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Abstract Background The aim of this study was to investigate obese gastroparesis (GP) hospitalizations in 
the United States (US).

Methods We analyzed the National Inpatient Sample (NIS) from 2007-2017 to identify all adult 
obese (body mass index ≥30 kg/m2) GP hospitalizations. These were compared with non-obese 
GP hospitalizations. The demographic trends, adverse outcomes, and healthcare burden were 
analyzed.

Results From 2007-2017, obese GP hospitalizations accounted for 13.75% of all GP hospitalizations 
in the US. There was an increasing trend in obese GP hospitalizations, from 2286 in 2007 to 47,265 
in 2017 (P=0.0019), and in the proportion of obese GP hospitalizations, from 6.16% in 2007 to 
17.96% in 2017 (P<0.001). Males, Blacks, Hispanics, and Asians showed a rising trend in obese 
GP hospitalizations. Although rates of upper endoscopy declined from 8.28% in 2007 to 5.36% 
in 2017 (P<0.001), obese GP hospitalizations had higher rates of upper endoscopy utilization 
(6.05 vs. 5.42%, P<0.001) compared to the non-obese cohort. Inpatient mortality for obese GP 
hospitalizations increased from 0.64% in 2007 to 1.10% in 2017 (P<0.001). Furthermore, we noted 
a rising trend in mean length of stay (LOS), from 4.64 in 2007 to 6.05 days in 2017 (P=0.0029), and 
mean total hospital charge (THC), from $22,306 in 2007 to $62,220 in 2017 (P<0.001) for obese 
GP hospitalizations.

Conclusions The prevalence of obese GP hospitalizations along with inpatient mortality, LOS, and 
THC rose significantly. However, the overall rate of upper endoscopy utilization has decreased for 
these patients.
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Introduction

Gastroparesis (GP) is a chronic dysmotility disorder of 
the stomach characterized by delayed gastric emptying in the 
absence of mechanical obstruction [1,2]. The exact incidence 
and prevalence of GP in the general population is currently 
unknown as the lack of population-based studies and a 
symptomatic overlap with other conditions, such as functional 
dyspepsia, make it difficult to estimate the true rates  [3]. 

Nonetheless, its impact on patients’ quality of life and the 
United States (US) healthcare system has been evaluated [3,4]. 
Patients with GP may commonly present with symptoms such 
as nausea, vomiting, early satiety, postprandial fullness, and 
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upper abdominal pain [5]. This may lead to poor oral intake, 
resulting in severe dehydration and significant weight loss [6]. 
Hence, GP increases the risk of malnutrition.

Over the last decade, multiple studies have shown that 
obesity is highly prevalent in individuals with GP [7]. The 
high body mass index (BMI) noted in these individuals 
is likely due to the acquisition of “maladaptive” dietary 
habits to cope with the symptoms of GP [8]. In view of 
these changes, we hypothesize that the number of patients 
with GP and obesity, particularly in an inpatient setting, is 
expected to rise. These patients are at risk of being subjected 
to multiple inpatient procedures to determine their etiology, 
management, and nutritional support. However, despite 
the rising prevalence of GP, there are significant gaps in the 
related literature, including the characteristics of obese GP 
hospitalizations. Accordingly, we aimed to estimate and assess 
patient demographics and hospitalization characteristics of 
obese GP hospitalizations using the National Inpatient Sample 
(NIS). Further, we assessed the trends of hospitalizations, 
outcomes, and the burden of the disease on the US healthcare 
system in terms of resource utilizations and costs over the last 
decade. Additionally, these patients were compared with non-
obese GP hospitalizations to highlight differences in patient 
demographics and outcomes.

Materials and methods

Design and data source

This study analysed the NIS database, one of the largest 
publicly available databases in the US, derived from billing 
data submitted by hospitals across the US to statewide data 
organizations. The NIS covers 97% of the US population and 
approximates a 20% stratified sample of discharges from US 
community hospitals [9]. The dataset is weighted to obtain 
national estimates [10]. The NIS database was coded using 
the International Classification of Diseases, Ninth and Tenth 
Revision, Clinical Modification/Procedure Coding System 
(ICD-9/10-CM/PCS) for the study period.

Study population

We included all adult (18 years or older) obese (BMI ≥30 kg/
m2) GP patients from 2007-2017 available in the NIS database. 
Non-obese GP hospitalizations were used as controls. Individuals 
aged 17 years or younger were excluded from the analysis.

Statistical analysis

The statistical analysis was conducted using SAS 9.4 (SAS Institute 
Inc., Cary, NC) to account for weights in the stratified survey design. 
The weights were considered in the statistical estimation process 
by incorporating variables for strata, cluster, and for weight to 
discharges in the NIS universe. Descriptive statistics were provided, 
and included mean values for age, length of hospital stay (LOS), 
and total hospital charge (THC), while other categorical variables 
were expressed as count (%). To test for the trend for proportions 
of binary variables in years, the Cochran-Armitage trend test was 
implemented. The trends for the averages of age, LOS and THC 
in years were examined using linear regression. In addition, the 
Rao-Scott chi-square test was performed for a comparative analysis 
between obese and non-obese GP hospitalizations. P-values ≤0.05 
were considered statistically significant.

Ethical considerations

The NIS database lacks patient and hospital-specific 
identifiers. Hence, this study did not require Institutional 
Review Board (IRB) approval for analysis as per guidelines put 
forth by our institutional IRB for research on database studies.

Data availability statement

The NIS is one of the largest, publicly available, multi-ethnic 
inpatient databases in the US and can be accessed at: https://
www.hcup-us.ahrq.gov.

Results

Trends in hospitalization for obese gastroparesis

From 2007-2017, there was an increase in obese GP 
hospitalizations from 2286 in 2007 to 47,265 in 2017 (P=0.0019) 
(Fig.  1). Of all GP hospitalizations, the proportion of obese 
GP hospitalizations had a rising trend, with an increase from 
6.16% in 2007 to 17.96% in 2017 (P<0.001). The patients’ 
mean age was 51.9 years (Table 1). Males had a rising trend in 
obese GP hospitalizations from 20.22% in 2007 to 25.64% in 
2017 (P<0.001), whereas hospitalization for females declined 
from 79.78% in 2007 to 74.36% in 2017 (P<0.001). There was a 
declining trend in obese GP hospitalizations for Whites from 
66.38% in 2007 to 58.81% in 2017 (P<0.001). Conversely, 
Blacks, Hispanics, and Asians showed a trend towards 
increasing obese GP hospitalizations (Table 1). Furthermore, 
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Figure 1 Hospitalizations for gastroparesis with obesity in the United States from 2007-2017, total and by sex

the comorbidity burden for obese GP hospitalizations 
increased during the study period with a rising trend noted for 
individuals with a Charlson Comorbidity Index (CCI) score 
≥3, suggestive of increased healthcare utilization.

From an endoscopic procedural characteristic standpoint, 
a declining trend in inpatient upper endoscopy, from 8.28% 
in 2007 to 5.36% in 2017 (P<0.001), was noted for obese GP 
hospitalizations. Additionally, there was a decreasing trend in 
obese GP hospitalizations with bariatric surgery status from 
5.68% in 2007 to 2.55% in 2017 (P<0.001). Urban teaching, 
small- and medium-sized hospitals had an increasing trend in 
obese GP hospitalizations, while a decreasing trend was noted 
for large hospitals (Table 1).

Trends of outcomes for obese gastroparesis hospitalizations

We noted a rising trend in inpatient mortality, from 0.64% in 
2007 to 1.10% in 2017 (P<0.001), for obese GP hospitalizations 

(Fig.  2). Additionally, inpatient mortality for both males and 
females increased during the study period. Whites and Blacks were 
observed to have a rising trend in inpatient mortality for obese GP 
hospitalizations (Table 2). Furthermore, the mean LOS increased 
from 4.64 days in 2007 to 6.05 days in 2017 (P=0.0029), while the 
mean THC increased from $22,306 in 2007 to $62,220 in 2017 
(P<0.001). The rates of endoscopic jejunostomy also increased for 
obese GP hospitalizations to 0.28% by 2017 (Table 2).

Comparative analysis for obese and non-obese gastroparesis 
hospitalizations

Obese GP hospitalizations accounted for 13.75% of all GP 
hospitalizations in the US from 2007-2017. These patients were 
older (51.9 vs. 50.8 years, P<0.001) and predominantly female 
(76.11% vs. 64.36%, P<0.001) compared to the non-obese 
counterparts. Although Whites made up a majority of the study 
sample, obese GP hospitalizations had a higher proportion of 
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Figure 2 Trends in inpatient mortality and upper endoscopy for gastroparesis hospitalizations with obesity in the United States from 2007-2017
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Blacks (25.49% vs. 22%, P<0.001) compared to the non-obese 
cohort (Table 3). Furthermore, obese GP hospitalizations had 
higher rates of upper endoscopy (6.05 vs. 5.42%, P<0.001), mean 
LOS (5.71 vs. 5.32 days, P<0.001), and mean THC ($53,373 vs. 
$45,040, P<0.001) compared to the non-obese subgroup.

Discussion

This study evaluated the trends and outcomes of 
hospitalization among obese GP patients over the span of a 

decade. To our knowledge, this is the only study that evaluated 
the trends of obese GP hospitalizations and compared them to 
non-obese GP hospitalizations.

From 2007-2017, obese GP hospitalizations accounted 
for 13.75% of all GP hospitalizations in the US. We noted an 
increasing trend in total obese GP hospitalizations and in 
the proportion of obese GP hospitalizations during the study 
period. Males and non-Whites (Blacks, Hispanics, and Asians) 
were found to have a rising trend in hospitalizations. Although 
the overall rate of inpatient upper endoscopy decreased from 
8.28% in 2007 to 5.36% in 2017, obese GP hospitalizations 
had higher upper endoscopy utilization. There was an 

Table 2 Outcomes for hospitalization of gastroparesis with obesity from 2007-2017

Outcome Years 2007-2017
(Overall)

Trend
(P-value)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Inpatient 
mortality  
(%)

0.64 0.34 0.45 0.23 0.61 0.67 0.68 0.70  0.93  1.01 1.10 1297
(0.92%)

Increase 
(P<0.001)

Inpatient mortality according to sex (%)

Male 1.06 0 0 0 0 0.57 0.47 0 1.01 1.17 1.36 345
(1.03%)

Increase 
(P<0.001)

Female 0.54 0.41 0.56 0.28 0.77 0.70 0.73 0.91 0.91 0.96 1.01 952
(0.89%)

Increase 
(P<0.001)

Inpatient mortality according to race (%)

White 0 0.30 0.74 0.36 0.41 0.94 0.59 0.67 0.99 1.00 1.20 783
(0.96%)

Increase 
(P<0.001)

Black 1.36 0 0 0 1.16 0 0 0.68 0.62 0.93 0.81 254
(0.74%)

Increase 
(P<0.001)

Hispanic 2.79 0 0 0 0 1.39 1.18 1.41 0.29 1.33 0.71 120
(0.89%)

No trend
(P=0.3201)

Asian 0 0 0 0 1.2 0 0 0 0 4.55 2.82 30
2.82%)

No trend
(P=0.3422)

Inpatient mortality according to age (%)

18-34 0.96 0 0 0 0 0 0  0.69 0  0.45 0 35
(0.19%)

No trend
(P=0.3605)

34-49 0.65 0 0.42  0.37 0 0.34 0.63  0.25  0.70  0.48  0.67 229
(0.53%)

Increase 
(P=0.001)

50-64 0  0.52 0 0 0.89 0.40 0.70  0.62  1.06  0.96  0.89 414
(0.84%)

Increase 
(P<0.001)

65-79 0  1.66  2.24 0.94 1.61  1.55 0.57  0.45  1.47 1.72  2.44 464
(1.82%)

Increase 
(P<0.001)

≥80 2.57 0 0 0 5.20 7.69 6.25 9.09 3.00 4.49 3.09 155
(4.05%)

No trend
(P=0.1548)

Length of 
stay (days)

4.64 4.93 4.85 4.80 4.76 4.54 4.81 4.86 5.74 6.03 6.05 5.71 Increase 
(P=0.0029)

Total hospital 
charge 
 (USD)

22,306 26,091 28,064 32,897 32,993 32,123 36,362 37,218 52,844 59,786 62,220 53,373 Increase 
(P<0.001)

Endoscopic 
jejunostomy  
(%)

0  0.16 0.29  0.31 0.13 0 0.19  0.21  0.21  0.29  0.28 347
(0.25%)

Increase 
(P<0.001)
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increasing trend in mean LOS and mean THC for obese GP 
hospitalizations. Furthermore, inpatient mortality for obese 
GP hospitalizations rose from 0.64% in 2007 to 1.1% in 2017 
(P<0.001); however, obese GP hospitalizations had lower rates 
of inpatient mortality compared to the non-obese cohort.

GP is difficult to manage and leads to a poor quality of life. 
As the prevalence of obese GP patients continues to rise, it 
further complicates an already challenging situation and places 
an additional burden on the healthcare system. However, the 
current literature lacks data on the exact prevalence and impact 
of obesity in patients with GP as this association is fairly recent. 
A multicenter study involving 7 tertiary care centers in the US 
reported that 29% of patients with GP tended to be obese, while 
over a 48-week follow-up period 30% of the patients with GP 
had a ≥5% increase in body weight, thereby moving toward a 
higher BMI class [7]. Our study echoed similar findings as we 
report rising trends in both GP hospitalizations with obesity 
and in the proportion of obese GP hospitalizations out of all 
GP hospitalizations.

Prior studies have reported that patients in the 50-69 age 
group have the highest rates of diagnosis of GP amongst all 
age groups [11,12]. In our study, the mean age for obese GP 
hospitalizations was 51.9  years, compared to 50.8  years for 
the non-obese cohort. There was a rising trend in mean age 
for obese GP hospitalizations, signifying that it is increasingly 
present in older individuals, particularly those over 50  years 
of age (Table 1). Interestingly, we noted an increasing trend in 
obese GP hospitalizations for males while females showed a 
downtrend. This contradicts literature, which reports a higher 
prevalence of both GP and obesity in females compared to 
males [11-13]. The exact reason for this finding is unknown, 
but it may be partly attributable to poor dietary and lifestyle 
compliance in men leading to excessive weight gain and higher 
inpatient admissions.

Racial disparities were also evident in our study. We noted a 
declining trend in GP hospitalizations with obesity for Whites, 

whereas a rising trend was noted for Black, Hispanic, and Asian 
populations (Table 1). Furthermore, obese GP hospitalizations 
had a higher proportion of Blacks compared to the non-obese 
cohort (Table 3). These findings are consistent with prior studies 
that reported a higher likelihood of hospitalization for GP in 
ethnic minorities such as Blacks [14,15]. The primary reason 
for this trend is likely to be poor or delayed access to healthcare 
in these patient populations, leading to hospitalization for a 
condition that could be managed in an outpatient setting.

From a mortality perspective, a database study in 2012 
reported an inpatient mortality of 1.5% for obese GP patients, 
with lower odds of inpatient mortality compared to non-obese 
gastroparetic patients [16]. In our study, inpatient mortality 
for GP hospitalizations with obesity increased from 0.64% 
in 2007 to 1.10% in 2017 with a rising trend noted for males, 
females, Whites and Blacks (Table  2). This consistent rise in 
mortality may be secondary to the complications associated 
with both GP and obesity. However, we noted lower rates of 
inpatient mortality for obese GP hospitalizations compared to 
the non-obese cohort. This is consistent with current literature 
and may partially be attributed to the “obesity paradox” which 
hypothesizes that the presence of obesity is protective against 
inpatient outcomes such as morality [17].

From an inpatient procedure standpoint, there was a decline 
in inpatient upper endoscopies for obese GP hospitalizations. 
This may be because the management of GP in an inpatient 
setting is focused primarily on correction of fluid and 
electrolyte abnormalities, nutritional support, strict glycemic 
control, dietary education, and prokinetic therapy [1,18,19]. 
Endoscopic procedures are usually not indicated for inpatients, 
and are mainly deferred to an outpatient setting. However, 
after a comparative analysis, obese GP hospitalizations had 
slightly higher rates of upper endoscopy utilization compared 
to the non-obese cohort. This may be due to the fact that obese 
patients may develop refractory GP, which, in turn, requires 
additional endoscopic intervention. Nonetheless, we advocate 

Table 3 Comparative analysis for obese and non-obese gastroparesis hospitalizations in the United States from 2007-2017

Variables Gastroparesis hospitalizations
with obesity

Gastroparesis 
hospitalizations
without obesity

P-value

Proportion of all gastroparesis hospitalizations (%) 13.75 86.25

Mean age (years) 51.9 50.8 <0.001

Sex (%)
Male
Female

23.89
76.11

35.64
64.36

<0.001

Race (%)
White
Black
Hispanic

60.88
25.49
10.04

63.18
22.00
10.21

<0.001

Upper endoscopy (%) 6.05 5.42 <0.001

Length of stay (days) 5.71 5.32 <0.001

Total hospital charge (USD) 53,373 45,040 <0.001

Inpatient mortality (%) 0.92 1.33 <0.001
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for additional prospective studies to further investigate these 
findings.

We also noted a decreasing trend in inpatient admissions 
for obese GP hospitalizations with bariatric surgery status. This 
can be attributed partially to the fact that bariatric procedures 
are being increasingly performed on obese patients with 
excellent outcomes and may result in significant improvement 
in symptoms of GP [20-22]. Additionally, as obesity decreases 
after bariatric procedures, it may prevent the development 
of refractory GP which may in turn lead to decreased 
hospitalizations and a lower US healthcare burden.

It is well established that GP places a significant burden on 
the healthcare system. From 2006-2013, emergency department 
visits for GP increased from 12.9 to 27.3 per 100,000 ED 
visits, while the associated hospital charge for subsequent 
admissions after the ED visit increased from $286 million to 
$592 million [23]. In our study, for obese GP hospitalizations, 
there was a trend towards increasing mean THC and LOS over 
the study period. The mean THC increased by 178.9% and the 
mean LOS increased by 30.4% from 2007-2017. Additionally, 
compared to the non-obese GP cohort, obese GP hospitalizations 
had a higher mean THC and a longer mean LOS. Furthermore, 
we noted a trend towards rising rates of endoscopic jejunostomy 
(Table 2). The rising mean THC, LOS, and rates of endoscopic 
jejunostomy may be due to comorbidities and complications 
associated with obese GP hospitalizations at presentation, which 
often require additional interventions and a multidisciplinary 
team approach for management. From a hospital perspective, 
urban teaching hospitals had an increasing trend in obese GP 
hospitalizations. This may be due to their urban location, which 
represents a high population density, and easy availability of 
specialists at these centers, leading to higher inpatient admissions 
and transfers from other hospitals.

This study has several strengths and limitations. A  key 
strength of this study is the study population, derived from 
one of the largest, multi-ethnic, publicly available databases in 
the US. The NIS consists of data on inpatient admissions from 
hospitals across the US. Therefore, the outcomes derived from 
this study are applicable to hospitalizations all over the US. The 
11-year study period also allows us to establish meaningful 
trends. Additionally, through the study design, we focus on the 
biodemographic characteristics, outcomes, and associations of 
GP hospitalizations in obese patients, which adds substantial 
meaningful information to the current literature. In addition, a 
comparative analysis of the obese and non-obese cohort allows 
for extensive analysis and helps assess the magnitude of the 
disease entity.

However, we do acknowledge all the limitations associated 
with our study. The NIS database does not contain data on 
the severity of the disease, the methods used to establish 
diagnosis, or the hospital course. It also lacks extensive data 
on the treatment aspects of GP in obese patients. Furthermore, 
given the retrospective study design, all biases associated with 
retrospective studies are applicable to this study. Finally, NIS is an 
administrative database using ICD codes to store information; 
hence, the possibility of coding errors cannot be excluded. 
However, despite these limitations, the authors believe that the 
large sample size, unique methodology and comprehensive 

analysis technique help us better understand and fill the gaps in 
the current literature. This study aims to stimulate conversation 
and promote research on GP in obese individuals.

In conclusion, obese GP hospitalizations made up 13.75% 
of all GP hospitalizations in the US. Rising trends were noted 
in obese GP hospitalizations, from 2286 in 2007 to 47,265 in 
2017, and in inpatient mortality, from 0.64% in 2007 to 1.10% 
in 2017. However, rates of upper endoscopy declined during 
the study period. The mean THC and LOS for obese GP 
hospitalizations increased by 178.9% and 30.4%, respectively, 
from 2007-2017. Compared to the non-obese cohort, higher 
rates of upper endoscopy utilization, inpatient mortality, mean 
LOS and mean THC were noted for obese GP hospitalizations. 
Further prospective studies are needed to confirm these 
findings.

Summary Box

What is already known:

•	 Gastroparesis (GP) affects the patient’s quality of life 
and places a significant burden on the healthcare 
system

•	 The prevalence of obesity in patients with GP is 
on the rise because of the adoption of maladaptive 
dietary habits to cope with the symptoms of GP

•	 The presence of obesity in patients with GP further 
complicates an already challenging management

What the new findings are:

•	 Obese GP hospitalizations accounted for 13.75% of 
all GP hospitalizations in the United States

•	 There was an increasing trend in obese GP 
hospitalizations, from 2,286 in 2007 to 47,265 in 
2017

•	 Rates of inpatient upper endoscopy for obese GP 
hospitalizations declined from 8.28% in 2007 to 
5.36% in 2017

•	 Inpatient mortality increased from 0.64% in 2007 to 
1.1% in 2017 for obese GP hospitalizations
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