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ABSTRACT

Background: “in studies of diabetic gastroparegatients withtype 1 and type diabetes
(T1DM, T2DM) are often combined for analysad/e compare gastroparesiseverity,
healthcaresutilizationpsychological function, and quality of lifie TLDM versusT2DM
gastroparesipatients.

Methods: Questionnaire, laboratory, and scintigraphy data from patients with gastispard
T1DM andsT2DM fromseven centers of the NIDDK Gastroparesis Clinical Research
Consortium«(GpCRC) Registry were comparedrabkmentandafter48 weeks. Multiple
regression models assed®aseline and follow-ugifferences between diabetasbtypes

Key Resulis: At baseline TLDM patients (N=78) haslowergastricemptying,more
hospitalizationsgnoregastric stimulator implantationkigher hemoglobin Alc (HbAlc), and
more anxiety. versu§2DM patientgN=59). Independent discriminatorspatients withT1DM
versus T2DM includeavorseGERD, less bloating, more peripheral neuropatnd fewer
comorbidities(P<0.05). On follow-up, gastrointestinal (GI3ymptomscores decreasexhly in
T2DM (P<0.05), but not in TLDNdatientswho reportedyreatemprokinetic, proton pump
inhibitor, anxiolytic,and gastric stimulator usageer 48 week$P<0.03) Gl symptons at
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baselineand 48 weeks with both subtypeere not associated withbAlc, peripheral
neuropathypsychologicafactors or quality of life

Conclusiors & Inferences. Baseline symptoms were similar in TAIDM and T2DM patients
even though T1DM patients hadrsegastric emptying delays and higher HbAlc suggesting
other factors.mediate symptaaverity Symptonscore at 48 weeks decreasgdT2DM but
not T1DM patients despite increasemedical andurgical treatmentitilization by TLDM
patients” Defining causes of diffentoutcanes indiabeticgastrgaresis warrasturther

investigation:

Key Words: Gastroparesjdype 1 andype 2 diabetes mellitus, nausea and vomiting,

hyperglycemiagastric emptying

KEY MESSAGES

e This study definegimilarities and differences in gastroparesgserity,healthcare
utilization, psychological function, and quality of lifepatients withtype 1(T1DM) and
type 2 {F2DM) diabetes mellituand gastroparesis.

e At baselineenroliment into the NDDK Gastroparesis Clinical Research Consortium
Registry. T 1DM patieris had higher hemoglobilc (HbAlc) levelsandmore severe
emptying delays, but the severity of GI symptomassimilar to those opatients with
T2DM and gastropasss.

o After 48weels of follow-up in the Registry, gastroparesisymptomscores significantly
decrease iniT2DM patientdut not inT1DM patientsdespite increased use fokinetic,
acid suppressant, anxiolytic, agdstric electricastimulaton therapy in the T1IDM group.

e Explanationdor these differences in clinical outcomegtatweeks in patients with

gastroparesis due to T1LDM versus T2DRaduirefurther investigation

INTRODUCTION

Diabetic gastroparesis associate@ith nausea, vomiting, fullness, bloatiregrly
satiety,andepigastriadiscomfort/pairand is diagnosed by documenting delayed gastric
emptying (1, 2, 3, 4, 5)However emptyingdelays correlate poorly wittsymptoms, suggesting
other pathogenitactors influence symptoms. These factors incl@dlehronic hyperglycemia,

which acutelyimpairs gastrimeuromuscular functiorgii) gastric factorsanging fromimpaired
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fundic accommodation and gastric electrical dysrhythnaiad (iii) psychological dysfunction,
which is prevalent in diabetic gastropard$is7, 8, 9, 10, 11, 12§astrgaresis is thought to
contribute to poor glycemic control which results in ketoacidosis and other catigiecthat
increase hospitalizations and outpatient visits and costs (13, 14). Longitudinal stiggjest
diabetic gastroparesis follovas indolent cousewith stable gastrointestinal (G8ymptoms and
emptying rates/over 25 years, althougtreased mortdy has been reportedq, 16, 17)
Furthermare;arecently published study observed no differences in overall symptom
improvements over 48 wegln patients with diabetic versus idiopathic gastroparesis (18).

Type ldiabeteT1DM) from failed insulin productionis distinct fromType 2 déease
(T2DM) whichris due tansulin resistance andariableinsulin release deficitgl9, 20). T1IDM
requiresnsulinitherapywhile T2DM ismanaged with diet and oral medications in milder cases
and insulin in more severe casésstroparesis is reportedaii-58% of T1DM patientgersus
20-40% withT2DM; the 10year incidence of gastroparesis is five timeghe with TLDM
(5.2% vs. 1.0%P1, 22 23, 24). Gastroparesis associawith increasechemoglobin Alc
(HbAlc) levelsviand diabetic complications (retinopathy, neuropathy) in TLDM, whilétybes
status has'been associated wigtmptomsn T2DM with gastroparesi&5, 26). Comprehensive
comparisen®f clinical profiles,comorbiditiesdisease severityesource utilization,
psychological dyfsinction, quality of life,and clinical coursemm patients with gastroparesis and
T1DM versus T2DM have not ba perforned.

Our.aim wago compare thelinical featuref patients withgastroparesis antiLDM
and T2DMat'baselinenroliment into the NDDK Gastroparesis Registry and after 48 wesks
follow-up during whichtime the patientsGl symptoms werenanaged bgastroenterologists at
tertiary centersWe hypotheigzedthatpatients withT1DM gastrgaresisat baselindave(i)
moresevereGl symptoms(ii) moreseverelydelayedgastricemptying (iii) poorerglycemic
control (iv).moreperipheraheuromthy, (v) morehealttcare utilizationand (v) moreimpaired
psychological dysfunction and quality of ldempared with patients with T2DM and
gastroparesigdVe further hypothesized that symptoms, psychological function, and quality of life

would showsimilar longitudinal changes in both subtypes after 48 weeks of management.

MATERIALS AND METHODS
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Patient Population:

Seventyeightpatierts with T1DM and 59patientswith T2DM andgastroparesis the
Gastroparesis Clinical Research Consortium (GpCR&2)istrywere identified. Each patient
completed validated surveys and underwent examinations and blood testing on enrollmaént and
48-weekfollow-up visits from January 2007 to May 20{ClinicalTrials.gov Identifier:
NCT00398801)All subjectgeportedsymptoms associated with gastroparésist leastl2
weeks duration’(not necessarily contiguaeekd and had gastroparesis defined by scintigraphy
(>60% retention at Bours and/or >10% retention at 4 hours) within 6 meaottenroliment (5).
Prokinetics, opiates, anticholinergics, and other agents that affect gutwraresstoppedt least
72 hours befere gastric emptyitesing. Upper endoscopy performed within 1 year of Registry
enrollment'showed no evidence of orgatacises of symptomd$atients wittulcers,
malignancy mechanicabbstruction active inflammatory bowel diseaseosinophilic
gastroenteritisneurologic disease, hepaticrenal disease, other metabolic diseasgrior
gastroesophageal surgevgre excludedThe determination of TLDMersusT2DM statusand
the diagnasis=of diabetic gastroparegese made byeach sitenvestigatotbaseduponpatient
reports andeview ofrecord. Studies were approved by Institutional Review Boat@sach

Clinical Center anddataCoordinating Center.d®ents provided written informed consent.

Data Acquisition:

Survey completion, examinations, dodal laboratorybloodtestingwereperformed on
enroliment:and,48-week follow upsits. Demographi@and medical informatiowas collected
on Registration and Baseline Medical History forms (Supplemdftetiods) including self-
reportedclinician-diagnosed peripheral neuropathy. Body mass index BMs$calculatedat
both timedrom physicalexamnation datg numbers and greentagesvho were overweight or
obese ¥25 kg/nf) were calculatedNumbers and percentages with any comatyiand numbers
of comorbidities wereletermined on enrollment (Supplemental Methods)inflammatory
activation_has'been identified in some cases of gastropaesactive protein (CRP) and
erythrocyte'sedimentation raeSR) weremeasurean enrollment as nospecific markers of
inflammation (Z); numbers and percentages with eleva@&P (>0.8 mg/dl) anBSR values

(>20 mm/hr) were detenmed; any inflammation was tieed as either an elevated CRP and/or
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elevated ESRHemoglobin A1ldHbAlc)was quantified at both visitaumbers and percentages
of patientswith HbA1c values <8% vs>8% were defined.

Gastroparesis severityas quantified in fouways 1) investigatorratedgastroparesis
severity was assessed emroliment anct48 weekdy each principal investigator usiag
expert consensus stratificati®upplemental Methods)(2); Patient Assessment bijpper
Gastrointestinal DisordeSymptoms (PAGISYM) questionnairewere used tguantify 20
individual symptoms that thpatientscoredirom 0 (nae)to 5 (most severél8); 3) overall
symptom severity was determinedtbyal scaes fromthe Gastroparesis Cardinal Symptom
Index (GCSI)(Supplemental Metho(&)); and 4) percentages$ test meatetained afour hours
from preenrolimen scintigraphy studiesereused tostratify resultsnto mild (11-20%),
moderde 21-35%), andsevere (>3% retained)gastric emptying delays (30).

Medication usevas queriedn enroliment andt48 weeks (Supplemental Methods)
Numbers and percentages of T2DM patieaksng antidiabetic medications known to cause
nausea and vomitingeredetermined25). Symptorns were compared ipatients who were
taking versus=not takinpese agentsn enroliment.

Healthuwtilizationparametersveredetermind. On enrollment, patients reported how
many timeshey were hospitalized over the prior yaad for what reasons theyere
hospitalized’At 48 weels, they were asked how many times they had reqeirestgency
departmentED) evaluation or hospitalization soldiyr gastroparesisince enroliment
(excluding gastric electrical stimulati@@ES]implantatior). Numbers andgrcentagesf
patientsondetal,parenteral nutrition (TPN) and who had undergone GES implantation were
determinedhat-baseline and 48 weeks.

Measures opsychological dysfunction and quality of lifeere quantifiedDepression
andanxiety wereenumeratedby the Beck Depression Inventory (BRNdState and Trait
Anxiety Inventory(STAI)(Supplemental Methods)(31, 32)uMbers and percentages with
severe depression (BBtore>28), state anxiety (Y&core>50), and trait anxiety (Y&core
>50) were_ ealculatediseasespecificand generiguality of life wasassessely Patient
Assessment dilpperGastrointestinal Disorders Quality of Life (PA®IOL) and Short Form-
36v2(SF36v2) surveysrespectivelySupplemental Method8g, 34).

Enrollment(baselinelsymptom sores were subtracted fro#8-week values to calculate
changes in all measures. BaseB¥I, HbAlc, hospitalization$or gastroparesjgatientson
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TPN or undergoing GERDI, Y1, Y2, and quality of lifescoreswvere subtraetd from 48week
levels to quantify changellumbers and percentageispatientson differentmedications at

baseline were subtracted fromrd@ek values to estimate changes.

Statistical Methodologies

Numberiand percentages or mear&D were reported foenrollmentcategoricabr
continuous characteristicB valuesveredetermined fronfPearson chsquareor Fisher’'s exact
tess for categorical characteristiesidKruskal\Wallis tess to account for non-normality of
continuous distributiong35). Baseline discriminators of diabetesbtypewvere determined from
backward stepwise multiple logistic modeling regressing diabetes subtype4gbidrseline
characteristicsy forcing age at enrollment, sex, and white race intwotthed, with P for
exclusion=0.0536). Total number rather than individual comorbidities was included; GCSI was
excluded due to collinearit{4osmerLemeshowtestingrevealed adequate fit for the model
(P=071).Differences between patients completingwiéek follow upveraus patientswith only
enrollmentdata were assessed using multiple logistic regressioraek8completion on
baseline characteristi¢diabetesubtype, demographics, BMI, severityedications
[prokineties, opiates, antidepressdnkealthcare utilizgon, psychological function, quality of
life). Meanschanges SD at 48 weeksersusenrollmentwere computedor all characteristics
except ED visitgnot queried on enrollmentlror continuous characteristi¢zyvalues were
determined using one sampleess of the null hypothesis of no difference in means at both
visits withiprdiabetesuliype comparisons.df binary characteristics and medication changes,
exact McNemar's testfor paired proportionsaveused to determine &d 95% confidence
intervds (CI) which were computed using continuity correcti@¢88, 38). Multiple regression
modelsof 48-weekchanges in continuowharacteristis, adjusting for enrollmemalues,
assessedhanges bateen diabetesubtype éxcept for ED visit{39). Negativebinomial
regressios.(to.account for overdispersionf) ED visitsover 48 weeksn diabetes sujpes vere
used Wald’sitess using conditional logistic regression tested8fweekchanges in
hospitalizationgor gastroparesisr medication usearied by subtyp€36). Unconditional exact
logistic regressiomassesed TPN use and GE&hangesvith T2DM. Relative odds of changes in
48-weekoutcomes were derived from logistic regression models of each indat@8®mweeksn
relation tosultype and enrollment value of the indicator. Models included propensity scores to
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adjust diabetesultype effecs for probabililes of being T1DM based on age, saxd racg40).
Outcomeindicatorsdefined by 48veekchangedrom enrollment included any symptosgore
decreaseno change or decreasBI, anyHbAlc decreasez5 pointBDI decreaseanySTAI
decreasgand anyQOL increase. Healthcare utilizatioeductions were defined as no
hospitalizatiens or ED visit®r gastroparesiever 48 weeks.

Given the exploratory nature of our stueywalueswere twosided and nominal with
significance at'the P=0.05 leyalpriori. Because a goal of these exploratory analyses was to
generate new hypotheses to be tested in future confirmatory studies, correctionifide mult
comparisons was not performed. Such adjustments reduce the power of an investigation to
define impertant diffeences, are unnecessd#rgxploratory research questiosm® unrelatecand
are only required for studieghich aim to offer decisiveroof of a predefined hypothesis to
endorse decision-making protocols (41, 42, &3pta(Stata Statistical Softwar&eleaser12,
StataCorp LPCollege Station, TX) and SAS (version &S Institute, Inc., Cary, NC)
softwarewere employed.

RESULTS

Demographic and Clinical Factorsat Baseline

Demographic andlinical factorsand comorbidiesfor the TIDM and T2DM patients
with gastroparesis at baseliage shown immablel. T2DM patientswith gastroparesisad
several expected differences compared WitBM patients These T2DM patients werdder at
enrollmentiana@t the onset of Gl symptoms, had higher BMIs, and were more often overweight,
obese, or{postmenopausal (P<0.001). T1LDM patients reported longer durations of diabetes prior
to theonset of gastropares{P=0.005). On averagdbAlclevels were greaten TLDM
patientsby.0.9% (P=0.003)I 1DM patients compriseldrger proportioa with HbAlc levels
>8% (37/53,.69.8%) ersus<8% (38/81, 46.9%)(P=0.009Imost all TLDM (98.7%) and
T2DM (98.3%) patients reported. eomorbidky, but numbers of comorbidities were higher with
T2DM (5.5¥3.4 vs. 4.02.8)(P=0.005)Coronary and cerebrovascular diseaseiatatstitial
cystitisweresignificantlymorecommonin T2DM patientqP<0.05). T2DM patientamore often
underwentysterectomie$P<0.001) Similar percentages of TLDM versus T2DM patients
reported peripheral neuropathy (43.6% vs. 37.3%, P¥0.46
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Comparisons of GastroparesisRelated Factors in TLDM versus T2DM at Baseline:

Gastroparesis Severity, GCSI Results, and Resource Utilization:

The.meost severgymptoms reported by both TI1DM and T2DM patgewith
gastroparesis were nausea podtprandial fullnessPatients witiT1DM and gastroparesigere
more often‘assigned by the investigator tosineere gastroparesis categ@t9% vs. 39%) and
lessto the'mildcategory (6% vs. 16%) compared with T2patients(P=0.05]Table2A).

However patientrated overallGCSIscore were similar in TLDM and T2DM patien2.8+1.1

vs. 3.04.04P=0.28)Individual GI symptoms were also simil@xceptfor higher bloating
symptomsinT2DM patients (P=0.04). More T1DM patients had delayed emptying at two hours
(P=0.006) and four hours (P<0.001) after ingestion of the meal, and more T1DM patients had
severeemptying delays (>35% 4 hour retention) compared WaBM patients $4% vs. 32%,
P=0.001).

Medication usérom prokinetics to opiates was similarthe two subtypegxcept
T2DM patientsthaanoremetformin use (P<0.001). Nineteen of 59 T2DM gastroparetics (32%)
used metfermin on enrollment; none were on other antihyperglycemic dégeatsitide,
liraglutidespramlintide) that cause nausea. Ove@lsymptoms were similan the T2DM
patients who were taking metformin versus those patreitsaking metformin (P=0.91),
although wmiting score®n averageverelowerin the group receivingnetforminat baselindy
1.0 point (P=0:04)(Supplemental Table 1).

T1DMspatientseportedmore hospitalizations the year before enrolimesolely for
gastroparesis (5.5+4 vs. 3.26.6, P=0.003), andeere hospitalizednore often fomausea and
vomiting (P=0.001), abdominal pain (P=0.003), and dehydration (P=0.01) compared with T2DM
patientg(Table 2). TPN useat baselinavassimilarin theT1DM and T2DM patients (P=0.78).
More T1DM patients underentGES implantatiorbeforeenroliment in th&spCRCRegistry
(15% vs. 3%;P=0.02).

Psychological Function and Quality of Life:

More T1DM patients with gastroparesis reported severe state anxiety (Y1560re
(P=0.04) and though not significant, more severe trait anxiety (Y2 860§yé*=0.06) compared
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with T2DM patients.Other psychological survepverall PAGI-QOL, individual PAGROL
domain, and SF-36vZeres were similar irhe two diabetes subtyp€Bable 2A).

Relationships Among Gastroparesis Factors, HbAlc Levels, and Peripheral
Neuropathy.en,Subgroup Analysis:

Table 2Bshows nvestigatorratedseverity of gstroparesiandpatientscoredGCSI
resultsin'the"two subgroups accordingliaselineHbAlc values <8% vs.8% and the presence
or absence of peripheral neuropathy. HbAlc groupings had no relationshpstigator ratings
of gastroparesiseverity,overall GCSI scoresandindividual G symptomscoresDelays in
gastric emptying at twor four hours were notlated to HbAlc statu$=0.96 or P=0.7p Gl
symptomseveritiegexceptfor postprandial fullnessyere similarwhether the TI.DM and
T2DM patients did or did not report peripheral neuropathy. Investigated gastroparesis
severity ad delays in gastric emptying @resimilar regardless of periphenmauropathy status.

Charaeteristics that Discriminated Patients with Gastroparesisand T1DM Versus
T2DM at Basdline:

Forty-six baseline predictors were used in regression analyses to determine clinical
characteristics that distinguished the T1DM and T2DM pati€ets. basehe characteristics
discriminatedhe subtypeéTable3). Compared with T2DM gastroparesis patients, TL.DM
patients were about one-third less likely to have more severe bloatind RP=0.02) and
almost twice"as likely to have GERD symptoms (OR=1.70, P=01A2)M patients were
younger (ORgesso yis=0.07, P<0.001), hashoreperipheralneuropathy QR=381, P=0.02), had
more than 9 times the odds of normal or underwesitgtts OR=0.11, P<0.001), and repedit
approximately 25% fewer numbers of comorbidities (OR=0.76, P=0.02&iam patients

with gastroparesis

Clinical Factors at 48 Weels:

Ninety,of 137enrolled patient§66%) completed the 4&eekvisit: 44 patients with
T1DM (56% of baselinecohor) and46 patients withT2DM (79% of the baseline cohort).
Compared to those with only enrollment data, patients completing follow-up weeefteor
male, white racand overweight and less likely to have GES surger.(d%); diabetic subgroup
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was not associated with completing follow-with adjustment for all other characteristics (OR
T1DM vs.T2DM=0.35, P=0.09)(Supplemental Table 2).

BMI did not change significantly over the 48 weekghieseT1DM and T2DM patients
as shown in Table 4HbAlc levels increased similatlyput not sigificantly, compared with
baselineover.the 48 weeks in both TLIDM and T2DM patients (P=0.51). Tgagents with
T1DM and.onewith T2DM died during the 48-week period.

Comparisons of GastroparesisRelated Factorsin TLDM versus T2DM at 48 Weeks:

Gasgtroparesis Severity, GCSI Results, and Resource Utilization:

Gl symptomseveritydid notdecreasat 48 week#n the patients with TLDNs
measured bCSland individualscoregFigure 1A).In contrast, werall GCSI scores and all
individual symptons (exceptpostprandial fullness and visible distentioiecreasedgignificantly
at48 weeks in th@2DM patientgFigure 1B). Figure 1C shows the changes in pateported
symptoms#95% Cl)at 48 weeks for both subtypes. Investigataied gastroparesis severity
ratings showedimilar reductiondrom baselinavithin TLDM (mean changef.33, P=0.009)
and T2DM.fmean changef.30, P=0.02) patienthowever, these changes were not different
between.the subtyp€Bripm vs T2om=0.23)Table4).

Increasedise of prokinetic drugs (+15.9%), proton pump inhibitor/other Gl agents
(+13.6%), and anxiolytic drugs (+254) was recordedh T1DM patients P<0.03) whereas
increasedise of @iates (+17.4% was documenteith T2DM patients(P=0.04)at 48 weeks
comparedwith’baddine (Table 4) Percentagsof patientshospitalizedor gastroparesis during
the 48weekfollow-up decrease151% in theT1DM patients(P=0.04) but did not significantly
change for T2DM patients; however, decreases in hospitalizations for TLDM V@i3lvs
patients were. not significantly different (P=0.28umbers of EDvisits and changes iPN use
over 48 weeksverenotdifferentbetweerdiabetesubtypes. mplantationof GESdevices
increased.20:5%ver 48 week# patientswith TAIDM (P=0.01) and icreasd 10.9% in T2DM
patients(P=0.06). Including those who were implanted before enrollmsarie TLDM patients
werereceiving GES after 48 weeks of follow-apmpared with patients with2kDM and
gastroparesi€31.9% vs. 10.946)(P=0.02).
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Psychological Function and Quality of Life:
No changes in any psychological or quality of life parameter in either subtype or between

subtypesvere observed &8 weeks ofollow-up (Table4).

Facters Associated with Changesin Gastroparesis-Related Outcomes at 48-Weeks:

Multiple regression analysegere used to assess the relationship of eight clinical factors
to outcomesat48 weeks in th@1DM and T2DM groups with gastropareéi@ble5). TIDM
patients were“ledikely to reportdecreasedomiting (OR=0.21,95% CI: 0.050.87; P=0.03),
but morelikely to have reductions in loss of appetiseoreg OR=4.25, 95% CI: 1.07-16.92;
P=0.04) compared 62DM patients When data from both diabetic subtypes were pooled, no
reductioninranyparameter of gastroparesivegty wasrelated to initial HbAlc levels or
presence gperipheral neuropathy on enroliment (Supplemental Table 3). Excajgdmases
in abdominal pairscoresn T2DM patientsvhoseHbAlcincreasedver 48 weeks (P=0.02),
changes isymptomseverity over 48 weeks wesemilar inTA1DM andT2DM patients whose
HbAlc levelseitherworsened odecrease@Supplemental Table 4). Reduction or no reduction
in HbAlc levels did not vary significantly between diabetic subgroups over the 48 week period

(data ot shewn).

DISCUSSION

Our.findingsdelineateananyclinical similarities in patients with TLDM and T2D&hd
gastroparesistarmbnfirm severaldemographic difference&l symptomgated at baseline were
remarkablysimilar in intensitybetween diabetic subtypes, includimgusea and stomach
fullness,with only greatemloatingin T2DM patientsandincreasedsERDin T1DM patients
beingsignificantly different Our results also showed the HbAlc levels and the severity of
gastric emptyinglelay did not correlate with the symptoms associated with gastroparesis in
either patients.with TRM or T2DM; even though gastric retention severity was higher in
T1DM, symptoms were not correspondingly increased at enrollment.

The'poor relation of symptose\erity to gastric emptying im1DM versus T2DM
patients is consistent with recent literature, and sugg#ss pathophysiologic abnormalities

mediate Gl symptom genesis @!}). Factors such as poor fundic accommodation, heightened
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sensitivity to gasic distention gastric dysrhythmias, and pyloric dysfunction warrant sagly
potential causes @l symptoms associated with diabetic gastropardsis46, 47).

Despite reporting similaGl symptomintensityas T2DM patientshospitalizations for
gastroparesis and for GES implantations were higher in TLDM pasiebéseline. It is likely
thatfactors.oether thagastrointestinal symptoms suchpasor glycemic controlas well as
dehydration and electrolyte disturbances brought on by acute vomisnge more relevant
drivers of hospalizationsin TLDM patients Despite this greater resoungse in TLDM, overall
medication us@rofilesand quéity of life scores were similar to T2DM gastroparett
baseline

Thesclinical perception that patients with TLDM and gastroparesis are frequently
underweight is‘not supported by our findings. We found almost half of TIDM patients with
gastroparesis were overweight or obasd only 3% were underweight, while T2DM patients
with gastroparesis were even heavier as in prior rep@20QL Baseline TPN use wamted by
less than 10% of patients in both subgroups reflecting the ability of most patisntain
intake by eralwar enteral routes. However, these findings do not ruségaificant nutritional
impairments.«Our group previously reported mean daily caloric intakes of less than 1200
calories with _deficiencies in essential nutrgeimcluding vitamin B, vitamin K, and iron in
patients with gastroparegi9).

An infectious prodrome was noted in 14% of T1DM and T2DM patigasmilar
incidence of infectious prodronfas beembservedvith idiopathic gastroparesisuggestive of
a potentialwiral,etiologyn these nordiabetic patient$8). The role ofnfectionsas cofactorsn
triggering the-onset afiabetic gastroparesis could be the focus of additional study.

A newfinding of this investigation is thaifferencein gastrointestinadymptomsn the
two groupsat the48 week follow upvisits. Symptonscores decreasexnhly inthe T2DM
patients while.symptom severity was mostly unchanged in those with TLDM. os&fe the
lack ofreductionin GI symptomscores at 48 weeks in T1DM patients may reflect irreversible
diabetegelateddamage to the stomach NvaHowever in ultrastructuraktudies fronfull
thickness gastric biopsies, no differences were obsémibeloss of entdc neurons, depletion
of interstitial cells of Cajalor in myentericimmune c# infiltration in specimens from T1DM
versus T2 patients(49). This differential outcome il symptoms inT1DM versus T2DM
patients occurred despite aggressive management over the 48 weeks ofifoll®atients with
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T1DM more often were prescribed prokinetic agents, proton pump inhibitors, and/acsjol
and had more GES implants compared with T2DM patieftssd interventions had little
positive impacton symptoms in the TLDM subgroup, suggesting these patients had a refractory
and end-stage condition. However, investigator ratings of gastroparesisysevamved in
both diabetie.groups at 48 weeks; it is possible this divergence of clinician ast patings
stemned freamdecreases in hospitalizations observed in the T1DM patidlagertheless, future
studies’of‘investigational therapies of diabetic gastroparesis may need to consider differential
responses in‘the two subtypes.

Our resultsshowed naelationship between Hid.c levelsand patienteportedGCSI
scores or investigar-rated gastroparesis severity at 48 wedksithermore, the decrease in Gl
symptoms reported by the T2Dphtientsoccurred even though Hic values increaseslightly
over the 48 weeks. Thus, chronic glycemic control did not appear to inflGrsyaptoms in
eithergroup ofdiabetic patients with gastroparestksiforts for tighter glycemic controh
patients with longstanding diabetes are important for many reasons, but these findings suggest
that symptemereductions (particularly2DM patients)can occur without improved glucose
control. Ongoing studies employing intensive insulin therapy will more rigorously determine if
improved-glycemia has additional symptom benefits. Although the presence of peripheral
neuropathy'was a discriminator of gastroparesis in TLDM versus T2DM on regrasalgsis,
neuropathy did not relate to GCSI scores suggesting that peripheral and visceralatmmgplof
diabetes may natecessarilye linked. Thisfinding also raises the possibility thgéstroparesis
in diabetessis™ot primarily neuropathic in origin, as suggested by histopathologigsveass
performed-by:the GpCRC (26).

Medication us@ver 48 weeks differed in tliBabetic subtypesNearly half of the
patientsan the subgroups were receiving opioid agents at basdind,2DM patientsnoreoften
weregiven hewopiateprescriptionover 48 weeks dbllow up. Abdominal pain is the
predominant.symptom in 20% of gastroparesis patients, irrespective of etiojogih&
mechanismsfor abdominphin and the reasons fstating narcotics infT2DM patients are
likely to be'multifactoriglthese could not be discerned from analyses In general, opiate
slow gastric emptying anchayworsen symptomassociated witlyastroparesis. However, the
reductions in Gl symptorscores in the T2DM patients suggest that narcotics did not adversely
affect these patients from an overall perspectMany oral antidiabetic drugsich as
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metformincan caise nausea and vomiting §j29Jnexpectely, metformin use was actually
associated with less vomiting in T2DM patienkéevertheless, metformin intalsbould be
considered among the causes of unexplained Gl symptoms in T2DM patients.

Psycholagical dysfunction and quality of léeepoor in patients with gastroparesis (11).
These measuragere equally poor in TLDM and T2Dphtientsat baselingalthough more
T1DM patientschad severe anxiety. Psychological and quality of life parametemsegma
unchange@t48weekf follow-up despite decreas@s Gl symptomscores in gastroparesis
patients with"T2DM These findings suggest tlat symptom severitys not the only factor
influencing eithepsychological distress or poor quality of Jisg least inT2DM patients.

GES therapy was employed moreeof for gastroparesis in TILDM patiectsmpared to
T2DM patients; but the T1DM group did mefport adecreasén Gl symptoms. Although
differences did not reach significan€S usealsowashigher over 48 weeks in the T2DM
patients(change=11%, P=0.06). GES therapy decreases nausea and vomiting in some but not all
studies of diabetic gastroparesis (5Buture controlled investigations assessing GES efficacy in
diabetic gastroparesis shoudd performed tgontrast benefits in TLDM versus T2DM patients.

Ourstudy had somkmitations First,determination of diabetic subtypes dependent
onsubjectieporandreview ofthemedical record by the investigator. Secondferral bias
may havesinfluencethefindingsbecausehe patientswerereferred tothetertiary motility
centersf the GpCRCThus,our patients may not reflect typical patients managed in the
community.and they may have hduhical feauresthat wee unfavorableor symptom
reductionsaver48 weeksf follow up. However given thesimilaritiesin baselineGl symptons
in the TI.DM.and T2DM patientd, is likely referralbias wassimilar for both diabetic subtypes.
Nevertheless, more T1DM patients had GES thevepgh probablyreflects the refractory
nature of symptoms in this group. Thirdsassmentsf healthcare utilizatiodid not include
costsor addresgength of stay, outpatienisits, and missed work. Fourth, #&eks maybe an
inadequatgime period to detect symptoscore reductionsy TLDM patientsor differentiate
resource utilization The numbers of patients available for study at 48 weeks may have
precluded seme smaller differences not being detected; however, our study had 80% power
detect a minimal difference 6f6 SD units in GCSI between ttveo subtypes. Finally, we had
some concerns about non-significant trends to higher dropouts over 48 weeks of followeup in th
T1DM patients. Although severalinor differences were observed in patients who did versus
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did not attend their 48 study visits, the lack of relation of 48 week visit attendanGC&id
scores, diabetes subty@ad hospitalizationsonfirmedthatthe different outcomes of TIM
and T2DM patientsverenot due to differential study complianc@/e believe these limitations
are countered hy the significant strengths of the study including the large numbeisms pa
with gastroparesis and T1DM and T2DM, use of standardizedstedtgrotocoland
comprehensive collection of clinical, psychological, quality of life, and healthcage usta.

In ¢onclusionpur findings challenge several clinical axioms about gastroparesis in the
two diabetic'subtypes. Firdiaselinegastrointestinatymptoms associated wigfastroparesis
wereremarkablysimilar in TLDM versus T2DM patients, even though T1DM patients had more
severe gastrieceemptying delays and higher hemoglobin Alc values. These observations sugges
the presence of othgastric or extragastrigathogenic factorsray mediate gastroparesis
symptomseverity. Second, symptoms associated with gastroparesis in both diabetic sdiotypes
not correlate with HbAlc levels or severity of gastroparesis|astdafter48 weeksf follow-
up, mostGl.symptomscores decreasexhly in T2DM patients eveithough T1DM patients
showed inereased medical and surgical treatment utilization. These similarities and differences in
patients with F1DM and T2DM form a basis fartherresearcho improve clinical outcomes
with novekdrugs, gastric stimulation paramstemnd insulin dosing regimens &ymptoms
associatedwith gastroparesis.
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ABBREVIATIONS

GpCRG—Gastroparesis Clinical ResearlCbnsortium

T1DM—type 1 diabetes mellitus

T2DM—type2diabetes mellitus

NIDDK—National Institute of Diabetes and Digestive and Kidney Diseases
HbAlc—hemoglobin Alc

GERD—gastroesophageal reflux disease

Gl—gastrointestinal

BMI—body. mass index

CRP—C-reactiveprotein

ESR—erythrocyte sedimentation rate

PAGI-SYM—Patient Assessment of Upper Gastrointestinal Disorders Symptoms
GCSl—Gastroparesis Cardinal Symptom Index

ED—emergency department
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GES—gastric electrical stimulator

TPN—total parenteral nutrition

BDI—BeckDepression Inventory

STAI—State and Trait Anxiety Inventory
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PAGI-QOL—Ratient Assessment of Upper Gastrointestinal Disorders Quality of Life
SF-36v2—Short Form-36v2

TABLES

Table 1: COMPARISON OF BASELINE DEMOGRAPHIC AND CLINICAL FACTORS
IN TIDM VERSUS T2DM

Type 1 Diabetics

Type 2 Diabetics

o (N=78) (N=59) P
Category Characteristic
% or % or Value*
N N
Mean+SD Meant+SD

Female sex 55 70.5% 45 76.3% 0.56
Age (years) 78 39+11 59 53+11 <0.001

White race 60 76.9% 45 76.3% 1.00

) Hispanic ethnicity 7 9.0% 5 8.5% 1.00

Demographic

Married 42 53.9% 38 64.4% 0.23

College degree 15 19.2% 12 20.3% 1.00

Income >$50K 36 46.2% 25 42.4% 0.73

Ever smoked regularly 23 29.5% 23 39.0% 0.28
Age at symptom onséyears) 78 3440 59 4941 <0.001

Time from diabetes onset to
) o 78 14.0+11.0 59 8.4£8.0 | 0.005
Demographic/| initial symptoms (years)

Clinical Medical Symptom duration (years) 78 6.246.3 59 3.943.3 0.13
History Peripheral neuropathy 34 43.6% 22 37.3% 0.46

Acute onset 46 59.0% 27 45.8% 0.11

Initial infectious prodrome 11 14.1% 8 13.6% 1.00
Postmenopausaif female) 12 21.8% 28 62.2% <0.001
BMI (kg/m?) 78 266 59 3348 <0.001

) Underweight 2 3% 0 0%
Anthropometric
Normal 37 47% 8 14% <0.001
Overweight or obese 39 50% 51 86%
Laboratory CRP (mg/dl) 78 0.9+1.5 58 0.740.6 0.10
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Type 1 Diabetics

Type 2 Diabetics

o (N=78) (N=59) P
Category Characteristic
% or % or Value*
N N
Mean+SD Mean+SD

CRP elevated >0.8 mg/dl 20 25.6% 19 32.8% 0.36

ESR (mm/h) 78 26424 59 28425 0.53

ESR elevated >20 mnvh 37 47.4% 30 50.9% 0.69

Hemoglobin Alc (%) 78 8.32.0 59 7.44.7 0.003

Peptic ulcer disease 3 3.9% 5 8.5% 0.29

GERD 41 52.6% 38 64.4% 0.16
Gallstones/gallbladdetisease 21 26.9% 25 42.4% 0.06

Coronary artery/cerebrovascular disease 6 7.7% 11 18.6% 0.05
Endometriosis 4 5.1% 11.9% 0.21

o Interstitial cystitis 0.0% 4 6.8% 0.03

Comorbidities i

Prior hysterectomy 16.4% 22 48.9% <0.001

Migraine headaches 19 24.4% 22 37.3% 0.10

Chronic fatigue syndrome 4 5.1% 2 3.4% 0.70

Fibromyalgia 6.4% 7 11.9% 0.26

Major depression 22 28.2% 19 32.2% 0.61

Severe anxiety 8 10.3% 5 8.5% 0.72

*P (2sided)determined from either a @guared testr Fisher’s exact test for categorical

characteristicer a KruskalWallis test to account for nemormality of the continuous

variables.
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Table 2: COMPARISON OF BASELINE SEVERITY, HEALTHCARE USE , PSYCHOLOGICAL FUNCTION, AND
QUALITY OF LIFE IN T1DM VERSUS T2DM

Table 2A; BETWEEN DIABETIC SUBTYPES
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Type 1 Diabetics Type 2 Diabetics

Category Characteristic (N=78) (N=59) P Value
% or Mean+SD N % or Mean+SD
Grade 1 4 5.8% 9 15.5%
Investigatorrated Grade 2 36 46.2% 27 46.6% 0.05
Grade 3 38 49.4% 23 39.0%
Overall GCSI 78 2.8+.1 59 3.0+1.0 0.28
Nausea 78 3.4+1.3 59 3.2+1.2 0.20
Retching 78 2.4%.7 59 2517 0.99
Vomiting 78 2.741.8 59 2.4+41.7 0.30
Stomach fullness 78 3.2+1.6 59 3.6+1.0 0.27
Unable to finish meal 78 2.9¥1.5 59 3.2+1.2 0.43
Postprandial fullness 78 3.3#1.5 59 3.5+1.3 0.80
Loss of appetite 78 2.8+1.6 59 2.8+1.4 0.96
Gastraparesis Patientrated Bloating 78 2.8+1.7 59 3.4+1.4 0.04
severity Visible distention 78 2.5+1.8 59 2.9¥1.7 0.19
Upper abdominal pain 78 2.8+1.9 59 2.8#1.7 0.84
Upper abdominal discomfort 78 2.9+1.8 59 3.2#1.5 0.47
Lower abdominal pain 78 2.3#.7 59 1.8+1.4 0.09
Lower abdominadiscomfort 78 2.3%.6 59 1.945 0.15
GERD 78 2.0+1.4 59 1.9#1.3 0.86
Constipation 78 2.3#1.7 59 2.4+1.6 0.71
Diarrhea 78 2.0+1.8 59 1.8+1.6 0.48
2 hour retention 78 71+20% 59 61+22% 0.006
4 hour retention 78 4727% 59 33+24% <0.001
Gastric function Mild retention (1320% 4 hour retention) 14 18.0% 26 44.1%
Moderate retention (235% 4 hour 0.001
retention) 22 28.2% 14 23.7%
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Severe retention (>35% 4 hour retentio 42 53.9% 19 32.2%
Prokinetics 54 69.2% 38 64.4% 0.55
Antiemetics 55 70.5% 40 67.8% 0.73
Proton pump inhibitors/other Gl agents| 62 79.5% 49 83.1% 0.60
NSAIDs 42 53.9% 40 67.8% 0.10
Medications Opiates 36 46.2% 28 47.5% 0.88
Pain modulators 21 26.9% 17 28.8% 0.81
Antidepressants 33 42.3% 21 35.6% 0.43
Anxiolytics 7 9.0% 12 20.3% 0.06
Antidiabetics 74 94.9% 56 94.9% 1.00
Metformin 2 2.6% 19 32.2% <0.001
Hospitalizedfor gastroparesis past year 57 73.1% 27 45.8% 0.001
Number of hospitalizations for gastroparesipastyear 78 5.146.4 59 3.246.6 0.003
Nausea/vomiting 54 72.0% 25 43.9% 0.001
Health care Reason for Abdominal pain 33 61.1% 15 31.9% 0.003
utilization hospitalization Dehydration 39 65.0% 22 40.7% 0.01
Gl hemorrhage 6 22.2% 3 8.6% 0.16
On TPN 8 10.3% 5 8.5% 0.78
Underwent GES 12 15.4% 2 3.4% 0.02
BDI 78 22+13 59 19+10 0.78
BDI score >28 20 25.6% 10 17.0% 0.22
Psychological Y1 state anxiety 78 48+14 59 45+13 0.19
function Y1 score>50 37 47.4% 18 30.5% 0.04
Y2 trait anxiety 78 47+13 59 44+13 0.08
Y2 score>50 35 44.9% 17 28.8% 0.06
Overall PAGIQOL 78 24+41.1 59 2.641.2 0.23
Quality of life Daily activities 78 2.2#1.3 59 2.441.2 0.21
PAGI-QOL subscore
Clothing 78 3.0+1..7 59 3.0+1.7 1.00
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Diet 78 1.741.2 59 1.841.3 0.71

Relationship 78 2.841.7 59 3.1+1.5 0.28

Psychological 78 2.441.5 59 2.8+1.4 0.08

SF-36v2 physical 78 33+10 59 3049 0.11
SF-36v2 mental 78 34412 59 37413 0.16

*P (2sided) determined from either a «dfuared testr Fisher’'s exact test for categorical characterigsiica KruskalWallis test to

account fer nomormality of the continuous variables.

Table 2B..BY BASELINE HEMOGLOBIN Alc LEVEL AND PERIPHERAL NEUROPATHY STATUS
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Hemoglobin Alc

Peripheral Neuropathy

Alc<8% Alc=8% Neuropathy No Neuropathy
Category. Characteristic (N=81) (N=53) P (N=56) (N=81) P
% or % or Value’ % or % or Value’
N N N N
Meant+SD Mean+SD Meant+SD Meant+SD
Grade 1 9 11.1% 3 5.8% 4 7.3% 8 9.9%
Investigator
red Grade 2 36 44.4% 25 48.1% 0.63 21 38.2% 42 51.9% 0.20
-rate
Grade 3 36 44.4% 24 46.2% 30 54.6% 31 38.3%
Overall GCSI 81 2.9+1.0 53 3.0+1.0 0.56 56 2.8+1.1 81 3.0+1.0 0.36
Nausea 81 3.3+1.3 53 3.5+1.2 0.43 56 3.2+1.4 81 3.5+1.2 0.15
Retching 81 2.3+1.8 53 2.7+1.6 0.33 56 2.3+1.8 81 2.5+1.6 0.48
Vomiting 81 3.4+1.3 53 3.3+1.4 0.86 56 2.3+1.8 81 2.7+1.8 0.21
Stomach fullness 81 3.1#1.5 53 3.0+1.3 0.54 56 3.1+1.6 81 3.5+1.2 0.35
Unable to finish meal 81 3.4+1.4 53 3.3+1.4 0.79 56 2.9+1.7 81 3.1+1.2 0.56
Postprandial fullness 81 3.0+1.5 53 2.6#1.5 0.18 56 3.0+1.7 81 3.6x1.2 0.04
Loss of appetite 81 2.8+1.6 53 3.1+1.6 0.61 56 3.1+1.6 81 2.7+1.4 0.12
Gastroparesisy=  Patient _
I Bloating 81 2.6+1.8 53 2.8+1.7 0.43 56 2.9+1.6 81 3.1+1.6 0.52
severity rated
Visible distention 81 2.9+1.0 53 3.040.9 0.56 56 2.7+1.7 81 2.6+1.8 0.96
Upper abdominal pain 81 2.8+1.8 53 2.8+1.9 0.94 56 2.6+£1.9 81 2.9+1.8 0.46
Upper abdominal discomfor| 81 3.1+1.6 53 3.0+1.8 0.71 56 3.0+1.8 81 3.1+1.6 0.94
Lower abdominal pain 81 2.1+4.7 53 2.1+1.4 0.98 56 2.1+1.8 81 2.0+1.4 0.95
Lower abdominal discomfor| 81 2.2+1.7 53 2.2+1.4 0.85 56 2.3+1.7 81 2.1+1.4 0.56
GERD 81 2.0+1.4 52 2.0+1.3 0.99 55 2.1+15 81 2.0+1.3 0.77
Constipation 81 2.6+1.7 53 2.0+1.6 0.06 56 2.5+1.8 81 2.3+1.6 0.54
Diarrhea 81 1.841.7 53 2.0+1.7 0.57 56 1.7+1.8 81 2.0+1.7 0.27
2 hour retention 81 67+21% 53 67+22% 0.96 56 68+21% 81 66+21% 0.43
Gastric
functi 4 hour retention 81 4127% 53 A4127% 0.79 56 41+26% 81 40+27% 0.98
unction
Mild retention (1120% 4 25 30.9% 14 26.4% 0.90 17 30.4% 23 28.4% 0.97
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hour retention)

Moderate retention (235%
) 20 24.7% 14 26.4% 15 25.0% 2p 27.2%
4 hour retention)

Severe retention (>35% 4
] 36 44.4% 25 47.2% 25 44.6% 36 44.4%
hour retention)

*P (2-sided) determined from either a «guared test or Fisher’s exact test for categorical characteoistdsruskalWallis test to

account fer nomormality of the continuous variables.
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Table 3: BASELINE CLINICAL DISCRIMINATORS OF DIABETES SUBTYPE (T1DM

VERSUS T2DM) IN PATIENTS WITH GASTROPARESIS

Category Characteristic OR* 95% CI P Valuet

Age (50 vs. <50 years) 0.07 0.02,0.24 <0.001

Demographic Sex (female vs. male) 1.39 0.47, 4.07 0.17
Race (white vs. nomite) 2.78 0.84,9.20 0.40

Peripheral neuropathy (yesvsn 3.81 1.28, 11.35 0.02
Clinical Overweight or obese (BMI25 0.11 0.04, 0.36 <0.001

vs. <25 kg/m)

Number of comorbidities 0.76 0.63, 0.92 0.02

Symptom Bloating 0.62 0.42,0.91 0.02
severity GERD 1.70 1.08, 2.67 0.02

* A total of:d:36:diabetic patients with delayed emptying were included in the analysis:
T1DM=78, T2DM=58; one T2DMatient has missing data for the GERD subscale on

enrollment.

t P derivedfrem a backward stepwise multiple logistic model regressing diabetes subtype
(T1DM ws.. I2DM on the candidate set of d&seline predictonsicluded inTables 1 and2A (P

for exclusion=0.05)where age, sex, and white race were forced into the model. GCSI was not

included duestoexcollinearity with its components. One measure of inflammation edhéeither

a high CRP and/or a high ESRJ)otal rumbers of comorbidities werediuded instead of

individual comorbidities. A two category symptom duratioh ¢s. <5 years) was used due to

small numbers in the categories. Final model is preseirtedmerLemeshow Goodness of fit
v (d.f.=86)=3.27, P=0.71.
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Table 4: COMPARISON OF 48 WEEK CHANGES IN SEVERITY, HEALTHCARE USE, PSYCHOLOGICAL FUNCTION ,

AND QUALITY OF LIFE IN T1IDM VERSUS T2DM

Type 1 Diabetics (N=44%*) Type 2 Diabetics (N=46*) T1DM
Mean A Mean A VS.
Categor Characteristic Mean P Mean P T2DM
9o, . (48 95% ClI ) (48 95% ClI
Baseline | Weeks vs. Valuet | Baseline | Weeks vs. valuet P
Baseline) Baseline) Valuet
Clinical BMI (kg/m?) 27.2 0.67 -0.18, 1.53 0.12 34.1 0.55 -0.32, 1.42 0.21 0.44
inica
Hemoglobin Alc (%) 8.1 0.47 -0.32, 1.27 0.23 7.2 0.44 -0.03, 0.92 0.07 0.51
Gastropagsis )
] Investigatorrated 2.5 -0.33 -0.57,-0.09 0.009 2.2 -0.30 -0.55,-0.05 0.02 0.23
severity
Prokinetics 70.5% 15.9% 2.8, 30.0% 0.01 71.7% 8.7% -3.6, 21.0% 0.22 1.00
Antiemetics 70.5% 4.5% -13.1, 22.2%| 0.77 67.4% 4.3% -13.7, 22.4% 0.79 0.95
Proton pump
inhibitors/other Gl 81.8% 13.6% 1.2, 26.0% 0.03 80.4% 4.3% -6.3, 15.0% 0.63 1.00
agents
NSAIDs 52.3% 2.3% -21.8,17.2%| 1.00 76.1% -17.4% -35.9, 1.1% 0.08 0.21
Medications i
Opiates 47.7% 13.6% | -2.1,29.4% | 0.11 43.5% 17.4% 1.3, 33.4% 0.04 0.84
Pain modulators 29.6% 4.5% -10.3,19.3%| 0.73 34.8% -2.2% -13.9, 9.5% 1.00 0.43
Antidepressants 40.9% 9.1% -8.4,26.6% | 0.39 39.1% 13.1% -5.8, 31.8% 0.21 0.91
Anxiolytics 15.9% 25.0% 9.9,40.1% | 0.001 21.7% -2.1% -17.1, 12.8% 1.00 1.00
Antidiabetics 93.2% 0% -2.3,2.3% 1.00 95.3% -2.2% -13.9, 9.5% 1.00 1.00
Metformin 2.3% -2.3% -8.9, 4.4% 1.00 32.6% -2.2% -16.0, 11.3% 1.00 1.00
Hospitalizationin past
70.5% -15.1% | -30.6-1.1% 0.04 43.5% -8.7% -25.4, 8.0% 0.39 0.26
Health care year(%)
utilization Number of
4.8 -1.55 -3.16, 0.07 0.06 2.4 -0.74 -2.22,0.74 0.32 0.70

hospitalizationgor
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gastroparesis
Number of ED visits NA 4.86 2.78, 6.95 NA NA 2.46 1.04, 3.88 NA 0.07
% on TPN 4.5% 2.3% -7.7,12.2% 1.00 8.7% -8.7% -19.0,-1.6% 0.13 0.13
% undergoing GES | 11.4% 20.5% | 4.73,36.2% | 0.01 0.0% 10.9% -0.3, 22.0% 0.06 0.16
BDI 21.3 -1.18 -4.91, 2.56 0.53 18.8 0.51 -2.42,3.44 0.73 0.69

Psychological i

function Y1 state anxiety 44.4 0.85 -3.96, 5.66 0.72 44.4 0.64 -3.70, 4.99 0.77 0.97
Y2 trait anxiety 44.1 2.20 -1.80, 6.20 0.27 44.0 0.58 -3.26, 4.42 0.77 0.53
PAGI-QOL 25 0.22 -0.14, 0.58 0.22 2.6 0.15 -0.11, 0.42 0.25 0.84
Quality of life SF36v2 physical 32.6 1.28 -1.72,4.27 0.39 29.7 1.82 -0.52, 4.16 0.12 0.80
SF36v2 mental 35.3 1.55 -2.95,6.05 | 0.49 36.6 0.65 -2.96, 4.26 0.72 0.86

*N determined by value for medicationartcome being available atrolimentand at 48 weeks; for TADM, between 31 angfdd
T2DM, between 36 and 46.

t Mean change of outcome or % medication use (48 webk&seline) or mean number of events in 48 weeksrf@rgency
departmentED) visits, since baseline for ED visits unavaiali-or continuous outcomes, P value determined using one sategle t-
of the null"hypothesis of no difference in means at follgmand baselineFor binary outcomes (hospitalized, TPN, GES) and
medication use, an exact McNemar's test for paired prioparivas used to determine P, and 95% confidence intervals (C.1.)
determined using a continuity correction.

¥ P values.for continuous outcomes determined using multiple regression of each outedatiemto diabetes stipe with
adjustment for the baseline value of the outcome. P value for EDwastietermined using a negative binomial with robust
variance teraccount for overdispersion. P values for binary outcomes and mediseivene derived from Wald tests to assess
whether change in medida use varied by diabetssliype using conditional logistic regression. Unconditional exact logistic
regression’was used to assess changes in TPN use or GES implssitatgono T2DM patients had those treatments at either
enroliment (GES) or 48 weekEPN).

NA wasdefined as not applicabléhé rumber of ED visits in the past year was not queaidoiseling

§ Total hospitalizationfor gastroparesisince baseline exclude GES placement.
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Table 5: RELATIVE ODDS OF CHANGE IN CLINICAL 48 WEEK OUTCOMES IN
RELATION TO DIABETES SUBTYPE (T1DM VERSUS T2DM) IN PATIENTS WITH
GASTROPARESIS

Type 1 Type 2
_ Diabetics | Diabetics P
Category Changeat 48 Weeks from Baseling ORT 95% ClI
N (% N (% Valuet
Improved) | Improved)
o BMI(kg/m?)(same or lower vs. higher
Clinical BMI 42 (31%) | 44 (27%) 1.86 0.51, 6.80 0.35
measures _
Hemoglobin Alc (%)(any decrease)| 28 (25%) | 36 (42%) 0.80 0.19, 3.30 0.76
Investigatorratedseverity(>1 point
43 (33%) | 46 (37%) 0.68 0.21, 2.13 0.50
decrease)
Overall GCSI 40 (60%) | 45 (62%) 1.10 0.323.71 0.88
Nausea 40 (35%) | 45 (51%) 0.54 0.18, 1.64 0.28
Retching 40 (48%) | 45 (56%) 0.45 0.10, 2.10 0.31
Vomiting 40 (33%) | 45 (53%) 0.21 0.05, 0.87 0.03
Gastroparesis
] Stomach fullness 40 (40%) | 45 (44%) 1.71 0.53,5.53 0.37
severity Patientrated _
Unable to finish meal| 40 (35%) | 45 (42%) 1.13 0.33,3.81 0.85
(any decrease
Postprandial fullness| 40 (48%) | 45 (40%) 2.65 0.78, 902 0.12
Loss of appetite 40 (50%) | 45 (42%) 4.25 1.07, 16.92 0.04
Bloating 40 (38%) | 45 (40%) 1.68 0.50, 5.63 0.40
Visible distention 40 (30%) | 45 (36%) 1.15 0.32,4.13 0.83
Upper abdominal pairy 40 (38%) | 45 (47%) 1.81 0.48, 6.75 0.38
Hospitalizationgor gastroparesigone
Health care 44 (45%) | 46 (65%) 0.85 0.26, 2.77 0.78
o over 48 weeks vs. any)
utilization -
EDuvisits (none over 48 weeks vs. any 44 (27%) | 46 (50%) 0.43 0.14,1.29 0.13
] BDI (<5 pointdecrease) 40 (35%) | 45 (40%) 0.91 0.28, 2.90 0.87
Psychological i
functi Y1 state anxiety (any decrease) 40 (45%) | 45 (49%) 0.85 0.25, 2.95 0.80
unction
Y2 trait anxiety (any decrease) 40 (38%) | 45 (49%) 0.45 0.14,1.44 0.18
Qualiy of PAGI-QOL (any increase) 39 (51%) | 43 (56%) 0.87 0.29, 2.54 0.80
uality o
i Y SF36v2 physical¥1 point increase) | 40 (50%) | 43 (53%) 1.70 0.50, 5.81 0.40
ife
SF-36v2 mental 1 point increase) 40 (53%) | 43 (51%) 1.19 0.39, 3.66 0.76

* Each eutcome indicatas defined aghangen the characteristiscoreat 48weeks compared
to baseline. Outcomadicators based on change in value at 48 weeks from value at enrollment
included: symptom score reductiang decrease in total GC&iin individual GCSI scorgs

BMI (same or lower)hemoglobin Alc (any decrease), psychological function (BDI decreased
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by 5 or more points; Y1 state-anxiety, Y2 trait-anxiety dagrease), and QOL (PA®IOL any
increase SF36v2 physical and SB6v2 mental componentsicreaseof at least one point).

Tt OR = Relative odds of change in TIDM versus T2DM.

¥ OR'’s derived frontogistic regressiomodels of each indicator change in characteristic
scoreat48 weels in relation taliabetes typand baseline value of thedicator. Models
included apropensity scoreddjustthe diabetes type effect for the probability of being TLDM

based on ‘age,sex, and race (white vs. not white).
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FIGURE LEGENDS

Figure 1: Patientratedsymptomscores at baselirend at 48 week follow-ugA) T1DM

patients exhibited moderate to severe basslngtom severitieflear barqdata expressed as
mearrupper limit of 95% C). Symptomscoreddid notdecreas@ver 48 weeks (dark barg)
T2DM patients exhibitetdaselinesymptom severities in the moderate to severe range (clear
bars). Howeverareductionin symptoms wasbservedt 48 weekdor all symptoms except
postprandialfullness and visible distent{glark bars)(C) Meanchanges irsymptoms 495%

Cl are plotted'with P values for baseline veré8sveek valuefor TADM and T2DM patients.
No symptom changesignificanty for TLDM patients Overall symptonscore decreasednd 8
of 10 individualsymptom significantly decreased in T2DM gastroparetit48 week follow-up
(all P<0.05):
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