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Goals:We aimed to establish the epidemiological characteristics and
documentation of diagnostic workup for gastroparesis (GP).

Background: No study has used a national database to evaluate the
prevalence, demographics, and associated comorbid conditions of
GP, and document rates of proper diagnosis.

Materials and Methods: This was a cross-sectional population-based
study using the Explorys Platform to determine the prevalence of GP in a
large and diverse population highly representative of the US population
and to examine the diagnostic approach of GP. Data collected were
individual characteristics from electronic medical records (EMRs)
included age, ethnicity/race, sex, diagnostic report for esophagogas-
troduodenoscopy (EGD) and gastric emptying study (GES).

Results: A total of 43,827,910 medical records were surveyed (1999
to 2014), of which 69,950 had a diagnosis of GP, yielding an overall
prevalence of 0.16%. We identified 249,930 EMRs with type 1
diabetes mellitus (T1DM), and 2,940,280 EMR’s with type 2 dia-
betes mellitus (T2DM), of which 11,470 (4.59%) and 38,670 (1.31%)
EMR’s had concurrent GP, respectively. The remainder 19,810
EMRs with a diagnosis of GP were classified as having idiopathic
GP. In all three subgroups, women and Caucasians had the highest
prevalence of GP. The diagnosis of GP was confirmed by both GES
and EGD in 9,950 of patients (14.22%). For patients with T1DM,
T2DM, or idiopathic GP, GP was confirmed by both diagnostic
tests in 16.8%, 14.0%, and 13.2%, respectively.

Conclusions: Our estimated rates of prevalence of GP in T1DM and
T2DM indicate that GP is not a common clinical complication in
these populations. Majority of EMRs that indicated a diagnosis of
GP did not include any documentation of definitive diagnostic
testing (EGD and/or GES).

KeyWords: gastroparesis, diabetes mellitus, idiopathic, gastric emptying
study

(J Clin Gastroenterol 2020;54:50–54)

G astroparesis (GP) is a syndrome characterized by
delayed gastric emptying (GE) in the absence of

mechanical gastric outlet obstruction.1 Although GP can be
asymptomatic, it typically presents with postprandial full-
ness (early satiety), nausea, vomiting, and abdominal pain.2

To meet diagnostic criteria, symptoms must be present for
> 3 months, with symptom correlation, and documented
delayed GE. Symptoms, especially abdominal pain, can be
confused with many other gastrointestinal disorders, such as
functional dyspepsia, in which a small minority of patients
can have delayed GE, making diagnosis challenging.3 The
reported prevalence of GP in the general population is quite
variable, especially among presumed high-risk groups,
including postoperative gastric surgery individuals and those
with type 1 or type 2 diabetes mellitus (T1DM and T2DM).
Published reports have estimated a prevalence of GP in the
US population of 4%,4 30% in T2DM,5 and up to 58% in
T1DM.6 This wide discrepancy may reflect differences in
ascertainment when surveys are applied to the general
population in contrast to those in tertiary referral
centers.7–11 Large population-based studies are lacking, and
the true prevalence of GP in the general population and in
specific high-risk groups remains to be defined. Finally, the
majority of patients with GP may not seek health care,
contributing further to discrepancies in the prevalence of
GP.7

The etiology of GP is diverse. The majority of patients
diagnosed with GP are those with postoperative anatomic
alterations, diabetes mellitus, and idiopathic disease.12 Pre-
sentation with nonspecific symptoms can often lead to an
extensive medical evaluation, with inherent significant hos-
pital costs, including hospital admission. A recent review of
costs from a National Inpatient Sample database by
Wadhwa et al13 described a significant increase in such costs
from $13,350 per patient in 1997 to $34,585 per patient in
2013. Moreover, there has been a 138% increase in hospi-
talizations related to GP between 1995 and 2004.1 Beyond
the medical costs, GP is a debilitating disease, associated
with significant morbidity and mortality.14 GP imposes
significant psychological distress and poor quality of life,
with depression and/or anxiety in 24% of the GP
population.15 For all of these reasons, it is important to
conduct a cost-effective diagnostic approach to ensure
proper management. A clinical presumptive diagnosis of GP
requires verification by specific tests, including esoph-
agogastroduodenoscopy (EGD) and a validated measure of
GE [gastric emptying study (GES)]. As its initial description
> 40 years ago, scintigraphy assessment has been considered
the standard modality used to diagnose GP.16–18

Current innovations in electronic medical records
(EMRs) and search engines allow for the analysis of large
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samples to be surveyed using expanded databases. Explorys
is a national database that links several hundreds of hospi-
tals across the United States electronically, enabling the
extraction of nonidentifiable data from medical records of
millions of cases.

The aims of the study were to estimate the rate of
prevalence of GP in patients with T1DM, T2DM, and in a
diverse large population sample representative of the United
States overall. In addition, we aim to evaluate and deter-
mine the current clinical tools used to diagnose GP, and if
proper documentation is being reported by clinicians.

MATERIALS AND METHODS
A total of 43,827,910 medical records between 1999 to

2014 were surveyed using Explorys, a cloud-based platform,
originally designed by the Cleveland Clinic Foundation
(Cleveland, OH) in 1990, which was later acquired by IBM
Watson (Armonk, NY). This platform is a large, HITECH
and HIPAA-compliant, national database search engine
with the capacity to survey EMRs. One major advantage of
Explorys is its capacity to de-identify records to preserve
anonymity. At the time of this study, Explorys had access to
over 340 hospitals in the United States, comprising 22 dif-
ferent health care systems, from 1999 (introduction of
Explorys) to 2014 (end date of the study). Explorys performs
searches on a private cloud web-based system based on ICD
codes, demographics, medications, and laboratory results,
alone or in combination. It can also apply a temporal
relationship to various diagnostic testing and diseases (ie,
searching EGD or GES documentation before a diagnosis
of GP).

We surveyed all patients with an active EMR in the
given timeframe. Search terms for the survey included a
diagnosis of GP using the ICD-9 library (536.3). We cor-
roborated the concordance of diagnosis by reviewing the
charts with this diagnosis from our own Hospital. Once
identified, we obtained the following data from the records:
age, sex, diabetes diagnosis (yes, no), type of diabetes (1, 2),
ethnicity/race, EGD report (yes, no), and GES (yes, no).
Rates of prevalence for GP were calculated for the pop-
ulation at large (numbers of all cases with GP as a percent
of all medical records surveyed). We also calculated rates
of prevalence segregating the population into specific

subgroups: (1) patients with T1DM, (2) patients with T2DM
and, (3) no history of diabetes, connective tissue disorders,
neurological disorders or gastric surgery, including bariatric
surgery (564.2), defined as idiopathic gastroparesis (IGP) in
our study. Exclusion criteria for the cohort of T1DM,
included T2DM and having any postgastric surgery status.
Likewise, exclusion criteria for the subgroup of T2DM
included those with T1DM and having any postgastric
surgery status. Because the codiagnosis of diabetes repre-
sented an etiologic factor for GP, patients were required to
have a diagnosis of diabetes (T1 or T2) before the diagnosis
of GP.

Data Analysis
Our analysis was based on the presumption that the

entire national database was at risk for GP. Rates of each
subgroup of GP were calculated using a proportional
analysis. Groups were compared using χ2 testing to estimate
confidence intervals and P-values using statistical software
(MedCalc).19 In addition, because Explorys rounds all
numerical data to the nearest 10, statistical analysis could
not be performed when a result was <10. A P-value <0.05
was considered to be statistically significant.

RESULTS
Of the 43,827,910 medical records surveyed 69,950 had

a diagnosis of GP for a prevalence rate of 0.16%. From
249,930 EMRs that had a diagnosis of T1DM, 11,470
indicated a concurrent diagnosis of GP for a rate of prev-
alence within this population of 4.59%. Moreover, 2,940,280
EMRs were identified with the diagnosis of T2DM of which
38,670 also had a diagnosis of GP (1.31%). The remainder
EMRs with a diagnosis of GP (19,810) had presumed IGP
for a prevalence rate of 0.05%. Patients with T2DM com-
prised 55.3% of all patients with GP, those with T1DM
16.4%, and the rest were grouped as IGP (28.3%, Fig. 1).

Caucasians had the highest rate of prevalence of GP in
all cohorts, followed by African Americans (Table 1).
Females had a higher prevalence of GP in all subgroups,
accounting for a total of 66.1% of all GP patients identified.
Within subgroups with a prior diagnosis of diabetes, there
was also a predominance in females (62.0% in the T1DM

FIGURE 1. Flow diagram of the breakdown of patients with gastroparesis, represented by the total cohort. T1DM indicates type 1
diabetes mellitus; T2DM, type 2 diabetes mellitus.
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population, 63.5% in T2DM) as well as in the idiopathic
group (58.9%).

Although the absolute number of cases GP was greater
in the T2DM group, this was largely due to the fact the
prevalence of T2DM was much greater than the T1DM
population or the IGP. However, when comparing the
percentage of GP within each subgroup, we found a greater
incidence of GP in the T1DM group (4.6%, P< 0.0001).
This was followed by the T2DM group, with 1.3% of
patients with subsequent GP diagnosis (P< 0.0001), as
compared with the GP prevalence of 0.16% in the total
population (Table 2). The prevalence rate of GP in T1DM
was 3.5 times higher than GP prevalence in T2DM (95%
confidence interval: 38.4%-39.4%, P< 0.0001).

Figure 2 describes the age distribution of GP across all
three subgroups. In patients younger than age 39 years, IGP
incidence with the total GP group was highest. From ages
40 to 59, T1DM had the highest percentage of GP. T2DM

was predominately associated with GP from age 60 to
80 years above which there was a higher percentage of
patients with IGP.

The second part of the study examined the accuracy of
diagnosing GP, as reflected by the standard of care practice
that requires the exclusion of gastric outlet obstruction using
EGD, as well as the documentation of delayed GE using
GES. We found that the vast majority of patients with
diagnoses of GP in their EMR did not have adequate doc-
umentation of EGD or GES (85.8%). As shown in Table 3,
of all the patients diagnosed with GP in all groups, only
21.5% had documentation of prior GES, and only 14.2%
had both GES and EGD. In patients with T1DM, the rate
of testing with EGD and GES was slightly higher than in the
other subgroups (16.8%). The lowest rate of diagnostic
testing was found in the IGP group, with only 13.2% of
patients having undergone both GES and EGD.

DISCUSSION
The true prevalence of GP is unknown. One community-

based study in Olmsted County, MN described the incidence
and prevalence of GP, as well as outcomes.7 This study used
medical records in a single medical system to identify county
residents with GP, further characterizing them into three
distinct categories: (1) definite GP (delayed GE with scintig-
raphy+symptoms of > 3 months’ duration); (2) probable GP
(typical symptoms± food retention on EGD); and (3) possible
GP (typical symptoms without scintigraphy or EGD OR
asymptomatic patients with delayed GE). The authors iden-
tified 3604 GP cases, an incidence of 2.5 per 100,000 person-
years for men and 9.8 per 100,000 person-years for women
and concluded that GP is an uncommon disease.7 This study
was confined to a single county in Minnesota and hence
cannot be considered representative of the overall population
in the Unites States.

Our epidemiological population-based study is the
largest documented report of the prevalence of GP in cur-
rent literature, not limited to one tertiary care center, nor a
single community, but representative of the general pop-
ulation in the United States. Unlike most previous reports,
our current study has utilized an extensive network of
EMRs, and it supports the conclusion that the prevalence of
GP is less common than previously reported.7 The selected

TABLE 1. Demographics of Patients With GP as Compared With
the Total Population

Gender Age
and Race
Groups Gastroparesis

T1DM
With
GP

T2DM
With
GP IGP

Total
Cohort

N 69,950 11,470
(16.4%)*

38,670
(55.3%)*

19,810
(28.3%)*

43,827,910

Female (%) 66.1 62.0 63.5 58.9 53.1
Age (y)

< 20 850 30 40 860 6,889,700
20-29 3480 800 1050 1530 5,087,950
30-39 6600 1600 2740 2840 5,805,760
40-49 10,020 2160 5360 3350 5,620,000
50-59 14,720 2690 8820 3940 6,139,940
60-69 14,680 2150 9150 3250 5,387,730
70-79 10,710 1270 6780 2550 3,756,300
80+ 7870 620 4110 2520 4,035,950

Ethnicity
Caucasian 48,790 6000 20,090 16,120 24,484,380
African

American
13,980 2970 8890 1690 4,429,010

Asian 3550 50 260 180 2,087,990
Hispanic/

Latino
1350 70 700 170 832,880

Unknown/
other

2280 1570 4830 3210 11,993,650

GP indicates gastroparesis; IGP, idiopathic gastroparesis; T1DM, type 1
diabetes mellitus; T2DM, type 2 diabetes mellitus.

*P< 0.0001 when compared with the total population.

TABLE 2. Clinical Characteristics of Patients With T1DM, T2DM,
and Rate of Gastroparesis

Gender and Age
Groups T1DM T2DM Controls

N 249,930 2,940,280 43,827,910
Female (%) 51.6 51.4 55.6
Age (y)

< 20 8270 8580 5,842,256
20-69 145,520 1,305,530 26,523,610
≥ 70 94,550 1,456,680 10,141,270

Prevalence Rate of GP*
[n (%)]

11,470 (4.6) 38,670 (1.3) 69,950 (0.16)

T1DM indicates type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
*P< 0.0001 when compared with the total population.

FIGURE 2. Incidence of GP with cohorts across all age groups. GP
indicates gastroparesis; IGP, idiopathic gastroparesis; T1DM, type
1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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search engine was designed to collect data without any
identifier, including a hospital or clinic that holds the
records. This allows for searches to be performed without
requiring institutional review board approval but introduces
the possibility of ascertainment bias by over or under-
representation of academic/community/urban/rural hospitals.
The likelihood that our data is biased based on the latter is
unlikely due to the massive amount of hospitals and medical
records researched.

Our study found a predominance of GP in the female
population, 1.5 higher than in males, across all populations
and ages. The demographics of our study allowed to con-
trast rates across the major ethnic groups in the United
States. Caucasians have the highest prevalence of any type
of GP and across all ages followed by African Americans.
Within the groups with diabetes, the rate of prevalence was
4.6% in T1DM and 1.3% for T2DM, which contrasts to the
prevalence of 0.16% in the total population. Our data is very
consistent with the findings of Choung and colleagues that
evaluated at the risk of GP in the diabetic population over a
10-year period. They reported an incidence of 5.2% in
T1DM, 1.0% in T2DM, and 0.2% in individuals without
diabetes.20 The higher prevalence found among the patients
with diabetes may be due to a more intense diagnostic
scrutiny in this population, in as much as GP is considered a
chronic complication of diabetes.

Determination of the prevalence rate of any disease is
contingent on precise identification of the disease using the
appropriate diagnostic tools. In our study, we also gathered
information on the clinical studies considered standard of
care for diagnosis of GP, namely EGD to exclude gastric
outlet obstruction, and GES to document delayed GE. We
found remarkably low rates of diagnostic testing, especially
in those patients considered to have IGP but also very low
for patients with either T1DM or T2DM. This observation
concurs with the study of Choung et al20 and indicates that
most clinicians rely too much on symptoms alone for
diagnosis of GP. These nonspecific symptoms (dyspepsia,
abdominal pain, nausea, emesis) are also found in patients
with other abnormalities, including cyclic vomiting syn-
drome, psychiatric disorders, somatoform disorders, peptic
ulcer disease, and other gastrointestinal disorders.

The principal strength of the current study is the large
sample size of over 43 million patients. The population-based
study is representative of all patients with an EMR, and,
owing to its size, is the largest documented cohort of GP in
current literature. We found a very low rate of appropriate
diagnostic testing. The latter may inflate the diagnosis of GP
as the cardinal symptoms of GP (nausea, vomiting, and pain)
are very common but nonspecific. Widespread use of medi-
cations such as opioids may also bias the diagnosis.21

Limitations include being a retrospective study. In
addition, our results are dependent on accurate physician
documentation into a patient’s EMR. However, it is
important to note clinicians should document proper
assessment and procedures into a patient’s EMR.

In summary, we found that GP is less common than
reported previously in some studies,4–6 but is in agreement
with other smaller community-based studies.1,7 As expected,
higher prevalence rates were found in patients with diabetes,
specifically T1DM. The rates of prevalence may be an
overestimation as the diagnosis of GP is not been estab-
lished with the recommended standard of care in many of
the cases with this diagnosis. This may also be due to
improper documentation in EMRs by clinicians and should
encourage physicians to report and update a patient’s his-
tory properly. If indeed there is overdiagnosis of GP, the
actual rate of prevalence of GP may even lower than our
estimates, supporting the proposal to consider GP an
orphan disease.
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