


Results

126 subjects (61 DRV/r + RAL and 65 DRV/r + TDF/FTC) were included. The rate of change

in BMI between groups for RAL versus TDF/FTC at week 96 was 1.5% per 48-week period

(p = 0.015). The rate of change in limb fat mass, trunk fat mass, total body fat and total lean

mass was for RAL versus TDF/FTC at week 96 was 2.5% (p = 0.38), 7.3% ((p = 0.021), 4.9%

(p = 0.061) and 1.3% (p = 0.12) respectively. Baseline insulin and leptin levels were corre-

lated with baseline limb fat and trunk fat mass [r = 0.31 (p = 0.0043)/r = 0.28 (p = 0.0011) for

limb fat, and r = 0.63 (p��0.0001)/r = 0.50(p��0.0001) for trunk fat]. After adjustment, a 10%

faster increase in leptin between baseline and week 48 was associated with a more rapid

increase in limb fat at week 48 (0.5% per 48 weeks, p��0.001), total body fat mass (0.6% per

48 weeks, p��0.001), and trunk fat mass (0.3% per 48 weeks, p = 0.0026).

Conclusions

After week 96 a N(t)RTI sparing regimen of DRV/r + RAL produced a numerically greater

percentage increase in body composition variables with only change in trunk fat mass and

BMI being significant.

Introduction
HIV-infectedpatientsreceivingcurrentlyguideline-recommended1st line antiretroviralther-
apy(ART) rarelydevelopvisiblealterationsin fatdistribution[1]. Lipoatrophyhasbeenlinked
to theuseof thymidinenucleosidereversetranscriptaseinhibitors asaconsequenceof mito-
chondrialtoxicity[2,3].Thenucleos(t)idereversetranscriptaseinhibitors (N(t)RTI) combina-
tionscurrentlyin use(abacavir/lamivudineandtenofovirdisoproxilfumarate/emtricitabine)
arenot consideredto berelatedwith clinical lipoatrophyalthoughin theA5224substudyboth
N(t)RTIssimilarlydecreasedmitochondrialDNA in fatbiopsies[4].Althoughlipohypertrophy
wasinitially thoughtto bethehallmarkof exposureto proteaseinhibitors[5], recenttrialshave
reportedincreasesin visceralfatwith mostARTdrugsincludingnon-nucleosidesreversetran-
scriptaseinhibitors andintegraseinhibitors [6,7].

Obesityandvisceraladiposityareincreasingconcernsin peopleliving with HIV especially
in theeraof modernantiretroviraltherapy.In addition to traditional risk factors,HIV- and
ART-relatedfactorsmayalsoplayarole.

Recentdatafrom theACTG5202andtwo differentHIV-uninfectedcohortshaveshown
thatHIV-infectedpatientsgainedfatandleanmassin thefirst two yearsafterinitiating antire-
troviral treatmentbut in thelongterm theylostleanbodymassandgainedtrunk fat[8]. These
bodycompositionchangesarerelevantbecausetheyareassociatedwith anincreasedrisk of
diabetes,liver disease,atherosclerosisandcardiovasculardisease.Thereforeit is important to
investigatethecontribution of differentART drugsto visceraladiposity.

Dataregardingbodycompositionchangeswith N(t)RTI sparingregimensin ART-naïve
patientsarelimited. In thePROGRESSstudyacombinationof lopinavir/ritonavir plusralte-
gravir (RAL) ledto greaterincreasesin peripheralfatover96weekscomparedwith lopinavir/
ritonavir plustenofovirdisoproxilfumarate/emtricitabine(TDF/FTC)[9].TheRADARstudy
comparingacombinationof darunavir/ritonavir(DRV/r) plusRALwith DRV/r plusTDF/
FTCfoundno evidenceof significantdifferencesin totalbodyfator leanfatmassover48
weeks[10].
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Chronic inflammationandimmuneactivationassociatedwith HIV infectioncouldmodu-
latevisceraladipositychangesseenin HIV-infected individualsunderlong-termantiretroviral
therapy[11,12].Thereissomeevidenceof anassociationbetweenchronicinflammationand
increasesin visceraladiposetissuein patientswith lipodystrophy[13].Fewstudieshavelooked
into theassociationsbetweenantiretroviraldrugs,bodycompositionchangesandadipokines
andsomehaveraisedthehypothesisthat increasesin visceraladiposetissuecouldbeassoci-
atedwith higherleptin andloweradiponectinlevels[7,14].

NEAT 001/ANRS143evaluatedthevirologicefficacyandtolerabilityof ritonavir-boosted
darunavirin combinationwith tenofovirdisoproxilfumarate(TDF)-emtricitabineor raltegra-
vir in treatmentnaïveHIV-infectedadultsin Europe[15].In thecurrentreport,weexamined
thebodycompositioneffect,aswellasadipokinesandmetabolicbiomarkerschangesover96
weeksafterstartingART.

Patients and methods
NEAT 001/ANRS143wasarandomised,open-label,96weeks,non-inferiority trial of ART-
naïveconductedin 78clinicalsitesin 15EuropeancountriesbetweenAugust2010andOcto-
ber2013.Thepresentsubstudywasconductedover19clinicalsites.Inclusioncriteriawere:
HIV RNA greaterthan1000copiespermL andCD4cellcountunder500cellsperμL in ART-
naïveparticipantsandno evidenceof major InternationalAntiviral Society-USAresistance
mutations.Exclusioncriteriawere:receivingtreatmentfor mycobacteriosisor malignantdis-
ease,testedpositivefor HBsAg,pregnancy,relevantlaboratoryabnormalitiesandanestimated
creatinineclearancelessthan60mL/min. Additional exclusioncriteria for thebonemineral
densityandbodycompositionsub-studieswere:treatmentfor osteoporosisandconcomitant
useof steroidsor oestrogenreplacementtherapyatscreening[15,16].

Any patientenrollingNEAT001/ANRS143studyin asiteparticipatingin thebonemineral
densitysubstudyandfulfilling theinclusioncriteriawassuitablefor thispre-plannedanalysis.
Randomisationwasperformedat thesametime for theparentstudyandafterhavingcon-
sentedfor thebonemineraldensitysubstudy.Briefly,patientswereenrolledinto thesubstudy
beforebeingrandomisedin thecoretrial to receive800mgdarunavirand100mgritonavir
oncedailyplus400mgraltegravirtwicedaily [N(t)RTI-sparingregimen]or 800mgdarunavir
and100mgritonavir plustenofovirdisoproxilfumarate/emtricitabinein a300mgand200
mgfixed-dosecombination.Theprimary endpointof thisbodycompositionanalysiswasthe
meanpercentagechangeof limb fatmassbetweenbaseline(randomisation)andweek96.The
secondaryendpointsincluded:meanpercentagechangeof trunk fatmass,totalbodyfatand
totalbodyleanmassandbodymassindex(BMI) at96weeks,predictorsof bodycomposition
changesandassociationsbetweenadipokinesandinflammatorymarkerswith bodycomposi-
tion changes.Thestudyprotocolwasapprovedby theEthicsCommitteeRegionaldeMadrid
in accordancewith theprinciplesof theDeclarationof Helsinki.Thestudywasalsoapproved
by individual ethicscommitteesin thefollowingcentres:EthikkomissionderStadtWien,Uni-
versitairZiekenhuisAntwerpen,RegionHovedstadenDeVidenskabseliskeKomiteer,CPPIle
deFranceVI GroupeHospitalierPitieÂSalpatreire,HanoverSchoolof Medicine,Hellenic
RepublicMinister of HealthandWelfareNationalethiccommittee,Medicalresearchcouncil
Ethicscommitteein Hungary,MaterPrivateHospitalResearchEthicsCommittee,Centrum
MedyczneKsztakceniapodyplomowegoKomisjaBiothyczna,ComissaodeEticaparaaInves-
tigacaoClinica,Karolinskauniversityhospitalregionaletikprovningsnamndeni Stockholm,
NHSleedsEastResearchEthicsCommitteeandMedischEthischeToetsingscommissieAcade-
mischMedischCentrum.All trial participantsgavespecificwritten informedconsentfor the
bonemineraldensitysubstudyandtheparentstudyat thesametime andthereforewere
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includedin thisbodycompositionsubstudyprior to randomisedtreatmentallocation.(Clini-
calTrials.govregistrationnumberNCT01066962).

Study procedures

WholebodydualenergyX-rayabsorptiometry(DXA) scansusingeitherHologic(Hologic
Inc.,Bedford,Massachusetts,USA)or GELunar(GEHealthcareLunar,Madison,Wisconsin,
USA)deviceswereperformedatbaseline,weeks48and96.Total limb fat (upperpluslower
extremitiesfat), trunk fat,totalbodyleanmassandtotalbodyfatmasswerequantifiedusing
standardizedscanningprotocolsandlocallycalibratedbasedon eachmanufacturer'sspecifica-
tions.Technicians-blindedto studyclinical information- wereinstructedto usethesame
deviceon thesamepatientduring thetrial without centralreading.

Adipokinesandmarkersof inflammationwereperformedin thedepartmentof Laboratory
MedicineatHospitalUniversitarioLaPaz,Madrid on batchedserumsamplesstoredat -80ÊC
from weeks0 and48.Thefollowingmarkerswereanalysed:IL-6; IL-1β; TNF-α, Insulin, Lep-
tin, AdiponectinandFibroblastGrowthFactor-23(FGF-23)with amultiplexmagneticbead
panelassay(HBNMAG-51MerckMillipore) usingaLuminex200analyzer.

Statistical analysis

Samplesizewascalculatedfor bonemineraldensitychanges.Wecalculatedthat64patients
perarmwouldprovide80%powerto detectatreatmentdifferenceof 2.5%in BMD in lumbar
spineassumingastandarddeviationof 5anda2-sidedt-testwith alphaof 0.05.Assuminga
10%drop out rateatotalof 142patientswouldbeneeded.All analysiswereperformedin an
intent to treatapproach(participantswhochangedtreatmentduring thestudywereanalysed
in thesamegroupsasat randomisation).

Descriptivestatisticswereusedto summarisepatientcharacteristicsin eachtreatmentarm
andwerecomparedusingchi-squaredtests,unpairedt-testsor non-parametricWilcoxon
tests.Percentagechangesin bodycompositionvariablesfrom baselineto week48andbaseline
to week96wereassessedandcomparedbetweentreatmentarmsusingmixedmodelswith a
randominterceptandallowingfor repeatedobservationsperpatient.Thismethodestimates
thedifferencein therateof changebetweentreatmentarmsandthedifferencewasstandard-
isedper48-weekperiod.Multivariablemodelswereadjustedfor factorsthatwereassociated
with changesin univariableanalyseswith p<0.1.Mixed modelswerealsousedto assess
whetherthepercentagechangein biomarkerswereassociatedwith changesin bodycomposi-
tion from baselineto week48.Any adipokinesor inflammatorymarkersthatweresignificant
in univariableanalyses(p<0.1)wereincludedin themultivariableanalysis.Sensitivityanalysis
wasplannedusingmediansandnon-parametrictests,andalsoincluding laboratoryvariables
asbinary(>5%change).

StatisticalanalyseswereperformedusingSAS(StatisticalAnalysisSoftware;Cary,NC,
USA)Version9.3.All testsof significancewere2-sided.

Results
A totalof 146subjectswereincludedandrandomized.Theintention-to-treat-exposedpopula-
tion comprised126subjectswith at leastoneDXA performed,61subjectsin theDRV/r
+ RALgroupand65subjectsin theDRV/r + TDF/FTC,of whom48and56,respectively,com-
pletedweek96(Fig1).Baselinecharacteristicswerewellbalancedbetweengroups(Table1)
anddid not differ from thoseof thecoretrial (datanot shown).Participantswere90.5%male
and82%Caucasian.Themedianagewas40years(IQR 31±46);medianCD4countwas338
cells/mm3 (IQR 279±407);medianviral loadwas4.7log10copies/mL(IQR 4.3±5.1);median
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bodymassindex(BMI) was23.2Kg/m2 (IQR 21.4±26.2);andmedianwaistto hip ratio was
0.91(IQR 0.86±0.98).

Therewereno statisticaldifferencesbetweengroupsin bodycompositionat randomization
exceptfor amedianhighertotalbodyfatmassin theDRV/r + TDF/FTCgroup[17.1kg (IQR
11±19.8)vs.14.3kg(IQR 9.8±22.9);p = 0.014](Table1).

Changes in body composition

Therewasasmallbut significantincreasein BMI in botharmsfrom baselineto week48and
baselineto week96.Therateof changein theDRV/r + TDF/FTCgroupwas2.2%per48week
period(95%CI 0.6±3.7,p = 0.0074)atweek48and1.0%per48weekperiod(95%CI 0.2±0.8,
p = 0.023).Therateof changewashigherin theDRV/r + RALgroupatboth48weeks(differ-
ence2.1%per48weekperiod;95%CI -0.2±4.2;p= 0.078)and96weeks(difference1.5%per
48weekperiod;95%CI 0.3±2.6;p= 0.015).

Of the126patientsincludedin thecurrentanalysis,115(53in theDRV/r + RALarmand
62in theDRV/R+ TDF/FTCarm) hadaDXA performedat48weekand114(48in the

Fig 1. Flow chart of NEAT001/ANRS143 body composition substudy.

https://doi.org/10.1371/journal.pone.0209911.g001
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DRV/r + RALarmand56in theDRV/R+ TDF/FTCarm) at96week.Bodycompositionvari-
ablesincreasedfrom baselineto week48andbaselineto week96in thecombinedstudypopu-
lation andin both treatmentgroups,with higherincreasesin theDRV/r +RALgroups(Fig2),
particularlyfor limb fatmass,trunk mass,totalbodyleanmassandtotalbodyfat.Forexample,
therateof changein limb fatmasswashigherat48weeksfor DRV/r + RALversusDRV/r
+ TDF/FTC(8.9%per48weekperiod;95%CI -4.5±22.2,p = 0.20)andat96weeks(2.5%per
48weekperiod;95%CI -3.0±7.8,p = 0.38),althoughnot statisticallysignificant.Thelargest
differencesin therateof changecomparingDRV/r + RALversusDRV/r + TDF/FTCwere
seenfor trunk fatatweek96(7.3%per48weekperiod,95%CI 1.2±13.3,p = 0.021),totalbody
leanmassat48weeks(11.0%per48weekperiod;95%CI 0.3±21.8%,p = 0.046)andin total
bodymassat48weeks(9.1%per48weekperiod,95%CI -0.8±18.9%,p = 0.072)and96weeks
(4.9%per48weekperiod;95%CI -0.2±10.0,p = 0.061).

Althoughgloballytherewasatrend for increasesin fat,thereweresomeparticipantswith
fat loss.Indeed,33participants(26%)hadalimb fat loss� 10%and18participants(14.4%)

Table 1. Baseline characteristics.

DRV/r + RAL

(N = 61)

DRV/r + TDF/FTC

(N = 65)

Total

(N = 126)

Gender(Male):n (%) 53(86.9) 61(93.9) 114(90.5)

Age,years:Median(IQR) 39(31±45) 40(32±46) 40(31±46)

Ethnicity:n (%)

Caucasian 50(82) 53(81.5) 103(81.7)

Other 11(18) 12(18.5) 23(18.3)

CurrentSmoking:n (%) 25(41%) 31(47.7%) 56(44.4%)

CurrentAlcoholuse:n (%) 3 (4.9) 2 (3.1) 5 (4%)

BaselineHIV-1 RNA, log 10copies/ml: Median(IQR) 4.8(4.3±5.2) 4.7(4.4±5.0) 4.7(4.3±5.1)

BaselineCD4+,cells/mm3: Median(IQR) 347(280±393) 331(278±414) 338(279±407)

CD4+ nadir,cells/mm3: Median(IQR) 327(236±370) 327(268±374) 327(260±374)

Weight,Kg:Median(IQR) 72(64±80) 72(67±81) 72(65±80)

BMI, Kg/ m2: Median(IQR) 22.4(20.9±26.1) 23.4(21.7±26.3) 23.2(21.4±26.2)

Waist,cm:Median(IQR) 82(77±89) 84(79±93) 84(78±91)

Hip, cm:Median(IQR) 92(86±99) 94(87±99) 93(86±99)

Waist:hip ratio:Median(IQR) 0.92(0.85±0.97) 0.91(0.87±0.98) 0.91(0.86±0.98)

Totalbodyfat mass,Kg:Median(IQR) 14.3(9.8±22.9) 17.1(11±19.8) 15.4(10.7±21.9)

Limb fat,Kg:Median(IQR) 6.7(4.7±10.3) 6.4(5.2±9.1) 6.7(4.7±9.7)

Trunk fat,Kg:Median(IQR) 7.8(4.6±11.9) 8.8(5.4±11.6) 8.5(4.5±11.7)

Leanbodymass,Kg:Median(IQR) 49.2(45.1±52.5) 50.5(46.8±54.4) 50.1(46.1±54.2)

Walkinghours/week:Median(IQR) 4 (2±6) 4 (2±7) 4 (2±7)

IL-6, pg/mL:Mean(95%CI) 1.2(0.0±2.4) 1.4(0.6±2.2) 1.3(0.5±2.1)

IL-1β, pg/dL:Mean(95%CI) 0.4(0.3±0.5) 0.4(0.3±0.5) 0.4(0.3±0.5)

TNF-α, pg/dL:Mean(95%CI) 4.1(2.7±5.5) 4.0(3.6±4.4) 4.0(3.4±4.6)

Insulin,μU/ml: Mean(95%CI) 6.3(2.6±10) 5.1(3.9±6.3) 5.6(3.8±7.4)

Leptin,ng/mL:Mean(95%CI) 5.58(3.01±8.15) 4.45(2.67±6.21) 4.96(3.45±6.48)

Adiponectin, mcg/mL:Mean(95%CI) 23.9(19±28.8) 15.8(13.3±18.3) 19.5(16.8±22.2)

FGF-23,pg/mL:Mean(95%CI) 36.5(32±41) 38.8(35.1±42.5) 37.7(34.8±40.6)

HOMA-IR: Mean(95%CI) 1.6(0.97±2.23) 1.97(0.6±3.34) 1.30(0.99±1.61)

DRV/r, darunavir/ritonavir;RAL,raltegravir;TDF/FTC,tenofovirdisoproxilfumarate/emtricitabine,BMI: bodymassindex;IL, interleukin; TNF, tumour necrosis

factor;FGF,fibroblastgrowingfactor;HOMA-IR, homeostatic modelassessment-insulin resistance

https://doi.org/10.1371/journal.pone.0209911.t001

Body changes with tenofovir-sparing regimen

PLOS ONE | https://doi.org/10.1371/journal.pone.0209911 January 28, 2019 6 / 13

https://doi.org/10.1371/journal.pone.0209911.t001
https://doi.org/10.1371/journal.pone.0209911


lost� 20%of limb fat,but differencesin proportionswith limb fat loss� 10%or� 20%were
not statisticallysignificantbetweentreatmentarms(p = 0.12andp = 0.28respectively).

Associations between adipokines/inflammatory markers and body

composition

Wemeasuredat leastoneof theinflammatorymarkersin 87patients.Absolutebaselinevalues
for adipokinesandinflammatorybiomarkersweresimilarbetweentreatmentgroupsexcept
for adiponectin[15.8mcg/mLin DRV/r + TDF/FTCvs.23.9mcg/mLin DRV/r + RAL;mean
difference-8.1(95%CI -13.5,-2.7);p = 0.004].Correlationsbetweenbaselineadipokines,
inflammatorymarkersandbodycompositionvariables(limb, trunk andtotalbodyfat) were
weakexceptfor leptin r = 0.63(p<0.0001),r = 0.50(p<0.0001)andr = 0.63(p<0.0001)
respectively.Othersignificantcorrelationswerebetweenbaselineinsulin andbaselinelimb

Fig 2. Changes in body composition variables over 96 weeks. (A) Mean(95%CI) percentagerateof changein limb fat.(B) Mean(95%CI) percentagerateof changein
trunk fat.(C) Mean(95%CI)percentagerateof changein totalbodyleanmass.(D) Mean(95%CI)percentagerateof changein totalbodyfatmass.Abbreviations:DRV/r,
Darunavir/ritonavir; RAL,Raltegravir;TDF/FTC,Tenofovirdisoproxil fumarate/Emtricitabine;HIV, Humanimmunodeficiencyvirus;CI, confidenceinterval.

https://doi.org/10.1371/journal.pone.0209911.g002
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fat/trunk fat (r = 0.31,P= 0.004/r= 0.28,P= 0.012)andbaselineadiponectinwith baseline
limb fatandtotalbodyfat (r = 0.4,P<0.001/r= 0.27,P= 0.01).Insulin resistanceatbaseline,
measuredby thehomeostaticmodelassessment(HOMA-IR), wasalsosignificantlycorrelated
with limb, trunk andtotalbodyfatmass(Table2).

Wethenexploredif changesin thesemarkersbetweenbaselineandweek48wererelated
with percentagechangesin bodycompositionvariablesatweek48.Againthestrongestcorre-
lationswerebetweenchangesin insulin, leptin,andHOMA-IR with limb fatandtotalbodyfat
mass(Table2).

Weusedmultivariablemixedmodelto assesstherateof changein adipokinesand
inflammatorymarkersbetweenrandomisationandweek48in relationto percentage
changein bodycompositionparameters(Table3),afteradjustmentfor treatmentarm,his-
tory of fracturesatbaseline,nadir CD4,CD4countandviral loadat randomisation.In uni-
variableanalyses,a fasterincreasein leptin wasassociatedwith anincreasein limb fat,
trunk fat or total bodyfat massatweek48,whileafasterincreasein HOMA-IR wasassoci-
atedwith anincreasein limb fat massandtotal bodyfat mass.Therewasno evidencethat
IL-6, adinopectin,FGF-23,IL1-betaandTNF-alphawereassociatedwith changesin body
compositionparametersin univariableanalyses(p>0.1),andthesewerethereforenot
includedin multivariablemodels.

After adjustment,on average,a10%fasterincreasein leptin betweenbaselineandweek48
wasassociatedwith amorerapid increasein limb fatatweek48(0.5%per48weeks,95%CI
0.4,0.6;p<0.001),a0.6%per48weeksfasterincreasein totalbodyfatmass(95%CI 0,5,0.7;
p<0.001)anda0.3%per48weeksfasterincreasein trunk fatmass(95%CI 0.1,0.4;
p = 0.0026).A fasterincreasein HOMA-IR wasalsoassociatedwith greaterincreasesin limb
fatmass,trunk fator totalbodyfatmass(Table3).

Discussion
In thepresentanalysiswereportastatisticallysignificantgreaterincreasein bodymassindex
andtrunk fat in theDRV/r + RALatweek96.Wefound thatgainsin limb andtotalbodyfat
peakedat48weeksin botharmsandsubsequentlydecreasedexceptfor trunk fatmassin the
DRV/r + RAL.Thesechangesin bodycompositionvariableswererelatedwith leptin changes
during thefirst 48weeks.

Table 2. Correlation between inflammatory markers and body composition parameters.

IL-6 (n = 87) Insulin (n = 84) Leptin (n = 87) Adiponectin

(n = 86)

FGF-23 (n = 85) HOMA-IR (n = 84)

Baseline R P R P R P R P R P R P

Limb fat -0.03 0.78 0.31 0.004 0.63 <0.001 0.40 <0.001 0.17 0.12 0.32 0.0035

Trunk fat -0.07 0.48 0.28 0.012 0.50 <0.001 0.08 0.44 0.09 0.39 0.25 0.023

Leanbodymass 0.07 0.48 -0.13 0.25 -0.25 0.02 -0.14 0.20 -0.07 0.52 -0.09 0.41

Totalbodyfat mass -0.06 0.59 0.32 0.0028 0.63 <0.001 0.27 0.01 0.15 0.17 0.31 0.0040

Percentage change at week 48 IL-6 (n = 69) Insulin (n = 64) Leptin (n = 64) Adiponectin

(n = 68)

FGF-23 (n = 64) HOMA-IR (n = 64)

Limb fat 0.16 0.2 0.46 <0.001 0.70 <0.001 -0.05 0.68 -0.00 0.99 0.31 0.014

Trunk fat 0.22 0.07 -0.23 0.072 0.27 0.03 -0.07 0.57 0.01 0.91 0.11 0.42

Leanbodymass -0.16 0.18 -0.03 0.82 -0.08 0.51 0.03 0.83 -0.19 0.14 -0.04 0.76

Totalbodyfat mass -0.15 0.23 0.46 <0.001 0.60 <0.001 -0.08 0.50 -0.04 0.75 0.33 0.0084

IL, interleukin; TNF, tumour necrosisfactor;FGF,fibroblastgrowthfactor23;HOMA-IR, homeostatic modelassessment-insulin resistance

https://doi.org/10.1371/journal.pone.0209911.t002
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Therearelimited dataon theeffectof integraseinhibitors containingregimenson body
compositionin antiretroviralnaïvepatients.TheSTARTMRKstudyrandomizedHIV-
infectedpatientsto efavirenzvs.raltegravirbothwith TDF/FTC.In aconveniencesampleof
86participantsat48weeksand75participantsat96weeks,percentagechangesin appendicu-
lar andtrunk fatweresimilarbetweenarms[6]. Thoseallocatedto theTDF/FTC+ RALarm
hada19%increasein trunk fatatweek48and21.6%at96weeks.In theACTG5260sstudy,
centralandperipheralfat gainsweresimilar in patientstreatedwith raltegraviror theprotease
inhibitors atazanaviror darunavirall in combinationwith TDF/FTC[7].Thoseallocatedto the
TDF/FTC+ RALarmhada19.4%increasein trunk fatatweek96.Our studygavetheoppor-
tunity to compareaNtRTI-containingandaNtRTI-sparingregimen,with abackboneof rito-
navir-boosted-darunavir.

Wedid not find significantdifferencesin bodychangesfrom baselinebetweentheRALand
theTDF/FTCarmatweek96exceptfor trunk fatmassthatwassignificantlyhigherin theN(t)
RTI sparingarm.In ACTG5260spercentagechangein limb fatandtrunk fatat96weeksin
theDRV/r plusTDF/FTCarmweregreaterthanin our study(14.2%,20.8%vs.4.9%,9.8%).
Thesedifferencescouldbepartiallyexplainedbypatients'baselinecharacteristics:slightly
olderpopulation(medianageof 40yearsvs.36years)andCaucasianorigin in amajority of
participants(89%vs.44%)in our study.In theSTARTMRKbaselineCD4countwaslower
thanin our study(medianof 212cells/mm3 vs.338cells/mm3) andthereturn to healthphe-
nomenacouldhaveplayedamoredeterminantrole in theresults.Differentialeffectson fat
redistributionacrossstudiescouldalsobeexplainedbygeneticdeterminants.Thishasbeen
suggestedin therecentSECOND-LINEmetabolicstudywhereAfrican participantsweremore
proneto losefat in comparisonwith Asianparticipants[17].

Table 3. Associations between percentage change in biomarkers and percentage change in body composition from randomisation to 48 weeks.

Univariate Multivariate

Estimate 95% CI P-value Adjustedb

Estimate

95% CI P-value

Limb fat mass

Insulin 0.53 0.39,0.67 <0.001 0.09 -0.05,0±23 0.2

Leptin 0.61 0.53,0.69 <0.001 0.52 0.42,0.62 <0.001

HOMA-IR 0.34 0.19,0.49 <0.001 0.17 0.05,0.29 0.0065

RAL+ DRV/r vs.TDF/FTC+ DRV/r 8.86 -4.47,22.19 0.2 2±30 -4.95,9.55 0.54

Trunk fat mass

Insulin -0.32 -0.50,-0.14 0.0012 -0.48 -0.67,-0.29 <0±001

Leptin 0.32 0.17,0.47 <0.001 0.25 0.10,0.40 0.0026

HOMA-IR 0.10 -0.03,0.23 0.14 0.25 0.12,0.38 <0.001

RAL+ DRV/r vs.TDF/FTC+ DRV/r -1.60 -9.54,6.34 0.69 -4.90 -12.90,3.10 0.23

Total body fat mass

Insulin 0.50 0.35,0.65 <0.001 0.03 -0.12,0.18 0.7

Leptin 0.64 0.55,0.73 <0.001 0.59 0.49,0.69 <0.001

HOMA-IR 0.32 0.17,0.47 <0.001 0.17 0.04,0.30 0.011

RAL+ DRV/r vs.TDF/FTC+ DRV/r 9.05 -0.75,18.85 0.072 1.23 -6.49,8.95 0.76

Theestimatesshowtheassociationbetweenbiomarkersandmeasuresof bodycomposition from mixedmodelswhichestimatetherateof percentagechangein body

composition (limb fat mass,trunk fat massor totalbodyfat mass)per48weekperiodassociatedwith a10%changein thechangein biomarkersoverthesametime

period.
bAdjustedadditionally for fracturesatbaseline,nadir CD4+,CD4+countandviral loadat randomisation. DRV/r +RAL:darunavir/ritonavir plusraltegravir. DRV/r

+ TDF/FTC:darunavir/ritonavir plustenofovir/Emtricitabin. HOMA-IR, homeostatic modelassessment-insulin resistance

https://doi.org/10.1371/journal.pone.0209911.t003
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In theNEAT 001/ANRS143studyparticipantsrandomizedto theRALgrouptendedto
havehigherincreasesin limb, trunk andtotalbodyfatmassaswellashigherincreasesin BMI
over96weeksthanparticipantsrandomizedto theTDF/FTCgroup.Two otherstudieshave
reportedbodycompositionchangesassociatedto initial treatmentwith aN(t)RTI sparingregi-
menconsistingof anintegrasestrand-transferinhibitor plusaritonavir-boostedprotease
inhibitor. In thePROGRESSstudyincreasesin peripheralandtrunk fatweregreaterin
patientstreatedwith lopinavir/ritonavir plusraltegravirarmcomparedto patientstreatedwith
lopinavir/ritonavir plustenofovirdisoproxilfumarate/emtricitabine,althoughthisdifference
wasonly significantfor peripheralfat,both in armsandlegs[9]. In theRADARstudy[10],
with asmallersamplesizeandonly dataat48weeks,therewasanon significantgreater
increasein totalbodyfat in theDRV/r + RALarmcomparedto DRV/r + TDF/FTC.Dataon
trunk fatwerenot provided.Thesetwo studieshadavirologicprimary endpointandtherefore
mayhavebeenunderpoweredto detectdifferencesin bodycompositionvariables.All these
studiesfocusingon theeffectof raltegravir-basedregimensin naïveHIV-infectedpatientson
bodycompositionvariablesshowadifferentialeffectwhenRAL isusedwith or without TDF/
FTC.Thepresentsubstudywasspecificallydesignedto find differencesin bonemineralden-
sityandbodycompositionvariablesbetweentreatmentarms.Combinedresultsof NEAT 001/
ANRS143,PROGRESSandRADARsuggestthat thegreaterincreasein bodycompositionfat
variablesobservedin patientsreceivingN(t)RTI sparingregimenscouldberelatedto the
avoidanceof adeleteriouseffecton fatof TDF/FTC.It hasbeenreportedthatTDF/FTC
decreasesbothmitochondrialDNA in fatbiopsiesandtheactivityof mitochondrialoxidative
phosphorylationenzymes[4].

Dataabouttherelationshipbetweeninsulin,adipokines,andbodycompositionchangesin
HIV-infectedpatientsarelimited. In theACTG5260higherlevelsof inflammatorymarkersat
baselinewereassociatedwith increasesin peripheralfat andleanbodymassbut not central
adiposity[7].In this trial, lowerbaselineleptin level,higheradiponectinandhigherviral load
wereassociatedwith greatergainsin visceraladiposetissue,althoughtheassociationwith adi-
ponectinwasmarginal.In our studywefound,asexpected,apositivecorrelationbetween
baselineinsulin andleptin levelsandlimb, trunk andtotalbodyfat.After adjustment,a10%
increasein leptin from baselinewascorrelatedwith ahighlysignificantincreasein limb fat
massatweek48independentlyof treatmentarm.Associationsbetweencirculatingadipokines
andvisceralfatarenot alwaysrobust[18].ThediscrepanciesbetweenNEAT 001/ANRS143
andACTG5260maybedueto participants'characteristics.In NEAT 001/ANRS143partici-
pantsweremostlyCaucasiansandhadlowerBMI, lowerlimb fat,trunk fatandleanbody
massatbaseline.In ACTG5260percentageof moderatephysicalexercisewasroughly80%in
thethreearms.Wecannotexcludeadifferentialcontribution of physicalexerciseamongthese
studiesalthoughin our studyphysicalexercisewasnot associatedwith percentagechangen
bodycompositionvariables.

Otherstudieshavereportedanassociationbetweeninflammationandvisceral/subcutane-
ousadiposetissue[19,20].Recentfindingssuggestthatchronicinflammationcouldpartially
influencelong-termbodycompositionchanges.In astudyof malnourishedAfrican patients,a
onelogreductionin CRPwasassociatedwith almost600gramsincreasein fat-freemassafter
6weeksof startingART[21].Wedid not find associationsbetweenIL-6 andbodycomposition
changesin our studyandthiscouldbeexplainedby thesmallersamplesize,thegoodhealthat
baselineandtherecentHIV diagnosis(medianHIV duration1.8years)of NEAT 001/ANRS
143participants.

Our studyhasseverallimitations.ParticipantsweremainlyCaucasianmalesandtherefore
theresultsmight not begeneralizable.DXA measureswerelocallybut not centrallycalibrated
andtherewasno centralreading.Wedid not haveaccuratedataon visceraladipositybecause
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wedid not performCT scans,howeverin therecentACTG5260strial therewasagoodcorre-
lation betweenvisceraladipositymeasuredbyCT scanandtrunk fatmeasuredbyDXA sowe
considerthis limitation shouldnot greatlyinfluenceour results.Samplesizewascalculatedfor
bonemineraldensitychangesandthereforewecouldhavehadinsufficientpowerto detect
mild differencesin thebodycompositionvariablesbetweenarms.Another limitation is that
inflammatorymarkersandadipokineswereonly measuredin alimited subsetof participants.

In summary,after96weeksaN(t)RTI sparingregimenof DRV/r + RALproduceda
numericallygreaterpercentageincreasein bodycompositionvariables,with changein trunk
fatmassandBMI beingsignificant,comparedto theTDF/FTC+ DRV/r regimen.Changesin
leptin levelsduring thefirst 48weekswerecorrelatedwith changesin limb, trunk andtotal
bodyfat independentlyof treatmentarm.Futureadequatelypoweredstudieswith longerfol-
low-upareneededto betterunderstandtheinterplaybetweenmodernantiretroviraldrugs
andvisceraladiposity.
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