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ABSTRACT
Background:ICU-acquiredweakness(ICU-AW)isasignificantproblem inverysickpatients.Itcan
causemoretimeonbreathingmachines,longerhospitalstays,andagreaterchanceofdying.Even
thoughit'simportanttodiagnoseitearly,it'shardsincethetypicalwaysofassessmentarelimited.
Objective:ThecurrentstudydiscussestherelationbetweenGrowthDifferentiationFactor15(GDF-15)
andmuscleweaknessacquiredinICU.
Methods:AnanalysiswasconductedtoexplorethecorrelationofplasmaGDF15levelwiththe
incidenceofICUAW anditsutilityasanearlydiagnosticbiomarker.
Results:High levels ofGDF-15 were strongly associated with muscle wasting.Compared to
conventionaldiagnosticmethods,GDF-15hasmorepotentialtoidentifyandpredictICU-AW inan
earlyphase.
Conclusion:GDF-15holdsgreatpromiseasabiomarkerforICU-AW,offeringvaluablehelpinearly
diagnosisandtreatment.ItsclinicalapplicationsandthemodesoftreatmentsassociatedwithGDF-
15needfurtherstudiestobringdownmusclelossesincriticallyillpatients.

Keywords:ICU-acquiredweakness,GrowthDifferentiationFactor15,muscleatrophy,biomarker,
criticalillness,prognosis.

INTRODUCTION
Muscleweaknessisaprevalentissueintheintensivecareunit(ICU).Acutecareisnecessitatedfor
primaryneuromusculardisorders,includingGuillain-BarréSyndrome,myastheniagravis,amyotrophic
lateralsclerosis,andmultiplesclerosis,whichcaninduceweakness,nonethelesstheseailments
representmerely0.5%oftotalICUadmissions[1].
Muscleweaknessoftenarisesasasecondarysymptom inpatientsundergoingtreatmentforother
life- threatening ailments.Intensive care unit-acquired muscle weakness indicates that this
neuromuscularimpairmentissolelyattributabletothecriticalillnessanditsrelatedtreatments[2].

RiskFactors
NumerousindependentriskfactorsfortheonsetofICU-acquiredmuscularweaknesshavebeen
found,primarilythroughobservationalresearch,albeitfrequentlynotdefinitively[3].
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Figure1:OverviewofriskfactorsofICU-acquiredweakness[3].

Notmodifiableriskfactors:
Onecriticalriskfactoristheseverityofacuteillness.Theseverityofillness,theoccurrenceofsepsis
andinflammation,theexistenceofmultipleorganfailure,andthedurationofmechanicalventilation
andintensivecareunitstaywereidentifiedaspredictivefactors[4].
Patientswhoarecriticallyillforprolongeddurationsaremoresusceptibletodevelopingweaknesses
whileintheintensivecareunit[5].
1. MultipleOrganFailure
2. MobilityRestriction

Modifiableriskfactors
Variousmedicationsadministeredtocriticallysickpatientscaninfluencetheextentofhyperglycemia
inducedbytheextremestressofcriticalillnessandtheprovisionofparenteralnourishment[6].The
likelihoodofacquiringmuscleweaknessintheintensivecareunit(ICU)escalateswiththedosage
anddurationofvasoactivemedicines,particularly–agonists[4].
ICU-acquiredweaknesshasbeenassociatedwithcorticosteroidadministrationinmeta-analyses
encompassingdiversepatientcohorts,includingthosewithsepsis.Nonetheless,onestudyindicated
thatpreventinghyperglycemiaduringcorticosteroidtreatmentmayconferaprotectiveeffect[3].
1. Hyperglycemia
2. Glucocorticoids
3. Pathophysiology
4. Criticalillnessmyopathy(CIM)
5. Reducedmusclemass(Muscleatrophyorwasting)
6. ReducedMusclefunction(ContractileImpairment)
7. Criticalillnesspolyneuropathy(CIP)

ClinicalManifestations
The primarycharacteristics include symmetricaland flaccid weakness oflimb muscles,more
pronouncedinproximalthandistalmuscles,togetherwithweaknessofrespiratorymuscles,leading
tochallengesinweaningfrom mechanicalbreathing."Ventilator-induceddiaphragmaticdysfunction"
(VIDD)denotestheearlyandtime-dependentonsetofdiaphragmaticatrophyandweakening[7].

Diagnosis
MultiplemethodologiesareemployedtoidentifyICU-acquiredmuscleweakness.Thesetechniques
evaluateperipheraland/orrespiratorymusclestrength.

Assessmentofperipheralmusclestrength
AclinicalassessmentofmusclestrengthisessentialfordiagnosingICU-acquiredmuscleweakness.
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1. Volitionalfunctionaltesting[8].
2. Electrophysiologicaltesting[9].
3. Imagingandothers[10].

TreatmentofICU-AW
ThemanagementofICU-AW mostlyreliesonprevention,asthereisstillnoeffectivetreatment
available.Consequently,itiscrucialtopreventoraddressinfectionandinflammationpromptlyto
mitigatetheriskofICU-acquiredweakness(ICU-AW).Timelyinterventionforsepsiscanavertthe
onsetofmuscledamagecauseddirectlyandindirectlybyinflammationandfacilitatetheprompt
restorationofphysicalfunction,hencediminishingtheprevalenceofmuscularweakness[11].
TightglycemiccontrolmaypreventICU-AW,butitcarriessignificantdangers;researchindicatesan
elevated mortality risk associated with stringent glucose management,probably related to
hypoglycemia.Theidealglucoselevelsarestilldebated;nevertheless,evidencefrom multicenter
randomizedcontrolledtrialsindicatesthatmoderatebloodglucoselevelsmaybesafer[12].

BiomarkersindiagnosisofmuscleweaknessacquiredinICU
Theuseofbiomarkerscouldallowbettertargetingoffuturenoveltherapies.Creatinekinasemaybe
increasedinpatientswithICUAW butisnotagoodbiomarker.Plasmalevelsofneurofilaments,which
arebiomarkersofaxonalinjury,arealsoelevatedinpatientswithICUAW.Peakneurofilamentlevels
showedgooddiscriminativepowerforweaknessbutthispeakonlyoccurredafterpatientswere
clinicallyevaluableandthereforedidnotallowearlydiagnosis.Althoughnovalidatedbiomarkersare
availablecurrently,identificationofnew mediatorsinvolvedinthedevelopmentofICU-AW,suchas
GDF-15,mayrepresentpromisingfuturecandidates[13].

Growthdifferentiationfactor-15(GDF-15)
Growthdifferentiationfactor-15(GDF-15)isatransforminggrowthfactor(TGF-)proteinassociated
withthepathogenesisofvariousdiseases,includingmuscleatrophy,chronicobstructivepulmonary
disease(COPD),cancer,andpulmonaryhypertension[14].
GDF15wasinitiallyidentifiedasmacrophageinhibitorycytokine-1(MIC)in1990.GDF15isamember
ofthetransforminggrowthfactor-beta(TGF-β)superfamilyandisconsideredastress-response
componentofTGF-β.GDF15isencodedbyhumanchromosome19p13.11-13.2,whichwasclonedin
1997bymacrophageactivation.GDF15isgenerallypresentinlow concentrations,exceptinthe
placenta,whereitissubstantiallyexpressedduringpregnancy.GDF15levelsareelevatedduring
pregnancyandafterorganinjury,particularlyinthelungsandliver.Underphysiologicalsettings,itis
predominantlyexpressedbyadipocytes,skeletalmuscle,smoothmuscle,cardiacmusclecells,and
macrophages[15].

ThefunctionofGDF15inseveralpathologies
TheprecisefunctionofGDF15 isnotfullyunderstood;however,itiscrucialinregulating cell
proliferation,apoptosis,and inflammatoryactivity.Thus,GDF15 is recognized as a predictive
biomarker in oncology, inflammatory disorders, and cardiovascular problems. GDF15 is
overexpressedinmultiplecancercelltypes,includingrenal,prostatic,colorectal,urothelial,and
melanoma.GDF15 induces weightloss bysuppressing appetite;hence,neutralizing antibodies
againstGDF15maymitigatecancer-inducedcachexia[16].
Moreover,GDF15mayfunctionasbothananti-inflammatoryandpro-inflammatorysignalinmany
cardiovascularproblems.Thep53proteinhasbeendemonstratedtoenhancetheproductionof
GDF15duringinflammationandoxidativestress.Moreover,thesecretionofGDF15isstimulatedby
severalgrowthfactorsandcytokines,includingTGF-β,tumornecrosisfactor(TNF)-α,interleukin-1β
(IL-1β),macrophagecolony-stimulatingfactor(M-CSF),angiotensinII(AngII),andp53(Figure(3)).
Moreover,endoplasmic reticulum stress was considered a crucialrole in the production of
macrophageGDF1duetothesaturationoffreefattyacidsandtheactivationoftheunfoldedprotein
response.ThesedataindicatethatGDF1expressionoccursinseveralcelltypesunderbothhealthy
andpathologicalsituations[17].
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Figure3:Activationofgrowthdifferentiationfactor15(GDF15)anditsaction[18].

GDF15isactivatedbyTGF-β(transforminggrowthfactor-β),TNF-α(tumornecrosisfactor-α),IL
(interleukin)-1β,M-CSF(macrophagecolony-stimulatingfactor),AngII(angiotensinII)andp53.GDF15
stimulatesimmunecellsandactivatesglial-derivedneurotrophicfactorfamilyreceptorα-like(GFRAL)
inthebrain.Inaddition,GDF15counteractshepcidinwhichincreasedinvariousviralinfections
includingSARS-CoV-2duetotheelevationofIL-6[18].
GDF15isassociatedwiththeprogressionofmanycardiometabolicdiseasesandcancer.Recent
researchindicatesthatGDF15isclassifiedasacytokinewithanti-inflammatorypropertiesthat
enhancesinsulinsensitivity,potentiallyreducingbodyweightandimprovingclinicaloutcomesin
diabetic patients.In healthy individuals,elevated GDF15 expression diminishes hungerand
inflammationwhileenhancinginsulinsensitivity.Inchronicmetabolicandinflammatoryillnesses,the
overexpressionofGDF15mayleadtodesensitizationofcentralandperipheralGDF15receptors,
resultinginelevatedserum levelsofGDF15[17].
Additionally,GDF15 levels have been observed to elevate in numerous cardiometabolic and
inflammatoryconditions,such as heartfailure and rheumatoid arthritis.A systematic analysis
encompassing21clinicalinvestigationsdemonstratedthatGDF15serum levelsareconsidereda
novelbiomarkerforheartfailure[19].
Aprospectivestudyinvolving46patientswithrheumatoidarthritisand36matchedhealthycontrols
demonstratedthatserum levelsofGDF15wereelevatedinrheumatoidarthritispatientscomparedto
thecontrols[20].
GDF15 stimulatestheglial-derived neurotrophicfactorfamilyreceptorα-like(GFRAL),which is
prominentlyexpressedinthebrainstem,toproducetasteaversion.TheGFRALreceptorsfacilitate
themetaboliceffectsofGDF15.DysregulationintheexpressionandsensitivityofGFRALreceptors
maybeinvolvedintheetiologyofdiabetesmellitusandobesity[21].
Theserum levelofGDF15isassociatedwiththeseverityofCOVID-19.Asmallprospectivestudywith
58COVID-19survivorsand8non-survivorsindicatedthatelevatedserum GDF15levelscorrelated
withincreasedmortality[22].Ahmedetal.establishedthatelevatedGDF15serum levelsserveasa
predictivebiomarkerandareassociatedwiththeseverityofCOVID-19[23].Tengetal.notedthat
fluctuationsinGDF15serum levelsareassociatedwiththeadvancementofSARS-CoV-2infectionand
mayserveasamarkerforCOVID-19severity.Consequently,GDF15serum levelsmayserveasa
potentialdiagnosticandprognosticbiomarkerincriticallyillCOVID-19patients[24].

GDF-15andSkeletalMuscle
Elevated GDF-15 levels have been noted in many clinicaldiseases when muscle function is
compromised,asacomponentoftissuestressresponses.TheimpactofGDF-15inductionon
muscletissuerepairremainsambiguous,whetheritispredominantlyadvantageousorharmful.A
directcataboliceffectonmouseskeletalmusclecellshasbeendemonstratedbothinvivo(Patelet
al.,2019[25])andinvitro(Patsalosetal.,2021[26]).
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GDF-15 seems to induce fibrotic alterations mediated by the TGF-β pathway through the
downregulationofmuscle-protectivemicroRNAs.Nonetheless,abeneficialimpactofGDF-15on
myoblastproliferationhasbeenproposed,facilitatedbytheactivationofregeneration-enhancing
processesinmacrophages[26].
GDF-15isco-expressedwithestablishedmuscleregeneration-associatedgrowthfactorsunderthe
regulationofperoxisomeproliferator-activatedreceptorγ(PPARγ)andretinoidXreceptorα(RXRα),
andispreferentiallyexpressedinasubsetofmacrophagesthatparticipateinmusclerepair.The
conflictingactionsofthesamecytokinemaybeelucidatedbyadvantageouseffectsdrivenbycell-
specificandtimelyproduction,whichcouldactivatedistinctprocessesincontrasttothoseinduced
bysystemicoverexpression.ChronicallyraisedcirculatingGDF-15levelsinducedetrimentaleffects
ongrowthandmetabolism andareassociatedwithanincreasedriskofall-causedeath[27].

Sarcopenia
GDF-15,acytokinegeneratedbystress,isregardedasabiomarkerofbiologicalage.Inaging,
compromisedmitochondrialactivityisasignificantlycorrelatedprocess,leadingtotheaccumulation
ofreactiveoxygenspeciesandensuingoxidativestress-inducedtissuedamage.Althoughgradual
increasesincirculationGDF-15withagemaynotbedetrimental,significantelevationsofGDF-15
negativelyimpactmusclemassandcorrelatewithreducedmuscularstrength[28].
Inmousemodels,elevatedserum andmuscleconcentrationsofGDF-15inagedmiceresultin
diminished food consumption,weight reduction,and decreased skeletalmuscle mass and
functionality[29].
ThemuscletissueitselfactivelyfacilitatestheincreaseofcirculatingGDF-15.Murinemyotube
culturescanbeinducedtosynthesizeGDF-15usingoxidativeandendoplasmicreticulum stresses
thatreplicateage-associatedstress[30].AlthoughastrongandconstantcorrelationbetweenGDF-15
andmusclecatabolism isshowninanimalstudies,thisislesspronouncedinhumaninvestigations.
Certain studies associate sarcopenia,frailty,and diminished physicalperformance in elderly
individualswithelevatedcirculatingGDF-15levels[31],whileotherresearchindicatesgender-specific
variationsorfailstoidentifyacorrelation[32],andsomefindingssuggestthatGDF-15levelsdonot
serveaspredictorsofsarcopenia[33].

MitochondrialMyopathy
GDF-15bloodconcentrationsseem tobeespeciallyvaluableindiagnosingearly-onsetmitochondrial
myopathyandindetectingmtDNAdeletionsandtranslationabnormalities.Musclecellsimpactedby
mitochondrialdiseasesactivelyproduceandsecreteGDF-15[34],leadingtoincreasedcytokinelevels
inpatients.Serum GDF-15exhibitedremarkablediagnosticsensitivityandspecificityapproaching
100%,with an AUC of 0.997 in a cohort of 48 patients diagnosed with mitochondrial
encephalomyopathy,lacticacidosis,andstroke-likeepisodes(MELAS),Leighsyndrome,orKearns-
Sayresyndrome(KSS)[35].Serum GDF-15exhibitedasensitivityof70%,specificityof90%,andanAUC
of0.82inavariedcohortof16individualswithmolecularlyprovenmitochondrialdiseases.Serum
GDF-15 levelswere elevated in patientswith TK2 abnormalities,MELAS,MT-TL1 deficiencies
encodingmitochondrialtRNAleucine,aswellasinthosewithPearsonsyndromeandKearns-Sayre
syndrome[36].

WeaknessacquiredintheIntensiveCareUnit
GDF-15,acytokine,isacrucialregulatoroftheequilibrium betweenproteinsynthesisandcatabolism
andmayparticipateintheactivationofproteolyticpathways[37].Overexpressioninthehumanbody
candiminishmuscleproteinsynthesisandinducemuscularatrophy[38].
InthestudybyXieetal.,theGDF-15levelintheICU-AW groupwasmarkedlyelevatedcomparedto
thenon-ICU-AW groupuntiltheseventhday[38].A bedsideultrasoundexaminationconcurrently
indicatedaconsiderablereductioninthecross-sectionalareaofthepatient'sleftrectusfemoris
muscle.ThefindingsindicatedthatICU-AW patientsexperiencedconsiderableacuteskeletalmuscle
atrophy[38].
Blochetal.foundthatGDF-15levelswereincreasedinhigh-riskpatientsfollowingcardiacsurgeryin
theICU.Subsequently,theyconductedinvitroteststoverifythatGDF-15inducesmyotubeatrophy.
Moreover,theirresearchrevealedthatGDF-15cansuppressmusclemiRNAexpressionandfacilitate
muscleatrophybyenhancingthesensitivityofTGF-signaling.Thisconclusionwasderivedfrom the
examinationofmusclebiopsiesoftherectusfemorisinpatientswithICU-acquiredweakness[39].
GDF-15hasbeenidentifiedasaneffectivebiomarkerformuscularatrophy,demonstratingastrong
connectionwithbedsideultrasonographyassessmentsofrectusfemorismusclemassreduction.Xie
etal.[38]evaluatethemagnitudeofmuscularatrophyinICU-AW patientscollaboratively.Additionally,
they are associated with the MRC score,which indicates the patient's muscularfunction.
Consequently,theymightenhanceoneanotherandcooperate.TheplasmaGDF-15levelandRFcsa
lossmayfacilitatetheearlydiagnosisofICU-AW inpatients,especiallythoseinacomaorunder
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sedation,wheretheMRCmusclestrengthscoreisunassessable[38].
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Xieetal.(2020)[38]foundthatelevatedplasmaGDF-15levelsontheseventhdaycorrelatewith
reduced90-daysurvivalratesinmechanicallyventilatedICUpatients,aligningwithincreasedmortality
incriticallyillpatientsdiagnosedwithICU-AW [40].
ThisalsodemonstratedthatICU-AW adverselyaffectsthequalityoflifeandprognosisofcriticallyill
patients.ThediscussionindicatedthattheprolongedventilationtimeinICU-AW patientsmaystem
from theirweakenedrespiratorymuscles,therebyelevatingtheriskofproblemssuchasventilator-
associatedpneumoniaandthefailurerateoftrachealintubationextubation[41].Moreover,limb
weaknessprolongsthepatient'sbedrest,resultingindifficultiesassociatedwithbeingbedridden[42].
Xieetal.[38]determinedthatthepersistentincreaseinplasmaGDF-15concentrationissubstantially
correlatedwithskeletalmusclefunctionandmuscleatrophyinICUpatientsundergoingmechanical
ventilation.TheplasmaGDF-15levelontheseventhdayexhibitsasignificantdiagnosticyieldforICU-
acquiredmuscularweaknessandisidentifiedasa"ideal"potentialbiomarkerformusclemass
depletioninICU-AW patients.AconsistentlyhighplasmaGDF-15concentrationindicatesapotentially
adverseprognosis,andtheplasmaGDF-15levelontheseventhdaycanforecastthe90-daysurvival
outcomeofmechanicallyventilatedICUpatients.

CONCLUSION
ICU-acquired weakness(ICU-AW)isaseriousproblem in severelyillpatients.Itmayresultin
prolongedtimeonaventilator,longerICUstay,andgreaterdeath.Growthdifferentiationfactor15
(GDF-15)hasbeenfoundtobeavaluablemarkerfordiagnosisandprognosisofICU-AW.Itisstrongly
linkedwithmusclewastingandadverseoutcomes.
AsaTGF-βfamilystress-responsecytokine,GDF-15playsaroleinmusclewasting,inflammation,and
metabolicstress.Studiesshow thatchronicallyelevatedGDF-15levelsleadtomusclewastingand
arealsopredictiveofdecreasedICUsurvival.Incontrasttotraditionaldiagnosticapproaches,GDF-15
offersearlydetectionandprognosticvalue,andasaresult,isamoresuitablebiomarkerforICU-AW.
Despitethepromise,moreresearchisrequiredtoestablishreferencelevelsandexploretherapeutic
targeting.Inconclusion,GDF-15isaneffectivemarkerforthediagnosisandprognosisofICU-AW
early.Itsintroductionintoclinicalpracticecanhelpimprovepatientmanagement,butmorevalidation
isneededinordertoachievemaximum usefulnessanddeveloptargetedinterventions.
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