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Abstract

BACKGROUND

Peptic ulcer disease (PUD) is frequently seen in patients with liver cirrhosis. However,
current literature lacks data on PUD in non-alcoholic fatty liver disease (NAFLD)

hospitalizations.

AIM
To identify trends and clinical outcomes of PUD in NAFLD hospitalizations in the

United States.

METHODS

The National Inpatient Sample was utilized to identify all adult (= 18 years old) NAFLD
hospitalizations with PUD in the United States from 2009-2019. Hospitalization trends
and outcomes were highlighted. Furthermore, a control group of adult PUD
hospitalizations without NAFLD was also identified for a comparative analysis to

assess the influence of NAFLD on PUD.

RESULTS

The total number of NAFLD hospitalizations with PUD increased from 3745 in 2009 to
3805 in 2019. We noted an increase in the mean age for the study population from 56
years in 2009 to 63 years in 2019 (P-trend < 0.001). Racial differences were also prevalent
as NAFLD hospitalizations with PUD increased for Whites and Hispanics, while a
decline was observed for Blacks and Asians. The all-cause inpatient mortality for
NAFLD hospitalizations with PUD increased from 2% in 2009 to 5% in 2019 (P-trend <
0.001). However, rates of Helicobacter pylori (H. pylori) infection and upper endoscopy
decreased from 5% in 2009 to 1% in 2019 (P-trend < 0.001) and from 60% in 2009 to 19%
in 2019 (P-trend < 0.001), respectively. Interestingly, despite a significantly higher
comorbidity burden, we observed lower inpatient mortality (2% wvs 3%, P = 0.0004),
mean length of stay (LOS) (11.6 vs 12.1 d, P < 0.001), and mean total healthcare cost
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(THC) ($178598 and $184727, P < 0.001) for NAFLD hospitalizations with PUD
compared to non-NAFLD PUD hospitalizations. Perforation of the gastrointestinal tract,
coagulopathy, alcohol abuse, malnutrition, and fluid and electrolyte disorders were
identified to be independent predictors of inpatient mortality for NAFLD

hospitalizations with PUD.

CONCLUSION

Inpatient mortality for NAFLD hospitalizations with PUD increased for the study
period. However, there was a significant decline in the rates of H. pylori infection and
upper endoscopy for NAFLD hospitalizations with PUD. After a comparative analysis,
NAFLD hospitalizations with PUD had lower inpatient mortality, mean LOS, and mean
THC compared to the non-NAFLD cohort.
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Core Tip: Due to dietary and lifestyle changes, the prevalence of non-alcoholic fatty
liver disease (NAFLD) is on the rise worldwide. Peptic ulcer disease (PUD) is
commonly seen in patients with liver cirrhosis. However, data on PUD in NAFLD
hospitalizations is currently lacking. In this study, we noted an increase in inpatient
mortality for NAFLD hospitalizations with PUD in the United States. The rates of
Helicobacter pylori infection and upper endoscopy for NAFLD hospitalizations with PUD

were on the decline. Despite a higher comorbidity burden, inpatient mortality, mean
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length of stay, and mean total healthcare cost were lower for NAFLD hospitalizations
with PUD compared to the non-NAFLD cohort.

ETRODUCTION
Non-alcoholic fatty liver disease (NAFLD) encompasses a wide range of conditions
primarily characterized by the presence of hepatic steatosis which is identified on
radiological imaging or histology after other secondary causes of fat deposition have
been excluded!'l. Based on histological findings, it is further subdivided into NAFL,
which is hepatic steatosis without hepatocellular injury, and non-alcoholic
steatohepatitis (NASH) characterized by hepatic steatosis and inflammation with
hepatocyte injury. NAFLD usually progresses linearly from steatosis and hepatitis to
fibrosis, cirrhosis, and ultimately hepatocellular carcinoma. Risk factors commonly
implicated in the development of NAFLD include obesity, diabetes mellitus,
hypertriglyceridemia, and metabolic syndromel?. The global prevalence of NAFLD is
estimated to be 25% and is expected to rise further due to the rising incidence and
prevalence of obesity worldwidel’l. In the United States, approximately 80 million
people have NAFLD, with NASH being the second leading cause of liver transplant!*l,

Peptic ulcer disease (PUD) involves acid-induced mucosal disruption in_the upper
gastrointestinal (GI) tract, usually in the stomach or proximal duodenum. Helicobacter
pylori (H. pylori) infection and the excessive use of non-steroidal anti-inflammatory
drugs are the leading causes of PUDI5.. Additionally, increasing age, smoking, alcohol
use, and obesity have a strong association with PUDI®l. Although the prevalence of self-
reported physician-diagnosed ulcer disease in the United States was as high as 10% at
the end of the 20" century, there has been a decrease in prevalence and hospitalizations
for PUD in the last few decades, primarily due to advancements in H. pylori eradication
and increasing utilization of proton pump inhibitors for acid suppressionl7:5l.

The association between alcoholic liver disease and PUD has been well established
with studies reporting a higher prevalence of PUD in patients with alcoholic liver
cirrhosisl®l. Additionally, a study by Nojkov and Cappelll®l noted that PUD was the
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most common cause of non-variceal hemorrhage in cirrhotics and carried a higher rate
of re-bleeding, delayed ulcer healing, and recurrence when compared to the general
population!’®l. However, there continue to be significant knowledge gaps on PUD in
NAFLD hospitalizations. Hence, we addressed the knowledge gaps in current literature
as we identified hospitalization trends, outcomes, and predictors of mortality for
NAFLD hospitalizations with PUD. Furthermore, we also performed a comparative
analysis between NAFLD hospitalizations with PUD and non-NAFLD PUD
hospitalizations to determine the influence of NALFD on PUD.

MATERIALS AND METHODS

Design and data source

The study cohort was derived from the National Inpatient Sample (NIS) database which
is one of the largest, publicly available, multi-ethnic databases in the United States. The
NIS, part of the Healthcare Cost and Utilization Project group of databases, consists of
data on inpatient admissions submitted by hospitals across the United States to state-
wide data organizations, covering 97% of the United States population™l. Tt
approximates a 20-percent stratified sample, and the dataset is weighted to obtain
national estimates[!2l. For the 2009-2019 study period, the NIS database was coded using

the International Classification of Diseases (ICD)-9/10 coding systems.

Study population
We utilized the NIS to obtain all adult (= 18 years) NAFLD hospitalizations with PUD in
the United States from 2009-2019. Furthermore, a control group of all adult PUD

hospitalizations without NAFLD were identified for comparative analysis.

Statistical analysis and outcome measures
Statistical analysis was conducted using SAS 9.4 (SAS Institute Inc, Cary, NC) while
accounting for the weights in the stratified survey design. The weights were considered

during statistical estimation by incorporating variables for strata, clusters, and weight
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to discharges in the NIS. Descriptive statistics were provided, including mean (standard
deviation) for continuous variables and count (percentage) for categorical variables. To
test for the trend for proportions of binary variables in years, the Cochran-Armitage
trend test was implemented. The trend for the averages of continuous variables in years
was examined using linear regression. The Rao-Scott design-adjusted chi-square test,
which takes the stratified survey design into account, examined the association between
two categorical variables. The adjusted hazard ratios (aHRs) with 95% confidence
intervals (CI) were obtained through cox proportional hazard regression, which
modeled factors that influenced the age to death. All analytical results were statistically

significant when the P-values < 0.05.

Ethical considerations
The NIS database lacks any patient and hospital-specific identifiers. Hence, this study
was exempt from Institutional Review Board (IRB) review as per guidelines put forth

by our institutional IRB for research on database studies.

RESULTS

Hospitalization characteristics for NAFLD hospitalizations with PUD

Overall, there was no decline in the total number of NAFLD hospitalizations with PUD
8745 in 2009 to 3805 in 2019, with a peak of 6885 in 2014) (Table 1). The mean age
increased from 56.0 years in 2009 to 63.0 years in 2019 (P-trend < 0.001), with a
significant increase noted for the 65-79 age group (26% in 2009 to 46% in 2019). A
majority of NAFLD hospitalizations with PUD were for females and Whites. Racial
differences were also noted as there was a declining trend of NAFLD hospitalizations
with PUD for Blacks from 10% in 2009 to 5% in 2019 (P-trend = 0.01) and Asians from
3% in 2009 to 2% in 2019 (P-trend = 0.01), while Whites and Hispanics had a rising trend
(Table 1 and Figure 1). Furthermore, rates of H. pylori infection and upper endoscopy
decreased from 2009 to 2019 (Table 1). Most NAFLD hospitalizations with PUD were at

large hospitals, and admissions in urban teaching hospitals increased from 40% in 2009
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to 80% in 2019 (P-trend < 0.001). Overall, Medicare was the largest insurer for NAFLD

hospitalizations with PUD.

Outcomes for NAFlﬁhospitalizations with PUD

We noted a rising trend of all-cause inpatient mortality for NAFLD hospitalizations
with PUD from 2% in 2009 to 5% in 2019 (P-trend < 0.001) (Table 2). However, irﬁatient
mortality for Whites declined from 81% in 2009 to 64% in 2019 (P-trend = 0.04). We did
not find a statistically significant trend for mean length of stay (LOS) and mean total
healthcare cost (THC). Furthermore, the rates of GI tract perforation decreased [33%
(2009) to 8% (2019), P-trend = 0.02] but the proportion of patients with GI bleeding
increased [0% (2009) to 11% (2019), P-trend = 0.04].

Comparative analysis of NAFLD and non-NAFLD hospitalizations with PUD

NAFLD hospitalizations with PUD were younger (58.6 vs 65.3 years, P < 0.001), and had
more Whites and Hispanics compared to the non-NAFLD subgroup (Table 3). A
Charlson Comorbidity Index (CCI) = 3 was noted in a higher proportion of NAFLD
hospitalizations with PUD (55%) compared to non-NAFLD PUD hospitalizations (49%)
(P < 0.001). Although NAFLD hospitalizations with PUD had a higher proportion of
patients that underwent upper endoscopy (49% vs 41%, P < 0.001), the rates of H. pylori
infection was not statistically different between the cohorts (Table 3).

Despite a higher CCI score, the all-cause inpatient mortality was lower (2% vs 3%, P =
0.0004), for NAFLD-PUD hospitalizations compared to the non-NAFLD-PUD
hospitalizations (Table 4). Furthermore, the mean LOS was ghorter (11.6 vs 121 d, P <
0.001), the and mean THC was lower ($178598 and $184727, P < 0.001) for NAFLD-PUD
hospitalizations compared to the non-NAFLD-PUD hospitalizations (Table 4). There
was no statistical difference in the proportion of patients with complications such as GI

bleeding and perforation between the 2 groups.

Predictors of mortality for NAFLD hospitalizations with PUD
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Significant predictors of all-cause inpatient mortality for NAFLD hospitalizations with
PUD included GI tract perforation (aHR = 271, 95%CIL 1.37-5.35, P = 0.004),
coagulopathy (aHR = 2.24, 95%CI: 0.74-0.84, P < 0.001), fluid and electrolyte disorders
(aHR =1.92, 95%CI: 1.82-2.01, P < 0.001), alcohol abuse (aHR = 1.51, 95%CI: 1.42-1.61, P
< 0.001), and protein-calorie malnutrition (aHR = 1.16, 95%CI: 1.11-1.22, P < 0.001)
(Table 5).

DISCUSSION

PUD is believed to be the most common cause of non-variceal GI bleeding in liver
cirrhosis patients. However, data on PUD in NAFLD hospitalizations is lacking. Ours is
the only study in current literature that evaluates the trends of hospitalization
characteristics and outcomes for NAFLD hospitalizations with PUD and further
compares NAFLD hospitalizations with PUD to non-NAFLD PUD hospitalizations
using the NIS database. In this study, we did not find a decline in the total number of
NAFLD hospitalizations with PUD. The all-cause inpatient mortality increased from 2%
in 2009 to 5% in 2019 in the United States. However, the rates of upper endoscopy and
H. pylori_infection declined for NAFLD hospitalizations with PUD. Furthermore,
NAFLD hospitalizations with PUD had lower mortality, LOS, and THC compared to
the non-NAFLD group, despite a higher comorbidity burden. An undggstanding of the
trends, outcomes, and influence of NAFLD on PUD is crucial as it may help
gastroenterologists identify individuals at the greatest risk of adverse outcomes and
complications, thereby preventing morbidity and mortality.

Recent studies have demonstrated a dramatic increase in the prevalence and
hospitalization rates for patients with NAFLD, which could have led to the slightly
increased number of hospitalizations noted in our studyl!314]. This is despite the fact
that there has been an overall decline in hospitalization rates for PUD in the United
Statesl!]. Furthermore, racial differences have also been noted in NAFLD
hospitalizations for ethnic minorities. Per current literature, the highest and lowest rates

of NAFLD hospitalizations are for Hispanics and African Americans, respectively[1316l,
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This has been attributed to dietary habits, lifestyle, and genetics as Hispanics have an
allele of the patatin-like phospholipase domain-containing protein 3 (PNPLA3) that
favors hepatic fat storage, while African Americans possess a different allele of the same
gene associated with lower hepatic fat content['7.18]. Our study echoed similar findings
as we noted a rising trend of NAFLD hospitalizations with PUD for Hispanics from
11% in 2009 to 15% in 2019 (P = 0.01) and a declining trend for Blacks from 10% in 2009
to 5% in 2019 (P = 0.01). These racial differences are important as we advocate for the
need for aggressive public health measures for Hispanic populations to increase
awareness about the burden of PUD in those who have NAFLD. Moreover, hospitalists
and gastroenterologists who take care of NAFLD hospitalizations should have a high
degree of suspicion of PUD in these patients.

In the United States, there has been a significant increase in inpatient mortality for
NAFLD-cirrhosis by 32% between 2005-2015, despite a decrease in the inpatient
mortality rates for patients with all other causes of liver cirrhosisl'?l. However, there has
been a significant decline in inpatient PUD mortality due to the increasing use of
therapeutic endoscopic procedures for bleeding ulcers?l. In our study, there was a
rising trend of all-cause inpatient mortality for NAFLD hospitalizations with PUD
(Table 2). From a race perspective, we noted an increasing trend of all-cause inpatient
mortality for Blacks and Hispanics, while a decline was observed for Whites. The exact
reasons for these findings are unknown, but they may, in part, be attributed to a higher
comorbidity burden and the increasing mean age for NAFLD hospitalizations with
PUD, particularly for ethnic minorities i.e., Blacks and Hispanics (Table 1), leading to
greater severity of disease and adverse outcomes. Interestingly, we noted lower all-
cause inpatient mortality, mean LOS, and mean THC for NAFLD hospitalizations with
PUD compared to non-NAFLD PUD hospitalizations, despite a higher comorbidity
burden. But there was no statistical difference in the proportion of patients with
complications such as GI bleeding and perforation between the 2 groups. The exact
reason for this protective effect of NAFLD is unclear and needs further investigation by

multi-center prospective studies.
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There has been a rapid decline in H. pylori infection rates in the western world
secondary to higher standards of living and improved hygienel?ll. An analysis of
outpatient endoscopy centers in the United States noted a significant fall in H. pylori
infections from 11% in 2009 to 9% in 2018122. However, a recent cross-sectional study
identified a positive relationship between H. pylori infection and NAFLD in females
after adjusting for metabolic variables, gastrin factors, and liver enzymes(®l. This
implies that rates of H. pylori infection may rise with an increasing prevalence of
NAFLD. Our study contradicts these findings as we observed a declining trend of H.
pylori infection in NAFLD hospitalizations with PUD (Table 1). Furthermore, we also
noted a decline in the trends of utilization of upper endoscopy from 60% in 2009 to 19%
in 2019. This may be due to increased adherence to guideline-directed management
which advocates for non-endoscopic testing for uninvestigated dyspepsia without
alarm features in individuals < 60 years of age(?l. However, due to an increasing trend
of all-cause inpatient mortality in this subset population, it may be justified to perform
upper endoscopy at an early stage to adverse clinical outcomes. Interestingly, NAFLD
hospitalizations with PUD had a higher proportion of patiﬁs that underwent upper
endoscopy compared to non-NAFLD PUD hospitalizations. The exact reason for this is
currently unknown and needs further investigation.

Our study has numerous strengths and some limitations. A key strength of this study
is the study population, which is derived from one of the largest, publicly available, all-
payer, multi-ethnic databases in the United States. An analysis over the 11-year study
period allowed us to obtain meaningful information on the trends of hospitalization
characteristics and outcomes for NAFLD hospitalizations with PUD, adding to scarce
literature. Moreover, through our unique and multifaceted comparative analysis, we
were able to determine the influence of NAFLD on PUD. Furthermore, as the NIS
database covers 97% of the United States population, the results of our study are
applicable to almost all NAFLD hospitalizations with PUD, offering a national
perspective. However, we do acknowledge theéimitations associated with our study.

This was a retrospective study design which is subject to all biases associated with
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retrospective studies. The NIS database does not contain information on the severity,
time from hospitalization to discharge, hospital course, and other treatment aspects of
the disease. Lastly, the NIS is administrative database maintained through data
collection organizations that use the ICD coding system to store inpatient data. Hence,
the possibility of human coding errors cannot be excluded. However, despite these
limitations, we believe that the large sample size and a comprehensive analysis
technique help us better understand the trends, characteristics, and outcomes of

NAFLD hospitalizations with PUD, and promote future research on the topic.

CONCLUSION

NAFLD is a public health concern and places a significant burden on the United States
healthcare system. There is a significant knowledge gap on PUD in patients with
NAFLD who are admitted to the hospital. We noted an increase the all-cause inpatient
mortality for NAFLD hospitalizations with PUD in the United States between 2009-
2019. There was a rising trend of NAFLD hospitalizations with PUD for Hispanics,
reflecting the need for urgent public health measures to increase awareness in this
subset population. Compared to non-NAFLD PUD hospitalizations, NAFLD
hospitalizations with PUD had lower inpatient mortality, mean LOS, and mean THC
despite a higher comorbidity burden. However, there was no statistical difference in GI
bleeding and perforation between the two groups. Perforation of the GI tract,
coagulopathy, alcohol abuse, malnutrition, and fluid and electrolyte disorders were
identified to be independent predictors of all—causﬁnpatient mortality for NAFLD
hospitalizations with PUD. Additional multi-center prospective studies are needed to

further confirm these findings.

ARTICLE HIGHLIGHTS

Research background
The association between peptic ulcer disease (PUD) and liver cirrhosis has been

thoroughly investigated. However, there are knowledge gaps on PUD in non-alcoholic
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fatty liver disease (NAFLD) hospitalizations. As the prevalence of NAFLD continues to
rise across the globe and in the United States, it is vital to identify individuals with
NAFLD at high risk of adverse clinical outcomes from PUD.

Research motivation
In current literature, there is a knowledge gap on PUD in NAFLD hospitalizations.
Hence, this study was designed to help fill the knowledge gaps that currently exist in

this subset population.

Research objectives

Our main objective was to identify national trends in hospitalization characteristics,
clinical outcomes, and complications for NAFLD hospitalizations with PUD. We also
performed a comparative analysis between NAFLD and non-NAFLD hospitalizations
with PUD to assess the influence of NAFLD on PUD.

Research imethods

The National Inpatient Sample was used from 2009-2019 to identify all adult (= 18
years) NAFLD hospitalizations with PUD in the United States. Furthermore, a control
group of all adult PUD hospitalizations without NAFLD were jidentified for
comparative analysis. Statistical analysis was conducted using SAS 9.4. To test for the
trend for proportions of binary variables, the Cochran-Armitage trend test was
implemented. The trend for the averages of continuous variables in years was examined
using linear regression. The Rao-Scott design-adjusted chi-square test examined the
association between two categorical variables. The adjusted hazard ratios with 95%

confidence intervals were obtained through cox proportional hazard regression.

Research results
NAFLD-PUD hospitalizations increased from 3745 (2009) to 3805 (2019). Racial

differences were noted as NAFLD hospitalizations with PUD increased for Whites and
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Hispanics, while a decline was observed for Blacks and Asians. There was an increase in
all-cause inpatient mortality for NAFLD hospitalizations with PUD from 2% in 2009 to
5% in 2019 (P-trend < 0.001). However, the rates of Helicobacter pylori (H. pylori) infection
and upper endoscopy decrpﬂsed during the study period. Despite a high comorbidity
burden, we observed lower inpatient mortality, mean length of hospital stay, and mean
total healthcare cost (THC) for NAFLD-PUD hospitalizations vs the non-NAFLD-PUD
cohort. Perforation of the gastrointestinal tract, coagulopathy, alcohol abuse,
malnutrition, and fluid and electrolyte disorders were identified as independent

predictors of inpatient mortality for NAFLD hospitalizations with PUD.

Research conclusions

Between 2009-2019, inpatient mortality for NAFLD hospitalizations with PUD
increased. However, there was a significant decline in H. pylori infections and
esophagogastroduodenoscopy for NAFLD-PUD hospitalizations. After a comparative
analysis, NAFLD-PUD hospitalizations had lower rates of mortality, mean length of
hospital stay, and mean THC wvs the non-NAFLD-PUD cohort despite a higher
comorbidity burden.

Research perspectives

This is one of the few national studies which investigates trends, clinical outcomes, and
complications of NAFLD hospitalizations with PUD, using one of the largest, multi-
ethnic databases in the United States. Future research should be directed toward

identifying the underlying cause of racial disparities for this subset population.
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