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Abstract
Background—The epidemiology of the gastroparesis is unknown. We aimed to determine the
incidence, prevalence and outcome of gastroparesis in the community.

Methods—Using the Rochester Epidemiology Project, a medical records linkage system in
Olmsted County, Minnesota, we identified county residents with potential gastroparesis. The
complete medical records were reviewed by a gastroenterologist. Three diagnostic definitions
were used: 1) definite gastroparesis: delayed gastric emptying by standard scintigraphy and typical
symptoms for more than 3 months 2) probable gastroparesis: typical symptoms and food retention
on endoscopy or upper GI study 3) possible gastroparesis: typical symptoms alone or delayed
gastric emptying by scintigraphy without GI symptoms. Poisson regression was used to assess the
association of incidence rates with age, gender and calendar period.

Results—Among 3604 potential cases of gastroparesis, 83 met diagnostic criteria for definite
gastroparesis, 126 definite plus probable gastroparesis, and 222 any of the three definitions of
gastroparesis. The age-adjusted (to 2000 U.S. whites) incidence per 100,000 person-years of
definite gastroparesis for the years 1996–2006 was 2.5 (95% CI, 1.2–3.8) for men, and 9.8 (95%
CI, 7.5–12.1) for women. The age-adjusted prevalence of definite gastroparesis per 100,000
person on January 1, 2007 was 9.6 (95% CI, 1.8–17.4) for men and 37.8 (95% CI, 23.2–52.4) for
women. Overall survival was significantly lower than the age and gender specific expected
survival computed from the Minnesota white population (p<0.05).

Conclusions—Gastroparesis is an uncommon condition in the community, but is associated
with a poor outcome.
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INTRODUCTION
Gastroparesis is a syndrome characterized by delayed gastric emptying1 in the absence of
mechanical obstruction of the stomach. Delayed gastric emptying is traditionally associated
with nausea, vomiting, postprandial fullness, early satiety, bloating and abdominal pain but
asymptomatic cases have been reported.2,3,4 Mild gastroparesis is thought to have a low
mortality rate, but patients with decompensated gastroparesis are more likely to develop
complications and have related mortality.4 The number of gastroparesis-related
hospitalizations has been increasing in the United States, and the economic impact of
gastroparesis-related hospitalizations is significant and may be increasing.5

The prevalence of gastroparesis is difficult to estimate due to the relatively poor correlation
of symptoms with gastric emptying,3 and the need to apply a diagnostic test in a community
setting.4 It is unclear if the majority of patients with gastroparesis seek health care or how
often they are referred to gastroenterologists, and therefore the true prevalence of
gastroparesis is not known.

The etiology of gastroparesis may be diverse but most cases are classified as idiopathic or
occur secondary to diabetes mellitus.4 Population-based studies have shown that 11–18% of
patients with diabetes have upper gastrointestinal symptoms,6 and in a referral center,
delayed gastric emptying was present in 50–65% of patients with diabetes. 7,8 However,
how often delayed gastric emptying explains dyspepsia in diabetes in the community setting
is uncertain.1, 7

The natural history of gastroparesis is largely unknown. One study suggested that symptoms
and gastric emptying in 20 patients with diabetes were generally stable over 12 years of
follow-up.9 In another study of 86 diabetic patients who were followed for at least 9 years,
delayed gastric emptying was not related with mortality after adjustment of comorbidities.8
However, other data from a tertiary setting over 6 years follow-up observed that 7% had
died and 22% needed long-term parenteral or enteral feeding, suggesting gastroparesis is not
a benign condition.4 Community studies of the outcome of gastroparesis are lacking, and
studies conducted in tertiary referral centers may not reflect findings encountered in the
general population.

Population-based research in Olmsted County, Minnesota, has been made possible using the
data resources of the Rochester Epidemiology Project (REP).10 The system allows nearly
complete enumeration of the population and has the ability to link individuals with their
complete lifetime in- and outpatient medical record. In this study, we aimed to estimate the
incidence and prevalence of gastroparesis in the general population. We also evaluated
outcomes, including natural history and survival in a community based cohort of subjects
identified with gastroparesis.

METHODS
Setting

This study was approved by the Institutional Review Boards of the Mayo Foundation and
the Olmsted Medical center.
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Olmsted County is approximately 653 square miles and is located in southeastern
Minnesota, 90 miles from a major metropolitan center (Minneapolis/St. Paul). The 2000
census population was 124,277 residents, with 24% employed in the health care industry.
The urban center of Rochester (2000 population, 85,806) is surrounded by rural countryside.
The demographic characteristics very closely resemble the US white population.10

Residents of Olmsted County receive their medical care almost exclusively from two group
practices: Mayo Medical Center and Olmsted Medical Center. Mayo Clinic has maintained a
common medical record system with its two affiliated hospitals (Saint Mary’s and Rochester
Methodist) for over 100 years. Recorded diagnoses and surgical procedures are indexed,
including the diagnoses made for outpatients seen in office or clinic consultations,
emergency room visits or nursing home care, as well as the diagnoses recorded for hospital
inpatients, at autopsy examination or on death certificates. This system was further
developed by the Rochester Epidemiology Project (REP), which created similar indices for
the records of other providers of medical care to local residents, most notably the Olmsted
Medical Group and its affiliated Olmsted Community Hospital (Olmsted Medical Center).
Thus, details of the medical care provided to the residents of the County are available for
study. Annually, over 80% of the entire population is attended by one or both of these two
practices, and 96% are seen at least once during any given four-year period. This provides
the capability for population-based studies of disease and outcomes by affording access to
the details of the medical care sought by residents of Olmsted County at almost all area
medical facilities.

Case ascertainment
All county residents diagnosed between January 1, 1996 and December 31, 2006 with
gastroparesis were identified by one of two mechanisms. First, potential cases were
identified using the diagnostic index developed by the REP including all Mayo and non-
Mayo Clinic patients who were Olmsted County residents. The potential cases were
identified as having one or more of the following diagnostic or surgical codes: gastroparesis,
H-ICDA-8 5379662 or ICD-9 536; paresis of stomach, H-ICDA-8 5379660; paralysis of
stomach, H-ICDA-8 5379661; gastroparesis with diabetes, H-ICDA-8 5379670; impaired
gastric emptying, H-ICDA-8 5361242; atonia of stomach, H-ICDA-8 5361130; pseudo-
obstruction, H-ICDA-8 5649450; stasis or atonia of intestine, H-ICDA-8 5649120, 5649130,
5649131; insertion of feeding tube, H-ICDA-8 34161131 or ICD-9 V44.1. Second, we
linked the list of all patients who had undergone gastric emptying testing by scintigraphy at
Mayo Clinic with clinic registration data, to identify all residents of Olmsted County
residents who had their gastric emptying assessed. Gastric scintigraphy is only performed at
the Mayo Clinic in Olmsted County.

The diagnostic index was designed to be sensitive and thus this broad search should capture
all clinically diagnosed cases. However, a detailed chart review was undertaken to improve
specificity and ensure these cases actually had gastroparesis.

Case definition
Among the potential cases, three diagnostic definitions were used:

1. Definite gastroparesis: delayed gastric emptying by standard scintigraphy and
symptoms of nausea and/or vomiting, postprandial fullness, early satiety, bloating,
or epigastric pain for more than 3 months,

2. Probable gastroparesis: symptoms as above plus food retention on endoscopy or an
upper GI study, but no scintigraphy had been performed,
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3. Possible gastroparesis: typical symptoms alone or delayed gastric emptying by
scintigraphy in the absence of GI symptoms.

Scintigraphic techniques were routinely used to evaluate gastric emptying as described in
prior studies conducted in our laboratory.11 All patients discontinued their medications 48
hours before testing. After an overnight fast, a 99mTc-sulfur colloid labeled egg meal
assessed gastric emptying. The eggs were served with one slice of buttered bread and an 8-
oz glass of 1% milk (total calories: 296 kcal, 32% protein, 35% fat, 33% carbohydrate).
Anterior and posterior gamma camera images were obtained at 0, 1, 2, and 4 hours after the
test meal ingestion. Delayed gastric emptying was defined as a proportion emptied that was
slower than two standard deviations below the cutoff in healthy subjects at either the 2 or 4
hour time point.12, 13

We excluded patients with identifiable causes of nausea, vomiting or fullness, related to
gastric outlet obstruction or mechanical obstruction. The subjects who had possible
gastroparesis symptoms but normal or fast gastric emptying by scintigraphy were excluded,
however, the subjects who had retained food on endoscopy or an upper GI study but
exhibited normal or fast gastric emptying were classified as probable gastroparesis cases
(n=6). Any patients who refused general authorization for review of their medical records
for research and thus could not be studied according to Minnesota statute were excluded.

Data collection
We performed several steps to ensure reliability and high quality. All information pertaining
to diagnosis was recorded in a specifically designed standardized clinical data form.
Demographic data as well as clinical and outcome data were collected from the complete
medical records, including all inpatient and outpatient records. Variables were obtained from
a thorough review of the doctor’s note, medication history, past medical and surgical
history, radiologic studies, including double contrast upper GI X-ray, small bowel and colon
studies for exclusion of mechanical obstruction, abdominal-pelvic CT scan, scintigraphy,
endoscopy and pathology in electronic and paper chart format. Each clinical record was
reviewed by two experienced gastroenterologists (H.J. and R.C). Any uncertainties in data
abstraction were discussed with an experienced investigator (G.R.L). For defining an
incident case, every case was exhaustively evaluated for prior disease.

Through careful review of the linked medical records, patients were followed from the time
of diagnosis of gastroparesis until death or date of last follow-up on January 1, 2007, in the
community. Mayo Clinic and Olmsted Medical Group which together provide almost all
care in the County maintain an institutional (“registration”) database in which routine
follow-up (e.g. correspondence with patients or next of kin or local providers of medical
care) is updated periodically, including clinic visits. From the database (which is up to date
for all Olmsted county residents), vital status (and, if deceased, date of death) was obtained
for all subjects used in this analysis.

An incident case was defined as any new case diagnosed over the 10-year study period. A
prevalent case was defined as having one or more following conditions in the 2 year period
prior to January 1st, 2007 : 1) any hospital visit related with gastroparesis as an in- and out-
patients clinic; 2) on medication related to gastroparesis 3) need for tube feeding related to
gastroparesis.

We checked Olmsted County residence status at the index date. Patients who resided outside
of Olmsted County at the time of initial diagnosis of gastroparesis were excluded from
incidence calculations, but were included in prevalence calculations if they resided in the
county. Patients who had a diagnosis of gastroparesis before 1996 were also included in
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prevalence calculations if they fulfilled the definition of a prevalence case during the two-
year period before January 1st, 2007.

Ascertainment of vital status and causes of death were obtained from medical records and
death certificates.

The following information was collected from the complete review of medical records:

1. Demographics; age at time of initial diagnosis and gender.

2. Date of initial diagnosis, any visit in the prior 2 years before January 1st 2007 and
last follow-up date (date of death if deceased).

3. Body mass index (BMI) at the diagnosis of gastroparesis.

4. Symptoms, including nausea, vomiting, postprandial fullness, early satiety,
bloating, epigastric pain, and weight loss.

5. Socioeconomic factors: marital status (married or not), employment status (retired,
student, employed, unemployed, disability, other) and educational level
(professional training, high school or some college, or less than high school).

6. Cigarettes and alcohol: we checked medical records for the use of cigarettes and
alcohol abuse (yes for current use of more the 7 times per week, no for never or not
current use).

7. Possible causes of gastroparesis: we searched the records for evidence of diabetes
mellitus, post-surgical gastroparesis related to gastrectomy or fundoplication,
connective tissue diseases (such as systemic sclerosis or Sjögren’s syndrome),
dermatomyositis, hypothyroidism, malignancy, Parkinson’s disease, and other
neuromuscular disease. Idiopathic gastroparesis was defined as no definitive
underlying cause and included acute viral illness related to gastroparesis. Co-
morbid psychiatric diseasee such as anxiety/depression and eating disorders were
also recorded.

8. Medications: any medications that might possibly induce delayed GI motility, such
as narcotics, anti-cholinergic agents, calcium-channel blockers, and tricyclic anti-
depressants were recorded.

9. Complications of gastroparesis: we recorded nutritional support given including
parenteral nutrition or tube feeding, hospitalization for gastroparesis, Botulinum
toxin injections into the pylorus, balloon dilatation of the gastric outlet, gastric
electrical pacing, or surgical treatment (e.g. gastrostomy, jejunostomy,
pyloroplasty, partial or total gastrectomy).

10. Cause of death: primary cause of death in the death certificate or medical record
was recorded.

Statistical analysis—The entire population of Olmsted County from 1996 to 2006 was
considered at risk for gastroparesis. Age- and sex-specific denominator values were derived
from decennial census data for Olmsted County with linear interpolation between census
year. Because the Olmsted County population was >90% white during most of the study
period, the overall incidence and prevalence estimates were directly age- and age-and sex -
adjusted to the population distribution of U.S. whites in the year 2000. The point prevalence
of gastroparesis in the community was calculated based on the number of case subjects
residing in Olmsted County on January 1, 2007. The 95% confidence intervals (CI) for the
incidence and prevalence of gastroparesis were estimated assuming a Poisson distribution of
cases. The association of incidence of gastroparesis with age at diagnosis, gender, and
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calendar year of diagnosis (5-year intervals) were evaluated using Poisson regression. Three
separate analyses were examined corresponding to the three overlapping cohorts: 1) the
definite gastroparesis cohort, 2) the definite plus probable gastroparesis cohort, and 3) the
definite plus probable plus possible gastroparesis cohort.

Overall survival was summarized using the Kaplan-Meier product-limit life table method.
The survival of Olmsted County gastroparesis patients was compared with the expected
survival of Minnesota whites in 2000 using the log rank test. A Cox proportional hazards
regression model examined the association of survival with age at diagnosis, gender,
calendar year of diagnosis, and the most likely cause of gastroparesis in each subject.

RESULTS
Case characteristics

The initial query of the diagnostic index and gastric emptying test database yielded 3604
potential cases. We excluded 241 (6.7%) subjects who refused research authorization. As a
quality control check we reviewed 100 randomly selected medical records from a list of
dyspepsia or dyspepsia related codes in non-Mayo Clinic subjects, and did not identify any
eligible cases; therefore all cases with these diagnostic codes (n=1215) were excluded. We
also reviewed the 210 randomly selected medical records from a list of patients that had
undergone tube feeding, and no definite gastroparesis cases were identified, though one case
meeting criteria for possible gastroparesis was found; these diagnostic codes (n=1154) were
therefore not further considered. Finally, we reviewed detailed medical records of 994
potential cases identified by the diagnostic index or gastric emptying test roster. On the basis
of the criteria mentioned above, 772 patients were excluded for the following reasons: 151
normal or fast gastric emptying patients who did not meet the definition of gastroparesis. 13
of the patients underwent gastric emptying testing more than two times, and we considered
these patients to be a gastroparesis case if one of their gastric emptying tests was abnormally
delayed. A total of 567 patients had another GI motility disorder or neurogenic bowel
without gastroparesis; 20 mechanical obstruction; 6 biliary disease; 5 malignancy including
1 ovarian cancer, 2 pancreatic cancer, 3 carcinomatosis peritoni; active ulcerative colitis or
Crohn’s disease in 5; and other reasons in 19 patients.

Among the 222 eligible cases of gastroparesis, 4 patients had a diagnosis of gastroparesis
before 1996 and were not included as incidence cases, but were considered as prevalence
cases. A total of 83 patients met diagnostic criteria for definite gastroparesis while 44 were
probable cases and 95 were possible cases between 1996 and 2006 (Table 1). Overall, 68 out
of 83 patients with definite gastroparesis were female (82%). The mean age (±SD) at
diagnosis of definite gastroparesis was 44 (±21) years, with the range of 4–86 years.

Among the patients with definite gastroparesis, nausea and vomiting were the most common
symptoms (73.5% and 53%, respectively). Other major contributing symptoms to the
clinical presentation were abdominal pain (44.6%), bloating (31.3%), weight loss (30.1%),
postprandial fullness (22.9%) and early satiety (28.9%).

Amongst the cases with definite gastroparesis, the cause was identified to be diabetes
mellitus in 21 patients (25.3%), drugs in 19 (5 narcotics, 9 antidepressant, 2 antipsychotics,
3 others, 22.9%), connective tissue disease in 9 (10.8%), post-surgical gastroparesis in 6
(7.2%), and malignancy in 2 (familial adenomatous polyposis and myeloproliferative
leukemia, 2.4%); idiopathic gastroparesis was determined to be the cause in 41 cases
(49.4%), including acute viral illnesses (n=9) (table 2). Co-morbid psychiatric illnesses were
identified in 25 patients (20 anxiety/depression, 5 other).
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Incidence and prevalence of gastroparesis
The sex specific age-adjusted (to 2000 U.S. whites) incidence per 100,000 person-years for
definite gastroparesis over the years 1996–2006 was 9.8 (95% CI, 7.5–12.1) in women and
2.4 (95% CI, 1.2–3.8) in men. The female-to-male age adjusted ratio was thus
approximately 4:1 (Table 3). Poisson regression analysis indicated that the incidence of
definite gastroparesis increased significantly with advancing age (Fig 1A), with a peak
incidence of 10.5 per 100 000 in patients ≥ 60 years of age. The incidence of definite
gastroparesis was significantly greater in women than in men (p<0.001), but no effect of
calendar period was detected (Fig 2). These findings were replicated in the cohorts of
definite plus probable gastroparesis, and all possible gastroparesis subjects.

On January 1, 2007, there were 65 Olmsted County residents alive with a diagnosis meeting
the criteria for definite, probable or possible gastroparesis. The age-adjusted prevalence of
definite gastroparesis per 100,000 persons was 37.8 (95% CI, 23.3–52.4) in women and 9.6
(95% CI, 1.8–17.4) in men (table 4). As expected, prevalence rates were significantly higher
among women than men (age-adjusted female to male ratio of 3.9:1).

Outcomes
This population-based cohort study was followed up for a median duration of 5 years (range
0–12 years). During these follow-up periods, therapeutic interventions more than medication
were needed in 54 patients (24.8%) with definite plus probable plus possible gastroparesis.
Among them, 47 patients needed hospitalization for tube feeding or parenteral nutrition, 5
patients required tube feeding or parenteral nutrition without hospitalization, and 2 patients
underwent Botox injection in the pylorus for treatment.

Figure 3 shows the survival of the cohort comprising the definite plus probable plus possible
gastroparesis, observed from the time of diagnosis in comparison to the expected survival of
the Minnesota white population, adjusting for age and gender. The estimated 5-year survival
in the cohort was 67% (95% CI, 60%–75%), compared with an expected 81% survival
(p<0.01) (Fig. 3). This reduced survival was similarly observed in the definite gastroparesis
cohort.

Among the 69 patients who died, the most common causes of death were cardiovascular
disease in 17 cases (24.6%), respiratory failure in 16 (23.2%), malignancy in 11 (15.9%),
chronic renal failure in 11 (15.9%), a cerebrovascular accident in 7 (10.1%) and other causes
in 7 (10.1%). Among the patients with gastroparesis in this study, 13 patients underwent
repeated gastric emptying testing with an interval of between 1 and 6 years; 4 patients whose
symptoms improved still had delayed gastric emptying on the second test, while the
remaining 9 patients had symptom improvement and normal gastric emptying on repeat
testing.

A Cox proportional hazards regression model assessed the association of age at diagnosis,
gender, and cause of gastroparesis (idiopathic vs. non-idiopathic) with time to death among
the patients with definite plus probable plus possible gastroparesis cohort. As expected,
older age at diagnosis was associated with decreased survival (p<0.0001), and male gender
was modestly associated with poor survival (p=0.06). Cause of gastroparesis was associated
with survival (p=0.009) with idiopathic gastroparesis exhibiting better survival in contrast to
non-idiopathic gastroparesis. Overall, 92 out of 222 patients with gastroparesis (definite,
probable and possible) had diabetes mellitus; 36 of the diabetic cases were deceased. Non-
diabetic gastroparesis was associated (p=0.0007) with better survival than diabetic
gastroparesis.

Jung et al. Page 7

Gastroenterology. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
This population-based epidemiological study of gastroparesis has determined the incidence
and prevalence of gastroparesis, and we observed significantly lower estimates than data
based on tertiary hospital settings.4 The age and gender-adjusted incidence of definite
gastroparesis ranged from 6.3 to 17.2 cases per 100,000 person-years. Even applying
broader criteria for gastroparesis, the incidence and prevalence remained similar,
irrespective of the different diagnostic criteria used. Notably, the disease burden of
gastroparesis is similar to other important gastrointestinal disease such as inflammatory
bowel disease 14, 15 and hence the observed prevalence still represents a substantial disease
burden in the United States.

Most studies on the prevalence of gastroparesis have come from tertiary referral centers or
have been limited to the diabetic gastroparesis.4,6,7,8 In previous studies, delayed gastric
emptying was reported in 30 to 50% of type 1 diabetic patients and 15 to 30% of type 2
diabetics 7, 16, 17, 18, 19, 20 Because of selection bias, the previous studies of gastroparesis
might have overestimated the prevalence of gastroparesis. We would argue that our
observed prevalence of definite gastroparesis in Olmsted County of 37.8 in women and 9.6
in men per 100,000 persons represents a figure closer to the true disease burden in the USA
at least in whites.

Our study showed a distinct female predominance of gastroparesis, which is consistent with
prior investigations.4,5,7,8 The incidence and prevalence of gastroparesis in women was four
times higher than in men. In a tertiary single-center study, 82% of patients were women,
with a mean age of 45 year4 and this finding was similar with the gastroparesis-related
hospitalization data from North America.5 It is still unclear whether the higher incidence of
gastroparesis in women reflects a specific predisposition to develop delayed emptying.
Delayed gastric emptying has been noted to be more common in women compared with men
in most other studies.21,22,23,24 Several studies showed that female gender was associated
with delayed gastric emptying in both functional dyspeptics and in patients with diabetes.
20,22 In few studies, gastrointestinal transit time was significantly prolonged during the
luteal phase of the menstrual cycle when progesterone levels were increased compared with
the follicular phase.25,26 However, the role of ovarian hormones on gastric emptying is still
unclear.24,27 Another possible explanation is a difference in health-care seeking behavior. It
is generally accepted that most functional gastrointestinal disorders are more common in
women than in men and female patients with IBS and/or dyspepsia seek health care more
frequently than males.22 Whether more men have undiagnosed gastroparesis in the
community needs to be investigated.

The incidence rate of gastroparesis may be increasing with advancing age. Recent
gastroparesis-related hospitalization data in the United States showed increasing number of
gastroparesis related admissions from 1995 to 2004.5 These data were based on an all-payer
inpatient care database in the United States which covered approximately 20% of U.S.
hospitals. They postulated that the increase of gastroparesis-related hospitalizations defined
by ICD-9 code was reflective of the increasing prevalence of diabetes mellitus, changes in
gastroparesis diagnostic criteria, treatment, or better recognition and diagnosis of this
disorder.5 While the incidence rate during 2001–2006 was increased in Olmsted County
compared with that during 1996–2000, it didn’t reach the statistical significance but this
might reflect a type II error. It is therefore unclear whether the incidence rate of
gastroparesis is truly increasing or not.

Data describing the outcome and natural history of gastroparesis are very limited. One study
of 146 patients with gastroparesis in an academic referral center observed that three quarters
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of the patients required long-term medications and 7% of patients died after 6-years of
follow-up, suggesting a substantial amount of morbidity and mortality associated with
gastroparesis.4 Another study of the natural history of diabetic gastroparesis, however,
suggested that upper GI symptoms in patients with diabetes were stable over 12 years of
follow-up and delayed gastric emptying was not related with the increased mortality after
adjustment for comorbid diseases.7,8,20 Notably, these studies were limited because of
relatively small numbers of patients and potential referral bias.4,7,8 Among incident cases of
gastroparesis combing all subjects in this study, one third of patients died and another one
third required hospitalization, medications or tube feeding related to gastroparesis. Notably,
we observed that overall survival in patients with gastroparesis was significantly lower than
that of the Minnesota white population. These results indicate that gastroparesis is not a
benign condition and more aggressive management strategies need to be devised to reduce
mortality. We did note that the survival of the definite gastroparesis cohort was better than
that of all cases combined. The underlying causes of gastroparesis include diabetes mellitus,
surgery, connective tissue disease, systemic neuromuscular disturbances and Parkinson’s
disease4,5,7,8 and the definite gastroparesis cohort was composed of less secondary
gastroparesis and more cases of idiopathic gastroparesis, which likely has a better prognosis.
Also, patients with more severe co-morbidities may be less likely to be referred for
functional assessment of gastric emptying to confirm the diagnosis. We could not, however,
formally compare the outcome of idiopathic gastroparesis with secondary gastroparesis
because of study power.

The current study has several strengths. We took a population-based approach which should
have minimized the effect of referral bias and improved the generalizability of the results.
The entire population studied obtains care from indexed local providers and the entire
population is covered by a unified diagnostic index. Case ascertainment was based on a
community-wide diagnostic index that has an established track record of accuracy,10 and the
population at risk was clearly defined because of the geographic demarcation of the
community. Furthermore, we specified three specific gastroparesis cohorts including those
with definite and possible disease which would be expected to cover all gastroparesis cases
in the community. There are also some potential limitations of this study. First, this was a
historical cohort study and hence misclassification of gastroparesis may have reduced our
estimates of the incidence and prevalence. A key issue may be underreporting or under-
recognition of gastroparesis although we took every step to minimize this issue. Second, this
study is not representative of all ethnic groups with gastroparesis because our cohort mainly
consisted of a white population. Functional dyspepsia in non-referred multiethnic subjects in
the United States may have a higher prevalence in African-Americans than in whites, but
data on gastroparesis are not available.28 Hence, it is not clear whether ethnic differences
influence the epidemiology of gastroparesis or not. Third, we may have underestimated the
prevalence of gastroparesis as not everyone with gastroparesis-like symptoms will undergo a
gastric emptying test, and there may be some with gastroparesis who are otherwise well and
have never presented for care. Therefore, health care seeking behavior or practice patterns
may have influenced the prevalence estimates, although we tried to minimize selection bias
by applying different diagnostic certainties. Finally, the reproducibility of gastric emptying
scintigraphy may vary, and gastric emptying status may have been misclassified because of
concurrent medication use. However, all patients who underwent gastric emptying testing
followed strict standarized instructions in terms of any medication use permitted in the 48
hours prior to the study. The gastric emptying testing performed at Mayo Clinic has been
validated and excellent reproducibility has been documented.11, 29–31 Among the patients
with gastroparesis in this study, 13 patients underwent repeated gastric emptying testing
with an interval of between 1 and 6 years. Of these cases, 4 patients still had delayed gastric
emptying on the second test and notably their symptoms had improved. The remaining 9
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patients had symptom improvement and normal gastric emptying on the second test, but this
may reflect natural resolution of the disease.

In summary, this is to our knowledge the first, large population-based study to describe the
incidence, prevalence and outcome of gastroparesis in the community. Gastroparesis is an
uncommon condition in the community, compared with tertiary hospital settings, but still
represents a major disease burden. Most patients with gastroparesis need continuous medical
care, and this disease has a relatively poor prognosis despite modern management.
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Figure 1. Age-specific incidence of gastroparesis in Olmsted County, Minnesota, 1996–2006
A. Definite gastroparesis B. Definite+probable gastroparesis C. Definite+probable+possible
gastroparesis. * Comparison of incidence according to advancing age ** Comparison of
incidence according to the gender. Three diagnostic definitions were used; definite
gastroparesis, delayed gastric emptying and symptoms of nausea and/or vomiting,
postprandial fullness, early satiety, bloating, or epigastric pain for more than 3 months;
probable gastroparesis, symptoms and food retention on endoscopy or upper GI study or
delayed gastric emptying; possible gastroparesis, typical symptoms alone or delayed gastric
emptying without GI symptoms.
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Figure 2. Incidence of definite gastroparesis over time among Olmsted County. Minnesota,
1996–2006
Total incidence was adjusted by age and gender. Gender specific incidence was adjusted by
age.
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Figure 3. Survival of Gastroparesis inception cohort in Olmsted County, 1996–2006, and
expected survival of gender- and age-matched Minnesota whites in 2000 (p= 0.0001)
A. Definite gastroparesis B. Definite+probable gastroparesis C. Definite+probable+possible
gastroparesis. Three diagnostic definitions were used; definite gastroparesis, delayed gastric
emptying and symptoms of nausea and/or vomiting, postprandial fullness, early satiety,
bloating, or epigastric pain for more than 3 months; probable gastroparesis, symptoms and
food retention on endoscopy or upper GI study or delayed gastric emptying; possible
gastroparesis, typical symptoms alone or delayed gastric emptying without GI symptoms.
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Table 1

Clinical Characteristics of Patients with Gastroparesis

Definite gastroparesis(n=83) Definite & probable
gastroparesis(n=127)

Definite & probable &
possible gastroparesis (n=222)

Age at onset (years, mean ± SD) 44 ± 21 47 ± 20 51 ± 21

Gender (No. of female, %) 68 (81.9%) 97 (76.4%) 154 (69.4%)

BMI (mean ± SD) (kg/m2) 24.9 ± 6.8 26.2 ± 7.0 27.0 ± 7.7

Marital status-married (%) 33 (39.8%) 51 (40.2%) 94 (42.3%)

Education
 -high school/college (%)

68 (81.9%) 103 (81.1%) 165 (74.3%)

Work-employed or student (%) 37 (44.6%) 52 (40.9%) 80 (36.0%)

Alcohol use (%) 22 (26.5%) 34 (26.8%) 50 (22.5%)

Tobacco use (%) 29 (34.9%) 43 (33.9%) 86 (38.7%)

Three diagnostic definitions were used; definite gastroparesis, delayed gastric emptying and typical symptoms; probable gastroparesis, typical
symptoms as above and food retention on endoscopy or upper GI study; possible gastroparesis, typical symptoms alone or delayed gastric emptying
without GI symptoms. BMI, body mass index.
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Table 2

Secondary Causes of Gastroparesis in the Population

Probable cause of gastroparesis, n (%) Definite gastroparesis(n=83) Definite & probable
gastroparesis(n=127)

Definite & probable &
possible gastroparesis
(n=222)

Idiopathic 41 (49.4%) 55 (43.3%) 70 (31.5%)

Diabetes mellitus 21 (25.3%) 39 (30.7%) 103 (46.4%)

Connective tissue disease 9 (10.8%) 12 (9.4%) 15 (6.8%)

Hypothyroidism 1 (1.2%) 2 (1.6%) 5 (2.3%)

Malignancy 2 (8.4%) 4 (3.1%) 11 (5.0%)

Gastrectomy/fundoplication 6 (7.2%) 10 (7.9%) 12 (5.4%)

Provocation drugs 19 (22.9%) 29 (22.8%) 54 (24.3%)

End stage renal disease 4 (4.8%) 7 (5.5%) 19 (8.6%)

Three diagnostic definitions were used; definite gastroparesis, delayed gastric emptying and typical symptoms; probable gastroparesis, typical
symptoms and food retention on endoscopy or upper GI study; possible gastroparesis, typical symptoms alone or delayed gastric emptying without
GI symptoms. Causes of gastroparesis are not mutually exclusive.
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Table 3

Incidence of Gastroparesis in Olmsted County, MN, 1996–2006

Definite gastroparesis Definite & probable gastroparesis Definite & probable & possible gastroparesis

Females (95% CI)a 9.8 (7.5 – 12.1) 14.2 ( 11.4 – 17.0) 22.3 ( 18.7 – 25.9)

Males (95% CI)a 2.4 (1.2 – 3.8) 5.0 ( 3.2 – 6.9) 11.8 ( 9.0 – 14.7)

Total (95% CI)b 6.3 (4.9 – 7.7) 9.8 ( 8.1 – 11.6) 17.2 ( 14.9 – 19.5)

Three diagnostic definitions were used; definite gastroparesis, delayed gastric emptying and symptoms of nausea and/or vomiting, postprandial
fullness, early satiety, bloating, or epigastric pain for more than 3 months; probable gastroparesis, symptoms and food retention on endoscopy or
upper GI study; possible gastroparesis, typical symptoms alone or delayed gastric emptying without GI symptoms.

a
Incidence per 100,000 person-years, age-adjusted to the population structure of 2000 U.S. whites.

b
Incidence per 100,000 person-years, age-and gender-adjusted to the population structure of 2000 U.S. whites.
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Table 4

Age and Gender Specific Prevalence of Gastroparesis in Olmsted County, MN, January 1, 2007

Definite gastroparesis Definite & probable gastroparesis Definite & probable & possible gastroparesis

Females (95% CI)a 37.8 (23.3 – 52.4) 48.9 ( 32.2 – 65.7) 70.6 ( 50.6 – 90.7)

Males (95% CI)a 9.6 (1.8 – 17.4) 15.3 ( 5.7 – 24.9) 27.9 ( 14.4 – 41.4)

Total (95% CI)b 24.2 (15.7 – 32.6) 33.4 ( 23.3 – 43.4) 50.5 ( 38.1 – 62.8)

Three diagnostic definitions were used; definite gastroparesis, delayed gastric emptying and typical symptoms; probable gastroparesis, typical
symptoms and food retention on endoscopy or upper GI study; possible gastroparesis, typical symptoms alone or delayed gastric emptying without
GI symptoms.

a
Prevalence per 100,000 person, age-adjusted to the population structure of 2000 U.S. whites.

b
Prevalence per 100,000 person, age-and gender-adjusted to the population structure of 2000 U.S. whites.
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