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Relationship between skeletal muscle mass index and metabolic phenotypes of obesity
in adolescents
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Abstract: Objective To study the relationship between skeletal muscle mass index (SMI) and metabolic
phenotypes of obesity in adolescents, and to provide a basis for the prevention and control of adolescent obesity and
related metabolic diseases. Methods A total of 1352 adolescents aged 12 to 18 years were randomly selected by
stratified cluster sampling in Yinchuan City from October 2017 to September 2020, and they were surveyed using
questionnaires, physical measurements, body composition measurements, and laboratory tests. According to the
diagnostic criteria for metabolic abnormalities and the definition of obesity based on the body mass index, the subjects
were divided into four metabolic phenotypes: metabolically healthy normal weight, metabolically healthy obesity,
metabolically unhealthy normal weight, and metabolically unhealthy obesity. The association between SMI and the
metabolic phenotypes was analyzed using multivariate logistic regression. Results The SMI level in the metabolically
unhealthy normal weight, metabolically healthy obesity, and metabolically unhealthy obesity groups was lower than that
in the metabolically healthy normal weight group (£<0.001). Multivariate logistic regression analysis showed that after
adjusting for gender and age, a higher SMI level was a protective factors for adolescents to develop metabolic unhealthy
normal weight, metabolically healthy obesity, and metabolically unhealthy obesity phenotypes (OR=0.74, 0.60, and 0.54,
respectively; P<0.001). Conclusions Increasing SMI can reduce the risk of the development of metabolic unhealthy/
obesity. [Chinese Journal of Contemporary Pediatrics, 2023, 25(5): 457-462]
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AR, LT ADAEACRE RS H @, e
GO R E RN A DU 2 — P BFSEER
B, ICHE SEWUARS 2, ik, 28
BEBRI AR 5 AR 2R B AESE 20 AR 1Y
WFSE RN, IF A TR A A e A AR ZE L 1Y
U AsE e AE TR, Ab TAHFAEFE L (body mass
index, BMI) ZE5IH A AT LURAT AR AL
B B, AT AR BMI 5.0 i 8 925 fis i
2R HH ELAE A 45 3R AR 2 R TR g S AL
R IE & K & 1IE %  (metabolically healthy normal
MHNW) & B Qi 5 5 K & OE 9
(metabolically unhealthy normal weight, MUNW) %
A AR IEH AR (metabolically healthy obesity,
MHO) & U F1 40 i 55 % A0 i (metaholically
unhealthy obesity, MUO) A7 FEAFE A
MBFFERNT, 5 MHO ZIK#E AL, MUNW Zik#&
S5 2 A DR L I 2 0 XU A v o 4B,
R, 5 MHOZAH L, MUOZHA H &g
PRI IR 0 —TiH A 6 4F AT E M BA S i 57 45
7R, MHO RIS LT A4 & 1l Y & 9k
JRURS: 1 BRI, AN ] S JRE AR a8 e Y 1 AR B f
AT RSP, IR BAT SRR A A
AT FI T FT5 58, AT AR DA AL AR G
PG 1 & A B S

HAig ik, T & AR AN A L A 26 2 Y 7
TENLEIA A, SO rBFE R AT, NEREARR
RITTRESZ AR WY . PRI R | A0 5 =CR B i UL
& (skeletal muscle mass, SMM) [520m M3
T SMM SZ WL RE I 28 PR SEma B, PR >R FH
HARTE 5 B AL S50 (skeletal mass index,
SMD) PFA SMM "o BIFFE /i SMI AR 1% 7R
a5 /R A O A A G R R (2 B
b IR RIS EE S AE) FAERR ™. Ak
PaaRB, SMITES A4 W AR B Qi S Rl 2 b
PN 23U 5300 1 PR SO TR OB HT, W)
AE 23 BH (RS04 T A AR ', I IR . B
PRI . TR RIS . PG, SMI AT BB T EOA [
IS PR AR 353 0 28 [ 52 AN [ flt R 45 SR i s 2 P R
WFFE SMI 5 A [ A JHEA QI R Y A4 5 ZoR AT BT 3L
ARl AR RSP A GRS R I ERLR] . AR
17, SMI 5 [ BEFREA 52 B ) A SCIBRATS AR A 21 58
IR, IFHAIRA BT AR E A AL
SMI S AR AL A2 L B ) OB, g 7 AR AT
FAHSACE BN Y B A BE PR A

weight,

1 #ERSAEE
1.1 HRI&

ARWEFE N RERTRIATSE, T 2017 4E 10 J—2020
A9 H AR T 3 fr ) A 2 Jr s v 12~18 2 [
AR R IE A o 8 I 53 R R BE LR Y
B R, ARG UVERSYZ, B NEANE
G BEDLTEREGL , AR 13 SR PR R 22 4
BRI R B T AT Rl 2 A AR SE .
GIAFRUE: (1) BNTE R, SRR e E i [E]
SUAE; (2) R 12~18 % . HEBRPRUE: (1) ACh):
L E P AR ESMANGE; (2) 8™ ELO
Jili BB TN s (3) BRiAREREE, ik ibAT AR
WAL . il 2538 ZOLI T A3 2 %% F
FES. AR RS THEER R =R ZE R 2
(e A S dieifE (LS. 2021-G053).

1.2 Fik

121 FlA&HEE Hfl ) ER, RN 4
P . A L B sl S G B A AR 1O
122 A E WS E. KE. EH
(waist circumference, WC) Ml EagE, (1) &
F . WO SR ZH7082 A1 B i Ak i A e
R S AT B s AT WC i & o S0 5 2 W
BOAME, 2 R 2ZE AT 0.5 em, 25 A
0.1 emo (2) ARENE: R RCT-140 BFLFFX
R R R0 2 Y B, 2 RN IR 22 AN
Mt 0.5 kg, M LR 2] 0.1 kg (3) 1L/ K
e SRR B HEM-7012 B 13300 0 45
(systolic blood pressure, SBP) FI&F5K K (diastolic
blood pressure, DBP), %2 & 3K, AE¥KIE]FE
1min DL b, AH4E 2 Y& 25 A # ad 10 mmHg,
WU 2 WA IEAE R 32 08 SE PR i R " 4
SiREHH BMIL [BMI={AE (kg) /i’ (m?) o
123 Ak RIS E Biospace 23 1) 4=
7= 1Y InBody370 A 9 H BT /0 M 254 T SMM 1 46
., SMI= [SMM (kg) MAHE (kg) ] x100% "'
124 %BEkhs REZNESE12h#HK
i, 4 A sh AT (245 H 57.7060C)
PEATZS M MAE  (fasting blood glucose, FBG) . HiH

= Mg (triglyceride, TG) . & JH iz (total
cholesterol, TC) . & % & I8 4 A M [E B (high-

density lipoprotein cholesterol, HDL-C) FUIX% B g
B H ME [E B (low-density lipoprotein cholesterol
LDL-C) FAG .
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1.3 iSHitRAE
131 AE/Er  CRAZMES ™ L S
JIEJE B S TR o, B B AH I A 08 R BI85
FER VAL E2 I g e i
132 Kt w R (hEJLES DERE
ZRAMEE SCRBHIGEELL) ™ $2 0 A 7E W &2 ook
JERE (WC=[FAFI [l 51 JLE WC RIS 90 H 437
H) 3Lat b, [FEFE&Z AT 2505 RI2 KN
RS . B (FBG=5.6 mmol/L) . = IfiL JE
(SBP =¥, DBP=[R]4F i [R1P 531 A w) Bf i JLEE 5 A4 1L
JE 5590 | A AL fE) L m H O =R I AE (TG
>1.47 mmol/L) . X &5 % B Bg 5 E AH & B O A
(HDL-C<1.03 mmol/L) .
1.4 KRB HI T

FRAE DA L A 5512 Wi b o S =1/A0 e
PR, BERIE XTG4 0 hy 4 FPARIE R AL 200k
MHNW, MHO., MUNW ., MUO,
1.5 SitFEHHR

% M EpiData 3.1 # % 5 A8l , K SPSS
26.0 AT 2230 . AP A IER R THE T

RIS E « brifE2: (F+s) Fon, FFIESDAEK
TR A 8 (U B EE ) (M (P,
Py ] Fow, THETRRHBIBRNE R (%) #
TN o ANTRIAE A A 3 2 78 4 o) 31 W Rk A e 35 R
PR 27 2243 B a8 Kruskal-Wallis HKG 55 A [
JHEA 5 2 2 20 (1] 1 25 70 A B 16 ORI R L3
K H LSD-t K 5 o R HH 22 T 2 logistic 191 55 43 B
SMI S5 LRI B SCHK . P<0.05 A2 R A Gt

RYRECTSN
==&

2

7
2.1 MRITRIERSFE

gy A 1352 4] 4R, R B A 816
(60.36%) , 2t 536 il (39.64%) , F ¥4 %
(146 £1.6) %, MHNW. MUNW. MHO. MUO 4
HHAE 992, 17, 236, 10741, ANFEAEFEACSTH
RUZ ) SEARRE LU 25 R o, S AR . B
& . KA . BMI. WC. SBP. DBP. TC. TG.
LDL-C, HDL-C J SMM 7K -1t 4 22 S5 Y A 48
eEE X (B P<0.05), W1,

F1 HARNKHERFHE
4 4] 4 4]

i T N Pl
EWS (%) 14816 145+1.7 14315 143+14 10.007 <0.001
B (em) 166 + 8 169 + 6 168 +8 170 8 7.000 <0.001
1K (kg) 52+8 62+7 7212 79+ 13 506.340 <0.001
BMI (kg/m?) 18.8+1.9 217+16 252429 274+33 909.085 <0.001
WG (cm) 69+5 796 85+9 91 + 10 706.740 <0.001
SBP (mm Hg) 109 + 10 115+ 14 117+ 11 125+ 11 99.542 <0.001
DBP (mm Hg) 67+8 71+ 10 69+8 74+8 34.294 <0.001
TC (mmol/L) 3.9+09 44109 3.8+08 45+13 13.904 <0.001
TG (mmol/L)* 0.9(0.7, 1.1) 1.6(1.5,2.1) 1.0(0.8, 1.2) 1.7(1.3,2.2) 197.730 <0.001
LDL-C (mmol/L) 2207 26+09 2207 27+12 15.088 <0.001
HDL-C (mmol/L) 1504 13+04 14+03 13+04 24.533 <0.001
FBG (mmol/L) 48+0.8 4905 47+05 4907 1.539 0.203
SMM (kg) 23+5 24+5 28+ 6 29+ 6 86.062 <0.001

{E: [BMI) {RHESE %G [wel BEH; [SBP) Wil [DBP] &F5k/E; [TC] BHEES; [TG] HM=Mfi; [LDL-C] % EAR & FH AR

B2; [HDL-C] s AR RS R [FBG] 25 IE Ml ; [SMM]

Ak

WU ; [MHNW ] AR IERIRE EH; [MUNW] AR5 AR E IE

5 [MHO] fRBHERIEME: [MUO] ARSESEBIERE. "LLM (P, P) o5, HAVERHYLIT + s4R. | mmHg=0.133 kPa.

2.2 AEERER TR EA 8 SMI B EL 4L
AN Tr) REL JRE AR 38 2 78U 4 ] SMIT HE 43 45 4 B
MUNW £ . MHO #H i1 MUO #H SMI /K °F ¥ fi T

MHNW 41, ZR¥EAS24AE X (¥ P<0.001),
22,
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F2 FREEREREARESMIMLLE (s, %) R ERATER " SAMRIUEN, BKW
23] e SMI SMI 5 MUNW & AUFI MUO b AHE 5 A
MHNW 20 992 45+5 FEWGE, 5EHA MHNW ZAIR B ML A,
MUNW 4 17 Vx4 HAT R A (MHO FIMUO) 19 55 4 it SMIT
MHOfﬁ 236 3814: R ARSI . H RGO SMM X T A [R] A
MU0 7 4 R R LR TS 16, (LT B S5 A A s
P 175.324 -
Pl P iz # 14 (glucose transporter 4, GLUT4) AYFEAK .
e (sw) FMSIUBEACEG (Mi ) TR da, Do ot LR AR AR A SR A7

[MUNW ] S iEEES; [(MHO] ARSHE® AR [MUO] L
PSR HERE . azs5 MHNW ZHAH L, P<0.001,

2.3 SMI 5 BB MK 8 = B/ & B = logistic [E] 13
S

43 51 L MUNW . MHO, MUO & 8 [RI A5 &
(MHNW £ 8 G2 0), SMIL N A7 E T2 W&
logistic [FIHZ3HT, 25 Mo VR FR)5,
SMI K- TH i S 7 A 4E & 4 MUNW 25 . MHO %
AR MUO KA LRI I Z (4391 OR=0.74. 0.60.
0.54, ¥ P<0.001), W33,

&3 SMISAEMEHASRER % E X logistic @354

. R 1 (i)
e — —
OR(95%CI) P OR(95%ClI) P
MHNW (&%) (&%)
MUNW  0.78(0.70~0.87) <0.001

0.74(0.63~0.86)  <0.001
MHO 0.77(0.75~0.80) <0.001  0.60(0.57~0.64) <0.001
MUO 0.71(0.68~0.75) <0.001  0.54(0.50~0.58) <0.001

d: [MHNW] RREIE#IAREIES ; [MUNW] Q55 (K&
EH; [MHO] fRHE#ACRE s [MUO] RIS A . #EY 1.
RIS BRI, JHRE TR AR

3 iTig
AR, ANEAE AR AL [ SMIKF-
TEAEZS, BIMUNW £ MHO £ AR MUO Al
AN SMIZK B T MENW R8I 4MA, %5
22 A R T T AIE 9 45 R Y MRl BBk, Carvalho
2 RAE, MHNW AU i 4~ 1k 5 SMIT K- & T
MUNW FE R A, X 25 R SMI K- F 1=
Al BE BT 1E ML & 2 MUNW 280 . MHO 6 51 &
MUO FAIF EEH K

AT L A 2 logistic [FUHAMT 8, SMIZKF-
Thi e DAE & A MUNW 68 . MHO 281 K MUO
TR IR . — TR X6 B AR A B 9 i
SEFH, B B SMI K MHNW 2 58 [i] MUNW % U

Koo BEENUE GLUTAFE X 5 E A5 09 8 44
PRI FEEE . ADRIRNSLRE R BN, R
PERES: CLUTARE DN £ 5 30™ 8 1Y [ 5 R 50 R
fif s A2 40 2 RS AP R AR A, K
175 | B R T TR 45 A A e 9 L IR B-4A4k
RO ) B i 2 P IO R (A R TG I, %728 TG i ik
7, JEM BTG NI R P geAh,
BENUE—FCENE BR 8 B, @ W E 5
Tl B A B AR REOIL A 7, WL PR 4
A 25 -6 38 1t Wi I UL IS 3- I8 Ik R AMIP 3% A6 35 110
it {5 5 300 6% A0 ) 28 WE R EBOCRIE  Efk, il
RHL T L IR 09 42 2% 15 55 3 I 8 5 TR 0 3% ek
PR e, AIRRE SE FE 28 40 i R % AL IAL
B HAER o AR ERT, IR A2 g & Z AT
FRBEEAL 2 Rtk, 5% SMM AH G/ 92 4 ] R
SRR

RIFTEH —E MR . B, AR A
WITRIBFSY, T SMI 5 [ A it 32 280 2~ i)
IR R SE R Hk, RUFREA MK E AT
GG L, X HE T RE AR R e,
PR ARR THRNTE D4R, HARFIEF HFW
FISZI , ) 2 A X A A BE TR, R
SMM P Fh RIS ™ PR AR 5% 245 S 7 2 A HoAth
PG AR e — PSR S

Zi bk, SMIZKF-FH 27 A4 & 4 MUNW
FH . MHO F R MUO BRI R 2, X FEH
SMI K- REAIE T BB 7 /047 A R i 2 780 1) v
TERLE . ASBIFGEIESE T SMITELERA R e 7 T 1Y)
R, SMIIHE N T BERBAE AERE AR AR S
AR Y AT G 32 AR AN R R A s, D AR
A2 — A~ DA B R B AR A AR A R kR i
VER, B, REPPAR G AL G SMI,  XTREAG
T /DA R RO A A R S AU R
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