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Abstract

Background: Medical literature on the prevalence of genetic liver disease is lacking. In this study, we investigated the in-
hospital healthcare and economic burden from genetic causes of non-alcoholic chronic liver disease (NACLD) and non-
alcoholic liver cirrhosis (NALC) in the USA.

Methods: Data were abstracted from the National Inpatient Sample database between 2002 and 2014 using ICD9 codes for
patients discharged with NACLD and NALC secondary to genetic diseases including alpha-1 antitrypsin deficiency (A1ATd),
cystic fibrosis (CF), Wilson disease (WD), hereditary hemochromatosis (HHC), glycogen storage disease, and disorders of aro-
matic amino-acid metabolism (DAAAM).

Results: Throughout the study period, there were 19,332 discharges for NACLD associated with the six genetic diseases in-
cluding 14,368 for NALC. There were $1.09 billion in hospital charges, 790 in-hospital deaths, and 955 liver transplants per-
formed. Overall, A1ATd was associated with 8,983 (62.52%) hospitalizations for NALC followed by WD, CF, and HHC. The
highest in-hospital mortality was seen with HHC. The greatest frequency of liver transplants was seen with DAAAM.
Conclusion: The number of hospitalizations for genetic liver diseases continues to increase. With increased funding and di-
rected research efforts, we can aim to improve medical treatments and the quality of life for patients at risk for liver

deterioration.
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Introduction

Chronic liver disease, including liver cirrhosis, is a significant
and increasingly recognized cause of morbidity and mortality,
impacting >4.5 million Americans [1]. The age-adjusted mortal-
ity from hepatocellular carcinoma, a primary liver cancer that
can develop secondary to cirrhosis, is increasing annually in the
USA by 2.1% [2]. Using the National Inpatient Sample (NIS) data-
base, recent literature has determined the in-hospital health-
care and economic burden of liver cirrhosis to be associated
with 570,700 hospitalizations, >$7.3 billion in charges, and an
in-hospital mortality rate of 3.3%-6.6% in the year 2014 alone
[3]. Historically, the most common cause of cirrhosis was alco-
hol consumption and viral hepatitis, yet non-alcoholic fatty
liver disease (NAFLD) has become an increasingly prevalent
cause due to the ongoing obesity epidemic in the USA with
recent estimates of NAFLD affecting 80-100 million Americans
[3, 4].

Less common, but significant, causes of chronic liver disease
and liver cirrhosis are those from genetic diseases that influ-
ence liver metabolism. Affected individuals are born with cer-
tain genetic traits predisposing them to liver damage. In 2014,
Scorza et al. [5] published a literature review of genetic diseases
that cause cirrhosis including alpha-1 antitrypsin deficiency
(A1ATd), Wilson disease (WD), hereditary hemochromatosis
(HHC), cystic fibrosis (CF), glycogen storage diseases (GSDs), and
tyrosinemia. For many of these diseases, rigorous monitoring,
alcohol avoidance, and lifestyle choices are essential to prevent
and slow the development and progression of liver cirrhosis.
Unfortunately, many affected individuals develop liver disease
and cirrhosis, and may inevitably require a liver transplant for
curative and therapeutic purposes [6].

Current medical literature is lacking epidemiological studies
investigating the healthcare and economic burden of chronic
liver disease and liver cirrhosis due to genetic causes in the
USA. We utilized the NIS healthcare database to establish esti-
mates of the in-hospital prevalence of genetic forms of non-
alcoholic chronic liver disease (NACLD) and non-alcoholic liver
cirrhosis (NALC) for which patient characteristics, associated
mortality, and liver-transplant occurrences were investigated.

Methods

The NIS database was utilized to collect data from the years
2002-2014. The NIS database is a large publicly available all-
payer inpatient care database compiled by the Agency for
Healthcare Research and Quality Healthcare Cost and
Utilization Project (AHRQ HCUP), based primarily on diagnosis
and procedure codes. Hospital-discharge data, collected from
State Inpatient Databases, are assembled from a 20% stratified
sample of American hospitals and used to develop weighted
estimates to represent discharges at a national level.

Inclusion criteria

Descriptive analysis was used to assess hospital discharges and
the economic burden of genetic liver diseases including alpha-1
antitrypsin deficiency (A1ATd), CF, WD, hereditary hemochro-
matosis (HHC), GSD, and disorders of aromatic amino-acid me-
tabolism (DAAAM, which include tyrosinemia), identified by
ICD9 codes 273.4, 277.03, 275.1, 275.01, 271.0, and 270.2, respec-
tively. Liver disease was classified as NACLD including NALC.
The ICD9 codes used for NACLD were chronic hepatitis, unspe-
cified (ICD9 571.40), chronic persistent hepatitis (ICD9 571.41),
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other chronic hepatitis (ICD9 571.49), cirrhosis of the liver with-
out mention of alcohol (ICD9 571.5), biliary cirrhosis (ICD9
571.6), other chronic non-alcoholic liver disease (ICD9 571.8),
and unspecified chronic liver disease without mention of alco-
hol (ICD9 571.9), whereas the ICD9 code 571.5 alone was used for
NALC. Discharges for alcoholic cirrhosis (ICD9 571.2) were ex-
cluded. Liver-transplant occurrences were further investigated
using the ICD9 diagnosis code V42.7 and ICD9 procedure codes
50.51 and 50.59.

Clinical variables

Categorical patient characteristics are reported as weighted fre-
quencies (percent, %; 95% confidence interval [CI]), and continu-
ous patient characteristics are reported as median values and
interquartile range (IQR). Covariates were analysed for all
patients including patient age at admission, gender, racial eth-
nicity, insurance payer, income by quartile per zip code, and
hospital regional geography. We investigated annual in-
hospital charges, patient mortality, and the occurrence of liver
transplants. Annual hospital charges in dollars were adjusted to
2020 US dollars using conversion factors from the Bureau of
Labor Statistics [7]. Only weighted frequencies were reported to
represent national hospital discharges, in accordance with the
NIS sampling methodology. Per the data-use agreement with
the HCUP, frequencies of <11 cannot be reported. SAS Studio 9.4
was utilized for analysis (SAS Institute, Inc., NC). Data collected
from the NIS database contains publicly available de-identified
patient information and therefore review and approval of the
Institutional Review Board at Western Michigan University
were not required.

Results

Between 2002 and 2014, there were 192,270 discharges for
patients with genetic diseases that may lead to liver disease
(A1ATd, CF, WD, HHC, GSD, and DAAAM). Of those, 19,332
(10.05%) discharges were for NACLD and 14,368 (7.47%) were for
NALC. Over time, the annual number of discharges for patients
with NACLD or NALC increased (Table 1 and Figure 1). Cirrhosis
is an advanced form of chronic liver disease and our data sug-
gest that 74.32% of the documented discharges for genetic
NACLD were specifically for NALC between 2002 and 2014. Of all
the genetic diseases investigated as causes of NACLD, A1ATd
was most common, followed by CF. Discharges of genetic NALC
were most frequently associated with A1ATd, followed by WD
(Table 2 and Figure 1). Genetic diseases were associated with
0.45% (95% CI, 0.41%-0.48%) of all discharges for NALC between
2002 and 2014. Total discharges for both NACLD and NALC along
with the gender distribution, patient characteristics, and liver-
transplant occurrence with respect to individual genetic disease
are shown in Table 2, which shows a small predominance of
male patients for all genetic NALC, with A1ATd being associated
with the majority (65.97%, 630/955) of liver transplants.

The number of annual discharges, in-hospital charges, and
in-hospital deaths for genetic NACLD and NALC consistently in-
creased over time, along with the number of annual liver trans-
plants performed (Table 1). With regard to genetic NALC, there
were $1.09 billion in hospital charges that accrued from 2002 to
2014. The frequency of annual hospitalizations for genetic
NALC relative to liver transplants spiked between 2005 and
2008, reaching 35 hospitalizations per transplant, but then sta-
bilized to ~15 hospitalizations per transplant between 2008 and
2014. The frequency of annual hospitalizations relative to in-
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Figure 1. Annually increasing hospitalizations for genetic liver disease. (A) Non-alcoholic chronic liver disease (NACLD); (B) non-alcoholic liver cirrhosis (NALC).

hospital deaths associated with NALC followed a similar pattern
(Figure 2). The greatest number of liver transplants was per-
formed for A1ATd (7.01%, 630/8,987), followed by WD, HHC, and
CF (Table 2); however, the greatest percentage of hospitaliza-
tions for NALC associated with a liver transplant was 16.15%
(21/130) of hospitalizations for patients with DAAAM.

Alpha-1 antitrypsin deficiency was the most common cause
of hospitalizations for genetic NALC with 8,983 cases (62.52%),
whereas DAAAM had the fewest hospitalizations (130 cases,
0.90%) over the 12-year study period. Of all the 61,260 A1ATd
discharges between 2002 and 2014, 10,243 (16.72%) were for
NACLD and 8,983 (14.66%) were for NALC. The annual number
of discharges for NACLD and NALC associated with A1ATd in-
creased substantially from 2002 to 2014 (Table 3). Interestingly,
the percentage of in-hospital deaths for patients with A1ATd
NALC peaked in 2011 at 7.08% (Table 3). The consistently in-
creasing numbers of annual discharges for both NACLD and
NALC for WD, CF, and HHC are shown in Table 4.

Discussion

Literature reporting the epidemiological trends of the in-
hospital prevalence of NACLD and NALC secondary to genetic
diseases is lacking. This study provides one of the first large
database analyses for NACLD and NALC associated with genetic
diseases to date, for which there were nearly 20,000 hospitaliza-
tions for NACLD and 15,000 for NALC between 2002 and 2014.
There was a significant increase in hospitalizations throughout
the study period for both NACLD and NALC, which is likely due
to the improved accuracy, availability, and access to testing as
reported specifically for A1ATd, WD, and HHC, along with an in-
creased awareness of genetic diseases by healthcare providers
[8-12]. New information on hospitalized patient characteristics,
healthcare expenditures, and geographical distribution has
been provided for each genetic liver disease. There was a pre-
dominance of male patients admitted for all genetic causes of
NALC, as having previously been reported in medical literature

for A1ATd, CF, and HHC, though WD has previously been docu-
mented as having an equal gender distribution [13-17]. Overall,
patient age at hospitalization increased over the 12years, sug-
gesting that either treatments are improving or that there is an
increased awareness and recognition of each disease with treat-
ments being started at a younger age and earlier in the disease
course. Annual hospitalization charges also increased substan-
tially through the study period by over 25-fold for NALC, which
may largely be due to increased recognition of these genetic dis-
eases or the costs of treatments and liver transplants. Genetic
NALC was observed primarily in Caucasian individuals, likely in
part as it is the dominant ethnicity in the USA. However, GSDs
and DAAAM showed an increased prevalence of hospitaliza-
tions associated with non-Caucasian patients, as GSDs have
been shown to more commonly affect individuals from Indian,
Native American, and Hispanic ethnicities [18]. Disorders of aro-
matic amino-acid metabolism (mainly targeting tyrosinemia,
the one DAAAM disorder with associated liver disease) is more
common in areas of Quebec, Canada, with a prevalence of 54
per 100,000 in certain regions and a carrier rate of 1/20, while, in
the USA, it is rare, with a prevalence of <1/100,000 [19].
Hospitalizations for genetic NALC were overrepresented in the
southern USA, which covers highly populated states including
Texas, Georgia, Florida, and North Carolina. Though the total
number of hospitalizations for genetic NALC was significant,
they compose only a small portion of the total number of
liver-cirrhosis hospitalizations as previously reported by Desai
etal. [2].

Alpha-1 antitrypsin deficiency was associated with the
greatest number of hospitalizations of all the genetic liver dis-
eases over the 12-year study period for both NACLD and NALC.
Recent literature has reported that the prevalence of severe
A1ATd of the homozygous PiZZ genotype is ~1 in every 3,500
births for which the onset of liver involvement occurs anytime
between the first and sixth decades [5, 20]. It is expected that
pulmonary disease in the form of chronic obstructive pulmo-
nary disease (COPD) secondary to A1ATd is even more common
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Figure 2. Hospitalizations relative to in-hospital deaths and liver transplants performed for genetic non-alcoholic liver cirrhosis. The frequency of annual hospitaliza-
tions relative to in-hospital deaths peaked at 40 in 2008 and leveled off thereafter at 20. The frequency of annual hospitalizations relative to liver transplants performed

peaked at 35 in 2007 and leveled off thereafter at 15.

than presentations of liver disease, with estimates suggesting
that <5% of all COPD cases involve underlying A1ATd [21]. Even
though A1ATd is reported as the second most prevalent genetic
liver disorder behind HHC by Scorza et al. [5], it was responsible
for the greatest number of hospitalizations for genetic liver dis-
ease between 2002 and 2014. Hereditary hemochromatosis has
a variable penetrance, an insidious onset later in life, and can
be associated with protective factors including the female gen-
der until reaching menopause—and, further, it can be effec-
tively treated with a phlebotomy regimen to prevent further
liver deterioration [22, 23]. Additionally, ICD9 codes for HHC
were not adopted until 2010, likely contributing to its overall
low prevalence in this study as compared to A1ATd, for which
the ICD9 code was adopted in 2004; nevertheless, annual trends
seen after the incorporation of these codes remain significant
[24]. Of the genetic liver diseases studied here, A1ATd had the
greatest percentage of NACLD hospitalizations designated as
NALC (87.70%), suggesting that this disorder is largely associ-
ated with cirrhosis of the liver instead of other hepatic patholo-
gies. Conversely, CF had the lowest percentage of NACLD
designated as NALC (43.15%), as other common etiologies of
NACLD have been established for CF patients including biliary
cirrhosis [25]. Unfortunately, there are currently no medical
therapies for A1ATd liver disease and thus the avoidance of

both alcohol and high-risk lifestyles is emphasized to prevent
any additional toxic and viral hepatopathies. At the present
time, the only curative treatment for A1ATd liver disease is a
liver transplant, for which the annual occurrence increased
throughout the study duration [6].

The fewest number of hospitalizations for genetic NALC was
from DAAAM, which also had the youngest hospitalized
patients and the greatest frequency of liver transplants per-
formed for genetic liver disease between 2002 and 2014. For this
study, DAAAM was mainly targeted towards tyrosinemia, which
is the only DAAAM disease associated with liver disease. The
ICD9 diagnosis code of 270.2 for DAAAM includes tyrosinemia,
along with other diseases including alkoptonuria, albinism, dis-
orders of tryptophan metabolism, indicanuria, Waardenberg
syndrome, Woolf syndrome, ochronosis, and kynureninase de-
ficiency—all of which had no published case reports involving
liver disease as of 2014. Tyrosinemia is associated with a defi-
ciency in the enzyme fumarylacetoacetate hydrolase that
causes an accumulation of succinylacetone following the con-
sumption of tyrosine-containing foods, which can result in neu-
rological deterioration, renal damage, and either acute liver
failure or progressive liver disease in the form of cirrhosis, par-
ticularly with type 1 tyrosinemia [26]. Dietary restrictions of ty-
rosine and phenylalanine (for which tyrosine is a metabolic
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product) do not alter the progression of liver damage but treat-
ments of 2-(2-nitro-4-trifluoromethylmenzoyl)-1,3 cyclohexane-
dione (NTBC) have been found to reverse acute liver failure
within days [27]. We found that 16.15% of hospitalizations for
DAAAM NALC were associated with a liver transplant, the high-
est frequency of all the genetic liver diseases. Unfortunately,
this disease is associated with one of the highest incidences of
hepatocellular carcinoma at a rate of 15%-37% [19]. Literature
suggests that cirrhosis, liver failure, and hepatocellular carci-
noma can develop at ages as young as 1lyear old and that liver
transplants are often performed by 2years old, explaining the
relatively young age of hospitalized patients and the high per-
centage of liver transplants performed for tyrosinemia as com-
pared to the other genetic diseases investigated here [19, 26].
With regard to the in-hospital mortality reported as zero for
NALC from DAAAM, we believe that, because tyrosinemia is an
exceedingly rare disease likely seen by only a handful of physi-
cians in the USA, the true number of deaths is below the level of
detection using the NIS methodology that samples only 20% of
American hospitals to establish national estimates.

The genetic disease associated with the second fewest hos-
pitalizations for NALC were GSDs, with only 462 over the 12-
year study period. GSDs are uncommon, with an overall inci-
dence estimated to be 1 in 43,000 births [28]. There are three
GSDs associated with liver cirrhosis, including GSD type III (Cori
disease), GSD type IV (Andersen disease), and GSD type IX [28].
Liver cirrhosis from GSD type I (von Gierke disease) is uncom-
mon, with patients more often presenting with liver steatosis,
hepatomegaly, and hepatic adenomas with associated hypogly-
cemia and hyperlipidemia [29]. With GSD IV being exceedingly
rare, composing only 0.3% of all GSDs, and being associated
with a rapidly progressing cirrhosis leading to death by age 3-
Syears, this would be expected to compose only a small minor-
ity of our cohort [30]. With our results showing a median age of
37.9years at admission, this population is likely represented
primarily by individuals with the diagnosis of GSD III or GSD IX,
which comprise 24% and 25% of all GSDs, respectively [28].
Patients with either of these two GSD types are known to live a
near-normal lifespan into their late 60s [31, 32].

CF was the genetic liver disease associated with the second
youngest hospitalized patients for NALC, at a median age of
18years, and the fewest liver transplants performed for all ge-
netic NALC. Patients with CF often have shorter life expectan-
cies due to respiratory complications resulting in a median
lifespan of ~40years of age [33]. As treatments to mitigate CF-
related respiratory disease have improved, patients’ life expec-
tancies have increased, leading to a growing prevalence of non-
pulmonary CF complications including chronic liver disease
[34]. With regard to causes of CF mortality, liver disease is sec-
ond to pulmonary complications and causes 2.5% of all deaths
[25]. The median age in our cohort for CF patients hospitalized
with liver cirrhosis was 18years, in agreement with results pre-
sented by Scott-Jupp et al. [35], who demonstrated that CF
patients who develop liver cirrhosis often do so between 10 and
20years old, with a peak incidence at the age of 18 years. Liver
injury in CF can often be from biliary cirrhosis secondary to bili-
ary obstruction, as cholangiocyte and CFTR-related abnormali-
ties result in highly viscous bile, for which treatment can
include ursodeoxycholic acid or, more definitively, a liver trans-
plant [25, 36, 37]. Further, only 1.70% of NALC hospitalizations
for CF were associated with a liver transplant—the lowest fre-
quency of all the genetic liver diseases studied here.
Hospitalizations for CF are most often for pulmonary complica-
tions, even in the presence of liver cirrhosis, which is likely a

large reason for this low frequency. Fewer liver transplants may
be performed in CF patients due to poor outcomes stemming
from malnourishment and diminished pulmonary reserve, as
worse post-operative outcomes have been seen relative to other
causes of liver disease—including when considering combined
liver and lung transplants [38].

The genetic liver disease that was associated with the oldest
age at hospitalization for NALC was hereditary hemochromato-
sis (HHC), with patients hospitalized at a median age of 60 years.
Annually, there were up to 265 hospitalizations for this cause of
NALC and 75% of all patients hospitalized for NACLD from HHC
were designated as having NALC. A study published by Beaton
et al. [39] demonstrated that the average age for cirrhosis diag-
nosis in HHC patients is ~57 years, with the 20-year survival
rate thereafter being ~56%. Shortly after a diagnosis of HHC, a
phlebotomy regimen is initiated to control serum iron levels
and prevent further progression of cirrhosis, allowing many
patients to achieve average life expectancies [40].

We hope that this information, showing a consistently in-
creasing prevalence of patients hospitalized for genetic NACLD
and NALC, can be used to advocate for increased funding for ge-
netic liver diseases to further develop treatments with the goal
of minimizing hospitalizations and liver transplants. Future re-
search could explore how hospitalization trends for genetic liver
diseases in patients consuming alcohol differ and, further, how
the occurrences of complications of decompensated liver dis-
ease (ascites, portal hypertension, variceal bleeding, etc.) differ
between patients with genetic liver disease who consume alco-
hol compared with those who do not. As more years of ICD10
data become available, longitudinal trends for additional rare
forms of genetic liver disease (citrin deficiency, Neimann-Pick
disease, etc.) could be investigated. Nevertheless, the data pre-
sented here provide valid estimates of relative trends, patient
characteristics, and in-hospital data to effectively illustrate the
healthcare and economic burden of genetic causes of NACLD
and NALC within the USA.

Limitations

The NIS database is one of the largest national healthcare data-
bases utilizing diagnosis and procedure codes, enabling analy-
ses on patients with rare diseases, and is often used to report
trends and associations in healthcare [41]. However, the NIS has
several inherent biases due to data being discharge-specific
(rather than patient-specific) and because of its reliance upon
documented diagnostic and procedural codes. For this analysis,
the designations NACLD and NALC were used with the inten-
tion of investigating trends in hospitalizations and patient char-
acteristics for liver damage solely from the targeted genetic
disorders discussed here; using specific inclusion criteria, we
have managed to exclude liver damage from alcohol and a sub-
group analysis yielded that there were too few cases of concom-
itant viral hepatitis B or C to be reported per the NIS user
agreement (<11 weighted occurrences by any subgroup cate-
gory). Though the NACLD and NALC designations are used to
target genetic causes of liver damage, we cannot exclude addi-
tional concomitant hepatopathies including NAFLD (or, more
recently, termed metabolic associated fatty liver disease) sec-
ondary to metabolic syndrome.

The diagnosis code of alcoholic cirrhosis of the liver (ICD9
571.2) was not included as physicians diagnose genetic causes
of cirrhosis by initiating extensive testing, often in the absence
of apparent toxic liver damage. In cases of liver cirrhosis in the
setting of excessive alcohol intake, our experience is that



further investigation into the cause of liver damage is often
overlooked even though the etiology could be multifactorial.
This establishes a paradigm that suggests that many patients
with alcoholic cirrhosis may have additional underlying genetic
disorders contributing to their liver damage that remain
undiagnosed.

With regard to organ transplants, the NIS database has pre-
viously been used to analyse specific trends and associations,
for which we utilized the codes for liver transplant as used by
Ali et al. [42-46]. Due to the sampling methodology utilized by
the NIS database, it does not yield the exact results of specific
organ-transplant registries such as the Organ Procurement and
Transplantation Network registry. However, the NIS contains
useful details including patient information collected from diag-
nostic and procedure codes that cannot be found in individual
organ registries [43].

Conclusion

There were a significant number of hospitalizations, in-hospital
deaths, and liver transplants performed for NACLD and NALC
due to genetic causes between 2002 and 2014 in the USA.
Though these figures are small relative to hospitalizations for
cirrhosis from hepatitis C, alcoholic liver disease, and NAFLD,
they demonstrate the burden of liver deterioration in many
patients with genetic disorders. With increased funding and di-
rected efforts in medical research, we can aim to improve the
treatment modalities for each of these genetic diseases and
help affected patients to have an increased quality of life with
the goal of avoiding hospitalizations and transplants for liver
disease.
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