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Progress of metabolic surgery in children and adolescents with obesity
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[Abstract] Obesity is increasing rapidly among children and adolescents in China, which is associated with multiple obesity
complications, the risk of obesity and related complications in adulthood, and reduction of life expectancy. Nowadays , no medication is
approved for weight loss in children and adolescents in China. Metabolic surgery has been considered as weight loss treatment for
children and adolescents with moderate to severe obesity when lifestyle interventions are ineffective. Studies in China and other
countries have shown that children and adolescents with moderate and severe obesity achieved substantial weight loss after metabolic
surgery , accompanied with improvement, even reversal of obesity - related complications such as type 2 diabetes, dyslipidemia and
hypertension, etc. and similar perioperative complication as adults. Postoperative appropriate nutrient supplement and monitoring are
beneficial to reduce the long-term malnutrition complications, and patients’ mental health also need to be monitored. This article
reviewed the development of metabolic surgery in children and adolescents in China and abroad, and also indications,
contraindications , surgical procedures and follow-up requirements.
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Table 1 Indications of metabolic surgery for obesity in children and adolescents in China and other countries

;élﬂ—_;'uzj

B

Jé,‘:jtﬁﬁjuﬂ

EF] Ii]uu
BMI > 37.5 kg/m* 75 £ /b 1
R PEAE G IR

BMI > 32.5 ke/m* HAEA ZE /D2
FRRAE AR OGS IE , L T
ARG AT B

AR R A 1 /IR B EEL TR
FBE R KA G IR
AR EE L BN R

BMI=40 kg/m’ (5,=95 H 4
A7 [7) 84 A 140% ) , LA 5
i

BMI=35 kg/m’ 3% 25 95 & 4
PLEIE A 120% , PEA 11 A
2 N REAE DI R A

B NGB A R R AT
B JEHER IBCSIR T RS

BMI > 50 kg/m* (5 > 97 &
GRS, PR A% B
NI JHEAE T R AR

BMI > 40 kg/m* (5 > 97 &
GL RIS L), P I
AHICTF AAE

Tanner 4 ¢85 DL I, 5% W
AJE=95% , WP EFRR AN
FIRT AT T ROF R AR
FEIE I RAINLIEZ ST

BMI>50 kg/m*(E{>97  4Mi
[ N ), A Al 2 8 I e
AHIETF BAE

BMI>40 kg/m’(E{>97 [ 47
)y ), A 7 B JRE A G
Tanner 4 2% 8% DL |-, B 55 0%
PAE=95% , #5575 57 K 4
FEARYT AT T O B A
RS RN LEEZ N )

22 FRI X Feut

I E M 36 E 45 B AR 77 LSG S LRYGB L2
DA AR T 2 AR TR S g0 AR
IR A i A 5 56 46 B X & JF h#E B GERD JLEF
DAEHERE LRYGB, IR IE S A R i
(LR F18 3 [ I P % 2 AR A SMBHA Y T 48 B AN 2P
FARFED, 5 FAEAE P EE GERD (IR E N FAR
BE A e e LRYGB, Hfl He 5 e 1LSG

5 E48 m @B T ARG NUE , HHERRZE 2k
Je AR FAR R F U R 28 A A OGO & E
FE] 40 P4 F8 R 34 B UOR A 77 2 A 5 s AR i A R =
A AT RRE AR URREE A 0B R AR PR R 25
Z2ERHA B FE VAl A5 IR e 2 TR KUK 3R
fis MO e it BRI I A 45, 5 R M AR 7S
SRUERE G AT ARG BRI S R
H B AR a0 F AR NI 22 57
23 REMiGAER

2% FEFE I EORAAR G iR AL A B
iz gy M EL LG IR S TR IR, B iR AR 5 It
RAE ENIEREERARE 2B 1A 340
6 ~H 124 HBEVS, Z Ja BRI 1R, WA K
KB EO B IRV B RS ; X 5 B AR
A LSO 0 i TR LR U5l R PR 5 L B AR SO
i, AR 1A A A IR 75 HEBR AR 25 4y 4
3 EF8 B HUBOR J5 24 ARSI s 26 V85 (B R
SRR BRVERE IR R R SRS S ) 4k
HEZEB BB AEAERA G ERD, RG670H M
DLJE R AR AR 52 A IMTE BE VB M IR AR AR s Ak A
MAEAEZRE Db, M FEHHAERKET RF6 AN
oAb FEAEA 2R By X T ARG fCRE R (BLFE AR
IR Z & AR EAE) AR JE R e R TR E B

N I A B RO R B A A e
FEIRFOL, SR O A 2 RGO AE,
IFAEBORIE 64> H AR HT AR 25 S0 I 191 B35 H A1 T
52[4310

e B L ZE T A AR A AR AR R
T AR A R AR5 A RO, D i A N
AHIETFF BAE , BH AR AT S5 IR & A BRI &
N R s DN (VI SV NER = i3/ S L ST
F A A LLLSG M LRYGB K 3, LSG FAMT[H] 243
B B 1) B8, AR i O AE & AR R TAIG, LRYGB K 0]
I N s GERD SRR #A . LEH MR TA K
KB FERN B IR & 54 0 S &R
AH G, AR T AR W T 8 456 07 5 BN B A L,
FEA S 7 A O BT TS A R T TS AR R R
o ANFEEZFARERIERN BMIY) A —E 25,
B UE T AR T AL, 5 AR T 2 2= RHTAl
HEHE LRGN w5 AR T, 1
BE RFIRIRITELA , S IR R A e FORS piC 2
), FREDLEE DA FARBEA R, /MEAR
Fa AR S R A e 5 HA E L, Ak 2
O CRFEAS KR DT 0 508 A8 B T B 3 [ I HE
JLEF DA AR IR o MR R &
BRI GT I R B AR Ut 2 2R AR T
ENIVE S -3 =E
(&2 3iik]

[1] NCD RISK FACTOR COLLABORATION (NCD-RISC).

Worldwide trends in body-mass index, underweight , over-

weight, and obesity from 1975 to 2016: a pooled analysis

of 2416 population-based measurement studies in 128.9



- 1486 MoA

BE Rk ¥

B4 103

24 20224F10 A

[4]

(5]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

million children, adolescents, and adults [J]. Lancet,
2017,390(10113) :2627-2642

FA S NI B %, A o L T R o
B A5 ) At 52 e v E S e 2 g A2 e et e i [ ). AR
BijBE 2443k ,2019,53(9) :875-884

MICHALSKY M P,INGE T H, SIMMONS M, et al. Car-
diovascular risk factors in severely obese adolescents : the
teen longitudinal assessment of bariatric surgery (Teen -
LABS) study[J]. JAMA Pediatr,2015,169(5) : 438-444
MANN J P, VALENTI L, SCORLETTI E, et al. Nonalco-
holic fatty liver disease in children [J]. Semin Liver Dis,
2018,38(1):1-13

CHAO A M, WADDEN T A, BERKOWITZ R 1. Obesity
in adolescents with psychiatric disorders[J]. Curr Psychi-
atry Rep,2019,21(1):3

MARET-OUDA J, MARKAR S R, LAGERGREN J. Gas-
troesophageal reflux disease: a review [J]. JAMA, 2020,
324(24):2536-2547

WEIHRAUCH-BLUHER S, SCHWARZ P, KLUSMANN
J H. Childhood obesity : increased risk for cardiometabol-
ic disease and cancer in adulthood[J]. Metab Clin Exp,
2019,92:147-152

A B, 2 /M, A JLEE T AT A AT
TR PR PR EDR 5 A0 T A 0 85 1 e iy s e e () . o
TP P74, 2019, 53(7) : 680-685

AT B /INTT, XN EEAE 55, LT DA IS A5
PRI B0 I 3 B [ ). v AR T 5 27 2% 5K, 2016, 50
(1):23-27

AL AR 5, 5 AR S AR BB 1Y
PRIRZSAR RAILRIAR T [T]. B st BE R a4 CH SRR
“#J2),2018,38(5) :622-627

br 3,250 EE R — A8 M —— T4k 4 [
TR AE e risa )], th IR R BE A 243K, 2015, 43
(10):1-4

DURKIN N, DESAI A P. What is the evidence for paediat-
ric/adolescent bariatric surgery? [J]. Curr Obes Rep,
2017,6(3):278-285

WIGGINS T, MAJID M S, AGRAWAL S. From the knife
to the endoscope-a history of bariatric surgery [J]. Curr
Obes Rep,2020,9(3):315-325

MESSIAH S E, XIE L, ATEM F, et al. Disparity between
united states adolescent class Il and Il obesity trends and
bariatric surgery utilization, 2015-2018 [J]. Ann Surg,
2020, doi: 10.1097/SLA.0000000000004493

INGE T H, LAFFEL L. M, JENKINS T M, et al. Compari-
son of surgical and medical therapy for type 2 diabetes in
severely obese adolescents[J]. JAMA Pediatr, 2018, 172
(5):452-460

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

INGE T H, COURCOULAS A P, JENKINS T M, et al.
Five - year outcomes of gastric bypass in adolescents as
compared with adults [JI.N Engl ] Med,2019,380(22) :
2136-2145

INGE T H, COURCOULAS A P, JENKINS T M, et al.
Weight loss and health status 3 years after bariatric sur-
gery in adolescents [J]. N Engl ] Med, 2016, 374 (2) :
113-123

OGLE S B, DEWBERRY L C,JENKINS T M, et al. Out-
comes of bariatric surgery in older versus younger adoles-
cents[ J |. Pediatrics, 2021, 147(3) : 2020024182

INGE T H,JENKINS T M, XANTHAKOS S A, et al. Long-
term outcomes of bariatric surgery in adolescents with se-
vere obesity (FABS-5+) :a prospective follow-up analysis
[J]. Lancet Diabetes Endocrinol ,2017,5(3) : 165-173
RYDER J R,EDWARDS N M, GUPTA R, et al. Changes
in functional mobility and musculoskeletal pain after bar-
iatric surgery in teens with severe obesity : teen-longitudi-
nal assessment of bariatric Surgery(LABS) Study[ﬂ. JA-
MA Pediatr,2016,170(9) :871-877

KAAR J L, MORELLI N, RUSSELL S P, et al. Obstruc-
tive sleep apnea and early weight loss among adolescents
undergoing bariatric surgery [J]. Surg Obes Relat Dis,
2021,17(4):711-717

MANCO M, MOSCA A, DE PEPPO F, et al. The benefit
of sleeve gastrectomy in obese adolescents on nonalcohol-
ic steatohepatitis and hepatic fibrosis[J |. J Pediatr,2017,
180:31-37

JARVHOLM K, KARLSSON J, OLBERS T, et al. Two-
year trends in psychological outcomes after gastric bypass
in adolescents with severe obesity[J]. Obes Silver Spring
Md,2015,23(10) :1966-1972

BASKARAN C, BOSE A, PLESSOW F, et al. Depressive
and anxiety symptoms and suicidality in adolescent and
young adult females with moderate to severe obesity be-
fore and after weight loss surgery[ J]. Clin Obes, 2020, 10
(5):e12381

ARAFAT M, NORAIN A, BURJONRAPPA S. Character-
izing bariatric surgery utilization and complication rates
in the adolescent population [J]. ] Pediatr Surg, 2019, 54
(2):288-292

LOPEZ E H, MUNIE S, HIGGINS R, et al. Morbidity and
mortality after bariatric surgery in adolescents versus
adults[J].J Surg Res,2020,256:180-186

POLIAKIN L, ROBERTS A, THOMPSON K J, et al. Out-
comes of adolescents compared with young adults after
bariatric surgery: an analysis of 227, 671 patients using

the MBSAQIP data registry [J]. Surg Obes Relat Dis,



A2 10
2022410

U SO LT

AR R G AR
@a@ﬂﬁ%ﬂWE%ﬂ%m)mn4ﬂm)m&1@7

J&LT].
<1487 -

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

2020,16(10) : 1463-1473

JACKSON W L, LEWIS S R, BAGBY J P, et al. Laparo-
scopic sleeve gastrectomy versus laparoscopic Roux-en-Y
gastric bypass in the pediatric population: a MBSAQIP
analysis[ J ]. Surg Obes Relat Dis,2020,16(2) :254-260
EL CHAAR M, KING K, AL-MARDINI A, et al. Thirty-
day outcomes of bariatric surgery in adolescents: a first
look at the MBSAQIP database [J]. Obes Surg, 2021, 31
(1):194-199

XANTHAKOS S A, KHOURY J C,INGE T H, et al. Nu-
tritional risks in adolescents after bariatric surgery [J].
Clin Gastroenterol Hepatol ,2020,18(5) : 1070-1081
DEWBERRY L C, KHOURY J C, EHRLICH 8, et al.
Change in gastrointestinal symptoms over the first 5 years
after bariatric surgery in a multicenter cohort of adoles-
cents[J]. ] Pediatr Surg,2019 ,54(6):1220-1225
SHOAR S, SABER A A. Long-term and midterm out-
comes of laparoscopic sleeve gastrectomy versus Roux-en-
Y gastric bypass: a systematic review and meta-analysis
of comparative studies[J]. Surg Obes Relat Dis, 2017, 13
(2):170-180

CASTELLANI R L, TOPPINO M,FAVRETTI F, et al. Na-
tional survey for bariatric procedures in adolescents : long
time follow-up[.]]. J Pediatr Surg, 2017, 52(10) : 1602—
1605

GOLDSCHMIDT A B, KHOURY J, JENKINS T M, et
al. Adolescent loss-of-control eating and weight loss main-
tenance after bariatric surgery [J]. Pediatrics, 2018, 141
(1):€20171659

RYDER J R,GROSS A C,FOX C K, et al. Factors associ-
ated with long - term weight - loss maintenance following

bariatric surgery in adolescents with severe obesity [J].
Int J Obes 2005,2018,42(1):102-107

JWRARE A AR R AR TEIE R S AR A R
ARAENE ST A4 b i I 22 56 [0 ). 88 B % 4l (il
FK),2015,9(3) :156-160

X ML R SR SN ARIRY TS AR
HEJHEAE S8 IR AT 28 LD 1. vh ATl kAR, 2015,
14(7) :560-563

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

FIRR, THIR, 3 8% HAFILEO T ARG
3AERON ML S o[ ] TR AL SRR FL TR,
2018,4(4):202-206
ThCHHE 1 SO , PIVE R, A b CEE R T AR L R
FABFARIBITEREVT ORI h R RO 2R
2020,28(9):669-674
LIU S Y, WONG S K, LAM C C, et al. Bariatric surgery
for Prader- Willi syndrome was ineffective in producing
sustainable weight loss: long term results for up to 10
years[.]]. Pediatr Obes,2020,15(1) :e12575
TR, 3K W8, A, A5 T ELE T DAL HEAE
HMEHAYT RS (2019 RO L) . rhAR Ik 54 22
i5,2019,5(1):3-9
PRATT J S A,BROWNE A,BROWNE N T, et al. ASMBS
pediatric metabolic and bariatric surgery guidelines, 2018
[J]. Surg Obes Relat Dis,2018,14(7) : 882-901
NOBILI V, VAJRO P, DEZSOFI A, et al. Indications and
limitations of bariatric intervention in severely obese chil-
dren and adolescents with and without nonalcoholic ste-
atohepatitis: ESPGHAN Hepatology Committee Position
Statement [ J |. J Pediatr Gastroenterol Nutr,2015,60(4) :
550-561
VALERIO G, MAFFEIS C, SAGGESE G, et al. Diagno-
sis, treatment and prevention of pediatric obesity : consen-
sus position statement of the Italian Society for Pediatric
Endocrinology and Diabetology and the Italian Society of
Pediatrics[ ] ]. Italian J Pediatr,2018,44(1):88
OB, BN ORI, A b E R R 2 BB IR A1
BHAY IR (2019 [0 L) 1. FPESCHSMRR R, 2019, 39
(4):301-306
AMINIAN A, CHANG J, BRETHAUER S A, et al.
ASMBS updated position statement on bariatric surgery
in class I obesity (BMI 30-35 kg/m®)[ ] ]. Surg Obes Relat
Dis,2018,14(8):1071-1087
FRIED M, YUMUK V, OPPERT J M, et al. Interdisciplin-
ary European guidelines on metabolic and bariatric sur-
gery[.]]. Obes Surg,2014,24(1 ):42-55

[fmB®]  2022-01-11

(A 4EE:% #)



