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Gastroparesisisafrequentandsometimeslife-threateningcomplicationofdiabetesmellitus.
Autonomicneuropathyseemstobeoneofthemostimportantmechanismsunderlyingthisentity,
togetherwiththeotherprobablepathologies.Thepresentstudywasperformedinordertoidentify
analternativetogastricscintigraphyasascreeningtest.Thegastricemptyingtimesof60subjects
(Group1:20insulin-dependentpatients,Group2:20non-insulin-dependentdiabetesmellitus
patients,andGroup3:20healthyvolunteers)weremonitoredbygastricscintigraphy.Perception
thresholdsforcold,heat,andvibrationweretestedbyaquantitativesensorytest,andQTc
dispersionswerecalculatedfrom standardelectrocardiographyrecordings.Inaddition,fasting
bloodglucose,hemoglobinA ,andurineβ-microglobulinandmicroalbuminconcentrationswere
determinedforthepatientgroups.Funduscopicexaminationwasperformedbyanindependent
ophthalmologist.Gastroparesiswasdeterminedinbothpatientgroups,regardlessoffastingblood
glucoseandhemoglobinA concentrations.A strongcorrelationwasobservedbetweenne-
phropathy,retinopathy,andcardiacautonomicdenervation(QTc)andgastroparesis.Inconclu-
sion,retinalandrenalmicrovasculopathyparametersandcardiacautonomicfunctiontestsmaybe
usefulforscreeningdiabeticpatientsforgastroparesis.
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G astroparesisisafrequentandsometimeslife-
threateningcomplicationofdiabetesmellitus(DM)

［1-3］.Gastrointestinalmotilityabnormalitiescancause
nausea,vomiting,post-prandialfullness,earlysatiety,
belching,andbloating.Theyalsopresentamajorprob-
lemfortheregulationofbloodglucose,especiallyin
insulindependentpatients,becauseoftheimproper
digestionandabsorbtionofintake［4］.Aconsortiumof
pathologicalprocessesincludinghyperglycemia,gastro-
intestinalhormonechanges,myogenicmechanisms,and

autonomicneuropathyarethecausesofthisentity［5-9］.
Severalstudieshavebeenconductedinordertoidentify
anoninvasivemethodofevaluatingpatientsforgastropar-
esis,suchasasimplescreeningtestsimilartogastric
scintigraphy［10-19］.Bodymassindex(BMI),fasting
bloodglucose,andhemoglobinA (HbA )valuesdid
notdemonstrateareliablecorrelation［20］.However,
investigationsconcerningcardiovascularautonomicregu-
lation,［21-22］vagalelectricalactivity,andmesenteric
bloodflowhaveshownstrikingcorrelationswithgas-
troparesis［23-26］.
Inthisstudyweinvestigatedtherelationshipbetween

gastroparesisanddiabeticneuropathy,thecomponentsof
neuropathicinsult,andmicrovasculopathy.Theaimof
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thisstudywastodetermineasimplescreeningparameter
fordiabeticpatientswithgastrointestinalsymptomsin
ordertoaccuratelydiagnosediabeticgastroparesis.

MaterialsandMethods

Thestudypopulationconsistedof40patientswith
long-standingDM;20wereinsulin-dependent(IDDM,
group1:13men,7women;meanage27.15±8.45)and
20werenon-insulin-dependent(NIDDM,group2:13
men,7women;meanage51.75±10.11).Thediagnos-
ticcriteriaproposedbytheExpertCommiteeonthe
diagnosisandclassificationofDiabetesMellituswereused
［27］.Prominentsymptomswererecurrentnausea,
vomiting,post-prandialfullness,earlysatiety,belching,
andbloatingwithoutevidenceofmechanicalobstruction.
Exclusioncriteriawereasfollows:presenceofanysurgi-
calprocedures(vagotomyorgastricbypass),metabolic
disorders (hypothyroidism, renalfailure), cardiac
dysfunction(myocardialinfarction,angina,valvedisease,
arrhythmiasorcardiacfailureinthepastoratthepresent
time),rheumatologicconditions(scleroderma,systemic
lupuserythematosus),centralnervoussytemdisorders
(cerebrovascularaccident,trauma,tumor),infections
(Chagasdisease,Epstein-Barrvirus)anduseofany
medications(opiates,anticholinergics)withinthelast90
days.20healthyvolunteersservedasacontrolgroup
(Group3:13men,7women;meanage33.5±12.41).
Gastricemptyingtimesofall(standing)subjectswere
quantitatedusingthegeometricmeanoftheanteriorand
posteriorcountsafteringestingastandardtestmeal
consistingof150gofscrambledeggslabeledwith99mTc
and150mloforangejuicelabeledwith111InDTPA;the
mealwasgiventothepatientsinthemorning.All
subjectsunderwentquantitativesensorytestsforheat,
cold,andvibrationperceptionthresholdsusingacommer-
cialdevice(WRCase-IVSystem).QTdispersionwas
determinedbycalculatingthedierencebetweenthelong-
est(QTmax)andtheshortest(QTmin)QTintervals
withina12-leadECG.SincetheQTintervalalonecan
varyaccordingtoheartrate,itwascorrectedusing
Bazett’sformula(QTc＝QT/RR))toproduceQTc
intervals.FastingbloodglucoseandHbA levels,and
urineβ-microglobulinandmicroalbuminconcentrations
weredeterminedforeachdiabeticpatient.Inaddition,
Group1and2patientswereexaminedbyanindependent
ophthalmologistfordiabeticretinopathy,andgradedfrom
1to4asbeingnormal,orhavingbackgroundretinopa-

thy, nonproliferative retinopathy, or proliferative
retinopathy,respectively.T1/2forgastricemptying
(T1/2G)wascalculatedinminutesandtheresultswere
firstcomparedbetweengroups,thencorrelatedwiththe
otherobtaineddataseparatelyforeachgroup.Anin-
dependentsamplesT-Testwasusedforcomparisonofthe
threegroups,andSpearman’sRhoandPearsoncorrela-
tionanalyseswereperformedforthein-groupcorrela-
tions.Acommercialstatisticalanalysisprogram(SPSS
9.02forWindows)wasusedforthestatisticalanalysis.

Results

Whenpatientandcontrolgroupswerecompared,
T1/2Gwasfoundtobesignificantlyloweramongcon-
trolsthaninthepatientgroups(78.48±38.34,86.93±
46.52,45.59±15.20forGroups1,2,and3respective-
ly;P＝0.001)(Fig.1).BothIDDM andNIDDM
patientshaddistalsensorialloss,whichwasmostpromi-
nentasregardsheatperception(38.83±3.07,40.57±
2.67,35.18±0.97forGroups1,2,and3respectively;
P＜0.001forbothpatientgroups).NIDDM patients
alsodemonstratedasignificantdecreaseinvibrationsense
(7.51±5.33and2.52±0.9forGroups2and3,respec-
tively;P＜0.001),whichwasnotsignificantinthe
IDDM group(2.85±1.46;P＝0.4).QTcdispersion
waslongerinGroup1(410.95±47.20mSec;P＝
0.072)andsignificantlylongerinGroup2(410.40±

Koçkaretal. ActaMed.Okayama Vol.56,No.5238

Fig.1 GastricemptyingtimeinIDDMandNIDDMpatientsand
healthycontrols.T1/2G:Gastricemptyingtime,giveninminutes,
Group1:Insulin-dependentdiabetesmellitus(IDDM)patients,Group
2:Non-insulin-dependentdiabetesmellitus(NIDDM)patients,Group
3:healthycontrols.



39.25mSec;P＝0.045)ascomparedtocontrols(390±
19.66mSec)(Table1).Apositivecorrelationbetween
T1/2GandQTcdispersionwasseenamongbothIDDM
andNIDDMpatients(correlationcoecient(cc):0.614,
P＝0.004andcc:0.659,P＝0.002,respectively)(Fig.
2A,2B).Therewasastrongpositivecorrelation
betweeenT1/2Gandthegradeofretinopathy(cc:0.715,
P＜0.001,inIDDM patientsandcc:0.819,P＜
0.001,inNIDDM patients),urinaryβ-microglobulin
concentrations(cc:0.434,P＝0.056,inIDDMpatients
andcc:0.774,P＜0.001,inNIDDM patients)(Fig.
3A,3B)andmicroalbuminuria(cc:0.567,P＝0.009,
in IDDM patientsand cc:0.765, P＜0.001, in
NIDDMpatients)(Fig.4A,4B).

Discussion

DiabetesMellitusisassociatedwithperipheralnervous
systemdiseases［28］.Theincidenceofneuropathyin
diabeticpatientsvariesfrom10to50 accordingto
dierentstudies,andthereportedincidenceincreases
withtheageofthepersonwiththediseaseandwiththe
severityofhyperglycemia［29-31］.Otherdiabeticcom-
plicationssuchasretinopathyandnephropathyareseen
morefrequentlyinpatientswithneurologicinsult,
suggestingacommonunderlyingmechanism［32-33］.A
numberofdierentneurologicinvolvementtypesareseen
indiabeticpatients,buttodate,nostudyhasyet
correlatedtheseclinicalentitiesortheinvolvementof
variousperipheralneurologicsubsystems(e.g.,motor,
sensory,andautonomicpathways)withthesewell-known
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Table1 Thresholdforcold,heat,andvibration,andQTcdispersioninGroup1,Group2,andamongcontrols(Group3)

GROUP1 GROUP3 P-value GROUP2 GROUP3 P-value

QTc(mSec) 410.95±47.20 390±19.66 (P＝0.072) 410.40±39.25 390±19.66 (P＝0.045)
Coldperceptionthreshol 25.76±4.69 29.8±1.0 (P＜0.001) 25.42±3.54 29.8±1.0 (P＜0.001)
Heatperceptionthreshold 38.83±3.07 35.18±0.97 (P＜0.001) 40.57±2.67 35.18±0.97 (P＜0.001)
Vibrationperceptionthreshold 2.85±1.46 2.52±0.19 (P＝0.4) 7.51±5.33 2.52±0.9 (P＜0.001)

QTcdispersiongiveninmSec,Group1,IDDMpatients;Group2,NIDDMpatients;Group3,healthycontrols.

Fig.2A CorrelationbetweenQTcDispersionandT1/2GinIDDM
patients(cc:0.614,P＝0.004).T1/2G,Gastricemptyingtime,
giveninminutes;IDDM,Insulin-dependentdiabetesmellitus;QTc
dispersiongiveninmSec.

Fig.2B CorrelationbetweenQTcDispersionandT1/2GinNIDDM
patients(cc:0.659,P＝0.002).T1/2G,Gastricemptyingtime,
giveninminutes;NIDDM,Non-insulin-dependentdiabetesmellitus;
QTcdispersiongiveninmSec.
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non-neurologiccomplications.
Twomajorhypotheseshavebeensuggestedtoexplain

theneuropathicinjuryrelatedtoDM［34］.Thefirst,the
metabolichypothesis,addressestheaccumulationof
sorbitolandtheconcordantdecreaseinmyoinositol,a

processleadingtofunctionalimpairmentofNa/K
ATPaseactivity［35］.Ontheotherhand,thevascular
hypothesis suggests thatendoneuralmicrovascular
insuciencyistheleadingcauseofsuchneuropathic
injury［36］.Thevascularhypothesisappearstobemore

Fig.3A CorrelationbetweenB-microglobulinuriaandT1/2Gin
IDDMpatients(cc:0.434,P＝0.056).T1/2G,Gastricemptying
time,giveninminutes;IDDM,Insulin-dependentdiabetesmellitus;
B2microglobulinuriagiveninmg/dl.

Fig.3B CorrelationbetweenB-microglobulinuriaandT1/2Gin
NIDDMpatients(cc:0.774,P＜0.001).T1/2G,Gastricemptying
time,giveninminutes;NIDDM,Non-insulin-dependentdiabetes
mellitus;B2microglobulinuriagiveninmg/dl.

Fig.4A CorrelationbetweenmicroalbuminuriaandT1/2GinIDDM
patients(cc:0.567,P＝0.009).T1/2G,Gastricemptyingtime,
giveninminutes;microalbuminuriagiveninmg/dl.

Fig.4B CorrelationbetweenmicroalbuminuriaandT1/2Gin
NIDDMpatients(cc:0.765,P＜0.001).T1/2G,Gastricemptying
time,giveninminutes;NIDDM,Non-insulin-dependentdiabetes
mellitus;microalbuminuriagiveninmg/dl.
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centralinrecentinvestigations.Moreover,neithersor-
bitolaccumulation nor myoinositoldecrease were
identifiedinastudyofsuralnervebiopsiesofdiabetic
patientswithmildneuropathicsymptoms［37］.
Resultsofneurotensiometrystudiesshowedthatboth

IDDMandNIDDMpatientsenrolledinthepresentstudy
experienceddistalsensorialloss,whichwasmostpromi-
nentasregardsheatperception.NIDDMpatientsalso
hadasignificantdecreaseinvibrationsensation,afinding
thatwasnotobservedintheIDDM group(Table1).
Thisfindingmaybeduetothedierencebetweenthe
meandurationsofillness.Moreover,proprioceptive
signalsarecarriedbyGroup1-aneurons,i.e.,neurons
withthethickestmyelinsheaths;thischaracteristicmight
providesomeprotectionagainstthedevastatingeectsof
endoneuralischemiaand/orhyperglycemia.Theroleof
non-enzymaticglycolisationofextracellularmatrixpro-
teinsondiabeticvasculardiseasehasbeensummarizedby
Brownleeetal.［37］.Interactionbetweenadvanced
glycolisationendproductsandaxonalviability,andthe
possibilitythatthemyelinsheathprovidesaphysical
barrierbetweentheaxoplasmandtheextracellularfluid
(withahighglucoseconcentration)remainsubjectsof
interest.
Inthisstudy,bothpatientgroupsshowedalower

thresholdforcoldperceptionincomparisonwithcontrols
(Table1).Thisfindingmaybeexplainedbyaslowingof
bloodflowwithincreasedresistivityattheprecapillary
level;thelatterwouldbecausedbymicrovasculopathy
andwouldbeexpectedtobemoreprominentatperipheral
areasofthebody.Circulatingbloodnotonlycarriesthe
oxygenandmetabolitesneededforenergyproduction,
butitisalsothemajorconductorofheatthroughoutthe
body.Decreasedtemperature,aresultofischemia,may
rendertheautonomicnerveendattheterminalorgan
muchmoresusceptibletochangesintheenvironment.In
thepresentstudy,noneofthesensorialparameterswere
incorrelationwiththepresenceofgastroparesis.There-
fore,autonomicandsensoryneuropathymaybeshownto
progressatdierentratesandthereforemayrequire
dierentamountsoftimetoreachaclinicallyobservable
threshold.
DMcausesnotonlysomaticsensorimotorneuropathy,

butalsoautonomicsensoryneuropathyassociatedwitha
numberofclinicalentitiessuchasposturalhypotension,
cardiacarrhytmia［38］,bladderdysfunctions,andgas-
trointestinalmotilitydisturbances［39-40］.Arildsenet
al.andCardosoetal.reportedthattheQTdispersion

increasedinpatientswithdiabetesmellitus［41,42］.
Landstedt-Hallinetal.studiedtheeectsofinsulin-
inducedhypoglycaemiaoncardiacrepolarization,using
QTintervalanddispersionmeasurementsinpatientswith
type2diabetes;thatstudyrevealedthatthemeanQT
intervals and the QT dispersion both increased
significantly.Itwasthereforeconcludedthatsignificant
changesintherepolarizationoftheheartcouldbeseen
duringhypoglycaemiainpatientswithtype2diabetes,
indicatinganincreasedriskofarrhythmiaatlowblood
glucoselevels［43］.Darwicheetal.andBuysschaertet
al.reportedastrongassociationbetweencardiacauto-
nomicneuropathyandgastricvagalneuropathy［22,44］.
Similarly,inourstudy,QTcdispersionsinbothpatient
groupswerelongerindiabeticpatientsthanincontrols
(Table1).ThecorrelationbetweenT1/2GandQTc
dispersionforbothpatientgroupsrevealedthatthis
clinicalparametermaybeusefulinscreeningpatientsfor
probablefuturegastroparesis(Fig.3A,3B)［45,46］.
Furtherinvestigationmayleadtodeterminationofa
thresholdlevelofQTcdispersion,whichwouldprovide
anestimationoftheindividualriskforgastrointestinal
motilitydisorderssecondarytoautonomicneuropathy.
Themostimportantfindingofthepresentstudywas

thestrongpositivecorrelationsbetweenretinopathy,
urinaryβ-microglobulin,microalbuminconcentrations,
andgastroparesis(Fig.3A,3B,4A,4B).Theabsence
ofacorrelationbetweengastroparesisandsensoryneu-
ropathyrendersthesituationmoreintriguing.Retinopa-
thyandnephropathydidcorrelatewithneurologicinsultin
DM patients［47］.However,toourknowledge,this
typeofdispersionbetweentheautonomicandsomatic
modalitiesofdiabeticneuropathyhasnotbeenpreviously
discussedintheliterature.Therenalandretinalpathol-
ogiesinDMpatientsaresecondarytomicrovasculopathy.
Therefore,autonomicneuropaticcomplicationsarealso
closelyrelatedwiththispathologicprocess.Autonomic
eerentfibersaretheonlynon-myelinatedportionofthe
nervoussystem.Togetherwiththefindingof“spared”
proprioceptivefunction,thisuniquecharacteristicleadsto
thequestionofapossibleprotectiveeectofthemyelin
sheathagainstischemicinjury.Urinaryβ-microglobulin
andmicroalbuminconcentrationsappeartobecandidate
screeningparametersforgastricmotilitydisordersin
diabeticpatients,togetherwithQTcdispersionanalyses.
Inconclusion,retinalandrenalmicrovasculopathy

parametersandcardiacautonomicfunctiontestsmaybe
usefulinthescreeningofpatientsforgastroparesis.
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Furtherstudywillbenecessarytodetermineifthese
parametersareappropriatefirst-choicealternativestothe
muchmoreexpensiveandinvasivecurrentmethodsof
diagnosinggastrointestinalmotilitydisorders.Thepos-
sibleprotectiveeectofthemyelinsheathagainstaxonal
injuryinDMpatientsalsoremainstobeinvestigated.
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