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# # 6270066730 : MAJOR MEDICINE
KEYWORD: Obesity/Bariatric surgery/Body composition
Sirinrat Tangjittrong : Comparison of Body Composition Variables between Post-bariatric Surgery

Patients and Non-operative Controls. Advisor: Asst. Prof. Patchaya Boonchayaanant, M.D.

Objective: To evaluate the changes in body composition of post-bariatric surgery patients at 12

months follow-up and comparing with non-operative controls who were matched for age, sex and BMI.[PB1]

Methods: This is an observational analytic study using the data from post-bariatric surgery patients
who were performed laparoscopic Roux-en-Y gastric bypass (LRGB) or laparoscopic sleeve gastrectomy (LSG) at
King Chulalongkorn Memorial Hospital during the period of January 2015-December 2019. Patients who had
achieved BMI of <30 kg/m2 within 12 months after the surgery were included. Non-operative healthy controls
matched for sex, age and BMI were recruited. To evaluate body composition, single Bioelectrical impedance

analysis (BIA) (Inbody 770) machine was used for the entire study.

Results: Sixty participants were included in this study (30 post-bariatric surgery patients, 30 non-
operative controls). Comparing with non-operative controls, post-bariatric surgery patients had less waist-hip ratio
(WHR)(0.83 vs 0.9, P-value <0.001), percentage of body fat (PBF)(30.6 % vs 35.9 %, P-value 0.001), appendicular
lean mass (ALM) (9 kg vs 16.9 kg, P-value <0.001) and trunk fat mass (10.3 kg vs 12.4 kg, P-value 0.04), and had
more soft lean mass (SLM) (47.7 kg vs 39.9 kg, P-value 0.001), fat free mass (FFM) (51.1 kg vs 42.3 kg, P-value
0.001), skeletal muscle mass (SMM)(27.5 kg vs 23 kg, P-value 0.003), trunk lean mass (21.2 kg vs 19 kg, P-value
0.02). At 6 months and 12 months after performing bariatric surgery, there were statistically significant reduction on

all of body composition variables.

Conclusion: Despite the significant reductions in all body composition variables in post-bariatric
surgery patients at 12-month follow-up, fat free mass and skeletal muscle mass still appeared to be higher

compared to the control group.

Field of Study: Medicine Student's Signature .........cccccoeeeiiiinn.

Academic Year: 2020 Advisor's Signature .........ccccceeeeiiinnnne
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- filaeiATiNanIe 30-34.4 Alandu/inms” Mduiuuaumse metabolic syndrome
AanseARNsEINIzINaandInln

il 3 ngu 18un restrictive ,malabsorptive Uaz mixed  Ngw restrictive
surgeries Taun Laparoscopic adjust gastric band (LAGB) was vertical sleeve
gastrectomy (VSG) mju malabsorptive procedures T biliopancreatic diversion LAY

jejunoileal bypass ®11 mixed procedures lAun  Roux-en-Y gastric bypass LAZ

1
=

Biliopancreatic diversion and duodenal switch #4311

a

® | aparoscopic Adjust Gastric Banding (LAGB)
4 silicone band $ALFNAILFUIRINTLNIZANNT INBAATLLLIALAZANUIUANUNT

ANIUNTLNIZDNNF LA AT A5

® \ertical Sleeve Gastrectomy (VSG)



dunsAANIZINNZa gAY greater curvature BN 75% TNAAALY gastric fundus

aann113% Ghrelin hormone N&519a1nd2utianad

® Roux-en-Y Gastric Bypass (RYGB)

Daiflu Gold standard 284 bariatric surgery unnsase gastric pouch AMNNTLLNIE
219113 @AULNLBNATLIENNL 30 RAaAART LANEENANAIUANN LAIUN distal jejunum NN
Ay gastric pouch @1 remnant 2849 stomach auid proximal jejunum HANAABAL
. ' P oA :
jejunum AUAWNLIADDE

® Biliopancreatic diversion (BPD)/Duodenal switch (DS)

1 1
= =

adal o g v R @ o = =
dudsnvinldasiminlduiniga  wsifdnaunsndauninign  luFesueanisgnis
arsamstszinnilsAuuazinaeussinge  sanievinliiinensvieade  gastric  ulcer
hypocalcemia AaN1AINNIWAUINNTENARATAENN991  duodenal switch Talunisifiy
¥ 1 o o [~3 1 1 o
pylorus 19 doureanszinng iy Sleeve gastrectomy wazan ldanudadu 2 dau in
distal end 284 distal ileum W1FANAL proximal end 189 duodenum e bypass 811119

anua 1Y duodenum uaz jejunum wazdauaes distal end duodenum navlilsaniy

4
distal ileum 38Hil1n"7 bypass Lil¥eamnseing @91 duodenum wag jejunum

b Sleeve Gastrectomy

Suboutanecs jecton port—— - M)

R Y Gastric B Biliopancreatic Diversion
c s d with Duodenal Switch

d' a I [ d’ :/ e
j?./?’l 1 UFAANIGNITHIAANTELNISLNDAAUINUN



(A) Adjustable gastric band; (B) sleeve gastrectomy; (C) Roux-en-Y gastric bypass; (D)

biliopancreatic diversion with duodenal switch.(lllustrations reprinted with permission

from Atlas of Metabolic and Weight Loss Surgery, Jones et al. Cine-Med, 2010)(7)

NAUDINITHIAANTZINIZINAAAUIRUN ADTZULIFATS 9 bug19n12(8)

PNINFAIAAAY

NNFAYLIANLLNMAUATY YFRUN e A

b4
=

NN3ALANANNNARIATNGIATL YTEMLUIA

b4
=

nsaruANszAllasiuluAeARATW(total  cholesterol, LDL  cholesterol  was
triglyceride ana3, HDL cholesterol Lﬁu"‘ﬁu)

Lﬁlu Ventricular wall thickness, Lﬁlm Left ventricular ejection fraction
naz/lanluszuusingitn o

Chronic venous insufficiency, leg ulcer, superficial thrombophlebitis, deep vein
thrombosis

Obstructive sleep apnea

Gastroesophageal reflux disease

Non-alcoholic fatty liver disease

Menstrual cyclicity Wag fertility ‘Lumﬂm’jq

Hypoandrogenism LLAL erectile dysfunction Tt

Degenerative joint disease anan13Uande

A/ cerebrospinal pressure UITNNBINTUIMATEY

@A/ Chronic kidney disease progression

aa a eldg/
AUNINTIRNLLACANING B lanTid

nalnlun1saninuiin (Mechanism of weight loss)(9)

[ v %’ % o (- D ndl ¥ = [ Y1
mma‘a‘ﬂwﬂumummmmmmu’muﬂummimmmumﬂmﬂ?‘ﬂummﬂmﬂmm

% EWL (percent excessive weight loss): lagiAUNMiinda1iu Excessive body weight

(EBW) wifiu Body weight — Ideal body weight ; %EBW= (BW FusAn-BW follow up)/
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=

EBW Tneinnsunsinsneds biliopancreatic diversion § Excess weight loss(EWL) H1n#4a
(70-80%) 2098911AD Roux-en-Y gastric bypass(60-70%), Sleeve gastrectomy(50-60%)

o

waz Adjustable gastric banding(45-50%) mNaAU nalnnisantiutnssinatama il

1. Restrictive: nalnfilReudsannnsianszmnzansliiaunmanas  Inaasd
volume capacity 184NIENNZAMNTNRS 15-50 ml Tugtlaendsnisin Roux-en-Y gastric
bypass Wag 80-150 ml (Lfﬂ?ﬂl?;l 125 ml) Tugftlaeuaninsin Sleeve Gastrectomy Tagiaunes
ﬂizLW’]:mmiﬁmm (decreases the storage capacity of stomach) M sudsennuls

taaas FAnBuTTU (early satiety) UarAAAITEN calorie intake Lunavinldinuinanaals

2. Hormonal mechanism: n13HARSNEIE e TsAdan  wanaInazinaluises

. . . ¥ dl a 1 .
restrictive or malabsorptive procedure La1 Nal1lTad hormonal effect Nuasa appetite,
. . 4 Yo =
energy expenditure, food intake, satiety effects Lae glucose levels TasuANNanlanazi
= g o A4 e ,
NIIANHININAULIDE) Tpai hormone Mneates Iaalunisunsn  Roux-en-Y gastric
bypass MHNNT anaeas Ghrelin (AINFANTIIAART), HN1TWNTLA8 Glucagon like
peptide-1 (GLP-1), Pancreatic polypeptide (PYY) (A2 aFAnaniEaaw), An1staduaes
Pancreatic beta cell, increase insulin (resolution of diabetes) WATHNITINNADY
Adiponectin LazN19aAa92849 Resistin (MNANIIAARIUR fat tissue) W lUNITHNAA Sleeve

da A a4 o~ o4 .

Gastrectomy ﬂ@iﬂﬂ&l&l@ﬂﬂ;ﬁ AR WNITAAANURY  Ghrelin TINAINIAIN fundus AR
o v v a o a . . [ 9,/9; o
stomach mslummg@ﬂm@mm LAZENUNA accelerated gastric emptying M nin
anadlen  aInAGhrelin ANARY orexigenic effect Waranabolic effect a8l skeletal

muscle growth wazam protein breakdown WU fat-free mass anaauR1TTugloe

PAIENFR AN Ghrelin Nanasla(10)

3. Mal-absorption: liARINN19THFA Roux-en Y Gastric bypass Winiu Tagiinain
= . P o 6 v ' ) L= a3
198 Roux limb Ngadszunnd 75-150 cm. V]"II‘W@’]MW?N’]H Roux limb NauUnNasNuNgat

5 o , | o o wal ' = a2 o o wal
[N Q\?uqﬁLLZ‘]25mﬂ’ﬂ'ﬂuﬂqeﬂqﬂﬂ'ﬂﬂ‘waﬂﬂﬁ'}ﬂm@ﬂﬂq?ﬂﬂﬂ LL@ZﬂW?@IWﬁNLM@ﬂﬂum V]']GLMN

NNINATNANRIAIL



AINNM9ANHY Swedish Obese Subjects (SOS) study(11) Hilaalsataugnaiiau
Auan 4047 Au Tee ngudfunsidRnsTinziNeanitwin 2010 AU WAT NGNAILIAN
2037 Aw 143U conventional treatment(Usuilatunganssnnisdain) wudn nquALANE
Anedtrasminfilasuulasleandn+2% wasannuiunan 15 1 uaznguindniunig

- di %/ % oA dl %’ % dl ] o 1 IS
HIAANITINZIINeaAtMEN WUIHANRAL 1NN MINTIANaY gaga luTwnAIsn  1-28]
(gastric bypass, 32+8%; vertical-banded gastroplasty,25+9%; Was banding, 20+10%)

pagiln 2

Vertical-banded gastroplasty

Change in Weight (%)

Gastric bypass

7U7 2 ugmaiminidagunilasasanmianisinwuiuaat 151 tlauszudengs

MAITUNITHANTH NI NRAAUIVUNUASNGNATLAN
NNITUNTNTRUNRINIAR
Metabolic complication (12)

Dumping syndrome

i~ X o e = |
Lﬂumqzmmm:wﬂé‘lwgﬂqwmmimmmmqu:mm? TFeuteeanidu 2 svee

Toun early dumping syndrome Wae late dumping syndrome

Early dumping syndrome tiannglutdae 1 dalneusnuaanisfudszniuenvng @9
a1n1sudnsazuLiatlu Gastrointestinal symptom laun Weade aauldeiaau Uinvias uaz
¥ A 1 v ¥ 1 (‘1/ v A v d’ a
NesanuwdNes uay Vasomotor symptoms e ladu wifaduan wiuae dafinain

Ql‘ 1 ¥ 1 © Y @ [ %3 [~3 ai a o [~1 = I o
ﬂ’]‘i‘V]@’]V'W‘i‘N']uL?I’]@J@WVL@L@ﬂiu’ﬂ[ﬂﬁ‘qL?’JVINWﬂ@HLﬂMiﬂ LL@%@’]VLZ%/LZ\]T]@JWTJNVLNVIH AIUT


https://onlinelibrary.wiley.com/doi/abs/10.1111/joim.12012
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o 1 o o v . = ¥
pana1luanenizans  hyperosmolar Wl intravascular  volume Qﬂmmmﬂu
gastrointestinal lumen fiAN19E  hypovolemia Auunligniaifin  hypotension 9T
. a dg/ al A dl ] azdi
baroreceptor reflex tachycardia \NAUU annalnAanan hyperosmolar content VI']GLML?J'E]L‘I
H1laan 1&1ANMAY Gastrointestinal peptide hormone dalnsnaaglaesnalnifiatuazinli

\im hypotension LM

Late dumping syndrome LAnluga9tlszannd 1-3 9d. a9 INN195ULIEnIueIuNg
dl a dl .. o (3 1 a v =K a dp
#naann1sna ety jejunum  Tudnsdandnlng mlinnsgetuinnauNInuay
soa39 v szAudanaluaengeuuuarianIeuas insulin - aanxn TuFuiamuInng

1nd aunm Wiseatinmaluaenanasatnesamiaauinniig Hypoglycemia
Hyperinsulinemic hypoglycemia

\{luans severe hypoglycemia A nAuamg  ludthanlasunistidauuy
malabsorptive 1ina1n incretin wasNAWl Fsarailuarmemes n1sifia pancreatic cell

hyperplasia (Nesidioblastosis) finiinludae 2-4 tuaasinsa witlana Watiaaunn (<1%)
Nutritional complication

- Protein-calorie malnutrition  gilosuAdnFRNIzNNZAY.AT Roux-en Y Gastric
bypass ¥NNANT2L food intolerances 1mmﬂqumﬂ’1\1§lﬂ‘ﬂ’mq?ﬂz§mL"Lﬂ:‘ﬂLLm X
19U 7-12% UAEER i RA Hypoalbuminemia Tugilag 20% lutag 6 hau
PRIHFA

- Fat malabsorption Lﬂmmﬂm?ﬁmmxmﬂzmm?ﬁﬁwﬁﬂﬁ@m%uimﬁu M liina
a3 dnenflulasiy (Steatorrhea) saastaanadnniufineatelulasiv Idun 3ndiu
A (69%) AA1TU K (68%) wazamlu D (63%) Tudad 4 Tuausin

- Micronutrient deficiency wuldszunaferaz 70 TugtlaefldsunisrifauLy

malabsorptive (13)1sun Vitamin B12 deficiency, Iron deficiency anemia ,Folate

deficiency ,Calcium deficiency ,Thiamine deficiency



Nutritional management

N13AAMINN122INTUINT TUTNU AN AAN LN T Tz
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[

Wnasamanlunig

o

tasriunineyninauinie Adnguseasdpa TlARANMzningwINIHI macronutrient,

micronutrient LAY trace mineral

4‘ = P8 o A 4 a &
WasanaxasauutinnanazaiiuIulae A9

Early diet (219115 LG9 LZUSNURINIAR)

o dl v dl 1 dl 4 [ 1 v
'ﬂ’]LﬂuVl@Zﬁlﬂ@ﬂ@lLL@ Limmmiﬂqmﬂuwmmmwmﬂ

1fuannng staged approach @aiuldnlnauinisluusas stage Aananslumngnei

3 delianudnAnyluwiasAtlssnavuaasatnsuaziBunanairlasu dedszlaadainnng

dll dl o ] Z// 5
AWLHUALLALTRIRTIUITNA %uﬂﬂzﬂmmaﬂu

=

19281 8NINAINITEN AR

o [ (%

AINQANHIBIA

Tuszaizian 298NN INTUINNT

719799 3 Diet recommendations after Roux en Y Gastric Bypass and Gastric Sleeve

Procedures (14)

Diet stage Begin Fluid/food Guidelines
Stage | Post-op day 1 and | Clear liquids: Post-op day 1
2 Non-carbonated; no | patients undergo a
calories gastrogaffin swallow
No sugar; no test for leak; once
caffeine tested, begin sips of
clear liquids
Stage | Post-op day 3 Clear liquids: Patients should

(discharge diet)

-Variety of no sugar
liquids or artificially

sweetened liquids

-Encourage patients
to have salty fluids
at home

-Solid liquids: sugar

consume a minimum
of 48-64 ounces of
total fluids per day;
24-32 ounces or
more ounces clear
liquids; plus 24-32

ounces of any
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free ice pops

Plus GBP full
liquids:

Less than 25 grams
sugar per serving;
protein rich liquids
(limit 25-30 grams
protein per serving

of added powders)

combination of full
liquids:

1 percent or skim
milk plain or mixed
with:

-Whey or soy protein
powder (limit 30 g
protein per serving)
-Whey isolates if
lactose intolerant
-Lactaid milk or soy
milk mix with soy
protein powder
-Light yogurt, no fruit
chunks

-Plain yogurt; Greek

yogurt

Stage llI

Week |

Post-op day 10-14*

Increase GBP clear
liquids (total liquids
48-64 plus ounces
per day) and
replace full liquids
with soft, moist,
diced, ground or
pureed protein
sources as
tolerated

Stage Il week one:

-Protein food
choices are
encouraged for 3-6
small meals per day;
patients may only be
able to tolerate a
couple of Tbs. at
each meal/snack.
Protein should be
moist and ground,

pureed or diced.
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Week 2

Week 3

May switch to pill

form of supplement

4-weeks post-op

5-weeks post-op

Eggs, ground
meats, poultry, soft,
moist fish, added
gravy, bouillon, light
mayo to moisten,
cooked bean,
hearty bean soups,
cottage cheese, low
fat cheese, yogurt
-Advance diet as
tolerated; if protein
foods; add well-
cooked, soft
vegetables; and,
soft and/or peeled
fruit. -Always eat
protein first.
Continue to
consume protein
with some fruit or
vegetable at each
meal; some people
tolerate salads one

month post-op

-Encourage patients
not to drink with
meals and to wait
~30 minutes after
each meal before

resuming fluids

Adequate hydration
is essential and a
priority for all
patients during the
rapid weight loss

phase

AVOID rice, bread
and pasta until
patient is
comfortably
consuming 60
grams protein per
day and

fruits/vegetables

Stage IV
Vitamin and mineral

supplement daily

As hunger
increases and more

food is tolerated

Healthy solid food
diet

Healthy, balanced
diet consisting of
adequate protein,

fruits, vegetables
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and whole grains;
calorie needs based
on height, weight,

age

Stage V Low-fat, Low-Sugar, | 64+ ounces of Fluids

High Protein diet
Protein :60-80 grams

of protein/day

Imeialy diet stage azi3nsae clear liquids TAULINLALIUN 2 NAIHFA a3
?/ Y Y o 3 N 4 ;/ o [ o 1 o/ dl v
uuazliilaesutseniu Full liquid diet liaunsziamsy 2 Uanvimdsinsia daiiuanmng
amanllsauuazmulansmnaauiy hydration Tiiieane  dngilsvassaainislianmng
wan Tt snilesanngiananiaLans irtation SRYARUEINTTRIAA MAIAN 2 dUanas
Guliiilu Soft diet Miiluanmnie moist food Taiulilingullsmiu wsfiddautlsznavang

v I
carbohydrate Wwaz fiber ¥AIAINUWABLTIOINGR heal ALY wazHilaEAN9D tolerate

amslANInTu AazAesUivansliidugtuuy Solid unau
Longterm diet (211119 14295281281 URIEINAR)

Tugaausnuaanisifanszinig gilneasAanassiuann adipose tissue 8 ldd1msi

¥ [

WHAINAUTB93 19N unan Luﬁi@"qLﬂuﬁ@mm@LL@mﬁ‘ﬁ‘uﬂi:mummm@:ﬁﬁu e
LWiian1ay  Dehydration Tutasszezdamnimnuindaimanefinndld filhefeazcy
sutlszmuensiduumamacny  ludauzes Macronutrient requirement InsnFings
Auialtl wuzthdnsennesldsullssuie weight maintenance lutliunns 0.8-1.2 n3u
sianlaniusiady vzaAmiullszinn 46 nfusadu drusududs uaz 56 niNsadu duiu
A5l Lwﬂuﬁqwmmmmiﬂuﬁﬂmmﬁ;’ﬂqa(active weight loss phase)WadtNAnanAINE91
Vit Srememasldsn Tsdu 1.2 nsuseRlansusiady ietlesdunnsaans fat free mass
Tnalanendaie ludanaemasny uuzhdennsilsndanulusasduiy asdy

anuNANIN AL lELeIR Fasay 50 Aa9annINILlsenuluumassy
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Body composition (a4A1lsznavuuassianis)

Basic Model
2-Compartment

At N.K.Ca,Na... Mineral Fat Other

Protein
Carbon Blood

Fat Bone
Hydrogen ECF

Adipose
Tissue

Fat-Free
Mass
(FFM)

Watel Cell
Oxygen ater Mass Skeletal

Muscle

Atomic Molecular ~ Cellular  Functional Whole Body
Multicompartment Models

g‘ﬂﬁ 3 ud@m34 Multi-compartment model body composition (15)
lun19mdiin  nnseefaerlsznauaedsnanie dNNN I EeAUN8De  WHAINAINY
(Fat mass) , NM9NNNIUIBINIANEY, AL IUINNNE (total body water: TBW, intracellular
water:ICW, extracellular water:ECW), m”mLaﬂﬂumﬂﬁmm:@]ﬂﬁﬂ(bone mineral content/
, o 4 - _ ' 5
bone density) LazANALsnNIsaialalaziuazuaan(visceral adipose tissue) WARS LY
UM ALUUL AIBINATUIAZANAALY  ANHRIENINARTNIEY  Sarcopenia(19a
b da‘/ v 9°J a L2 % b L2 o/ [~3 =
nanueanasluggeene) war Anznuluiihevinladuvas  gibeduudaize g
N9U29 lMLNNTR(16)
= o - X ) - \ ¥
AnavmungluuvesAlsznauzessinienid - dautlsenauniaaillusianie(n,

Tilemiu,udons uazlaiiy) w3 gluuy

1. Two-component model Usznaumag fat waz Fat-free mass
2. Three-component model
3. Multi-compartment model(4 or more compartments)

wiialussssuAa Atomic, Molecular, Cellular, Functional(tissue system) Way

!
al

Whole body fag1n3

u

ANRINARINN(17)

v v v
1.Lean body mass (LBM) Aa waaumtingmuassadtaznialy nsean nanuiie B un us

=K o o | 1 o
515 gonDelmsiuluadenznaluienie ssuutlszamuazlansean  (lusanladuazanniy

q

v f
o v o A A

fulARaniiareandensatadearnieliuienie) A LBM dnazanadninent)
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2 Fat-free mass (FFM) Aa Nqauusinsaing ldson losduianun deavidunsanansiila ¥n
nIzan e i FalunATe AlLean body mass #14a1n Fat-free mass 2-3% ARG

W4 AnLean body mass AN9ANN Fat-free mass 5-12%

3.Skeletal muscle mass (SMM) Aa 1aananyibaAs v laniiainunmindaianue

v
'

4.Fat mass (FM) Aa 1aa bsiuandunlansuannvimindaianun

5.Mineral mass Aa NaanszAnNLaziuTanss1npne lusaneAnduflanfuainuwings

v
o

YNUNA

6.Total body water(TBW) RaszALa89lusaneuansdamugnaulusanie Andly

v
%

AlansuaINUNUINAIUNA
28n159m Body composition(18)

1. Densitometry
Wunistsziluanuniniiueessianig (body density, Db) annuqanig (body
mass) ¥7A28UTNIMIUBIT19NE (body volume, BV) taedna BV annnisdeiinmingalamun
¥

Y38 ANNNTWNUNAREBINA (air displacement plethysmography)

2. Anthropometry
L‘flumﬁ‘fmmmLL@zﬁmzﬁ'qumﬂ\‘]é’]\‘m’m K] ﬂ’]?;‘l/ﬂLE‘%U?‘ﬂ‘Ll'N m’a"jvmmmumﬂm%u
losiuldRaumia (skinfold thickness, SKF) iflusiu wananiRsainnTld anthropometric
indexes U AUlNAaNNY (body mass index, BMI) wazA1dnaiu1e941saua91841e9

(waist circumference, WC) wazidusaunauedgzinn (Waist to Hip Ratio, WHR) tNaa1Ln

N

A o

dl dl 1 a A o = a
PNHARINALNFAANITINA LTANADALAD A A LA LT UNTLAL ITANIUNAZ LB ARN

©3°

3. Computed tomography (CT) waz CT body composition (CTBC)

CTBT a1nnsauenisunas Whole body composition taaginqusugn  dadauilsznay
189519N"8ATEAL tissue pnel pre-established Hounsfield Units (HU) way 96 Total,
Visceral ¥9@ Subcutaneous adipose (fat) area (TFA, VFA, SFA), Total psoas area (TPA),

Visceral adipose volume (VFV) LazSkeletal muscle index (SMI) 1%

4. Magnetic resonance imaging (MRI)
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Quantitative magnetic resonance (QMR) Tunnein Body composition {uAEnn9dn
g . . ‘ﬂl 1 o % dl = v aa dl 1
body compositioniillll non invasive NUNUETUAZYNFBT LN@LWHUﬂUQﬁNW&]?ﬁ'}u@u"I btd
. , Y L o s
densitometry Wazdual X-ray absorptiometry panlaann QMR ldauiudsuninlurat-

free mass WAUIZIRY Fat mass ANNI1ANNLTIuasale

5. Ultrasound(US)

LAPNANEIUENIN  two-dimensional grey-scale 3841374 A2 (strong reflections)
WAZAAN (noechoes)  dnelifiuaaLLUmUed  skin-subcutaneous fat, fat-muscle Way
= Y1 aa o 73N ¥ 1 (3 1
muscle-bone NN 8UItrasound @ZWWI@@@M"D’]\N’W LAZIIALETY  Wen1sulanasn
£ o cv o 1alaal o A A = . v ' <
?JuﬂUﬂTZZQUﬂ’]ﬁ‘ﬂAI’QI]Vﬂ LLZ\]ZiMJJ'}ﬁﬂ’]ﬁ‘V]’]Mﬁ"ﬂﬂ’ﬁ"JﬂV]Lﬂull’]ﬁ]iﬂqu Hartifact 1@ 'ﬂEI'W\‘lI‘J‘ﬂ
AN N13NUltrasound p intra-abdominal thickness Lﬂupredictor 1NUan visceral adipose

. [
tissue area 1@@

6. Dual-energy X-Ray absorptiometry (DXA)

ThiaR195nldvaTotal uaz Regional body composition Tentinegnaauazsiug
wthilu3dan lsun Bone, Lean mass, Bone-free tissue, Fat wazlddmnAanumnuwinaes
NANITAN AINNIAULNATUARINIaTY 4160 wauLAzan Usvidunnsninszanafiaues
losiuluseanneg DXA dawsamlaanisa wasdasnss  HRadiation exposure WM

y

dniles usidnanialunisldnmdtinlugenasesiianazaan uasgniauiasauguinty

AnuNsndLATasaLNUlE wanannterAuLn luien a9 aFa AN LN IR DXA

7. Bioelectrical impedance analysis (BIA)

{uasn ddnlnnnidaudseneusine aesinie teanisiiunszualidn deunon
taer) dgianie Wemunszualnindnginanie santeainisoiinszualiinle iwee
i lusenadseneumieaannslas  (electrolytes) @it Tunaisimanii
1 al v 1 1 v o
FNNERANFUNIUFABNT AT aINTLA TN wanzFanietsznausaslusiuuas

. 4 g - 5 . J.
aertlsznoven]  daduawiuliin  Gunaausdiuniusessaniendauanenisinates
nezualindn  Bufiuaud (impedance)(19) (Inessananf WeiEiasina] 299319N 8l

a A i [ o ' ] ds’ zii z:ll v
mmLmeﬁm@mﬂum&m@mzﬁiﬂﬁﬂmLmﬂu AIRENLTU Lumﬁ@wﬂmﬂmniwum



18

a A CR % ! dgll = o dgll A A o H a @ r
guiuaudipanduiietelasdi wwazieitienUsAannlasiuiinuaz@idninslasii
(e ! d” dl o :a;/ =X o 1 ¥ Ao o
avALlsznaunInnInieitieleiu) Al AanhdrauiunundalaldAusamnfsunn
dutlsenausge 199598 IneaNAsaNN1IN AR AN ERT annTndndTINM
dntlaznevaasineitauddymandsaaunadians gy tludene wasla

(Fat mass)wazuaanlsaann lusiy(Fat-free mass)

faqify BIA  ilunAtiANg nlfislunendfinuaznensineade ey

1
=

et IRl neliAnaudutan uazldnaatnemmniie uananiezes BIA
o 4 o d y - oA g e A4 o4 4
datluezasionansnsannnildazaon uarisaluunademeuiunsesiesinau) 7
lidpunudouilsznataasinenie 1y wesesinnInanauSAlndaLass  (dual-

energy X-ray absorptiometry, DXA) uaziAsaetaliin (underwater weighing, UWW)

Tunerdtin BIA Hlszlagilun1sifiade uazdssiiunanisinmniozvizalsnsine
da o : . .
nlanNduiusiuNslasuulaesdiulsznauaesienie iu n1eywinouinig

(malnutrition) NM9zEAMWAY (obesity) N139AYTHIMdULszNaLANe] 2845 9N1e T BIA

e lduadlignieslugiidnasiinis sl asesinitedidninslaslusnie g

1 |
aa

v
qumum(oedema) WAZANIENRNNTLEEIN (dehydration) wazilumalaRdnsun
W lusenie dewnil Tunedfimasuuzsildtaeanisdszneunanssuiyinlisenie
qruidendy unseeninaInie AewiinisdplEninidautsrneusine] sessnieing

o

BIA wanantdafisenudn nedadiunndautszneusine aesienialag BIA 814
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NN LU ENHN AR UeeNeguIee(20) dauuziinlunsld BIA neaatinAssngang

aINN1TANIT8Y Cherilyn N McLester WazAme ¥nstszifiumnuinidedees
BIA (InBody 230, 720, 770) fauriu DXA lnedn Body fat percent (BF%), Fat mass (FM),
and Fatfree mass (FFM) lutlssannsiadlal wudn eiseq Inbody 230,720,770 HAx
videda Tne  Ancorrelation coefficients #1131 BF% (20.98), FM (20.98) uaz FFM
(20.99) uaz & standard error 51 NNITABF% (0.77%-0.99%), FM (0.54-0.87 kg) WAy

FFM (0.58-0.84 kg) and Minimum difference 81431 BF% (2.1% -2.73%), FM (1.49-2.39



kg), 4AY FFM (1.60-2.32 kg)

DXAl#(21)
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a1u130 i lunnsdm Body composition vnn ld@unsan

A1519% 4 2auuzdrlun191d Bioelectrical impedance analysis N9AAEN(15)
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ANWULNBLANN9A

AL L LA SN

ANLUUNATFIN

ANTNHIAADH

3199

annazilsm
Cardiac insufficiency

Liver failure
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naing 8n1oz
dystrophy(HIV,Cushing’s
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Kidney failure

Electrolyte imbalance

Hypothyroid

PYULTUNITTNEN

Yo 95 v =Y
1@?U@’]ﬁ‘%’]%’1\‘1L@HL@‘ﬂﬂ

eNdenasaannaunliy

F19NNE

a9l

ANLNUEIN1UNNFTR

AzUa/MAs UL aga9

ANAAB9BUILNIUNGIA

U % v A |
ANANNIT NI WA A LT b

F19NLNNARRNITTA

HAUIaUUN (Pachydermia)

NIZLAINATNLAUAN FUNIUNITIA

al L [ %
LVALALITDEIR ININFADFLNU 87T

Tlaanny

¥ A ] v
@WQiﬁlVIWQLﬁHL@‘ﬂ@/VI"I\?‘I]@\WI@Q

Wan30W1 Segmental BIA

o oA e a
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k1l
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20-30U17)

n1stdaaunilasuas Body composition(22)

Tutaedagu

2 J 4 s e o .
92812 FNALNITU AL UL AW AN EaIA LN T agiuagaging

smFrevesrtsznanluiienie suduainuaain gonadal steroids me tissue(N@NNLle,

Tostu,neegn waz adtnennely) luAnguieasll Fat uaz Fat-free mass LNAUAENIAT
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o o

Tudoedaan  uslazinauatingsndq ludsadngdosu dovlwdndaeiladngiagu avi

v
=<

NN9LNNTULDRY Lean body mass uazdl Fat ANNLIUTNA AR (LTULITIIUY triceps skin fold) fat

ArANNAFLE S AUL(TY U310 subscapular)

doedelaiiniaasunlasaesesdlsznauluseniy  duiusiuens  U5unu
Ts AN UATNBMI NaaagCross-sectional DXA-based body composition @10 US
national health and nutrition Examination Survey W11 wWasidus e Body fat Las Fat
mass index nauatgAaLiawisluwATaua s Ing lunwAANTUNINNd W ATIE

4 X ~ X : - o
MINBIENNINTY uay TWATIEH Lean mass WINTW NINNTUNANIN (23) ANLAEUE

. | = ?/ = v ] aAa

Lean mass index §48Alu1987e 40-500 AINUUATAAAY  AUDNTLHZAANILUBITINTIN

PNUUNAINNAZANAT IaeIlaNIZFat-free mass aAad AN 19ALTZANAY AANITNNINNLWAY

N9 ATNUBIANTDINNTARNRY W7D LT LANTIMNT [N WD

wAnelussasianssd seatninlusenie waslSunaslasiuluseniaiinan - a9
. o o 4/ Eadz \\ o az .
Jevuatlszannen  Bunaslasiulusenmiaiinae . Annsdaswidaseesnisnazanafiaand

Tasiulugdnanie waansznanas anaasiuuiaauulagly

naewintuInng vsaaIaa1saIssase Ml Fat mass uar Fat free mass
AAAY  AINAAANITUIZNALAANIINNNNNE NIV LALIANARTINIRATE  N1TUAL

Taanenuna szaziaainizinesa lulsanenuiateaiae

anwuznslddan Aanssunienielneaniziiduansoly weight bearing @ananiy
& ' 1 QI v dgl o dl a
B9AUTENELIIBITNNELTU IRNNIANANNe nTzgn  wauRldlunnsiszneunanssy
nanedanaiulEaaladiuludenie  windnisaianisyinAanssnsing  uingalug
L g e X X 4 ¥ oo a4 I Qg
natlagmeimdnnay - aziinauidessientziiminfu vie  diunaladiuisauld
3 . . o . o o
uanantesAlsznauyessanie Wasuulawmindneuznisesninds nsszazing n1g

wlauasl visaniseaniasawanwuzminizeldinaiuiu deeanfiunnleiulusanig

1 2
N7RENNNAIANENLE weight bearing ANWUSTLNTANTLL84 lean body mass



N159UARENENWINTUINIF(Malnutrition)
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AN GLIM criteria Tun193%ade malnutrition 289The Global Leadership Initiative

on Malnutrition 2018(24) letiadumnanldsail

1. ARNTRIANNIAENAANITINA N192 malnutrition (risk screening) TaannsUseidiv

- @R - laFuansennslaineane, n1awlsp/nsdniay

- AIN19-

\Ha91%117, 881U

- AINTRARY — Winam, BMI, Lean/fat free/muscle mass ,fat mass, N19g11 AW

Franne/dn luteeriad ,n19NNeIUIRINdNNLe |, Biochemistry

2 szifiuinnuainngiiade - Negndas 1 phenotypic criteria waz agngiles 1

etiologic criteria

1PEINNTAARITBINIANANLLD (reduced muscle mass) N3AlAE DXA, BIA, CT 438 MRI 4n

agl1s phenotypic criteria ATWA919N5 UAT A191976

3.WLNTEALIAYNIUILINERIN N ING AN (malnutrition) AYF1N31997 7

5115199 5 wa@nan153 AR eN1IeywlnguInig(malnutrition)

Phenotypic Criteria Etiologic criteria
Weight loss Low body mass Reduced Reduced food Inflammation
(%) index (kg/m2) muscle mass* intake or
assimilation
>5% within <20 if<70 years, | Reduced by 250% of ER>1 | Acute
past 6 or<22 if>70 validated body | week, or any disease/injury,
months, or years composition reduction for>2 | for chronic
>10% beyond measurin k disease-related
> PeY Asia:<18.5 if<70 g WeeKs, orany
6 months techniques chronic Gl

years, or<20

if>70 years

condition that

adversely
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impacts food
assimilation or

absorption

*For example fat free mass index (FFMI, kg/m2)) by dual-energy absorptiometry (DXA)
or corresponding standards using other body composition methods like bioelectrical
impedance analysis (BIA), CT or MRI. When not available or by regional preference,
physical examination or standard anthropometric measures like mid-arm muscle or calf
circumferences may be used. Thresholds for reduced muscle mass need to be adapted
to race (Asia). Functional assessments like hand-grip strength maybe considered as a

supportive measure.

A1599 6 LAANAIBENNAINLILANDINITANAITDINIANAINLHD (Examples of

recommended thresholds for reduced muscle mass)

Males Females
Appendicular Skeletal <7.26 <5.25
Muscle Index (ASMI, kg/m2)
ASMI, kg/m2° <7 <6
ASMI, kg/m2°
DXA <7 <54
BIA <7 <5.7
Fat free mass index (FFMI, <17 <15
kg/m2)
Appendicular lean mass <21.4 <141
(ALM, kg)
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Appendicular lean mass

adjusted for BMI=ALM/BMI

<0.725

<0.591

a-Recommendations from European Working Group on Sarcopenia in Older People 2

(EWGSOP2); personal communication Alfonso Cruz- Jentoft.

b-Recommendations from Asian Working Group for Sarcopenia (AWGS) for Asians.

A15199 7 WAANNITULNTSALIAINTUMTITBIN1IEYWINTUIN (malnutrition)

Phenotypic criteria

Weight loss (%)

Low body mass

index (kg/m2)

Reduced muscle

mass*

Stage 1/Moderate

Malnutrition

(Requires 1
phenotypic criterion
that meets this

grade)

5-10% within the
past 6 mo, or 10-

20% beyond 6 mo

<20 if<70 yr, <22 if

270 yr

Mild to moderate

deficit

Stage 2/Severe

>10% within the

<18.5if<70 yr, <20

Severe deficit

Malnutrition(Requires | past 6 mo, or>20% if=70 yr

1 phenotypic beyond 6 mo

criterion that meets

this grade)

*For example appendicular lean mass index (ALMI, kg/m2) by dual-energy

absorptiometry or corresponding standards using other body composition methods like
bioelectrical impedance analysis (BIA), CT or MRI. When not available or by regional

preference, physical examination or standard anthropometric measures like mid-arm
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muscle or calf circumferences may be used. Functional assessments like hand-grip

strength may be used as a supportive measure

v
2 o o o

dld o A 1 o a & A %’ v A =
URNNWIUUN ’JLL@S@%HNQ@HWH@%IM?Z@U?JT]Wﬁl’]NLﬂmsﬂ NTAUTNUUNLNU - BN

—

ANBULANFBNIN Sarcopenic obesity ANANNNTANTIUTIRY Fat mass $9u7L Fat-free mass
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] ' o o a

dl o val 1 dl 1 [ o
ANAN(17) TIAIADN1ZNNINTUING VI’]IMNZ&‘IIJ‘IWW?W\?H’]EIWLN@ ANNUENUNITINNRAT
R Ay o o ¥ dl 90, v o
NN9UBULNNENLNE agnTaanfin lunislanisidassutasaaainingq lunisasanunng
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1.2 ANDINURINNGINE

ANDNNUAN (PRIMARY RESEARCH QUESTION)
avAlsznauresdeneugialsndoundanisdnnsziniviieantinuin - Anadeinsn
2 A oA o ] a o 2 = o ol Yo Y

12 1pau AdAsrduoaneidasndt 30 Alanfuaums’  Weudy gnlkeelasuniseise
1 v 1

nszinziieantminuIniew A ang A wavAtamiisaniglnaAeNil AAuLansig

fuviza

ANDNSAY (SECONDARY RESEARCH QUESTION)

avAlsznauresdanglugiaalsndoundinisndnnssinsiieaniinmin  Nsvezioan 6

PAU LAY 12 1981 An1asuulasiraly
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1.3 TnguszasAnuidag
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mgUszaIA(uan)

= & ' 2R v [ o dl 9; o g
ﬁﬂ‘i&f’]@ﬂﬂﬂ?:ﬁﬂ@‘ﬂ‘ﬂ@dﬁ"]\iﬂﬂﬂlu@ﬂ’miﬁ‘ﬂ@ﬁuﬁ@dNWM@H?ZLW’]T‘JLW@@@M"}MHH MLl
Bh Laparoscopic Roux-en-Y gastric bypass(LRYGB) 39 Laparoscopic sleeve

@ o

gastrectomy(LSG) Tulsswenunaqinasnsal do9tl w.A.2558-2562  NMAINIFA 12 1Aaw

|
| o a

aa v i a o 2 a o waly Yo Y =
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1.6 NTAUAINNAALWIIAE

Subjects
-Age
-Sex

-Disease (DM, liver/renal
failure, congestive heart
failure, cushing syndrome,
acromegaly,
hypothyroidism, cancer, HIV
infection)

-Medication(steroid,

diuretic)

Bariatric surgery

Functional status/Physical activity

-Roux-en-Y gastric bypass
—_— -IPAQ-SF

-Sleeve gastrectomy

Nutritional status

-Calories intake
-Protein intake

Device

-Calibration

Method
-Technique

-Preparation

UM 4 UFAINTAUAINAALUIINE
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1.7 MsliAdenndal Junnldlunsian
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I o

Lean body mass (LBM)/Soft lean mass (SLM) A8 uqainniingangesadatsznal

|
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v
'

Fat-free mass (FFM) Aa Naaunutindaing ldsu lusduianun deasiduntandndiile 1in
nIzen Lavau i TelunwaAgne AlLean body mass f14a1N Fat-free mass 2-3% LL@ZMLWW@G

ANLean body mass f19aN Fat-free mass 5-12%

v
'

Skeletal muscle mass (SMM) Aa NaanansiiaansAsLiluilaniiainuimindaianue
Fat mass (FM) A2 Nqalasiuasiluilansuanninusinsdaianum

Total body water (TBW) AaszAuzailuseniauansteanguaulusieniy A
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uny 2
NUNIUITTUNTTNNLN LT D

Cecile C. Waz AN NNN1sANELFaLTEY Total WAy Regional body composition

v
1 o o v v

Tuﬁiﬂqmuﬁqmmmmmuuﬂmﬁ% Roux-en-Y gastric bypass 42 Al LAY ﬂ@:um‘UQN #

Tlaidsunnsinsin(aguazbody fatness ey 48aw taennsld DXA(dual-energy X-

| | 1 o [ o

ray absorptiometry) 3AANAINAUNIFA NAINIFA 3, 6, 121haulungundFunIsHIFn was

v
o o o

ﬂ'fau@mﬁmﬁﬂé’qﬁ”ﬁ%usluﬂ@;mmuqm wudh 1Tvdsnde dwiindaanasetisdeiios(-
36+12.5kg) Total fat mass anad(-26.0£9.1kg) ARl Trunk WAz Appendicular fat
mass Lananusiinsanadtes Total lean body mass (-9.8+4.8 kg) UA%ENAA1 T
iAEafL Trunk WAz Appendicular lean body mass ﬁmmmmm@wmiﬂwﬁﬂﬁq, Fat
mass Wazlean body mass 444AlY 1993 LAAUKIN NAINFA( 6.4+1.8, 4.1+1.7, and

2.3+1.2 kg FABLABUATNAIAL) ANN1 Fat mass avanadaeingmaiies Lean body mass

1 1
=

AzENASN  wazTotal lean body mass, Trunk 78 Appendicular lean body mass Sluﬂ;:ﬂfm

%
o o

a;d o o o [ ] o/ =) = o 1 M v 1 o 1 = o
nRUNwInFaauasEsn 1l heuiu ﬂ@}lﬂ"ﬂ_lQNPLNVLQNﬂ’]qﬁJLLﬁ]ﬂﬁl’]\‘iﬂuﬂﬁl'\\‘mu&m’]ﬂm

2

(25)

Caio T.uAZANMY MNITANHILTaLNEY Body composition #aeRa Bioelectrical

impedance analysis(BIA) Way Physical fithess mﬂﬂﬁmﬁﬂ 28 A1 NN Roux-en-Y gastric
= o 1 dl MYy ¥ o 1 o 1 [ 1 a o o o

bypass LWHUﬂUﬂQN%1N1®Lﬂﬁ?ﬂﬂﬂﬁ‘ﬂl’]lﬂ@ 13A% WUAMNILANANNNURLINNULRANATY VBN

A7 Body mass, BMI, Waist circumference Hip circumference uay Fat% (p=0.003,

p=0.004, p=0.045, p=0.028, p=0.034 AINA1AL)(26)

Tiago W.uazAnsy innnsanmitlaalsnday (obesity class Il 438 BMIZ 40kg/m’)
fdFunN3ENFR Roux-en-Y gastric bypass Imanisia Body composition #aeRa BIA
WIsuiauneudsn30duuaznacunsn 30 44 wudn mean body weight loss LyinrL
14.1+6kg (P<0.001), mean reduction 184 BMI Wi 5.2+2.1 kg/m2(P<O.OO1), Body fat

percentage WazFat mass aAad 2.8%(P<0.001), 9.7+4.9 kg(P<0.001) ANNANSL LAzsad

N1TaAANIUAN Lean mass 4.4+3.4 kg(P<0.001)(27)
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Luana A. uazAMz Anw Body composition aagl DXA lu gilaslsadiaw obesity
class Il 114 A1 Mdn3UNN9ENAR Roux-en-Y gastric bypass WWReITELRau[IsA, 3051
Uay 180 FUNAILNAA WL Total body mass, BMI, Excess weight, %Excess weight loss,
Relative body fat (%F) , Lean body mass(LBM), Fat tissue mass(FTM) W91 An17ana9

294 %F(41.5%), LBM (20.3%), FTM(37.9%) atinsiliad1Aty (P<0.001)(28)

Abigail J.Cole wazmnle AN Body composition Aael DXA uaz 14 Handgrip
strength Tun194m Functional status lut;IﬁLfljﬁi"Uﬂﬁiﬁiﬂﬁm Roux-en-Y gastric bypassunuan
11 way 911 AU 20 AW WL nasEnAR9Tl Lean soft tissue aAA 11.945.6 kg AINMaL
bR waztiaendnuastngn 11 4,413 kg (P=0.003), Fat-free mass aAA9 12.6+5.8 kg AN
Baseline, mean fat mass aAAIAIN 75.4+22.6 kg NAUNNAA LU 35.5+21.5 kg UAIHNGA 1
T usia iR 8.6+7.0kg 199721979 1-9 TUNAIHIFA Uz WLIINTAARITRY lean soft

tissue mass AUWUSTILNITAAAITIAY Handgrip strength(P=0.0005)(29)

Guowei Kim wazaniz Anengiaalsndou 295 Aw AdFUNSHNGR Laparoscopic
sleeve gastrectomy (256A%) WazLaparoscopic Roux-en-Y gastric bypass (39A1) lng
wWFaueuan Total body weight, BMI, Excess weight , Basal metabolic rate, Fat-free
mass , Fat mass UWaz Total body water i 6, 12, 24, 36 |AeuUMAINIFTA Wudn lwuaany
wansinsaeineiltiugnAtyans % Total body weight, Basal metabolic rate, Fat mass, Fat

percentage WA¥ Total body water 5xuANELI981919 2 Ngw (30)

Wilson R.uazanuy Anmgilealsadou 36 Au MdsunIsHsia Open gastric
bypass 97 Fat mass WA¥ Fat-free mass 1Ag BIA 1 6 IAAUNAINIFAA NUINALRAY
Ineseuniues Percentage of weight loss Winfiu 28.6%(40kg), Fat-free mass ana3

1 al o o

peiNaNUBA1ATY(7.84+4.38 kg) (P<0.001) (31)

Golzarand M.uazanuy Anegilaalsndou 43 aw Md5UNNsHNFR Laparoscopic
Roux-en-Y gastric bypass (LRYGB) 22aU WA laparoscopic sleeve gastrectomy (LSG)
21p1 Taadn Body composition fngl BIA Dietary intake WLaz Substrate oxidation Tmerle

Indirect calorimetry 7 6 ABUNAINIGA WUIN Percentage of weight loss Winfiu 22.8 +
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4.5% uay 23.3 + 5.7% lwfthandfunisindin LRYGB uay LSG muandu Fat mass

£
A o o o

(FM), Fat-free mass (FFM), Wway Percentage of fat mass (PFM) anadatingdilaaAtyy)

Lo

nqN LRYGB and LSG U Percentage of fat-free mass (PFFM) Lﬁmﬁu'ﬂﬂwﬁﬁfﬂﬁ’] Jal
Tuﬁﬂqa%\iz ngu  Dietary energy intake anasatingdtitig Aty Wwindu 63.5 + 30.6% 1u
ngx LRYGB Ua¥ 66.7 + 20.1% ungu LSG  HDietary intake 984 protein, carbohydrate,
fat Waz fiber 29u09 Protein oxidation Waz Carbohydrate oxidationamas agneiadnAty
Tuusiazngu Anslasutlasaes Body composition, Dietary intake WazSubstrate
oxidation a1n Baseline whﬁu%ﬂumﬁm LRYGB uay LSG mgﬂié’dﬂ%\i naN LRYGB uaz

LSG @suasia Total LAy Regional FM/FFM, Dietary macronutrients intake WAy Substrate

oxidation WHaUA(32)

Moize V uazAnizAns Protein intake Tutftlaelandaufidniunseinia Roux-en-y
gastric bypass 41431 93A1 (BMI = 52.0¢12.9 [SD]) iudeyanisiudseniuens uay
iBnenieq nutrion 71 3, 6, UAY 12 HOUNAWNAR WU Daily energy intake
(kcal/day) L‘WI:H qMN849+329 (SD) ‘1'7% 3 1Aau 1 1,101+400 17; 12 1B (P=0.009) Protein
intake(g/day) a1 AN45.6+14.2 7 3 1deu 1 58.5+17.1 7 12 1H0(P=0.04) aeinslsf

AN Protein intake 71 12 1Aaw dpatiaandn AauAaen1sluwsazdi(1.5 g/kg IBW) agned

]
@ 0 o

uadmty  (P=0.01) Lmﬂuﬂ@:mﬁﬁ Protein intolerance HProtein intake (P=0.02) and
a o o o :I/

Percentage of protein intake goal (P=0.04) anasateltiad Aty  AsdlaIalasoun T

21791113979 N TR as N LN e aannfm (33)

Robyn A.uwazmnz nisAnmgthalsadaundniunisinsin Roux-en-Y gastric
bypass 9a Whole body Waz Regional fat mass , lean mass #2875 DXA AaUNAA 1A
ENFR 6 LAY 12 1H81 WUINE Lean mass aRad 120AAUNAINIGR (27.8210.2% 2adtotal

weight loss)(34)

Suthat Liangpunsakul LazAME ANEIANNANNWETZUINa alcohol intake, physical
activity iU body composition lTuszrinsanigeidnianuin 10550A1U WU NN

moderate alcohol drinker( <2drink siadu luwesie, <1 drinksiadululnAnie) was
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hazardous alcohol drinker( >2drink siaduluwagne, >1 drink siadulunwan) JAnaad

wransuazimingatasniinguacuannlilanuueanaas M UNATISLAZUTLNBENIN

o O o

1dNATY(p<0.01)  NEN hazardous alcohol drinker Hphysical activity %aendngs

. J dl [l Q.Idl s 1 dl rall
moderate drinker LL@$ﬂQNVI1N1@®NLL@@ﬂ@Eﬂ@ LAZWLANUTUN LN TANLAANATRANHNN

v
o o

A AUAUTTUNIAAAS Af3body fat Nz AT (35)

] 1
= =

Eric X WAYANE YINNNIANEY NGNETLNGULWENINNGT 1089W/3u lunaiuinndd

= o al o 1 dl M v dl o al 1 o
51 anuau 14au Wauiu nqunldlaguypEanuan 13au (iNauens e AraTENanis
UFnunnsanLeanases n1saannangsunniy Usedfannusulaiings wimonu sa

= o ¥ o o " ¥
naaaaeanviala uazlsnean 1eyanalunsauaia) 1aadn body composition sael Dual
energy x-ray absorptiometry lazdn fuel metabolism fngl indirect calorimetry W11 Lean
body mass Waz fat body mass TULAAZEI1289919Ne, total bone mineral content,

o o

resting energy expenditure THHAMNLANFNITLOEININTIAN ATYs1dne 2ngqH(36)

Jung Hwan Kim uazamne Anmngueais 283 aw lasutiaiug ngu tanguligu

‘]_m?‘(non smoker) mjuma@uuu’? (Past smoker)LLazﬂzjnguuw?‘(current smoker) dAbody

q

fat percentage(BF%) #ag eight-polar tactile-electrode impedance-meter(inbody 3.0)

uwazdn visceral uaz subcutaneous fat fiae CT scan Wudn esnasnisguyvianiina Tuls

AuWusiU naulasuuwlasues BF% way abdominal subcutaneous fat  WAANWUAALNNT

iwanuwlasaas visceral fat Mivaa@ wsitenzlungu current smoker(37)

Michael Z. WATADME ANMIANNANNUSIZNING self-reported activity U body
composition lwiinAnwnany 18-25 Tatwu 290 Au  Tag AWML MET-hrs'wk a1n
International Physical Activity Questionnaire (IPAQ) ,4% BMI ,3% Body composition Aagl

dual-energy X-ray absorptiometry Wu31 MET-hrs-wk-1 RAaudunisidsundis
AU %BF (r = -0.40, p < 0.0001)(38)

Kathryn E Bradbury WAZAILE ANEIAINNANAUS 351979 physical activity fiu
bodly fat percentage InaiAnEluLlszanawAtIaaN1L 119230 AL UAZUTZINTINALN

1101 140578 AL Tnein physical activity 'l Excess metabolic equivalent (MET)-hours
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per week A1n walking, moderate Wag vigorous physical activity, 90 body fat percentage
ﬁqmﬁ?“m Tanita BC418ma bioimpedance device WuiN 2100 excess MET-hours/week
ANAUSALNNTAARITRS BMI 1.1 kg/m2 (27.1 vs 28.2 kg/m2), body fat anas 2.8% (23.4%
Vs 26.3%) TuwATNe waz BMI anag 2.2 kg/m2 (25.6 vs 27.7 kg/m2) , body fat ana14%

(33.9% vs 37.9%) TuwAnile Walneauiu <5 excess MET-hours/week fibaseline(39)
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UNN 3
AsALiunIgIAe
3.1 sduuunsiay

Observational analytic study (N1533alAaN1989NAENIIATIEH)

3.2 szLigulangIas

lszgnsild@nE (Study population)

dszansiduang  (Target Population)  filelsadounlaiunisndnnszimnzivaan
UNMINAREA8  Roux-en-Y gastric bypass 938 Sleeve gastrectomy Tulsananuna
aiaensnd 1a9t w.A.2558-2562  INAIAAT 12 heu HAATiineanie Weandd 30

AlanTu/NmT

sz nsngNAILAN (Control Population) Hiliiaeldiuniseisansziniznd a0y e

e A v o
UAZAATRINIANIY INALAENY

dszanginunng

NN IUNISAALARANLINNIANE (Inclusion criteria)
1. filhalsndouang 18-651]

2. welasunisHnfanIZn e antinuinaqeda Roux-en-Y gastric bypass %78

Sleeve gastrectomy Niganenunaainaensal lutasll w.a.2558-2562

3. NAENFANTLNIZINAAAUIVENT 12 1haK WAsTHNqane Yasndi 30 Alaniu/

WAT LA excessive weight loss >50%
Q = = . . .
SN LN AALARNAANATNNITANEN (Exclusion criteria)

1.649A797
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2 Al3pilszansa lawn Taaviala, Temsiu, lzalmanazess, leansise, Teaand, 19a
neszuusaniia(lsanuanu, Nz lnsessaesiuw/nseasiduiy, — AnazATds

(cushing syndrome), @szmmﬁ(Acromegaly) )

3 Afuenamesend enduiaannzieldlunisinwaniozsine

serngnauAILAN

SN LUNISARALARNLEINNIANE (Inclusion criteria)
1.81¢) 18-65 1]

2 Adatiiaanig tasnda 30 Alaniu/iuns’

4NN IUNISARLAANAANAINNISANET (Exclusion criteria)

1.813p1l5zansn Taun Teaviala, Teasu, laalnonaizess, Teanvde, laawad, T9Ang
seuusian e (lsanmanu, nazaamsesdaasluw/msasMiluiy, n1azATEs(cushing

syndrome), @zTﬂ‘iLzJﬂﬁa(Acromegaly) )
2 lfuenamesend enduilaanaziieldlunisinmniazsneg
3./A9A99A
Yo 1 % A o % 1
4102 lAFUNNTNN AN TN ZYTa AN LA N Naw

5 e o L ; A oAl
5.1 UUINARLABULLAININNGN FR8AY 5 TUTN 3 LAAUNNILNA

3.3 AUIAFIBEY

L 20°(Z 4 Z,)

5

A

n
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- AN Z q, NIRRT two ~tailed = 1.96 (81 Zq =ANYAF U One-tailed =

1.645)

[ %

- B = type Il error fAABMUUAAINAAIALAREWI0 % %3 B = 0.1 ( Power = 90%)

v
o o

9upn Zg 0.1 AnMaiAnnsne = 1.28

- QA (delta) = H2- 1 (mean difference)y?d x , - x , = AMNUANATNIIANRAEY =

0.25

1 '
2 D o a ¥ A

- 00 = eeewuliden sewaudina AaNnnnImUnannuRse fedeste
Dynamics of change in total and regional body composition after gastric bypass
in obese patients(25) TaaldA1 mean+SD 283 Ratio trunk/appendicular LBM 2184
mju weight-reduced subjects = 0.09

- n=2(0.09)(1.96+1.28)°/0.25" =30

o v o 1 1
mmmimmmmmwﬂqu 30 AU

3.4 TUAAULUNITNNIAEY

v A v ¥ dl Yo 1 o dl 90/ % [ dl ¥ o
1) ﬂm@@ﬂaﬂw%ﬂmuwimummmm‘:m’]zm@@mumuﬂ I@ﬂ‘l’]’]Lﬁ‘@\i‘ﬂ‘ﬂ‘ﬂiéﬁyqﬁlﬂi‘ﬂ’]u'lﬂﬂ’]?

u

'
o A

TsswenunadumsediadiaaainadinAaanssulsnaounensn lutastn M. 2558-2562  L1ivaun
grhandinaeidnidinigdy  andudnilsedflaatdszanda ennfulssmuitlutlszan luiun
v o aa v Y ¥ 6 o k% ¥ o a o v a
filaanmuinadiinangsnssulsadan vangiaedinuaianda grianisiay arlisaazipen
Aunaaiuduneuwazisn1einaLe avaenuiusanlnaadpslauazaaayyiadilaasunnly
LBNA1T IAINENEEN ANUUENIALTaLAIALENaLIDIT N8 HDUNAIAINUUIE AN INANTD
1P384 Inbody 770(3U7 4) dszneudunasuideu Tudagiefnnunisineiusaiinangsn
v dl A A o 1 % v a e o ] o [~3
33013AEIU 1 6 LABULAT 12 LABU UAIHNFALAZNANIIANNURILIFUTRN1IUAIFA MINLLLIAL
iaya (case record form) IaedayaasAlsznavaasinanie laun Body weight (kg), Height
(cm), BMI (kg/m2), Waist-hip ratio, Skeletal muscle mass (kg), Body fat mass (kg), Body

fat(%), Segmental Lean and fat analysis WAZANUITY Fat free mass index (FFMI, kg/m2),

Appendicular lean mass (ALM, kg), Appendicular lean mass adjust for BMI (ALM/BMI) Ha
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meaan1aiesfiFnas Tl FPG, HbA1c , Cr, eGFR, AST, ALT, Alb, HDL cholesterol, LDL
cholesterol, triglyceride wag total cholesterol Tmﬂﬁmgﬂ@im”mﬂLqmzt,ﬁﬂmmimwmma bR
apunNUsEdRnsfuilszniuemns  nisaenianssunemeaaLuutuindays  angilae

Tnansaludungilaennaudnaatinangsnssulsndou

o A 1 o—dl 1=l o o Y o
2) AndannguAtuANaInyAaINg lulssneunaqinasnsninliilsndseands  wazidniu
o = o d‘ ¥ o <3 ¥ dl
NM9MIIRNGUNINL 92N 2562 TAENEeII0eeIAREIUIENIT NLTEYATIETE AINUELN
pavagunnuazinamalulatiansauma  AnaanauinasiAndinigaan taelieny e
1 o A v o 1 dl Yo 1 o 2’/ v o a v Aa 1 o o
wazpsatinaanie indipseAungunlasunisindn  antiugrinnnsiduRnseiuanaalnas

Taane  Iazuaiu NN UTUAULALIEN1INNIaE  LazaaAdNSutanlnadiAsla

4
=

LazIRaYnYIRNAasAs aeunulanansliauEueen Al iudaganugu laun

d9

1
=

UszdRlsatlszansn UsedRguuss Angsn aeunndayasunisiulseniuaims  uay

a o K ¥ o o 1 = o 1
ARUDINAANIINNWNNNY  AnuuuTudndeya  WiNlsznaunisduguFuumeuiungs
v v Qi Yo 1 o dl 95’ o A ! b4 a o o
drlneTsndaunlasunnsnnszmnzieantimin 1anzidengdensaanieiestjimng uazdn
a9MlsznaLIaesaNIeMqeLATas  Inbody 770 Adgln 5 fiadtnenysnssnlsadau
Tsanenunaqinasnsnl  Teadayamiuiludaganimndmasmunuungudilaalsndaun

IasUNNARNTZINNZINaAALUNMIN

3) Anrziidayauaziilana

514 5 1ATR9InavALlsENaUYa9s 19N Inbody 770
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3.5 M99IUTINTDNA
aa [ v
ABnsInuTaya
¥ o v v dl Y o 1 o dl 901 o 1 =
sousndeyaauiugialsadaundriunistifnnssimnviveaniiminludoed
W.A.2558-2562 A1n AdtinAatnssnlsadau laenenuiaginansnl  anntuiudeyaes
v o 1 o dl A dl v 1w Ao oA 3 ! a o 2 v !
Huaendeindnn 12 hien Indsidpisriiusanieteundt 30 Alanduiuns’ laud ua
a9ALlITNELII8INNE HARIIaNIedLfjiRn1s andeyanassidaumuiuuiunndeys

dl = ¥ s o a v
‘VIL[FI‘?J‘EINVLQ uardaunINLsein ﬂ’]??ﬂﬂﬁ‘%%qu‘ﬂﬁﬁ’}?LL@Zﬂ’]ﬁ“ﬂ‘ﬂﬂﬂ@ﬂﬁ‘ﬁ‘ﬂ‘ﬂ’mﬂﬁﬂ@’mIi‘;lj‘ﬂ’lE

LGRS

v s o Y A 1
sousandeyaresyaainslulsamenuiaqiiasnsal Taadnilszdd 1anzinandinga
v a e/ o 6 1 o K U 1 al o 1 EZ

naesliRnisuardnesAtlsznauaesseniasnuuiuindeya  dumeaiungugilae
12ARUNENSUNTNI AN LN ZINAA AN

L2~ b = v o a a o Y o KR v = v o =\ a o

diindayane ganiiunidds uazdiiunndeyane ganiliuniay
3.6 TAINNANINNIGIAE

Y O o v o dl A o (e 1 ! v dl
UAINNAATURAILATEY AR ﬂ’]ﬁ‘fJﬂﬂ?‘qu‘ﬂ\‘iﬂﬂﬁ‘xﬂ‘ﬂU[ﬂ’Nﬂ a959nelag BIA ‘ﬂ’]‘ﬂﬂ[ﬁi@ifl

2

Tgnsasudugn ludninmaziinsasuulasasivzediannslasiiusenig Wy Aazuaw

D

v
o = %

11(oedema) uazN1IENANNTAEUN (dehydration) visa lufnddiutlsenavaasiranieudnaou
dl 1 a ] 1 deld v a [ %4 49/ a [ %
usnsainaulnadluatnamnn W gadnnzdauiuluseauguuss wenainiimaiialunisdia

171 N1FIMANLUUSIRI T LN N DL AL AU AN TULHUAIRN INTA 1178 N19919AN ALY 20

v
o ' =

Tdgndes  naswRaNENvesdgnIAnauTl

a u

=

alignsies iy asnmainevizesulszniuenmng

1 dg/ o v = 1 1 . ] dl o 1
AAUTUTA AUNKAFAANRYALIIENALTINNNEN E’ﬂ@

daaniasuniafvdeya Meatuansiiudseniuly 24 dalus wazniseaniangsy
1 v ¥ dl Yo 1 o/ d‘ 901 o 9 o dl
nanelunguiilaslsadaunlasunisindanszmnzineasimin  iWunisasuniudaunas 7

228121981 1 TUAaNsm a1anliiinans (Bias)la

3.7 msilaadayauanssinuaasgilos

v

dl o L2 < 4 o ] Y v dl o
@u@mmmmmummgmﬂ%gﬂmﬂfuﬁumm@u faxiummiuwfagammmmmu

u

wa3gthalldlawmslnefaann  dmsunistihdeyalifmesd agldsiaunudadiloausiay
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978 TUN TN WRAIIUNN TS LT UAUBNAINUITIN TAZLALE TUN N TINTBINANNTINE

azluiinshdeyanuansionuaesdihaldidamelnadnain - windeauaniuiasuan

I
=

1 o v % Yo a v o o 1 ZJ/
mmﬂamﬂummmmgﬂqa @ZM@QI@?Uﬂ’]?ﬂHH’ﬂN@’]ﬂQﬂQE}Lﬂu@’]ﬁlf\]ﬂi&M'ﬂﬂH?Wﬂuu

3.8 N5IASISUTAYSN

1n3y @ﬁuﬁmu@”mfammm@uﬂmLmu@mﬂ U WA Faeiay

v a 1 dl o ¥ 1 o . I A o s
ﬂ@H@Lﬂﬂﬂ?NWMLLUUE‘l@Lu‘ﬂflu%’&u@@’)ﬂ ﬂmﬁﬂgﬂu(medlan) LL@%V’W’]W@HV’]’)@‘ﬂW@

(interquartile range, 1QR)

a 1 £ a I dll ¥ a 1 1
ﬂ’]ﬁ‘Lll?‘ElllLV]E]UV‘]']'WNLLW’][F]']\?“U@HZ\]L‘T]\'I‘]J?‘N’]‘L'MLLUUWSLM'ﬂ\‘ILLZ\]ﬁﬂI’ﬂHZ\]LﬁNﬂQNT‘ZWQW\‘I
Al k% dl Yo 1 o dl 901 o E/dl 1 Yo 1 o %
drlnelendaunlasunisnasnnssmnzineantinin uazimldweldfunisidnnsziniy 14

Wilcoxon rank sum test wae Chi-square test AANANAL

WF e UNUAMNLANFANNUBIANALTENALFINNIE TTUIN NAUEFA LAZIZEZIIATT

AaRNadtnfn 14 Wilcoxon sign rank test

o o

NNNNINAAALNNADATTUULLADINIG A1 P<0.05 LNUaNDNHIRIAN ATy ISaTA

o

fadevInsaAszitayasinisldllsunsu Stata version 15.1 lunisdmsieyl

I'_")?
2?2
>
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unin 4
HANNSIATISUTBYS

4.1 dszginsMdnnAne

X Y Ay ve Y = ¥ o v aa ,

filaelsndaunlafunisindanszinizineantitnindaeis  Laparoscopic  Roux-en-Y
gastric bypass(LRYGB) 138 Laparoscopic sleeve gastrectomy(LSG) Tulsenenuna
qiaensnd o9 W.A.2558-2562 TINAIHAAT 12 1heu HAATiinanie Weandd 30
AlandNANRT® [u0u 30 AU NANAILAN ABNgNHET LA lATUNTIRNAANsEINNENH 8y

e A v o 1= o o o
WA LazAaTiNaania lnalAesiu LL@%VLNS\II?V’T]J?UN’W‘]Q AMUIU 30 AU

4.2 TayaNuzuragiloe

dialsadaunlasunisiadanszmnzineanuimin uindu gilaanlasunisisasan
adal o Y a} Yo 1 o/ % ac o di
96 LRYGB atuau 17 Au uaz grhedlafunisdifnfeds LSG e uwau 13 AW e
WReumeuszndnanguitaauaznguaauan wud dsgneudaamaniieanuaumintu (Fag

az 63) angedn 41 U Taaany Ardrdnaania(BMI) Psunulilsaunlasuluusazdutotal

. o azdl dl dl & a M v 1 o 1 =
protein) AMUIUINAULNT  ANLDANDEDR ﬂ’]?‘ﬂ‘ﬂﬂﬂ@ﬂﬁ‘ﬁ‘&m’]\iﬂ’miﬂiﬂLL[?]ﬂlF]’Nﬂu‘ﬂ?;IW\‘]N

u 9

v
o o o

wednAnylwia 2 ngn ngudihaiiBunmasunlisuluusiazdu(total calories) Woandn

NANAILAN AIA1I97 8

a 2 < 2 4
A9 8 TBYANUFI1UTDIE 28

Post-bariatric Control P-value

surgery (N = 30)

(12 months) (N =
30)

LRYGB = 17, LSG =
13

Female, n (%) 19 (63.3) 19 (63.3) 0.99

Age (years), median (IQR) 41 (34-45) 41 (34-47) 0.98
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Weight (kg), median (IQR) 73.8 (68.2-83.6) 67.45 (60.2-74.5) 0.009
Height (cm), median (IQR) 167.5 (158-170) 158.5 (155-167) 0.003
BMI (kg/mz), median (IQR) 26.75 (25.2-28.6) 26.65 (25.1-28.8) 0.94

Total calories (kcal/d), median 1000 (900-1400) 1656 (1285- <0.001
(IQR) 2285)

Total protein (g/d), median (IQR) 70 (50-80) 59.8 (49-69) 0.25

Total protein (g/kg/d), median 0.92 (0.41-1.59) 0.89 (0.72-1) 0.99

(IQR)

Smoking, n(%) 1(3.3) 2 (6.7) 0.55

Alcohol drinking, n(%) 0 2 (6.7) 0.53

IPAQ-SF, n(%) 0.79

Low intensity 10 (33.3) 12 (40)

Moderate intensity 12 (40) 12 (40)

High intensity 8 (26.7) 6 (20)

LRYGB = Laparoscopic Roux-en-Y gastric bypass, LSG = Laparoscopic sleeve

gastrectomy, IPAQ-SF = Short Format International Physical Activity Questionnaire

4.3 pardsaunauilaqaanAdnsn

= R Y Ay v "o o T o A "
LL]_F}H‘UWl‘i’;l‘]Jﬂ@qNﬂ;l]‘]_]rlﬂiﬁ‘ﬂ@qumiﬁﬁ‘un’]?“qmﬂﬂﬁ‘gLWqZL‘W@@ﬂu’]uuﬂﬂ/]ﬁ‘?éﬂzm@q 12 LAY

o Y o 1 o | ! I EZ 4 dl Yo 1 o IS o ]
wasdfusdnuaznguatuaN wudngugiaalsadaunlasunisiasinnszmnziAdngdon

wafeaaznn (waist-hip ratio, WHR)(0.83 uaz 0.9, P-value <0.001) SFesazvedludulu

§19n8l (percentage of body fat, PBF)(fagiaz 30.6 Laz Fagay 35.9, P-value 0.001) NA@
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lsiuLinuansia (trunk fat mass)(10.3 Alaniu waz 12.4 Alansu , P-value 0.04) N9A39N
néuiliauazefensL R oL (appendicular lean mass, ALM)(9 flansu uaz 16.9
Alansu, P-value <0.001) wax ﬂ'ﬁmmfmn@’fmL'ﬁfaLmzm"mzu?mmmmmmmﬁmﬁma
ne (ALM/BMI(0.34 uaz 0.63, P-value < 0.001) tasndnnguaiuny Taadaunams
néuilauazetiaziainanie (soft lean mass, SLM)(47.7 Alansu waz 39.9 Alansu, P-
value 0.001) 19839UNNHITPIAZESZAB1anIEE (trunk lean mass)(21.2 Alansu LAy
19 Alaniu, P-value 0.02) sandnuiiioans (skeletal muscle mass, SMM)(27.5 Alaniu
waz 23 Alansy, P-value 0.003) saaneldlusiu (fat free mass, FFM)(51.1 Alansy way
42.3 flanfu, P-value 0.001) uazArsatnanielslusiu (fat free mass index, FEMI)(19.1
Alanfuanms® uay 17.3 Alanii/imng®, P-value 0.001) N1NNINGNALIANSENINTRIEADY

AIAN997 9 LAY 317 6

a = 1 o 1 1 1 L] L4 a
A1TNN 9 [5]’7?')\71,L/?EI?JL‘VIEIUF]'I’E)\‘IF”J?&'H@U‘]J@\?ﬁ")\?ﬂ’?ilﬁ‘&"lﬂ'?'lﬂﬂﬂqﬂéﬁjﬂEIT?FI@'J‘IJ‘VI

la5un1saIAANSANIANDAAUINUNATEESIIRT 12 LADUNABTITUAIGR WASNGN

AILAN

Post-bariatric Control P-value

Variables Surgery (N = 30)
(12 months) (N'="1  \jegian (10R)
30)

Median (IQR)
Waist-hip ratio (WHR) 0.83(0.81-0.87) 0.9 (0.86-0.93) <0.001
Soft lean mass (SLM)(kg) 47.7 (44.2-59.6) 39.9 (35.2-48.8) 0.001
Fat free mass (FFM)(kg) 51.1 (47.5-63) 42.3 (37.5-52) 0.001
Body fat mass (BFM)(kQ) 20.2 (17.9-24.8) 24.1 (20-26.5) 0.10
Percentage of body fat (PBF)(%) 30.6 (21.5-34.3) 35.9 (29.7-39.1) 0.001
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Skeletal muscle mass 0.003
(SMM)(kg) 27.5(25.1-34.6) 23 (20.1-28.8)
Appendicular lean mass <0.001
(ALM)(kQ) 9 (7.9-11) 16.9 (15-21.5)
Trunk lean mass (kg) 21.2 (20.1-27) 19 (17-22.7) 0.02
Trunk fat mass (kg) 10.3 (8.8-12) 12.4 (9.8-13.8) 0.04
Free fat mass index (FFMI) 19.1 (17.3-20.7) 17.3 (15.5-18.5) 0.001
ALM/BMI 0.34 (0.27-0.4) 0.63 (0.57-0.82) <0.001
n
Waist-Hip Ratio (WHR)
1.1+
P <0.001
1.0 —_—
T
0.9+
=
0.8+
0.7 T T

Post bariatric

Control




SLM

FFM

1007

90~

80~

70+

60~

50+

40-

30+

Soft lean mass (SLM)

P =0.001

S

20

100+

80+

704

60+

50+

40-

30+

20

Post bariatric Control

Fat free mass (FFM)

P =0.001

1 1

Post bariatric Control
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BFM

BFP

404

304

204

10+

Body fat mass (BFM)

P =0.10

601

50+

304

204

10+

Post bariatric Control

Body fat percentage (BFP)

P =0.001

Post bariatric Control
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SMM

ALM

601

504

401

304

204

10+

Skeletal muscle mass (SMM)

P =0.003

40~

30

204

104

Post bariatric Control

Appendicular lean mass (ALM)

P <0.001

Post bariatric Control



Trunk fat mass

25
P=0.04
204
" - —_—
@
£ 15+
8
<
> 104
|_
5_
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ddunnstinga Reveziaan 6iFeu ez 12 HeundadniuntsEnde Ardaulsesdilszne
mmﬁ"mmmmmﬁwm@ﬂwﬁﬁmﬁﬁﬁm Toun AAtiNeanie (body mass index, BMI)(-
10.5 AlaNFNANAT kA -12.2 Alansu/iumg’, P-value <0.001) dadaaqsaasinn (waist-
hip ratio, WHR)(-0.13 ua¥ -0.16, P-value <0.001) HIATINNENITR LA SN
(soft lean mass, SLM)(-4.8 Alanfu uaz -5.25 Alaniu, P-value <0.001) waan e lflasiu
(fat free mass, FFM)(-4.75 Alandu uaz -5.25 Alaniu, P-value <0.001) waa oy
§19n18l (body fat mass, BFM)(-22.05 Alansu waz -30.35 Alansu, P-value <0.001) 3agl
azaadlasiulusanne (percentage of body fat, PBF)(-5aaaz 13.3 uay -fauay 18.8, P-
value <0.001) m@ﬂﬁﬂmﬁﬂmﬂ (skeletal muscle mass, SMM)(-3.3 Alansu waz -3.5
Alansu, P-value <0.001) H9aINNANIHDLATE TN BN (appendicular lean
mass, ALM)(-12.6 Alaniu waz -16.7 niandd, P-value <0.001) LIATINNANITRLAS
AJENZUTNLANAY (trunk lean mass)(-3.75 Nlandd waz -4.8 Nlansy, P-value <0.001)
1A 1 ULTIAFA (trunk fat mass)(-9.75 Nlanfu uaz -12.8 filandu , P-value <0.001)
AenNaanie 18l (fat free mass index, FFMI)(-1.75 Alansuiums’ way -2 dlansu/
WRT°, P-value 0.001) LAYANHI TN IAE RSN B UL AN F TR AN
(ALM/BMI)(-0.2 uaz -0.3, P-value < 0.001) ‘EmlLﬁum@@mmmﬂqmﬁ@mmm 12 LABUUAS

NS UNITHNFARAS M137971 10

mmw 10 mmﬂLlszn@uwmmammmmlozlfmmu‘n‘lmumsmmmmmW')::Lwa
anuun Tudnaudnsunisasn uas fszees 6 1AaY uaz 12 Aauuadd1sunIe
LINAIA

Median (IQR) Median change (IQR) P-value

Body mass index (BMI)(kg/m?)

® Baseline 38.6 (35.9-43.7) Ref Ref

® 6 months 29.2 (26.3-31.5) -10.5(-11.9t0-9.1) <0.001
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® 12 months 26.8 (252-28.6) | -12.2(-14.71i-10.7) <0.001
Waist-hip ratio (WHR)

® Baseline 1.01 (0.96-1.03) Ref Ref

® 5 months 0.88 (0.83-0.93) | -0.13 (-0.16 to -0.05) <0.001

® 12 months 0.83(0.81-0.87) | -0.16 (-0.21 t0-0.12) <0.001
Soft lean mass (SLM)(kg)

® Baseline 53.5 (48.2-64.4) Ref Ref

® 5 months 47.5 (44-61.4) -4.8 (-7.7 t0 -2.6) <0.001

® 12 months 47.7 (44.2-59.6) -5.25 (-7 t0 -2.9) <0.001
Fat free mass (FFM)(kg)

® Baseline 56.7 (51-68.5) Ref Ref

® 5 months 50.6 (47-65.6) -4.75 (-7.7 to -2.5) <0.001

® 12 months 51.1 (47.5-63) -5.25 (-6.9 to -2.8) <0.001
Body fat mass (BFM)(kg)

® Bascline 50.9 (44.6-60.4) Ref Ref

® 6 months 25.2 (22.8-32.7) | -22.05(-30.5t0-19.9) <0.001

® 12 months 20.2 (17.9-24.8) | -30.35(-37.8 to -21.5) <0.001
Percentage of body fat
(PBF)(%)

® Baseline 46.6 (40.9-51.7) Ref Ref
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® 6 months 34.3 (28.2-40.3) | -13.3(-15.9t0-10.3) <0.001
® 12 months 30.6 (21.5-34.3) | -18.8(-22.7 t0 -13.4) <0.001
Skeletal muscle mass
(SMM)(kg)
® PBaseline 31.2 (28.1-38) Ref Ref
® 6 months 27.4 (25.1-35.5) -3.3(-5t0-2.2) <0.001
® 12 months 27.5(25.1-34.6) -3.5(-4.7t0-2.4) <0.001
Appendicular lean mass
(ALM)(kg)
® Baseline 24.9 (20.5-31.2) Ref Ref
® 6 months 11.9 (9.9-15.9) -12.6 (-17.3 10 -9.6) <0.001
® 12 months 9(7.9-11) -16.7 (-20.4t0 -10.4) <0.001
Trunk lean mass
® PBaseline 25.4 (23.5-30.2) Ref Ref
® 6 months 21.9(20.7-27.1) -3.75 (-5.2 t0 -3.2) <0.001
® 12 months 21.2 (20.1-27) -4.8 (-5.1t0-3.4) <0.001
Trunk fat mass
® PBaseline 23.8 (21-26.7) Ref Ref
® 6 months 13.1 (11.3-16.1) -9.75 (-11.3t0 -8.7) <0.001
® 12 months 10.3 (8.8-12) -12.85 (-15.5 t0 -10.3) <0.001
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Free fat mass index (FFMI)

® Baseline 21.3 (19.3-22.9) Ref Ref

® 6 months 18.8 (17.6-20.5) -1.75 (2.7 to -1) <0.001

® 12 months 19.1 (17.3-20.7) -2 (-2.5t0-1.2) <0.001
ALM/BMI

® Baseline 0.63 (0.55-0.75) Ref Ref

® 5 months 0.42 (0.37-0.56) | -0.2(-0.27 to -0.16) <0.001

® 12 months 0.34 (0.27-0.4) -0.3 (-0.4 t0 -0.19) <0.001
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