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Abstract

Backgreund=Early satiety(ES)and postprandial fullne¢®PF)are ofterpresenin
gastroparesis, but the importance of these symptogesinoparesis hast been well
describedThe aims werel) Characteriz&SandPPFin patients with gastroparesi?) Assess
relationships.@ES and PPRith etiology of gastroparesis, quality of life, body wejgidstric
emptyingpand water load testinlylethods: Gastroparetic patienfdled out questionnaires
assessing symptoms (PASKM) andquality of life (PAGFQOL, SF36v2). Patients underwent
gastric emptying scintigraphy and water load testidgy Results: 198 patients with

gastroparesiél34 G, 64 DG)were evaluatedESwas severe or very severe5@% ofpatients.
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PPF was severe or very severe if60f patients. Severity scores for ES and PPF were similar
between idiopathic and diabetic gastroparesis. Increasing severityaoidBHSPF were

associated with other gastroparesis symptoms including nausea/vomiting, satiety/early fullness,
bloating, and upper abdominal pain and GERD subscdo@gasing severity of E&hd PPF
wereassociated with increasing gastroparesis severity, decreased@&ivdased quality of life
from PAGLQOL and SF36 physical health. Increasing severity of &l PPF werassociated
with increasing gastric retention of a solid maadidecreasa volume during water load test.
Condusions & Inferences ES and PPF are commlgrseveresymptoms in both diabetic and
idiopathicigastroparesis. ES and PPF severity are associated with other gast®papsia
severites bodysweight, as well as quality of life, gastric emptying, water load testing. EBus,
and PPFRareimportant symptoms characterizing gastropareSigmicalTrials.gov number: NCT
NCT01696747

Key Points

Early satiety (ES) and postprandial fullness (PPF) are often present in gastroparesis, but the

importance=oftthese symptoms in gastroparesis has not been well described.

ES and PRE are commonly severe symptoms in both diabetic and idiopathic gasfojiese
and PPE.severity are associated with other gastroparesis symptom severities, bodasveight,
well as quality of life, gastric emptying, water load testing.

ES and PPF-are important symptoms characterizing gastroparesis.

Introduction

Symptoms of gastroparesis can be varied, but classinalljde nausea and vomiting (1).
Early satiety (ES) and postprandial fullness (P& also be present. ES and PPF have been
reported tob@resent irb4 to 60% of patients with gastropase@,3). The Gastroparesis
Cardinal Symptom Indepaily Diary (GCSDD) developed through patient interviews and
input from theFederal Drug Administratio=DA) containsfive symptoms: nausea, vomiting,
ES, PPF, and abdominal pain (4,5). Both ES and PPF were includedpatitrg reported

outcome PRO. Theyappear tacapture different pathophysiologic aspects of gastroparesis: ES
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due to impaired proximal gastric (fundic) function and PPF due to impaired distal gastric (antral)
function.

Normally with solid food ingestion, the upper stomach relaxes, allowing the piloxima
stomach to accommodate the ingested meal. This is followed by a progressiwely toni
contraction.te.deliver food into the distal stomach (6,718the antrum, regular peristaltic
contractions grind down solid food so that it can be passed out the pyitisimpaired
gastric accommodation, there is increased pressure in the upper stomach after meal ingestion
compromising‘the ability of the upper stomach to act as a reservoir for ingesteé,fid@d (

Impaired accommodation has shown to be aasmt withESand weight loss in patients with
functional dyspepsialQ). Impaired proximal gastric function has also been described in patients
with idiopathicigastroparesidX). 25 of 58 patents (43%) patients with gastroparesis had
impaired accommodation using a gastric barostat, and this was associated witpregilence

of earlysatietyand weight loss.

PPEhas been associatedth delayed gastric emptyinghich is primariy due to
impaired antral functianWhile smaller studies have found inconsistent associates of symptoms
to delayed'gastric emptying, larger scale studigsireport associain of delayed gastric
emptying'with increased severity of postprandial fullness, nausea, and vomiting¢12).
examplesgiffwo studes (one of343 patients and another of 392 patients
with functional dyspepsiaeen in referral centgy, the symptoms of postprandial fullness and
vomiting were associated with delaygastricemptyingof solids (13,14).

ThusyEE and PP&ppear to benportant symptoms in patients with gagtaresis. e
attributesand-importancef these symptoms and effects on patiéatge not been specifically
characterizedl'he aims of this study were to characterize ES and PPF in patients with
gastroparesis. We wanted to assess relationships of ES and PPF with etiology of gastroparesis,

quality of life,.body weight, gastric emptying, and water load testing.

Methods
Overview

The NIDDK Gastroparesis Clinical Research Consortium (GpCRC) is a cooperative
network of eight academic motility centers and one Data Coordinating Centej {@€d
through the NIDDK of the National Institutes of Health (NIH)(16). TheGastroparesis
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Registry 2(ClinicalTrials.gov Identifier: NCTNCT0169674Y was implemented as an
observational study of patients with gastroparesis enrolled prospecfive/study uses data
from the second gastroparesis registry (GpR2) of the NIDDK Gastroparesis Clinical Research
Consortium (GpCRC). GpR2 was designed, in part, to enhance the understanding of symptom
and physialegic dysfunction in patients with gastroparesis. Abgsidestingincluded
measuring,gastric emptying of liquids in the presence of solids, as well as performing a water
load test.

This report focuses on patients with either idiopathic or diabetic gastrispafes
diabetic patients could have either Type 1 diabetes nee(ltlDM) or type 2 diabetes mellitus
(T2DM) as«defined by the patient atiebir physician. The diagnosis of patients with the
idiopathic etiology was based on no previous gastric surgery, no diabetes historygbeftee
the onset of gastroparesis at enroliment), a normal hemoglokinaad no other known
etiologies.

All studies were approved by the Institutional Review Board at each Clinical Center and at
the Data Coordinating Centefheauthors had access to the study data andreaieved and

approved thefinal manuscript.

Enrollment

Gastroparetic patients were enrolled at 8 centers into the NIH Gastroparesis
Registryfrom September 2012 to March 201Bnrolled patients met specific entry criteria
being 18 years,or older with symptoms of at least 12 weeks duration, delayed gastricgempt
scintigraphy«(GES) using the 4 hour Eggbeaters protocol (gastric retention > 80%.at
and/or > 10% at 4 hours) within 6 months of enrollment, and no structural abnormality as seen

by upper endoscopy within one year of enroliment.

Study Protocol

Duringfaceto-face interviews with each subject, the study physicians or coordinators
completed-ease report forms including data relating to gastroparesis disease onset, symptoms,
disease profile, associated medical conditions, medication and suppletmerapies.Study

physicians performed a comprehensive physical examination. Laboratory measures were
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obtained, including hemoglobin Alvalues, antinuclear antibody (ANA), and erythrocyte
sedimentation rate (ESR).

The clinical severity ofjastroparesis was graded on a scale originally proposed by Tack et
al and reported in the American Neurogastroenterology and Motility Society (AN on
treatment of.gastroparesis/j. The severity was graded as grade 1: mild gastroparesis
(symptoms.relatively easily controlled and able to maintain weight andiown a regular
diet); grade2:"compensated gastroparesis (moderate symptoms with onlycpatt@lwith use
of daily medications, able to maintain nutrition with dietary adjustmegtajle 3: gastroparesis
with gastric failure (refractory symptoms that are not controlled as shown pgtikat having
ER visits, frequendoctor visits or hospitalizations and/or inability to maintain nutrition via an
oral route).

Each patient filled out the 20 item Patient Assessment of Upper Gastrointestinal
Symptoms (PAGISYM) questionnaire which assesses symptoms of gastroparesis, dyspepsia,
and gastroesophageal reflux diseds®; (it includes the nine symptoms of the Gastroparesis
Cardinal Synptom Index (GCSI) which asks about nausea, retching, vomiting, stomach fullness,
inability tofinish meal, excessive fullness, loss of appetite, bloating, and atalatistension
(19). Earlyasatiety was assessed using the phrisseé dble to finish a monalsized meal (for a
healthy persori) Postprandial fullness was assessed with the phrase “Feeling excessively full
after meals The PAGISYM also inquires about symptoms of gastroesophageal reflux
including daytime heartburn, heartburn lying dowaytime chest discomfort, nighttime chest
discomfortgdaytime reflux, nighttime reflux, and bitter taste. In the PBYAW, patients are
asked to assess the severity of their sympidunisg the previous two weeks using a 0 to 5 scale
where nosymptoms = ©ery mild = 1, mild = 2, moderate = 3, severe = 4, and very severe = 5.
The GCSI equals the mean of the nausea/vomiting subscore, postprandial fuliyessiety
subscore,  and.bloating subscore where: Nausea/vomiting subscore = mean of therscores fo
nausea, retching, and vomiting; Postprandial fullness/early satiegceud= mean of the scores
for stomachsfullness, inability to finish meal, excessive fullness, and loss ditepaed
Bloating subscore = mean of the scores for bloating and large stomach.

Diseasespecific quality of life was assessed by the Patient Assessment of Upper
Gastrointestinal Disorders Quality of Life (PAGIOL) survey, which scores 30 factors from 0
(none of the time) to 5 (all of the tim&)d). Patients were askédw often gastrointestinal
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problems they may be experiencing have affected different aspects of their quéktyod
well-being in the past two weeks. Overall PAQOL scores were calculated by taking means of
all subscores after reversing item ssptbus a mean PAG)OL score of 0 represents poor
guality of life while 5 reflects the best life quality.
The Medical Outcomes Study B&m ShortForm Health Survey version 2 (SF-36v2)
was additionally used to assess the patients’ views of overall physical and mental health in the
past 4 weeks2(). The 8 subscales were standardized to the 1998 U.S. general population with a
mean (xSD)'0f50+10. Physical and mental health summary measures were computed. A higher

score reflects higher quality of life.

Gastric Emptying Scintigraphy
Gastric emptying scintigraphy was performed using afetwegg white meal with
imaging at 0, 1, 2, 4 hours after meal ingestion, as described by a published multicemtet prot
(22) and endorsed by the Society of Nuclear Medicine and American Neurogastroentardlogy a
Motility Soeiety (23). This protocol ensures standardized information about gastric emptying
across sites. “In addition, liquid gastric emptying in the presence of solids was assessed using
Indium-121.(24).
Patients were instructed to stop medications that could gsttointestinal motility for
48 hours prior to the study and to come to the Nuclear Medicine Section in the morning after
fasting overnight, that is, an 8 hour fast. Gastric emptying scintigraphy was perfoinged us
standard lowfat, Eggbeatefsmeal to measure solid emptying (229,2ZBhe meal consisted of the
equivalent'efiwo large eggs radiolabeled with Tc-99m sulfur colloid servedwat pieces of
white bread and jelly. In addition, patients were given 12@/atér radiolabeled with Hi11
DTPA (diethylene triamine pentacetic acfdy the measurement of liquid gastric emptying.
Following ingestion of the meal, imaging was performed at 0abd?4 hrs with the patient
upright for. measuring gastric emptying of Tc-labeled solids andri-ldbeled liquids. In
between imaging, patients generally sat in the nuclear medicine waiting area.
Gastric.emptying was analyzed as percent of radioacteiymed in the stomach over
time using the geometric center of the decagrected anterior and posterior counts for each
time point.Gastric retention of T9m >60 % at 2 hrs and/or >10% at 4 hrs was considered

delayed gastric emptying of solidBelayed gastric emptying was graded according to the
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gastric retention at 4 hours: mild20% gastric retention at 4 hours), moderate (>20 to 35%), and
severe (>35%)23). Delayed gastric emptying of liquids in the presence of solids is greater than
50% retention of In-111 at 1 hr emptying 24

Water Load Satiety Testing

A satiety tesof non-caloricliquid waterwasperformedat enrollmentThe water load
test is a'standardized test to induce gastric distension and to evoke gastric motility responses
without the'eomplex hormonal response of a caloric test ni@@rathe day of testing, patients
reported after fasting overnight amere instrutedto drink maximal volumes of water using an
opaque 150 mk cup over 5 minutes until they felt completely26). The volume of water

consumedvas recorded.

Statistical Methods

Descriptive statistics (means, standard deviations, frequencies, and percentages) were
used to compare subgroups of gastroparesis patients. Enrollment characteristics such as
demographicsy'medical history, gastroparesis history, symptom severity, aitylafudé were
compared-by etiology (idiopathic compared to diabetic)valBes were determined from
Fisher’'s exact tests for categorical variables aedts for continuous variables. Enrollment
characteristics were also compared by the subgroupS séverity scorandPPFon the PAGI-
SYM instrument (none/very mild/mild, moderate, and severe/very severglués were
determinedifrom a Cochrakrmitage test for trend iES or PPFsubgroups for binary variables,
a MantelHaenszel chéquare testdr trend inES or PPFsubgroups for categorical variables,
and a norparametric Cuzick test for trend 56 or PPFsubgroups for continuous variables (26).
Multiple logistic,models were selected based on Akaike Information criteria (AIC) using forward
selection of all possible models derived from a candidate set of 16 enrollment vagat2&3. (
The resulting model for seveESincluded etiology, age, solid gastric emptying percent at 4
hours, PAGISYM satiety/fullness subcore, SF36 mental scoré&s~36 physical score, and
PAGI-QOL"score. The resulting model for sevBRFincluded etiology, age, race (white vs
nonwhite), PAGIQOL score, HbA1c%, and the following PAGKM measures:
satiety/fullness sulcore, bloating subeore, and GERD stdroe. All p-values are twssided,;
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values <0.05 were considered statistically significant. Analyses were performed using methods
described in SAS version 9.3 (SAS Institute) or Stata version 13.1 (StataC)tp) (2

Results
Patient characteristics

198patients with gastroparesis were evaluatéd:datients with idiopathic gastroparesis
and 64patierts'with diabetic gastroparegi39 T1DM and 252DM). Average age was
44.0+13.1years. Females comprised the majority of patierigif8). Table 1 contains other
demographic information. The average GCSI score was of moderate severity (2.Thg.1).
majority ofspatients had compensated (grade 2) gastroparésojénith 13.26 of patients
were graded as having gastric failure. At the time of enroliinethe registry, the predominant
symptoms were nausea in 27.3% of patients, upper abdominal pain in 12.7% and vomiting in
5.5% of patients. Overall, the gastric emptying was moderately delayed with B&idghtion at
4 hours, being more delayed in diibgastroparesis 84% retention) than idiopathic
gastroparesis«(26.8% retention; p=0.000&or the diabetic patients, the average HgbAlc was
8.4+1.%9%6 withv85.0% of the diabetic patients having HgbAR:0%. There was a decreased
quality oftlife inthe patients with gastroparesis most prominently with th8&physical score
being 33.5*compared to normal of 50.

Early Satiety

ES wasisevere or very sever®fhof 198(50%) patientgTablel). Increasing severity
of ES was associated with increasing gastroparesis severily000). Increasing severity of
ES was associated with other gastroparesis symptoms including nausea/vomiting subscore,
satiety/early fullness subscore, bloating subscore, and individual symptom severity scores for
PPF, loss, of appetite and upper abdominal pain, and GERD subBueasing severity of ES
was associated with decreased BMI (p=0)0decreased quality of life from PAGIOL
(p=0.005).and SF-36 physical healt+(.00). Increasing severity of ES was associated with
increasing gastric retention okalid meal at 4 hours (p=0.01) and decrease in volume consumed

during the water load test (p=0.001
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Severity scores for ES were similar between idiopathic and diabetic gastroffafss
3.2)(Table 2). Other symptoms such as loss of appetite and stomach fullness as well as the GCSI
subscore for satiety/fullness were similar between idiopathic and diabetic gastroparesis.

Logistic regressioanalysisshowed thasevere/very seveemsarly satiety was associated
with increasing, bloating subscore (p801), increasing upper abdominal pain subscore
(p=0.002),,:andSB6 mental componerip=0.02), and increased GE retention at 4 hours
(p=0.007);"and decreased BMI (p=0.0QLable3).

Postprandial Fullness

PPE was severe or very severe 19 af 198 (60%) patients(Table4). Increasing severity
of PPF was‘associated with other gastroparesis symptoms including naugésgj\sarhscore,
satiety/early fullness subscore, and bloating subscore and individual symptomsassEs$
appetite, upper abdominal paand GERD subscore. Increasing severity of PPF was associated
with gastroparesis severity (p=03), decreased quality of life from PAGI-QOL (p=0.006) and
SF-36 physicalihealth (p=0.006), but not body weight (B60.Increasing severity of PPF was
assocated withfincreasing gastric retention of a solid meal at 4 hours (=& @tell as a
decreasein.the volume consumed during the water load test (p=0.01).

Severity scores for PPF (3.5 vs 3.8) were similar between idiopathic and diabetic
gastroparesisl@ble 2).

Logistic regressioanalysisshowed that seveieery severgostprandial fullness was
associatedwitiletching severityg=0.01), bloating subscore (p<0.001), upper abdominal pain
subscore (p=0:001and decreased BMI (Tabi.

Discussion

This, study showghatES and PPF are common symptoms in gastropabesgisin
diabetic and.idiopathic gastroparesis. Many patents have severe or very severe BS (50%
patient3 and/PPF (60%f patienty. ES and PPF severity are associated with othasmes of
gastroparesis,severiigcluding overallgastroparesis severjtgody weight, quality of life,
gastric emptying, water load testinjhese characteristicd ES and PPF to gastroparesis
severity, quality of life, and physiogic abnormalities mee ES and PPnportantsymptoms
characterizing gastroparesis.
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Gastric accommodation as assessed by bamssRECT scannindgiave been correlated
with the symptonof early satiety11,30. The water load test was used in thiglticenterstudy
as a satiety test of a na@aloric water liquid meal25). This standardized test induces gastric
distension and evokes gastric motility responses without the complex hormonal eesip@ns
caloric test.mealPrior studies have shown thattignts with functhnal dyspepsia ingested
smaller volumes of wateéhan normal controls (358 ml vs 557 mL) (28)ur patients with
gastroparesisiingested on average low volumes of water (368 mL). Our study shows tha
increasing 'symptoms of early satiety and postprandii@ess arebjectivelyassociated with
decreased volume consumed during the water load test.

Thessymptoms of early satiety and postprandial fullness are both associated with delayed
gastric emptying. Increasing severity of ES and PPF are associated with increased gastric
retention at 4 hoursin multivariate analysis, ES but not PPF was assettmaith impaired
gastric emptying. Other studies have been able to relate nausea, vomiting, and paktprandi
fullness to.delayed gastric emptying (12).

Funectional dyspepsia is diagnosed by having symptoms of postprandial fullngss, earl
satiation, epigasc pain/burning. Symptoms of gastroparesis overlap with those of functional
dyspepsiaw=.This is not surprising sincedgastroparesisnvolves gastric symptoms with
objective.delay in gastric emptying, whereas the other (functional dyspepss)ngptom only
based disorder. Our gastroparesis consortium has shown that nearly 85% of gastroparesis
patients meet the definition of functional dyspepsia, primarily postprandisdstistyndrome
(PDS)(15)«Early satiety and postprandial fullness are glsvalent in patients with the PDS
form of funetional dyspepsia, since in PDS, meal ingestion triggers symptoms (31).

Early satiety and postprandial fullnessnptoms appear to capture different
pathophysiologic aspects of gastroparesis: ES - impaired proximal gastric (fumnditon and
PPF- impaired.distal gastric (antral) functioithis study shows that the characteristics of early
satiety overlapwith postprandial fullnesBhe presencef ES versus PPF does not differentiate
between other symptoms in gastroparesis. ES and PPF severity are significantly associated with
other gastroparesis symptoms including nausea/vomiting subscore and bloatingesab seelt
as measures of gastroparesis severity, as well as quality of life, gastric emptying, water load
testing. On multivariable analysis, significant relationswgere found between early satiety

with bloating and upper abdominal pain and betwszstprandial fullness with retching,
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stomach distension, and upper abdominal pRathophysiologically, &th ES and PPRare

related to delayed gastric emptying and impairments of the water load test. Although on
multivariate analysis, ES babt PPF waassociated with impaired gastric emptying. It is
perhapsot surprising that the severity of early satiety is associated with RtPFeavly satiety,
the patients;.becomes full early with eating, this fullness may persist after eating leading to
postprandial fullness. These two symptoms of early satiety and postprandeddutiay not be
reliably‘distinguished by patient$n a re@nt study that looked at quality of life in gastroparesis
patients 82)our of the five symptoms suggested by the FDA guidance document of
gastroparesiéd) were significantly related to impaired QOL, namely, nausea, vomiting, early
satiety, and upper abdominal pain. Interestingly, postprandial fullness was notpnotee
predictor oMQ@L physical health. This suggests that, of the two symptoms, eiatly saght

be the preferablesymptom to ask about. .

In summary, the results of this study lgrito forefront the notion that EEd PPF are
common symptoms igastroparesithat often judged by the patients to be sev&®.and PPF
severity aressignificantly associated with other measures of gastroparesis severity, as well as
quality of life,"gastric emptying, body weight, and water load testing. These reltapieas ES
and PPFte,gastroparesis severity, quality of life, and gastric emptying makerpesgant
symptomsscharacterizing gastroparesis important symptoms to follow in tregjipatients
with gastroparesis
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Tablel: Characteristics ofjastroparesipatients byearly satiety severity

Not able to finish a normal size meal sco

None/Very Severe/Very
mild/Mild Moderate Severe Total
Characteristic (n=53) (n=46) (n=99) (n=198) p-value*
Etiology 0.49
Idiopathic 34 (64.2%) 31 (67.4%) 69 (69.7%) 134 (67.7%)
Diabetic 19 (35.9%) 15(32.6%) 30(30.3%) 64 (32.3%)
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Type 1
Type 2
Demographics
Gender: females
Age (years)
Hispanic
Race: white

Gastoparesis history

Nature of gastroparesis symptoms

Chronic,.but.stable
Chronicy'but progressive
worsening
Chronic, but some improvement
Chronic with periodic
exacerbations
Cyclic pattern
Asymptomatic
Gastroparesis:severity:
Mild (grade 1)
Compensated (grade 2)
Gastric failure (grade 3)
Medical history.
BMI (kg/n)
Weight change (kg) from start of
gastroparesis
Weight change from start of
gastroparesis
Increased
Decreased
Same
Weight change'in last 6 months
Increased
Decreased

Same

11 (57.9%)
8 (42.1%)

44 (83.0%)
47.7£13.8
9 (17.0%)

49 (92.5%)

11 (20.8%)
4 (7.6%)

7 (13.2%)
17 (32.1%)

12 (22.6%)
2 (3.8%)

20 (37.7%)
29 (54.7%)
4 (7.6%)

29.2+8.0
09+313

22 (41.5%)
30 (56.6%)
1 (1.9%)

20 (37.7%)
20 (37.7%)
13 (24.5%)

9 (60.0%)
6 (40.0%)

41 (89.1%)
43.6 £13.2
10 (21.7%)
41 (89.1%)

13 (28.3%)
6 (13.0%)

6 (13.0%)
14 (30.4%)

7 (15.2%)
0 (0.0%)

8 (17.4%)
34 (73.9%)
4 (8.7%)

28.1+6.1
4.7 +37.7

29 (63.0%)
14 (30.4%)
3 (6.5%)

17 (37.0%)
19 (41.3%)
10 (21.7%)
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19 (63.3%)
11 (36.7%)

84 (84.9%)
42.2 +12.3
11 (11.1%)
87 (87.9%)

10 (10.2%)
28 (28.6%)

9 (9.2%)
35 (35.7%)

16 (16.3%)
0 (0.0%)

10 (10.2%)
70 (71.4%)
18 (18.4%)

26171
-3.3+32.1

42 (42.4%)
54 (54.6%)
3 (3.0%)

28 (28.3%)
48 (48.5%)
23 (23.2%)
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39 (60.9%)
25 (39.1%)

169 (85.4%)
44.0 +£13.1
30 (15.2%)
177 (89.4%)

34 (17.3%)
38 (19.3%)

22 (11.2%)
66 (33.5%)

35 (17.8%)
2 (1.0%)

38 (19.3%)
133 (67.5%)
26 (13.2%)

274 +£7.2
-0.3+33.3

93 (47.0%)
98 (49.5%)
7 (3.5%)

65 (32.8%)
87 (43.9%)
46 (23.2%)

0.70

0.86
0.02
0.24
0.39

0.54

<0.0001

0.009
0.64

0.77

0.47
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Use of prokinetics 16 (30.2%) 14 (30.4%) 36 (36.4%) 66 (33.3%) 0.41
Use of antiemetics 44 (83.0%) 36 (78.3%) 79 (79.8%) 159 (80.3%) 0.68
Use of narcotics 19 (35.9%) 16 (34.8%) 36 (36.4%) 71(35.9%) 0.93
Laboratory results
HbA1c, if diabetic (%) 8.6+1.9 7.7+2.0 86+1.9 84+19 0.80
HbA1c>8.0%, if diabetic 11 (57.9%) 6 (40.0%) 18 (60.0%) 33 (55.0%) 0.77
ANA negative, if idiopathic 26 (76.5%) 27 (87.1%) 62(89.9%) 115(85.8%) 0.08
ESR, if idiopathic 140+11.1 17.0+12.1 135+12.0 145+11.8 0.46
ESR elevated>30mm, if idiopathic 4 (11.8%) 4 (12.9%) 6 (9.0%) 14 (10.6%) 0.61
PAGI-SYM symptom severity (&)
Nausea/vomiting subcore 13+£13 16+£13 23+13 19+14 <0.001
Satiety/fullness sulcore 1.8+1.0 3.0+0.6 42+0.6 33x1.2 <0.001
Stomach fullness score 24+13 3.31+1.1 41+0.8 35+1.3 <0.001
Not able to finish a normaized 1.2+0.8 3.0+0.0 46+05 3.3+16 <0.001
meal score
Feeling excessively full after 22+14 3.5+0.9 45+0.6 3.6+1.4 <0.001
meals score
Loss:of-appetite score 14+1.4 24+1.2 36+1.3 27116 <0.001
Bloating subsore 18+15 29115 3.7£14 3.0x17 <0.001
Cardinal:symptom index (GCSI) 1.6 +0.9 25+0.9 3.4 0.7 27+1.1 <0.001
Upper abdominal pain stdrore 20116 25+13 34+13 28115 <0.001
GERD subscore 1.3+13 20+14 20+1.4 1.8+14 0.006
Constipation score 1717 26+1.8 3.1+17 2618 <0.001
PAGI-QOL (0:5)'8
Activity sub-score 3.0+1.2 29+1.1 24+1.2 2.7+1.2 0.001
Clothing subscore 34116 29+17 27+18 29+138 0.02
Diet subscore 23+16 20+1.2 14+11 18+1.3 <0.001
Relationship sutscore 35+14 32114 3.2+13 3.3%£13 0.16
Psychology suiscore 3.1+14 31+14 31+14 31+14 0.70
Total PAGFQOL 3.1+1.2 28+1.1 25+1.0 28+1.1 0.005
SF-36v2 Health Survey (past 4
weeks) F
Physical health summary measure 36.6 £ 11.0 35.8+10.5 30.7+9.5 33.5+10.5 0.001
Mental health summary measure 41.5%+12.6 419+133 416+138 41.6%+133 0.99
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PHQ15
PHQ-15 total score
No/low somatization
Medium somatization
High samatization
Solid gastric scintigraphy
Percent retention at 1 hour
Percent retention at 2 hours
Percent retention at 4 hours
Liquid gastric scintigraphy
Percent retention at 30 minutes
Percent retention at 1 hour

Water loadest

13.0+5.2
15 (28.3%)
16 (30.2%)
22 (41.5%)

83.0+11.6
65.7+£17.6
26.1+19.2

60.0+14.1
475+15.3

Total volume of water consumed 472 +278

(mL)

Total volume of;water consumed if 511 + 309

completely full (mL)

14.9 + 4.4
5 (10.9%)

19 (41.3%)
22 (47.8%)

78.9+15.3
62.4+155

28.8+154

62.2+16.9
48.0+17.9

335 + 143

338 +132

14.9 + 4.6
15 (15.2%)
27 (27.3%)
57 (57.6%)

80.4+12.3
65.2+17.3

33.9+213

67.0+17.9
51.6+17.4

326 £ 174

318 +182
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14.4+4.8
35 (17.7%)
62 (31.3%)
101 (51.0%)

80.7+£12.9
64.7+£16.9

30.6 £19.7

64.4+17.0
498 +17.0

368 + 211

370 + 225

0.04
0.03

0.22
0.96
0.01

0.07
0.22

0.001

0.001

Data arejmeans:+:standard deviations or number (percents).

"Nausea severity iStasscore from the Patient Assessment of Upper Gastrointestinal Disorders Syreptgrin8ex (PAGISYM).

* The significance of difference in binary variables between groups was tested with a Gachitage trend test, the significance of difference

in categorical variables between groups was tested with a Mdaggiszel chéquare test, and the significance of difference in continuous

variables between groups was tested with apamametric Cuzick test for trend. All P values are-siged.

§ Subscales derived from the Patient Assessment of Upper Gastrointestinal DiQuialéysof Life (PAGFQOL). Scales have been recoded so

that a higher score reflects a higher QOL.

t Scores on the Medical Outcomes Studyt8f ShortForm Health Survey V2 (SB6v2) standard recall were normalized to the819%.

general population,with'a mean (+SD) of 50+10. A higher score reflects higher QOL or better inealtieo

1 Subscales derivedifrom the Patient Assessment of Upper Gastrointestinal Disorders SymptoynnslexgiPAGISYM). A higher score

reflects a greater severity.

Table2: Satiety/fullness subcore and components distributions by idiopathic and diabetic

gastroparesiss
Characteristic Idiopathic Diabetic Total p-value
(n=134) (n=64) (n=198)
Satiety/fullness sulcore 3.2+1.2 34112 3.3+1.2 0.44
<3 46 (34.3%) 20 (31.3%) 66 (33.3%) 0.75
3-3.75 35(26.1%) 20 (31.3%) 55 (27.8%)
>4 53 (39.6%) 24 (37.5%) 77 (38.9%)
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Stomach fullness
Nonemild
Moderate

Severevery severe

Not able to finish a normaized

meal
Nonemild
Moderate

Severevery severe

Feeling excessively full after

meals
Nonemild
Moderate

Severevery severe

Loss of appetite
Nonemild
Moderate

Severevery.severe

Water loadest
Total volume of water
consumed (mL)

Total volume of water

consumed if completely full (mL)

Solid gastricscintigraphy
Percent retention at 1 hour
Percent retention at 2 hours
Percent retention at 4 hours

Liquid gastricscintigraphy

3.4+1.3
29 (21.6%)
38 (28.4%)
67 (50.0%)

33%15

34 (25.4%)
31 (23.1%)
69 (51.5%)

3.5+1.3

25 (18.7%)
34 (25.4%)
75 (56.0%)

26+1.6
57 (42.5%)
32 (23.9%)
45 (33.6%)

354 £ 210

362 £ 227

80.4 +13.3
64.1+16.0
26.9+16.8

3.6+1.2
9 (14.1%)

18 (28.1%)
37 (57.8%)

3.2+16

19 (29.7%)
15 (23.4%)
30 (46.9%)

3814

8 (12.5%)
12 (18.8%)
44 (68.8%)

29+1.6
23 (35.9%)
15 (23.4%)
26 (40.6%)

397 £ 213

388 £ 221

81.5+12.1
65.8 +18.9
38.4+22.9
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35+1.3

38 (19.2%)
56 (28.3%)
104 (52.5%)

33%16

53 (26.8%)
46 (23.2%)
99 (50.0%)

36x14

33 (16.7%)
46 (23.2%)
119 (60.1%)

27+1.6

80 (40.4%)
47 (23.7%)
71 (35.9%)

368 £ 211

370 £ 225

80.7+12.9
64.7 +16.9
30.6 +19.7
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0.21
0.42

0.55

0.78

0.21

0.25

0.39
0.58

0.18

0.51

0.56
0.51
0.0001
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Percent retention at 30 minute: 62.6 +17.0 67.9+16.7 64.4+17.0 0.17
Percent retention at 1 hour 496 +16.4 50.2+18.3 49.8 +16.9 0.88

Table 3: Lagistic Regression Analyses of Baseline Predictors on Sevérarly Satiety* in Idiopathic

and Diabetic Gastroparetics (n=196)

Unadjusted Analyses Adjusted Analysis
Baseline characteristic OR Cl Pt OR Cl Pt
Etiology (diabetic vs 0.83 (0.46,1.51) 0.54 0.47 (0.19,1.18) 0.11
idiopathic)
Gender (femalesvs male) 0.92 (0.42,2.03) 0.84 0.29 (0.10,0.88) 0.03
BMI (kg/m?) 0.95 (0.91,0.99) 0.01 0.91 (0.86,0.96) 0.001
PAGI-SYMppausea score 1.63 (1.32,2.00) <0.001 124 (0.93,1.67) 0.14
PAGI-SYMy vemiting score  1.36  (1.14,1.63) 0.001 1.28 (0.98,1.68) 0.07
PAGI-SYM, bloating score 1.75 (1.42,2.16) <0.001 1.98 (1.48,2.64) <0.001
PAGI-SYM, upper 1.83 (1.46, 2.29) <0.001 155 (1.17,2.07) 0.002
abdominal pain subcore
PAGI-SYM, GERD sub 1.19 (0.97,1.46) 0.10 0.77 (0.57,1.03) 0.08
score
SF36, mentakcore 1.00 (0.98,1.02) 0.96 1.03 (1.01,1.05) 0.02
Solid gastric scintigraphy, 1.02 (1.00,1.03) 0.02 1.03 (1.00,1.05) 0.007

percent retention at 4 hours

* Severe early.satiety defined as ‘severe’ or ‘very severe’ inability to finmshrraalsized meal score
on the PAGISYM instrument

T Unadjustediodds ratios, 95% confidence limits, P values determined fronclogiggssion models
of severe early satiety on each predictor

T Adjusted odds ratios, 95% confidence limits, P values weterrdined from a multiple logistic
regression analyses of severe early satiety using all baseline predictors indicated. €higasod

determined from Akaike Information criteria (AIC) best subsets variable selectimgaisi
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candidate set of baseline variables: gender, age at enroliment, etiology, race, BaIpl8fsical
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score, SF36 mental score, PAGDOL total score, solid GES 2 hour retention percent, solid GES 4

hour retention percent, and the following PA&YM items: nausea score, vomiting scoed¢ching

score, bloating score, stomach visibly larger score, upper abdominal pacosaband GERD

subscore.

Table4: Characteristics ofjastroparesipatients bypostprandial fullness severity

Characteristic

Excessively full after meals score

None/Very

mild/Mild
(n=33)

Moderate
(n=46)

Severe/Very

Severe
(n=119)

Total
(n=198)

p-value*

Etiology
Idiopathic
Diabetic

Type 1
Type 2

Demographics
Gender: females

Age (years)

Hispanic

Race: white
Gastoparesis history
Nature of.gastroparesis symptoms
Chronic,.but.stable

Chronic, but'progressive

worsening

Chronic, but some improvement
Chronic with periodic

exacerbations

25 (75.8%)
8 (24.2%)
5 (62.5%)
3 (37.5%)

26 (78.8%)
44.2 £15.1
4 (12.1%)

30 (90.9%)

7 (21.2%)

2 (6.1%)

6 (18.2%)
10 (30.3%)

34 (73.9%)
12 (26.1%)
6 (50.0%)
6 (50.0%)

40 (87.0%)
44.7 +13.3
7 (15.2%)

41 (89.1%)

15 (32.6%)

4 (8.7%)

5 (10.9%)
13 (28.3%)
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75 (63.0%)
44 (37.0%)
28 (63.6%)
16 (36.4%)

103 (86.6%)
43.7 £12.4
19 (16.0%)
106 (89.1%)

12 (10.2%)

32 (27.1%)

11 (9.3%)
43 (36.4%)

134 (67.7%)
64 (32.3%)
39 (60.9%)
25 (39.1%)

169 (85.4%)
44.0 +13.1
30 (15.2%)
177 (89.4%)

34 (17.3%)

38 (19.3%)

22 (11.2%)
66 (33.5%)

0.10

0.70

0.34
0.86
0.61
0.79

0.98



Cyclic pattern
Asymptomatic
Gastroparesis severity:
Mild (grade 1)
Compensated (grade 2)
Gastric/failure (grade 3)
Medical history
BMI (kg/m)
Weight change (kg) from start of
gastroparesis
Weight change\from start of
gastroparesis
Increased
Decreased
Same
Weight changesin last 6 months
Increased
Decreased
Same
Use of'prokinetics
Use of antiemetics
Use of nareotics
Laboratoryresults
HbALlc, if diabetic (%)
HbA1c>8.0%, if diabetic
ANA negative, if idiopathic
ESR, if idiopathic

ESR elevated>30mm, if idiopathic

PAGI-SYM symptom severity (&)
Nausea/vomiting subcore
Satiety/fullness'sulcore

Stomach fullness score
Not able to finish a normadized

meal score

7 (21.2%)
1 (3.0%)

11 (33.3%)
18 (54.6%)
4 (12.1%)

26.8+6.3
0.0+23.0

15 (45.5%)
16 (48.5%)
2 (6.1%)

11 (33.3%)
12 (36.4%)
10 (30.3%)
10 (30.3%)
28 (84.9%)
12 (36.4%)

9.6 +1.9
7 (87.5%)
21 (84.0%)
11.2+9.6
2 (8.0%)

1112
1.3+0.8
1.7+£0.9
1.3+x1.0

8 (17.4%)
1 (2.1%)

12 (26.1%)
33 (71.7%)
1 (2.2%)

29.7+8.1
8.4+413

25 (54.4%)
19 (41.3%)
2 (4.4%)

18 (39.1%)
19 (41.3%)
9 (19.6%)

19 (41.3%)
36 (78.3%)
15 (32.6%)

7.1+11
2 (16.7%)
29 (85.3%)
17.6 +12.4
4 (11.8%)

16+£13
27+0.6
3.0+1.0
27+12
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20 (17.0%)
0 (0.0%)

15 (12.7%)
82 (69.5%)
21 (17.8%)

26.7+£7.0
-3.8+31.8

53 (44.5%)
63 (52.9%)
3 (2.5%)

36 (30.3%)
56 (47.1%)
27 (22.7%)
37 (31.1%)
95 (79.8%)
44 (37.0%)

8.5+1.9
26 (59.1%)
65 (86.7%)
14.1+12.0
8 (11.0%)

22+13
4.0=x0.7
41+0.8
4111
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35 (17.8%)
2 (1.0%)

38 (19.3%)
133 (67.5%)
26 (13.2%)

274 +£7.2
-0.3+33.3

93 (47.0%)
98 (49.5%)
7 (3.5%)

65 (32.8%)
87 (43.9%)
46 (23.2%)
66 (33.3%)
159 (80.3%)
71 (35.9%)

8.4+1.9
35 (54.7%)
115 (85.8%)
145+11.8
14 (10.6%)

19+14
3.3+1.2
3.5+1.3
3.3+1.6

0.003

0.30
0.41

0.95

0.97

0.74
0.63
0.82

0.72
0.81
0.73
0.72
0.74

<0.001
<0.001
<0.001
<0.001



Feeling excessively full after
meals score
Loss of appetite score
Bloating subsore
Cardinal'symptom index (GCSI)
Upper abdominal pain stdrore
GERD subscore
Constipation score
PAGI-QOL (0-5).8
Activity sub-score
Clothing subscore
Diet subscore
Relationship stiscore
Psychology suscore
Total PAGIQOL
SF-36v2 Health Survey (past 4

weeks) f

Physical:healthssummary measure

Mental health'summary measure

PHQ15
PHQ-15 total score
No/low sematization
Medium’somatization
High somatization
Solid gastricscintigraphy
Percent retention at 1 hour
Percent retention at 2 hours
Percent retention at 4 hours
Liquid gastric scintigraphy
Percentretention at 30 minutes
Percent retention at 1 hour

Water loadest

Total volume of water consumed

(mL)

12+x1.4
13+13
1.3+0.7
13+1.2
12+x11
1114

3.1+13
35%15
24+16
3.7+13
35+13
3.2+1.2

39.5+10.9
43.2+12.6

12.0+5.9
13 (39.4%)
11 (33.3%)
9 (27.3%)

83.0+9.6
64.3+£16.3

23.9+18.7

62.1+15.1
504 +£17.1

457 + 258

22+1.2
27%15
23%09
24+15
18+13
25+18

29+11
29+18
20+13
3.2+x14
3.0+14
28+x11

32.5+10.7
42.1+13.2

15.2 +4.3
6 (13.0%)

12 (26.1%)
28 (60.9%)

79.8+17.4
65.5+16.6

30.0+16.9

58.2+17.9
48.0 +15.2

372 £ 221
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34+14
35%15
3.3+0.8
34+13
20x14
3.0x17

2512
28+1.8
16+1.2
3.2+1.3
3.0+14
2611

32.2+9.8
41.0+13.6

14.7 +4.5
16 (13.4%)
39 (32.8%)
64 (53.8%)

80.4+11.7
64.4+17.4

32.7+20.6

66.5+17.1
50.3+17.6

341 + 186
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36+14

27+16
3.0+17
27+11
28%15
18+14
26+18

27+£1.2
29+1.38
1.8+1.3
3314
31+£14
28+x1.1

33.5+10.5
41.6 +13.3

14.4+4.8
35 (17.7%)
62 (31.3%)
101 (51.0%)

80.7+£12.9
64.7£16.9

30.6 £19.7

64.4+17.0
49.8 +16.9

368 + 211

<0.001

<0.001
<0.001
<0.001
<0.001
0.003

<0.001

0.004
0.05
0.003
0.07
0.10
0.006

0.006

0.37

0.02
0.004

0.33
0.87
0.01

0.14
0.84

0.01
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Total volume of water consumed if 476 + 287 393 +235 335+194 370 + 225 0.01
completely full (mL)

Data are means * standard deviations or number (percents).

"Nauseaseverity is a scare from the Patient Assessment of Upper Gastrointestinal Disorders SymptomlSae(@BAGISYM).

*The significance of difference in categorical variables between groups was tested with Fisher’s exact tequaredhiest. Contious
variables were'analyzed with ANOVA. All P values are-siaed.

§ Subscales derivedifromithe Patient Assessment of Upper Gastrointestinal DiQuialgysof Life (PAGFQOL). Scales have been recoded so
that a higher scorerreflects a higher QOL.

T Scores on the Medical Outcomes Studitd8f ShortForm Health Survey V2 (SB6v2) standard recall were normalized to the 1998 U.S.
general population with a mean (+SD) of 50+10. A higher score reflects higher QOL or better inealtieo

1 Subscales derived fram the Patient Assessment of Upper Gastrointestinal Disorders SymptoninglexeiPAGISYM). A higher score
reflects a greater severity.

Table 5: Lagistic Regression Analyses of Baseline Predictors on Sevé&estprandial Fullness* in

Idiopathic and Diabetic Gastroparetics (n=198)

Unadjusted Analyses Adjusted Analyses
Baseline characteristic OR Cl Pt OR Cl Pt
Etiology (diabetic vs 1.73 (0.92,3.25) 0.09 2.13 (0.92,4.91) 0.08
idiopathic)
BMI (kg/m?) 0.97 (0.93,1.00) 0.08 0.94 (0.89,0.99) 0.01
PAGI-SYM, hausea score 154 (1.27,1.88) <0.001 2.15 (0.92,5.06) 0.08
PAGI-SYM, vomiting score  1.39  (1.14,1.68) 0.001 1.09 (0.69,1.73) 0.72
PAGI-SYM, retching score 1.28 (1.06,1.55) 0.01 0.52 (0.31,0.87) 0.01
PAGI-SYM, stomach visibly 2.03  (1.60, 2.57) <0.001 1.62 (1.28,2.04) <0.001
larger score
PAGI-SYM, upper 1.68 (1.40,2.02) <0.001 1.68 (1.27,2.21) <0.001

abdominal painsubcore

* Severepostprandiafullness defined as ‘severe’ or ‘very severe’ excessively full after meals sco
the PAGESYM instrument

T Unadjusted odds ratios, 95% confidence limits, P values determined fronclogiggssion models
of severe fullness on each predictor

T Adjusted odds ratios, 95% confidence limits, P values were determamed fmultiple logistic

regression analyses of severe fullness using all baseline predictors indicated. This model was
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determined from Akaike Information criteria (AIC) best subsets variable selectimgaisi

candidate set of baseline variables: gendgr,a enrollment, etiology, race, BMI, -8B physical
score, SF36 mental score, PAGDOL total score, solid GES 2 hour retention percent, solid GES 4
hour retention percent, and the following PA®YM items: nausea score, vomiting score, retching
score, pating score, stomach visibly larger score, upper abdominal paiscend, and GERD

subscore.
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