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Abstract

Background: End-stage renal disease (ESRD) patients are highly
susceptible to peptic ulcer bleeding (PUB). We aimed to assess the in-
fluence of ESRD status on PUB hospitalizations in the United States
(USA).

Methods: We analyzed the National Inpatient Sample to identify all
adult PUB hospitalizations in the USA from 2007 to 2014, which
were divided into two subgroups based on the presence or absence
of ESRD. Hospitalization characteristics and clinical outcomes were
compared. Furthermore, predictors of inpatient mortality for PUB
hospitalizations with ESRD were identified.
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Results: Between 2007 and 2014, there were 351,965 PUB hospitali-
zations with ESRD compared to 2,037,037 non-ESRD PUB hospi-
talizations. PUB ESRD hospitalizations had a higher mean age (71.6
vs. 63.6 years, P < 0.001), and proportion of ethnic minorities i.e.,
Blacks, Hispanics, and Asians compared to the non-ESRD cohort.
We also noted higher all-cause inpatient mortality (5.4% vs. 2.6%,
P < 0.001), rates of esophagogastroduodenoscopy (EGD) (20.7% vs.
19.1%, P < 0.001), and mean length of stay (LOS) (8.2 vs. 6 days, P
<0.001) for PUB ESRD hospitalizations compared to the non-ESRD
cohort. After multivariate logistic regression analysis, Whites with
ESRD had higher odds of mortality from PUB compared to Blacks.
Furthermore, the odds of inpatient mortality from PUB decreased by
0.6% for every 1-year increase in age for hospitalizations with ESRD.
Compared to the 2011 - 2014 study period, the 2007 - 2010 period had
43.7% higher odds (odds ratio (OR): 0.696, 95% confidence interval
(CI): 0.645 - 0.751) of inpatient mortality for PUB hospitalizations
with ESRD.

Conclusions: PUB hospitalizations with ESRD had higher inpatient
mortality, EGD utilization, and mean LOS compared to non-ESRD
PUB hospitalizations.

Keywords: Peptic ulcer bleeding; Upper gastrointestinal bleeding;
End-stage renal disease; Racial disparities; Mortality

Introduction

Peptic ulcer disease (PUD) has been recognized as a significant
contributor to mortality in the United States (USA) [1]. How-
ever, in recent years, the incidence and prevalence of PUD have
decreased due to improved hygiene and sanitary conditions.
PUD is characterized by a defect in the duodenal or gastric mu-
cosa extending beyond the muscularis mucosa into deeper layers
of the gastrointestinal (GI) tract. It is also associated with several
complications, the most cited of which is peptic ulcer bleeding
(PUB), seen in up to 15-20% of the patients [2]. It has been
identified as the most common cause of non-variceal upper GI
bleeding (UGIB) worldwide [3-5]. Similarly, in the USA, there
are about 350,000 hospitalizations annually for UGIB, of which
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PUB has consistently been a leading cause. Despite significant
advancements in medical and endoscopic therapy, severe PUB
continues to be life-threatening condition associated with con-
siderable mortality, decreased overall quality of life, and higher
healthcare costs [3-5].

Studies report that patients with end-stage renal disease
(ESRD), through a cluster of complex pathophysiological
mechanisms, are at a higher risk of bleeding peptic ulcers than
the general population [6, 7]. A higher rate of hemodialysis
utilization, which is independently associated with a higher oc-
currence of PUB, has also been reported in the US population
and may amplify the rate of PUB [7]. However, there contin-
ues to be a significant knowledge gap on the exact influence of
ESRD status on PUB. Hence, this study was designed to assess
and compare hospitalization characteristics, clinical outcomes,
and the healthcare burden of PUB in patients with and without
ESRD. Furthermore, we also identified the rates of utilization
of esophagogastroduodenoscopy (EGD) in these hospitaliza-
tions and the predictors of all-cause inpatient mortality for
PUB hospitalizations with ESRD.

Materials and Methods

Design and data source

This retrospective study utilized the National Inpatient Sample
(NIS) database to derive the study population. The NIS is one
of the largest, publicly available, multi-ethnic databases in the
USA. It is maintained by Agency for Healthcare Research and
Quality (AHRQ) as a part of the Healthcare Cost and Utilization
Project (HCUP). It is derived from billing data submitted by hos-
pitals across the USA to state-wide data organizations. It covers
> 95% of the US population and approximates a 20% stratified
sample of discharges from US community hospitals [8]. The
dataset is weighted to obtain national estimates [9]. During the
2007 - 2014 study period, the NIS database was coded using the
International Classification of Diseases, Ninth Revision, Clini-
cal Modification/Procedure Coding System (ICD-9-CM/PCS).
The database can be accessed from HCUP [10].

Study population and outcome measures

We utilized the NIS to identify all adult (> 18 years) hospitali-
zations with a primary diagnosis of PUB in the USA from 2007
to 2014. The study population was divided into two distinct
groups based on the presence or absence of ESRD. A compara-
tive analysis was performed for hospitalization characteristics,
clinical outcomes, rates of utilization of EGD, and the burden
of the disease on the US healthcare system. Moreover, pre-
dictors of all-cause inpatient mortality were also identified for
PUB hospitalizations with ESRD.

Statistical analysis

Statistical analysis was conducted using SAS 9.4 (SAS Insti-
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tute Inc, Cary, NC) to account for the stratified survey design
weights. The weights were considered in the statistical esti-
mating process by incorporating the variables for the strata,
cluster, and weight. Descriptive statistics included meaning
for continuous variables and count (percentage) for categorical
variables. The Cochran-Armitage trend test was implemented
to test the trend for proportions of binary variables in years.
The Rao-Scott design-adjusted Chi-square test, which took the
stratified survey design into account, examined the association
between two categorical variables. A multivariable logistic re-
gression model was adopted to identify associations between
in-hospital mortality and demographic variables. All analytical
results were considered significant when P values were < 0.05.

Ethical considerations

As the NIS database lacks specific patient and hospital identi-
fiers, our study was exempt from Institutional Review Board
(IRB) approval per guidelines put forth by our institutional
IRB for analysis of inpatient databases. The study was con-
ducted in compliance with the ethical standards of the respon-
sible institution on human subjects as well as with the Helsinki
Declaration.

Results

Comparative analysis of hospitalization characteristics

Between 2007 and 2014, there were 351,965 PUB hospitaliza-
tions with ESRD compared to 2,037,037 non-ESRD PUB hos-
pitalizations in the USA (Table 1). PUB hospitalizations with
ESRD had a higher mean age (71.6 vs. 63.6 years, P < 0.001)
and proportion of males (55.5% vs. 44.2%, P < 0.001) com-
pared to non-ESRD PUB hospitalizations. Racial differences
were also evident in our study. PUB hospitalizations with
ESRD had a higher proportion of ethnic minorities, i.e., Blacks
(20.2% vs. 12.4%, P < 0.001), Hispanics (9.2% vs. 8.5%, P <
0.001), and Asians (4.5% vs. 3.3%, P <0.001) compared to the
non-ESRD PUB cohort. However, non-ESRD PUB hospitali-
zations had a higher proportion of Whites (72.2% vs. 63.2%,
P < 0.001) than the PUB ESRD subgroup. Interestingly, we
noted a lower proportion of patients with Helicobacter pylori
(H. pylori) (3.8% vs. 5.7%, P < 0.001) in the PUB ESRD co-
hort compared to non-ESRD PUB hospitalizations.

Comparative analysis of clinical outcomes and healthcare
burden

PUB hospitalizations with ESRD had a longer mean length of
stay (LOS) (8.2 vs. 6 days, P < 0.001) and higher rates of all-
cause inpatient mortality (5.4% vs. 2.6%, P <0.001) compared
to the non-ESRD-PUB cohort. Moreover, the rates of utiliza-
tion of EGD were higher for PUB hospitalizations with ESRD
(20.9% vs. 19.1%, P<0.001) compared to the non-ESRD PUB
cohort. Compared to non-ESRD PUB hospitalizations, we not-
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Table 1. Hospitalization Characteristics and Clinical Outcomes for Peptic Ulcer Bleeding (PUB) Hospitalizations With and Without

End-Stage Renal Disease (ESRD) in the United States From 2007 to 2014

Variables PUB with ESRD PUB without ESRD P value
Total number of hospitalizations 351,965 2,037,037
Age (years) 71.6 63.5 <0.001
Gender <0.001
Male 196,360 (55.8%) 997,936 (49%)
Female 155,605 (44.2%) 1,039,101 (51%)
Race <0.001
White 198,644 (63.2%) 1,297,454 (72.4%)
Black 63,585 (20.2%) 221,799 (12.4%)
Hispanic 28,831 (9.2%) 152,650 (8.5%)
Asian 14,125 (4.5%) 59,707 (3.3%)
Native American 1,677 (0.5%) 10,830 (0.6%)
Others 7,648 (2.4%) 49,999 (2.8%)
H. pylori infection 13,527 (3.8%) 116,849 (5.7%) <0.001
Inpatient mortality 18,949 (5.4%) 53,352 (2.6%) <0.001
Length of stay (days) 8.2 6 <0.001
Esophagogastroduodenoscopy (EGD) 72,840 (20.7%) 389,784 (19.1%) <0.001
Hospital bed size <0.001
Large 219,322 (62.7%) 1,230,296 (60.7%)
Medium 89,445 (25.6%) 533,817 (26.3%)
Small 41,301 (11.8%) 262,116 (12.9%)
Hospital location <0.001
Urban teaching 167,709 (47.9%) 924,791 (45.6%)
Urban non-teaching 150,220 (42.9%) 871,869 (43%)
Rural 32,139 (9.2%) 229,569 (11.3%)
Hospital region <0.001
Northeast 60,192 (17.1%) 368,414 (18.1%)
Midwest 86,813 (24.7%) 481,810 (23.7%)
South 131,181 (37.3%) 786,158 (38.6%)
West 73,779 (21%) 400,654 (19.7%)
Primary payer <0.001
Medicare 269,817 (76.8%) 1,073,633 (52.8%)
Medicaid 23,821 (6.8%) 204,515 (10.1%)
Private 45,460 (12.9%) 534,371 (26.3%)
Self-pay 6,585 (1.9%) 141,970 (7%)
Median household income (quartile) <0.001

Ist (0 - 25th)

2nd (26th - 50th)
3rd (51st - 75th)
4th (76th - 100th)

105,810 (30.7%)
89,408 (25.9%)
81,799 (23.7%)
67,885 (19.7%)

569,429 (28.6%)
530,758 (26.7%)
479,937 (24.1%)
410,205 (20.6%)

H. pylori: Helicobacter pylori.
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Table 2. Independent Predictors of All-Cause Inpatient Mortality for Peptic Ulcer Bleeding (PUB) Hospitalizations With End-Stage

Renal Disease (ESRD) in the United States From 2007 to 2014

Variables Odds ratio (OR) 95% confidence interval (CI)
Age 0.994 0.991 - 0.997
Male (reference = female) 0.974 0.908 - 1.044
Black (reference = White) 0.757 0.683 - 0.840
Hispanic (reference = White) 0.953 0.834 - 1.089
Asian or Pacific Islander (reference = White) 0.788 0.650 - 0.955
Native American (reference = White) 1.421 0.934 - 2.162
2011 - 2014 study period (reference = 2007 - 2010) 0.696 0.645 - 0.751

ed a higher proportion of PUB hospitalizations with ESRD at
large (62.7% vs. 60.7%, P < 0.001), urban teaching (47.9% vs.
45.6%, P < 0.001) hospitals. Most PUB hospitalizations with
ESRD were reported in the South (37.3%), followed by the
Midwest (24.7%), West (21%), and Northeast (17.1%) hospital
regions.

Predictors of all-cause inpatient mortality

A multivariate regression analysis was performed to investi-
gate the predictors of all-cause inpatient mortality for PUB
hospitalizations with ESRD. We noted a decrease in the odds
of inpatient mortality by 0.6% (odds ratio (OR): 0.994, 95%
confidence interval (CI): 0.991 - 0.997) for every 1-year in-
crease in age; however, no effect of gender was noted. White
PUB hospitalizations with ESRD had 32.1% higher odds (OR:
0.757, 95% CI: 0.683 - 0.840) of inpatient mortality compared
to Blacks (Table 2). Furthermore, the study period was divided
into two distinct 4-year periods to compare the differences in
all-cause inpatient mortality with time. After multivariate re-
gression analysis, we noted 43.7% higher odds (OR: 0.696,
95% CI: 0.645 - 0.751) of inpatient mortality for PUB hospi-
talizations with ESRD for the 2007 - 2010 study period com-
pared to the 2011 - 2014 period (Table 2).

Discussion

We compared 351,965 PUB hospitalizations with ESRD to
2,037,037 non-ESRD PUB hospitalizations between 2007 and
2014 in the USA. Ethnic minorities, i.e., Blacks, Hispanics,
and Asians were disproportionately affected as we noted high-
er rates of PUB hospitalizations with ESRD compared to the
non-ESRD PUB cohort. We also noted higher healthcare utili-
zation rates for PUB hospitalizations with ESRD as these pa-
tients had a longer LOS and EGD utilization compared to the
non-ESRD PUB cohort. Furthermore, the all-cause inpatient
mortality was more than double (5.4% vs. 2.6%, P <0.001) for
PUB hospitalizations with ESRD compared to the non-ESRD
PUB cohort. After multivariate logistic regression analysis,
White race, lower age, and 2007 - 2010 study period were as-
sociated with higher inpatient mortality rates. These findings
are of utmost importance as they provide gastroenterologists
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with real-world data on PUB hospitalizations with ESRD at
the highest risk of adverse clinical outcomes and those who
may benefit the most from prompt and aggressive therapeutic
measures.

PUD affects 4 million people worldwide annually with an
incidence rate of 1.5-3% and a complication rate of 10-20%
[11-15]. PUB, seen in about 15-20% of the patients with PUD,
has been cited as the most common complication [2]. Com-
pared to the general population, patients with ESRD have a
higher incidence of PUD complicated by UGIB, leading to
higher mortality, healthcare costs, and reduced quality of life
[4,5, 16,17, 19]. Although H. pylori infection continues to one
of the most common causes of PUD, the epidemiology of PUD
and its complications have evolved over the years [19, 20]. A
longer life expectancy, widespread use of non-steroidal anti-in-
flammatory drugs (NSAIDs), higher comorbidities, and ESRD
requiring dialysis are responsible for higher rates of PUB [19,
21-25]. In our study, there were 351,965 PUB hospitalizations
with ESRD with a mean age of 71.6 years and 55.5% males.
However, the mean age for non-ESRD PUB hospitalizations
was 63.5 years, with a slight female predominance (51% vs.
49%, P < 0.001). These findings may be related to the older
age of patients with ESRD, who are at higher-than-average
risk of PUB, and the fact that there is a male predominance
in the prevalence of ESRD and the utilization of hemodialysis
[26].

Racial differences were also prevalent in our study. PUB
hospitalizations with ESRD had a higher proportion of ethnic
minorities such as Blacks, Hispanics, and Asians; however,
non-ESRD PUB hospitalizations had a higher proportion of
Whites (Table 1). These findings align with current litera-
ture citing PUB as the most common complication of PUD in
Whites, whereas Blacks have lower rates of PUB but higher
rates of complications of PUD [27, 28]. Interestingly, H. pylori
infection was more frequent in non-ESRD PUB hospitaliza-
tions compared to PUB hospitalizations with ESRD. The exact
reason for this finding is unknown and needs further investiga-
tion with larger prospective studies.

Despite significant advancements in the management
strategies for PUB, the mortality rate remains high, ranging
from 5% to 10% worldwide [29]. Numerous studies have fo-
cused on the short-term mortality after PUB; however, only
some estimate the long-term complications. In literature, the
overall 30-day mortality of PUB has been reported as 10.8%
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Figure 1. Trends of length of stay, esophagogastroduodenoscopy (EGD) utilization and all-cause inpatient mortality for peptic
ulcer bleeding (PUB) hospitalizations with end-stage renal disease (ESRD) in the United States.

with a higher prevalence of mortality in patients > 80 years,
followed by patients aged 65 - 79 years and then individuals <
65 years of age [30]. In our study, we report a higher mortality
rate for PUB hospitalizations with ESRD (5.4% vs. 2.6%, P
< 0.001) compared to patients admitted for PUB do not have
ESRD. Furthermore, for PUB hospitalizations with ESRD,
an analysis of individual years from 2007 to 2014 revealed
a downtrend in the PUB mortality rate from 6.6% in 2007 to
4.8% in 2014 (Fig. 1). However, the mortality rates for PUB in
patients without ESRD decreases slightly from 2.7% in 2007
to 2.5% in 2014 (Fig. 2). From a procedural perspective, we
noted a higher number of EGDs for PUB hospitalizations with
ESRD (20.9% vs. 19.1%, P < 0.001) compared to the non-
ESRD cohort. This may be secondary to a higher number of re-
bleeds or a low threshold for endoscopic intervention in these
typically ill ESRD patients. It is worth noting that the overall
rates of EGD for both sub-groups were low. The exact reason
for this finding is currently unknown and needs further investi-
gation with large, prospective, multi-center studies to identify
patient characteristics that required inpatient EGDs compared
to those that did not.

A multivariate regression analysis was performed to
identify independent predictors of all-cause inpatient mortal-
ity for PUB hospitalizations with ESRD (Table 2). We not-
ed a decrease in the odds of inpatient mortality by 0.6% for
every l-year increase in age. This may, in part, be because
more patients died of non-ulcer bleeding causes, which tends
to increase with age, rather than PUB. Similar findings were
observed in a study by Sung et al, where 79.7% of the con-
firmed 9,375 cases of PUB died secondary to non-ulcer bleed-
ing causes such as multiorgan failure, pulmonary conditions,
and terminal malignancy [29]. Furthermore, gender was not
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an independent predictor for all-cause inpatient mortality for
PUB hospitalizations with ESRD. This may have been due to
a downtrend in the mortality rates for both genders proportion-
ately. Additionally, we noted that White PUB hospitalizations
with ESRD had higher odds of inpatient mortality compared to
Blacks. This may be because the reference population of Black
patients with PUD have the lowest rates of PUB among all
races, but the highest rate of bowel perforations as a complica-
tion of PUD [27]. Our analysis also revealed that the odds of
inpatient mortality for the 2007 - 2010 study period was 43.7%
higher (OR: 0.696, 95% CI: 0.645 - 0.751) than that for the
2011 - 2014 period. This suggests a significant improvement in
the overall management of PUB in the later years, as reported
in current literature [31].

PUB places a significant burden on the US healthcare sys-
tem in terms of attributable costs and utilization of resources
for management. The cost of management of non-variceal
UGIB, of which PUB is the leading cause, has been estimated
to be around $3,402 per person per hospital stay without com-
plications and $5,632 per person per hospital stay with compli-
cations [32]. This cost is expected to be higher in patients with
ESRD as they are at higher-than-average risk of additional
complications, risk of rebleeding, longer hospital stays, and
other acute care needs. In our study, we noted a longer mean
length of hospital stay (8.2 vs. 6 days, P <0.001) for PUB hos-
pitalizations with ESRD compared to the non-ESRD cohort.
Additionally, larger hospitals were noted to have close to two-
thirds of the total PUB hospitalizations with ESRD followed
by medium-sized hospitals and then smaller hospitals. Teach-
ing hospitals located in urban areas made up 47.9% of these
inpatient admissions, followed closely by urban non-teaching
(42.9%) and then by rural hospitals (9.2%). This inequitable
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Figure 2. Trends of length of stay, esophagogastroduodenoscopy (EGD) utilization and all-cause inpatient mortality for peptic
ulcer bleeding (PUB) hospitalizations without end-stage renal disease (ESRD) in the United States.

distribution may be because large hospitals located in dense
urban areas are usually tertiary referral care centers, with bet-
ter access to resources and multi-disciplinary expertise to man-
age the disease entity and its complications.

This NIS-based study has several strengths and some limi-
tations. The biggest strength of the study is the study popu-
lation, which is derived from the largest, publicly available,
all-payer healthcare database designed to provide US regional
and national estimates of inpatient utilization, access, charg-
es, quality, and outcomes. Additionally, by using only ICD-9
codes (2007 - 2014 study period) for the analysis, we were
able to maintain uniformity in the study population and pre-
vent bias from unknown confounders. Furthermore, due to
the unique study design, we were able to thoroughly examine
multiple outcome-oriented facets and hospitalization data for
this large study population. Our study also provides gastroen-
terologists with an in-depth perspective of the magnitude of
disease and its burden on the US healthcare system. However,
we acknowledge all the limitations associated with this study.
The NIS lacks data on the ethology of ESRD, time to diagno-
sis, the severity of the condition, the hospitalization course,
medications (i.e., anticoagulants, antiplatelets, NSAIDs, etc.),
and pharmacological aspects of management for the disease.
Due to the limitations associated with the NIS database in an
effort to protect patient privacy, we are unable to see individual
patient characteristics that would have led to an inpatient EGD
and rates of H. pylori in both subgroups. Additionally, the data
available from NIS are subject to all the biases present in retro-
spective studies. Lastly, the NIS is an administrative database
that uses the ICD-9 coding system to gather relevant infor-
mation on hospitalizations and outcomes; hence, it is prone

22 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

to coding errors. However, despite these limitations, the large
sample size, analysis techniques to limit bias, and the answers
to proposed scientific questions provide a better understand-
ing of the topic in question. Through this study, we strive to
stimulate discussion and encourage future large, multi-center
prospective clinical studies on PUB in patients with ESRD.

Conclusions

In conclusion, our study explored, in-depth, the relationship
between PUB and ESRD. PUD hospitalizations with ESRD
had a higher proportion of ethnic minorities (Blacks, Hispan-
ics, and Asians) compared to the non-ESRD cohort. We also
report higher mortality rates, longer LOS, and higher utiliza-
tion of EGD for PUB hospitalizations with ESRD compared to
the non-ESRD cohort. However, for the study period, the all-
cause inpatient mortality for PUD hospitalizations with ESRD
was on a steady decline, reflecting a significant improvement
in management strategies.
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