a wide scale, the modern obesity epidemic, and
the recent increase in alcohol abuse and alcoholic liver disease all contribute to
a clinically significant shift in the face of the typical cirrhosis patient to young
individuals with lifestyle-dependent disease. A proper understanding of these
changes is necessary to properly approach contemporary cirrhosis from both
clinical and public health standpoints. As alcohol and obesity become the two
most important causes of cirrhosis, we are beginning to see younger and
younger patients with lifestyle-dependent disease which cannot be cured by
pharmacologic means. The design and implementation of nonpharmacologic
and policy-based interventions in the treatment of contemporary cirrhosis and
CLD are therefore more necessary now than ever before (Fig. 1).
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