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esity is a signifiaédhtecgliobabplpeaki maceny
opl e worl dwi( 8vé1Oa s ZTohd 4sP Oc2o2n di t i on signi fi c
¢ i kel ohooddeveil mpulnign rtesp st &n c é(, ah@E)t e s
rdiovascul ar di sreawsresd e gceanecrearfsi, Vv eacniddi ¢ o n @ €
Zzhei mer gAndédegakeO 1l -Gdraexta alz0NM&E2rneover,
esity during pregnanthwespgobgbebnantiypmomdlinc

i abetes mel(lChauts a(2@DMEt Y&IR.0W®Ii) c h, in tur:t

ntributes to the ri ¢gKawlasalka®iOtl¥8)i n the o
coampmekabol i c,oceosnidéi st isoynst emi ¢ ef fects, in
aResearch has Ilinked it to changes in bo
fiencgt i ndi vi dual s fr oMmMMareytd ,dahld.0&RMgtcoe ndl d a
vischhw wieldat adul ts wiaht ebetsi dmysriepgxhhoil boi gty

chraductions in corticalast hweclklneasss aalntde rve
tivity that negatively aff ¢tetts adadn3iat)i v e
ese structural and functional alteration

gi owi g mt he mesocordiircouiiinnodyiucd hesgt r i,at um

i ppocaampyugsd,al aandneukér ontial alg 6.2 8akX

e effectsduwrfi ngbecshitlydhood aamdradolbbkacen
ncemdmiendg e ibnomehdi at et andh heafgt.h lotuggm mes

nsequences henghurdiesslktla adul t obesity and
mor bisduicthi e&s Il nsul(iMar eg s,iasle@ada@dpportantly
il dhood andr eamplrod esmctenceuci ad e vsetl aogpense n o f

rked by heightefédodteypyaldp2 Bt hcisty uct ur al
nctional studies suggest t hat rewar d pr

ereas the cognitive co6KbnetadagRetad8m Hevel a
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and Sowel.l , Tha®Gl17deviemabameraoé almay contribut e
preference for I mmedcalcéoodwar dtseer(ne |hgenag thh g
outcaogmaki ng them vul n(eWad lklteer at2d 1lo/hesi ty

Not ablbgsiist yaessociacsati wi mbsiosdance®nsuhi whi cl
sensitive tissues exhibit i mpaired respon:
hyperinsuBamaemt @aail2.0A8ri pher al ti ssue insul.i
a key feature dfi sta2Diamad | DMt he bra-s- n was

i ndependent because the ceetnitlriaze nglrvoause swy
i ns wHoiwe.viemrdi igs i n ani mal s amsdttomvaentrrexlent |
i nsuleismshascemebabgol i c and behaivioweri gehftf ect

mai nt eaattbhe devedfophEbhtahiulGIDavta nanl2.0.2 0 a)

12Centr al l nsul i MeSiagondlicn@®Regnondati on

121 BrailnsastiemrsiQrigvaen

Althedhgehbrain was historicall y( Hegsaeldedl als
et ,all999; eSeaaqau@GBh) s view waby dhhel ldesgeod er y
i nsul in receptors atKbebsnmwid,dssdu&ST AEmpseci e s

receptors were widely distributed in regio
and subcorti csalmi baehyg, postmortem studies
wi despread insulin recept@OKulelxepta easisld.2o0ha)acr o

Steven Woods and coilheabheed, dthps d6Wadidas d f
centr al iinnsuleignl ating food i nt ake ngand

i ntracerebroventr i cu(lVdoodaitsn fallsOil7/OnNs dnhnsbabeown
fundamentally changed the understanding of
i mportant centr al f ukncawm nisolbeeyiomdpetisp hveerl
regul ati on.

Per i pmesrudli ni can pass-btrlaricughartrherbl(éBBB) vi .

medi at ed, satur ablael Itorwainnsgp oirtt tpor oicrefslsuenc e
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funct(iwomslts , al2003 et GaBYW1Dnce in the centra
systiemsulviif asffksgul ating both compmodesvsHemand m
partiictuliag ,knowal thatnfluences memory, appe
ol factory perception, and peripheral gl ucc
(Kul lentapal2020a; Hal)schmid, 2021)

However, centr al insulin actionam&d@2Dhought
(Tabasdsuml20l2 ©hd maslesl ecdii ¥y elignsswmlgin receptors
br adanuscewder f eedi ng (8nd ed b ad2.0t0/0 pt QB I20i0 2 ;
Wardel emanal201%hile restoring ceopgrdeaverntnsul
the onset @O®Ok amesttbgeat|2.8DMgse findings provide
evi derhcaee sel ective central insulin resista
met abolic disturbances

Humamwsth obesity show el evatueedptbcadmansnosbu

concentrations i n Kreethe b i2®D®Be h gHee 12D ITuhib Jgs

S ugagsedsitmi ni shed i nisnultime ebbrfaicdceg pmtsaid tiinal |
resi stance( deradthleeBBBMpr a hwemrg,c ent r al i nsul |
resistance was firsmeupoomagedg i st uadi es

magnetoencepiMEIGogTaphyidetneorn settr aattleudvi tshha t
obesity exhibit absent brain redpoinsgvene
hyperinstwluign agemieamiwh i champg rtersowlgthtf rtoom di sr |

insgliigmalni ndhe hi ppoclaetpuasi2®d06)

Evi dence ptohhartas no ustm gulailsm nagl r eady i mpaired |
exposed to GDMnndtmied g pAme nma.l studies indic
hyperinsulinemia exposure can Itehakdettus br al
( Dearede,nal202WOrNi ng gestati on, nutrients are

to the fetus via the placenta and umbi | i
susceptible to the maternal metabolic envir

mat er nal glucose |l evel inedwelttas ibh oad ghaoc:
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pl acent a transfer, stimul ating t he fetal
hyperinsulinemi §d HUF oeatgreadl@ 2 Thseehyperinsul
results in fetarlaintaébcer osiosnk aofantihese offspr

obesity2hader (iIHuf habelal2.022Nei ght gain fol
hyperinsulinemia exposure is often driven b
i n children eXhoestedal2.023G)M i s t herefore pl
chronic hyperinsulinemia exposur e during
mat urati on, as insulin signaling 1is neces
(Huf natge & 12.022p p o 1t thiifreegtMEIGs t u dsihecswa d d el ay e d
brain response in fetuses owietshiethya tnesduialn GDI
resi stadnaeegl ucose (dh addtlegal@® 14 ;etLianld@t5)
Furthecmot@xgpmsed ft@i IGOM t o sbhroanienractho omal

gl ucotseeK dPangée ,al2019hese changes i nkraiart e t h
i nsulin signaling resulting from intrauter:]
i mpactdeovalimpment in humans.

Figurgrolvi des a comprehensive overview of

obesity and insulin resistance

12. Pet ecobifCemtinalblAc hi oHu manBr ai ns

To detect central insulin action, various n
combination with itnescuhlniihguaesgsmngi mmbdati bnes
functional magneti ¢f MBEPpnaposit magi egni ssi o
(PET) , el ectroencephal ogrMfaephy nbB®G) 8 sarhd oMl
influences brain met(dwmaol irsenv(i kewid | efshien@e t | o n

2020.a)f MRI , i n parti caxyg eenvdeetpaesnud eenst b(l Bb@LAD )
signalesnabling thesdibhbideceidomeaotf al activity
connecdurviingy b ottaht er easntd ndyi fsf e(r ewnlt| epbanraald.i g ms

2020 examplisfuabbdecue task I s ai widkeil ghuse
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participants view food iamgess (lvrsai rmc ornd gpdn

food of varying caloric content

o
Insulin Resistance
—>
» Type 2 diabetes
Adult
Obesity
( v
® Insulin Resistance
< o l
Hyperglycemia
GDM » Hyperlnsulinemia
A J
Hyperglycemia
YPersy | » Macrosomia
[ ]
@ —» Hyperlnsulinemia — Impaired Brain
. l Insulin Action
Fetus Fat Deposition

v

Altered Eating «_ Impaired Brain
Behavior Insulin Action

'.I
Pediatric I (;besity
Obesity

x\‘\?vo l

A J

Type 2 diabetes

FigurOmefivi ew of the associainens$i heeaweestabesi
|l ifebpgore wawi BheRemrder . com.
GDM, gestational diabetes mellitus; Hippo, hipyg
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l nsulin function in the human brain can be
by meam®ndofenous i1 nsvuds nt hreel ®@asle glucose t

(oGTolr) exogenous inssiaghyype miuhesudilioymeamicc

cl amp namranasal i nsBbith, ther hgpamphgaue mine mi
cl amp and oGTT influence i nsul in l evel s

challenging to differentiate between centr a
I ntranasal insulin administratioinnhasi been
met hodetectively investigaldnilnyg ntienntnradl aimosul
of i ntranasally administer edmiinnsmilziin garteh ea br

of peripherall Hal dec heniifBg,c t BtOi2l11i)zi ng the ol
trigeminal pat hways, this technique all ows
the central f Ohweats @a 12 §I1$0 ptnhe ol factory path
is thought to travel via extracellular rout
ol factory epithelium, ultimaomlwheeachi ngpt
to multiple brain regionSEdwinc | Uheatmaa ktjhaeh h
2019aMoreover, insulin also travels along
brainstem, as supported byLbchHeadROLOImM an
Thus, combining intranasatheurnciunoafgiiensgd miani s

power f ul approach for studying insulinéds ce

into therapeutic strategies for cognitive a

123 Centr al l nsulin and Brain Activity
Using intranasal isrsgde mheetinder 8 MRIi neBgt i nsr e
peripher al energy balance primarily throug

mai @aomponent of t he h & wme o sitnasttnasnicleid/nsd eedn.
hypot hal aamshtaisviiegent ol iinfkperdovemenpser al gl uc
metabolism and inshéaht(bHgemmsidalRddet  Héni
201.7)Additionall vy, brain insulin has been s
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(Kul lentanal2013; &wl| &dlhamdt)enteadll gfliecg eias ed
food cong Oppdatadanl2017)

Another system that thweitclentsalthenmebbooi n
system. I nsulin i nfrlewga mcmesst $hercada nmy gadcat li av,i tsyt rii
anpr ef r ontdaulr icnogr treexsH aartig, ad2tfalt2e &tuld 2n@dh d;

Kul | reanm2 0TIBI)s a omteigvaitti wleidsyeod dt a(rkawli Inmga n n

et ,al2015RAurther mor e, centfrualct i osal i conméc
bet wetehreentr al tegment al area and nucl eus
valuation, which confiobdupastat @ébakbdevhaont or
et ,al200Nd)aplhyticipants with idisurlomt irresi s
i nsulin action in thecaompaowiohid glced | pmbe fce sg s
for pal at(deme , & &2d0d 2 ; Kul, B Ra0mlrb ; Tetedalmann
2017; EdwineThabkRad@Ppad findi ngsemsturgagle sitng inlai
pl ays an riengpuol ratdadoldtyod r ewar d behavior via me

syst(ekmul | entapnanl2.0.20a)

13The Hippocampus in Cognitive and Metabol i

13.1 Role of the Hippocampus in Memory and |

The hippocampus is an essenti al brain struct
rol e 1 ncoa@miitoiuse pparrotciecsusleasr,l y naenndoprayt,i allear r
navigati on. |t i s wi dely recogni zed for

consolidation, and recall of various types

memof ¢l af sed - tatl2.0 1 )X di ti onally, the hippoca
spati al navigation, where it organizes rela
gui de movement t Rediugih @smpPadcdouret zky, 1997
201.7)Beyondedttasblwesihhed ¢ ognietmev ge vigheenade ns,

i ncreasingly highlightrsliattse dr dleeh aivn omresgul at
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13.2 The Hi ppocampus in Appetite Regul ation

Food i nt ake regul ati on i nvol ves vari ous
mesocorticoljmbt b s hetem ppocampae| atnddk gr a

episodic aedorsiemmsati ons of (hfuonrg esr e veieedw s a't

(Kanoski and Grill, 2017 ) BeBruazvsi8dkria | a nsdt uTdii nec
heal adylsthsow t hat recalling recent meal s
consumption, while distractions during eat

(Higgs, 2602al2RHO0@8gs Higgs and Wo-€Gdwpeetd, 200389
al . 201Amnaedusct suggilet ewi ptheti ng signals of hu
affecting their abil(Hgblkdeon adBbacttdRouadoond i
199.8MMoreogvdadrhe hippocampus iscondinteivams e t o
Shotrearm exp-osdags) to diets high in sugar a
and memory processes i n (bwWwitrho caunri nmean d @Grnede nhw

2005; Attatquald@I 7,0 Rtte vad2n0s200n)

Neuroi maging studies have also identified
involved in processing food cues and respc¢
hor mones liitkebotnlsud hinl d Leeat ,aan2d0 lad;ul &tsl | mann

al . 2020aet JoaBB281; Kanoski .aind pBPauwtnmplalle ,ac20 2
during food cdief fperroscebeast wggen fasting and |
supporting sensi mpeérocienpt ( ¥ enests ,ganlda 0 R & )
individuals with obesity, both children and
during food cue processing has been obser v
and these alteratiqnvesgtredil2ddtl 7f, o dvth kiamtoak & i
Batterhamet2aR®21LeK%aRDAag)

Mor eover, the hippocampus S known to be
exXxposAuriemail shroni c hyperi nshidiwnmrpemira di rs yuntaeprt
pl astiamnd yrneeduuwrcoenda | i nd eints@ptoyc a mp wd frsepl raitnegd,

to hippocampal (Geluakhpe®il tta,bad2e0fli6é; Vuong

11
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et ,al2017; eScham2.Q ZHu man wi udiacee thewet hesul
children exposed to GDM and maternal obesit
t hi c kanneds sv o({lAumeee s al2.02 0 et L yr2cOh2 1)

Taken together, hippocampal dysf umeltatoend may
memories or the processing of hunger and sa

to overeating (Kaomoglhkiviaemwds,K Greitlela l2.gD21)7 ; Par

13. 3mpact of Centr al l nsulin on the Hippoca
Al t hough |l ittle is known about the hippocan
i maging studies invol ving iinntardaan/assaglr oivn sdweldi

valuabl e insights. Thesealstteusdaiteirso thiap/rpo cdaemoa
activation and functional conneé&uttidwifhy .in r
2010; &€haa@015; &tuldBneSkpfe)c i fhiicpaplolcya,enpiaVvi t vy
was i nhi bidfedoducuaeagtask after i ntranasal
(GuthBof,al20R0ONt her metset mggteudi es sihmwreaa saad
functional bevtwerpeatithiet Wi ppocampus and prefr
i ntranasal i nsul in admi ni stration compar ed
met abolicgliindi hiedl ahs aha Zh aestg , a2 01 5 ;
Kul | manmROTLh7i)s enfhamcteidonal waenaksbiassgci a

with reduced HWKruddrenafmad2.0iibndg)sc aatni nger acti on

bet weentral insulin aetwbdpepdéatipip®craengall at i n
14 Sex Differences i n oGe nCtorganli tlinosnu lainndé sMel faf
The effects of centr al i nsulin exhibit sig

(Hal |l schmni.d, Be2hOa2els)e e enk hb ot hmadcddmsdl humans
havsehowmat mal es and females respond diffe
especially regarding food i ntake and me ma

consumpduroinng bandt iwmegi ghftol | owisng chronic

12
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admi ni s(tQlasdgigoanl2 00 3; Heatl ,laslxthOi ;d eBe,naeld( c& )

whi femal es show enhaneedendiempomempusy and de
snack consumption after |l unch fldlelneesti g acu
al . 2008; Heat!| ,l asl2.h 12 )d

To better understand the mechanisms behinc
studies have kheelnggedtiatt edw estrogen | evel
for the anorexigeni ¢ Cé¢ fefgg atl2 000f 6 pcveent erra,l  hi unnsaul
data do not fully supptoerrtnosd choefe e n & u mpti in@rs
ppocampendent (Memeagr yal2010;etKral@018)
suggegsthiesg roggmom be the sol ecefnacatadr iinmspudd

action in humans.

Despite considerable behavioral evidence f
studies have | argely ignored t@uer rporleeviodusse
wor ks provided | mpordtiafnfte riemsti gchetnst,r asl h o wisnugl
hi ppoeamand prefront al cortex( Wedmdereal mal e s

2022; Watgnhxel20WsBal ssemonstrated that variatio
i nsulin sensitivity across the menstrual <cy

suggesting awm sibnxt ehroar ¢ntbuncemse |, al2.0 2 3)

15 A1 maf The Thesi s

Given the dynamic nat uruen defr stt tabossbdramnvged toipa m g
bet ween pediatric obesiig ycriiotdiicdaelait hf al €é&f 8
i nterventions. Howaviencooshiseliitdhhetnidnegegls

f srystemati c synthoerseioftv eirre ntah inss fuineclide.atr ehbowe
hyperinsglexpesiuae to GDM) and i ;me atthea | i ns
hi ppocampal net work and its communication
processi ngalodr ihci gffd and Itahued ypot ent i all sex dif

t hese r ersepnoanisrespoorly explored.
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Thereforesofthkiwendlesy stematically review n
studies of brain alterations if{halpitledr dn an
2 xplore the associations between GDM expo
alteradaaiiomg Ppoodecwmedrng@hapt)earnd2i By estigat e

t he hi ppmoetawmggaddponse t o acut,e iimdlruwdiarsgalp dtne
sex differences and associations with eatin
i n ad@ ulatpst)ero 3under stand how hippocampal act
ot her brain regponse to food i mages with

functional (tboppectaimpivasnenenaosrukr)ed duri ng a

t ask
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2. ResuDitscasagdi on

2.9tructuranc tainBdnaaiChange €hiilndr eAdodnedscent s
wi tObesi(tChapter 1)

Si xiu Zhao, Lorenzo Semei a, Ral f Vei t | Jul
Kul |l mann

Mi nBavi ssihoh@besi ty R @eecvwesmde? 4.

Chaptesyslt ematically revi ews neur oi maging
alterations in children and adoStesucdmnutral wi
changesuchl taessr atni omvsai namec or ti cal , anhd cknes:

functdlmamgesnchedialyi viftuymocataild connectivity
resting st-ahdroamhd afdoiogénrse d. scussed

The mesocorticolimbic system emerges as pa
tdsopulsaObeni ty's I mpsatcrtucomr &r ainl functi
significantly across developmental stages.
activation i n -rrelsgptoencs er dwa rfdosood whi Il e i nhi bi
di spl ay decreased activation im adhol esecantu
Si miilmpreane observed paremébdbeni ewvicdndi tion

asmat eronbaelsi t \sDMdnegar dl ess of their. curren

Addi ti ong@lhlay maonmlnogi ca,l i nicntuein wegcé s®n B8 g
behavioral str altegs eps degmla msetirgahtte posi ti ve
i ncreasing activation in inhi-belaregd rlemgaiom

activity. The <chiagpearemngfcyorpot udapsbyn pedi at

neur oi magi ng sruegsgeeasgucthu raendr esear ch directi on
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Abs
Ob e
t hr

neg

pro
res

ado

tract

sity, particularly pediatric obesity ha
ee decades with a wide range of detrim
ative consequearraenddwel olpmaeinn . The pr e

i ewed magnetic resonankeaenuarayyi @l Istardd eM:;

4 examining the brainds role in pediatr.i
di verse interventions. A |iterature sea
pediatric popul ati on. Fi nrdu emmtgsr essugagred t

ctions in pedi atdreipe nadlkeengi toyn drhe dgdterved @lpy
chahdreaedol escents. The functison asndt hse r v
pocampus, amygdal a, and striatum, as wel
particularly affected by higherlnbody m
ponse to palatable foods, children and :

reased actiwvettiaadredi megewasd and decreas

ions involved in interoceptive signal p
cessesn,l cmhaddirteinoof mothers with obesit
l itus show altruvuatumeasamd fbHumée¢mnhi sn i nde
rent obesity. Behawvioosrsali ,ntexeremits eo na msd uw
mi sing effects on the brain with increas
ponses to reward, gndrsaimnengspensdsi nhib
|l escence with excess weight after the in

16
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1. I ntroduction

The gl obal preval ence of over wei ght (Bod
85th) and obesity ( BMI percentile O 95th)
ri sdeemmat,i aalsli8g ifnr M 90 t ¢ WHO%% ROREQGRAt ri c

obesity could persist into adulthood, and i
2 diabetes, cardiovascul ar dKsmaseandanHKelcla
201.7)

During this development al phase the brai
devel opment , characterized(bhygpochteyaglb®2bpepd ne
Magnetic resonance i maging ( MRI1) enabl es
mi crostructur e, and the function of specif
adol escence. It has been shown that the vol
devel ops inUanpaitbheentedvhi ch is increasing
and declining in post adolescence, with | at

(for revikewsrostteand Giedd, aR00AB; Kemtacg
Sowell ).2Me8p!|l i mbic regions, such as basal
amygdal a exhibit the same devel opmental pat
years reqpeatriowd!l yand Gi eae@td, al2008; efRaalsek]|
2021)Cortical thickness keeps decreasing,

keeps increasing throughout theHehobilegcamndd

Sowel | ,Gemelr7al 'y, both structural and funct.i
maturation in the mesolimbic reward regions
devel op(sKkolnettaedra 120 1 3 ; Herting. and Sowell, 20

Sever al neur obehavioral hypotheses for t
been proposed, even though they are not exc
(for revi 8wi cxreeand Yokumor 262ampl e, t he

sensitizati on hypothesis suggecsatlsort Rratf oowde

|l eads to increased response to food rewards

17
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hi ppocampus, orbitofrontal cortex, i nsul a)
cortex, fusi form gyrus, front al opercul um,
rewar d l earni ng, subsequently promoting C
hypot hesi s apdygiptes atch &ctail toy i o floiogh t astes in

system contributes to overeating and obesi

deficit hypothesis proposes that | ower acti
ventr al | at earatle xp,r edaromndladt ecr al prefrontal
I mmedi ate food rewards resul ts i n overeat
circuitries, al | these hypotheses of obesi
cognitive control systems.

The aim of this review is to provide a
research (i1 .e., using structur al and functi
and fMRI)) examining the neural alterations
we considerrmawv ma paternal metabolic stat.
in the offspring. Last-phrar waec aleovgieona | a vian tl es

strategies and their effect on brain struct
will also evalfuan et hdediefvfi @dreercte hypot heses
2 Mat eri aMet hands
2.1 Search strategy

We reviewed MRI research on -adxceasast i v@aisg
among children and adol escent s. To identi f
online database PubMed and Web of science
bet ween JanuarMar 22001214 . anSleararthe tgirmesn i n t
Suppl emelretxley screened the identified studie
the review topic by reading the title and
articles in detail. The stutdhuppl eménbarpro
Figure 1

2. 2. Selection criteria and data extracti on
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I n

t he current revi ew, i nclusi on criter

empirical research, 2) c hli8 dy eoar saMiBoll de)s,c ed )

met hodol ogy (e. g., f MRI1 ) was used, 4) st u

adol escents with excess weight (BMI O 25 k
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m a
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st

st
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me
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Su

I
st

y C
E x

t h
ed

. 3.

Th
)
d
te
t h

ru

owing studies were excluded: 1) revi ev
ract s, 2Wi tpharttyge pantdéWabetiessynkRmadneer,

hiatric/ neurological disorders, 3) stu
tracted data included information rega
sample size, Tanner stage, weight st a
ods (including MRI modal ity, task desc
, and aksymmandioffjs from the extracted
Selected publications

us far, 97 publications in total met th
il nvestigated effect of obesity on brain
adol es@assesbérd=s2rucf{umnabodihf geegnaad
emassessed microst rinctwhriale mnaft ftlerrdeentceecst
structur al and white matter mi crostr

ctural , white matter mi crostructur al d

i ngMRIs, @&t ectledl structur al di fferences an

ru

n @,

| u

ol

25 examined neural activity during diff
cture and neur al activity, n Falbl examir
we summarize the charakitgeurieseda@ts of 1
strate the major structur al and functi

escents with excess weight. 9 studies

tabolic status on pedianed ce fofbestida yof 2ph

i tn

ai

pp

ess on brain healatrtmazmmd odi thér emtt enwvpnN
ns. The characteristics of t hese st

|l ement aryanablreeshbeSuppleément ary Figur
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describes the brain alterations in childre
after diverse interventions. We wuse the phr
above the normal weight range.

3 Resul ts

31Evidences of structwural differences in th
wei ght

Obesity impacts the brain structure in cl
di fferent metrics, including vol ume, cortic
assess brain structur al alterations in chi
al teratinonasr eians birnadii cate changes in either t

in theseder®assa and. PCoul x¢cal20tlH)ckness me

matter width, which i1 s determined by synap
my e | i n(altaihcerd |., 12n0 2a0d)dvieti igdhn e dT 3 i gnal intensit
i nsights into changes of Dbrain tissue prop:¢
content, wher e hyperinten(ski tedrgald 06r1 ef | «

Sewaybreitc lad2r019)
Our reviewbsitnucdliuedse sad2dr essing structur al

with pediatric @bdsistapi.ino¥Ymod suarleitmbicc r egi on

hi ppocampus, amygdal a, and basal ganglia (
striatal di visions) have been |inked to ob
example, compared to their | eanspeoerd, | olwiel

volumes in the hippoCBapedrs, ad2n0dl 5a myMedsat! rae

2017; eltiaanlz023vhi |l e adol escent(sl3wvidtgearsgss
exhibited higher vo(lMaresshnpetr 28 &2reetBeohaki
al . 2018&) milarly, a positive correlation be
gl obus pallidum and nucl eus accumbens ( NAcc
i n adol(edsec e@rtoscatl 017 ;etPeal k8pwetvbeyr studies

found correlati on bet ween the volume of t h
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0 b e smetays uamecsrodg daedro | e s(cledh® sy g adres )&rto,catRk 01 7 ;

Me sterte, al2020he observed inconsistency i n me
chil dren and adol escent s mi g ht arise fror
devel opmental pattern, characterized by an

regions during earby a hdddalhioma ,d Wréilernrgh waadgo | e ¢
and Sowel.l , Ho2welv7e)r , l ongi tudi nal studi es
adol escents (spanning puberty) with excess
in the volume of the amygdala, hippocampus

a -‘YearlJi a&ng, al2.02mLd-y 8a(rHas hianot al2.0f1bl)b p w

respectively, suggesting a potential detrim
Notably, studying a wide age range from chi
i nteraction effects t hat change througho

I nterebé¢ei hgt ysl eep and | onger breastfeeding
| arger hippocampus i n ohviilgdieed reasDP2h; ekCc ggsn
et ,al2022)

The structure of the prefrontal <cortex (F
executive function, has been wi del vy studi
employing | arge sample sizes. For instance

circumferenadecerhiskeidt eddbl ume and <cortical 1
regions o(fL a&ueee iPEFIZ0 20 ;e tRoanN2ah2 0 ;etBrald8 2 3 ;
Cuet ,al202 &t  Hhd2K2a3d ;t enled uadr02 3 ;e tZhaah@2 3)
Lean mass index positivEeGryaMaraedi,catl2@2 P)FC v
Further mor e, the reduced volume and thickn
the inverse relationship between BMI and

memonyYarueenal020;etRoanan2 0t SakRORAPYdi ti onall

children with excess weight showed a great
thicknesyeaorverof2 devyeéabg ar0t2 3; Kadtt eanlh.aus e
2023)Conversely, ol der adol escents exhibit:
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cer al alf banette,ad 12.0 B& mpl yi ng a potenti al

el opment al pattern of cortical thicknes
ust correlations supported by | arge sam
erved | ink between obesitythlemdPEGe tshize
ion is I|likely to be vulnerable to the e
urity of the PFC compared to other br a
|l escence coul(ldabeenbROR2&Hpsvernwer, given t|
ority of stwaec¢cteisomwaelrei croastsur e, a clear
ween brain devel opment and obesity re
 ammat or y( AlWied mBd kmas, al20aIn9dd) adverse early
t(dSrodii e , al2.0Me9r)e al so rel ated to decreas

|l dren with excess weight.

T2 relaxation time was wused to investig

=y

> «© N (¢]

re
be
be

o ©

et

Me

> ~—~ T O

i p

res

200.

c hi

il osis resulting from obesity, I n the hyr

pocampus among adol escent s. For exampl e
i bited I onger T2 it dlea xhaftBeiwtaytbiamue & ke r
9; Sewaytbralz®2Idyggesting the presence

i 0osi s, a response of the central nervous

gh f &tSevwaelhet c,lkad2.019)n addition, hypot ha!

dicted weight gain over one year in adol
sity, suggesting that gliosis could pot
s(iSewaybeti cakrR0.21@n the contrary, a nega't
ween-sBMIrez ared akation time was found in
sertreal202®)nl i ke gliosi s, a decreased T2
pocampus might be due to the accumul at.
ulting from a high fat diet, (Auedgygalti ng i
7)However, there remains a research gap

|l dren with excess weight. Mor eover, expl
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as other | imbic regions, could provide deep
to pediatric obesity.
3. 1Summary

According to these studies, children and
have altered vol ume, cortical thickness, or

regions, PFC and hypothalamus. Although the

found decrealsedhicokness and volume in the
di mi ni shed executive function. Vol umetric
amygdal a and basal ganglia are strongly de
with decreases observed idmol elkicdddgtiesme(adal i nc

3..2 Evidences of white matter mi crostructur

children with excess weight
Besides alterationsr dalnatberdaicnh asnigzees, ionb evsh
mi crostructure have also been investigated

a neuroimaging techniqgue that detects wat
(Al exa&®nderl200F) acti onal ani sotropy (FA) i s
white mat t(eAl eixnatmedgeri2 @ ¢ 7 )

We idedsti ddieels | inking excess weight to a
in children and adol ewkbieohscoAMssotitahe onort
within same hemisphere, seem to be suscep

chil dren wit hl 1o byeesartsy sahgoewde d7 hi gher FA i n t|
as wel | as | ower FA in the supertbeiceteha
pee(®et ,al2.015; Augas$2t0ilj8h) st ructur al net wor
reveal ed stronger ocemrneaati camsd vdaosrhswael | ltshasi a
greater i nvol vement iorf tthies pafecuyasttoiagh.gyr u
2019b)suggesting thabtottdtbeesi ¢ waridnpmaet wor K an
cortex. However, t his study di d not exam

processing orLamogteorr hsekaid | si.i rcumference at
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household socioeconomic status also influe
fibers 1 n t(Seode wdh, iall2dor2ezn;, al20.2 3lbn ol der chi |
and adol escent s, however, a negative assoc
and FA in the association fibers and call os
FA in these -yebherdevdRomameBinal2016; Kaltenhalt
et ,alR02®pesity may contribute to the incon:
in the association fibers during devel op me

ease observed from childhood to adul t I

5
(@)
—

determined by wantgert hdriefef wdhij ssteiargchta loax whi ch

i ndependently 1 mpact FA. Consequently, al t
directions could also result in varied find
especially in early adolescence, mdiree stud

current findings.

3.3 Evidences of functional differences in t
wei ght
By assessing changes in the paramagnetic

depend ooxypge®mdl evel s, f-M&$ ed i h MRfuMRBRIN,g t as
can infer | ocal neuronal a¢Caveteydla208d2Ff unct
3..3. Resting state f MRI

I n compari-basedof MRk resticomgnecadi i fync¢:
FC) provides insight i 08B8or oemi, tazlhG2 &) neur al

There are a total of-F8 Bhudhebdremeandgad
with excess weight. IFCe yb ed hveeveend r aelgti eornesd rre
cognition and reward proc€<sibreg,wewint r eavlat ¢

related regiomn®nsTlhezee nalttadd gt i nfl uenced b

stage. For exampl e, adol escents wi-ERG exces
bet ween cognitive regions (e.g., hi ppocamp
regions (e.g., cauddtMo,r emrpbeizt ,cafl2.0InG ;a |l Marotr 2 it
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P®r et ,al2019; eetorahMi0i2fn) so i ncreased FC amo
regions (e.g., palli(dMamP@omebi|i al@Dd6nt Blor owr t
et ,al2020Whil e chil dren wi t h excess wei gh
connecti vi(tByl aptaktatl20 héet PaROR Reward regions
relatively more developed i n adCalseesyc eanncde t
Jones, , 2@ahd) these reward areas might Si mp
younger <children, resul ting Ciarseety, d12a06R0p0f s
Borowittal20O2@®Hpwever, these studies investig
bet ween speci fic regions based on researc
exploring effects of obesity on brain wide
net work analysis, s hoowe dbeat weeegna fBQ¥I eviadndds aorcsi &
salience, executive control and default mo
wei gBtr oeks al2.023; Kadtt ealR®dR2B8hret her these b

alterations predict food craving behavior

exami ned. Early | ife factors, such as birt
associated with hippocampal FSoUmmsa hial dr en
2023)

I n sum, the available Iiterature suggests
have weaker connectivity between regions 1in

stronger connectivity between reward region
an opposite pattern.
3.2. -haskd f MRI

A variety of di fferent tasks were wused
Specificaklgatedopdradigms including a Vvisu
(Yokum and Sticeet 2812814 Fd 4 thd2e@bloef;f Mast er sol
al . 2019¢et RaR®19)0od spagwi ftiacs kg d/emese ilg l
201,9)t asti fg@Bo(uned+,ladld.015; Bohonet2@1270;1 7Me st r
Yokum and Stifceqgd 29289i fic attepYolkaemtmnet wor
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al . 2011fpod choi eMotraPsakd ifltn,a=l22)8; wetanpalMeer

201,9)f ood and physical actliemt, yal2ddaa3d)sa on t &

f

o

Yo

e
e
d

e

X
X
e

t

od commercial ( Brrieggg @d2.0(1rm3; = Buy ger and St
kuemi ,al2014; &Ktapala@db,; 6¢ agral2adn2elt)e used to
amine eating behavior related brain respo
cess weight. -fBodt par@mdi gmsnomcl uding a n
|l ay tacGMavas, aRlO)l&épdi f-geessiang t(aAsdki s(en = 2
,akR018pet AdR9da9-pakpgs t a(shel gradat2,)alRk013;

Mateat ,al2.0l1 %) ci almadkedacnigs itoanq WWe(f nbaf oeith, al

201,5)and a chatrpopdoensep&klRWEe2 u)sed to inves
neural activity.
3...1. Food related paradi gms

The chronic overconsumption of <calories ¢
rol e i n( Noibeeessieta2 00 Hepnce, brain -aa&lsproines efsodd
cueg e investigated to evaluate neural mecha
and adolescents with excess weight -showed
cal orie food-fsotoidmulitpr(ovesa.asmdonng brain regi ons:s
medi al orbrtekr ¢ OF&Ll) , coentr al striatum, do
substantia nigral/ventr al tegment al area an.
(JastetebakD1l4et Ro2Ml18)igning with the incen
hypothesis of obesity. The responses in the
correlated with Il eptin | evel and negative
(JasteebakbldetAd®®@1lSyupporting the role of
i n regulating eating behavior. However, betl
food intake were not assessed in these stu
strategies, such as ¢ onswhdeenr icnogn fbreonnetfei dt swiotf
calorie food cues, resulted in increased ac
and decreased acti vrad¢l aned nr ddiieonast teeman g na
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i ndependent (bkuuimeandBMBI Deepi 281BY)s small s
t he study coul d provi de a t heoretical fr
i nterventions, such as cognitive training.

foodrelated reward processingdundepgemaddémtod
speci f ikgco gtfalseknste nal2019)

I n additi on, el evated responses in regiot
attention to appetitive taste (vs. water) g
hunger in childrehBowutdl,leaddé&s5s Behght 2017;
et ,al2.017; Yokum ands uSjtgiecset,i nzy02a3xn) i ncr eased
gustation. These resul ts support t he rewa
highlighting the significance of brain rescg
of obesity.

An attention bias to food in adolescents
wel(lYokem,al2011S)peci ficall-gpediufriica gatat efnotoido |
adol escents with higher BMI not only exhibi
but also a hyperactivity in the reward and
pictures. Mo r e oV esrp, o ntsheess ep reel dei vcatiyeedad rwedi gthe r g
(Yokem,al201IThese findings also support the
obesity, emphasizing the role of reward an:t
Notably, only female adolescents were inclu

Caloric intake is al s(dDed eRatdmd |, lad2d0 1By) dec
Adol escents with higher B MI exhibited decr
contr ol regions when choosing appe(tviazni ng f o
Meeet ,al201®;t ,laik2®P28%hich is consistent with
i nhi bitory contr ol deficit. Hi gher respons:
choice predicted greaftwvan wde ganl2.0 @) ngpengy
more c¢closely with the incentive sensitizat

response in the inhibitory control regions
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ol es(cMort-®adieltl,aal2.01&gai n, the inconsisten
ise from the interaction between obesity
ample, the older the adolescent, the more
tentially prompt more deappetriate @maéselmpi
gher reaction( Mor-@mdidtlraawald d&) t er nati vel
udies with smaller sample sizes could con
another potenti al reason.

Brain responses to food commercials (e. g
entified as significant contributors to
es(iSttyyry and Freweclk, al@804xamined, even t
andardi zed paradi gms. Greater response t
tentional regions pr ediccatleodr i ger efaotoedr isnutbask
i ght eeeiar dmdad er in chi(Buegeandndd8teseceg
kuwem ,al2014,; &Ktapaladdb6; 6e¢agralRadr2dithe effect s
cess weight, however, were not specifical
udies showed that children with excess \
tentional regions and decreased activat
mpad to thei(Brledarml2p0ele3r;s Ma s, tad2rOslodnh e s e
sults are consistent with both incenti ve
ficit hypotheses of obesity. |t appears
mmer cials affect all children, but the ir
cewesi ght , potentiallgodimohi sRedgcithegi expg

od commercials in their daily Ilife could

LR 101 Summary

Taken together, children and adol escent
peractivity in regions related to reward,
es and taste. These responses are predici

ight gain. Westhdarhaftorcaanrgsweqgt findings ar
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the incentive sensitization hypothesis of ¢
regions in the development of pediatric obe
i n inhibitory control regions were mixed (F

3... 2 oNbodn par adi gms

To examine whet her t he association bet"
hyperactivity aitrerdr ewagrnaodns i s specific to fo
studi es empl oyed par-adodms( ei gveol vmomget aog)
Adol escents wi thhad i decerre dsoeddy dcatti vati on i n
cortex t o monetar y( Nmeasr,dal 20eled8io ave k er no
association was observed between weight st

either monetary or {AddeésecealdrldetiA™d RORIGO)dr en

Gi ven t hat children's brains exhibit | es:
adol escent s, it Iis possible that the effect
to food vs. monetary reward wa(sAdioste dlul |y ¢
201.9)Di fferent task designs in children vel

possi bl gd omredafheni nconsi stent results
Maxi mi zing reward at the cost of risk sec¢

bra( Br nst and FudAmagng20db®9gl escent s wi t h e

decreased acti vwsitgmall iinng trheegi roins k(i . e. , i nsi
predicted reduced i nteroceptive sensitivi]
l ncreased activation i n t heerrse waasd obesgdarowe d

wel Del gRaded ,al2013¢et MaR8&819hese findings may
a higher focus on the reward ptepmrtis&sttl
associated with a decision in adolescents
propensity tomalchriosef oy in their daily 1i

I n addition, neur al responses in adol esce
found to be influenced by social factors, s

decreased brain responses to unfair monet a
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re
m o
al

s |

n

gions during -rmaksioncg atl asdke,ci sugmesting red
nitoring of 6EVJer &ajy eefthail2.hleB)sci al stress
so related to obesity. For instance, amo |
eep deprived, both positive and negati v

creased brain-racdtaitveidt yr eign oennso.t iTohn s was |

paying more attenti(densenpat2d®i22l) feedback

—
(@]

co

co

al .

ac

we

I n sum, no relationship was observed betyv
ot her form of reward in children, but a
ol escent s. Decreased activation in inter
d increasned nacrteawaartd oregi onaki dgr weg edadis
und in adolescents with excess weight.

terpreting these results due to the | imit

task designs.

..4 The role of parents on brainds function

Evidence indicate that genetics, epigenet
ctors contri utae ttha I1WeOi®Pgahrte ngtaailn obesi ty i
edictor of offspring obesity riglRaitm chi l
,al201&E)xposure to maternal gestational d

esity in utero also incfK®age, alROK Ouar obe

view provided 9 studies addressing the roc
children and adol escents at high risk fo
(. Parental obesity and gestational diab
Even |l ean adolescents with obese mother
rtical thickness in the somatosensory an
ntrol regions, compared t o |(eTahna ppeeteirysa o f
2021 ndependent of their current adiposi
tivation in inhibitory control regions [
akness in inhibitory control circuitry co
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effects (@OCarabtesdilzyl &t ,alka0.21@nNly one study t
has investigated paternal i nfl uence on chil
found between children food(Luwa ,adactliav)i ty
Ri sk for developing obesity also derives f
di sorder s i n ut er o. For exampl e, t he v ol
hi ppocampus, mi ddl e frontal gyrus and sup
exposed t o marnt eg mwanacb esiet y and GDM was d
i ndependent of (tAlleeiers aci22Catl WO Bt ,lal o
202.3)Similarly, i ndependent of <childrends a
hypothal amic cerebral bl ood flow and gl i o:
of f sgrPiargg , al2.019t ,Lauld.021b; ChasmtdralR@R &1 an
suggesting that bot h, homeostatic and meso
GDM exposure. However, these studies are ba

Future studies based on other hypot heses,

controli myshielmdren exposed to GDM, are nece

Collectively, the included studies sugge:
adi posity, children of mothers with excess
control circuitry, while those who are exp:
i n the hondeorsdvaaridc saynst e m. Mor eover, mat er n
may i nduce hippocampal structural alteratio
to fully depict the i mpact of parent al me t

studies examining avleiilgdhrnenbuwi tohb erser npaalr en't

included in this review.

3..5 Npmar macol ogical interventions against
Sever al interventions have been devel ope

obesity. These i nterventions target phys

adaptations, or a combination of t hese. C

i nvestigating the nrelphatyisomcahi pfilbeatewse al

31



CHAPTHR

function/ structure in children aontdhle&dol es c ¢

p o

an

Es
et
Lo
Ha
be
t h

n

c

gitudinal studies addressing the effects
l udi ng exercise.

Physical fitness and exercise interve

Physical fitness, investigated by phy

r
S
d
c

t

g

di or espi raagtiolriyt/y / s pneuesdc ul ar fitness) and
itively related to brain volume, cortic
connectivogstyatod neétewarekss iinn chil dren al
ess WEestgd&ltbamef gqal2.017; -ChHstneljanal2.019a;
e-Bannet pal019b; -Ryldedomgalr@20a; -Ryldromuez
alkR020bet ARVES]L;etBraobkz1l; -CoOstnejoal2021;
ah,alk022; ARenamtal@d0b023; -Sandeméazsal 02 3;

apetagal2024dhe above findings indicate tha

n
e

o o —_ — — — — —_

o

u

efit from physical activity. Hence, exer
brain health in children and adol escent
n children with excess weight, even thot
ef fecweolKs aaer0obi c and resistance exerc
ume was found, which may resul't from |
erations e@eeséefriotaed oo ( bl egahb2r0o22gvel
erestingly, effects of exercise on the
exampl e, compared twomoselkentaarybigc oepx,e
ervention increasmpodrRA pmdtilee atht dntber tr
| dremeflioim,ba change that was also rela
exeKrcatsfenl2014b; eSichal2®144n the same exe
gr am, reduced synchrony in default mode
mot or network; altered brain activation
antisaccade/ fl anker t ask; and isnocr eased

nd after ( Kmafefrrtaé2nt li doanpt Ka B2f0f1t4THhi s may
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suggest an i mprovement in brain specialize
(Kratfal20l4aet Kalad.142i)mi |l ar results were st
3month aerobic exerc(baei s RI0OWdaVhteit chre rs tt thdeys «

children | ost weight was not reported in ab
3.%2. Eating behavioral strategies

The adaptation of eating behavior has bee
i n managi 6 Gawete bR 01Fpr exampl e, co-mpar ed
skipping day, adol escentsd6 bif @iond) r eseaensien:
reward/ motivati on regions wdaysdebreagkédst
consumption. The brain activationeidnttohese
appetli¢emdyalO0O1RAnother study showed a reduce
in reward and visual attention regi-ons f ol |
mont hs food intake reduction device traini
eating speed by f(eHadheboenk 21004 &Ewreinguenough fin
from these studies may suggest a reductior
parameter was not investigated in these st
the reduced sensitivity t{ioteooveéntewar dsipplb:
i ncentive sensitization hypothesis of obesi
reward regions promoting overeating and ob
food rewards could suggest a normalizati on
obser vcehd lidr en with nor mal weight.

3..8. WebgbBtprogram intervention

Wei ght | oss i nterventions, combining e X

cognitive behavior al therapy, family ma n a

commonly to manage weight and reverse the e

example, -médnths ac dntbdarmnwantii on including ex
restriction and cognitive behavioral t her a
wei ght | os s, but cerebell ar cortex and tot
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among cliAuduetn jald0.19lan addi ti on, adol escent

a greater increase i n i msaulna taacstki vfartoino nb adsue
post weelk2 si mil ar intervention | ost more wei
deci-mmaknng, the insul arcispphayectnlesisghihnen e
who achieved greater weight | oss, potenti al
I nterocepti{Meaesyal2dm 6S)i mi | ar |l vy, adol escent
reductions i n BMI showed a normalization o
and dietary inteKiveaeiten @l2.0a dMowelover, decr e
activation after aF Cmeanl tahred alpopveeri trt 8 e re

i ntervention predicted gr é&céear,vad2i0gmd) | os s
3mont MarPRR@rnetz ,al2020espectively. This may su

role of the reward system for successful we
Il n summary, exercise is the most cCommon
I mprove brain health in c¢children and adol

wi despread effects on brain structure and f
result in decr erassepdormbseas.n A elwaw dr esponse to

response to risky decision making seem to p
S

4.Di scussi on
Pediatric obesity is a concerning public
addressed. MRI studies in children and adol

evidence -né&l| amtdedeistafi inomrain function and st
suggest that altered brain structure and f
dependent on the age or development al stag
studFiegu)e Specifically, l i mbic regions, as

striatum exhibit deé dmreas emd t\ho leuxneee sisn weh ig ht

with increased volume in adolescent s. Furt
decreased vol ume and cortical t hi ckness i n
f oods, children and adol escepmptes wictth vax ¢ ®@ans
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rewar d ane edtatteendt ircergi ons and decreased acti

i n interoceptive signal processing especi al
Activation patterns in inhibitory control r
We susgtget hat these findings support the i ni
given the hyperactivity of primarily rewar
these regions inl huaddet wenghthghdnen of mc
and GDM shrowalstienm dtai ons i n brain structure
their current adiposity. Further more, exer
wei g lots s i ntervention studi es showed pr omi
structur al integritydd decpoased bmaiohid a

adol escence with obesity afted nt devennttieornv
weight | oss in studies of exercise and eati
I n wei ght |l oss progr ams, a decreased br ai

i nteroceptive system sensitive to risky de:

wei ght | oss. The findings summarized in th
framework for developing more effective int

Obesity has a strong genetic basi-s, enco
onset monogenic obesity in pediatric popul a

which are expr es(sSaeeitdn atl2l0&2 B s @i mrbeelsaitteyd

genes are thought to influence dmedy aweidght
ef f e(cStaseeetd , al2.0244) r ecent revi edw shiieuicitalght ed
pat hways in the brain's regul ati coandof ene

pol ygeni cobfeosrimisy ,ofbased on gene expression

(Saeetd ,al2.02&F)r monogenic obesity, such as
Pradvrl | i syndr ome, an iIimpaired hypothal ami
contr ol has b8aageetd,daelnG 2 Hpwelver, neur oi magin
in children suggest that structur al and fu
hypot hal amus, i mpacting other ar a\Vee,t i ncl uc
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al .2022;etHuaaln0g2 4 aet HaRO.g 4lbn contrast, polyge
iI's thoughti 680 uprhervoanrvce np rpoac ehspsSisiregetd, a R 0 2 4)
with manyasslhesiattyed genes being highly expr
circygiNdreye, al2020) s aligns wi t h t he i ncen
hypothesis and is supported by MRI studies
reduced brain vol ume i n( Kemgmneetad,g [2n0i 1t9h;i nMotrhyi ss
et ,al2023)

The review indicates neural changes in c¢ch
weight; nevertheless, several | imitations p
i n sample sizes(Adeamh ad2sk165nNdBOEB] al2.021)
among f MRI studies. I't is crucial to quest:.
studies accurately representelt haed tefrfad ctosnso
anal yses should be conducted to ensure appr
I n addirtiiadn,onsa i n f ast i nbga sdeudr aft MRoln smebaesf uorr een
(from satiety to 6 hours), @Yakeetm,call2ulbl lvie f o
Adamt ,al2.015et ,LalmOr2e3Qui re caution whil e int

findings. Mo rreed vad re,d rteavwsekrsd wer e typically
whereas adolescents were engaged in- tasks
making. This could al so | eoarde,t ol isnkietweedd Ifa mgdi

studi es prevents us from reachiemgn &r aiomcl

outcomes resulting from disruption by obesi

the relationship between pubertal measur es
duing ado(Blszkeamer,e no2@12)dies have investig
i mpacts of pubertal status on the brains of
wei ght .

Future research may benefit from task de:
on inhibitory contse@elgultad ioexmamisnafliewtedl fby

cues. Further mor e, the connection between

36



CHAPTHR

uncertain, hi ghlighting t he -bnaeseedd fdoirs tiinnvcetsit
in future research. Finally, towi | al so |
neur oi maging studies in order to determine
a caaseconsequence of the excess weight. T
devel opmental trajectory of the brain in ch

i nvestigated.
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a) Structural Changes b) Functional Changes
Children

Figure 3

Al tered brain structures and functions i n p e
devel opmental stage of the children and adol esc
changes. ACC = anterior cingulate cortex; Amy =
= dorsol ater al prefrontal cortex; GP = gl obus

hypot hal amus; Il ns = insul a; MTG = middle tempo
PFC = prefrontal cortex; PCC = posteri®©r cingul
= ventrolateral prefrontal cdritgax;e WG fhsewp eerdi

Bi oRender. com.
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Suppl ementary Text

Search t er ms for Pub Med wer e as foll ows:
(magnetic resonance I maging [ MeSH]) OR (dif
(neuroimaging [TW]) OR (magnetic resonance

(functional MR I [ TAMd n etOGRc (rfeusnccntammeal i magi n
(resting state [ TW]) OR (functional connec
(structur al [ TW]) OR (volume [TW]) OR (diff
[ TW]) OR (Arterial Spin Labeli pMMeBHW)) ORR (
(adol escent [ MeSH]) OR (child [TW]) OR (chi
AND ((obesity [ MeSH]) OR (obesity [TW]) OR
Web of science were as foll ows: (e (Ts-=
resonance) i @RgT8g(0f MRI )) OR TS=(resting sta
connectivity)) OR TS=(structure)) OR TS=(v
obesity)) OR TS=(adol escent and obesity))

TS=(adol escent and obesel)i)es  Addr ei sealk cpeod:

reference sections of eligible articles.

55



CHAPTHR

Records identified through
database searching
Pubmed (n=3336)

J [ ldentiﬁcation}

Screening

[]ncluded} [ Eligibility J [

Suppl ement ary

Additional records identified
through other sources

Web of Science (n=5814) ©=4)
b v
Records after duplicates removed
(n=7776)
L4
Records excluded by tifle and

Record screened N sbstract

(n=7776) (n=7609)

(n=167)

Full-text articles assessed for
eligibility

¥

(n=97)

Studies included in review

Figure

1

Full-text articles excluded:
Sample included adults (n=43)
Only normal weight sample (n=17)
Same study population (n=2)
No measurement of obese group
(n=1)

Data of interest was not reported
(n=4)

Sample includes Type 2 diabetes
(=1)

Unclear sample BMI (n=2)

FIl ow chautdyofsel ection process
Weight-loss Volume: Actﬁ‘vut;an i'.n intervention
. . Cerebellar cortex respongers:
program intervention Total grey matter | (116] Putamen (117, 18]
Insula
Activation:
Hippocampus
Eating behavioral Amygdala
. Cingulate
strategies Activation: Parahippocampus
Putamen l Insula
[115] Fusiform cortex v dIpFC [114]
Volume:
Hippocampus — [107]
FA: PP P [107]
Fronto-parietal fiber tracts
. Fronto-temporal fiber tracts | [108 109]
Exercise Activation:
Precentral gyrus, posterior parietal cortex, precuneus i
Anterior cingulate cortex, dIPFC, insula T [110, 112]
Between-network synchrony: l
DMN, ECN and motor network v [111]
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FA = fractional anisotropy; ECN = executive ¢
net wor k; dl PFC = dorsolayermeapseinoneabedonantt
di fferent par adi gms. iZd means decreased act.i
decreased functioinal meanseati wihtaynge8 i n metr.i
section includes aerobiatand bebtasianaé ekentk:
includes 1) having breakfast instead of skipping it, 2) using food intake reduction device

training, which reduces portion size and eating
|l oss program interventionodo section includes int

restriction, cognitive behavioral therapy, family management. Activation means brain
response to visual food cue task, risky-gains task, antisaccade task requiring participants
to view the mirror orientation of the displayed image; and flanker task, which requires
participants to identify the orientation of the central symbol and press a button using the
corresponding hand. Straight font means that the study used whole brain analysis. Italic
font means that the study used region of interest analysis.
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