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Abstract

Mar kers of regional subcutaneous adipos
i n chi-dmsheotodve-naaesetadbksity before and aft

Jessica Murphy, Ph.D.
Concordia University, 2024

Peopl e wi tomsehi loblesady have greater risk o
adwintset obesity. However, we do not wunderstan
ri sk discrepancy or whet heA dehcelsieheneitcahmenad tsans
adi pose tfiwsmsatei qISA(TI). e., the ability to safely
produics$i bnthkeae 2 adidabnatyes herefore vary by age
di ssertation ai med t dSAcTopdayrse frmanrck @ rosn dfe t rweegein
chil eemsed aomd ead wlbtesi ty.

Originali naredgtcigeat eggytandiomdtrioovrertsh atl SAT
hyperplastic (hasi mainlyelmamad | aorddt isipybpyeyrttersgp hi ¢ (
| arge adiap eotnysbeets 3 hti . ndt i on held true only f ol
females. The degree of abdominal SAT hypertro
obesity onset in males. I n contrast, femor al
wi t h c hoinlsdch o coobnepsairteyd t o twhietihr-oacdouwelintt elo @sir t ¥

Or i gi nal aerxtaintidmeesa i p&o c3y t eoH B N)® ednaensacgeen c(e
mar k(epr5s3 g,ndd&pm hmune cel |l profil esonisaentd emal es
adwints eobkebbiyore and aftwei gnbhdelrase. (€ddpoar ed
wi t h-omndsweltt obesi ty, -otnhsoeste owietshi tcyh ihladdh cao dgr e at e |

preadi pocytes with DNA damage and senescence



slightly | owe- | geiopfplrdmmat efy M1lmacr ophages in
proporti-loinkse ohadf¥lophages #dnmnkfeem@mammaADrgdd Mz
macropha@€®8T, cCD3l s’CD&Mdc edD3s in abdominal and
di ffer between groups. After weight | oss, pre
wi t h c hinlsckeh o caeins ead wilbtesi ty. Ot her changes, ho\
wi t h-onkseltt olbbhesiintyensip i emop@rneadi pb&8ytes and
proportiorkeofmaMdY ophages i n wahhtdleeeni mad p GATI dre co
CDXD4T cehlabdominal anddfemoral SAT increase

Recogni zing the dif f(&yfeuwnccetsi ame lorgatr ikkeeavmst o f ¢
chil eemsed aomd eadwlbtesi ty may help guide the de

strategi es.
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omegional fat mass and, consequentdel,| wlda rpiotcy
may vary with obesatypossegiassuoss different
Recentcloynf iwemadimhmiyomung, healthy adults wi
obesWet f.ou,cd mplaated t o t hei r-ocdetlt8e rymoabresssi awidt) h
only femal esomwsethp@hibledlieg®didt y had hyper.pl asti
Il n comdtrlrastsexes -ovms it chibh & siihtoydhad [(Fy ppesarted alp hi c

Tabl)fTEese findings challenge t-dies st mpheé sittiyc |

11



uni formly hypaduwlint et i osbnesfdotrynl y hypertrophi c.
studies are required to determine the evoluti
onset v eornssuest aodbuelsti t y .
Preadipocyte (dys)function

Evempmpeiopl ehiwi tbolhseed aomd ead eohbde suipt ywi t h si mi | a
tissue ,tbkeliul adippse tissue function may di ff
|l argely defined by itsdolabti |lithg meclkxmpiamm matdt
hyperplasia, recognized as a moretmamnaldl ipoaly
hypertirephgs on the capacitlyr camg peo gRmeeitseégne w
adi pogenesprogailfpp@dd@Cy)yt «e ommi t t o the adipocyte
prol i f eamatne di ffer egtAsiredadaimthodmadnalb preadipoc
ther eccetati e abhtdhposexpassiuen .

I n children with obesity>3° MmtPrC iah uasnddiamagee nisc
pot etrn affact, compared to |l ean children, chilc

capacity and simil &i gdiBté&reouil dtitbricapacien

proliferation in childhood hinder their capac
Li ke al/|l proliferative cell s, preadi pocyte
di vides, its tel omeres, the protective caps a

damaged telomeres can triggercethaeal BNAscdamasgen
of permanent cel l cycle arrest. Senescent pre
di ffedeot i dabet hey di e. Thanyd pdeervse lsotp ian saedn epsocse

associated secretbay phmeideahmpger( iSAGPcel | s. Whi

12



senescence increases with aging and obesity,
preadi pocytes in children with obesity senesc
Results from our | ab support the idea that
the senescence pr egirseem &barellsy wiymd ¢ hmialt dhcodipar e
wi t h-omndsweltt obesi ty, -otnhsoeste owietshi tcyh ihladvheo ondor e pr
damage and p53/p21 senescence markers in abdo

( SA(F) guardabl)e. STthi s finding occurred despite

repair marker, in preoadiepogytoepsfromolpetep| @b aev
obesity, senescent preadipocytes may i mpair a

|l i kepgnseion mechani sm when fatReomwli ¢ hwiat poad d |

onset obesity, on the other hand, may presery
hyperplastic SAT expansi on. Future studies co
chil eemsed amd ead wlbeeesdietdy taor econnf i r msar refut e
Adi pose tissue fibrosis, immune cells, and se

During hypertrophic expansion, adipose tis
alterations that drive its pathogenicity over

form to meet the tissuebdbs oxygeinngde mahned .e xAtdrdaic

matrix (ECM), must remodleddderm adicmponanotdas e Il @art
adaptive processes were uninhibited, then adi
not O6spill overbdcasdtascuBultatdiisniesecthopi t he

adi pocytes outstrupcoleér bylploo’dadd yspuosxpi lag tarnidg ger
fibrosis, the excessive depobs¥ETonmneqdeECIMy pr ol

ECM morphs from flexible to rigid and restric

13



sequence of events iimcwh&ed elammuirie bo elsli si rff it letnr
death, andcediciRogat hseenedtmheasteerfoeiantfuraensmat ory n
wreak havoc on | ocal and systemic metabol i sm.
in adipose tissduthsmgegamloy ad walyislsaats®d me a vi

Sbarbawer ett ta¢ . évrdénte showi brosis and i mr
abdomi nal SAT fron3@siidgrelne omi rthdeny onwidcsriedr syceodp yw h
they ca¢l emdermammary i ndatdapmaywietyd € b e pdsf segne s ,
granul ocytes and | ynmfpQiclydreesn wvaintdh ns d We rfd ba boess
SAT inflammatory | esions arfd children without

Landgraf et al. confirmed ansamglredspmprdi marci
frame | owerhidaddy nofwi th obesity. Compared to |
double the rnmambroplbdg€E«€PD6B20 vs2Add)t ipemalllopy, a4
of children with obesity a#hdkenkyr a%tof elseamh
macrophages surround®®®e dada»ees8o ri sdyai ngge naediap o cyatc
mar ker, it does not c a@mtemnrog yhprewsa dli ¥ f @lrizkeet | fmia & ¢
or proinfl anmmakteodioyrf damnadbme2 or vy .

Tam @tuaalt i fi edl itdowdaol n& Anlad mM2r ophages i n chi
without overweight or obesity. Using HAM56 i n
t hey found a slightly higher number of macrop
over wei ght8ve) dbdsdetleiCk e ds tcomovimer ega>9 af t he
children with oenrlwekieg hLta nodrg roadfe seith yatl .i, n cTlaumd ee t
with sev,ehe,cthdbembitnyed with the use of a differ

explain the dampened effect of obesity in the

14



As Tam et al . found no-ldikfef eCrDe2r0c6e marnc rtohpeh ang
bet ween | ean childreheandSAf8atmwhdart pwiatghe due die
chil droebne swiittyh | i ked y ket emgR ibqppiddyueiket , atsi ng
CD163 as #An&kthenacWMdgmhage bmaraked, this #ffnding
Howeverf ounide yoirkece M2acrntdyfeA B gefs a¢mi | dren with ov
obed8Trt ywn ke s,t rtulca ungehe sr amoer,e c d rhaemdo minn dlot HAT
and V¥YBTHildren with overweight or obesity

It is important to note that the M1/ M2 ma
Macrophages c¢amh esmwodtncghe cbaenk hebvbehnh st at e s8%si mul t
Therebwrmachophages i nfl uence oarpil ppaxs. e Ftuirs shee n
ot her i mmune cell s | oom Tianm aastX gadis.ree d | Bsaughi Isdr
idenmattedel | s, very f ewabldamilnaslegaAaTd,| resnett
chil daidempds i(fiygyh‘at us

Though adipose taccoamp@muypme sdel It einrdfsi Ittor at i
mal adaptive r espoiishee tot corbye smay diMaassdrwlntds c hi |
trichktamdijngit|i al . ,d ommalr edhato | ean children, ¢
or obesity had a similar amount oabdomil aglen i
SA¥Using picrotsheipmrsefseran emd ngmet hodTdmretcoadll .ag
found theabppaosAfdeotf ooanly did they find | ess ¢
adi poB1i1 tyybruet 1al so with increasing age; the old
had t mddoea@ATalc 08*Tigenf i nding, the authors pro
remodel ling to accommodate Pf@onshstedntadwpbhyt

thegund mini mal Feira ugrtedicedld Il arg efni o gsiosandi ng ad

15



|l ean children and chil ¢fPemiwieth udbaer Weé ibghtsi an
linked to adipose tissue dysfuncti Pas @padi aneltya
when ch i n &%0% raegsdpneel aodfi ptorseihrg shatdsentin Tam
study had virtually no Tollagen IV in their a

Only one study from our | ab has compared ac
bet ween peopl-ensvet haomndsiedt d dbiesesh d wielde t huarhber of
totMd:-l | (€®17¢ M2dd k@DI®n&cr opphear@ &8s adi pooyitseese riad b
adi pose tissuedandnalbdadadmif heedr (B_ TMOaaeytk afrdsdregl d)
55 yearesmaob arni atri cwsthigeohsedt i(e<ntld years ol
onset (> 18 y%®arslebdjoobdshnobyeffect of obesi

in abdominal(FSADfland VAT

Our results, combined with those in childr
headart i n peomlnes ewi toth ehtutghhd ihm d p ecoapal nes emti t h  a d
obesity. Additionally, peripceldomiaantilyr osi &d

regarodl dshe age tof Howesiesgty u dsiaené &t wiec surgery p
severe obesity, we cannot comment on ATM infi
obesity development in adulthood. To clarify

chil eemsed aomd edidtwyibtes e necessary.

Cellul ar senescence is another feature of
chrontga,adleownf |l ammati on. Besides preadipocyte
ti ssue, i ncluding macrophages, lenaost hedhn aterce:
gal actosidase (gal) staining in adipose tissu

type, that have committéed hbemgakease swedmrbseaethi hdlbk

16



obesity had more preadi pocyitresabvddri rpabl3/ gpmR2dl fse
SAT han wtih dhseandeltt tohper ©iutpys, had a s b-gnaploasri tpievrec e n
ceihsboth SA&Ir rdetguidohness | d wehxiacnhipncesfl é rsceanmmiatl | tyo
senesaprdcthe downstrieamampeopdxsegw drmc edg ftf.erent a
Adi pokine production

Does the ensuing adipose tissue inflammato
adi pocytes, i mmune cel l s, and senesoaset aaldl s
adwintset Abepiveg mnmamaddnlkeygs t his aguesutkiinoere based
exprresadioposeeti As expected, chirledprtgiemevi t h obe
expreisnsi SOMT améadAT clhri | dgaednr mes T &N&tainnd, resi stin
gene exipmr e$SAT osand VIAG , gase welnp rSedsiepimprar abl e
bet wede@@wo groups®>cHPwaYV éadurenr esutli 65feuggess i h
adi poki ne gene eeanepwdeesns itohne spea tctheirlndsr e n .\\Wee c 0 me a
foundompatedétemabhdsal wi-drhs ethi d Wéroiotdyo,n stentos e wi
obesimeywncr etbseachd | ept i nbwte nsei mixiperse sstNiFonn, an d

adi ponect i nn gheamteb ceoxmpirreasls i eon(@ i f samedadll )ES AT

These findings, dr dwnutf omdmt el datn dadd idmoi ktiiat eeo v
a more proinflammatory SADnesmrvti nbrmernty.i fFutthuo
investigations should directly asséasntbBowdi adi
bet ween peopl-ensvét haomdsied d oibted i t vy .
Lipid handling

Beyond adipokine producti on, adi pose tissu

energy homeostasi s. Operating as andadgdhasamiby hu

17



releasing (|l ipolysi s)Lioprolsytsorsi nigs Ipirpindasr i(llyi psa
cat echol appirneesss eadn dorysrui msst wiidign .s hoovrepmarnt enchtt o | ear
chil dren, chil droeweansiauinhs t o bieushpi atd wyrdh) asdleé ptoc y t e
similar céisesopobtmmudalt)per| ado b4 e ivi vVOIAT
study i ved at a shansdlarl icpmicy s1iss omoHformaelviezre d tfho
st udyund bl unted cat escthionhualnma tneed (lkeipp neypshirsi wmiet) h
(Fi gu?*a dubsiemusindtuodi al ysis study found that t
may be duebhdrempapiedstifful ati on of | ipolysi

Bl unt edneidnisautleidn suppression of |ipolysis | a
resi stance and aamshe@ipgpamtciofaiadsiteavict @ mp

hyperi nswlgilyempd wi tch aan pa*Howeéaeé e, t saceres com

adi pose tissue insulinandswotbewae ybohtaweemedhi
surrogate measures calculated from insulin an
appachRa&i ree¢hral . found greater fasting adipose t

obesi ty htonsianh oiunt® Molr eesoivtey , Ha g malno fed s tailn g farud d

poptandial adi pose ti cismcer @ ansseud iwi trhe sg rset aatnecre ¢
chil®frnesnul in also stimulates |ipogenesis, whic
bet ween | ean children and children with obesi

Al t hough the measurement technique and dat
resWWrtdntrary to fobes ntns aidru lidrsd rlgebarssarsa Iblays a |l |
and decreasesticmttleahed almibpbessyistiys iinn adAuTl t s al s
i nsmednated suppriéWhsiloa adi popeltysssue insul i

compared between pespl e coomxtdelihtt y dhAmomer et al

18



effect of ageiof bakadi tayndo msaadtencdhmalt achi he pol ysi

abdonsABl guardab [)Cadt echesltdmurieted | ipolysis i

to temgn | i pid remoVad#hiicnh afbrdroenti neatl aSIAT al so f ¢
bet ween people with an of(lesbil})dy3Solnset before o
Our r essugyagteddlit p oige ncap aomi ttyhe obbdehehigmdenedy
peowhe develop ob&ei f g u,cmd mipdthaftetdhhad aedsh | widthho o d
onwetesi ty,addlotset wiobdlsd vl aet vdedh \s eCo A Babcdeat nyil n a |
anfde moSrAafISi ntchee parti ci pant s-Cov&e rvea S nalsitlk endgy,y ttohseo |
becanisteochondGaA lwoawcled yden cdocmesumdadc arb*oxyl i c ac
Cyt osol-CocA aicsetcyrli ti cal for.Cherrecypmnide mayd ssaet b8
t hat f emaloenss enti tohlh easdirutdyt slea@d e x pr e s sciyotno soofl igce n e ¢

aceCynd DNLtbediomnide moSA&(fF i guandabl)e S1

Adi pocyte mitochondria play a centr al role in
|l i pog¥Bempared to | ean children, children wit
mitochondrial function (Aindu.k’ ui t therreesourlet,sa bfdroonm
our | ab suggest that when obesity persists fr
mi tochondria daocompar V@ o unema hdistoyw,ewi thhagda | t

chil eemesed hoabee sli@awemdance of mitochondrial <com

abdomi nal and dfeesnpa rt ael */all AD Hy liFeiarq uboAEDab | )OS 1

note, dysfunctional mi tochondanadcowerobbee &
adi pose tissuonel dgs$ fsgemetsicem,c e . It remains to b
mitochondri al dysfunction in adipose tissue i
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met abolic abnormalities |ike 4domseli somdeestids 1 &4 n

obesity.

Childhood

Proliferation

|_Differentiation |

| Lipolysis |
NS

IL-6, TNF-at,
Resistin, &
Adiponectin

NAD+/NADH

Acetyl-CoA
Pl
Acetyl-CoA Reg.

& DNL

SA-Bgal activity

o
IL-6 & Leptin
M
TNF-a, Resistin,
& Adiponectin
Adulthood
\ 2 . ) ’ healthy i preadipocyte with 3 healthy unhealthy
O adipocyte ﬁg Higlyceride T preadipocyte ’ senescence markers mitochondria ’sss mitochondria

Horepenicemiar —\Pﬂrlcellular ® Mi-like macrophage @ M2-like macrophage 8% mast cell ® Tl

N\ fibrosis fibrosis
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Adi pose tissue distribution

Where people store body fat influences the
accumul at e f atorr easphpagpteldy) ,( aensdorecciidal 'y i n VAT,
cardi ometabol i c r i spkr ecfoentpeanrteida Itloy psetooprlee fwahto i n

(gyRor dsbay&dVATo6s pathogenicity stems from b

VAT s more |ipolytic and apadalbl®@Irammat oyt ot i are
circulation, it exposes t H¥® nigiwefrl atnomahtiogrhy | ev
cyt oklifhesliastotseér convincingly |inked to insulin

der angkrent s

I n the 1960s, Al brink et al. hypothesized
chil eemsed obesity and cemsetal'pedsiytsyseveaetald f
are -kmedwn to affect adipose titdsiandilsfgweti but i o
does the age of obesityeansotnabbelamnmg | @omgti hiugd i
adi pose tissue distribution in children and a
hypot hesis may, in part  ,atbees tirnuec.hiS AdTh odoedp oasnidt
both with 3% %rneda saidhi?p?&dgial mparced t o tlheoasng fthi | dr
obesity have more adipos¥®fhissdeffaerahteyrebgow
striking fort?famb dootnhienralwoSrAdTs, i n children with
di stributiosmbcentamalbbiuseéey.

After puberty, sex differences in adipose
appartént®diPft mal es h&wdhdmer edwuAT femdf €8 have
predominately dist¥?fbubedBNTs atdis ,tleonvde rt ob aidnyc r e

with age butl!!8t!?ha?®ughbetratebthood in males
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f emaSAdaccumdsesaspi d AT de cr etahsei npgr o BT trieolnat i ve t
VAT!'8 TR s proportional deabigaeiiino umshlneliyt h age
in the | dweewdfkeesthgl es8 tend to experience the g
menoplabsiédc®drdingly, the adi ponsrmopgawssale fde mdlr
closer to that of mal es.

Adi pose tissue distribution, neverthel ess,
|l i fespan. Even among adprl efseareartstaibamolingh nsatbersa it y
ti ssureafdACysmpared to adolescents with obesity -
adi pose tissue subcutaneously, these adol esce
el evated inflammatory markers, and decreased
i pogenesis, an’didst®ploirnisngndihtei wiiteyw t hat VAT
SAT dysfidldthe oen adol escents also have worse ir
f dfWwhi ch may increase their risk of developing

From the aboweufdndkpgst ©hat at the same
with different ages of havesidti y femeat | Wwosli daedo
depot s. Mal es and-ofnsmdl edbewiittly ovhiulldh dhade gr e
femal es withompsemenbheaiuthw,Id yg rSeAalt; e ra nldoowesmled s wi

obesity and femababswitbbpestmengpaeater VAT.

The |imited studies that have directly com
peopl e witomsehi laadrntoesd wlbtesi t vy, however, tell e
and computed tomography, we foundasdahdagr fa@qua
android SAT and VAT in a smal/l sampl e-of heal

onset @amdeaduwlbtesi ty ( BWMI'ArOnelrOc @drnrdo hi<chreladteekdg / m
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resuot ss®X®Ai mat ed andrudi d owingdc grrelatfeat t ot al , ¢
femal es wi-drhs ethidwWeérowai ght -0 hmaeteir weBighse @65t h
kghAMFurt heArmoerrd , @dncélthat comparoends etto onvael rewse iwgit
those witdhhngsdti | adthe@vwgir glat er quantities® of fat
The greater tot al adi posity ancdhillodwesed ge and
gresmever fhmbddsees interpretation.

|l nterestingly, studies in the clinical set
peopl e witomsehi loblresody have greatomirseddi posity
obed¥itWei ght gain does not wussatyybetomeoadel t
typically continues throughout ald&Eh'Boetiprenc
adi pose tissue accumulation in adulthood may
peopl e witomsehi laardoesd Ddlibtes iitdea | mesndppbanhed b
randomi dytitdmtated the effects of childhood a
adi pose tissue distriwasndeape Whemntelay asduddci dto
abdominal SAT and VAT in wadwltt halewdchakhieéludhood
abdomi nalwaBAaGaandely associatedPBwnghtaduhal ab
studies are needed to undechaadgesm avw ea digpeo sod
onset onward.
Cardi ometabolic Risk

How does cardiometabolic disease evolve in
Does their wuni quybraedw puonsieq utei scsaured i hoimeel teadbaod @ ¢ r

ri sk profilteo ilseamatrea il o hetlybol i ¢ di sease?
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Many children with obesity already bear th
as insul t3@ nde siystgemma dee, il noflTehmemadtiindkn bet ween c¢ch
obesity and adult cardiometabolic diseases, h
obesity from chi‘“Méhdetli ao adnldbmoaati on has c
adiposity is not causally related to adult ty
of adul t't*¥dhdaitp oissi thyot cl ear, though, is whether
di seases in peopl eolwe s ht wmdadnw begin | ater but
chil eemsed obesity. For insulin resistance, th

Two esreocstsi onal studies -rapomi ned ahpe ef feltes
whobedy insulin resistance usMongcehétogebdabaa!
after adjustingifmemulage,y eséxt ammwd oBiMIrolersd d ywi
Simil arimegnoipmupadt femal es, Brochu et a-l. foun
onset of obesity was thel!*fest predictor of in

Are people -ansbBtcbbkdhogd tdhewae,ldolpemet d b kleil ¢
di sease? Accorde ntgi dmalt hgteledicesasf bariatric ¢
uncertain. I n two of t hese -osntsuedti eosbh,e sttiltey pwaerrtei
years youmgwe htomabneltt obesi30yp ¢a4@5R "t day
seem perplexing, then, why the prevalences of
wer e | mavretri winphnt minlskeito od e s itfdynd nn otn'étTse uadtyh e r
only discernible difference between these two
chil eomsed gr oup: 7 years in the study +eport.i
onset!'dmaduld2 years in the study reportdng sim

onset frhoruspisses the quespuler tof wheetheosf aolpesii
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detrimental to mepabelty beakthofhahbheai pye 1In
chil eemesaidtl (Wear s)gnadad@0e2z2ansonsand (@0l tyear s
obesBiotrygertaad . ref utléAf ttdri sadcdjypottihregifsor age a
t hat, ¢ ompoanrseedt toob easdiothys,eta ddleess degntdi d not i nc
2 diabetes, coronary heart;%eiosnevaesres, e | hpynpseerhti & ndsh
obesity increased the odds of coronary heart
di abetes by!25% in women

Popultmaded coharatcakdiitnpgod $ iessy ¢ han gleirsé aadnedr c ar d
the |ife couvaleuddadlwdske tpr dwi cd a.r i Wryf d rhteu rmadbtoerley
fall short. UsbesYg BMI tbesckpasdinfeeistnia sSsteadtses 01
chil owhmadomd escence and oncé hapaadedtapotdo twmed
Therefore, people with obesityorata dadtrdssette mte p
obesity, but their wdti paotseéd yb ettvad aurs tciomd dp dianvt
people with obesity only at the adualdto-teismee npo
adwintset obesity. aAtl obwe sfto,r tchoengpen o tiswdesrddle t we e 1
ver & adoenrsoebtb e svi t Wmout pinpoiortilnigh#® hehsegtact age

Anot her shortcoming is that sever al cohort
wi t oovwetr wei ght/ obesity at one or both time poi
okarver susesnsat elom etsh ¢ gea rsd iuametsgbol i ¢ ri sk fac
bet ween peopheewi aihdepedglee wivehwkladaod /ORORR s i t
concentration did YWéordairdbei dbarweery gmodmpma m
(cl MT)dt® pul se wavefer aerig yof( PMMVQer oscl erosi s

respectively. Tha sdkdea’ddMir PPWWnscki coaft ohrisghof subcl
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cardiovascul ar di sease, wer e naslesto asnidmipleaorp | bee tw
onset over wehiegnh te/ anbleyse n tyat eobesi ty was exami ne
Heart Studydgd MAiowavemtitvkechanged. Peopl e with
chil dbhdotdaemsdeadul t ti mel biimhan htaldo & ewittel obe
adult tli°me point

How studies categorizedl adi pppedryedttad uisnfil
for dyslipidemiTabdZmddftpy pd mt emdauildrs (Wi t h over we
childhood overweight/obesity status did not a
t ri gl ycheorri dtense r i s K°Ffonf ahdyupletrst ewistihronobesi ty, th
HDL and t (*?Bgulty cneorti daelsways for high LDL and hyp
two US cohorts, one Australi-ansebhobési andi nao
ri sk of hypertensi-omoli @asmat els iamdf éomaplee & D& o mp .
obedifMoyr eoveNatianahelLongituditnoalAdSutlide wlADD)Ado
study, adudnsetwidhbe siatr) yhad greater odds of hy
onset 8besity

Il n contmtas tf,r @ hwafro vonuds ncoo udnitfrfieersence i n th
NAFL D% &5TMACPEE&nd theardtevascPP @Rt wermhalpietop ! e
eafolnyset -amdelt abddlke|PadnIBH (

Among the cohort studies assessing adiposi
once in adulthood, most!'Stiosk drn oh 48R dfr fdeyrmeamt o |
di abetes bet weean i ebogdl ectr woivtehr weed igkh@®)e. oST heb eeg i1 tay
however, repofftoddd grmartert mhadmds2 of type 2 diab

earolnset obesity comparsed tYWest ddeswi hgul ahes
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ad

udy from the others is the timing of their

sessed pac*rto cdidpdalemetssc-kifncyemigdl) , whil e the oth
ung children. As such, hTahde rmeotr ea Ip.abrst +lcaitpearn taos
set obesi togmpdrued hteda mohiel, dltcood obesity, adol
rsist i.h%ofhzedwltt mdads findings, therefore,
i keli hood of obesity persisting r atohnesrett han
oup.

Cohort studies that assessed adiposity sta
ce in adulthood confirm that whenwehghtren

ol escence before developing over®edghbEbbss

0dHW¢: 3%’ haz'&fidr ranr et hose of people with over we

po

i Tha b |Ra n SBF . Results from 3 pooled British coft
ronary heart dt%eas@®e.ahd hypertensi on

An unresolved question is whether peasdist ma
erweight/ obesity fr omaa od paedariefrtidose. pMIli od i n
idemi ol ogy Study in Gothenburg, Sweden, the
pe 2, %feaabrett,ef8airfohreast e cor,b'Mar waevémtvaascul ar
rtidbetmpeecopl e who devel oped overweight/ obesi
vel oped overwei ght / dqbaecbsR)eFyh O ebhwseehr ameD&8nias
I tish cohorts support Rewdpsl ec owmictl hu sp eorns if sotre ntt

ether from childhood gf%fiastRoh aczsacredhbefea t ghgaed 25 |

i abetes, which wer e -ontsecatberseixtdycamiAtnchia sgeo avli &

al ytshirseeofbitrdith deed hgacrttesd a di ffeoddsebenwegmpe
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t hos ec hwil tdliinsed aomds ea d.tSlibte sti hiys st udy, the odds
di sease also tended t o -dbres éhti gthdeaseitandatdhecss & ywi tbh
odds of hypertension were udhaffected by the a

Tha&bove sctouhtloerats e us wondering whether the m
adi posity between | ife stages sarmd rtoHienk cdhi g di
bet ween the age of obesiWhemnrsepgoratnedd ,c aa du lotmetE
increase with an ear | 1°ri6byté&lett*pifs owaes werlgyhtdc
in ongég’%study

Attard et al . 6s unique approach to analyzi
unknowalsB)g’'¥Bey derived nine -onbpsesgntedcdiecttonae
Health cohort based on BMI at age 15, 20, and
obesity (BMIt &g202Kg/ mand five culmingaed in
age 27). Of the mild obesity trajectories, on
(chil dhood/ eoanrsleyt )a d oolnees cheenttween ageotbhSebahd afad
t wo between age Ddhsa&nd . DN tedandentiitffefradudestd i n t he
changes (&4 d,fAdomoagd kH/moOnkAddaadBgeut0 to
i ncr(@ a4 ekbge/tn ween both tige ad eaBvsihestt eaansde (& 1
kgPhmbet ween age I1BMiamdr @®s & n(hedt wWegeng ea’e 20 ar

Alfli medeobhesity had) ek-blod ln@®d essecte nBEbasi ty.
devel oped obesity by age 1&n & raanjde cotnoer,yt adatl vanet eani
moder ate obeoinwarfdcomThageael Ini djdeotbesi ¢y at ag
in the magni tudebeotfwddreiagadMle tctdrraanadecst or y t hat

nor mal awealghd 15arge incr easage iinntBavrlv eblet ween
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Attard et al. sypsmpamied it hel achhat oén (CRP O

and diaammetges he mil d obesity trajectories and
selXThe odds of all outcomes were higher in mel
with mild obesity, most strikingly, for syste

moder ate obesity, those with the theggstaB&st
odds of systemic inflammation compared to the
mild obesity, those with -bheehighesttgpddsn thb
there was | ittle vamicahbinlfiltaynmian i tome aomabdg afhes
and among the seVYere trajectory groups

The age of obesity onset, rather than the
of diabetes for both men and women in the mil
adwintset obesity, peopl e -avn g ént c dub dpshitotpy cd reva it Ihy |
adol eosncseentt obesity had similarly i wbhoeased odd
acqumocaobhesity beforr ddge ahtbe n2dle dgettaveleavy e o0d d s

of di abet ewsh dtehvaenl oppeecodp bremmdf et reart ea@en 2dr sel y, t he

hypertension varied |ittle among both the mil
wo meg h°
Norris et al. reinforced the impo¥’fance of

Thdy tted annual ®BMéod vahdeséPhet weepants from t
cohorts, and compared the risk of Dbheytpneeretnensi o
peopl e witomsehi loblesody (onsetfbetwgppapgesfl0
wi abdwintset obdeitweephomgets 20 and 25, 2)>5 and 30C

(TaR)EBhesy reported a trend for i ncreased risk
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di abetes with an earlier onset of obesity. Ho
this relationshipdhly persisted for diabetes

Building on the .fiawmndd nNpsroroies Achttuabilth se-tu sald ¢
based trada¢llkctogyomogrowtd imdenwuireey moidetil natg p:
overweight/ obesity deVedom@PBedaer alVepat her hsf em
these studi esanswiti leemds had wdifiteodei ght/ obesi ty wu
progressively, a few studies identified a tra
chil dhooG@GoroBavamsal et al . f oundMIlha,tCRePad HHROMA ul t
did not differ between -thessese wbési pyogndssheese
persistent obesityYynfromteaslty ohihledhesdddi es s
chil eemsed obesity may be more detrimental to
chil eemsed obesity. Norris et BMNM). CRPun danadn PeW\We
those with progmeeast icoomepsaidteyde ¢ e nth os eo nmsietth st a
obesihgwever, they tMiInbehwedhtbebepmer en Eag!l
et al. found t foats efte mableesd twi talr oruanmi puberty ha

type 2 diabetes than tBbSdewict stautdalkise ool gsifio

participants into their early 20s,-0ncetthey di
obed Tty
Some cohorts, | i lodlewipr edfelne cit d@ngt gtifhhes .0 g rter ¢

group wohbetdaVverweight that®d%Rhemott he sc avlast ¢
case and adiposity was not adqmusdtedobdegi,t y hleac
odds, risk, or h¥fgpdrt'édnejy'poed »lHhame MTs

someti mes FTanti pPf6EmMpaopl e whose overweight b
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transition ta2@dudandomprdodrangesdd to obesity, tI
hypertension, dyslipidemia, and type -2odi abet
obesity trajectories be¥Fahwmuigm ckilldodmoodeat i & d
overweight to obesity dtanpeotdelt begirdvei ght &0
posad ower risk of otvyeprewe2 gdhital boebteessi .tfyh ddhhrsa@fit b e

Fi gussreemm@ari zes the evidence on car eiromet abc
adol eosncseentt obesi ty veoamnsuest poehoepsiiet ywi tahs sawdnilntg t
and adiposity. There is compel |l iinng peeva pdleen cvei ttfl
chil dohro oadd od essectendbesi ty t hamsethdoelEeqil tyhowugh a
cressesstional studies suggesiThetehe ofpipnodsiimhggs f or
suggebtelthadysfunction, rather than insulin r
l eading to type 2 di abrsdets omopeaiped ebaevattthy c hAl
with this hypothesis, holding gl ycwinmiha oabneds iitny

have hypebcekshpmpai e@ t o ad3fPPFysp ewirtehs ppdoressii vt gy,

over wbobec &lelds coul d f ai l prematurely, &t%elerat.
Longitudinal studies are needed determine the
i bcell function and insulin sensitivity in pe:i

The evidence base for the association betw
cardi ometabolic risk Fargthoe swWwharn &k dihsee aagges oifs o
does not appear to affect the risk of hyperte
PWV, systemic inflammati on, hi gh LDL, high tr
i nconcl usi ve. Mo der n dcioohnoertta bsotluidci ersi scko nbpeatrw enegn

confirmedomrdetl dbrodsead wlbtesi ty are required to
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w Childhood-Onset Obesity versus Adult-Onset Obesity w
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co AO
Stroke |

co AO
Dyslipidemia

co AO
Heart disease
co AO
Non-alcoholic fatty liver disease
Subclinical atherosclerosis !

co AO i -
Type 2 diabetes

co ....—-—MAO

Insulin resistance

AO

AO

Hypertension
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Tr eat ment outcomes: weight | oss and beyond

Weight | oss and weight | oss maintenance after
Chil d-bo® et hoabse shiitsyt ovriiecwaelldlaya sh eaé¢r m ddevcedl ig én it

l oss. This notti emmawe®isghtf rloons'®hdthwds es in the

per pet uadiesdc dowwe iyhww adi pos ehangesuewictel | wdiaghtt yl
adi pocyte size decreases whbStenmdi pocylte wmiutmb
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chil eemesed webmpeese stymethave hyperplastic adipose
coulhde or ethird anlkl-gvoe rbaegeows i ze wi ttfanaegogitdg nwei gh
Gr i mknadr Hi rascoghui r e-l ak é68%%at abei on

The 1950s weight | oss studoesetoobésded, tab
onset obesity was more difTabuwk’t.'®Butrwas whe
conclusion justified? Teasing out sources of
requires careful study design considerations
out come examined. S meenebaansen\giam gn deinveirdguya Irse,q b e
to prescribe percent energy deficitd®@amd repo
Mul F98mseci fied the prescribed energy intake or
successO betnwedan goboeauspide w Meod mEpOrw tiocfalpant s wi t h
onset (oobmpli ¢ tyéb uftaidiudr ensot cl ear Is’ldMui henweisgh
targets of | ess tbhhibrye KB "X gsst wesghwwi (h mil
l ess tdxne LH%ve i ghose with mod8uahewei ghevepes:
targets would nat ur aolnlsye tp egnraoluipz et htahte ihra dc hmolrdeh
obesity. Therefore, based on thes@onesanl|l ybsetsud
more resi-isncaumnded owalia@hotintsl eots so btehsaint y .

Thirteen studies wiTtatbS4ndi ®it k% m da itBro sfed |l loo ve
at®%, and only three reported worse-owesieght | os
obesdi%Bteni ck &aAddubjodntseoch partici pants to the
2mont h hospitaliaewedoymd to it fi. @ | Tdndamauepds bheaxdc ess ami | ar
wei ght bas@lairne wi pdth&s | tbye foonrseg tmames e s kel vy t o

dibpe | WX cess. wedweiteese partici pants were al so
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full twtenomteédtsmell denti fy predictors of weigh
stepwi sen.r efchregssdincl uded the age of obesity on
from infancyAlk on §iOmwtydrdaw esn aomleknc el sesn gitehi ght at ba
ol der age of obesity loodsd&itmiplraerdliyc,t eBlo sgerlelact eert
moderate, positive correlation between age of
month, 1000!°Rcal/day diet

Three lifestyle interventi odf® et®upé’®sertound
weight | oss in pesplteoweshtyghi-dhdheotp dbiped e twy t h
S¥»% Although the prescribed energy deficits we
chil @émesed group may eX°gI1649 n htehithrrees st tu dii © st w

After most | ifestyle interventions, howeve

wei ght | (s sguamEdadel9&s’28% 13®haEf her the interventi

| ooaval ori e f or mud ampddbesmdor oanrmudl twiei ght | oss pr
chil dshnododadekt obesity fared similarly. They ¢k
studies showed, their succelSSsRtppnetchal | engi
the only |lifestyle intervention wi-drhs eat fgrranag s
|l ost around 9 kg after 6 months but 28Rraadducal | vy
et al. tested the only I|lifestyle intervention
some medicati onseampwevegdt f manhgement by heal"
('t ragdludaa-ddiegee (@GPt i decept(oRArgdooabpgasatic and
pancreatic )bupadeditnthd bepteeantOyofaveeda mglet ubves s

stabilized3akgaamodesoné@ year, with only 15%

of their Y°Bemagluwedght RAnewead GLPz-epatide, a
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1d!l uedecespeendent insul i(GdtP)oRIAG palvegpebobwde gr eat

wei ghi®®ipouusts no studies have compared their eff

and -adekt obesity. Nevertheless, we await the
controlled trial testing the combined effect
change in BMI in yoongeadobesi wytiwhohhbdhpodr

intervention alone

Bet wetemdy di ff eroenrseds cian eqgloasiztay i on and i n
characteristics, often poorly described, prec
suitability of specific | if eswstnysledl sivraddessiette nt i o
obesity. However, we -ochasne tc oonbcel suidtey tthsa tdruocté drl edshi
weight | oss, as previously thought.

When studyingipeopgl|l eonmdiftieeas, distinguish
driven andr iadéereocgceces of weight | oss wvariabi
el iminathead | tmige by conducting an inpatient st
kcal /day on av¢¥rhaege froersuld tweeaksi.gned with thos
They found no relationship between the-age of
term weight | oss with or wef%hout adjusting fo

Wei ghtt ylpd §90%)y i s only one goal of obesity
|l oss and preventing weight regain are equally
physiology make dietary adherP¥nnc el 9d7i2f,f iCGerulntk ear
Hi rsch suggested t oatodpeetoiplrlyes uvma bhl yc hh Y pdehromlda st

figharfhatrtnhael nttoai n weirghvte nit o sue idayted tmegai ti ny,
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poweight | od8F hdebiveoeyt es -stulpe espp eitgi thwatmone | e
coocwiumlBnor mally small a ds pppcoyrttess tatfit se rh ywped tghhd
Bj°rntorp andncalGiwaglgapsamydp dHti r scilfd%t?6’ t he
They td@ouglmpare weight | oss prognosi s bet ween
hypertropRaird i @b esainttys. consumed 1100 kcal/day a
pl atddBaoueh partici pants with hyhpietr pal ansetiigch ta nldo she
wh etnhreiavaedapgeciyt emsi heee sulbwawst sandmhdsarod il emas
conltdifdfter their weight plateaued, the hyperpl
weekswhheehyper tsruccpcheie®d egdwdEldfos eoeeghtwr egain
occurredhat erme sr ftaesst er in theheypgpelr &sbipbigr g
Thesrdings remained when ttolb@abdgt'dwmgs were matc
Bosell o et al. compar edphbierthertvhen @dep odk wtbe
ti ssue amdfh gimadhded ychoenrt i nued t omaiosteaiwee d htt heir
weight, or igastimedt wei-qqthtttelm @i &t ary interventi
kcal t°fdyw)ea of obesity onset wadodegt everinigme d auwmsli
phot ographi c eviTdheen caeg ewhoefn opboesssiitbyl eoonset corr e
adi pocyte size and neghhg@rvoed py twh ath caodn tpioncwetde t
and the group hteh atweaaguhctteah ance dan ol der average
| arger adipocyte size, and a | ower adipocyte
Notably, the average agchiolld ledb@@s i t gr oalslett st &
years for the weight | oser s, 13 years for the

regat’®er s.
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Taken together, -proetl eolwe siht ¢y hinay hlom® dmor e
regain alf ad=esf hwe iebgntlested o besity i s synonymous Wwi
Weight | oss and weight | oss maintenance after

Six studies examined the association between age of obesity onset and weight loss
outcomes after bariatric surgefyable S4). However, most suffered from the same flaws as the
lifestyle intervention studies, failing to report baseline demographic characteristics and adiposity
in each group. One study reporhilar weight loss in people with an obesity onset jpire
postpuberty 5 years afterevticalbanded gastroplasty* &4 procedure seldom used today.

Erdogduet al. found thabne year afteraparoscopic sleeve gastraoty those with an obesity
onset around puberty lost a greater percent of éxeess weighthan those with a pr@r post
puberty onset of obesif* Another study reported thahe year afteRouxenY gastric bypass
surgey, people vith childhoodonset or adolescewinset obesityvere less likely to lose at least
60% of their excess weight than th@skiltonset obesity 2 °

Three bariatric surgerstudies used adiposity status at the end of adolescern@9(18
years) to classify obesHynset groups and reported slightly better weight loss outcomes in
people with childhood/adolescenmset obesity 2 4+ 2 3nly Kdstenssoret al 2 éompared
percent total weight loss, a recommended weight loss outcome for bariatric gutdery
between patient groups. Bariatric surgery patients who developed obesity by age 20 experienced
a slightly higher percent weight loss than those who developed obesity after age 20, but the
difference was not clinically meaningf(ifigure J.! 3 ®n average, participants attained a 25%
weight loss one year after bariatric surgery, then gradually gained weight until stabilizing at a 15
20% weight loss 810 years possurgery!  Based on this lonterm study, thegeat which

obesity beginsloes noappear to influenceeightloss success following bariatric surgery.
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Cardi ometabolic outcmtmes after obesity treatm
Beyond weighmanagemenbesity treatment aims to improve cardiometabolic héalth
but does it do so equalfgr people with childhooenset and adulbnset obesity? No studies
have addressed this question with lifestyle or pharmacological interventions. However,
Kristensson et al. compared the cardiometabolic benefit of bariatric surgery between adults who
had normbaweight, overweight, or obesity at age.28 €Eompared to controls receiving standard
obesity treatment, those who underwent bariatric surgery had increased type 2 diabetes remission
and decreased type 2 diabetes incidence after 2 and 10 years ofuplldlwemagnitudeof
these improvementsas not influenced bgdiposity status at age 2Bigure 3. The incidence of
macrovascular complications up to 26 years after bariatric surgery was also similarly reduced in
the three groups compared to controls. Across groups, however, bariatric surgery did not reduce
cardiovascular disease incidermmmpared to standard treatm@rgure 3.t 3 4
Changadsi pionse tissue biohtgy after obesity trea
While weight gain leads to pathological adipose tissue remodelling that drives
cardiometabolic disease, weight loss is presumed to have the oppositeBeifisotomposition,
multi-organ insulin sensitivitya n dcellfunction improve with as little as 5% weight loss, but
greater weight loss is required to see favourable changes in adipose tissue expression of genes
involved in cholesterol flux, lipid synthesis, extracellular matrix remodelling, oxidatiggsst
and inflammation. These changes occur in a-diegendant manner between 5 and 16% weight
loss? 26
Few studies have examined the relationship between age of obesity onset and changes in
adipose tissue biology after weight lo&€ar group found similar changes in adipose tissue

distribution after dietand exercisénduced weight los® Petrus et alshowal that5 years after
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bariatric surgey, subcutaneous abdomiredipocyte size was similarly reduced in females with
childhoodonset and aduibnset obesity.%Of note, baseline adipocyte size was also similar
between groupdJsing the same cohort, Arner et al found ihatoth groupsthe adipocyte size

reduction was mainly driven ljecreased lipid uptake rather than increased lipid removal

(Figure 3.1 03

To prevent metabolic dysfunction, adipose tissue must safely store lipids and secrete anti
inflammatory, insulirsensitizing adipokines. Cellular senescence can dibtatHprocesses and
therefore stands as a therapeutic target for cardiometabolic disease. Our group compared
changes irmbdominal and femor@AT senescence markers between females with childhood
onset and adulbnset obesity after dieand exercisenduced weight lossAt baseline DNA
damage, an earlgventin the senescence process, wase pronounceih the preadipocytes of
females with childhoo@nset obesityinterestingly following 10% weigh lossDNA damage in
femoral preadipocytedecreased to a similar level in both gradpsabdominal preadipocytes,
the DNA damage burden declinsighilarly in both groupsremaininghigher inthe childhood
onset group after weight logSoncurrently, the DNA repair protein RAD51 increased
comparably across both obestgset groups. DNA damage activates the p53/p21 senescence
p at h wa ygalactasiddse dctivityndicatessenescence commitment. Although the
proportion of p53and p2Ipr e ad i p o egglactessdasa+rcells ifh SAT remained stable
with weight lossthe total p21 intensity in p3$21" femoralpreadipocyteslecreaseth females
with adultonset obesityFigure 3. Thisfinding may indicate that moderate weight leasislow
theprogressiorof senescenca peoplewith adultonset obesityput noteliminate preadipocytes

that have already entered the senescence pathway.
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Childhood-Onset Adult-Onset
. versus .
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{@{ Lifestyle Weight Loss Interventions N

Clinical Changes

1 Body weight
| Body fat
A Adipose tissue distribution

Biological Changes in Subcutaneous Adipose Tissue (SAT)

| 1 Femoral preadipocyte yH2AX (DNA damage) burden* |

1 Abdominal preadipocyte yH2AX (DNA damage) burden”
T Abdominal & femoral preadipocyte RAD51 (DNA repair marker)
< Abdominal and femoral preadipocytes with p53 or p21 (senescence markers)
+~ Abdominal and femoral SAT senescence-associated B-gal. activity

| 1 Total p21 intensity in p53*/p21* femoral preadipocytes |
Bariatric Surgery Interventions 'J

Clinical Changes

1 Body weight
T Type 2 diabetes remission
1 Type 2 diabetes incidence
| Macrovascular complications
< Cardiovascular disease incidence

Biological Changes in Subcutaneous Adipose Tissue (SAT)
[ ] @
| Abdominal adipocyte size
A Abdominal SAT lipid turnover
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There is still a lot to learn about how adipose tissue biology changes after lifestyle,
pharmacological, and surgical obesity treatments in people with childissd and adulbnset
obesity. It iscrucial to investigate other markers of adipose tissue dysfunction, such as the
immune landscape, which modulates local and systemic inflammation. We also need to expand
our understanding of how treatmeéntiuced adipose tissue remdd®j impacts cardiometabolic
risk and weightegain.
Conclusion

Hi st ori cal |hi,| debecdspeloed evgii ttty carddolmisetp | ceb ens it thy
werc®nsidiesrteidadt pose tissue cellularity and wei
simplistic view foase¢evobesdt yChisl dlobodnrni for ml

onset obesity uniformly hypertoopglkitcobEsi tlyed

struggle more to | ose weight during |ifestyle

Recent studies, motivated by growing evide
with chinlsehomdbesity, examined features of adi
to cardiometabolic di sease. eWhm Iteo tahfef eacgte poefr i
fibrosis and macrophage infiljtlirtatmay iimpdaetmad:t
adi pose tissue characteristics in females wit

mar kers of adipose tissue dysfunction already
once severe obesi tsyepasmrd maan diesmeti b aldiud tdhiood,
bet ween t hosenwietth acnnhdi ladluddd onset become | ess

Onient ri guiisn gthteaath tmpad es wi-d rhs eth i dwedoricddy h a
subcutaneous preadi pocytes with senoemnsethce ma

obediThpsel imindrgg aligns with the hypothesis
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rel ated

with se

=
™
Q

enough

bari atr

of obes
di sease
sampl es
contrib

Coho

shoul d

biugeaxdexnical trials of senolytic agen

vere )hnohémalde s emwmssedt can s althwdlde si ty, n

haf tl essl i f esmayyl estiendreroelnlts osmway from sene

to ameliorate senescermtespealtles talirse adyal

i c surgery similarly increases type 2
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(dys)function, including adipogenesi s,
f oervei dAlenadslendf e et yl e, surgical, and pharm
ntions. These studies should be conduc
ity and cardiometabolic risk to better
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can be collected from children and ad
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¢of 32y NRA&A2ya 2F (KS 2RRAX NARA1Z 2N KFETIFENR NXadsS 2F OFNURZ2RYSGBazrba
O2K2NI audzRASa
Age
Q.
Cohort, s e si 3 Overweight/ Ages adiposity assessed outcome | Number with Relative effect
ample size| =
Reference country (% fer:nale) 2  obesity assessed| outcome/
(birth year) 0 @ onset group . Group size Point estimate ) . .
Adiposity status Outcome Type Lo £ Adjustment variables
(95% ClI)
Hypertension
Studies assgsingadiposity status at two time points
12119 ¥ 1926 y 1926 y
M ADD Health, |10439 icity, i i i
erten, ea CH/ADL OB D OB 177/1081 OR 1.64 (1.371.96) <0.001 race/ethnicity, sexandsocioeconomic statuis
2009 USA (197684) | (52% F) HTN adolescence and adulthood
ADL/AD NW/OW M OB 170/1579 Reference
BHS USA 419y 24c42y 24c42y
(1962.84) CH/ADL | OW/OB m OB 94/254 1.39 (1.05, 1.83)| 0.020
MUSGUSA M HTN
Juonala et 6328 CH/ADL/AD | NW M OB 116/386 Reference
(1952,68) 0 age, sex, height, length of follewp, and cohort
al., 201% CHAD, (53% F) 4c19 y 24c42y 24c42'y
Australia . CH/ADL Oow/OB m OB TN 48/246 RR | 1.23(0.87,1.75)| 0.248
(1970;78) CH/ADL/AD | NW M OB 83/426 Reference
Hou et al CHNS. China | 2095 6(17 y’ 18(37 )h 1&37 y sex, age, and percentiles sifstolic and diastolic blood
2019 B (1974';’2006) (40% F) CH/ADL ow/oB ow/oB HTN 11/79 1.01 (0.51, 20) 0.976 | pressurein childhood, and smoking status and alcohol
CH/ADL NW ow/OB 50/301 Reference consumptionin early adulthood
Studiesassesig adiposity status at three or more time points
10620 20c40 y 44c53y
MRC NSHD, U CHIADL oB M OB 92/206 1.07 (0.8,1.42) | 0.657
1946
Norris et al., g\lCDS) UK 20746 AD NW/OW M OBfrom2@25y 226/442 RR 1.07(0.88, 1.3) 0.522 | sex, cohort, agat follow-up, ethnicity, birth weight,
2020 (1958)7 (51% F) AD NW/OW M OB from 2§30y HTN 334/636 1.07 (0.93, 1.22) | 0.359 | childhood social clasand obesity severity
BCS70, UK AD NW/OW M OBfrom3Q35y 460/833 1.13(1.02,1.26)| 0.024
(2970 ADy NW/OW M OB from3840y 430/739 Reference
Studies assesngadiposity trajectories
Islam et al CHNS. China | 5276 X Ts e g‘Yk 26¢80y age, sex, living region, education, smoking, alcohol
2019 v (192&‘83) (48% F) CH StablgQ\\C20y [ ProgQW\RX45 Y [T Prog. Class(hBiSce0y HTN 181332 OR 2.00(1.39,2.88) <0.001 | consumption, physical activitand unhealthy dietary
AD Stablg\\\/518Y [ Prog\W\//OQWLB60Y [Ty StableOy\/6080y 6041437 Reference pattern at the last followup
¥ 0 |¢BPIUX36y, 3T49y 37¢49y
CH StablgQ\\C15y [ Prog. Class {3549 y 13/33 2.40(1.31,4.40) 0.005
. i d 2631 i ily hi i
Buscot et al.,| YFSFinlan ADL Stablqn\\/OWBSL2 Y D PrOgOWAZ25 Y D Stable Clasig 550 y 41/113 HR 1.84 (1.2Q 2.82) 0.005 sex, year of birth, family history bfypertensionand
2018 (196274) (54% F) HTN socioeconomic statiand physical activity in adulthood
AD Stablq\ V620 y [ ProgQOW\RO30 Y [T Prog. Class(hB30cs0 y 36/110 1.71 (1.07, 2.74) | 0.026
AD Stablq\\\B525 Y[ Prog QWPSG40Y [T Stablapp0cady 236/879 Reference
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Dyslipidemia

Studiesassessingdiposity status at two time points

127119 19¢26 'y 19¢26 'y
Merten, ADD Health, 10439 ) race/ethnicity,sex, andsocioeconomic statuis
2005 USA (17684) | (529% F) CHADL  |OB m OB High 111/1081 | OR| 1.69 (1.33,2.15)| <0.00L | fapelethnicty.sex anbocio
ADL/AD NW/OW ™ OB cholesteroll  g99/1579 Reference
419y 2442 y 24c42'y
CH/ADL Oow/OB OB 48/254 0.88 (0.62, 1.26) | 0.492
M High LDiC
CH/ADL/AD | NW OB 86/386 Reference
419y 2442 y 24c42'y
CH/ADL Oow/OB OB ) 41/246 2.08 (1.31, 3.3) 0.002
F High LDIC
CH/ADL/AD | NW M OB 35/426 Reference
4c19 24¢42 24c42
Bogalusa, USA ¥ Y y
(196284) M CH/ADL ow/0B M OB Low HDIC 120/254 0.85(0.48, 1.51) | 0.580 age, sex, height, length of folleup, and cohort
MUSGCUSA CH/ADL/AD | NW m OB 200/386 Reference
Juonala et 6328
al, 2017 | (195268) (53% F) RR
N CHAD, ° 419y 24c42y 24c42'y
Australia CHI/ADL OoW/OB m OB 751246 1.10(0.8,1.51) | 0.555
(197;78) F Low HDIC
CH/ADL/AD | NW M OB 109/426 Reference
4¢19 24c42y 24c42y
CH/ADL Oow/OB OB ) 86/254 0.94 (0.73,1.21) | 0.616
M High TG
CH/ADL/AD | NW M OB 138/386 Reference
419y 24c42y 24c42y
CH/ADL Oow/OB OB ) 31/246 0.91 (0.58,1.42) | 0.667
F High TG
CH/ADL/AD | NW M OB 64/426 Reference
Studies asse#sg adiposity status at three or more time points
10c20 2040 y 44c53 'y
ggfeg\‘SHD' U CH/ADL  |OB m OB 107/206 1.25(0.91, 1.72) | 0.172
Norris et al., | NCDS, UK 20746 AD NW/OW b OB from 2Q25 y 251/442 RR 1.20(0.96, 1.51) | 0.117 sex, cohort, age at followp, ethnicity, birth weight,
2020 (1958) (51% F) AD NW/OW Th OB from 2§30y LowHDLC|  407/636 1.05 (0.86, 1.28) | 0.626 | chidhood social clasand obesity severity
BCS70, UK
(1970) ADy NW/OW b OB from 3@35y 555/833 1.00(0.85, 1.18) | 1.000
ADy NW/OW b OB from 3540 y 521/739 Reference
Studiesassessin@diposity trajectories
X T s 6caDF* 26¢80 y
Islam et al. CHNS, China | 5276 age, sex, living regiorducation, smoking, alcohol
! ' : CH StablgQ\\p<20y [ Prog Q\\RKAS y [T Prog. ClasshBiS580y 178332 OR 2.48(101,2.1 0.042 | consumption, physical activitand unhealthy dietary
2019 (1929:83) (48% F) o o DLP ( 3 pattern at the last followup
AD StablqNWW/18Y [ PIONW/OWEE0Y [T StablgOy/60e0y 661/1437 Reference
0 IcB§FAX36y, 3249y 37¢49y
CH StablgQ\\C15y [ Prog. Class {549 y 7133 1.35(0.80, 228) 0.264
Buscot et al.| YFSFinland | 2631 ADL StbIN\W/OWASI2Y [T PRIQWA2SY [T Stable ClasgEpscioy 21113 |HR | 1.07(074 1.5) | 0.716
2018 (196274) (54% F) High LDiC ’
AD. Stablg\[\\Es20y [T ProgQ\\ROS30Y [T Prog. Class(hB30c49y 20/110 1.16 (0.78, 1.73) | 0.462 | sex year of birth, family history of hypertension, and
socioeconomic status and physical activity in adulthooq
AD Stablg\ W25 Y[ ProaQW\PSs40Y [ StablaOy/40c49y 145/879 Reference
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X o |¢B$AX36q, 3249y 37¢49y
CH StablgQ\\e15y [ Prog. Class g 549 y 13/33 1.10(0.74,1.67) 0.635
ADL Stabl\N\W/OWS12Y [T Pros QWAZ25 Y [T Stable Clasgy 549y LowHDLC 45/113 1.14 (075,1.72 0.540
ow =
AD Stablg\\WWEc20y [T Prog Q\\RX.30Y [T Prog. Class(hB30c49y 46/110 1.09 (0.32, 3.67)| 0.891
AD StablN W25 Y[ ProgQWPX40Y [ StablgO/40c49y 231/879 Reference
X o |¢B$AX36q, 3249y 37¢49y
CH StablgQ\\C15y [ Prog. Class g 549 y 6/33 1.11(040,3.05 0.839
ADL Stabl\N\W/OWE12Y [T Pros QWAZ25Y [T Stable Clasgy 549y Hich TG 29/113 1.47(0.96,2.25) 0.080
9
AD Stabl\WES20y [ Prog QW30 [T Prog. Class(hB30c49y 30/110 1.77 (1.07,2.92) | 0.026
AD StablN W25 Y[ ProaQWPXA40Y [ StablaOy/40c49y 156/879 Reference
Non-Alcoholic Fatty Liver Disease
Studies assesmg adiposity status at two time points
6¢18 y¢ 28c45y 28c45y
CH/ADL Oow/OB M OB NAFLD 27140 0.89 (0.35, 2.29)| 0.812
Yanet al Beijing BP, 1350 CH/ADL/AD | NW M OB 50/66 Reference childhood age, length of followp, andtotal cholesterol,
? China 0 triglycerides HDEC, LDIC, smoking, alcohol
2017 (1969;1982) (46% F) 6¢18 y¢ 28c45y 28c45y consumption, and physical activity adulthood
CH/ADL ow/OB M OB NAFLD 10/14 OR | 2.56 (0.49, 13.26) 0.263
CH/ADL/AD | NW M OB 18/29 Reference
3¢18y 34c49y 34c¢49y
Cuthbertson | YFS, Finland | 2020 age, sex, adulthoodicohol consumption, physical
etal, 2023 |(19621977) |(54% F) CHIADL owioB ™ OB NAFLD 49/95 1.11(0.64,1.93)| 0.707 | cerciseand smoking
CH/ADL/AD | NW M OB 148/317 Reference
Type 2 diabetes
Studiesassessin@diposity status at two time points
12¢17 ¥ 18¢34y 24¢34y
CH/ADL OB M OB ) 173/1324" 2.27 (141, 3.64) | 0.001
Diabetes
The et al, ADDHealth, 10481 ADL/AD NW/OwW OB 139/2244 Reference age, race/ethnicity, educatiomnd parental history of
201% USA (197£84) | (53% F) 12¢17 18¢34y 24c34y diabetes
CH/ADL OB M OB 173/1324" OR | 2.08 (1.34,3.24) | 0.001
Diabetes
ADL/AD NW I OB 139/2244" Reference
Beijing BP 6¢18 y 30¢42 y 30¢42y
Liang et al h X 1209 age, sex, family history of diabetes, smoking, alcohol
2013 gg)ma (1968 (55% F) CH/ADL o8B e OB Diabetes 18/95 1.95(0.88, 4.35) 0.100 consumption, and physical inactivity in adulthood
CH/ADL/AD | NW/OW I OB 14/140 Reference
Bogalusa, USA 419y 24c42y 24c42'y
(1962.84)
MUSCUSA CH/ADL ow/OB OB 2D 18/254 1.37 (0.67, 2.83) | 0.389
Juonala et | (195%68) 6328 CHIADL/AD | NW ™ OB 18/386 Reference
CHAD, o RR age, height, length of followp, and cohort
al, 201¥ Australia (53% F) 419y 2442y 24¢42y
(197G;78) CH/ADL Oow/OB M OB 19/246 1.09 (0.57, 2.07) | 0.802
YFS, Finland T2D
(1962:77) CH/ADL/AD | NW M OB 29/426 Reference
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8 yeP 20y 20¢55y
CH ow/OB M OWwW/OB 85/947 1.03 (0.79, 1.35) | 0.816
BEST T2D
Ohlsson et | Gottenburg, 36176 CH/ADL NW M Ow/OB 152/1719 Reference _ _
birth year and country of birth
al, 2019 Sweden 0% F) 8P 20y >55y
194561
( ) CH Oow/OB M Ow/OB 2D 64/608 1.07 (0.75, 1.53) | 0.724
CH/ADL NwW m OWwW/OB 74/1044 HR Reference
Ty 3ly 32¢50y
M CH Oow/OB M Ow/OB 72D 10/98 0.83(0.36,1.92) | 0.669
Choudhary | NFBC, Finland| 6372 CH/ADL/AD | NW M OwioB 64/823 Reference sex, educationsmoking, physical activity, and diet scor
etal, 2022 |(1966) (54% F) 7y 31y 32¢50 y at3ly
CH Oow/OB Oow/OB 72D 11/123 1.12 (0.51, 2.45) | 0.784
CH/ADL/AD | NW M Ow/OB 48/600 Reference
Studies assesmg adiposity status at three or more time points
10620 20g40 y 44¢53y
MRC NSHD, U CH/ADL OB M OB 106/206 1.50 (1.09, 2.07) | 0.014
Norris et al., ﬁgé@ UKk | 20746 AD NW/OW T OB from 2025y 190/442 rr | 155 (1:22,1.98) | <0.001 | ey conor, age atfollowp, ethnicity, birth weight,
2020 (1958) (51% F) AD NW/OW M OB from 2§30y Diabetes | 212/636 1.20 (0.98, 1.47) | 0.083 | childhoodsocial classand obesity sewdty
(BCS7)0, UK AD; NW/OW M OB from3Q35y 246/833 1.15 (0.94, 1.40) | 0.164
1970
ADy NW/OW M OBfrom3§40y 185/739 Reference
7y 13y 17¢26 y 30¢60 y
CH Oow/OB M Ow/OB (s} Oow/OB 191/971 1.23(1.04, 1.46) | 0.015
CH/ADL NW M Ow/OB (s} Oow/OB 72D 186/956 1.19(1.01, 1.42) | 0.043
CH Ow/OB M NwW (s} Oow/OB 48/374 0.79 (0.58,1.06)| 0.114
Bjerregaard CSHRR, 62565 ADL/AD NW M NW Uls) Oow/oB 451/2807 Reference Intelligencetest score, education, and age at
Denmark HR o
etal, 2018 | (1g3089) | (0% F) 7y 13y 1726y | 60c76y conscrpton
CH Ow/OB M Ow/OB (s} Oow/OB 57/971 0.93(0.69, 1.25) | 0.632
CH/ADL NW M Ow/OB (s} Oow/OB 72D 77/956 1.31(1.01, 1.71) | 0.045
CH Oow/OB M NW (s} Oow/OB 21/374 0.75(0.47,1.17) | 0.205
ADL/AD NwW m Nw (s} ow/OB 184/2807 Reference
Studiesassessin@diposity trajectories
X1 668a\8kY 26¢80y N _ _ _
Islam et al CHNS. China | 5276 age, sex, !lvmg region, edL_Jc_atlon, smoking, a_IcohoI
) ’ CH StablgQ\N\pc20y [ ProgQ\\RX45 Y [ Prog. Class(hBi580y 70/332 OR 2.84 (1.82, 4.44) | <0.001 | consumption, physical activitand unhealthy dietary
2019 (1929:83) (48% F) i o T2D ( ) pattern at the last followup
AD Stabl\NVW/618Y [ ProgNW/OQW1EE0Y [ Stablg\\/6080y 158/1437 Reference
0 I(B$AX36qy, 3T49y 37¢49y
CH StablgQ\\e15y [ Prog. Class g 549 y 7133 7.89(3.69 16.97) | <0.001
Buscot et al | YFS, Finland | 2631 al o able Clas sex, year of birth, family history bfypertensionand
2018 (196X74) (54% F) ADL SNW/OWA12Y o} ProaQWA2sy o} Stable Clasg 49y T2D 14/113 RR 4.46(2.16 9.24) <0.001 socioeconomic statiand physical activity in adulthood
AD Stablg\\WEc20y [ Prog Q\\RX.30Y [T Prog. Class(hB30c49y 19/110 4.83 (2.08, 11.24)| <0.001
AD Stablg\ 625 Y[ ProgQW\PS640Y [ StablaOp /4049y 31/879 Reference
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5ages: 7y 18y, 2546y, 3@51y, 3556 y 35¢76y
CH StablQ\W/OBSSS Y 42/141 1.55(1.09 2.21) 0.015
AD Stablg\\W/7<18 y [H Progs QW/OB&38 Y [T StablQ\W/OB&SS Y T2D 199/654 1.60(1.23,2.08 <0.00L
Y, 4 age, family history of type 2 diabetes, general health,
Mi?]?jrggzt SDPP, Sweder 7203 AD S1abNW8Y [HPrrsOW/OB5Y 60/334 Reference comorbidities, seleported physical activity, smoking,
0 . and alcohol consumption for both sexes, and history of|
al., 202¢ (1936:63) 67%F) 5ages: 7y 18Y, 2546y, 3@51y, 3856 y 3576y gestational diabetefor females
CH StablQ\\//QB<55 Y 62/313 1.22(0.89, 167) 0.215
AD Stablg\\W618 y [/ Pros QW/OB&38Y [ SlQW/OB&SS Y T2D 184/822 1.51(1.181.93 <0.001
AD: Stablg\We38y [THProgsQW/OB&SS Y 95/652 Reference
4 ages: 8 Y age of menarché 2025 y, 3540 y 42¢82y education, smoking, physical activity, hypertension,
Fagherazzi el E3N. France 81110 hypercholesterolemia, family history of diabetes, use o
i Stabl c40 y . . . . hormone replacement therapy, age at menarche, num
al., 20153 (192&51) (100% F) CH OB T2D 135/4056 0.75 (O 58,0 96) 0.023 of children, use of oral contraceptives, menopausal
CH/ADL NWEY [T RapiqQBige of menarchq 1y StablqyBige of menarched0 y 125/2433 Reference status, birth length, and birth weight
7ages:5y%10y,20y,30Y,40Y, 50y, 55 y >55y
CH StablgQ\\pe20y [ Prog QW48 [ Prog OBI&sSY 396/3708 1.19 (1.05, 1.34)| 0.005
NHS, USA AD ProgI\\B<45 Y Prog OS5 ¥ Diabetes 979/10703 Ref height, race, smoking, regular aspirin use, menopausa
Zheng et al | (1921¢46) 122498 Us) elerence hormone therapy, physical activity, alcohol consumptio
2017 HPFS, USA (69% |:) 7 ages: 5y 10 y’ 20 y' 30 y’ 40 y’ 50 y’ 55 y( > 55 y Q_Itirrlate Healthy Eating Index score, and family histdr
191146 iabetes
( ) AD Stablq\\WBS10Y [ ProgNWAK33 y [ ProaQV\BS45 YT ProaQBIsessy Dot 1372/8562 | HR| 0.91(0.84,0.97)| 0.008
iabetes
AD ProgNW\A<48Y [hHProg OWHESS3Y [HProg OS5y 2138/11983 Reference
2¢7 ages 18c42y 21c42y
Luo etal,, ALSWH 11192 CH/ADL ProgQEP0c33 Y [ Prog O %39y 32/3118 6.75 (3.78, 12.05)| <0.001 | age, physical activity, smoking, alcobohsumption
2020 Australia 0 education, income adequacgtress scorgand history of
(197%78) (100% F) CH/ADL ProgQWNR028 Y [T Prog QB39 T2D 67/2335 3.19 (2.08, 4.89) | <0.001 | gestational diabete
AD ProgN\WRXx28 Y [Ty Prog OW?8:39y 21/289 Reference
3¢9 ages: 2650 y 20¢50y
Lv et al, CHNS, China | 7289 PrOGOY\L035 y [ Prog(y 8540y [ Stablqy RIS0Y . '
2020 (1943%,1991) (52 % F) CHADL oW I ProsOB o) OB Diabetes 271239 1.50 (0.58, 3.91) | 0.407 | age,sex BMI, smoking, andeohol consumption
AD ProgNWRXS35Y [ Prog QWSSO y 82/1914 Reference
Major adverse cardiovascular events
Studies assesmg adiposity status at two time points
. NHLBI LRC & 5620 ¥ 29¢48y 20c48 y
Morrison et | peg yga | 770 CH OW/OB m OB 7/113 OR| 1.57(0.51,4.81)| 0428 |na
al., 2012 (195%71) (54% F) MACE
CH/ADL/AD | NW M OB 6/149 Reference
8 yP 20y >20y
CH OW/OB ™ Ow/OB VD 30/990 0.77 (0.5,1.19) | 0.244
CHIADL  |nw M OW/OB Mortality | 66/1800 Reference
BEST 8 L) 20y >30y
ghl;zolr:set Svc\)lt;zr;kr)]urg, (307027% CH OW/OB M OwW/OB CVD 29/969 HR | 0.75(0.49,1.16)| 0.198 | birthyear and country of birth
(194561) CH/ADL NW M Ow/OB Mortality 66/1757 Reference
8yt 20 >40y
CH OW/OB ™ Ow/OoB cVD 28/939 0.74 (0.47, 1.15)| 0.176
CH/ADL NW M OW/OB Mortality 65/1721 Reference
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8y 20y >50y
CH OW/OB m OW/OB cVD 20/897 0.83 (0.49, 1.42) | 0.498
CH/ADL | Nw ™ OW/OB Mortality 41/1643 Reference
BEST 8 yu 20y >20y
;TIZ%T‘]? et Sztézr;tr)]urg, (307026% CH OW/OB m OW/OB Stroke 36/990 0.94 (0.63, 1.42) | 0.783 | birth yearand country of birth
(194%61) CH/ADL NW M Ow/OB 67/1800 Reference
BEST 8 YU 20y >20y
;i.”‘dzt(’)';’g‘ e Sﬁgﬁgﬁ“rg’ (307027% CH OW/OB  h OWI/OB Heart 21/990 0.91 (0.54, 1.52) | 0.711 | birth year and country of birtn
(194561) CH/ADL NW M Ow/OB Failure 40/1800 Reference
8 yU 20y >20y
CH OW/OB m OW/OB 74/990 0.82 (0.63,1.08)| 0.168
BEST ACE
Kindblom et | Gottenburg 37672 CH/ADL NW M OwW/OB 156/1800 Reference _ _
al, 021 Sweden (0% F) e 20y 20y birth year and country of birth
(194%61) CH Oow/OB M OwW/OB ACE 13/990 0.54 (0.29,1.01)| 0.052
CH/ADL NW M OW/OB Mortality 41/1800 Reference
Studies asse#gg adiposity trajectories
4 ages: 1821y, 4@69y, 43¢77y, and 8¢85y >48.85y
MCCS CH/ADL PIOGQOWAS28Y [T Prog QP60 Y [ Stable. Class(yEF0co0 y 43/948 2.67 (1.63,4.37) | <0.00L |age, birth cohort, height, sex, country of birth,
yang etal: | australia [0t CHIADL | OWsy [ Sibe s eV 68/933 151 (0.95, 2.39) | 0.083 | sts at Fest BV assecsment. vttorangan Dt
(1920c54) (59% F) r r i Score, alcohatonsumptionand physical activitgt
ADy Prog\W&28Y [ Prg QW/QB&E0 Y [T Stable Clasgppkooy | mortality 138/2893 1.28 (0.92,1.79) | 0.145 | baseline (age 459 y)
AD ProgNWAESSY [ ProaQW/OBXE0Y M S QW/QB*90 Y 349/8130 Reference
7ages:5y,10y,20y,30y,40y,50y,55y >55y
CH StablQ\\Pe20y [ ProgQWWPI48Y [ ProgQBISSY MACE 463/3938 1.05(0.95,1.17)| 0.312
AD PIOgN\AG45Y [ ProgQWAKSS Y 1470/11162 Reference
7ages:5y,10y,20y,30y,40y,50y,55y >55y
AD Stablq\\\B<10Y [ ProgN\\AE3 Y [ ProgQ\\BE45 YT ProgQBiscssy 788/9690 1.12(1.02,1.23)| 0.013
AD ProgNWEe48Y [HPro g QWHEESSY [HProa OS5y MACE 979/13201 Reference
7 ages: 5y 10y, 20V, 30y, 40y, 50 ¥, 55 y >55y HR
CH StablQ\\BS20 Y [ ProsQW\ROS48Y [ ProgQBI&cssY 354/3942 1.06 (0.95, 1.2) | 0.304
Zheng et (o5icae) | 120408 AD POSNWES Ty a0 ] uen Reference e cesoking s o e epaves
|(_|1|;|;13c4té|;5A (69% F) 7 ages: 5y 10, 20y, 30y, 40 ¥, 50 ¥, 55 ¥ >55y (/)Aflt;:g;felgealthy Eating Index score, and family histo
AD Stablq\\\<10Y [ ProgN\\AE3 Y [ ProgQW\BS45 YT Prog QBISs5y 448/9717 1.17 (1.04, 1.33)| 0.012
AD ProgN\\Ac48Y [HProg QWAEES3Y [HPros OB 55y cHD 528/13245 Reference
7ages:5y%10y,20y,30Y,40Y, 50y, 55 ¥ >55y
CH StablQ\\AC20y [ ProgQWWP48Y [ ProgQBIeSSY Stroke 419/11183 0.99 (0.81,1.21) | 0.922
AD ProgN\AG45Y [ ProgQWAKSS Y 121/3951 Reference
7ages:5Y%10y,20y,30Y,40Y, 50 ¥, 55 ¥ >55y
AD Stablg\\BSL0 Y [ POINWAS33Y [ ProgOWESs V[T ProgOBISesSY Stoke 371/9714 1.03(0.9,1.18) | 0.647
AD ProgNWEe48Y [HPro g QWHEES3Y [HProg OS5y 504/13240 Reference
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The table displays the results of cohort studies in which the odds, risk, or hazard rate of cardiometabolic diseasestatigdtidadly compared between different obesityiset groups as detailed in the Methods.
These studies assessed adiposity statLisvo or three time points between childhood and adulthood or assessed adiposity trajectories between childhood and dd@thesityonset was classified based on
these adiposity status changes or trajectories. We used the group with the latest ovitiobigsity onset (and where relevant, the least severe overweight/obesity) as the reference group. We discuss other
relevant comparisons in the text.

aAdiposity status in adulthood was defined according to standard BMI categories unless otherwise indicated (normal weights k8/n%; overweight: 26<30 kg/mfT 2 6 S & A (i ®:Dbesjty: praventirg Kk Y
and managing the global epidemic. Report of a WHO consultation. World Health Organ Tech Rep 8éir 82563 (2000).

®Model also included the following adiposity status changes: NW/@WW/OW and OB> NW/OW

cAdiposity status in childhood/adolescence was defined according to the United States Centers for Disease Control arehPRevant agespecific percentiles (normal weight¢&85th; overweight: 8§<95th;
208aAdeyY x odplKOY ogdronth BafsXoE thevsditedBtates iethods end demefopment. Vital Health StgLL901(2002).

dModel also included the following adiposity status changes:-NWW/OW and OW/OB> NW/OW

eAdiposity status in childhood/adolescence was defined according to the internationarsgrgespecific percentiles that extrapolate to the standard adult BMI categof@se, T. J., Bellizzi, M. C., Flegal, K. M.
& Dietz, W. H. Establishing a standard definition for child overweight and obesity worldwide: international survey. BIN4@B22000).

a2RSt Ltaz2 AyOtdRSR (GKS F2tt26Ay3 RALRAAGE adlGdza OKLFy3ISAaY b2 Mb2 FyR hzkh. b b2

9Adiposity status in childhood/adolescence was defined according to the Working Group on Obesity in China sespecifmgBM| percentiles that extrapolate to BMI cutoffs of overweight (24 Rgdmd
obesity (28 kg/r) at 18 years in Chinese adults: Li H, et al. Body mass indef<tdr overweight and obesity in Chinese children and adolescents afj@g@ars. Zhonghua Liu Xing Bing Xue Za Zhi. 346816
(2010).

hAdiposity status in adulthood was defined according toMWerking Group on Obesity in China (overweighg<2B kg/miT 20 S&AA G &W x SHytCllIEY %d 3 (KS / 22LISNI GA PSS a
Group on Obesity in China. Predictive values of body mass index and waist circumference for risk factors of certaih r2l&dddd Sa Ay / KAy SaS | Rdzf (aY niassdates and wais2 LIG A Y|
circumference in Chinese adults. Asia Pac. J. Clin. Nutr. 11, (2002).

iModels were used to fit annual BMI values between 10 and 40 years for each participant.
iModel also included the following adiposity trajectories: stable NW andNdWprogressive to NW that stabilizes in raidulthood

kAdiposity status in childhood/adolescence was defined according to the Working Group on Obesity in China seseifag8MI percentiles (normal weight<®5th; overweight: 8 chp i KT 2 8)S&AG&Y »
Ji, GY. & Working Group on Obesity in China. Report on childhood obesity in Chibadit)nass index reference for screening overweight and obesity in Chinese-ageadiildren. Biomed. Environ. Sci. BES
18, 39@400 (2005).

'Model also included the following adiposity trajectories: stable NW and OW/OB resolving to NW in adulthood

mFor males and females combined

"Reported by study authors

°Adiposity status at age 6 was defined asand adiposity status at ageIB y was defines as fn

PBMI was calculated using all paired height and weight measurements from 6.5 to 9.5 y aendjugied to 8 y using linear regression models

9BMI was calculated using all paired height and weight measurements from 17.5 to 22 y aamjuied to 20 y using linear regression models

"Model also included the following adiposity status changes:MWW MNW, OW/OBHNWIHNW, OB/OWHOW/OBHNW, and NWHOW/OBMHNW

sModel also include the following adiposity trajectories: Stable NW aneéN@wprogressing to NW in easdydulthood and stabilizing in miadulthood

URALIZAAGSE adl (dza 61a RSISNNAYSR 0FasSR 2y (KS [[dz8athrz2yas W WA NS G202 (CIER {257 yes2 daNd 0a [ayesr SH6X§ 51
overweight, (5) very overweight.

UModel also included the following adiposity status trajectories: stable NW, stableNMWghowNW progressing to NW and leM\W increasing to NW at puberty and remained stable

VParticipants were asked to recall their adiposity status using the Stunkard body rating scale: Stunkard, A. J., S&edaemsinger, F. Use of the Danish Adoption Register for the study of obesity and thinness.
Res. Pubk Assoc. Res. Nerv. MentisD60, 11§120 (1983).

“Model also included the following adiposity status trajectories: stableNdW, stable NW, loNW that progresses to NW by médiulthood

*Measured BMI was converted to the same scale as the somatotypes in the Stunkard body ratin§tscddard, A. J., Sgrensen, T. & Schulsinger, F. Use of the Danish Adoption Register for the study of obesity
and thinness. Res. PubAssoc. Res. Nerv. Ment. Dis. 60, 112D (1983).

YModel also included the following adiposity trajectories: stable-NMW, stable mieNW, and lowNW that progressively increases to NV
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“Model also included the following adiposity trajectories: low NW increasing teNwid

a3Vodel also included the following adiposity trajectories: stable-NW and stable higiN\wW

Abbreviations:

ACEacute coronary eventsAD:adult-onset; ADL:adolescentonset; ADD Healththe National Longitudinal Study of Adolescent to Adult He&@ttSWH! dza G NI € Ay [ 2y 3 A (i dzRA yBCB70{ ( dzR &
The British Cohort Study 197Beijing BPthe Beijing Blood Pressure Cohort StuBEST Gottenburghe BMI Epidemiology Study GothenbuBiI: body mass index8HS the Bogalusa Heart StudgDAHthe

Childhood Determinants of Adult Health stu@d:childhoodonset; CHDcoronary heart diseas€HNSChina Health Nutrition Surveg):confidence intervalCSHRRhe Copenhagen School Health Record
RegisterCVD:cardiovascular diseasBLPdyslipidemiaf3N:the Etude Epidémiologique auprés de femmes de la Mutuelle Générale de I'Education Nationalefefbmdjes;GCSthe Golestan Cohort Study;
HDL-C:high-density lipoprotein cholesterokiR:hazard ratioHTN:hypertension;,LDL-C:low-density lipoprotein cholesteroM: male;MACEmajor adverse cardiovascular eveMCCSThe Melbourne

Collaborative Cohort StudMRC NSHMedical Research Council National Survey of Health and Developktg@®Cthe Muscatine StudyNA: not applicableNAFLDnon-alcoholic fatty liver diseas&CDSThe

National Childhood Development Survéi;BC 1966Yorthern Finland Birth Cohort 1968HLBI LR& PFSNational Heart, Lung, and Blood Institute Lipid Research Giinidg and Princeton followp study;

NHSthe Nurses' Health StudifPFSthe Health Professionals folleup StudyNHSIIt K S b dzNE S a Q NWSbrinal Weighit;\Wz&&rweight;DB:obesity; OR:oddsratio; PHBPCPrevention of High

Blood Pressure in Childretudy, Prog.:progressiveRR:risk ratio;SDPPthe Stockholm Diabetes Prevention Program cohb2:type 2 diabetesTG:triglycerides;UK:United Kingdom{SA:United States of
America;YFSthe Cardiovascular Risk in Young Finns Study
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¢rofS {o® / 2 K 20NQIS  320RIRRBAZS AN &ala S2aNg Ak + NR LS 2013 2 Fo AQH KNRRAA2OYSSNIR yoi2 € IAT0S &R A2aTS
GSNBdza LIRRIESYB@OENI f AOSR ¢gAUK 20SNBSAIKIG 2N 20SaA
a Age
2 . L -
Cohort, country Sa_mple o Overwqght/ Agesadiposity assessed outcome Relative effect Comparisons between
Reference . size 2  obesity assessed .
(birth year) = - - obesity onset groups
(%female) | 3 onsetgroup N Point estimate . -
Adiposity statug QOutcome | Type Adjustment variables
(95% ClI)
Hypertension
Studiesassessin@diposity statusat three or moretime points
7-10 ¥ 15¢16 y 34¢53y | 34¢53y
CH ow/oB s} Oow/oB b OB 256 (1.4, 468) | sex, year of birth, exact age and heigh
MRC NSHDJK : )
Park et al, (1946) 11476 CH/ADL NW rb OW/OB rb OB 3.01 (2.]1, 429) at ChlldhOOd BMI me_asurement,' birth 5
2019 NCDSUK (1958)| (51% F) c OWIOB NW oB HTN 201 (154 549 welght,socmeconomlc statL!at birth _ CHF ADL/A
BCS70UK (1970} R ™ ™ B1(1.34,549) | andin adulthood, and smoking status i
1 ADL/AD NW ) NW ) OB 2.28(1.76,2.95 |adulthood
Never NwW (s} NW (s} NW Reference
15y 20y 27y 24¢32y
2 CHIADL OBpMI-36 M  OB¥®km2 [ QB¥®kem2 3.56 (2.74, 4.61)
[0}
% CH/ADEL OB kgm"2 s) oBsekom2 [ OB36kam2 3.99 (3.16, 5.03)
£ CHIADL OB30kgm2 [ OBBkIM2 [ QB36kem2 TN 3.35 (2.77, 4.06) CH/ADL> CH/ADY
% CH/ADL OB kgm"2 s) oB%kem2 T OB36kam2 3.30 (2.64, 4.12)
E ADL NW-2Bkim2 [ QB30kIm2 [ QB36kem2 3.38(2.48, 4.61)
= Never NW-23 kg/m*2 M NWZkem2 [ NW-2kom2 Reference
OR
15y 20y 27y 24¢32y
> CH/ADL OB kg/m"2 Ns) OoB%kem2 T QOB30kem"2 2.08 (1.81, 2.39) |agein 1996, smoking statuis 1996,
@ - - - 2001-2002, and 20020089, race, region
Attard et al, | ADD HealthUSA| 13984 2 ADL Nwzsiamz T OBk Th OBsekam? 2.13 (1.73,2.61) | juster at the school level, parental AD, > AD¢
2013 (197%83) (48% F) ; AD NW-2skim2 [ QW2Bkim2 [ QBXkm2|  HTN 1.99 (1.66, 2.38) | history of diabetes, antinflammatory
E AD NW-23 ke/m2 M NW2km? [ OB®km? 1.76 (144, 2.14) medication use, presence of suinital
s ' infection markers, and current
Never NW-23 kg/m*2 Ns) NW3kam'2 - [ NW\RS ka/m*2 Reference infections/inflammatory disease
15y 20y 27y 24¢32y
2 CH/ADL OB36 ko/m"2 o) OoBskom2 T QOB36kem2 2.84 (2.27, 3.55)
[%]
% CH/ADEL OB kg/m"2 o) OoBskom2 [ QOB36kam2 3.43 (2.84, 4.13)
CH/ADL> CH/ADI&
Q 30 kg/m~2 33 kg/m"2 36 kg/m"2
£ CH/ADL OBs0ky o) OB33kg M OBk HTN 2.90 (2.46, 3.42) CH/ADE
% CH/ADL OB kg/m"2 o) OoBkem2 T QOB36kem"2 2.85 (2.34, 3.47)
E ADL NW2kim2 [ QOBSOkgm2  [h QB3I kgm2 3.20 (2.54, 4.02)
" Never NW-2skam2 - NW2skem™2 [ NW-23 kom'2 Reference
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15y 20y 27y 24¢32y
> CH/ADL, OB30kgm"2 s) oBkem2 T OB kgm™2 1.83 (1.63, 2.07)
g ADL NW-23 kg/m*2 s) oBkem2 T OB kgm™2 2.06 (1.76, 2.41) ADL> ADS
; AD NW-23 kg/m*2 M  Ow?2kim2 [ QBS30kym?2 HTN 1.93 (1.69, 2.20)
E AD NW-23 kg/m*2 M  NwZBkm2 [ QBS30kym?2 1.71 (1.47, 2.00)
LL
Never NW-23 kg/m*2 Np) NW3kam2- [y NWRS kg/m"2 Reference
Dyslipidemia
Studiesassessin@diposity status at two time points
3¢19y 20¢52y 25¢52y
CH/ADL ow/oB s} ow/oB 2.02 (1.4, 278) )
) No group differences
BHS USA CH/ADL/AD NW o) ow/0oB High LDIC 2.37(1.84,3.8)
(195%92) Never NW ) NW Reference
MUSCUSA 3c19 20¢52 25¢52
(1952.73) 19y 0652y 5052 y
Yanetal, |NGHSUSA 5195 CHI/ADL ow/oB ] ow/oB 388(3.18 4.72) _
2019 (197778) (60% F) race, sex, age, and cohort No group differences
CH/ADL/AD NW o) ow/0oB LowHDL-C 3.38(2.74, 419
PHBPCUSA OR
(196%72) Never NW ) NW Reference
YFSFinland 3c19y 20¢52 y 25¢52 y
(1962,77)
CH/ADL Oow/OB Ns) Oow/OB 3.05(235,3.97 )
] No group differences
CH/ADL/AD NwW (s} Oow/OB High TG 3.20(2.43, 4.22)
Never NW o) NW Reference
Type 2 diab&es
Studiesassessin@diposity statusat three or moretime points
Power 711, 01169 23o0r33y 2y 45y BMI, waist circumference, sex, total
and NCDSUK (1958)| /322 CrADL o8 o s o8 0 0 ) O etoe monapatonl ctatis. amoking| Lar rend from Never
Thomas, (50% F) CH/IADL/AD | NW/OW ) OB ) OB 3.96(2.10, 7.43) ; P i ' 9 to cH/ADE
2011 T2D and alcohol consumptioat 42 yeas,
AD NW/OW (s} NwW/OW (s} OB 1.13(0.61, 208) | social class in childhoahdat 45 years,
Never NWOW T  NWOW b NW/OW Reference | and qualifications by 42 years
7¢10 y 15016 y 3453y | 3453y | OR
MRC NSHIUK CH ow/oB ™ ow/oB  Th OB 12.60(6.61, 23.98 | sex, year of birth, exact age and heigh
Park et al (1946) 11476 CH/ADL NW 13 ow/oB ™ oB 6.61(3.61, 1209) |at (_:hlldhoo_d BMI measurement, birth
2013 , NCDSUK (1958)| (51% F) weight, socioeconomic statuat birth CH > ADL/AP
BCS70UK (1970) ’ Ch Ow/oB o} NW o} OB T2D 4.70(189, 1167) | andin adulthood, and smoking status i
' ADL/AD NW 5} NW m OB 5.47(339 8.8) |adulthood
Never NW (s} NW (s} NW Reference
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15y 20y 27y 24¢32y
36 kg/m”2 36kg/m”2
z CH/ADL T M OBk M OBk 437(307, 6.2) CHIADL> CH/ADI&
% CH/ADI:. oB3o kg/mn2 rb OB3s kg/mn2 rb oB?36 kg/mn2 4.90 (3.10, 7.74) CH/ADh.& ADE
% CH/ADL OB®km2 [ OBz [h OB¥kmzl 3.39(2.53, 455) CH/ADL> ADE
% CH/ADL OBXkgm2 [ QOB®kM2 [ QB36kIM2 2.99(2.20, 408)
E DL NWBk#m2 [ OB30kIm2 [ OB36kem?2 3.02(1.77,517)
=
Never NW-23 kg/m*2 M NWZBkim2 [ NW-2kom2 Reference
15y 20y 27y 24¢32y
CH/ADL OB¥kgm2 [ QBMkM2 [ QBWkIm?2 2.3B(1.2, 2.8)
2 CH/ADL& ADL& AD >
8 ADL NW\/-23 kg/m"2 ) OB30 kg/m"2 M OB kg/m"2 2.35(1.51, 366) ADS
< AD NW2Bkim2 [ QW2kim2 [ OBkIm2| Digbetes 1.84(1.37, 247) _ _ _
T agein 1996, smoking statuis 1996, ADL> AQ¢
= AD NWrzskem2 — Th  NW2skem2 - h  OBs0kem™2 1.44(1.10,187) | 20012002, and 2002009, race, region
=
Attard et al, | ADD HealthUSA| 13984 Never NWW-23 ka/m"2 ™ NWeskgim2 [ NWeS ka2 Reference cl_uster at the school Ieyel, parental
2013 (1975:83) (48% F) history of diabetes, antinflammatory
15y 20y 27y 24¢32y medication use, presence of sulnital
infection markers, and current
36 kg/m"2 36 kg/m"2 !
g CHIADL | opssigmz D OF > OF 2:99(2.16, 4.1) 1o ctions/inflammatory disease CH/ADL> CH/ADI&.
% CH/ADL OB30 ka/m"2 ™ OB3kym2 [ QB3 kym2 3.41(2.41, 4.81) CH/ADL& ADL
£ CH/ADL OB¥lem?2  [h  OB®WMZ [h OBk L 246 (1.9, 3.13) CH/ADL> ADE
S CHIADL OB®km2  [h  OBWkM2 [ OB®kem2 218(1.&2, 2.94)
E_ ADL NVV/-23 kg/m2 15) OB30 kg/m"2 M OB3kym2 2.30 (1.52, 349)
Never NW-23 kg/m*2 M NWZkm2  hH  NW23kim2 Reference
15y 20y 27y 24¢32y
CH/ADL OB¥kgm2 [ OBXkM2 [ QOB30kgm2 1.88(158, 2.23)
2 CH/ADL& ADL& AD >
8 ADL Nw~23 kg/m"2 rb OBSO kg/mn2 rb 0330 kg/mn2 198(139' 2&) AQd
5 AD NWBkim2 [ QW2kim2 [ QB¥k/m2| Diabetes 158(1.25,1.99 )
= ADL> ADQ
.E. AD NW-23 kg/m"2 rb NW-23 kg/m"2 rb oB?3o kg/m~2 1.27 (099' 1&)
0
Never NW-23 kg/m*2 Ns) NW3kam"2 [ NW\RS ka/m*2 Reference
0y 18y 25¢42y | 41¢58y
CH OW/OB a3y OW/OB h OW/OB 15.10 (13.21, 1726) )
age, race, smoking status, parental
Yeung et |NHSIIUSA 109172 CH/ADL NW o) ow/oB h OW/OB RR 1437(12.B, 16.2) | history ofdiabetes, parity, age at first | CH & CH/ADL > Gi&.
al, 2016 (194764) (100% F) Ch OW/OB 13 NW M Ow/OoB T2D 8.72 (747, 1018) birth, and physical activity AD
AD NW 13 NW M Ow/OoB 8.23(7.41, 915)
Never NwW (s} NW (s} NW Reference
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Major adverse ardiovascularevents

Studiesassessin@diposity status at two time points

Shimazu et | Ohsaki NHI 30080 20y 40c79y 40e85y
0 0,
al, 2009 Japan (191664) | (51% F) CH/ADL OB ™ OB 2.74(136,5.%) age, sex, smoking statuscohol
CH/ADR ow (s} OB CVD 1.80(0.99 328) | consumption daily,walking duratim, No group differences
AD NW D oB mortality 158(0.97, 257) |and educatio
Never NwW (s} NwW/OW Reference
15 y 30y 40¢75 y
Etemadi et CH/ADL OB 15) OB HR| 1.32(0.98,189) _
al., 2014 M ADL/AD  |UW/NW/OW Th OB 157(117, 2.10) No group differencet
GCS, Iran 50006 ’ b ) ) )
(1929:64) (58% F) NA NW D NW Reference age,_s‘mokmg, socioeconomic status,
CvD ethnicity, residence, education, opium
mortality use, and physical activity
CH/ADL OB ™ OB 1.41(1.12,178) N diff o
o group differenc
F ADL/AD NW/OW 13) OB 1.71(1.30, 225) group
Never NW o) NW Reference
Studies that assessed adiposiyatusat three or moretime points
7c10 ¥y 15¢16 ¥ 34¢53y 34¢53y
MRC NSHIUK CH ow/oB s} Oow/oB b OB 6.62(1.94, 2267) | sex, year of hirth, exact age and heigh
Parketal, |(1946) 11476 CHIADL NW m OWOB b OB 3.74(1.35,1035) |at childhood BMI measurement, birth
2019 NCDSUK (1958)| (51% F) OR weight, socioeconomic statuat birth CH > ADL/ARrendy
BCS70UK (1970} Ch ow/oB o] NW o] OB T2D 1.10(0.14,848) | andin adulthood, and smoking status i
1 ADL/AD NW 15) NW 15) OB 3.83(1.98 7.£) |adulthood
Never NwW (s} NW (s} NW Reference

The table displays the results of cohort studies in which the odds, risk, or hazard rate of cardiometabolic diseases lmeusi@tigtically compared between different obestdgset groups. The results are
therefore displayed with the original referengeoup (those with persistent normal weighfjhese studies assessed adiposity status at two or three time gmetigeen childhood and adulthood. Obesiipset
was classified based on these adiposity statusngesWe present the results of comparisons between obesitget groups, as stated by the study authors or derived from our interpretatio

apdiposity status in adulthood was defined according to standard BMI categories unless otherwise indicated (normal weigt®5 1@/67%; overweight: 26<30 kg/mfT 2 6 S & A (i ®:Dbesjty: praventirg k Y
and managing the global epidemic. Report of a WHO consultation. World Health Organ Tech Rep Séir 82563 (2000).

®Model included adiposity statuses OW/OBNW HNW, OB/OW> OW/OBHNW, and NWHOW/OB-> NW

cAdiposity status in childhood/adolescence was defined according to the internationadseage specific percentiles that extrapolate to the standard adult BMI categories: de Onis, M. et al. Development of a
WHO growth reference for scheabed children and adolescents. Bull. World Health Organ. 856680(2007).

dReported by the study authors

eModel included adiposity status OW/OBNW

fNW: BMI < racsex specific median; OW/OB: BMI > raex specific median
9Qur interpretation

hParticipants were asked to recall their adiposity status using the Stunkard body ratingts@ale h . Y & 2 Y} Stuhka®l LAS)., Kerepsen, T. & Schulsinger, F. Use of the Danish Adoption Register for the
study of obesity and thinness. Res. Pulllssoc. Res. Nerv. Ment. Dis. 60, Q2D (1983).
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iModel also included the following adiposity status changes:M@W andOWIHOW
IModel included adiposity statuses UWUW, UWMHNW/OW/OB, and OBhNW/OW

“Participants were asked to recall their adiposity status using the Stunkard body ratind!séalé a2 Y+ (2G& LIS MT b2Y &a2YlF G208 LIS w 3) Stuikarth A.Y., Se2ngen(iT2& & LIS
Schulsinger, F. Use of the Danish Adoption Register for the study of obesity and thinness. Re&ssatIRes. Nerv. Ment. Dis. 60, 12D (1983).

Abbreviations:

AD:adult-onset;ADL:adolescertonset; ADD Healththe National Longitudinal Study of Adolescent to Adult He&8tBS70The British Cohort Study 197MI: body mass indexBHS the Bogalusa Heart Study;
CH:childhoodonset;Cl:confidence intervalCVD:cardiovascular diseasE; females;GCSGolestan Cohort Stly; HDI-C:high-density lipoprotein cholesterokiR:hazard ratioHTN:hypertension,LDL-C:low-
density lipoprotein cholesteroM: male;MRC NSHIMedical Research Council National Survey of Health and DevelopREebSThe National Childhood Development Survé?FSthe Health Professionals
follow-up StudyNHSII¢ K S b dzNE S & Q NWSbrinal Weigkt; OtesakigNHINatidhal Health Insurance Cohort StudyV: overweight;OB:obesity;OR:0dds ratio;RR:risk ratio; T2D:type 2 diabetesTG:
triglycerides;UK:United KingdomtW: underweight;USA:United States of Americ¥,FSthe Cardiovasc
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¢FofS {nd 2SAIKG f2aa 2dAYESTSalFWRasEIBEAINSa vk 6 K OKAf RK22
Intervention Obesity onset Baseline participant characteristics ‘ Weight loss
Reference Lengttt or \ Mean (SD or range) or n (%) Grous difference
Description follow-up Method of determination Group . P
- (% F) Weight/ Qutcome summary!
period Age (y) adinosi
posity measures
Lifestyle and/or pharmacological weight loss interventions
AExperimental community coBy woz2YLX SGS FI A
Young et al nutrition clinic Selfreport WIPANI & &dz003
19559 " | AWeeKly visits with physicianand | o0 & 1 AWeigpht history interview 143 (85% % (6-70) NR CO<AO
_nutritionist ACK My @ WwOo2YLX SGS FI A
AA variety of WL diets WFFANI & &dz008§
- 0
EW 2025%: 4 (12%) I\P/I%‘(’j';ri? e§,6§ {"2)50/)
) . Selfreport co 32 (84%) (18-69) EW 2550%: 11 (35%) e 0
AHypocaloric diet (kcal/d NR) p po! . o o Good' 0 (0%)
ADruas. maint AcClassified according to EW >50%: 17 (35%) | \ ot yet known: 4 (13%)
Mullins et al., gs: y whether theyhad been
1958 d(;xtroan:pheta_mlnte StUIpTite’ 4 mo known as 'fatty’ at school CO<AO
oy e o " guins vead L cw s 20y | EZTO9)
ONRGSNR2Y QO | a0 69 (71%) | (2079) EW 2550%: 21 (30%) | Moderatet 17 (25%)
EW >50%: 20 (29%) | 5009 10 (14%)
' Not yet known: 15 (22%)
2 % mm: 2N 9
at 4-6 mo: 19 (59%)
comy 32 (59%) 33 EW: 93 % at 7-10 mo: 10 (67%)
. - . 0,
AHypocaloric diet (800 to 1200 Z: 1@1‘,22 mg: %1(6(?130?)
Johnson et al,| kcal/d) )
‘ . 4-28 mo NR (4]
1976 AEncouraged to establish a regulg e[ % ME: 2NJ 9
exerciseprogram
. at 46 mo: 10 (45%)
CO/AQ M & 22 (82%) 44 EW: 74 % at 7-10 mo: 4(50%)
at 11-15 mo: 9 (56%)
at 1628 mo: 6 (60%)
) i ) ) ) CO oy 18 (100%) 325 EW: 85.5 % WL: 8.7 kg
i;);j;n etal, Alr—lec()jsurélttiaolnogltigflctlent weight 10 wk NR NR
AC 19y 15 (100%) 40.5 EW: 69.7 % WL: 6.7 kg
. ' EW: 95 %
AHospitaIiged fast (planned for 2 Cosy 27 42 W: 147 kg EW <30%: 7 (25.9%)
mo duration but could be longer
if desired by the patient and CQyioy 15 42 EW: 88 % EW <30%: 4 (26.7%)
considered medically safe by the Selfreport W: 139 kg
Drenick et al.,| physician). _ PR . . e o W B
1978 APatients with OW after fasting | ~2 ™° Ai\’r\]’;'g/?etx'ztrory (NRif corisy 19 (%) |37  (2576) \vaigg kA’ EW <30%: 4 (47.4%) ggj Ar(;:y
were encouraged to adhere to a questionnaire) . 9
VLCD (500 kcal/d; 50 g of protei EW: 93 % .
and to continue to reduce weight coey 32 40 W: 152 kg EW <30%: 9 (40.6%)
as outpatients (not followed o
regularly) ACKHH @ 68 44 @Wifg k/g" EW <30%: 27 (39.7%)
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ABehavioural weight loss
) Intervention in clinical setting
AWeekIy |nd|V|dgaI mee_tlngs with COk wn e EW: 65 % WL: 7.0 kg
therapist to review eating and 47
exercise records
Jeffery et al AWeekly group sessions with Selfreport
1978 y v lessons on the following topics: | 20 wk AWeight history (82%) | 41(16-63) CO > A0
selfmonitoring, stimulus control guestionnaire
techniques, slowing the rate of
eating, generating sougl support AG 20 24 EW: 72 % WL : 5.4 kg
exercise, dietary planning,
preplanning, and individual
problem solving
. 0, - 0,
CG12y 34 (100%) 39 (1864) 5\/ng3 I£40L50) % \IIEVVIY'LZZSkA)
F:EW 46150% : 9 <0 K9
CQs1oy ) EW: 81 (46150) % EWL 58 %
FEw4as0y | 02 (100%) | 33(1661) | \y 1681 WL:27 kg &
AOKHN & o EW: 75 (4A.50) % EWL 61 %
F; EW 4a.50% 302 (100%) 44 (2167) W: 102 kg WL:27 kg
CQo12y EW:78 (40150) % EWL 70 %
42 (0%) 39 (1864)
" - . M; EW 40150% W:126 ki WL:38 k
AHypocaloric diet (Optifast; 300 ° 9 9
kcal/d)
" CO31oy EW: 82 (4aL50) % EWL 58 %
0,
AOﬁeredext‘ended care resources Selfreported M: EW 40150% 86 (0%) 33 (1661) W: 133 kg WL: 33 kg (%)
Genender et psychological support groups, 22 wk P e .
al., 1982 individual psychotherapy (when | (mean) ANR if interview or
) indicated cF:r lye uested?ybehavio questionnaire AGH " ¢ 445 (0%) 44 (2167) EW: 74 (4a50) % EWL: 66 %
ated orreq : M; EW 46150% ° W:121 kg WL: 33 kg
modification classes, and
nutrition and exercise counseling| caey 2 (100%) 43 (6 EW: 178 (15@50) % | EWL17 %
F; EW 15@50% ° W: 151 kg WL: 17 kg
(0]
AQKH N @ o EW: 170 (15@50) % EWL34 %
F; EW 15@50% 4 (100%) 47 (2167) W: 153 kg WL: 33 kg
CGQ31oy 0 EW: 188 (15@50) % | EWL48 %
Mm: Ew 15@500 | + (0%) 32 (1661) |\ 200 kg WL:64 kg
(6]
AOKHN @ o EW: 170 (15@50) % EWL57 %
M; EW 15e250% 5 (0%) 47 (2%67) W: 177 kg WL: 62 kg
ABehavioural weight management
intervention w8 0 . . o
ADietary regimen (protein sparing Selfreport COox 8 (75%) 33 (2639) BMI: 46 (2973) kg/n? | WL: 19.5 (3.6) %
Nasr et al., modified fast; 1.82.0 g AWeight history
1982 protein/kg IW), fitness 3 mo questionnaire and CO>A0
counseling, behavior interview wy @ o . . o
modification, and supportive ACK 8 (75%) 39 (2663) BMI: 39 (2663) kg/n? | WL: 16.2 (2.8) %
psychotherapy
] W: 102 (19) kg
AMedically supervised liquid
g%ré’zar aetal, | mula diet (900 kealld): 5 awk Selfreport 36 (70%) 42(11) BME 37 (6)kg/m? @
packets of Procal (Rane) and CO 8y BMIL: NRcg/m?

FM: 44 (7) %
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A3.5cups of 1% milk, plua
packets of fiber supplements

AQuestionnaire: Eating and
Weight PatternsRevised

W: 98 (17) kg

weekly oneon-one counseling (QEWFR) ) 20 (70%) 44(9) BMI: 37 (4)kg/m? BMIL: NFg/m?
sessions ACt MY
FM: 42 (5) %
Selfreport
AWritten report of weight
history and obesity onset
< . . and 2 interviews .
- . WL: 6.3 %
A;ﬁg“:ﬁg’r‘\‘f ‘r"ée'rgah;] APatients recollected and | ., 44 (66%) | 42 (9) W: 136 (32) kg °
< 9 progra recorded the weight, BMI: 45 (9) kg/rh
APsychopharmacological heiaht. and age when the
treatment of any identified firs?cc;nsi der(g d y
psychiatric iliness that might themselves to have
Guerdjikova contribute to overeating and/or .
o - 6 mo OWI/OB and felt distressec
etal., 2007 physical inactivity because of their weiaht
ABehavioral dietary counseling p 9
. - AcCalculated BMI,-8core
(focusing on healthy eating, for weightfor-age. and
exercise, and other lifestyle percen%ile for BQI]\/I-I'for age
Al - : WL: 5.3 %
changes) strongly encouraged b AChildhoodonset (217 y): . 69 (65%) 44 (13) W: 1_19 (27) kg (!
not mandatory .| ACK MY BMI: 43 (9) kg/rh
Z-score > 2 and percentile
for BMHor-age > 95
AAdult2 y 8 S0 6 x
30 kg/n?
AParticipants were randomized
into one of three intervention
) . Selfreport
groups: standard behavioral P .
; ) . AWeight history
weight loss; standard behavioral Lestionnaire asked
weight loss with additional f}J (8t 800 sKSE )
strategies at the initiation of the extremely underweiaht WL
intervention; or standard y gnt, - WK 102 (99, 105) kg | at 6 mo: 8.7 (6.7, 10.8) k
. : . underweight, normal 5 61 (82%) 40 (3248) . :8.7 (6.7, 10.8) kg
behavioral weight loss with weight, overweight or COK my @ BMI: 34 (3) kg/r atly:7.8(5.2,10.4) kg
additional stratgies at ' . at1.5y: 5.2 (2.5, 8.0) kg
predetermined times over the extrﬁ melﬁ oveIT\Ne_lght at
intervention period. eac ~Ofvt e following_
AAll three intervention groups Llezlmseniargf::r?cl)ﬁl!\lj‘usnior
received group intervention . T
Rupp et al., sessions; a dietary prescription 15 ?1'9521% Z)l, 4&)2: |ghaizhool
2016 for reduced caloric intake (1200 =Y 26c35 yy ' Y:
10Ff kR F2NJ LI NI p - a -
90 kg) and 1500 kcal/d for Ag’\gnﬁ? ﬁt %rz )ﬁtresmelz Y
participants weighting > 90 kg; overweight at age 1&7y
20-30% fat) and a prescription fo < Vel p g < J p
. L . AVl Rdz G 2y asSu WIK
physical activity (progressive fron or extremely overweight
100 min/wk to 200 min/wk at P IA ; W99 (97,102) kg | at 6 mo: 9.4 (7.9, 11.0) k
moderateto-vigorous intensity) bu 13S % md AC 18y 116 (77%) 47 (4050) BMI: 33 (3) kg/rh @8, ) kg

AAdditional strategies in 2 of the
intervention groups included
supervised exercise at group
sessions, additional campaign to
promote physical activity, and

additional telephone contacts

AExcluded if reported being
overweight or extremely
overweight at age <15y
but not at age 1§17 y

A

at1ly:8.8(6.9, 10.6) kg
at1.5y:7.1(5.2,9.1) kg
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coy

8 (63%)

WL: 3.05 kg

Selfreport FL: 2.11 kg
AWeight history .
X o . jdzSadAz2yyl AN 517y 4 (50% WL: 3.8 kg
AHypoca!orlc diet (1120 kcal/d): what age did you first Cco (50%) FL: 0.06 kg
randomized to total meal consider yourself
Akter et al., replacement (Optifast 800) or S & N & « o . ) WL: 4.57 kg
2020 typical diet (portion control to 3wk 2@SNBSA3 K i K c ACHE25Y 8 (50%) 32 (13) BMI: 35 (3kg/m FI: 2.82 kg
; L AResponse options: never;
reduce calories but no significant] < < < i
changes to typical foods eaten) OKATRKZZR 0n 649 9 WL 2.97 kg
gestotyp FR2f 3208y 08 | ATSYY 7 (57%) FI: 1.64 kg
g2dzy3 I RdzA G ; "
oHcmndOT €1 U aox pn @ 1 (100%) \livlll:--oléskgg
atly
WL 2.6 ¢0.4, 6.1) kg
WL: 2.1 ¢0.3, 6.4) %
W: 124 (28) kg
. CO 18y 40 (78% 36 (10 . 2 ME:2Y C
AObesity outpatient clinic (78%) (10) BMI: 46 (9) kg/rh [
AMedical, psychological, and at end of treatment
nutritional care appointments ) "
. . o WLU: 2.4 2.4, 6.6
Prado et al., APre_scnptlor? of medications for | , y Selfreport ¢ ) kg
weight loss: sibutramine, P - .
2023 : ; . (mean) AQuestionnaire
topiramate, liraglutide, atly
fluoxetine, orlistat, bupropion, or )
a combination of two or more wﬁ gg égg ;ég ‘I)(/g
drugs W: 109 (19) kg S ES o)
ACK My @ 84 (87%) 48 (11) BMI: 41 (6) kg/rh 2 % MJE:ZY MH
at end of treatment
WL 2.4 ¢1.2, 7.9) kg
Selfreport
PO . . . W: 95 (3) kg WL: 3.6 kg
Qxigﬁgﬁfé‘;ﬁ"&zg";‘ge | Coepmneny 13 (68%) 30 (1) FM: 40 (1)kg FM: 2.5 kg
. 0, - 0,
age 10, puberty, age 20, FM: 43 (19% FM: 1.1 %
AHypocaloric diet (20% energy and current age using the
deficit): 50¢60% carbohydrate, Collinsand Stunkard
20¢30% fat, 20% protein. body rating scales as
A10% increase in energy appropriate.
Almeida et expenditure through aerobic 12 wk
al., 2024 exercise: three 48ninute Objective
treadmill or elliptical sessions pe AParticipants provided
week with one session supervise| photographic proof of
AWeekly followups body size around puberty W: 91 (3)kg WL: 3.6 kg
10¢14 Id fi ’ e
(10c14 years old for AG 18 12 (67%) 31 (1) FM: 38 (1)kg FM: 3.5 kg
females and 1215 years FM: 42 (1)% EM: 2.1 %

for males).

AThe photograph was
compared against the
Collinsbody rating scale
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Bariatric surgery interventions

Pekkarinen et| - 5.4y Crepuberty W: 141 (10&06) kg | WLNR kg
al. 1994 AVertical banded gastroplasty (r-nean) NR 27 (70%) 36 (2248) BMI: 50 (3965) kg/n? [%]
K COJAQ@estpuberty EW: 116 (NR) % WL: NR kg
Rowe et al ASilastic ring vertical stapled Selfreport coe W: 124 (94167) kg BMIL: NR %
" > 0 . ™ ¥y 18
2000 gastroplasty 6 mo AWeight history interview | 35 (91%) 41 (2154) BMI: 46 (3660) kg/n? CO* " AD 1oy
AOx My & BMIL: NR %
CCphildhood 92 x cUmE:Y co
Sillén et i § ' Selfreport dolescence o W: 136 (85254) kg R e CChildhood<
al.2017 ARouxen-Y gastric bypass surgeryl 1y AQuestionnaire co 281 (70%) 41 (1667) BMI: 46 (3281) kg/n? 92 [ xXCcUmE:Y pT CQpdolescencec AQ)
AO 92 [ x cCcUm:Y Tp
Selfreport o W: 130 (101183) kg EWL: 62.9 (15.9) %
ANR if questionnaire or CQrepuberty 81 (88%) 87 (1659) BMI: 47 (4667) kg/n? | EBMIL: 76.1 (19.8) %
interview EWL:
APuberty period defined by CQubety < CO
Erdogdu et ALaparoscopic sleeve gastrectomy 1 pubertal development 22 (95%) 32 (2245) W: 126 (101175) kg EWL: 72.7 (12.8) % puberty & CO/A®PSt
al., 2018 s y scale Cuberty 0 BMI: 46 (3556) EBMIL: 85.6 (13.8) % puberty
Achildhood obesity: BMI
percentile > 9% EBMIL: @
AObesity onset was <touber o W: 123 (92165) kg EWL: 62.2 (17.0) %
Classified apre-puberty, | CO/AG=Pey | 62(79%) | 41(2361) | gy 45 (3567) kg/n? | EBMIL: 75.2 (21.8) %
puberty, and pospuberty
wee
at 6 mo: 22.9 (22.3, 23.5) %
at1y:26.7 (25.9, 27.5) %
W: 127 (18) kg at2y:25.1(24.2,26.1) %
ca. X wn e | 528(69%) | 45(6) BMI: 44 (5) kg/rh at3y:23.2 (22.1,24,2) %
at4y: 21.2(20.2,22.3) %
at6y:19.9 (18.8,21.0) %
at 8'y: 18.5(17.3, 19.6) %
at10y: 18.3 (17.1, 19.5) %
WLe
Selfreport
AQuestionnaire: weight at at6mo: 21.7 (21.1, 22.2) %
age 20 y at 1y: 24.3 (23.6, 25.0) % co. % .
< ; . . SHn o @
Kristensson | AGastric bypass, banding, or ABMI at age 20 y: <25 ) , at2y:22.8(22.0, 23.5) % © K e
etal., 2020 verticatbanded gastroplasty 10y kg/m?2 (normal weight), ca® X wn ez i 144(69%) 47(6) W: 120 (16) kgm at3y:202(19.4,21.0)% | CO” " H: Zg;
25¢29.9 kg/n? BMI: 42 (4) kg at4y:19.1(18.2,200)% | AQ
02FSNBESAIKGO at6y:17.3(16.4, 18.3) %
kg/m2 (obesity) at8y: 17.0 (15.9, 18.0) %
at 10y: 17.0 (16.0, 18.0) %
wt
at 6 mo: 21.6 (21.1, 22.2) %
at1y: 24.5 (23.8, 25.3) %
at2y: 23.2 (22.4,24.0) %
AG: X un es | [25(74%) 49 (6) W: 118 (15) kg at 3y: 20.6 (19.8, 21.5) %

BMI:42 (4) kg/rA

at4y:19.8 (18.9, 20.7) %
at6y: 17.7 (16.8, 18.7) %
at8y: 17.1 (16.0, 18.1) %

at10y: 17.1 (16.1, 18.2) %
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ARouxen-y gastric bypass, sleeve COo18y W: 142 27K OR of WL < 20% atykar
gastrectomy, or on@nastomosis | 1y NR 14404 (74%) | 44 (12) "~ 9 postsurgery (AO vs. CO):
. L BMI: 49 (8) kg/rh
gastric bypass AQK My @& 0.84

Fink et al.,
2023

COBY> AGMY &

'C2NJ t ATSAaGetS I YRK2NI LKEFNYIFO2t23A0Ft AyGSNBSyas2ya

°C2 NJ 0 I N IAGYNRSONIESHNER S/NiE

tUnless otherwise stated or not reported

dBased orp<0.05

& SNOSyid FSYILtS hBE WMPBRY 2NAIAYLIE O2K2NI o

EWL < 30%

9EWL > 30% but EW > 10% in cases of mild (EX89%) obesity and EW >20% in cases of moderate (E8W%} or severe (EW >50%) obesity

KEW < 10% in cases of mild (EW2B96) obesity and EW <20% in cases of moderate (EB3U%% or severe (EW >50%) obesity

"R2dziey3d FT2NJ 383 AaSEsX RASG 3INRdzAJ YR LINBAY(ISNWSyoe2y o062R& ¢SAIKGZT FLaO YFHaazr FyR .al

AaSRALY O0AYGSNJjdz NbES NIy3So

UR2dzaGSR F2NJ 3835 ISYRSNE NI O3 VNBA ViyENIIGe AWNR dzLJE | yR GNBFGYSyd 3INRdzLI

Y 2ftAya a9d . 2R& U3Idz2NB LISNDSL2ya yR LINBTFSNByOfayl Y2y 3 LINBIR2t Sa0S8Syli OKAfRNBYy® Lyid W 9l 5A4az2
Y{hdzy1FNR ! WE {2NByaSy ¢z {OKdA aAy3aISNICod ! &S 27 (KS azl2yon avwS al PSINGR ya SnySra d6aA (5 3NI MTtey N TicknSy mavipdzRe 2 F 206
AGFryRFNR SNNBNI 2F GKS YSIy

Sty o6dp: O2yURSYyOS Ay dSNDI O

1 00NBOAl a2yayY
! hYNR dzL) ¢RYKESERAABRREE VI BHMIAYREEYI 84 AYRSE {/ha&QAR ARISONBEYDRAREEBRDEaa o02Re ya&aoﬁymsx&mémm
GSAIAKTCYSYEABWE 288 6068 0A2St LRWNNHViYRRELBR BRTRB By AKEABASTY R NRbREDG | 8BNS SA IHHEAIKG 254
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A note on ani mal -ommosdeeti 8 d sofnt scehti |odbheosoi dt vy

Al t honuignhala model s havfeorbeuemd d rnsdti asmpceinmsgabdleesi t y
devel opnmeanvte ddretyri but ed | it tolneoditeos irdtd ya toandsupluti s hi ng
obesNothyet hel ess, evidence from these models aligns
resi st anocnes eith oabdeagjittea t ke s giits&k of t yopnes e doibaebse tteys. |

Two studinege sthhowa-dedtced obesity initiated at d
mi ce affects gCardGhHachoonmeeattsitaalsG5 7 Bah/1 § &t rhid @ent
weeklsper(i pomsted 320 weekb2 owakbbs (-afdsemimg et o 25 weeks
ol2dRNi shi kawa et al . fC&d Bd dteH i Ajdaltet darned sfieeneddliisen g a't
weedklsper(i polhesett 352 weekdwlot3dt ( mi d

I n both sdmuddetesgbadiutly resulted perrgpobhset awe i
obegi%aiit hough this difference 2Whiss Hieksasw g reotn oauln.c ea
reported a | arger increase in taickwintaet oobesiay to
to periomskeer toblesi ty, consistent with findi-ngs tha
inducednobobéesBt wetdaks® of age.

Despite gr eatmdrcevaatiivgfitsoebtyp atihtgiitncose t ol erance w
bet?téberr not 23 ir fofineorsegméwii tphroms et alob ensiutl y n t ol er ance me
120 miwast @a$ so Inet weiechef pewriretint vabnedr -tmd tolintsoebte $3°t y
However, insulin tolerance during thebddy sitnsewl imm
sensi?thavsi tiymp a imi € @ mivia d eohnésoebte $3%0hyi | e advancing age «
theor atliseadlulcy i nsulni n Fesdeumdtede 1 ,v gttlgiugp i s rarely obse
C57BL/6J mice under tR¥se experimental conditions

Worse insulin sensitivity but -osnisneitl aorb egsliutcyo sceo I
to t hosuwietrhisa@ e rmoabye ssiutgypgp e P2 Ipehit dlbwgtemresi s varies

obesi tyi mnsegl.ucose tolerance reflects both insuli
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acl ear dbieftfweereenncoenseti g g e baugdsjhsaituynct i on i s accel er at
pepubertal Howetv ed h e Ci5t7B.L/ 6 IJb-cneilcle dryasrfeul nyc tdieovne | oorp
hifglat diet, making them sudédpti mal for studying d

Usi n®wibe Webster smeuwee tfsaltia idieftic ehdi Ighdy sf uncti o
di abetes, Glavas et al. confirmed that-odegpite gr
obesity, tphwhser twdlt hompsati obesity havef adigdteattes . ir
Femal e Swiss Webster mice did not develop diabete

onskHawe v e ron saedtu lohb etshietsye waesmaal ses ontiicaet ed wi t h hepat.i

gonadal white a#®fpose tissue fibrosis.
Mechanistic studies and detailed examinations
aim to uncover the underlying biological processe

cellular aging, that coiniskhiblubmesed tomdeé edd oitbtersdtt ym
Large ani mal smeéeelsasndgbipclhy mere closely approxi
physiology, have been dewmsbkbpdFfBlémweyest udgompgarcati
studhnebudi ng | aadygwwintaat mab e s iilthitelseede |l babkl dgsi gni fi
potential for bridging the gap bB®tween rodent stu
Moving forward, refining ani mal mo d ed nss etto bett

and -adakt obesitylThwisl Ii nbcd uedsesse rnctaireaelfthu Hyllayt aolri gni ng

(¢}

af edteyli@a Wigehdidrege el opment al s €%Bqas ctomati deari anlgl ele n
diversity, sex, and XFtThase iefenpmenmenwial | deshan

value of ani mal studi es, addr ecshsiilndgmasetyd @almeti n o

o

besity -tsdhrapemétoalgpont i Bathbpl tdlevel opmeretatonfe ntt &i. | or e
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Rati oabgclte ,velsy,poadarhceses

Peopl e wi tomsehi loblesady have a greater ri sk
wi t h-o;ndswltt obesity. However, we do not under st
di sease risk discrepancy or whedéddelri néeheisre mec
SsubcutaneousSAdiupmacda otni Jue.(, the ability to
adi pokineipr obdmgeea od padida matyes heref ore occur d
wi t h c hinlsceh o ceaandsoda @ sCilotmp.ama migeS AT odfy snbeh eve ie 0
peopl e wi tomsehi laamdoesd wibtesi ty, before the onse
help identify potential targets for tailored
these markers change aftentaerweptvtevbhdenpteldi &
evidence on whether weight | oss alone can mod
atter naattn aveb g U kodn shied ecr e d .

The over ar chi nsgt uodbyj ewat 9 nvgera koefr esg hoofa a | SAT
(dys) famdktdaorndi omet abolic characteoemisetti anndbet v
adwintset obesity before and after moderate (~1

The primary obj @c¢ctsisews asfi dbtohd oprses ent
Origamtallcl e

1T To exameneffect of (adie |-dfhoeotle-w b 5, &sflenxs, e ta n d

their interacti onab nn®ébpdhoomiongayl (adnedg rfeeemoof a

hyperplasia.or hypertrophy)

Or ingll aZrticl e
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T

We

To examenefhjecbfobbesit-gnovasevansemilidhood
senescencabmdamk erad iamhkde ffeermeo rand d SaAflt%®)r mod e |

weight | oss

i gamtaBl cl e

To examenebpecbfobbesit-gnovasevansemiluidhood
abdominal and femddasl (AT ciepthampe)pamat Eons
and afterlOmo)deweaitgeght( | oss

hypot hesif oé | owi ng:

Or ingil alrticl e

T

Compared to mal es -oannsde tf eonaelsei st yw i -0t hhsoastleu Iwti t h

obesityhwpkerphageéeéic abddominal and femor al

i gamtaZl cl e

Compared to peropdte ovb d $hi tayd,u {otnhsoeste owbi etshi tcyh iw
have more cells widhdsesmineaslcearde fmamdkreals $ A"
Compared to peropdte tohashd fayd o hoinlskeito mdbesi ty w

have a blunted decrease in these senescenc

i gamtaBlcl e

Compared to peropdte ob d $hi tayd,u dotnhsoeste owbi etshi tcyh iw
have a greated i feoporoiom| aimmslt ory macr oph
celladsdiomi nal and femoral SAT at baseline.

Compared to peropdte ovb d $hi tayd,u {otnhsoeste owbi etshi tcyh iw

have a blunted decrafatved ¢ A @ %)e Svee ii gnmu nleo .
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Bridge

|l original wetomgém tthis dissertation by i nv.
t hat subcutaneous adi poseornsdsets ucebdssi thy paenrd | hysy
adtwwlints et Gibveesni ttyh.at hyperplastic SAT,i $ hecensi d:¢
notion does not align with the increasasdtri sk

obesity
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Original article
Age of obesity onset affects subcutaneous ac
abdominal and femoral region

1T Presented (Eds@pinlwli icehadticl e)

Mur phberda A, Morais JA, Tsou&uisreastAAl Kl odaN,
CookBDaskal cspcgaBdopatnosAgs& of obesity onset af
subcutaneous adipose tissue cellularity diff
Obes202y4 Aug;i3ZRGIL:015%5082/ oby. 24059

Abstract

Ob | e cWeav entealx a mi heeb foebcgeb b e ®intseeax ntdh e nt eroanct i on
a b d o nmainfde Imosruablc utadieppdsEuAaTdr ph ¢ lde goyhede pocyt e
hyperphwppéentrophy).

Met hddshdrsessesct $ touvael s o laadti epbvcigab bk adiegasieo mn
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¢CrofS M® 5SY2ANILIKAO YR Of AYyAOlFf OKIFNIOGSNRAS
Females Males
Effect,p value
Characteristic Childhoodonset Adult-onset Childhoodonset Adult-onset .
Obesity Obesity Obesity Obesity Obesity Sex C?)t)r?:étty
(n=16) (n=13) (n=18) (n=8) Onset

X Sex
Age(years) 30.5 (28.6, 32.4) 30.9 (28.8, 33.1) 30.5(27.8, 33.2) 30.3 (27.5, 33.0) 0.943 0.780 0.780
Body Mass Index (kgAn 33.6 (32.2, 35.1) 34.2 (32.6, 37.8) 35.9 (33.9, 37.9) 30.8 (28.8, 32.87 0.015 0.509 0.003
Lean Body Mas&gy 46.6 (44.1, 49.2) 48.2 (45.5, 50.9) 62.7 (54.3, 71.0) 63.4 (57.8, 69.0) 0.669 <0.001 0.869
Total Body Fat (kg) 40.4 (37.1, 43.8) 42.7 (39.0, 46.3) 43.1 (38.4, 47.8) 32.9(28.2, 37.6¢ 0.062 0.093 0.005
Total Body Fat (%) 45.0 (43.047.0) 45.4 (43.3, 47.6) 39.6 (36.9, 42.47 33.1(30.3, 35.97 0.016 <0.001 0.006
Android Visceral Fat (kg) 0.75 (0.53, 0.98) 0.83 (0.57, 1.07) 1.51 (1.19, 1.82) 1.66 (1.34, 1.98) 0.432 <.0.001 0.744
Android Subcutaneous F3 2.9(2.6, 3.2) 2.8 (2.5, 3.2) 3.1(2.7, 3.5) 1.8(1.4,2.2¢ <0.001 0.038 0.001
Gynoid Fat (kg) 7.3 (6.5, 8.0) 8.0 (7.2, 8.8) 6.5 (5.5, 7.5) 5.0 (4.0, 6. 0.392 <0.001 0.019
Log HOMARP 2.1(1.5, 2.8) 1.9(1.7,2.1) 2.2(1.7, 2.8) 1.4(1.1,1.7) 0.027 0.415 0.214
Log Triglycedegmmol/Ly 0.05 ¢0.19, 0.28) 0.10 ¢0.16, 0.36) 0.38 (0.05, 0.71) 0.43 (0.10, 0.76) 0.733 0.027 0.981
HDL Cholesterol (mmol/L 1.3(1.2,1.5) 1.2 (1.1, 1.4) 1.2 (1.0, 1.4) 1.1 (0.9, 1.3) 0.268 0.059 0.893
LDL Cholesterol (mmol/L) 2.7 (2.3,3.1) 2.6 (2.2,3.1) 2.8 (2.3, 3.4) 2.7 (2.1, 3.2) 0.684 0.750 0.848
Total/HDL Cholesterol 3.5 (3.0, 4.0) 3.7(3.2,4.3) 4.3 (3.6, 5.0) 4.2 (3.5, 4.9) 0.926 0.052 0.628
cfPWV (m/s) 7.2 (6.7, 7.6) 7.2 (6.7, 7.8) 7.5 (6.8, 8.3) 7.6 (6.7, 7.8) 0.862 0.269 0.896

Results are leastquaresmeans (95% Clror females with C@,= 14 for HOMAR. For males with C87 7 for HOMAR and cfPWV.
When the obesity onset x sex interaction veatistically significanfp < 0.05) groups were compared with Tukey pdgic tests (alP< 0.05):

aRobust standard errors used due to unequal variances.

bNatural logtransformed.

Different from females withlCO,p < 0.05
dDifferent from females withAO,p < 0.05.
eDifferent from males withCO p < 0.05

Abbreviations:

cfPWV= carotidfemoral pulse wave velocityiDL= highdensity lipoproteinHOMAIR= homeostatic model assessment of insulin resistance;

LDL= lowdensity lipoprotein
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Suppting I nformat.i

Responded to advertisements
n=1552

v

n

Not assessed for eligibility
*  Did not respond to follow-up

v email/phone call: n= 57
Assessed for eligibility
n=1494
Excluded
v Ineligible

* Age<25o0r>40years: n=414
) *+  BMI<30or>40kg/m% n=928
Recruited *  Medical condition: n= 25
n=45 +  Medication use: n= 54
*  Smoking: n= 12
*  Other: n= 5

Eligible but not recruited
h 4 *+  Declined to participate: n= 12

Data available for AB and FEM

SAT cellularity outcomes
n=45
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Original article 2.
Senescence markers in subcut anewarss psoaasdbutiptocy
obesity before and after weight |
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Abstract

Objectheeaim of this study was to determine tt
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Bridge 3

l original wetficbed 2t hat compased tobefse myl e
wi th chinlsehoomdbesity have an accelerated pread
weight |l oss in terms of DNA damage but not se

|l original] wetslkift 3our focus to another co
comparing SAT macroplaadetahedr Tcbahigepr afitlesm

wei ghotb eltonsesen f emal e@a switt reonuhealdddimeodi t y .
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Originad3 article
The age of obesity onset affects changes in s
cells after weight | oss

Mur phModais JA, Tsoukas MA, Cooke AB, Daskal
Abstract

Cont Adt pose tissue i nwhydmad tsi hovil tdhacgyeed xpbas nt y
(CO@l)avkei gher ri sk of t ywpe h2o0adbivdthh ed beess itthya n( Ad)o s
Obj ecWadavened t o dettehaegre nef wb bGeQrisA§a fofnescetts (
abdomi nal saunbdc ufteamoeroaul s S A)d impnaunep rtoigdodrutei olns bef o
afmederate (~10%) weight | oss.

Me t h OMes :c o | al bedcot nai diide ImoSrAall f r om f e nmaA Qe sb efW®@Ohe CO
n=14; nx0O3add af€C@x8 AMEGH6Hi-and exeardawicea wei ght |
used fl ow cyt onpertopysothoa ognuoapnhtai gfeys rnahteth eT cel | s
stromovascuba®ATegrconen of
ResuAbddamCD&@D20macr opwheargee sl i ghtly higher in A
but decl iegqedc lbiextivhe@e,n gr oup sFamdCead@8®@E20D ght | oss.
macrophages, as wel ICDa68BD& ibnbeoarri cmpH £daasD 8% redno r a |
cells, did not differ between groups at basel
femor ddDAWD8Rel |l s increased after weight | oss i
Concl Wamiexrp:ect edl y, f erma lddidglhwe rt ha bAICh kineanvaep r ™M1

i nfl ammatoryd macrophages compared to those w
weight | oslsasdlecieted st maaet unaffectkruwt btyheage of
CDXD4populdoptoit emptrioaal nkitym f | a ndmantcorreyases after wei i

in those WAThi Mm@une cel l profi | est ynpaey 2n odti afbueltl
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ri sk associated withmdde wat ¢ghhte |basosadoerr cedrfdicar
heal th
l ntroducti on

Childhood obesity o#f%Berni npgeirnsgi swist hi nitto aa dhuol stth
abnor mM?Eompased to people who devel oponosbeetsi ty
obesity (CO) face a heli®gnefeAeEdE2ANRS K1&D ft htey pe 2
mechani sms behind this i ncr egarsaedde riingddkl armemmaatii no n
i mplicated i n botblteil ns wlyi8fimane sgilsdna nac ek eayn dr ol e .
| nf | amanag @ omo narrti ebruiteels sttoi f f ness, a mar ker of
di sé ncr eratseerdi aal stiffness often precedes the
type 23idahbdetiess | i nked to the microvastcyuplear an
2 di db%etes.

Adi pose tiasaemwstkealvierskiarsg i nfl ammati on t o ¢
As both an i mmunological and endocrine organ,
i nfrhaatmory f actors that cDaumr iancgt olboecsa ltlyy doerv esl yospt
adi pose tisaundedmaentumrey cer d fi inlf ¢ @ mantait fotr yf t om pa rot
i nf |l anmm@&hiolrdr.en il tr e xdhynebscittoyphage i nfiltration
and elevated circul,ats u@heiact!|i ashéWilgpdrioonteeri mam &ienr s
adi pose tissue and systemic inflammation wors

Our group has compared Addlippaud eattiionNnsu éd emavere
bariatric surgery -paseenotbBesvityn CAOOpnhdmadalh ed
status. We found that t he -laigleeionfplroabnensaitteyr yodbn saen

| i ke-i 6B hammat or y 6t ematc riomp haabgdeo ncioma | Ssubcut aneou
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and visceral atipwesweert, swaedd VIRGt) .know i f suct
adults with milder obesity before the onset o
ceshhd circulating adipokines.

Furt hermore, we do noaonvehtiyomaldewsit gmtd wh €
effectiveflVyamamgepeongDeawdt W®olme-i pf bammat ory
adi pose tissue i mmune cepfPl%5sthliescriesatsteetadatlsewa yhsat
| isftey | e i mMtdeersweaarrtdiicomset abol?%®t& Wempuspemeént at t |
obesity coonnstertit dmiatye vtaa i abi | i ty.

Ther esenai nsetalxcdiygi he ef fect of QQYesAQ@f oombesit)
abdominal and f emor aleldATp ofpaucl rachp hogngse a s n denEk ) a
circul ati ag9dahlc¢ Ipiokii mals cardi ometabolic risk f:
stifbektesg and after moderate (~10%) weight |
Met hods
Parti ainglarsttaady desi gn

We recruitesdmdlkiand hadula® 5fGeanarl =53 &R $dig e
kghAmwho acquir ed pogoneise rttyy e(i @diedr)f . omaed easft er t h
18 (AO; nEe3alseshset of these participants wer €
st wPyarticipants provided photogr aplii cy eparroso fo |l o
and veribbideged st Weif fusi @m0 lalgierss 6 CHRialtd magd®dS cBad ceys
and the Stunkar.dDeatoalilyli eRihb é Inliga dSecear iepeeviaous | y
descPEbbidcal approvatlhCcwasootdtai bedveremty Hum

Et hCaeammi.tlthAeepartici pants provided written info
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The study design ha%i roeberni efr,e vti hoea sshtausddye t cacer
22we ek weight stabilization pewmeiekd ,wed gwdi gghta bli«
periTbd. wei ght | oss period ended when particip
body wei ght . sEltes mesdt@dsomwli edtge cast oward the end of
stabilizatiehopgehbha#dtopometric and body compo
duaher-ggy xabsoampd-LBmebshygle comput,ed ntdoimoegcrta p h
cal oyi mat bl aro dardtrearwi, al starfafrnbedssminmeaals u(rleareenrta, |
periumbilical region) and fyeSmarnalar(dl atldmalc adp
measuremegtacpserumot al cholRlstehonhdaestHdrLo Ic,h ol
triglycweir dethyk dmaBlea@liinnei.c al °'asiesmane nftdocedur e
hedeen prdees ordshgehd. partici pants with CO and s
compl et e dsbaostshe shsenieonrte and after weight | oss
Lifestyle weight | oss protocol

Details of the wéieght prevs diPadtyooalphlingedwe
instructed how to decrease their energy intak
and to increase their energyoeoeéexypemdist ume empi t
exercise (treadmil |a atnedi/ealrg e I81&i ¥4 tpir coalwycso It ar g e
adapted from a previougl® successful weight |
Subclinical cardiometabolic risk assessment

We assessed plasma insulin concentrations
cardiometabolic risk. MfMeaasmaecaidnWman k edconcentr

i mmunosorbent assay (ELI SANt € Ri&DIwsgtsiafemmess O,
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cardbemor al pul s(ecfWwaw ¢ ngelappil aypwati on tonometry
Medi cal , Sy danse yp r efve socursifbyie d )

Circulating Adipokines

Pl asma concleamsg mianogars adlt igvPaptl o rmoinmohciybtiet or

chemoattr att@MEP prantdeeimesaissutrierd usi ng aE Human F
Simplex Kit (Thermo FWahetehaB¢ci ®AAgsMEBA) [I nvitr
concentrations of | ept8 n(R&D i Hyoantecm(sArph,c aamad «rNl,
Canawleeamme as uredd SV ponaatdiamfi ammat-eenwsi t hguhgn

adi pokine, sahkedl@ftblenmat ety

SAT i mmune cell analysis
SAT i mmune cells were isol at3é®raefld gnatktyse
stromovascul ar <cel |l s fweains calpaptreodx i brya tced Iyl alg egn aos

pur i,dtieeidned with CD6&nC®286s T EDGgaeBIDanal yzed
usi ngcodnr8 BD FACSVecesge EBD Boseci €Eali forni a)
version 9.3.2 (TreeStbbhlreh@®@@s ,odAsatsamghd Or egon
fluor emsocnamee coNegguahsi fi ed CDIE& 2n0(M1H & Yk eo f

macr op@RGREH20(6MR i ke) maChEPHAyelsprer T r egul at or
cel] | €ED&DBcyt o)tToxi€dulrs gating strategy for i mmur
di spl &y ed r\wken S xpmensisedquistihdass a percentage of |

stmmoovascul ar cel |l s.
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Compl ementary adipose tissue analyses

We measur ed me anasa dprpeovciyotuds Avgodiiduensec n a bley, we
conducetxe daimmb y si se orfetSiAdins (conditioned medi a)
usiEng et ail ed®?B1 sewher e.

Statistical Anal yses

Datt@mal yses weaeise ngoisdABctved si on Basdel(iShAeS | ns
participant crhapg st adeiantsi o aSnipivi) e eéadma e nwigtrhou p s
independent t tests.

For mawamal yses, we used margi nal model s ( SA
REPEATED statement) and applied restricted ma
unbal anced dat a andayv ardijaursde tshieh e ceisio ddeulddéiitise d i b |
adi posiemmuissueel | pdiopocyti-®easi eeedoasdBEpdnectir
outcomes and group (obesity onset), SAT regio
way interactions as dixeul dtaicih @ c 8gird@upe, moisned ,s
and thlkey griome@ i nt er acWel ouns eads |fiilx¢eldis Ibf gaoctlt corrase il e c
appropriate covariance structure (cempsunaodrsy
unstructuredWNef asseaskdmottdel normality of resi
ShapwWirlok test and ,byamdrshutsegif oir meepde cdteipcemdent v al
necess&megrwiRndger was hosed to esti mafédet he degr
decompiogreidf iscam¢$ gmna @hiacradlloeyv aamtd wiitthhi n and b
cont Wwasensthe t hr ewasvagn iivinet ctatelceteitpoynro s p me and
group by region interactions at each | evel of

angxamisnengl e xoNNnaeacddd
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Wee x p rde snsoed e la sreeasgutd @ rse sl smegdadms % Cl ) or di ff el
| smeans TM&bs%WneClns., from welaeack or mawns dat med t o t
scdloe easierThaattdrepreratczwe ba@ac k smeamsf or med f or
out comgithve nrgat i o of t &3 fgoelodned iWetce mesoteeadihssC o h e n
dd=% s@g)}J Y using the model t d¥’8f hers aomvertige & e
He dogggg=d( 1 1di3/1()4) to adj ust f288t stmadtli calmpdiegrs
wasetp<aD. 1 for iprt &r @86tfons mand, efcfoarstistamd ov
prior .A%&s’8%r ch
Resul ts
Participant characteristics

At basaerltiincei,papans d&Qt hn o QO i faRyelr , i @ar melai ni c .
bl ood meaBabllkbtleédrtes Were no differences in base

participants who completed the weighMn)l.oss pr

¢FrofS M® 5SY2ANILIKAO YR Of AyAOFf OKIF NI OGS

Childhoodonset Adult-onset
Characteristic Obesity Obesity p value
(n=14) (n=13)
Age (years) 30.2 (1.0) 30.9 (0.8) 0.583
Body Mass Index (kgAn 33.5(0.8) 33.9 (0.8) 0.732
Glucose (mmol/L) 4.6 (0.13 4.7 (0.1) 0.663
Triglycerides (mmol/L) 1.0 (0.1) 1.2(0.1) 0.405
Total Cholesterol (mmol/L) 4.5 (0.2) 4.4 (0.2) 0.961
HDL-Cholesterol (mmol/L) 1.3(0.1) 1.2 (0.1) 0.616
LDLCholesterol (mmol/L) 2.7 (0.2) 2.6 (0.2) 0.879
Results are means (SEM)
an=13

Abbreviations:HDL= highdensity lipoproteinLDL= low-density lipoprotein
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Participants | ost an aver agleotoafl 8ankdg ,p eorrc edn

fat, as well as visceral and s whhewtigetoup sand
at baseline and declined simil artlggyy mairad sfsatgrro:
remained unchanged withawled ght | oss in both g
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F Y R

¢lFrofS Hd . 2Re 6SAIAKAG yR O2YLRaAa2z2y 0ST2NB
Baseline Final Effect,p value

Characteristic ChiIdhooqLonset Adult—or]set Childhooc'tonset Adult—or]set . Group x

Obesity Obesity Obesity Obesity Group Time Time

(n=14) (n=13) (n=18) (n=16)
Weight (kg) 91.3 (85.9, 96.6) 94.0 (88.5, 99.5) 82.6 (77.1, 88.2) 85.9 (80.0,91.8)| 0.428 <0.001 0.806
Total Body Fat (kg) 41.1(37.3,44.8) | 42.7(38.7,46.6)| 33.4(29.8,37.0) | 37.5(33.4,41.7)| 0.176 | 0.004 0.4
Total Body Fat (%) 45.2(42.9, 47.5) 454 (43.1,47.8)| 41.7 (39.4,44.1) | 42.4(39.9,45.0)| 0.768 | <0.001 | 0.619
CT Android VAT (kg) 0.79 (0.56, 1.0) 0.82 (0.56, 1.1) 0.67 (0.43,0.91) | 0.61(0.36,0.86)| 0.921 0.008 0.332
CT Android SAT (kg) 2.9 (2.6, 3.3) 2.8(2.5,3.2) 2.4(2.0, 2.7) 2.4(2.1,2.8) 0.9B | <0.001 | 0.173
Android Fat (kg)/Gynoid Fatf  0.54 (0.48, 0.60) | 0.47 (0.41,0.53)| 0.53(0.45,0.60) | 0.48 (0.39,0.56)| 0.196 | 0.780 | 0.5%

Results are least squares means (95 % ClI)
Abbreviations:CT=computed tomographySAT= subcutaneous adipose tissWAT= visceral adipose tissue
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Subcl iamridd almedt b off act or s

The obaeasetygroups did not differ in plasma
stiffness at Dbaseline. Across gr ofuplsd (p9 5% mal
1.07,p=1.06¢s16,; 56 H)PwWwwdr eased by O0.64 pr/Os 0095 % C
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gAGK OmRNIAFEKIZ 2P0 S&a A (@

Adi pokines
After weight |l oss, plasmafbbkdgt{a@5wo@centr &
<0. @e12.77) antdl pobmaceat PAL i-foml de(cI 2% s@K: 11 .25,

0.0d=6;1.46) adrngss egiiZouddbefe were nobwrmep, ti

interaction effects on the plasma ckhincBmd r rati

C E.)oandadr (Fo me)tei Mhe adi ponect i-cno ncdointcieonnterda t i
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medi a, however, incrdadad (@5t Cdawellgld2n;l 86 ¥ 8

across groupsFan@) SAT regions (
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Adi pocyte Size

There waby aghbwoaunme interaction Fongumeeahhadi p
grocuypegion interaction was significant at bas
femor al region than in the abdominal pesegi on i
0.09=2;1.36) but greater in the abdominal regi o
(285 pL [95%=CD:g0=085;. 1B)6PhMhenegrn b egr acti on was
significant in the abdominal or femor al regio
(95% Cl: 180, 609) smaller in the CO T oup th
0. 0@=1L.68) and not different between groups i
adi pocyte size decreased wiOth 588i))ghtnrledge albyd o

(p= 0.g=014.;43) and by 280 pL (95% @4 :0.4B821:512) |
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1.16). A slight difference in the change over
decrease in the abdobmnw epgl onegnoe)yatedonhoatdat gr
mani fested differently than agtr ebaatseerl iinne .t hvehifle

region than in the abdominal regipe=n Oi.g=2tlhe CO

1. 4t3hhere was no regional difference in the AO
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SAT i mmune cell s

There wabyagbhbwoaunme interacti oMlloinket he propo
CDe6@D20macr ophiagesien(dbi cati ngdt héaeirre hteltegrohiaonge

ti memectonsi st engioddadg gdiofufienr ernegga soinastdir @n $ ot
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consibetfente and aHdweav ege,ichtypteegli ®s i nt eracti on b
after weight -by s meanmttiehash d 9 neondde Imor alwer eginon
significantl y sdigfgfeesrtd mtg -iwtahoami rmteeesgec ttivoons di d 1
the -why eientARacracd § otni me, CtD6'@ DR téapcor rotpi hoang eosf wa s
signi fdiiddretrleynt bet we ems thef oCrCe aanndd A tgerouwei g |
gr otipper opoorft iCDBBMGacr opwhasbg elB |l d (95% @F: 1. 08,
0.dg= 1g2eépmrnethe abdominal region than in the
declined in trhe(-Zbdd@mi 92% Chlde=fi BFH21 b@BO® 6Lt 1 n
the femor al region with weight | oss. As a res
po-wegiht Siompsl.e ,c omaweawd rg,att leed gt matad e datf fleasel i n
and t he tdcdec laibrdeo mwvemraéd g Eediofni ¢ Toewmke aAd®sgheu p
expl ai nnwahei hhehmant ben depi ct ecdh aoong et rhvet sgmmea p h

|l ess parallel for the COe@indn AOhigglhempsat nbas$el
decriemmsce®mp ar e, d tthoo e€g0g nn)d ntthtment f e m r aaln dr & ghieo
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There was a region effect but pnroo pgoorbtuipon t i
CDXD8T ceé&lilgsu)(e TBe per ch8&Tagel b @B3 greater
t han abdominal region across groups armpd ti me
0.0H=1 1. 07). Similar |l D4t hcee Iplesr cweanst aggree aotfe rC D 3n
abdomi nal region across groups and time (1.65
ef fe<dt. Q=1 1. 32) . I n addi-iyt ome t heeeawhbsoa gno
of WDHAT celilgsi)(e BLross regionsCDAThe epérsc @ntda g
di ffer bet weeing hgtr olugsss pared i ncreased after wei
percentage pointe=[050%2 0]l 640.20he2e80re, the
CDXD4T cell s was higher i ngrtouepr A®sgr-egpghbapot

l oss (2.86 percentage=p0idgoD;.[8B95% CI : 0.99, 4
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Di scussi on

This study was motivated by the i@G@rnedased

is the first of its kind to examine the effec
cells and systemic infl am@ant roareyx etea t euwe ma sa f
did not f i-inndf laa MBowTenmyrnoe cel | pr oGOt lhe hihm afee ma |

wi APl nstead,a ved ifglhundy hi g-hekepmapoobophagesf i M1
abdomi nal SAT o,f amednbld deshewensa birnb Phagé l or T

proportionggshetFmesdn ngr @ asma adi pokine and in
arteri al stiffness, were al sMormeatr ad iegeafii~flhddE n t

| osismi | arly reducep aagmaada mtli st jud if enpetsifsh ,ainadn d P
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females with CO and AO. However, SAT i mmune ¢
AOAfter weiigkhld i lk@s sna dtmio gatbadeamd encarl enelSsAelde, t h e i
CBCDFT cehlabdomi nal iamdr € ®@smd.al SAT
Consistent with oud4ibkasembicnephiageisngé emal W
greatbergelnle expression in abdPuwurtnmdvtnboarfedt kan at
found - erattfdeZnaMiegsh obesity who experienced the
past 7 years had increased odds of systemic i
who gained most oh t'8ékecuwaiighy eantéeetrrati on
6, corr eliatfed awmnmaht oprryo méc gemrageaprEsdeloml o me S/
it is not surprising that -&wecdndentotafiod betd
A mosisedy by AwWe e mbto’égmitompts us to question
i ncrabdedci nmarlionSAB mmat orsy innme/ ppbage a tempor a
response to recena dWeigbt ghi ohWearhnhsetrei dith b a mma
Asterholm et al. found that, during the early
tissue infl ammat iexn riasx ed rleudoddrid nnfadarnidxr arrpgeir o g e n e
processes that PFfomgt poadupagedes hsat by pr omo
expansion, acute adipose tissue i rfWmimmatn on

studies have compared adi p€@emdii(c capakabyhaet

proveviedemggeisntcirnegased | i pogenic capacity in f
Al t hough it i s appealing to view the incre
macrophages in AO as an adaptive rédvaduwmiste t o

obesity typicallmmonthive lyenasste wearg lsiesy emrailses que
about what 6caccrustteidt utng s aanwneai tgohrty graeisnp oinns eh utnmoa n s

healthy adipose tissue remogredde nignfclaammatriso rs
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over .-t Shmetf eeding studies in kgalwtehyhaduyglat 1,

tot al number of macrophages in abdominal SAT
macrophagermeéatsieg wi th mar kers oflngxandcell ul a
angi oglkdcistiisonal ly, the circulating cé&ncentrat

remai ns .BPcWihatg erde mai ns unrhcelseea rc hiase igwlsd talgeiriem a
tempened weight stabilizes over the Fsotnagblteer m
for at | east three gnoindhitf erpgatcewei sl ialkle omb s &t
macrophages between those withCQO e8tamdimpuvari igrhg
bariatric surCgernndmatDicantes twmiatth by the time th
comor bi diAf iMerso flathhdesicri r ¢ wloantciemg®é@mAvenge. The
adiposity trajectories | eadidng to this conver

Even t hbugdsiuoggdsdhatt i @MmdTneangIricul ati mgayadi pol
noetx pl ain the increased type 2 ndkieab eotbekss irtiys, k ta
not discount the r oWki lod timd | daengrad e omf eRAT rad c
i nf | ammsa tcdoves | dfearatdarndi oombeabolkiaci onskf expos
infl ammation is another. Still, this reasonin
with CO experigrnadee cihmrfolnammatlioom f or drosnegger , v
arteti &f ness than those wit harAtO&€r iDalf f etriefnfcreess ¢
oxidati,vengsiton died ioal sdysufcunucrtailoncchanges in the
explanation

However, boontshe to bgersoiutpys had average <f PWV va
normal range for®°yeluingbdleawtthiye adluil nis¢c3F conc:
While the duration of obesi tayg eadc caenlde rodftteess aardtu

may not be the case for younger adul ts. Evi de
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arterial stif f°A%As votnbgembdgredpaged, the vasoc
matyempoadapt yto the increased cardiac output ;
arteriail*®Seli ffness

The avleasamgae ipnsulin concentration ®@s ~100
t han i n AOlamgde awittilho 6§ § e r emice was not statistica

be clinitdAypegrireseblieemenibd,i sshewelrli sk factor fo

remains difficult to define due to variabilit
concentrations of ~300 pmol/L in our C€@® group
hi gher than the ~60maimol $Aammwlee mefasluea&and i eamal !
met h@d(oulnpub.l iBlhadma insulin concentrations ref

secretion Amdi c¢raaaacien t he f orcraer tleematda st de g
and postprandial hyperinA%ulinemia in people w

Drawing from curretnhatevd dmmeres atwer s ulsyppperti r
more commap, hwhpeerresasgsardeaitciean hyperinsul i nemia m:
in 0udies using tehlug | hyypeemiicn scd lainrpe mieacc hni gue h
insulin resiwst aond@®@peidn tpoe otphfded Bd‘weolreCO at t he
|l evel of glycemia and insulin sensibtehi sy, ch
compared to ad¥fPfirsi swihyhp eorbreessponei & e afecsesiria b a tl ¢
exhauasnd oann earlier onset €O°Bypdi 8sdoaemphrbndg
ki neti csoragnadnincu litnishud ti weedesbesn swittihvi@Q amde AO ove
required to test this hypothesis.

Many cardiometabolic risk factors i mprove
inter vVéht¥ar®$ whet her changes in adipose tissu

i mprovements remains uncl ear . tOalall e @®Adloenli yn,al h
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rogloagent irmreesetaesheiset dire eafr | rya pihdasers gr adua
/ or -ienxdeurcceids ewei ght deepst e€<i mpo®wyements in c
thrfl33Howeéver, with cd¢mt i~rdoéala bwoentigiiatl | os s

ropghbagectr 62s¥Bh¥EFPe is ahao ewiewhe nwiet hout
ghshi 6ss &Athamr ophages -itnofwaa ndmahthokrayn t M2
ncdty P our study, only females with AO exp:
omi nMl} i &k&eTrophages after weight | oss, elim
ween those Twet &f &di0Oe anidn COome people, a 10%
t and exer ciinsfel amanya troerdyu cnea cprroop hpaagsessi, b lwi t h b
ying a role

| N ourt hset ypdy,padordtoinoi msa | o fa nd 3°€C Bho rcaelp-t SAT CD

| amohadohahge af pemgweiddltss of obebkbeéety onse
por@BO0mM Tofcel |l s increased in bAOh bSAT npeégii @
seCOOQiufrh ndi ngswi nhdadlai@mpn ewi t h those of Kratz
nges i n a-béepdp mladt iSedmesaar 1l i f estyl e i nterven
s) in peopl e dvialdHé Gidnseesni ttyh easinrd ptayrptel c2 pant s
rs), it is plausi bl entskedat.odelsiiglyer proport
SATreg)| naannfil a mmakd et COHT CcDe | H st, b chuacaedd

s fuadul tsawi‘“bheobesichyonic antigen sti mul
austed phenotype marked by impair3d activi
erestingly, Cottom et stlemafiomundw haantd armaii ppa
austed phenotype aftfefr twhee gihBCMobsssel iisn oCe s
pl e iwd tchhueAOX oca )| dissemi ghTr bgg glersehgedt lhsat t hei

i mflar in quadbareyl eestbeh@0OsgedCConvers
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10%Wei ght | oss may not ckelXRawsutgihon.o Ferctolver g
CBCDHTcel hspeople with CO and AO,i bonhbethed or e
explore this possibility.

For peopl eemgd dleidf leess iytlye i nt erventions, an
510% is consideredbuwt iing ciatl | lyi csli @gaii dalclayw si gni
10% weight | oss, f emaltemseiwi tphl aCsOnaa nidn sAud ii Mmpa oor
arteri al Hsotwiefvfemessour findingd8gtlgagesy whaoh 106
weight | oss may not be sufficient to idduce p
at least in some peopl?ét wW€onhsusdenhawi ¢tihr otlhat

concentrations of only -Beldckedl iarde ¢ oikn nkest, h | grmpc

moder ate weight | oss. We also found that adip
from SAT increased i nmnhwneh cgelolu ppsr,o fwihlee se acsn | SyA
with AO.

Whil erebabesggayt t hat changeo fairieeSAoTt | mmu |
requi shdreffampr ovement s in cardiwemetoalelri evhri &k
are necessary to sust dienSm.mtpe oivnenmeme sc eolvle ri ntfhi
of the first changes with weight gain, could

|l asting met abodl?mnc rhiead-tvwidtilse diesth ®@siet y, a proir

i mmune cel |l profil e i weiaglh plosses ta nsds,u ea lpcemrrg iveitt
tolerance, worsened after weight-ln&gain. The
i mmunol ogi cal i mprintingd may contribute to t

with wehghtntegeaestinglnyd,ucafdt evrei @ hth0e% ddisveetr n t h e
reduction in gene expression of 1T mmune cell [

regai nfovérowtmoe tThhisensee f i ndi ngs may be particul

155



CO, whose SAT i mmune cell profile did not <cha
hyperplastic abdominal SAT rhalyo npgrietduidsipnoasle stthued
required to determine whether those with CO n
interventions compared to those with AO to pr
i mprov.ement s
We acknowt edghllt M2t arnag s eir fsiitahgah i & @ mamad or y

functional ddaceWephewgres al so u3iGMT-eet b asbeygpe:
which Iimits our understanding of how they <co
Moreover, our analysis wasin iSmptreedv etnot immagc rao p h

comprehensive uadiep ¢giammdi vaul@@ofdismwehipegs are de

from a small sample of heabkdgeryedabmallietsy wia ho tol
popul ati ons, ipnecolpudeihn gv amayli ensgr aledgmeeteasb wlfi ¢ r i s

A major strength of our stwudy is the use o
to quantify i mmune cell SATopomunensel h pwopSBA

quantified by flow dytseamest yréleimabsit s a¢eugioald
prpeost dAaeasifger st reermnveetrh fiisedt tahte wvwage of obesit
photographic evidence and body roaft ipnagr tsiccail peasn,t

OQur findings provide new evidence that the
SAmacrophages and T cell s. flonh ¢ pieesntpel aelosy emi & the A
hadl i gnotrley pr oi nf |l ammat olb & snenleeidondeoph angpds SAT ¢ o mp
those with CO, though rt hwesi gthntf deomsesnlalst di Mmi ni s
popunsatim both abdomvaemaé¢ amaf femobeadl by AfThe age

howeveagiICDIFTDcel |l s i werghsedoabtteénnlAYD in those wi
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OQumesults suggest that SAT i mmune cell pr of

2 sk pbewke®ehr CO otrertnn ec asrhdoiratmet ab dloiss .bene

type

Howet ére,tleornng i mplfi Bahthuonnes ¢ dhranlgec&kat her ewdi ght

| osesmanno lFataurr.@s esaltrocdhé dern hius é ai ned met abol i ¢c I my
CO and AO require specific chawhbesthaerngeSATd i mm
i nt er vaernet inbepesdseudp port. t hese changes
Supporting I nformation
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Bridge

Weconcl ude t hoiysy rdtiiterdssgeiez it dnhg g & aéFaanrdt i cl e s
ot her r el ev gretr slpietca ti veetl rasavhiehtdheee -camms ¢ td hamdl adu

onset obesity are two types of obesity.
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DI SCUSSRe&rNs pective article
Ar e chtolndsheadaoda-odsadubbesity two types of

Classifying di sdesausaels ehag rl aygiasn shdatt etnysee 2 di all
40 vs. O 40 years), colorectal cancer (<50 vs
y e @rhsa)song proven clinically valuable. The age
di seasebs pathophysiology and clginesal Reowag rsie:
this Iimp&utrampean ABsoci atioavéonriomeéent®eddy of
recentt abeso thy sabgriaeldget pol i3*y and practice.

Obesity is unique because it oftéd begins
though most cases d®walldp oduwersiingb raoakard leyheeor teif eod
ashil eoms(c® 180y e anhssjettl 8 years)hi Whoetpabbkeygihags

pl accd iini c ana kphié% hveailoune o fac b p b tbincsseed v earnssuest a d u |

classificsatwddirthst @ yad wlnta i Pekisgprecltdaar e, we expl or
chil eemsed aomd eadadwlbtesi ty repr esentantdwoc odiissitdien
the potenti al i mplicsations for treatment stra

Obesity development starts wdehbatdleResess adi
mechani sms of e x p abnisoiloongiwearld hyle edle i sét wendgduti gsphe s 6
The prevailing notion held that adipose tissu
in adipocyte nombsert) obbrschiyl dimadodypertrophy (
i n edwlett >&BHeyspietrypl asia in adulthood was consi
obe%dia yconcept that fhas since been refuted

OQur riemeéinngs further challenge the idea th;
dictates whether adipose tis3fe lyosaummes hlryap e h
wi th mild t o tnhoed edrhaytpebd ropbbebssstedyd, h y-p @ wintsep D1 ¢
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classification only applied to abdominal subc
degree of abdominal SAT hypertrophy or hyperp
chil eemsed aomd eadwlbtesi ty. Furthermbceinfkbobhal
mal es and femabasewi bhesht i dbo mdoanrseedt toob etshiotsye
origina)®t@rticle 1
Neverthelsesssea didipshseulghyeprer pl ast i @@igmushy perret r C
defining feature of obewitly.tDgspoanenii oalalt @di
anotlnefrortunately, we do tnhoet aygeet offulol bye suintdye rosnt
most disease proceassymEes asdirdBdt d dopo@puttiadiie o n
based cohharvte sxyptbeseglht ened r i sk -oinrs epe copplees i Wiyt
compared to -bhssete @ebem iawhtgodiutnt i ng f or age and
adi ybbsilbeilr®e.1B24183 . 1lifsul in resistance tends to
wi t h-omnsweltt.!6b&h%efsigndi ngs suggestofhaypehé diab
may di ffer bethweedn aord dadbhedsdidt y . Ibic el $ spimaysif lal
at a | ower degree of insul-dmseatesdlsdaintcye, i me rplee
prol onged hyperresponsi veness.
Dysfunctionabeadepoae Hinsssuld & inc allechk isht ka ntcoe a
exhausti ompriomfrloammat e sy st ate alnidptirdd®f.dt’ed cap:
Children with obesity exhi bidtr a8 ATeirmpdahraapcitde r i s
storage. Compared to |l ean children, children
preadipocyte proliferatiohn® Bmay sdlmetsalralde f fer
fibrosis, which may permmfHto wprveat ern haediep oy tee t

adaptations may come at a cost, both i n the s
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Children with obesity already haveé® reduced
whi ch, alnocnrge ansietdh preadi pocyte proliferation,
i n awdiutlht c kloinlskehoomd esi ty ¢ ompoanrseedt toob etshiotsye wint
this hypothesis, we found that SpADdadiepnad etse wi
chil eemsed obesity had a greater burden of DNA
compared to thosenisretf @mélgd 9 g i’hanagddent2 cel |
only promot & hirmfulgdnmmataiisssnoxs e me sdeseer ebaty phe
al so i mpair adipogenesis, .  Qompremsiesirecdg lail siods
|l i pogenesi s may bensmpabbediity.chNWel dlbood t hat
wi t h-ondsweltt obesi ty, -otnhsoeste owbietshi tcyh ihladdh olocodwe r f a
femoral SAR,aa@etcyelht tdad intewombenesi s.

Senesgreemmadi pgocyoatesact alone in promoting in
adi pog@naw®isesue macr ophafllst md sph pd iyl dar e | vei t
have monél pmmat ory macrophages in2thesr p&8ATec
does not appear to worsen when both groups of
Unexpectwedlfyound that -bemat eebwbi thpwlewddhood
proportiodemhf Manimatoopbriggisn a)a nadr triecdbuec ead | L
gene expression in their abdeomisredl toeT I aompat
we found no differenteée&kei mactheppagesr il inkfee mof
6ammnif |l ammat ory o 3WBIET ocpehladgIGEDCD el | s in abdomi
f emor al SAT between toaeset f eomasleea s whbitietghi ncyl i (Il dh
arti)dMee s3I spect that increased ®AFTetnfolbammati o
represent a temporary adaptatiodetdPngcent we

however, this hypothesis remains untested in
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The differences ippoBPAE i oc-hogdt badindseadul t
obesity may tcragzatyme nip bompapnstopt eowst h mi Il d t o n
and no cemdtblitdgiltei e nt eriMOft rensct aoget inndgoayb
fi-rshe t.0Oeaat mabt has found that while some SAT
weight | oss induced by diet and exercise, not
chil eemsed aomd ead.wlbtesi ty

Preadi pocyte DNA damage decreased in both
weight | oss, regardadneesftse nodfrnatl in &S AdTgven s@ fmo@lee si t y
pronounced i n t-dhroset wodishslidhiygliginhionad DNA damage
bet ween gwegibpsl| pest &ELdomirmseaell yYSAT,n the decr eas
betmgereco spsRPMAe damagremairmded hi gltdn | idbimdsteello s e wi
obesiwei gpth$THeosperode MmFa3ge2 Padi pocytes, which ¢
after weight Iladso irre mai tnffleemasddedy apg ichisdemo codb e s i t
|l nteresthbhegl yp21 i/mptXdoamorn gl imr @edBio;mdagpyt es dec
femal es -ovn ¢ et dadhuidgi ng) . aThii €l ieh®&mga omasy bl e shi
senesacemmiet’ Mdretr enfoodreewat ght | orsesd smemmge shceed rpc e
i ni tdand opmeseNnielscrengreessi on i-oan & ento 8delurma fitahty ad u |l t
el iminate preadlirpdbedywest hdasemmavyeence progr a

Senoltyhteircnpy @esr esent a compnietmegnattaer yt hset reaftfee
cel l ul ar, sefnEestcheandcéeywi t-din vdte lyd h Adcdl h ovu g¢ha | tria
senol ythiacwedromdgs bpepani éemi s$ i ait el ssS&"Chraesdclertoni c
proposed how these therapies c36BYy dt begestaifed ya
clearing senescent cells, these therapies hol

addressing the underfrgianagemecoapi smatob obesi
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SAT macrophkaedd gmegludpapteiaornst o bet moadamdt espon
exericnduceaddght | oss | Ronfseema |Addbdeeswiittyl0 Y%atdhedi tght | o
proportiorkeofmaMX ophagas SIAAT tdleeirre asbedlg miwhi | e t
CBCD¥FT cehlrshaebhidomi nalSAdand nBemabBaldo such chang
observed in f emmanset wifktiehgichhgi)l.(dahrotoidc | e 3

Ome g3d att yanadciddsug-s nWwl ammanhbhgverpptenht eal t
adi pose tissue i mmuiré Hoalelveframd eéwal aanimiamn g owh
interventions might be benehsei abmdatdud lhalg ivti W,
several questions regarding i mmunedceDb Mhang
|l i ke macrophages dewohisme iomefsemyl enl wi brecadusle
hi gher at baseline, | eavs$nghenoir SCRE® snedhiolns Chp
f emal es -avn & ént aathidveeintiybfy| ammat ory T regul atory

cell s or proinfl ammatoersy tThhel |arc kThh¥7 cdalnlge i n

profiles pose any conseqaresetsobesi fgmthal es wi
S nce cardiometabolic riswi tflacttorchamge ovien
i mmune cel |l profiles, the answer to the | ast

mi ce suggest that adipose tissue can retain a
exacerbated i nfl ammatcitom narad t &% Bl tghher dfyewsdac t ni
and inflammatory phenotyping of -&®Adet mauad ea ¢ ¢l
onset ,mbtels i hegf or e anids arfdaeui rmeed gthamremedsonr yund e
andpotemdlial-t ar momgt alsolviean i é&lk alnmat ory pr oces
earlier 4domsehiiothkres dyl,ausi bl e that their SAT

solidified and resistant to change.
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This concept oifs icnnmucneer nmemgo rbye c a ucres dte mal e s
obesity may be more %'dseepbi bhbidbmbswali gseubrc et
adi poeyitgisnal p’tWheheasdilp&cpBtes shrink to a si
contplodsma concentr atuipores so fil gtpiid snanmmet b me s
abnor ma?'Ngt almwy, even before weight | oss, | ept
femal es wi-drs ethid lWdishimdiyd h loadsweitn3svbhe $ et we di d n
find an abnormal decline i n -oprsaesstmao d esspittiyn a fnt e
wei ghrigssa)lhyapdaliacdtain@e miy pdemagpggramgs éeah mor e
substantial weight | oss

GLRbased therapies, which decrease appetit
These therapies work through various mechani s
del ayed gasSt&nd aelnspat ysienegm t o i mpact | eptin sec
randomi zed c¢omthdolt had #@mnitalced WwWethgtirtwfss, ad
i ragleadltRiriecec ept odunageyeiaeetijght mai mMde maendcshper i ¢
wei ghitndaeaecd ease i rF°Ppdwvaeswear ,| egitvienn t he tenden
upon discont-i-mase¢d othhediddGiliéhse uncertainties su
prolony’étheseetreatpmend sltomagyu trsamin f or wei ght me

Il n contrast, sustained high | evels of phys
|l ohgerm weisghmadi’RMowemer shasstysessephwsecheér act i
pl ays a mor ei rsipmrna vdrmrctainng rwdieglet wi é-dha edtid ddvrog
obesielt gtoi tdhoseomws éth. adad itt y

Lorger mtpesat ment wei gbhmbyme ajoanptacreide et anee n
wi t h c hinlsceh o ca@incs ea d lobbtel s airyn gt r.Kci stegesyn et a

that in -bosbBtobesupyg, weight decl, i gedduyl 25%
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incr eaamtwdbdhabi | i2z0e% baethsoavb gperreBy wat ghftmitsersi mi | ar
wei-gbss trajectory between t hsei pocnesnelti kger otuhpesi rm
counterparts with mild to moderate obesity an
candi dates -ovm $ &t addob énsbittoyedk B ubctit amablber abdomin
adi pocythea ns it ZeabsEntsve otbhe s i b YOI edfhadr eaf t e r®°wei ght |
Il nterestingly, female bari®mnmrsied sanmdsgestrdyolbteasnidtiy
mat ched for age and atylpermBAdrabedt ¥ ATscabuacte
i ncl udliinige Mmnd& eMIMacr ophdger gemi it b tatnsir s .
Ther ebfyorten,e ti me coimor Ipwdipthiee $oinhsaeftio foeehsds eatd u | t
obesitys, dprfefveirceancdieso d e tsioimewec s onlayWhic ltme mti seh .
specific changes in these characteristics aft
rateypefdli atkkentissi on between the tWd onset grou
Al t hough dnsadnposensilsestuweheim avhacccgde ramsd i ¢ s
a dtwwlnts et noabgeosnivteyy gehe ti me metabolic di seases ¢
these types of odbelsa,t yegscpoeachidalpleyovacvahbhaed typ

peowi £h c linlskehho.®tbrecsa tfyasti ng hyperinsulinemia

obe¢goirtiygi na)o nasretti calned 3 nsul in resi stmneEete i S mMo
o0 b e shictey | i nsulin hypersecretiononsetiloleygi &yk
t heory, any intervention that steers | ipids a

over |l oddetl 6 sitreperudvdey pbed ediskb.dtaed or s

Il n this Perspectsofe,SAWe dah utatha tc amarsk gmi f y
met abolicddgspando beinee e exrduuiceal wei ght | oss i
adwintset obesity tha+wnisrett Redsad iewsiy twhi tchh sckhdi hl odohdo

obesity exhibit preadipocytes wihahl oan gnowiet hs etnr
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adi pose t i sls uceo mpnanpupniena ocees|ptosnuscihv ei nt er venti ons.
observation r awhsetfhedma ¢ egu evs-di ihowthod Werviotdy coul «
fremmpl ement a,r ysuah aadsnesnd rsop ryd g rcess s itdmnadiesdt agysy.f €
Because of their smaller abdominal -osnusbectut aneo
obesity may also require tailored strategies

c o mptlii cras .

The findings in this Perspective arie pri ma
40 years) females with mi3dad % ok grMondje)r aa ned onboe sciC
They sthhoeurlédeoi @t erpreted with caution and not
unt il reppbecaftedirmbluat ness of the weight | os
enhanced by incorporating control groups asse
Nevert heslseessss merhte caf agechi | plhed btgyn apibmedty usi r
ratingnd@aalces the rigor of these studies comp
on recalled body weight at sagel h8. i Rurtiglee amalr
strengthens the wasl.idity of the compari so

By studying young adultsesl aredrcomot hiediomnis e
captured amlmn aarbndalnitniad s tamalt freamo rearhe rISQAel ear | y i
of type 2 wheamemeepcdae inkEiontl gered odmet abolical
These findings illustrate the subtle progress
i mportance of early intervemtiooentséd byl ipcalvient
unhealthyo atebihygond ¥iesdngpescaag cr uci al period f
weight |1 o0oss%°interventions

Futur eskowldd easdevwaenr caegde ttoe cshtduidgyo s@ yf suins g U ® n

acrowslscut aneous ainnd nva lsecde ean dvidfedpnoat ar yi ng sever
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chil eemsed aomd eadd whpte Sampl es of VAT obtained d

surgery wil|l be necessary to fulfill this obj
adi pogenesi s, extracellular matrix remodel |l in
agingmetalpoldi sm, secretor yPafiurnicntgi obni,o laongdi cianlf |o:

assessmenarsganf inmud udinbgc ed d n sfiutnicwo hogne ti ng roobuepssi twyi
di f fleewadtlsuoodse t ol erance wibf egppbemabetesr und
progressi of nisretc lviedrmbduesto dbdbuklistti it ynal | y, mechani s
ani mal mode l-osn soeft cabmds eahddubPoiieis|i Itdydleil pewt eeat ur es
of adipose tissue dysfunction interact and re

We nteedct lheifglati onship batnmwWwedrraddd ofutachoe
beyond the risk of diypea e odisabeh eass, ckoad ird vsa&Ks ¢
al coholic f aantdy clarmveeerwaeallils eas ehi omechani cal an:¢
al so differ betweeomsge o @dmes esidtoitesshiittlyddh cnaad st u
t hat carefully track weight trajectories and
wiflfacitthitatpur sui t .

A growing understanding of the biol-ogical

onset eomd eadwlbdieediptfyorwn Itlhe design of intervent
for testing in cliniscadoltilrédcatlisng Uangeéa o ft habse stiit
enroll ment in randomi z-edesbohyrméetdedatroabksandt

int er weinthiadbdnse subgroup analyses comparing tre
chil eomsed aomds ead.wlbtesi ty

Al t hough we do not have a complete picture
course of adult obesity, current fi naduwlgtss i | |

with @abesintbowmdméet el wi tthh eoyb easriet yad-chs et wobbastchyl
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di stinct fromnskekotsebesihyadulihcorporating this
guidelines has the potential to i mpobnsgsetoberdi

adtwintset obesity alike.
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Appendi x 1. Participant consent form
Y Concordia

INFORMATION AND CONSENT TO PARTICIPATE IN A RESEARCH STUDY

Study Title:
Acute and Chronic Effects of Obesity

Researcher:

Sylvia Santosa, PhD

Associate Professor

Department of Health, Kinesiology and Applied Physiology

Researcherds Contact I nformation:
Science Pavilion 165.21

Concordia University

7141 Sherbrooke Street West

Montreal, QC H4B 1R6

514.848.2424 ex. 5841
s.santosa@concordia.ca

Source of funding for the study:

Canada Research Chair, Tie®Zlinical Nutrition, Natural Science and Engineering Research
Council of Canada, and Heart and Stroke Foundation of Canada

You are being invited to participate in the research study mentioned above. This form provides
information about what participating would mean. Please read it carefully before deciding if you
want to participate or not. If there is anything you do not umsand, or if you want more
information, please ask the researcher.
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A. PURPOSE

You have been invited to take part in a study on aging, fat tissue risk factors for disease, and
weight loss. By participating, you will help us to better understand whether weight loss changes
disease risk differently depending on the age when a persweelops overweight.

B. PROCEDURES

If you participate, your involvement in the study will last about 6 months or shortly after you lose
around 10 % of your starting body weight. The study includes a screening periodaeigtet

loss stabilization period ending with assessments, a whightperiod, and a posteight loss
stabilization period ending with assessments.

The description below provides a general outline of the study protocol. Itis possible to schedule
several assessments at a given visit. Please note that there may be times where assessments and
sample collection (e.g. a blood draw) occur outside of tlseial timeline for reasons such as
scheduling conflicts.

Information Session, Screening, and Health Assessment

EMaximum of 2 visits of up to 1.5 hours each

The screening process will determine whether you are eligible for the study, and the health
assessment will provide information for designing your weight loss protocol.

V Information Session and Screening.You will meet with members of the research staff
to discuss the study and have your questions answered. If you agree to enter the study
you will sign the consent form and provide medical records of height and weight and/or
pictures from childhood (arounthe age of puberty). You will also be asked to review
and sign a behavioural contract agreeing to do your best to engage fully in the research
project. A member of the research team will confirm your eligibility for the study by
reviewing the informatioryou provided via email or telephone, and by measuring your
height and weight.

V Health Assessment.You will be interviewed and complete questionnaires about your
demographic characteristics, medical history, weight history, dietary habits, and physical
activity level.

Pre- and Post-Weight Loss Stabilization Periods
You will be instructed to follow your usual diet to maintain a stable weight for 2 weeks both
before and after the weight loss protocol. To ensure that you are weight stable, you will be
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weighed at every study visit during this time period. You will also record your food intake for 3
days (2 weekdays and 1 weekend day).

Weight Loss Protocol

E2-4 visits a week for approximately 5 months

During this period you will follow a protocol to help you lose weight by diet and exercise. You
will be instructed on how to decrease the amount of calories you eat in your diet by 20 % and
increase the number of calories you burn by 10 % through modenaémsity exercise. You will

be required to keep a record of your daily diet periodically throughout the study. All exercise
will be performed on cardio equipment at the study site at a-selécted frequency (2 visits)

that will meet your weekly targein addition, your weight will be measured and your weight loss
progress will be monitored on a weekly basis. Optional educational and support group sessions
will be offered occasionally.ou will follow the weight loss protocol until you lose around 10 % of your
starting body weight, which is estimated to take approximately 5 months.

Assessments

EApproximately 2 -3 fasted visits and 2 nonfasted visits per time point
You will have assessments at the following 3 time points:

(1) Towards the end/after praveight loss stabilization period

(2) 12-weeks after starting weight loss protocol

(3) Towards the end/after posweight loss stabilization period

The following assessments will be conducted at time points (1), (2) and (3):
Non -fasted Assessments. These assessments can occur at any time of day.
V Fitness AssessmentThe fitness assessment will involve 3 tests.
o You willundergo a submaximal fitness test on a bike. You will pedal on a stationary
bike for approximately 15 minutes. Throughout this time, the resistance will be
gradually increased, and your heart rate and blood pressure will be periodically

assessed

0 You will perform a shuttle run/walk test. You will run/walk back and forth

bet ween two |ines in time with an audio
reach the line will get progressively shorter. The test will end when you can no
longer continue orwhen you do not reach the | in

consecutive occasions. The test takes approximately 10 minutes.
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o You will perform a handgrip strength test. You will squeeze your fist for around
5 seconds around a device that measures your strength. The test will be
conducted 2 times per hand with at least 30 seconds rest between each test. The
total time for thetest is around 10 minutes.

Fasted Assessments. These assessments must occur in the morning after an
overnight fast of at least 8 hours. Water is allowed.

Vv

Body Composition Assessment by Dual Energy Xay Absorptiometry (DEXA). For
the DEXA scan you will be positioned on the table and be asked to lie still as the DEXA
arm passes over you. Total scan time is usually about 15 minutes.

Circumference Measurements.The circumferences of different parts of your body (e.g.
waist, hip, chest, arm, thigh) will be measuvéth a measuring tape. This process takes
approximately 15 minutes.

Energy Expenditure Assessment by Indirect Calorimetry. You will rest comfortably

for 90 minutes before the test. You will breathe normally under a clear, plastic canopy for
around 30 minutes while lying down. This will allow us to measure the rate at which your
body burns calories (your energy expenditurelnformation from this assessment will
help us determine how many calories you need to maintain weight or to lose weight at a
certain rate. Your blood pressure and heart rate will be measured afteteébe

Blood Draw. A sample gfour blood will be drawn. This procedure takes approximately
15 minutes.

The following assessments will be conducted at time points (1) and (3) only:

Non -fasted Assessments. These assessments can occur at any time of day.

Vv

Vv

Questionnaires. You will be asked to complete questionnaires about your health, eating
behaviour, and quality of life. The questionnaires take approximately 30 minutes to
complete.

Arterial Measurement. You will be asked to not consume caffeine or alcohol for at least
12 hours prior to this visit. On the day of this visit, exercise or strenuous physical activity
should be avoided before the assessment. The hardening of your arteries will be
measured whe you are resting using a pdike pressure sensor that will be placed on
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your skin on top of your pulse at three sites (wrist, neck, and crease of the leg). The
procedure takes approximately 30 minutes.

Fasted Assessments. These assessments must occur in the morning after an overnight
fast of at least 8 hours. Water is allowed.

Body Composition Assessment by Computed Tomography (CT)If you are female, a
urine pregnancy test will be conducted prior to this test to ensure you are not pregnant.
During this test, you will lie on a tabkhat will be passed through a large, open circular
tube. The CT machine will take pictures of your abdomen. The scan takes approximately
5-10 minutes to complete.

Biopsies. This procedure takes approximately 90 minute&u will also be asked to not
consume caffeine or alcohol for at least 24 hours prior to this visit. Exercise or strenuous
physical activity should also be avoided for at least 24 hours before the procedure. You
will provide a small urine sample prior the procedure.

o Fat. A sample will be taken from the fat in your stomach and thigh region. The
procedure will be performed by a physician. The physician will first clean your skin
to remove any germs, numb your skin by injecting a local anesthesia (to freeze the
area) with athin needle, and injecting fluid (water and salt solution) similar to the
composition of your body just below your skin. The physician then makes a small
nick incision and suctions out the fluid that was injected using a small hollow tube
attached to a gringe. As the fluid is removed, a small amount of fat tissue just
below the skin will be removed as well. The procedure will not require stitches,
as the incisions are small; the physician will simply place sterile tape to close the
incision. After the psies are done, podiiopsy care will be explained and you
will be provided with written instructions.

0 Muscle. A sample will be taken from the muscle on the outside side of your thigh.
The procedure will be performed by a physician. The physician will first clean your
skin to remove any germs, numb your skin by injecting a local anesthesia (to freeze
the area) wih a thin needle, and make a small incision. A needle (hollow tube) will
be inserted to remove a small piece of muscle. The procedure will not require
stitches, as the incisions are small; the physician will simply place sterile tape to
close the imision. Firm pressure will be applied to the area for 10 minutes to
prevent bruising. After the biopsy is done, pdmbpsy care will be explained and
you will be provided with written instructions.
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A typical timeline of study visits and assessments is shown in the table below:

Study Visit Timeline

(1) (2) 3)
Screening/Pr&Veight Loss 12-weeks into PostWeight Loss
Time Point Stabilization Period Weight Loss Stabilization Period
Protocol

Visit #
Procedures
Screening
Health Interview n
Questionnaires n n
Bike Fitness Test n n n
Shuttle Test n n n
Handgrip Strength Test n n n
Energy Expenditure
DEXA Scan
Circumferences

CT Scan

Arterial Measurement
Blood Draw

Biopsies
Exercise/Diet Overview n

15
15
135

15
15
15

15
15
135

]
13

135
13

15
=}
15

15
15

*Your weight will be measured at every visit and weekly throughout the weight loss protocol
*You will complete cardio exercise session8 Zimes per week throughout the weight loss protocol

C. RISKS AND BENEFITS
You might face certain risks by participating in this research. These risks include:

EBlood Draws. There is a risk of discomfort, pain, fainting, bruising or infection (rare) from the

blood draw. The amount of blood drawn at each time point will vary. Total blood drawn
throughout the study will not exceed 2 cups (~500 mit)s recommended that you avoid taking
aspirin 3 days before and after the blood dr e
weeks following your participation in the study.

EFat and Muscle Biopsies.The most common risks of fat and muscle biopsies include pain, a
small dent or bump and bruising at the site where the sample was taken. The bruising may last
one to two weeks. Less common risks of biopsies include bleeding, infection, a small scar, and
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numbness of the skin around the biopsy site. The chance of these risks is less than 1% (1 in 100).
There is also a chance of an allergic reaction to the lidocaine used for local anaesthesia. Care will
be taken to reduce the chances of these risks. Asghauld be avoided 3 days before and after

the biopsies. It is not advised to participate in any vigorous activities for 3 days before and after
the biopsies. Exposure to water for prolonged periods should be avoided (e.g bathtubs, hot tubs
or swimming) fo 5 days after the biopsies. Showering is permitted; however, {aéthsl must be
changed afterwards. Normal daily activities will not be affected.

Elndirect Calorimetry. There is a slight risk of stomfort and hyperventilation from
claustrophobia when under the clear, plastic hood. Staff will be present and the hood is easily
removable.

EDEXA and CT Scans.You will be exposed to some radiation with the DEXA and CT scan.
The amount of radiation used is considered too low to cause any harmful side effects. Radiation
exposure from the DEXA scan is similar to the amount you would receive from sun exposure
on asunny day (1/10that of a chest xay). The amount of radiation you are exposed to from

the CT scan is less than your exposure from one return transatlantic plane flight (at®ab@st
x-rays). The radiation does not remain in thedyoafter the scan. Should you have any concerns,
the research team will be happy to address them with you.

EFitness Tests and ExerciseYou may experience some discomfort from physical exertion
during the fitness test and the exercise component of the weight loss protocol.

Your assessments will be supervised by experienced research staff who will make every effort to
keep you comfortable during the study.

Although the assessments conducted as part of this protacelnot expected to provide you
with any direct benefits, the results will tell you more about your health and metabolism and you
may see positive changes in your health during weight loss.

D. CONFIDENTIALITY

We will gather the following information as part of this research: demographic information,
contact information, and the results of all study procedures described above.

We will not allow anyone to access the information, except people directly involved in conducting
the research, and except as described in this form. We will only use the information for the

purposes of the research described in this form.

The information gathered will be coded. That means that the information will be identified by a
code. The researcher will have a list that links the code to your name.
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All of your paperbased information will be kept in a filing cabinet in a secure and private research
office. All of your electronic information will be stored on a passwrdtected research
computer. The urine, blood, fat and muscle samples will lded@nd safely stored at Concordia
University. Any samples or data the are sent to external collaborators is coded.

We intend to publish the results of the research. However, it will not be possible to identify you
in the published results.

E. BIOLOGICAL SAMPLES

You will be asked to provide the following biological samples as part of the research: urine, blood,
fat and muscle.

Taking these specimens involves urinating into a plastic container, blood draws, and fat and muscle
biopsies as described in the procedures section above.

We will use your urine sample to assess your overall health with a standard urinalysis, and to do
a pregnancy test for female participants. We will use your blood samples to measure things like
sugar, cholesterol and inflammatory markers. We will usettiopsy samples to assess the health

of your fat and muscle. This includes things like the size of your fat cells, the amount and type of
inflammatory markers in your fat, and how well your muscle uses energy.

We will keep the specimens for up to 25 years after the end of the study. After that, they will be
destroyed.

If we find anything that might be relevant to your health, we will contact you and direct you to
the appropriate service.

F. CONDITIONS OF PARTICIPATION

You do not have to participate in this research. It is purely your decision. If you do participate,

you can stop at any time. You can also ask that the information you provided not be used, and
your choice wil/l be r es peantustduse yolrinforgnation, ydue c i d e
must tell the researcher before withdrawing from the study. In addition, the research team may
withdraw you from the study if you are not compliant.

As a compensatory indemnity for participating in this research, you will receive $500. If you
withdraw before the end of the research, you will receive an amount proportional to your

progress in the study and the assessments you completed, as asseskeddsearch team. To
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make sure that research money is being spent properly, auditors from Concordia or outside will
have access to a coded list of participants. It will not be possible to identify you from this list.

We will tell you if we learn of anything that could affect your decision to stay in the research.

There are no negative consequences for not participating, stopping in the middle, or asking us
not to use your information.

We will not be able to offer you compensation if you are injured in this research. However, you
are not waiving any legal right to compensation by signing this form.

G. PARTI CIl PANTO0S DECLARATI ON

| have read and understood this form. | have had the chance to ask questions and any questions
have been answered. | agree to participate in this research under the condiésesibed.

NAME (please print)

SIGNATURE

DATE

If you have questions about the scientific or scholarly aspects of this research, please contact the
researcher. Their contact information is on page 1.

If you have concerns about ethical issues in this research, please contact the Manager, Research
Ethics, Concordia University, 514.848.2424 ex. 748barethics@concordia.ca
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H. FUTURE RESEARCH PROJECTS?
Do you agree that your research data may be used to carry out otlesearch projects?

These research projects will be evaluated and approved by the Research Ethics Board at
Concordia University prior to their realization. Please note that your research data will be kept
securely by the researcher responsible for this research project. bteioto preserve your
identity and the confidentiality of your research data, you will only be identified by a unique
numerical code. The code key will be kept by the researcher responsible for this research project.

Your research data may be published or be part of scientific discussions, but it will not be possible
to identify you.

Your research data will be retained for as long as it can be useful for the advancement of scientific
knowledge. When it is no longer needed, your research data will be destroyed. Please note that
at any time you may request that your research data noubed by contacting the researcher
responsible for this research project or the ombudsman office at Concordia University.

The Research Ethics Board of Concordia University will monitor and control the data that is
collected. In addition, for monitoring, control, protection, and security purposes, your research
data may be accessed by a person appointed by regulatory boslie®llaas representatives of

the granting agency, Concordia University or the Research Ethics Board of Concordia University.
These individuals and organizations adhere to a privacy policy.

Do you agree that your research data will be used under these conditions?
I Yes T No

Do you agree that the principal investigator of this research project or a member of his research
staff may contact you again to suggest that you participate in other research projects? Of course,
during this call, you will be free to agree or refuse torfpapate in the research projects
suggested.

I Yes T No
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Appendi xi pPanPastreening questionnaire

TelheopBSe r e eQuiensgt i onnair e

Part 1
bl YSY { SEY a K C
owL¥ CB8 t NBYSy2LJ dza | f
Oyl GdzNF £ 2NJ &
O6OANDES 2y S0
1 3SY 5h. Y K K
OYYK RRk &@dev
| SAIKAY 2 SAIKGY .alL Y
Z NI - Z NI
oY 13
5AR &2dz KIF@S 2@0SNBSAIKG 2N 20SaArde Fa  OKA
WC2NJ LI NbOALI yila 6AGK .alL x on (1 3IKYHBS 2 KSy
I ® 52 @2dz KIS I NBO2NRSR 6SAIKIE FNRY 6KSy
0d LF y23X R2 @&2dz KIS | LAOGdINE 7T meny 0K aufpRy
K b
Part 2
1Weight History:
Have you been weight stable for at | east 2 mont'
Do you plan oYW/ Nosing weight?
Whatas your highest dwei ght kign Iyourataduwlet | i fe
Whatas your | owest wWei ght ikmg/ydur aaduwlgte I_i_ f e
2) Have you ever had anffosuwgkRYlft oNomedi cal proce
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3Pl ease describe your current physical activity |

4 Do you eYx/eNNnci se?

[ f]PY ease describe (frequency, intensity, ti me

5) Docyrmuemoke or use any otherYhNcotine containin

[ f]PY ease specify how often (i.e. cigarettes p

6) Have you smoked or used any other nicotine con
[l f]lPY ease &tpieme fyeriod
Ehow often (i.e. cigarettes per day) _

EQuit date __ _ _ _ _

7) Do you currently use electronic cigarettes? Y

[ f]PY ease specify how often.

8) Have you used electronic cigarettes in the pas
[l f]lPYease sspemefperiod .
Ehow often (i.e. cigarettes per day) _

EQuit date _ _

9) Do you currently use cannabi s? Y / N

[ f]PY ease specify how often.



10) Do you currently consume alcohol ? Y / N

[ f]PM ease specify how often.

1)l f FlAmael eyou pregnant or planning?YhNbecoming pr

12 Medi cal Hiest dr yDil/s eRusregger/ Conditions

1B Are you currentlydtralgisng &anfy smedivgrhaEaoitacgnt se r ,
her bal,/ noart uréaddy dati onal

]l ¥]Pl ease specify the foll owing:
Na me Frequenc|Dose Ot her Detail s
1% All ergies or hypersensitivitiesNto food, medic

| ¥,pl ease specify.

15) Where did you find out about the study?
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Appendi x 3. Body rating scales

.2Re& wloay3d / KI NI

CA3dz2NB ydzyYo SNJ

M H 0 n p c T

138 p o ) 0 o 0 o 0
138 wmn o ) o o 0 o 0
tdoSNL& o6!33§ O o o o 0 o 0
138 wun o o o o 0 o 0
/| dZNNBydte 6! O 0 0 o) 0 o 0
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Childhood Body Rating Scale: Collins’ Figure Drawings

Reference: Collins ME. Body figure perceptions and preferences among preadolescent children. Int ] Eat Disord 1991; 10: 199-208. Reprinted with permission from
John Wiley and Sons

Girls




Adolescent Body Rating Scale: Collins’ Figure Drawings

Reference: Collins ME. Body figure perceptions and preferences among preadolescent children. Int ] Eat Disord 1991; 10: 199-208.

Reprinted with permission from John Wiley and Sons

Girls

Boys

224




Adulthood Body Rating Scale: Stunkard Body Rating Scale

Reference: Sgrensen TI, Stunkard A]. Does obesity run in families because of genes? An adoption study using silhouettes as a measure of obesity. Acta Psychiatr Scand
Suppl. 1993;370:67-72.

Reprinted with permission from John Wiley and Sons

Men
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AppemMdi Wei ght lionsfspapti @ethoc ol
Monitoring adherence
Adherence to the mwassscsesbed o0yl ptoetdeni pia

weights on a weight graph predicted by the NI
bal ance modeHalolf, ekaQall®.netti failcati on of the effec
on bodylvweni8géh8t B3276 ( 2011) .
Behavi ourtad c krhiaques

To promote weight | oss, we used sever al behe
and planningdéd, 6feedback and monitoringé, o6sh
0reward and threatodé clusters ofi d¢dthiee bethaali .ourl
S. et al. The Behavior Change Technique Taxon
Techniques: Building an I nternational Consens
Il ntervAemn.i oBesMabvi8 Mg R 01 3) .

Specific BCT in each cluster with exampl es &

Goal s and planning

T Goal setting (behaviour and out come)
0O setting dail yexccahlaonrgiee lgiosatls ufsoirngmeal pl a
o setting weekly exercise goal (3x cardio
o setting weekly weight goal based on pre

T Action planning
o planning days/times of week|ly exercise
T Review behaviour and outcome goal s

oreviewing food diaries
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o reviewing weekl|l ybweplgdttil mg sweirgpglgr ® sen |
graph
1T Behawvalo contract
0O a written agreement to adhere to the we
appoi n(tsmegqartesd by participant; signed by
Feedback and monitoring
1 Feedback on behavior and out come
o feedback on food diaries and exercise r
o feedback on weekly weight | oss progress
T Se-mbni toring of behavior

o keeping food diaries (and tracking allo

and periodically throughout
Shaping knowl edge
T I'nstruction on how to perform a behavior
oinstruction on how to use treadmill/el!l
Comparison of behaviour
1T Social compari son
o showing progress of all|l participants ( a
Reward and threat
1 Soci al rewar d

O congratulating participantanfdot eméeémnigng

choose and place a sticker on the part:.i



oinform participants they wil!/ be financ
|l oss goal and complete the study

T Reward (outcome)
o providing. giefwta,r dsugls, wWatter placotttilca pant s
periodically throughout the study when
providing financi al c o mp einssestnido f i mmd e f

assessments are completed
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Sampl ed eamft psa

nutrition mater

i al

DO0OHBGODHO0O6H6O

Notes:
Food Journal
Date: /
Time . Quantity  Food/Beverage
. .' | .
I I I I
i | | |
1 I 1 1
1 1 1 1
1 I 1 1
I I | I
I I I I
1 I 1 1
1 [ ] 1
1l | | 1
1 I 1 1
i | i i
I I I I
1 I 1 1
I I I 1
L 1 1 1
1 I 1 1
I l l I
I I I I
: | i i
1 I 1 1
1 I 1 1
I .' I I
I I I I
: : : 1400 calories ‘i
- : - : - — - Fruit olvle
Duration | Intensity | Physical Activity/Exercise Vegetable OO0

f : f Starch OO0
; | ! Milk O
' | ' Fat &5SHS
: : : Protein (OJO0OO00O0O

ID: \ Water GGGGEDGQ/
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Exercise program

A Three 45mordiedawtiegsor ous i nt ensistiynaser(abriecadeni drl.
el liptical) per week

U 511@i nut eupvaamdn &t d owao ol

U Intensity of main workout (expressed as
0 Week2415b 0 %
0 We e k4 536 0 %

o Week45 i ntervals alternating between

I nterval time (min:sec)
We e k 80 % 6 0 %
5-7 0: 30 1: 30
810 1: 00 1: 00
113 1: 30 0: 30
146 2: 00 2: 00
1719 3:00 1: 00
2@ 2 4: 00 2: 00
224 5:00 1: 00
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Technical note

A reliable, reproducible flow cytometry protocol for immune cell e

quantification in human adipose tissue

Kerri Z. Delaney * B¢ Vi Dam ¢, Jessica Murphy * B¢ José A. Morais ™, Ronald Denis®,
Henri Atlas ®, Radu Pescarus®, Pierre Y. Garneau®, Sylvia Santosa ™%

* Department of Health, Kinesiology, and Applied Physiology, Concordia University, 7141 Sherbrooke St W, Montreal, QC, H4B 1R6, Canada
b Metabolism, Obesity, Nutrition Lab, PERFORM Centre, Concordia University, 7200 Sherbrooke St W, Montreal, QC, H4B 1R6, Canada
€ Centre de Recherche - Axe Maladies Chroniques, Centre Intégré Universitaire de Santé et de Services Sociaux Du Nord-de-I'lle-de-Montreal, Hopital Du Sacré-Coeur de

Montreal, 5400 Boul Gouin O, Moniréal, QC, H4J 1C5, Canada

9 Division of Geriatric Medicine, McGill University Health Centre — Royal Victoria Hospital, 1001, Décarie, Montreal, Québec, H4A 3J1, Canada
* Departement Du Chirurgie, Hopital Du Sacré-Coeur de Montréal, 5400 Boul Gouin O, Montréal, QC, H4J 1C5, Canada

ARTICLE INFO ABSTRACT

Keywords:

Flow cytometry
Adipose tissue
Immune cells
Humans
Inflammation
Obesity

The ability to accurately identify and quantify immune cell populations within adipese tissue is important in
understanding the role of immune cells in metabolic disease risk. Flow cytometry is the gold standard method for
immune cell quantification. However, quantification of immune cells from adipose tissue presents a number of
challenges because of the complexities of working with an oily substance and the rapid deterioration of immune
cell viability before analysis can be performed. Here we present a highly reproducible flow cytometry protocol
for the quantification of immune cells in human adipose tissue, which overcomes these issues.

1. Introduction

Adipose tissue has a complex microenvironment containing a wide
array of immune cells [1-4]. In obesity, the expansion of adipose tissue
causes a shift from a balanced anti/pro-inflammatory to a predomi-
nantly pro-inflammatory environment [5]. The resulting inflammatory
response has been linked to the development of metabolic diseases such
as type 2 diabetes and cardiovascular disease [6-9]. However, the exact
role and mechanisms by which adipose tissue immune cells increase
metabolic disease risk remains unclear. Optimizing the accurate iden-
tification and quantification of immune cells in adipose tissue is key to
developing a better understanding of their role in metabolic disease risk.

Flow cytometry is the gold standard method for the examination of
immune cells within tissue samples. The flow cytometry method allows
for the quantification of cells by size and granularity, as well as the
quantification of specific cells of interest through the detection of mul-
tiple cell surface markers via antibody staining. With regard to adipose
tissue, there are several challenges to performing a successful flow
cytometry experiment such as isolating a stromovascular fraction (SVF)
that is pure and residue free, while maintaining cell viability and

eliminating high rates of auto-fluorescence. Additionally, there has yet
to be a study confirming the reproducibility of a flow cytometry protocol
in human adipose tissue. The protocol presented here has been adapted
from a series of protocols meant for use on murine tissue [10-13] and
optimized for human adipose tissue through a number of trouble-
shooting trials. In refining our protocol, we have overcome the afore-
mentioned challenges which have plagued several of the previous
studies that have used flow cytometry to analyze immune cell pop-
ulations within human adipose tissue. The objective of this manuscript is
to present and show the reproducibility of an optimized protocol for the
quantification of immune cells by flow cytometry in human adipose
tissue.

2. Methods
2.1. Participants
Fourteen women were recruited from the CIUSSS-NIM bariatric

surgery clinic. Average age of participants was 40.4 + 9.0 y, weight was
128.4 + 14.5 kg, and BMI was 48.0 + 6.4 kg/m?. Four of the fourteen

* Corresponding author. Department of Health, Kinesiology, and Applied Physiology Concordia University, Loyola Campus 7141 Sherbrooke Street West,

SP165.21, Montreal, QC, H4B 1R6, Canada.
E-mail address: s.santosa@concordia.ca (S. Santosa).
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