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Abstract

Nauseaand vomiting astassicsymptomf gastroparesidt is unclear if characteristics of
nauseand vomitingaresimilar in different etiologies ofjastroparesisAims: Describe
characteristics of nausaadvomiting in patients with gastroparesisd aetermine if there are
differences in nausea and vomiting in diab@@iG) and idiopathic gastroparegi§). Methods:

Gastroparetic patients eniall in theNIDDK Gastroparesis Registanderwent assessment
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with historyand questionnaires assessing symptoms, quality of life, and a questionnaire
characterizinghausea and vomitingkey Results Of 159gastroparesis patients071G, 52

DG), 96% experience nauseavhile 65% experiencedromiting. Nauseavaspredominant
symptom in 28% and vomiting was predominant%h. ANausea was severe or very severe in
41%. PAGI-SYM nausea/vomiting subscore was greateh increased vomiting severity, but
not nausea, severity DG thanlG. Nausea was related to meals %4, lasting most of the day
in 41% "Increasing nauseaverity was related to decreased quality of Nkeusea often
preceded vomiting in 82 of patientsand vomiting often relieved nausea in 30%6miting was
more common IG (81%) compared t¢G (57%; p=0.004. Diabetic patients more often had
vomiting insthesmorning before eating, during the night, and when not e&imgclusions&
Inferences*Nauseas present iressentiallyall patientswith gastroparesis irrespectiveaguse
andassociated witklecreased quality of life. In contrasgmuiting was moreorevalent, more
severeand occurred more often DG thanlG. Thus, characteristics of vomiting differ in
idiopathic versus diabetic gastroparesis.

Keypoints
e Nauseand vomiting are classic symptoms in patients with gastropandsist studies
combinernausea and vomiting into one symptom complex; there may be different
characteristics relating to nausea as compared vomifihgre may be different

characteristics ahese symptoms in diabetic compared to idiopathic gastroparesis.

e Nausea.is present in essentially all patients with gastroparesis irrespective of cause.
Nausea.is associated with decreased quality oflipatients with gastroparesis
Vemiting was more prevalent, more severe, and occurred more often in diabetic

compared to idiopathic gastroparesis.

e The characteristics of vomiting differ in idiopathic versus diabetic gastroparesis.
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Introduction

Nausea and vomiting asdassicsymptomsn patients withgastroparesis (1). While most
patients experience some degree of nausea, only some gastrquatrests haveomiting with
some studies suggest vomiting is seen in less than 50% of patients with gasg¢pares
Studieshavesuggestdthat nausea and vomiting symptoms correlate with worse quality of life
in gastroparesis patient3,4). Despite the importance of nausea and vomiting in gastroparesis,
the characteristics of these symptoms have not been well described.

Nauseaad vomiting may have different manifestations in different etiologies of
gastroparesisSome studies have suggested that nausea and vomiting are more severe in diabetic
gastroparesis(DG) than idiopathic gastroparesis(@)5) Most studies combine nausea and
vomiting inté one symptom complex; there may be different charactenskatsg tonausea as
compared vomiting There may be different characteristics of these symptoms in diabetic
compared to idiopathic gastroparesi$ie potentialdifferential perception of nausea in diabetic
versus idiopathic gastroparesis might be dudifterentpathophysiological mechanisras well
as the effeets#of diabetes on neuronal funcflidrms has important treatment implications for
nausea and vemiting in patients with diabetic and idiopathic gastroparesis.

The.ains of this studywereto describe characteristics of nausea as companemhtiing
in patientsswith gastroparesis and determine if there are differbatesen two etiologiesf
gastroparesisDG and IG We alsocaimed to better understand the relationship between nausea
and vomiting in gastroparesis, determine if nausea and vomiting impact on the impaiitgd qual
of life in gastroparesjsandinvestigate the relationship of nausea and vomiting with gastric

emptying.

Methods
Overview

The NIDDK Gastroparesis Clinical Research Consortium is a cooperative network of
eightacademic motility centers and one Data Coordinating Center ((8§)) The
Gastroparesis. Registry(ZlinicalTrials.gov IdentifierNCT0169674Y was implemented as an
observational study of patients with gastroparesis enrolled prospectiveghtataziters This
study uses data from the second gastroparesis registry (Gpi@hwas designed, in part, to

enhance the understanding of symptoms and physiologic dysfunction in patients with
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gastroparesisThere was a special emphasis to look at the symptoms of nausea and vomiting
through a Nausea and Vomiting Questionnairecivlivas designed to assess the clinical

characteristics of both nausea and vomiting.

Study Patients

Gastroparetic patients were enrolled at 8 centers into the NIH Gastroparesis Registry
from September 2012 to August 20IBnrolled patients met specific entry criteria being 18
years or olderwith symptoms of at least 12 weeks duration, delayed gastric emptying
scintigraphy (GES) within 6 months of enrollment, and no structural abnormalityrabysee
upper endeseopy within one year of enrollment.

Thisreport focuses on patients with either idiopathic or diabetic gastrispafés
diabetic patients could have either Type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus
(T2DM) as defined by the physician and/or patient. The diagnosis of patients withofreshak
etiology was based on no previous gastric surgery, no diabetes history (before or aftsethe
of gastroparesis at enroliment), a normal hemoglobig, Ahd no other known etiologies.

All studies were approved by the Institutional Review Board at each Clinical Center and at

the Data‘Ceordinating Center.

Study Protocol

During faceto-face interviews with each subject, the study physicians or coordinators at
each Clinical"Center completed caeport forms including data relating to gastroparesis disease
onset, symptems, disease profile, associated medical conditions, includingsliabe
medication and supplemental therapies. The study physicians performed a comprehensive
physical examination. Laboratory measures were obtained, including hemoglebualags,
antinuclear.antibodyANA), anderythrocyte sedimentation rateR).

The clinical severity of gastroparesis was graded on a scale originally proposed by Tack et
al and reported in the American Neurogastroenterology and Motility SoAiRtyI§) review on
treatment of-gastroparesig( The severity was graded as grade 1ldmdstroparesis
(symptoms relatively easily controlled and able to maintain weight andiowin a regular
diet); grade 2: compensated gastroparesis (moderate symptoms with onlycpatt@lwith use

of daily medications, able to maintain nutritiortwdietary adjustments); grade 3: gastroparesis
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with gastric failure (refractory symptoms that are not controlled as shown pwtibat having
ER visits, frequent doctor visits or hospitalizations and/or inability to maintérition via an
oral routg.

Each patient filled out the 20 itefatient Assessment of Upper Gastrointestinal
Symptoms RAGI-SYM) questionnaire which assesses symptoms of gastroparesis, dyspepsia,
and gastroesophageal reflux dise@eif includes the nine symptoms of thasioparesis
Cardinal Symptom Index (GCSI) which asks about nausea, retching, vomiting, stonreetsful
inability tofinishameal, excessive fullness, loss of appetite, bloating, and abdominal distension
(9). The GCSI equals the mean of the nauseatungrsubscore, postprandial fullness/early
satiety subsceore, and bloating subscore where: Nausea/vomiting subscore = mean of the scores
for nauseajretching, and vomiting; Postprandial fullness/early satiesceud= mean of the
scores for stomach fullness, inability to finish meal, excessive fullness, and loss of appetite; and
Bloating subscore = mean of the scores for bloating and large stomach. Th&PKGilso
inquires about symptoms of gastroesophageal reflux including daytime heartburn, heartbur
lying downydaytime chest discomfort, nighttime chest discomfort, daytime reflux,imghtt
reflux, and"bitter taste. In the PAGIKM, patients are asked to assess the severity of their
symptomssduring the previous two weeks using a 0 to 5 scale where no symptoms = 0, very mild
=1, mild.=2, moderate = 3, severe = 4, and very severe = 5.

Diseasespecific quality of life was assessed by the Patient Assessment of Upper
Gastrointestinal Disorders Quality of Life (PAGQIOL) survey, which scores 30 factdrom O
(none of the'time) to 5 (all of the time)dj1 Patients were asked how often gastrointestinal
problems they'may be experiencing have affected different aspects of their qui#ktyod
well-being in the past two weeks. Overall PAQOL scores were calculated by taking means of
all subscores after reversing item scores; thus a mean-8GIscore of 0 represents poor
quality of life.while 5 reflects the best life quality.

The Medical Outcomes Study 8&m ShortForm Health Survey version 2 (SF-36v2)
was additionally used to assess the patieaméws of overall physical and mental health in the
past 4 weeks,(standard recall form). The 8 subscales were standardized to the 199&L&IS. ge
population with a mean (xSD) of 50+10. Physical and mental health summary measeres we

computed. A highescore reflects higher quality of life )L
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A Nausea and Vomiting Questionnaire was designed to assess the clinical characteristics
of both nausea and vomitingPart of this questionnaire is a modificatiorired Nausea Profile
characterizing nausea in three dimensions: somatic distress, Gl distress, and emotional distress
(12). This questionnaire had previously been modified for capturing nausea related to

gastroparesisy(3).

Gastric Emptying Scintigraphy

Gastric'emptying scintigraphy was performesing a lowfat, egg white meal with
imaging at 0, 1, 2, 4 hours after meal ingestion, as described by a published multicemtet prot
(13) and endorsed by the Society of Nuclear MedicinefdidS (14). This protocol ensures
standardized information abiogastric emptying across sitels addition, liquid gastric
emptying in the presence of solids was assessed using Indium-111 (15).

Patients were instructed to stop medications that could affect gastrointestinal motility for
the 72 hours prior to the study and to come to the Nuclear Medicine Section in the morning after
fasting overnight with nothing to eat after midnight, that is, an 8 hour fast. Gastrigimgmpt
scintigraphy was performed using a standard low-fat, Eggb8ateed to measure solid
empying(13,19. The meal consisted of the equivalent of two large eggs radiolabeled with Tc
99m sulfur-colloid served with two pieces of white bread and jelly. In addition, patiergs
given 120 mwater radiolabeled with 111 DTPA (liethylene triamine gntacetic acidjor the
measurement of liquid gastric emptying. Following ingestion of the meal, imaging was
performedat0; 1, 2, 3 and 4 hrs with the patient upright for measuring gastric emptying of Tc-
labeled solidssand 11lt+labeled liquids. In between imaging, ieats generally sat in the
nuclear medicine waiting area.

Gastric emptying was analyzed as the percent of radioactivity retained in the stomach
over time using.the geometric center of the decay-corrected anterior andop@stenits for
each time pointGastric retention of F99m >60 % at 2 hrs and/or >10% at 4 hrs was considered
evidence ofidelayed gastric emptying of solids. Delayed gastric emptying was greateihgc
to the gastric retention at 4 hours: mit2(% gastric retention at 4 hours), moderate (>20 to
35%), and severe (>35%) (14,1Belayed gastric emptying of liquids in the presence of solids
is greater than 50% retention of141 at 1 hr emptying (35
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Statistical Methods

Descriptive statistics (means, standard deviations, frequeeid percentages) were
used to compare subgroupsyaistroparesipatients. Enrolimentharacteristics such as
demographics, medical history, gastroparesis history, symptom severity, and quédbtyefé
compared by.etiology (idiopathic compared to diabetic)valBes were determined from
Fisher’'s exact tests for categorical variables aedts for continuous variableEnroliment
characteristics'were also compared byghlegroups ohausea sevity score on the PAGEYM
instrument(nene/very mild/mild, moderate, and severe/very severe) and the sulo§roup
vomiting severityscoreon the PAGISYM instrument(none, very mild/mild/moderate, and
severe/very severePvalues were determined from achranArmitagetest for trend in nausea
or vomiting'subgroupr binary variablesa MantelHaenszel chsquare tedfor trend in nausea
or vomiting subgroups farategorical variablesnd a nonparametric Cuzick test for trend in
nausea or vomiting subgroups for continuous varigldlés Multiple logistic modelswere
selected based dkkaike Information criteria (AlICusingforward selectiorof all possible
models derived froma candidate set df6 enrollmentariablegsee table 1§18,19) The
resulting model for severe nausea included etiology, age, solid gastric emptying petcent a
hours,PAGI-SYM satiety/fullness subcore, SF36 mental score, SF-36 physical score, and
PAGI-QOLsscore The resulting model for severe vomiting inclueégidlogy, age, race, PAGI-
QOL score, HbAlc%and the following PAGEYM measuressatietyfullnesssubscore,
bloating subscore, andGERD subscore. All pvalues are twided; values <0.05 were
consideredrstatistically significant. Analyses were performeuusethods described 8AS
version 9.3%(SAS Institute) or Stata version 13.1 (StataCorp) (20).

Results
Patient characteristics

159 patients with gastroparesis were evalual®d:patients with idiopathic gastroparesis
and 52patients with diabetic gastropare&:® with TIDM, 17with T2DM). Average age was
44.7+13.3years. Females comprised the majority of patiert9¢8). Table 1 contains other
demographic information. Thmajority of patients had compensated (grade 2) gastroparesis
(66.0%) with moderate severity of symptoms of gastroparesis (GCSI score of 2.7+1.1).
However, 13.86 of patients were graded as having gastric famwith 2Z7. 76 of these patients
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having been hospitalized within last year. Symptoms prompting evaluation for gastrepar
included nausea (30.2%), vomiting (14.5%), and abdominal pair422 .8t the time of
enrollment in the registry, the predominant symptarase nausea i87.7% of patients, upper
abdominal pain_in 13.2% and vomiting in %4f patients.Antinausea medications were being
used by 81.1% of the patients, prokinetics agent use in 35.2%, and narcotic analgesics by 36.5%.
Other treatments included gastric electric stimulat®.486 of patients, use of G tube in 1.9%,
use of Jtube'in"1.9%, and presence of a central line in 2k%xall the gastric emptying was
moderately delayed with 30.0% retention at 4 hours, being more delayed in diabetic
gastroparesis (374 retention) than idiopathic gastroparesis §26retention; p=0.009). For

the diabetie patientshe average HgbAlc was 8 38% with 53.9% of the diabetic patients
having HgbhA1¢ 8.0%. There was a decreased quality of life in the patients with gassip

most prominently with the SB6 physical score being 33.7 compared to normal of 50.

Nausea/Vomiting severity using PAGI-SYM

Tablerticompareshe PAGISYM symptomseverity between diabetic and idiopathic
patients Thenausea/vomiting subscorelod PAGISYM (average of nausea, retching, and
vomiting severity) was greater in diabetic321.5; p=0.00%than idiopathics ($x1.2) with
increased«vomiting severity in diabetlc+1.8; p=0.0001) than idiopathic (0.9+£1.4) and
increased retching sevsrin diabetics (1.8+1.7) than idiopathic (1.1+£1.5; p=0.0dpusea
severity was not different between 1G and DG (3.0£1.6 for diabetic vs B.€arlidiopathic
(p=0.64).

Tables2/shows characteristics of patients with gastroparesis according to their nausea
severityas assessed using the PA®IM. Nausea severity was severe or very seveéd of
159(41%). patients (2 of 107 [40%] IG and 23 of 5245%] IG; p=0.77).The severity of
retching and.vomiting increased as nausea severity incre@kegeverity of ther symptoms of
gastroparesis.also tracked with the severity of nausea: fatlegsssubscore (p<0.0001),
bloating subscore (p=0.002), upper abdominal pain subscore (p<0.0001), and GERD subscore
(p=0.03).

Increasing nausea was relatedlecreased quality of life by PAGOL (p=0005),
especially in the activity subscofe<0.001), diet subscore (p=0.00and relationshigubscore
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(p=0.01) Increasing nausea was associated with decreased quality of life usingte S+
36 physica(p=0.01) and mental (p=03) measures.

There was a trend for increasing antiemetic use Q#r@nd narcotic use (p=b6) with
increasing hausea severity. In the diabetic patients, there were similar HgbAlc values across the
different severities of nausea.

Severe or very severe naugadientshadincreased gastric retention at 4 hours on the
gastric emptying scintigraphy test (8% retention for severe/very severe compare®Bt&’2
for moderate;"and 29.5% none/mild; p=0.08gverity of nausea wa®t related to retention of
liquids (p=0.36).

Table 3'shows characteristics of patients according to themmiting severity Vomiting
was preserdt the time of enrollmenh 750f 159 patients48%), being present more often in
diabetic gastroparesi§f0) than in idiopathic gastropares&8fo; p=0.002).Percentage wise,
more patients with diabetic gastropard4dis of 52 or 21%had severe/very severe vomiting
compared to idiopathic gastroparesis (12 of 107 or 11%; p=0Abgxpected, increasing
retching andgnausea severity were seen with increasing vomiting sevedtgasing emiting
severity tracked with other symptoms of gastroparssisety subscore §8.001), bloating
subscore«(p=0.002)pper abdominal pain subscor&@01), and GERDsubscore (p=0.03).
Increasingvomiting severity was associated with worsening quality of life on the FRZ@l-
(p=0.003, especially activity (§0.001), relationship (p=0.9%ubscores. Increasing vomdin
wasassoclated with decreased-$ physical component (p=0.01) and mental component
(p=0.03). An"diabetic patients, HgbAlc tended to be higher in thitlsenore severvomiting
(9.0£1.9%)but the trend was not significant (p=0.81). Use of prokinetic agatitsnetic
agentsand narcotic analgesiascreasedvith increagng vomiting severity. Retention at 4
hours on gastric emptying scintigraphy differed, but not statistically significantlye momiting
severity subgroups (p=0.09vith 39.8% retention in theswith severe/very severe vomiting,
comparedo.26.6% retention for those with mild/moderate vomiting, and 29.4% retention for
those with.n@*vomiting.

We further looked at the relationship of gastroparetic symptoms with delayed gastric
emptying (Supplemental Table 1). Gastric retention at 4 hours was greater ircdizoeti
idiopathic gastroparesisviore patients with diabetic gastroparesis had seya&sgic retention
than idiopathic gastroparesis. Stomach fullness and postprandial fullness, but roamause
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vomiting, were significantly increased with increasing gastric retention at 4 hsiags

symptoms captured at enroliment.e\Wso collectedymptoms at time of the gastric emptying

test. As with surveys obtained on enrollment, symptom severities measured at thethiene of
gastric emptying test showed no significant relation of nausea or vomiting to getstniton

rates. Increasing stomach fullness was associated with increasing gastric retention. Use of
antiemetics, but not prokinetic or narcotic analgesics, was associated with more severe retention
during gastric'emptying testing.

The*gastroparesis patients watsocompared according to the 2 and 4 hr gastric
emptying data by dividing the patients in three groups: 1) Delayed at 2 hr, normal at 4 hr; 2)
Delayed ats2 4w, delayed at 4 hr; and 3) Normal at 2 hr, delayed at 4 hr. The severityaf nause
retching, earlysSatiety and upper abdominal pain were similar among these groups.

Most patients hdhnausea. There were 24 patients scoring no nausea on theSRMGI-

84 patients with no vomiting on the PAGI-SYM, and 23 patients with no nausea or vomiting.
Using the Wmausea and vomiting form, there were 6 with no nausea, 56 with no vomiting, and 6
with no nawsea or vomiting. The patients with no nausea or vomiting on the$A%had a
higher BMPthan patients with nausea and/or vomiting (32+11 ¥3;37=0.004). There were

also signtieantly less other gastroparesis symptoms on the-BX®ll includingsatiety
subscorg2¢3t1.4 vs 3.5+1.1; p<0.0001) and upper abdominal pain (1.8+1.8 vs 3,0+£1.4
p=0.001) There were similar percentages of diabetic/idiopathic patients and similar percent
retention at 2 hours and 4 hours between these two groups.

Logistierregression analysis was used to look at independent predictors of hausea and
vomiting severity(Tables 4 and 5 Severe/very severe nausea according to the fSA® was
associated with younger age, increased satiety subscore, decreased mgdtst@E, and
decreased SB6 physical score (Table 4). Severe vomiting was associated witlvhitarace,

increased satiety subscore, decreased bloating subscore, and increased GERD($abkeSyre

Characteristies of nausea/vomiting

The“eharacteristics of nausea and vomiting are shwvaplementalable2. Overall 153
of 159 patients (96%) experienceé nausea as a symptom (8% of idiopathics and 9492 of
diabetic patients). The nausea was lasting most of the di&@yd}ior atleast several hours of
the day (27.%); whereas in B4% of the patients, the nausea lasted for about an hour or less.
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Nausea was related to meals inZP4, but felt by patients to be unrelated to eating in 28.8%.
Nausea was worse in the morning befaeng in 27.5% of patients and worse in the evening in
26.1% of patients. Other factors that were related to increasing nausea included high fat meals
(44.4% of patients), dairy @0% of patients), being hungry (26.3%), riding in a car @%.7
There wee_no.significant differences in thecharacteristics of nausea between patients with
diabetic gastroparesis and idiopathic gastropar®sasisea increasing during or after meals
tended to'be"'more frequently reported by IG (52.4%) compared to DG (32.7%; p=0.06).

The 'nausea profile was compared between patients with idiopathic and diabetic
gastroparesis. The total nausea profile was not significantly differentdretdiepathic and
diabetic patients @4 vs 46.5; p=0.99; with similar values for theomatic, Gl distress, and
emotional distress subscales

Thecharacteristics of vomitingre also shown in Tab& Overall 64.8 of patients
experienced vomiting as araptom being experienceshore in diabetic§0.8%) compared to
idiopathic patients (57% of idiopathic patients; p=0.0R4Vomiting lasted for several minutes
in 51.0% ofpatients, about 30 minutes to several hours in 32.4%, and most of the da§6in 16.7
of patientstending to be more prolonged in diabetic than idiopathic patients (p=0/b)iting
often wassrelated to eating2B% of patients), being unrelated to eating in 27.2%. The vomitus
was described as partial digested food in 45.4% or undigested food in 34.0%. Vomiting occurred
in the morning before eating more often in diabetic (&9 .han idiopathic patient@4.3%;
p=0.04). The vomiting could wake patients up at night in%54 patientsbeing more
prevalent in"DG than IG (p=0.02). Nausea often preceded vomiting i#%&1.patients;
whereas vomiting often relieved nausea in 30.1%. Vomiting could occur even if no food or drink
was take in 8.0% of patients, being more common in diabetic (45.2%), then idiopathic patients
(27.9%; p=0.008).

Discussion

Thissstudyhas carefully detailed the characteristics of both nausea and vomiting in
patients with' gastroparesisvo important and often considered classisgmptomsof
gastroparesis. This study finds thatigea is present in nearly @b6%) patientswith
gastoparesis Nausea was the predominant symptom in 28% of the patients, the most common
of the single individual symptoms. Nausea was present for many hours in the majority of
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patients. The characteristics of nausea (severity, timing) were similar in diabetic and idiopathic
patients.Vomiting was present iapproximately half the patients buas considered the
predominant symptoms in ondysmall percentage (4%} the patients. lcontrast to nausea
vomiting was more prevalent and severe in diabetic than in idiopathic gassigpar

This.study documents tlicreased quality of life in patients with gastropareBie
SF-36 physicalsscore was 33.7 compared to normal of 50. There was less effechwantal
quality of life'with SF36 of 42.4.Increasing nauseand vomiting were bottelated to
decreased quality of life using the disease specific instruR&@1-QOL. Using logistic
regression analysis, hausea severity, but not vomiting severity, was independentitess
with the SE=36:QOL scores. Thus, gastroparesis has an increased clinical burden as
demonstratedobjectively by decreased quality of life, and nausea severity is edseithathis
decreased quality of lifeOther smaller studs have shown that nausea and vomiting symptoms
are associated with impaired quality of [{24), but this studimportantlyseparates the
characteristics of nausea and vomiting.

Nauseawwas present in nearly all patients with gastroparesis, irrespective of the etiology.
Nausea wagenerally present for many hours in the majority of patierits.characteristics of
nausea (severity, timing) were similar in diabetic and idiopatitiepts. In contrast, emiting
was less prevalent, beipgesent irroughly halfof patients with gastroparesisith significant
differences in the characteristics of vomiting among the diabetic and idiopathic patients
Vomiting was more common and maevere in patients with diabetic than idiopathic
gastroparesisilnterestingly, diabetic patients more often had vomitingingdarthe morning
before eatingduring the night, and could occur evéthe patient did not eatClinically, many
patientsstate they do not want to vomit and limit their intake and change diet so that do not have
vomiting. ,On the other hand, some patients find that vomiting helps to relieve the n@usea.
prior studyalsosuggested that nausea and vomitirgge more severe in diabetic than idiopathic
gastroparesis (21). This study expands this by showing it is the vomiting charastéasti
appear to_bedifferent between diabetic and idiopathic gastroparesis with the nausea being
somewhat similar between theawThe vomiting data was assessed by PA3M and our
nausea and vomitinguestionnaire Inthe PAGI-SYM, vomiting severity is graded by the
patient. More recent measum@svomiting haveassessethe frequency and duration of vomiting

episodesinsteadof the severity of vomitingFuture studies should take these aspatts
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consideration in assessing vomiting severitye did not find a relationship of worsening
glucose control imiabetic patients with different severities of nausewith vomiting.

Autonomic dysfunctiosometimes present in diabetic patiantsy berelated to the presence of
vomiting. Vagal and nomagal pathways as well as several brainstem nuclei participate in
vomiting in_response to different emetic stim(22). Physiologic differences between idiopathic
and diabetic gastroparesis may relate to worse vagal impairments in dié2&@ey.

Each of'the symptoms of the nausea/vomiting subscore (nausea, retching, vomiting)
tracked with"each other. In additiongreasing nausea and increasing vomiting were related to
increasing satiety/fullness subscore and upper abdominaltpisims not surprising as these are
the symptoms=ef gastroparesis. Satiety severity associated with nausea seggésis a vagal
neuropathy“assa possible caudée also found that as nausea and vomiting increased, there was
an increased use of antiemetic agents as expected but also the use of narcotic analgesics.
Narcotics can delay gastric emptying as well as cause nausea and vomiting as a side effect. Our
studydemonstratea relationship of narcotics widymptoms but not witdelayed gastric
emptying. Fhewelation of narcotic analgesics with nausea might be related to the central effects
of opiates rather than their peripheral effects in slowing gastric emptying.

Theuresults of the study show that nausea and vonsiéagrityvaries by gastric
emptying.out are ndinearly related. Our study showed increased severity of nausea among
severely delayedastric emptying However, the statisticatend test for both nausea and
vomiting showed no significant systematic relationship with gastric emptyirtig0@for both).

In a previous'study from our GpCRC, we did not show a signifiedaionship between nausea
severity adhdelay of gastric emptying (25The current study included assessment of gastric
emptying using liquids as well; howeyeve foundthat the liquid results were consistent with

the solid results- we did not find a relationship between retention of liquids and symptom
severity of nausea or vomiting.h& symptom assessment at enrollment was not on the same day
as the gastric.emptying test (median sepamadf 13 days, IQR 0-95 days); however, even when
symptoms.at'the time of gastric emptying wessessed, onlgtomacHullness, but not nausea

or vomitingrappeared to be associated with increasing delay in gastric emptying.

In conclusion, this study demonstrates that nausea and vomiting are important symptoms
of gastroparesis. The severity of neass related to the decrease in quality of life that is present
in patientswith gastroparesisCharacteristics of nausea appeared similar between diabetic and
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idiopathic gastroparesis. Vomitingowever, was more prevalent and severe in DG than in IG,
occurred more often in the morning in DG, during the night and when not eating. Thus, although
characteristics of nausea appear to be similar between diabetic and idiopathic gastroparesis, the
characteristis of vomiting differ in idiopathic versus diabetic gastropar&imptoms of nausea

and vomiting.are important symptoms that need to be specifically addressed, perhaps
individually, in.treating patients with gastroparesis.
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Table 1: Qaracteristics of patients wittiopathicor diabeticgastroparesis

Etiology
Idiopathic Diabetic Total p-
Characteristic (n=107) (n=52) (n=159) value*
Demographics
Gender: females 97 (90.7%) 38 (73.1%) 135 (84.9%) 0.008
Age (years) 43.6 £14.0 46.9+11.8 44.7+133 0.14
Hispanic 9 (8.4%) 13 (25.0%) 22 (13.8%) 0.007
Race: white 98 (91.6%) 42 (80.8%) 140 (88.1%) 0.07
Gastroparesihistory
Duration of symptoms (years) 6.0+ 6.5 81+7.8 6.7+£7.0 0.08
Onset ofigastroparesis symptoms 0.50
Acute 46 (43.0%) 20 (38.5%) 66 (41.5%)
Insidious or gradual 59 (55.1%) 32 (61.5%) 91 (57.2%)
Predominant symptom prompting 0.26
gastroparesiS‘evaluation
Nausea 37 (34.6%) 11 (21.2%) 48 (30.2%)
Vomiting 15 (14.0%) 8(15.4%) 23 (14.5%)
Abdominal pain 24 (22.4%) 11 (21.2%) 35 (22.0%)
Other 31(29.0%) 22 (42.3%) 53 (33.3%)
Nature of gastroparesis symptoms: 0.70

Chronigybut stable

Chronic;*but progressive worsening
Chronic, but some improvement
Chronic with periodic exacerbations

Cyclic pattern
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20 (18.9%)
22 (20.8%)
10 (9.4%)

37 (34.9%)
16 (15.1%)

6 (11.5%)
11 (21.2%)
8 (15.4%)
17 (32.3%)
9 (17.3%)

26 (16.5%)
33 (20.9%)
18 (11.4%)
54 (34.2%)
25 (15.8%)
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http://www.ncbi.nlm.nih.gov/pubmed/21397732�

Asymptomatic
Gastroparesis severity:
Mild (grade 1)
Compensated (grade 2)
Gastric failure (grade 3)
Weight history.
BMI (kg/f)
Medical history
Diabetes
Type L
Type 2
Hospitalization for gastroparesis in thi
past year
Number of hospitalizations for
gastroparesis«in the past year
Use of G'tube
Use of dstube
Presence of central line
Presence of gastric stimulator
Use of prokinetics
Use of Botoxy(ever)
Use of antinausea medications
Use of narcotics
Use of alternative medications
PAGI-SYM, symptom severity (B) 1
Nausea score
Vomiting.score
Retching'score
Nausea suiscore
Satiety subscore
Bloating sub-sore
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1 (0.9%)

20 (18.7%)
74 (69.2%)
13 (12.2%)

26.5+8.2

22 (20.6%)

24+17

3 (2.8%)
2 (1.9%)
0 (0.0%)
5 (4.7%)
34 (31.8%)
28 (26.2%)
87 (81.3%)
87 (35.5%)
53 (49.5%)

29+1.6
09+14
1.1+1.5
16+1.2
33+1.2
3.1+16

1 (1.9%)

12 (23.1%)
31 (59.6%)
9 (17.3%)

29.3+6.7

35 (67.3%)
17 (32.7%)
22 (42.3%)

7.0+11.0

0 (0.0%)
1 (1.9%)
4 (7.7%)
10 (19.2%)
22 (42.3%)
19 (36.5%)
42 (80.8%)
20 (38.5%)
12 (23.1%)

3.0+1.6
1.9+1.8
1.8+1.7
23+15
3.3+13
3.0+1.7
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2 (1.3%)

32 (20.1%)
105 (66.0%)
22 (13.8%)

27.4+7.38

44 (27.7%)

4.7 +8.2

3 (1.9%)

3 (1.9%)

4 (2.7%)

15 (9.4%)
56 (35.2%)
47 (29.6%)
129 (81.1%)
58 (36.5%)
65 (40.9%)

29+1.6
1.2+1.6
14+1.6
1.8+1.4
3.3+1.2
3.0+x1.6

0.47

0.03

0.004

0.06

0.55
1.00
0.01
0.007
0.19
0.20
1.00
0.72
0.002

0.64
0.0001
0.01
0.006
0.88
0.88



Cardinal symptom index (GCSI)
Upper abdominal pain sudzore
GERD subscore
Predominant symptom &AGI-SYM
Nausea
Vomiting
Upper-abdominal pain or discomfor
Other
PAGI-QOL (0-5) &
Activity subscore
Clothing'subscore
Diet subscore
Relationship suscore
Psychology sulscore
Total PAGFQOL
SF36v2Health'Survey (past 4 weekss)
Physicalhealth summary measure
Mental.health summary measure
Solid gastric scintigraphy
Percentretention at 1 hour
Percent retention at 2 hours
Percent retention at 4 hours
Liquid gastric scintigraphy
Percent retention at 30 minutes

Percentretention at 1 hour

27+11
28+1.6
1.8+1.3

31 (29.0%)
5 (4.7%)

18 (16.8%)
53 (49.5%)

26+1.2
29+1.7
16+1.3
34+1.2
3.3+13
28+1.0

33.7+£9.7
43.0+135

79.3+13.8
63.0 £ 16.3
26.5+16.5

63.1+17.3
49.1 +16.6

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

29+11
28+15
1.8+1.5

13 (25.0%)
2 (3.9%)
3 (5.8%)
34 (65.4%)

29+1.2
3.0+£1.9
22+14
3.3+x15
3.1+15
29+13

33.8+11.4
41.1+13.8

80.8 +12.6
64.7 +£19.0
37.1+223

68.6 +17.4
50.8 £19.7
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27+11
28+15
1.8+1.4

44 (27.7%)
7 (4.4%)

21 (13.2%)
87 (54.7%)

27+1.2
29+1.7
1.8+1.3
3.3+13
3.2+14
28+1.1

33.7+10.2
42.4 +13.6

79.8 £13.3
63.6 £17.2
30.0+19.1

65.0+17.4
49.7 +17.6

0.27
0.93
0.89
0.15

0.29
0.58
0.006
0.56
0.39
0.47

0.94
0.41

0.51
0.58
0.0009

0.19
0.66

“Nausea/yomiting severity is a subscale from the Patient Assessment of dgpeirestinal Disorders Symptom Severity

Index (PAGISYM) 1t is the average of the nausea, retching, and vomiting severity scores.

*The significance of difference in categorical variables between groups wasviéstedchisquare test or Fisher's &ot test.

Continuous variables were analyzed withtast. All P values are twsided.

8 Subscales derived from the Patient Assessment of Upper Gastrointestinal DiQoiaéysof Life (PAGFQOL). Scales have

been recoded so that a higher score refladtigher QOL.
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¥ Scores on the Medical Outcomes Studytdf 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 REiter health outcome
1 Subscales derived from the Patient Assessment of Upper Gastrointestinal DisorgemySSeverity Index (PAGSYM). A

higher score reflects a greater severity.

Table 2: aracteristics of patients wittiopathic or diabetigastroparesis byauseaeverity

Nausea severity on PAGAYM”

None/Very Severe/Very
mild/Mild Moderate Severe Total
Characteristic (n=51) (n=43) (n=65) (n=159) p-value*
Etiology 0.77
Idiopathic 34 (66.7%) 31 (72.1%) 42 (64.6%) 107 (67.3%)
Diabetic 17 (33.3%) 12 (27.9%) 23 (35.4%) 52 (32.7%)

Demographics
Gender; females
Age (years)
Hispanic
Racexwhite
Gastroparesikistory
Nature of'gastroparesis
symptoms:
Chronic, but stable
Chronie, but progressive
worsening
Chronic;"but some
improvement
Chrenic with periodic
exacerbations
Cyclic pattern
Asymptomatic

Gastroparesis severity:

45 (88.3%) 35 (81.4%) 55 (84.6%) 135 (84.9%) 0.62
48.3+13.8 43.0+13.4 41.0+12.1 44.7+13.3 0.001
11 (21.6%) 3 (7.0%) 8 (12.3%) 22 (13.8%) 0.18
49 (96.1%) 38 (88.4%) 53 (81.5%) 140 (88.1%) 0.02

0.95
10 (19.6%) 7 (16.3%) 9 (14.1%) 26 (16.5%)
6 (11.8%) 11 (25.6%) 16 (25.0%) 33 (20.9%)
11 (21.6%) 4 (9.3%) 3 (4.7%) 18 (11.4%)
15 (29.4%) 13 (30.2%) 26 (40.6%) 54 (34.2%)
7 (13.7%) 8(18.6%) 10 (15.6%) 25 (15.8%)
2(3.9%) 0(0.0%) 0(0.0%) 2 (1.3%)

<0.0001
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Mild (grade 1) 22 (43.1%) 3 (7.0%) 7 (10.8%) 32 (20.1%)
Compensated (grade 2) 27 (52.9%) 34 (79.1%) 44 (67.7%) 105 (66.0%)
Gastric failure (grade 3) 2 (3.9%) 6 (14.0%) 14 (21.5%) 22 (13.8%)
Medical history
BMI (kg/nrd) 27.8+8.8 283+64 265+79 274+78 0.30
Use of prokinetics 14 (27.5%) 17 (39.5%) 25 (38.5%) 56 (35.2%) 0.24
Use of antiemetics 37 (72.6%) 35 (81.4%) 57 (87.7%) 129 (81.1%) 0.04
Use of narcotics 15 (29.4%) 13 (30.2%) 30 (46.2%) 58 (36.5%) 0.06
Laboratory results
HbAlc, if.diabetic (%) 83+20 82+24 83+18 8.3+2.0 0.91
HbA1c>8:0%y1f diabetic 11 (64.7%) 5 (41.7%) 12 (52.2%) 28 (53.9%) 0.48
ANA negative, if idiopathic 26 (76.5%) 29 (93.6%) 36 (85.7%) 91 (85.1%) 0.30
ESR, if idiopathic 156 +13.0 15.3+10.3 12.8+12.6 14.4+12.0 0.28
ESR elevated>30mm, if 6 (17.7%) 4 (12.9%) 2 (5.0%) 12 (11.4%) 0.09
idiopathic
PAGI-SYMssymptom severity (0
S5)1
Nauseasscore 09+09 3.0+x0.0 44+05 29+16 <0.001
Vomiting score 04+09 12+13 1919 12+1.6 <0.001
Retching.score 04+£08 13+x12 21+1.8 14+1.6 <0.001
Nauseal/vomiting subeore 05+£07 18+07 28+1.2 1.8+1.4 <0.001
Satiety/fullness sulscore 25+13 33x09 3910 3.3x1.2 <0.001
Bloating sub-sore 24+18 32+x14 34+15 3.0x16 0.002
Cardinal.symptom index (GCSI 1.8+1.0 2.8+0.7 3.4+0.8 27+x1.1 <0.001
Upper abdominal pain sidsore 2.0+1.7 2.7+12 34+14 28+15 <0.001
GERD subscore 14+14 21+1.3 20+x14 18+x14 0.03
Predominant symptom from the 0.08
PAGI-SYM
Nausea 2 (3.9%) 12 (27.9%) 30 (46.2%) 44 (27.7%)
Vomiting 1 (2.0%) 1(2.3%) 5 (7.7%) 7 (4.4%)
Upper abdominal pain or 6 (11.8%) 4 (9.3%) 11 (16.9%) 21 (13.2%)
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discomfort
Other 42 (82.4%) 26 (60.5%) 19 (29.2%) 87 (54.7%)
PAGI-QOL (0-5) &
Activity subscore 32+11 26+11 23+1.2 27+1.2 <0.001
Clothing subscore 3.2+18 28%15 28+19 29+1.7 0.27
Diet subscore 23+x15 17+x12 15%1.2 1.8+1.3 0.005
Relationship'sutscore 37+13 32+13 31+13 3.3+13 0.01
Psycholoegy sulscore 34+£13 33+x12 2915 3214 0.09
Total PAGFQOL 32+11 27+10 25z%1.1 28+1.1 0.005
SF-36v2 Health Survey (past 4
weeks) t
Physical health summary 36.3+£10.9 344+98 31.3+95 33.7+x10.2 0.01
measure

Mental health summary measur 44.7 + 13.5 44.1+12.9 394 +13.7 42.4+13.6 0.03
Solid gastriesseintigraphy

Percent retention at 2 hours 63.6+17.2 59.7+15.6 66.2+18.0 63.6+17.2 0.27

Percentetention at 4 hours 29.5+19.8 23.5+14.2 346+20.4 30.0+x19.2 0.09

Percentretention at 4 hours, 37.1+26.7 32.7+19.3 39.5+20.7 37.1+223 0.33
diabetic patients only

Percentretention at 4 hours, 25.7+14.4 20.0+£9.9 31.9+20.0 265+16.5 0.17
idiopathic patients only
Liquid gastriesscintigraphy

Percentretention at 30 minutes 64.1 +16.9 67.3+14.8 63.8+20.0 65.0+17.4 0.83

Percent retention at 1 hour 49.2+19.0 52.2+13.6 48.1+194 49.7+176 0.36

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

“Nausea severity is a score from the Patient Assessment of Upper Gastmainfestirders Symptom Severity Index (PASYM).
*The significance of difference ibinaryvariables between groups was tested witbochrarArmitage trend testhe significance of
difference_inscategorical variables between groups was tested with a Maetedzel chsquare test, ahthe significance of
difference in"continuous variables between groups was tested withparametric Cuzick test for trendhll P values are twsided.
§ Subscales derived from the Patient Assessment of Upper Gastrointestinal DiQoialéysof Life (PAGI-QOL). Scales have been
recoded so that a higher score reflects a higher QOL.

¥ Scores on the Medical Outcomes Studyt8é ShortForm Health Survey V2 (SB6v2) standard recall were normalized to the
1998 U.S. general population with a mean (xSD) of 50£10. A higher score reflects higher QQkrdrdsdth outcome.
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1 Subscales derived from the Patient Assessment of Upper Gastrointestinal Disorg#mrSSeverity Index (PAGBYM). A

higher score reflects a greater severity.

Table 3: Maracteristics of patients wittliopathic or diabetigastroparesis byomiting severity

Vomiting severity”

Very
None mild/Mild/ Severelvery
(n=84) Moderate Severe Total
B (n=23)
Characteristic (n=52) (n=159) p-value*
Etiology 0.003
Idiopathie 66 (78.6%) 29 (55.8%) 12 (52.2%) 107 (67.3%)
Diabetic 18 (21.4%) 23 (44.2%) 11 (47.8%) 52 (32.7%)
Demographics
Gender: females 75 (89.3%) 41 (78.9%) 19 (82.6%) 135 (84.9%) 0.20
Age (years) 45.4+14.1 452+12.4 41.0+12.5 44.7+13.3 0.001
Hispanic 11 (13.1%) 7 (13.5%) 4 (17.4%) 22 (13.8%) 0.65
Race: white 77 (91.7%) 47 (90.4%) 16 (69.6%) 140 (88.1%) 0.01
Medical history
Nature of gastroparesis symptom 0.17
Chronic, but stable 19 (22.6%) 6 (11.8%) 1 (4.4%) 26 (16.5%)
Chronigcgbut, progressive 14 (16.7%) 13 (25.5%) 6 (26.1%) 33 (20.9%)
worsening
Chronic;"but some improvemen 8 (9.5%) 9(17.7%) 1 (4.4%) 18 (11.4%)
Chronic with periodic 31 (36.9%) 14 (27.5%) 9 (39.1%) 54 (34.2%)
exacerbations
Cyclic pattern 10 (11.9%) 9 (17.7%) 6 (26.1%) 25 (15.8%)
Asymptomatic 2 (2.4%) 0 (0.0%) 0 (0.0%) 2 (1.3%)
Gastroparesis severity: <0.0001
Mild (grade 1) 25 (29.8%) 6 (11.5%) 1 (4.4%) 32 (20.1%)
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Compensated (grade 2)
Gastric failure (grade 3)
Medical history
BMI (kg/n")
Use of prokinetics
Use of antiemetics
Use of narcotics
Laboratory results
HbAlc, if diabetic (%)
HbA1c>8:0%mif diabetic
ANA negative, if idiopathic
ESR, if idiopathic
ESR elevated>30mm, if idiopathi
PAGI-SYM, symptom severity (®)

f
Nausea'score

Vomiting score
Retching.score
Nause&/omiting subscore
Satietyfullnesssubscore
Bloating sub-sore
Cardinal'symptom index (GCSI)
Upper abdominal pain siudzore
GERD subscore
Predominant symptom from the
PAGI-SYM
Nausea
Vomiting
Upper abdominal pain or
discomfort
Other

54 (64.3%)
5 (6.0%)

27.7 + 8.6
21 (25.0%)
63 (75.0%)
21 (25.0%)

8.5+1.7
12 (66.7%)
54 (81.8%)
15.6 + 12.9
9 (13.9%)

2317
0.0+0.0
0.4+0.9
0.9+0.7
3.0+£13
28+1.6
22+10
24+16
15+1.3

20 (23.8%)
0 (0.0%)
12 (14.3%)

37 (71.2%)
9 (17.3%)

28.1+6.9
21 (40.4%)
45 (86.5%)
23 (44.2%)

7.8+2.1
9 (39.1%)
25 (86.2%)
12.0 + 10.0
2 (6.9%)

3.3+1.2
1.8+0.8
21+14
24+0.9
3.5+0.9
3.3+15
3.1+0.8
32+13
20+14

15 (28.9%)
0 (0.0%)
8 (15.4%)

14 (60.9%)
8 (34.8%)

24.8 + 6.3
14 (60.9%)
21 (91.3%)
14 (60.9%)

9.0+1.9
7 (63.6%)
12 (100.0%)
13.7+11.6
1 (9.1%)

44+0.9
44+05
33+14
4.0+0.6
39+1.2
34+1.7
3.8+0.9
3.2+x15
26+15

9 (39.1%)
7 (30.4%)
1 (4.4%)

52 (61.9%) 29 (55.8%) 6 (26.1%)
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105 (66.1%)
22 (13.8%)

274+7.8 0.30
56 (35.2%) 0.0009
129 (81.1%) 0.04

58 (36.5%) 0.0005

83+20 081
28 (53.9%) 0.64
91 (85.1%) 0.12
14.4+12.0 0.39
12 (11.4%) 0.41

29+16 <0.001
12+1.6 <0.001
14+1.6 <0.001
1.8+1.4 <0.001
33+1.2 <0.001
3.0+1.6 0.002
27+1.1 <0.001
28+15 <0.001
1.8+1.4 0.03
0.13

44 (27.7%)
7 (4.4%)

21 (13.2%)

87 (54.7%)
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PAGI-QOL (0-5) §

Activity subscore 29+11 26+12 21zx1.1 27+1.2 <0.001
Clothing subscore 31+17 28+17 2621 29+1.7 0.27
Diet subscore 19+14 18+13 13+1.1 1.8+1.3 0.005
Relationship,suscore 36+12 31+15 29+14 3.3+1.3 0.01
Psychology sulkcore 3412 31+x15 2715 32+14 0.09
Total PAGFQOL 30+10 27+11 23+11 28+1.1 0.005

SF36v2 Health'Survey (past 4

weeks)t

Physicalealth summary measur 35.5+9.6 32.0+11.1 31.1+98 33.7+10.2 0.01
Mental health summary measure 42.7 £13.3 42.8+14.5 40.2+125 424+13.6 0.03
Solid gastric scintigraphy
Percent retention at 1 hour 79.9+144 80.6+10.6 77.8+151 79.8+13.3 0.69
Percentretention at 2 hours 64.8+16.9 61.2+16.5 64.7+£20.1 63.6+x17.2 0.27
Percentetention at 4 hours 29.4+194 26.6+14.7 39.8+24.2 30.0+x19.1 0.09
Percent retention at 4 hours, 40.0+£28.9 33.5+16.7 399+211 37.1+223 0.78
diabetic patients only
Percentsretention at 4 hours, 26.5+149 21.0+10.3 39.7+£27.6 265+16.5 0.65
idiopathic patients only
Liquid gastric scintigraphy
Percent retention at 30 minutes 64.1+16.7 67.3+13.6 62.8+24.7 65.0+17.4 0.83
Percent retention at 1 hour 48.2+17.3 50.7+13.4 51.5+25.7 49.7+17.6 0.36

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

AVomitingrseveritysisia score from the Patient Assessment of Upper GastinaitBssorders Symptom Severity Index (PAGI
SYM).

* The significancerofidifference in binary variables between groups was tetteal @dchrasArmitage trend test, the significance
of difference in categorical variables between groups was tested with aMaeteszel chgquare test, and the significarafe
difference in continuous variables between groups was tegted norparametric Cuzick test for trendlll P values are two
sided.

8 Subscales derived,from the Patient Assessment of Upper Gastrointestinal DiQoialéysof Life (PAGFQOL). Scaledhave
been recoded so that a higher score reflects a higher QOL.

T Scores on the Medical Outcomes Studit8f ShortForm Health Survey V2 (SB6v2) standard recall were normalized to the
1998 U.S. general population with a mean (xSD) of 50£10. A higher score reflects higher QQerdrdsdth outcome.
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1 Subscales derived from the Patient Assessment of Upper Gastrointestinal Disorg#mrSSeverity Index (PAGBYM). A

higher score reflects a greater severity.

Table 4: Logistic Regression Analyses of Enroliment Characteristics as Predictors &vere

Nausea* in Idiopathic and Diabetic Gastroparetics (n=159)

Unadjusted Analyses Adjusted Analyses
Enrollment'chracteristic OR Cl Pt OR Cl Pt
Etiology (diabetic vs 1.23  (0.63 240 0.55 1.12 (048, 261) 0.80
idiopathic)
Age, years 0.96 (0.94,0.99) 0.004 0.96 (0.93,0.99) 0.005
Solid gastric emptying 1.02 (1.001.1) 0.01 1.2 (0.99,1.04) 0.14
scintigraphys=percent
retention ag hours
PAGI-SY Mysatietyfullness 2.58 (1.76,3.77) <0.001 2.83 (1.80444) <0.001
subscore
SF36, mental score 0.97 (0.95,1.00) 0.02 094 (090,098 0.06
SF36, physieal score 0.96 (0.93,0.99) 0.01 0.95 (0.90,0.99 0.2
PAGI-QOL score 0.70 (0.52,0.94) 0.02 1.75 (0.953.20 0.07

* Severe nausea defined as ‘severe’ or ‘very severe’ nausea score on th8 WA@Gistrument

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

T Adjusted odds ratios, 95% configenlimits, P values were determined from a multiple logistic
regressionanalyses of severe nausea using all baseline predictors indicated. This model was
determined from Akaike Information criteria (AIC) with forward selection usimgndidate set of
baslinevariables: gender, age at enrollment, etiology, rac863Hysical score, SB6 mental
score;"PAGIQOL total score, solid GES 2 hour retention percent, solid GES 4 hour retention
percent, HbAlc, ESR, gastroparesis severity, and the following %@l items: satiety sub
score, bloating subcore upper abdominal pain stdzore, and GERD stdrore. Etiology was

forced into the model.
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Table 5: Lagistic Regression Analyses of Enrollment Characteristics as Predictors 8kvere

Vomiting* in Idiopa thic and Diabetic Gastroparetics (n=159)

Unadjusted Analyses Adjusted Analyses
Enrollment OR Cl Pt OR Cl Pt
characteristic
Etiology (diabetic vs 2.12 (0.87,5.21) 0.10 1.02 (0.19,5.59 0.98
idiopathic)
Age, years 0.98 (0.941.0) 0.16 0.97 (0.931.0) 0.16
Race (whitesvssnon 0.22 (0.08 0.64 0.0 0.20 (0.050.80 0.2
white)
PAGI-SYM; satiety sub 1.95 (1.18,3.21) 0.009 2.17  (1.19 395) 0.01
score
PAGI-SYM; bloating 1.19 (0.89, 160) 0.24 0.62 (0.41,0.%) 0.03
subscore
PAGI-SYM;GERD sub 1.60 (1.15,2.22) 0.005 1.77 (1.16, 2.72) 0.009
score
PAGI-QOL score 0.63 (0.42,0.95) 0.03 0.71 (0.42,1.20) 0.20
HbAlc, % 1.28 (1.04, 1.59) 0.02 1.29 (0.85,1.95) 0.24

* Severe vomiting defined as ‘severe’ or ‘very seve@hiting score on the PAGYM instrument

t Unadjusted.edds ratios, 95% confidence limits, P values determined from loggséssion models of
severewomiting on each predictor

¥ Adjusted odds ratios, 95% confidence limits, P values were determined fratiple logistic
regression analyses of severe nausea using all baseline predictors indicated. This model was

determined from Akaike Information criteria (AIC) with forward selection usimgndidate set of
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baseline variables: gender, age at enratlmnetiology, race, SB6 physical score, SB6 mental

score, PAGIQOL total score, solid GES 2 hour retention percent, solid GES 4 hour retentientper
HbAlc, ESR, gastroparesis severity, and the following P& items: satiety sulscore, bloating
sub-score upper abdominal pain stdzore, and GERD swdrore. Etiology was forced into the

model.

Supplemental Table Baseline characteristics of patients wilopathic or diabetic

gastroparesiby.four hour gastric retention

Percent of gastricetention of solids at ¢

hours
<20% 20.1-35% >35% Total
Characteristic (n=62) (n=46) (n=51) (n=159) p-value*
Etiology. 0.002
Idiopathic 48 (77.4%) 34 (73.9%) 25 (49.0%) 107 (67.3%)
Diabetic 14 (22.6%) 12 (26.1%) 26 (51.0%) 52 (32.7%)

PAGI-SYM closest to enrollment
Median 'days from PAGSYM 12 (8-20) 16(9-31) 14 (9-28) 13 (8-27) 0.09

to enroliment (IQR)

Nausea/vomiting subeore 1.8+12 15+12 22+16 18+1.4 0.40
Nausea,score 29+14 26+1.7 3.2+1.38 29+16 0.17
Retchingrscore 12+14 12+15 16138 14+16 0.34
Vomiting score 1.3+16 08%+1.2 16+1.8 1.2+16 0.53

Satiety/fullness sulscore 31+£13 31+x12 37zx1.1 3.3x1.2 0.02
Stomach fullness score 33+x12 33%x14 39zx1.2 35+£1.3 0.01

Inability to finish meal score 3.2+17 3.1+15 3713 3.3+x1.6 0.15
Postprandial fullness score  3.4+1.5 3414 4011 3.6+t14 0.03
Loss of appetite score 2616 25+x16 3116 27+16 0.10
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Bloating subscore
Bloating score
Stomach visibly larger score
GCsl
Upper abdeminal pain siudzore
Upper-abdeminal pain score
Upper-abdominal discomfort
score
GERD subscaore
PAGI-SYM:clesest to
scintigraphyf
Median days from PAGEYM
to scintigraphy (IQR)
Nausea/vomiting subeore
Nausearscare
Retching score
Vomiting.score
Satiety/fullness sulscore
Stomach fullness score
Inability. to finish meal score
Postprandial fullness score
Loss oftappetite score
Bloating subscore
Bloating scare
Stomach. visibly larger score
GCsl
Upper abdominal pain sudzore
Upper abdominal pain score
Upper abdominal discomfort
score
GERD subscore

3.0+1.6
3.1+1.7
28+1.8
26+1.1
28+1.6
26+1.8
29+15

16+1.3

1(0-74)

21+13
3.3+1.3
1.4+1.5
15+1.8
33+1.2
35+14
3.4+1.7
3.7+1.4
28+15
3.3+1.6
3.4+1.7
3.2+1.8
29+11
3.1+15
29+1.7
3.3%+15

1.6+1.3

3.0+£15
3.1+1.6
29+1.6
25%+1.0
25+14
23%+15
2.7+1.6

20%+15

15 (0-78)

1.8+1.2
3.0+1.7
15+1.6
1.0+1.3
34+11
3.7+1.0
34+14
3.8+1.2
28+15
3.1+x15
3.1+1.6
3.0+1.6
28+1.0
3.0x15
29+15
3.1+1.6

21+14
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3.2+1.7
64+16
3.1+1.9
3.0+1.1
3.1+16
2917
3.3+1.6

19+1.4

45 (0-117)

24+15
35+1.6
1.8+19
20+20
3.7+x1.2
39+13
3.6+15
40+14
3.1+1.6
3.1+16
3.3+1.7
3.0+1.6
31+11
3.2+x15
3.1+1.6
3.3%+15

19+13
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3.0+£1.6
6.2+1.6
29+138
27+x11
28+15
2617
3.0+1.6

18+1.4

13 (0-95)

21+14
3.3+15
15+1.7
15+1.8
3.5+1.2
3.7+13
35+15
3814
29+15
3.2+16
3.3+1.6
3.1+1.7
29+1.0
3.1+£15
3.0+1.6
3.3%+15

19+13

0.33
0.31
0.45
0.06
0.30
0.36
0.29

0.30

0.15

0.26
0.26
0.26
0.21
0.10
0.04
0.53
0.11
0.25
0.43
0.63
0.35
0.37
0.85
0.77
0.99

0.16
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Medical history
BMI (kg/n?)

Use of prokinetics

274+78 0.96
56 (35.2%) 0.44
129 (81.1%) 0.008
58 (36.5%) 0.24

272+70 275+7.7 27.6+89
20 (32.3%) 16 (34.8%) 20 (39.2%)
43 (69.4%) 41 (89.1%) 45 (88.2%)
20 (32.3%) 16 (34.8%) 22 (43.1%)

Data are means t/standard deviations or number (percents).

Use of antiemetics

Use of narecotics

* The significance of difference binaryvariables between groups was tested witbochrarArmitage trend test
and the significange of difference in continuous variables betgreeips was tested withnorparametric Cuzick
test for trend;, All P values are tvgided.

1 Subscalesderived from the Patient Assessment pétJpastrointestinal DisordeBymptom Severity Index
(PAGI-SYM)A higher score reflects a greatevesty.

Supplementakable2: Nausea and vomiting profilef patients withidiopathic or diabetic

gastroparesis

Etiology
Idiopathic Diabetic Total p-
Characteristic (n=107) (n=52) (n=159) value

Nausea and-vemiting profile

Experiences nausea asymptom 104 (97.2%) 49 (94.2%) 153 (96.2%) 0.39

If nausea is a symptom:

How long nausea lasts 0.88
Several.minutes to about 1 hour 32 (30.8%) 16 (32.7%) 48 (31.4%)
Several*hours 30 (28.9%) 12 (24.5%) 42 (27.5%)

Most ofthe day 42 (40.4%) 21 (42.9%) 63 (41.2%)

Nausea'warse in the morning before 0.52

eating
Yes 27 (30.0%) 15 (30.6%) 42 (27.5%)
No 35(33.7%) 12 (24.5%) 47 (30.7%)
Sometimes 42 (40.4%) 22 (44.9%) 64 (41.8%)
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Nausea worse in the evening
Yes
No
Sometimes

Nausea typically occurs

During.eating or within 60 minutes

after eating
13+ hours-after eating
All of the above
Unrelatedsito eating
High fat meal provokes nausea

Dairy provokes nausea

Vegetables or high-fiber meal provok

nausea

Spicy meal-provokes nausea

Nausea increases during and/or after

eating

Yes
No
Sometimes

Nausea increases when hungry
Yes
No
Sometimes

Nausea decreases when hungry
Yes/sometimes
No

Nausea increases when riding in a ca

or bus
Yes
No
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30 (28.9%)
23 (22.1%)
51 (49.0%)

31 (29.8%)

12 (11.5%)
35 (33.7%)
26 (25.0%)
47 (45.2%)
35 (33.7%)
39 (37.5%)

39 (37.5%)

54 (52.4%)
17 (16.5%)
32 (31.1%)

30 (29.1%)
43 (41.8%)
30 (29.1%)

24 (23.3%)

79 (76.7%)

27 (26.2%)
51 (49.5%)

10 (20.4%)
17 (34.7%)
22 (44.9%)

10 (20.4%)

6 (12.2%)

15 (30.6%)
18 (36.7%)
21 (42.9%)
14 (28.6%)
17 (34.7%)

23 (46.9%)

16 (32.7%)
10 (20.4%)
23 (46.9%)

10 (20.4%)
26 (53.1%)
13 (26.5%)

14 (28.6%)

35 (71.4%)

12 (24.5%)
26 (53.1%)
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40 (26.1%)
40 (26.1%)
73 (47.7%)

41 (26.8%)

18 (11.8%)
50 (32.7%)
44 (28.8%)
68 (44.4%)
49 (32.0%)
56 (36.6%)

62 (40.5%)

70 (46.1%)
27 (17.8%)
55 (36.2%)

40 (26.3%)
69 (45.4%)
43 (28.3%)

38 (25.0%)

114 (75.0%)

39 (25.7%)
77 (50.7%)

0.22

0.42

0.86
0.58
0.86

0.29
0.06

0.38

0.55

0.92
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Sometimes 25 (24.3%) 11 (22.5%) 36 (23.7%)

46.4+19.9 465+23.0 46.4+20.9 0.99
46.9+£24.9 44.9+27.7 46.3+257 0.66
73.0+21.9 70.0+26.8 72.1+235 0.47

23.8+255 284+259 252+256 0.30

Nausea profile **
Somatic sukscale
Gl distress suiscale
Emotional.distress sukcale
Experiences'vomiting as a symptom 61 (57.0%) 42 (80.8%) 103 (64.8%) 0.004
If vomitingis/a'symptom:
How long vomiting lasts 0.11
34 (56.7%) 18 (42.9%) 52 (51.0%)
About 30 minutes to several hours 20 (33.3%) 13 (31.0%) 33 (32.4%)

Severalminutes

Wakes upat night vomiting

Yes 15 (24.6%) 4 (9.5%) 19 (18.5%)
No 30 (49.2%) 16 (38.1%) 46 (44.7%)
Sometimes 16 (26.2%) 22 (52.4%) 38 (36.9%)

Most of the'day 6 (10.0%) 11 (26.1%) 17 (16.7%)
Vomiting occurs in the morning befort 0.04
eating
Yes 10 (16.4%) 9 (21.4%) 19 (18.5%)
No 34 (55.7%) 13 (31.0%) 47 (45.6%)
Sometimes 17 (27.9%) 20 (47.6%) 37 (35.9%)

0.02

Vomiting'typically occurs 0.27
During eating or within 60 minutes 15 (24.6%) 11 (26.2%) 26 (25.2%)
after eating
13+ hours. after eating 17 (27.9%) 6 (14.3%) 23 (22.3%)
16 (26.2%) 10 (23.8%) 26 (25.2%)
13 (21.3%) 15 (35.7%) 28 (27.2%)
Predominant material vomited 0.12
8 (14.0%) 12 (30.0%) 20 (20.6%)

All of the above
Unrelated'to eating

Water or yellow/green liquid that
tastes bitter

Partially digested food 26 (45.6%) 18 (45.0%) 44 (45.4%)
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Undigested food 23 (40.4%)
Retching or dry heaving before, durin

or after vomiting

Always/often

Sometimes/never

Experiences nausea before vomiting
Always/often

Sometimes/never

Vomiting relieves nausea
Always/often

Sometimes/never

Vomits even if no food or drink all day

Yes
Sometimes
No
Vomits if'only had water
Yes
Sometimes
No
Vomiting.is worsened by eating
Yes
Sometimes
No
Vomiting improves with eating
Yes/sometimes
No
Smell of feod makes patient vomit
Yes/sometimes
No
High fat meal provokes vomiting

Dairy provokes vomiting
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30 (49.2%)
31 (50.8%)

48 (78.7%)
13 (21.3%)

20 (32.8%)
41 (67.2%)

17 (27.9%)
16 (26.2%)
28 (45.9%)

20 (32.8%)
17 (27.9%)
24 (39.3%)

29 (47.5%)
32 (37.7%)
9 (14.8%)

13 (21.3%)
48 (78.7%)

31 (50.8%)
29 (50.9%)
31 (50.8%)
24 (39.3%)

10 (25.0%)

19 (45.2%)
23 (54.8%)

36 (85.7%)
6 (14.3%)

11 (26.2%)
31 (73.8%)

19 (45.2%)
16 (38.1%)
7 (16.7%)

21 (50.0%)
12 (28.6%)
9 (21.4%)

19 (45.2%)
13 (31.0%)
10 (23.8%)

11 (26.2%)
31 (73.8%)

28 (66.7%)
12 (30.8%)
22 (52.4%)
13 (31.0%)
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33 (34.0%)

49 (47.6%)
54 (52.4%)

84 (81.6%)
19 (18.5%)

31 (30.1%)
72 (69.9%)

36 (35.0%)
32 (31.1%)
35 (34.0%)

41 (39.8%)
29 (28.2%)
33 (32.0%)

48 (46.6%)
36 (35.0%)
19 (18.5%)

24 (23.3%)
79 (76.7%)

59 (57.3%)
41 (42.7%)
53 (51.5%)
37 (35.9%)

0.84

0.44

0.52

0.008

0.11

0.47

0.64

0.16

1.00
0.41



Vegetables or high-fiber meal provok 25 (41.0%)
vomiting
Spicy meal provokes vomiting 24 (39.3%)
Number of times patient vomited inla 0.9 + 1.9
24 hours
Severity of vemiting in last 24 hours
None
Mild

Moderate/severe/very severe

35 (57.4%)
12 (19.7%)
14 (23.0%)

16 (38.1%)

14 (33.3%)
0.5+ 1.0

23 (54.8%)
10 (23.8%)
9 (21.4%)
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41 (39.8%)

38 (36.9%)
0.8+1.6

58 (56.3%)
22 (21.4%)
23 (22.3%)

0.84

0.68
0.27

0.89

Data are means standard deviations or number (percents).

*The significancerof difference in categorical variables betwearpgreas tested withEisher’s exact test

Continuous variables were analyzed withtest. All p-values are twided.

**Subscalesqarerderivddom the Nausea Profile. A higher score reflects greaterisgv
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