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OBJECTIVES: Gastroparesis is an increasingly recognized disorder. Its prevalence in the United States is unknown.
We examined the trends, characteristics, and outcomes of gastroparesis-related hospitalizations
during 1995–2004.

METHODS: The publicly available Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample
(NIS) comprises a nationally representative sample of 5–8 million hospitalizations per year.
Gastroparesis-related hospitalizations were identified using the International Classification of
Diseases (ICD-9) code 536.3 and compared with other hospitalizations. Multivariate regressions
were used to compare for differences in the outcomes including length of stay, total charges, and
in-hospital deaths.

RESULTS: Hospitalizations with gastroparesis as the primary diagnosis increased from 3,977 in 1995 to
10,252 in 2004 (+158%) and hospitalizations with gastroparesis as the secondary diagnosis
increased from 56,726 to 134,146 (+136%). These compared to smaller changes in
diabetes-related hospitalizations (+53%), all hospitalizations (+13%), and hospitalizations with
gastroesophageal reflux disease (GERD), gastric ulcer, gastritis, or nonspecific nausea/vomiting as
the primary diagnosis (−3% to +76%). Of the five upper gastrointestinal conditions studied as the
primary diagnosis, gastroparesis had the longest length of stay (+15.4% to +66.2%, all P < 0.001)
and the highest or second highest total charges (−7.2% to +60.6%, all P < 0.01) in 2004, with
similar results in 1995.

CONCLUSIONS: The number of gastroparesis-related hospitalizations has been increasing in the United States,
suggesting an increasing prevalence of gastroparesis. The economic impact of gastroparesis-related
hospitalizations is significant and increasing.

(Am J Gastroenterol 2008;103:313–322)

INTRODUCTION

Gastroparesis or delayed gastric emptying is a common cause
of chronic nausea, vomiting, early satiety, and abdominal dis-
comfort in the absence of mechanical obstruction (1–5). It
includes a spectrum of conditions ranging from minimally
delayed gastric emptying in functional dyspepsia to pro-
found delay in neurological manifestations of diabetes. Gas-
troparesis is an increasingly recognized disorder. However,
its prevalence in the United States is unknown. The three
most common etiologies are diabetes, postsurgical, and id-
iopathic (unknown) (6). Gastroparesis is estimated to occur
in 30–50% of insulin-dependent or type 1 diabetics, 16–30%
of noninsulin-dependent or type 2 diabetics, and 20–40% of
patients with functional dyspepsia (7–16).

There are reasons to suspect that the prevalence of gas-
troparesis may be changing. First, the increasing prevalence
of diabetes and the improving longevity of diabetic patients
may contribute to more patients with diabetic gastroparesis
(17). As the number of type 2 diabetics outnumbers that of
type 1 diabetics by more than 10 to 1, there may be more
type 2 diabetics with gastroparesis than type 1 diabetics. Sec-
ondly, although the number of surgeries for peptic ulcer dis-
ease has been decreasing, the number of surgeries for gastro-
esophageal reflux disease (GERD) and morbid obesity has
been increasing.

Although health-care expenditures on patients with gas-
troparesis can be significant, few studies exist on this subject
(18). The initial workup of gastroparesis involves the exclu-
sion of mechanical obstruction with either upper endoscopy
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or upper gastrointestinal (GI) radiographic series, followed by
the establishment of delayed gastric emptying (2–5). Exacer-
bation of gastroparesis with increased symptoms of vomiting
and abdominal pain may prompt emergency department (ED)
visits and hospitalizations. Hospitalizations lead to the use
of procedures and treatments including intravenous hydra-
tion and delivery of medications (prokinetics, antiemetics,
and narcotics). More invasive treatments may include total
parenteral nutrition surgical procedures including jejunos-
tomy feeding tube and gastric electric stimulation (Enterra,
Medtronic Inc., Minneapolis, MN) (2–5).

The aim of this study was to examine the trends of
gastroparesis-related hospitalizations in the United States
during 1995–2004 and to compare the characteristics and
outcomes of hospitalizations with gastroparesis as the pri-
mary diagnosis, hospitalizations with gastroparesis as the
secondary diagnosis, and hospitalizations with a common
upper GI condition as the primary diagnosis.

METHODS

Data Overview
The Healthcare Cost and Utilization Project (HCUP) Na-
tionwide Inpatient Sample (NIS) sponsored by the Agency
for Healthcare Research and Quality (AHRQ) is the largest
all-payer inpatient care database that is publicly available in
the United States. The NIS was designed to approximate a
20% stratified sample of U.S. hospitals and contains 5–8 mil-
lion hospital stays from about 1,000 hospitals each year (19).
Its large sample size enables the analysis of rare conditions
and special populations. Inpatient stay records include clin-
ical and resource use information typically available from
discharge abstracts, including up to 15 diagnoses and up to
15 procedures. Information on drug therapy is not available.
Hospital and discharge weights were provided to produce
national estimates and allow for the analysis of trends over
time. A detailed explanation of the year-specific NIS design
and sample weights is available online (http://www.hcup-
us.ahrq.gov/db/nation/nis/nisrelatedreports.jsp).

Analyses
The first part of this analysis was to examine the na-
tional trends of gastroparesis-related hospitalizations during
1995–2004. This was achieved through the HCUPnet Web
server sponsored by the AHRQ, which provides projected
or weighted national estimates of the number of hospitaliza-
tions by either primary diagnosis or all diagnoses (primary
or secondary diagnosis) for each year (20). Gastroparesis-
related hospitalizations were defined as hospitalizations with
a primary or secondary diagnosis of gastroparesis (Interna-
tional Classification of Diseases, Clinical Modification [ICD-
9-CM] code 536.3). To control for other unobserved changes
over time, the annual trends of gastroparesis-related hospi-
talizations were first compared with those of diabetes melli-
tus (ICD-9 code 250) and all hospitalizations in the United
States. Diabetes was chosen as a control group because a sig-
nificant portion of gastroparesis was associated with diabetes,

especially type 1 diabetes. We could not separate out type 1
from type 2 diabetes in this analysis, as the latter is com-
bined with unspecified type of diabetes in ICD-9 coding. In
addition, the time trend of hospitalizations with gastropare-
sis as the primary diagnosis was also compared with those
of hospitalizations with a common upper GI condition as the
primary diagnosis, including GERD (ICD-9 codes 530.11
and 530.81), gastric ulcer (531), gastritis (535.1 to 535.5),
and nonspecific nausea/vomiting (536.2 and 787.0). These
common upper GI conditions served as the second control
group to test the robustness of the time trend of hospital-
izations with gastroparesis as the primary diagnosis. Within
the HCUPnet Web server, estimates of mean length of stay,
mean total charges, and percentage of in-hospital deaths were
provided for all hospitalizations in the United States and by
the primary diagnosis. We reported the time trends of these
outcomes for all hospitalizations in the United States and for
the hospitalizations with gastroparesis or a common upper
GI condition as the primary diagnosis.

The second and the main part of this analysis consisted of
obtaining the microdata of NIS for the years 1995 and 2004
from the AHRQ data distributor and studying the character-
istics and outcomes of gastroparesis-related hospitalizations
in 1995 and 2004. The characteristics and outcomes of hospi-
talizations with gastroparesis as the primary diagnosis were
compared with those of the hospitalizations with GERD, gas-
tric ulcer, gastritis, or nausea/vomiting as the primary diagno-
sis. The characteristics of interest included age, sex, type of
primary insurance (Medicare, Medicaid, private, self-pay, or
unknown), whether the patient was admitted through the ED,
the presence and type of diabetes, number of diagnoses (up to
15), and the number of inpatient procedures (up to 15). The
outcomes of interest included length of stay, total charges,
and whether the patient died in the hospital. Hospitalizations
with missing data on any of the above variables (3% in 1995
and 2% in 2004) were excluded from the study sample. In
addition, for hospitalizations with GERD, gastric ulcer, gas-
tritis, or nausea/vomiting as the primary diagnosis, those with
gastroparesis as the secondary diagnosis (N = 1,312 or 1.9%
in 1995, N = 3,371 or 3.9% in 2004) were excluded.

The third and last part of this analysis consisted of estimat-
ing the total number of hospital days, total hospital charges,
and total number of in-hospital deaths due to gastroparesis as
the primary diagnosis, gastroparesis as the secondary diagno-
sis, or GERD, gastric ulcer, gastritis, or nausea/vomiting as
the primary diagnosis in 1995 and in 2004. The 1995 and 2004
NIS microdata were used and sample hospitalizations were
weighted in projecting national estimates. Note that some
hospitalizations had an upper GI condition as the primary di-
agnosis and gastroparesis as the secondary diagnosis. These
hospitalizations were included in both groups for this analy-
sis.

Statistical Models
Multivariate regressions were used to control for patient char-
acteristics and test the differences in hospitalization out-
comes, i.e., length of stay, total charges, and in-hospital
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deaths. We are particularly interested in how gastropare-
sis, as the primary diagnosis, compared with common up-
per GI conditions in outcomes and whether gastroparesis as
the secondary diagnosis led to similar outcomes compared
with gastroparesis as the primary diagnosis. Two separate re-
gressions were run to compare: (a) the outcome differences
between gastroparesis as the primary diagnosis and GERD,
gastric ulcer, gastritis, or nausea/vomiting as the primary di-
agnosis and (b) the outcome difference between gastroparesis
as the primary diagnosis and gastroparesis as the secondary
diagnosis.

As the distributions of length of stay (in days) and total
charges (in dollars) were highly skewed and approximately
log-normal, the log-transformed length of stay (natural log
of length of stay plus 1) and total charges (natural log of
total charges) were used as the dependent variables in the
regressions. Consequently, the estimated coefficients for the
explanatory variables represented relative percentage differ-
ences in length of stay or total charges. As sensitivity analy-
ses, we used the negative binomial model for length of stay
and the generalized linear model with the log-link and gamma
distribution for total charges and compared the statistical find-
ings. For the indicator variable of in-hospital deaths, logistic
regression was used and odds ratios (OR) are reported for the
explanatory variables.

Some patient characteristics, for example, age and sex, are
exogenous or unrelated to hospital course. Others, for exam-
ple, the number of diagnoses or the number of procedures,
are possibly endogenous or related to hospital course. A good
example is a patient who did respond to initial therapy, de-
veloped complications, and required additional procedures.
Because of the complications, while in the hospital, this pa-
tient had more diagnoses, more procedures, and worse out-
comes (a longer length of stay, higher total charges, and/or
a higher chance of in-hospital death). To address the poten-
tial bias associated with endogenous variables, three distinc-
tive regression specifications were constructed to explain the
differences in the hospitalization outcomes. The first spec-
ification controlled for only age and sex and was therefore
called the age-sex-adjusted model. The second specification
controlled for age, sex, type of primary insurance, whether
the patient was admitted through the ED, the comorbidity
of diabetes, and the number of diagnoses. It was called the
diagnosis-adjusted model. The third and most complete spec-
ification included all explanatory variables in the diagnosis-
adjusted model plus number of procedures. It was called the
procedure-adjusted model. The same set of three specifica-
tions was used for each outcome variable in 1995 and 2004.
Similar results from the three specifications would add con-
fidence to the finding. All regressions were analyzed using
SAS statistical software, version 8.2 (SAS Institute Inc., Cary,
NC).

RESULTS

Time Trends
Gastroparesis-related hospitalizations increased by 138% in
the United States during 1995–2004, of which hospitaliza-

tions with gastroparesis as the primary diagnosis increased
by 158% and hospitalizations with gastroparesis as the sec-
ondary diagnosis increased by 136% (Table 1, Fig. 1). No-
tably, the number of hospitalizations with gastroparesis as the
primary diagnosis increased dramatically after 2000.

There were smaller percentage increases in all diabetes-
related hospitalizations (+53%) and all hospitalizations in
the United States (+13%) during the same period (Table 1,
Fig. 2). There were also smaller percentage changes in hospi-
talizations with a common upper GI condition as the primary
diagnosis, including GERD (+32%), gastric ulcer (−3%),
gastritis (+4%), and nausea/vomiting (+76%) (Table 1,
Fig. 3).

In general, the mean length of stay decreased for all hos-
pitalizations and for hospitalizations with gastroparesis or a
common upper GI condition as the primary diagnosis during
1995–2004, while the mean total charges for these hospi-
talization categories increased over time (Table 1). Interest-
ingly, for gastroparesis, most of the increases in mean total
charges occurred after 2000, when the number of hospitaliza-
tions with gastroparesis as the primary diagnosis markedly
increased. The percentage of in-hospital deaths generally
decreased over time across the hospitalization categories
(Table 1).

Hospitalization Characteristics
The HCUP NIS contained 11,955 gastroparesis-related hos-
pitalizations in 1995 and 29,737 gastroparesis-related hos-
pitalizations in 2004. After the exclusion of observations
with missing data, the final study sample included 11,571
and 29,083 gastroparesis-related hospitalizations in 1995 and
2004, respectively, with approximately 7% having gastro-
paresis as the primary diagnosis. For those with gastropare-
sis as the secondary diagnosis, the top three primary diag-
noses (based on 4-digit ICD-9 codes) were the same in both
years—diabetes with neurological manifestations (18% in
1995, 24% in 2004), diabetes with ketoacidosis (5% in 1995,
6% in 2004), and congestive heart failure (4% in 1995, 3%
in 2004).

Differences between patients hospitalized with gastropare-
sis as the primary diagnosis and those hospitalized with a
common upper GI condition as the primary diagnosis (GERD,
gastric ulcer, gastritis, and nausea/vomiting) remained sim-
ilar in 1995 and 2004 (Tables 2 and 3). As compared with
patients hospitalized with gastroparesis as the primary diag-
nosis, those hospitalized with a common upper GI condition
were much less likely to have diabetes as a comorbidity (10.0–
14.5% for upper GI conditions vs 21.0% for gastroparesis
in 1995, 14.2–21.0% for upper GI conditions vs 26.7% for
gastroparesis in 2004). Differences between patients hospi-
talized with gastroparesis as the primary diagnosis and those
hospitalized with gastroparesis as the secondary diagnosis
also remained similar in both years (Tables 2 and 3). The for-
mer group of patients were younger, more likely to be female,
less likely to have Medicare or Medicaid as the primary in-
surance, less likely to be admitted through the ED, and much
less likely to have diabetes as a comorbidity (21.0–26.7%
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Figure 1. Time trend of the national estimate of hospitalizations
with gastroparesis as the primary diagnosis in the United States,
1995–2004.

for primary gastroparesis vs 72.9–79.4% for secondary gas-
troparesis). Also noticeable are the increases in diabetes as
comorbidity, the percentage of admissions through the ED,
and the number of diagnoses per hospitalization over time.

Hospitalization Outcomes
Patients hospitalized with gastroparesis as the primary di-
agnosis were similar to those hospitalized with nonspecific
nausea/vomiting as the primary diagnosis in age, sex, and per-
centage of admissions through the ED, but experienced more
inpatient procedures, a longer length of stay, and higher total
charges (Tables 2 and 3). In fact, gastroparesis had the longest
length of stay and the second highest total charges among
the upper GI conditions studied as the primary diagnosis,
while gastric ulcer had the oldest patients, the most diagnoses,
the most inpatient procedures, the highest total charges, and
the highest percentage of in-hospital deaths. Compared with
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(primary) = gastroparesis as the primary diagnosis; gastroparesis
(secondary) = gastroparesis as the secondary diagnosis.
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Figure 3. Percentage changes in the national estimates of hospital-
izations with gastroparesis or a common upper GI condition as the
primary diagnosis in the United States, 1995–2004. For each cate-
gory of hospitalization, the % change in a specific year is defined as
the relative percentage change compared with its baseline value in
1995. GERD = gastroesophageal reflux disease.

patients with gastroparesis as the primary diagnosis, those
with gastroparesis as the secondary diagnosis had more di-
agnoses, more inpatient procedures, a longer length of stay,
higher total charges, and a higher percentage of in-hospital
deaths.

Results from the multivariate regressions generally con-
firmed the above findings. Compared with hospitalizations
with gastroparesis as the primary diagnosis, hospitaliza-
tions with GERD, gastric ulcer, gastritis, or nonspecific nau-
sea/vomiting as the primary diagnosis had a significantly
shorter length of stay in 1995 and 2004, with the rela-
tive difference ranging from −15.1% to −6.2% (all P <

0.001) (Table 4). In both years, total charges for hospital-
izations with GERD, gastric ulcer, gastritis, or nonspecific
nausea/vomiting as the primary diagnosis were significantly
lower compared with gastroparesis in the procedure-adjusted
model (−66.4% to −18.7%, all P < 0.001). Without control-
ling for the number of procedures, total charges were signifi-
cantly higher for gastric ulcer in 2004 (+6.4% to +7.6%, both
P < 0.01). Results on the likelihood of in-hospital death were
less consistent. Compared with hospitalizations with gastro-
paresis as the primary diagnosis, the likelihood of in-hospital
death was similar for hospitalizations with nausea/vomiting
as the primary diagnosis but was significantly lower for hos-
pitalizations with GERD as the primary diagnosis in both
years (OR 0.085–0.164, all P < 0.001). The differences in
in-hospital deaths between gastroparesis and gastric ulcer or
gastritis varied by year or model specification, for example,
both were insignificant in the procedure-adjusted model in
2004.

Including hospitalizations with a common upper GI con-
dition as the primary diagnosis and gastroparesis as the sec-
ondary diagnosis (N = 1,312 in 1995, N = 3,371 in 2004)
in the regression sample led to similar results in both years
(not reported in Table 4). However, having gastroparesis as
the secondary diagnosis led to a significantly longer length of
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Table 2. Characteristics and Outcomes of Sample Hospitalizations in the 1995 HCUP NIS Database

Condition Gastroparesis Gastroparesis GERD Gastric Ulcer Gastritis Nausea/Vomiting
Diagnosis Primary Secondary Primary† Primary† Primary† Primary†

N 765 10,806 15,007 18,798 25,272 6,932
Age (yr)∗ 52.8 (19.6) 55.9 (17.7) 49.4 (25.4) 66.6 (16.8) 58.1 (21.6) 53.1 (25.3)
Female (%) 69.8 63.4 55.6 53.9 56.9 68.9
Primary insurance (%)

Medicare 49.0 55.3 35.3 59.8 47.7 43.5
Medicaid 8.8 13.0 14.8 7.0 12.9 13.5
Private 37.8 26.8 42.9 25.6 29.4 36.0
Self-pay 2.5 2.4 3.7 5.0 6.7 3.6
Unknown 2.0 2.5 3.2 2.6 3.3 3.4

Admitted through ED (%) 46.4 52.6 51.1 63.6 62.0 45.7
Diabetes (%) 21.0 72.9 10.0 13.4 14.9 14.5
Number of diagnoses∗ 5.6 (2.7) 8.4 (2.7) 4.4 (2.5) 6.2 (2.8) 5.6 (2.8) 5.5 (2.6)
Number of procedures∗ 1.3 (1.6) 1.6 (2.0) 1.1 (1.4) 2.2 (1.8) 1.3 (1.4) 0.6 (1.1)
Length of stay (days)∗ 7.4 (10.3) 8.0 (9.7) 3.3 (5.2) 6.0 (7.3) 4.3 (5.2) 3.6 (4.3)
Total charges ($)∗ 12,311 (22,036) 15,506 (30,073) 7,214 (9,687) 13,063 (23,366) 7,441 (10,728) 5,590 (8,486)
In-hospital death (%) 1.4 2.6 0.1 3.1 0.9 0.9

∗Numbers in a cell represent mean (standard deviation).
†Hospitalizations with gastroparesis as the secondary diagnosis were excluded.
GERD = gastroesophageal reflux disease.

stay (+9.8% to +31.1%, all P < 0.001), significantly higher
total charges (+8.1% to +35.4%, all P < 0.001), but no
changes in the likelihood of in-hospital death.

While there was no significant difference in the length of
stay between hospitalizations with gastroparesis as the pri-
mary diagnosis and those with gastroparesis as the secondary
diagnosis (with the exception of the age-sex-adjusted model
in 1995), the latter had significantly higher total charges in
both 1995 and 2004 (+6.2% to +18.6%, all P < 0.05) and
a significantly larger likelihood of in-hospital death in 2004
(OR 2.005–2.083, all P < 0.05) (Table 5). Notably, the above
differences remained significant but narrowed after control-
ling for the number of diagnoses and procedures.

Sensitivity analyses using the negative binomial model for
length of stay and the generalized linear model with the log-

Table 3. Characteristics and Outcomes of Sample Hospitalizations in the 2004 HCUP NIS Database

Condition Gastroparesis Gastroparesis GERD Gastric Ulcer Gastritis Nausea/Vomiting
Diagnosis Primary Secondary Primary† Primary† Primary† Primary†

N 2,105 26,978 21,355 19,630 28,758 12,848
Age (yr)∗ 50.6 (18.9) 53.5 (17.3) 47.9 (26.4) 66.7 (16.8) 57.7 (21.4) 50.0 (25.3)
Female (%) 71.8 65.4 58.6 56.9 59.1 68.5
Primary insurance (%)

Medicare 41.7 51.5 33.6 59.2 47.4 39.7
Medicaid 13.3 16.6 16.7 7.2 13.2 16.9
Private 38.3 25.0 41.5 24.6 28.4 34.5
Self-pay 4.3 4.2 5.3 6.0 7.8 5.7
Unknown 2.4 2.7 2.9 3.0 3.2 3.1

Admitted through ED (%) 63.5 67.9 58.9 74.6 68.5 63.6
Diabetes (%) 26.7 79.4 14.2 20.3 21.0 18.0
Number of diagnoses∗ 7.2 (3.2) 9.6 (3.3) 5.6 (3.0) 7.8 (3.1) 7.0 (3.1) 6.4 (3.0)
Number of procedures∗ 1.2 (1.6) 1.4 (1.9) 1.0 (1.3) 2.3 (1.6) 1.4 (1.3) 0.5 (1.0)
Length of stay (days)∗ 6.1 (8.8) 6.3 (7.4) 2.4 (3.3) 4.9 (5.4) 3.5 (3.6) 3.2 (3.3)
Total charges ($)∗ 20,573 (28,483) 24,965 (37,891) 12,051 (17,066) 23,259 (37,121) 14,570 (18,658) 10,638 (14,938)
In-hospital death (%) 0.6 1.3 0.05 2.2 0.6 0.5

∗Numbers in a cell represent mean (standard deviation).
†Hospitalizations with gastroparesis as the secondary diagnosis were excluded. GERD = gastroesophageal reflux disease.

link and gamma distribution for total charges led to similar
results in both years (not reported in Table 4 or Table 5).
The only exception is that the difference in the length of stay
between gastroparesis as the primary diagnosis and gastro-
paresis as the secondary diagnosis was no longer significant
in the age-sex-adjusted specification.

National Estimates of Outcomes
In 1995, gastroparesis as the primary diagnosis resulted in
29,187 hospital days, 48 million dollars of hospital charges,
and 60 in-hospital deaths; gastroparesis as the secondary
diagnosis resulted in 455,234 hospital days, 863 million
dollars of hospital charges, and 1,454 in-hospital deaths
(Table 6). In 2004, gastroparesis as the primary diagnosis
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resulted in 62,296 hospital days, 208 million dollars of hos-
pital charges, and 57 in-hospital deaths; gastroparesis as the
secondary diagnosis resulted in 849,667 hospital days, 3,292
million dollars of hospital charges, and 1,709 in-hospital
deaths.

Compared with common upper GI conditions, including
GERD, gastric ulcer, gastritis, and nausea/vomiting, gastro-
paresis was a relatively uncommon primary diagnosis in both
1995 and 2004 (Table 1). Therefore, it is not surprising that
gastroparesis as the primary diagnosis resulted in fewer total
hospital days, smaller total hospital charges, and fewer in-
hospital deaths in the United States in both years (with the
exception of GERD in 2004) (Table 6). What is noteworthy
is that the relative percentage increases in total hospital days
and total hospital charges were the largest for gastroparesis
and that the total number of in-hospital deaths was relatively
stable for gastroparesis but decreased dramatically for GERD,
gastric ulcer, and gastritis in 2004.

DISCUSSION

To the best of our knowledge, this is the first study to demon-
strate that the number of gastroparesis-related hospitaliza-
tions has been increasing in the United States. The annual
number of gastroparesis-related hospitalizations was esti-
mated using the HCUP NIS, which was designed to approxi-
mate a 20% stratified sample of U.S. hospitals and comprises
5–8 million hospital stays from about 1,000 hospitals each
year. Its large sample size enables the analysis of rare con-
ditions, such as gastroparesis in this study. The findings that
both the hospitalizations with gastroparesis as the primary
diagnosis and those with gastroparesis as the secondary diag-
nosis increased during 1995–2004 and that the gastroparesis-
related hospitalizations increased at a faster rate compared
with the control groups of hospitalizations including com-
mon upper GI conditions added further confidence to this
conclusion.

The cause for the increase in gastroparesis-related hospi-
talizations is not clear. It may reflect an increasing preva-
lence of gastroparesis, the increasing prevalence of diabetes,
changes in gastroparesis diagnostic criteria, severity, and
treatment, or better recognition/diagnosis of this disorder.
More gastroparesis-related hospitalizations had diabetes as
a comorbidity in 2004 than in 1995. The prevalence of gas-
troparesis may be increasing due to the increasing preva-
lence of diabetes, the improving longevity of diabetics, and
the minimal impact of gastroparesis on mortality. In our
study, although diabetes-related hospitalizations increased at
a slower rate, diabetes-related admissions increased in abso-
lute numbers well above the number of gastroparesis-related
admissions. Prior studies on the natural history of gastro-
paresis have been limited, but they indicated that the symp-
toms were generally stable and that gastroparesis was not
associated with mortality after adjusting for comorbidities
over 9 or more years (21, 22). The slower increase shown for
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Table 6. National Estimates of Length of Stay, Total Charges, and Number of In-Hospital Deaths Due to Gastroparesis as the Primary
Diagnosis, Gastroparesis as the Secondary Diagnosis, or a Common Upper GI Condition as the Primary Diagnosis in the United States,
1995 and 2004

1995 2004
Year
Outcome Length of Stay Total Charges In-Hospital Death Length of Stay Total Charges In-Hospital Death

Gastroparesis-related
hospitalizations
Primary diagnosis 29,187 47,726,558 60 62,296 208,263,570 57
Secondary diagnosis∗ 455,234 863,291,147 1,454 849,667 3,291,756,583 1,709

Other upper GI conditions
as primary diagnosis∗

GERD 268,302 569,048,424 122 258,741 1,266,554,967 53
Gastric ulcer 604,436 1,295,370,569 3,096 478,210 2,233,560,923 2120
Gastritis 592,254 1,008,033,754 1,269 507,760 2,078,923,132 839
Nausea/vomiting 132,182 200,905,164 326 208,139 685,351,009 304

∗Some hospitalizations had GERD, gastric ulcer, gastritis, or nausea/vomiting as the primary diagnosis and gastroparesis as the secondary diagnosis. These hospitalizations were
included in both groups.
GERD = gastroesophageal reflux disease.

hospitalizations with nonspecific nausea/vomiting as the pri-
mary diagnosis might be in part due to better recognition/
diagnosis of gastroparesis. Noticeably, there was a marked
increase in hospitalizations with gastroparesis as the primary
diagnosis after 2000, with a concomitant, marked increase in
its mean total charges. Several important events took place
around that time. First, the prokinetic agent cisapride was
taken off the market, and this might have increased the num-
ber of symptomatic patients. Secondly, gastric electric stimu-
lation received U.S. Food and Drug Administration (FDA) ap-
proval through a humanitarian device exemption around that
time. This treatment often entails hospitalization for surgical
placement of the stimulator (23). There could have been an
increased recognition of this disorder and possibly a change
in hospital coding practice. Thirdly, there was an increase in
utilization of the 4-h gastric emptying scintigraphic study,
which was shown to increase the diagnostic yield of gastro-
paresis (24). Further studies are needed to determine whether
these or any other changes contributed to the marked increase
in hospitalizations with gastroparesis as the primary diagno-
sis after 2000.

Note that of the upper GI conditions studied as the pri-
mary diagnosis, gastroparesis had the longest length of stay
and the highest or second highest total charges. It is some-
what surprising to find that patients hospitalized with gastro-
paresis as the primary diagnosis differed significantly from
those with gastroparesis as the secondary diagnosis. The lat-
ter were much more likely to be diabetic and had more diag-
noses, more procedures, higher hospital charges, and more
in-hospital deaths. The reasons for these differences are un-
clear. One possible explanation is that patients with idiopathic
gastroparesis might be more likely to be admitted and treated
under the primary diagnosis of gastroparesis, whereas more
complicated cases, such as diabetic patients with multiple
complications including gastroparesis, might be admitted and
treated under a more serious or life-threatening primary diag-
nosis such as diabetic ketoacidosis. The differences between
gastroparesis as the primary diagnosis and gastroparesis as

the secondary diagnosis may reflect different disease state or
severity.

Although this study provides important information about
gastroparesis-related hospitalizations in the United States, it
has several limitations associated with the use of the HCUP
NIS database. Patients with more severe forms of gastropare-
sis are likely to be overrepresented in this inpatient database.
The diagnosis of gastroparesis could not be truly validated,
as is the case in any retrospective study. The lack of a patient
identifier made it impossible to differentiate multiple hospi-
talizations of the same patient. Even though the NIS recorded
up to 15 diagnoses, it is unknown which were prehospitaliza-
tion or existing diagnoses. In addition, past surgical history
is not available. Consequently, the etiology of gastroparesis,
whether due to diabetes, past surgery, or idiopathic, could not
be ascertained. The database also failed to adjust for hospital
coding changes over time, which might be driven by reim-
bursement changes. Finally, total charges instead of the actual
reimbursement data were reported, with the caveat that the
reimbursement ratios might have dropped over time.

In summary, the number of gastroparesis-related hospital-
izations has been increasing in the United States. This may
suggest an increasing prevalence of gastroparesis. The eco-
nomic impact of gastroparesis-related hospitalizations, as the
primary diagnosis and even more so as the secondary diag-
nosis, is significant and increasing. More studies are needed
to better understand the prevalence of gastroparesis, its eti-
ologies including the relationship with type 2 diabetes, its
natural history, and its incremental effect on the use of med-
ical care.
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STUDY HIGHLIGHTS

What Is Current Knowledge

� Gastroparesis is a common cause of nausea, vomiting,
bloating, and abdominal discomfort in the absence of
mechanical obstruction.

� The common etiologies of gastroparesis are diabetes,
postsurgical, and idiopathic.

� The prevalence of gastroparesis in the United States is
unknown.

What Is New Here

� Hospitalizations with gastroparesis as the primary or
secondary diagnosis increased 138% during 1995–
2004, suggesting an increasing prevalence of gastro-
paresis.

� Of the five upper gastrointestinal conditions studied as
the primary diagnosis, gastroparesis had the longest
length of stay and the highest or second highest total
charges in 2004.

� The economic impact of gastroparesis-related hospi-
talizations is significant and increasing in the United
States.
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