e 160 - drE JLIEL e R 2025 4F 2 H A 33 B4 2 Chin J Child Health Care,Feb. 2025, Vol. 33, No. 2

- BRI -
He T84 B ZR L AL NIE IR O B i B e NE PR S

{qugl’ﬂﬁz’é{ggl’ﬂﬂ%l’g{f‘d\ﬁ)ﬁl’%f-‘%l’_’%)}% )Fﬁ &.ﬁg4’%§.ﬂf‘d&1’flﬁﬁgﬂ5

1. M K22 B8 L = B JLEE AR @R VTR 500 2150215 2. 95 M K 2450 B B2 B JLBE 5 3. 9 MM K24t @ L ZE = e M B
4, FR N RE R L EE B 2 N RE s 5. 90 N R 2E B E L 22 g JL 36 W SR AP R

O OE: Br WAEBRR L IR LU A IR 7 5T 48 40 (FMD (& iR & & A 4 L (PBE) #R % JL 36 10 Bk
Wbl s, ik SR WE OF 5T 0 T AR W i B P H R Tl 4 2017 4F 1 J—2022 4F 8 H 91 [R] 76 75 M R 2% Bt I JL 38 =
Be JLER@IR T2 80121 22 198 Z LB N> . iC# 25 H WK B #4880 (BMD | g i 1 (FMD | % lg 1A & (FFM) \FMI
0 PBF %384r. &R 5B .43 3~5 %) BMI,PBF f1 FMI £ F[&i#a%,5 2 LIJ5 ) BMI.PBE A1 FMI £ R Wi Kk 3,
Mi %5 #  PBF F1 FMI7E 10 % DL 8 FREECE g % . ROC #4437 s . #4004 8 ) FMI Al PBE 2 W JIE JjE 19 AUC
BIKF 0.900, FF FREM AP RA 902, £ FMI A PBF {1y Ifi R 7000 A B 35 b5 1032 Wi A (4 8 . B FMIT 5
PBF A U Ak Hb Sz e JL 3 0 i 2 i AR AL .

KEWR: NCRE; Ky IR BT EG KR AR E A JLE

FESEE:R723. 14 XERARIRED : A XEHE:1008-6579(2025)02-0160-06 doi:10. 11852/ zgethjzz2024-1233

Exploration of body fat status and appropriate obesity

cut-offs in children based on body composition
HE Lu', ZHAO Yan®, GONG Jinxin', ZHAO Lu', ZHANG Xiaolin' , MAO Guanghui' ,
MA Zhourui*, SHI Xiaoyan', CAI Shizhong', YAN Xiangming”
1. Department of Child and Adolescent Healthcare , Children’s Hospital of Soochow University, Suzhou, Jiangsu 215025,
China; 2. Department of Pediatrics, The Second Af filiated Hospital of Soochow University ;
3. Department of Surgery, Children’s Hospital of Soochow University; 4. Department of
Neurology, Children’s Hospital of Soochow University; 5. Department of Urology s
Children’s Hospital of Soochow University
Corresponding authors: SHI Xiaoyan, E-mail ; shixiaoyanxiaoyan@163. com; CAI Shizhong ,
E-mail ; szcai@suda. edu. cn; YAN Xiangming , E-mail ; yamsz2003@163. com

Abstract: Objective To explore the body fat status in children using body composition, and to explore the cut-off
values of fat mass index (FMD and body fat percentage (PBF) for the diagnosis of obesity in children. ~Methods A cross-
sectional design was adopted. From January 2017 to August 2022, body composition of 22 198 children who visited the
outpatient department of Child Health Care of Children's Hospital of Soochow University was measured by bioelectrical
impedance analysis. Body mass index (BMI), fat mass (FM), fat-free mass (FFM), FMI and PBF of children were
recorded. Results BMI, PBF and FMI of boys and girls showed a downward trend from 3 to 5 years old, and showed an
increasing trend after 5 years old, while PBF and FMI of boys showed a downward or flat trend after 10 years old. ROC
curve analysis showed that the AUC of FMI and PBF of sex and age in the diagnosis of obesity was greater than 0. 900, and
the specificity and sensitivity were basically greater than 90%. Conclusions FMI and PBF have high diagnostic value as
clinical indicators for predicting obesity. The application of FMI or PBF can intuitively and accurately reflect the content and
changes of body fat in children.

Keywords: obesity; body composition; fat mass index; percent body fat; children

Bl 2> 22 B 1 DU i B A % 7 Uk LNy K U INSZ R & €707 S Y B P2 A0S N (SR oY (LN
BROLEAE S A A B PR S . © O B R A 3L Bl R R A 2 ?ZWJLEHMB&%EEMKE
DA, WHO #E 77 1A 5 & 45 8 (body mass in- 047 28 5 AUHKEE BMI JC 12 4 17 52 e i 07 &
dex, BMD ff Hy FIE JHEAE 12 W 19 5 FH 48 bRt DRIL (fat mass. FNMD 28 4k . JE 11 52 0 P2 2R 25 3 & B AR

TEE BT ATHE(1999—) , & A58 24 32 B WF 5T 0 1)l JL A4 ik
BIE1EE . i 3% , E-mail : shixiaoyanxiaoyan@163. com; 2% 1l & , E-mail ; szcai@ suda. edu. cn; ™ [i] B , E-mail ; yxmsz2003@163. com



TR LB PR Ak 2025 4F 2 55 33 B4R 2 )

Chin J Child Health Care,Feb. 2025, Vol. 33, No. 2 - 161 -

7B S,

PEAG AC BE A AL J7 35 2 D B FML, 78 I IR
b E SR v B ARAE SR AR T K AT
B I7 2 0 s ARy o Hevh TR O A A2 0 L R
$tiE (bioelectrical impedance analysis, BIA) , i% 3%
A1) NAR G A SE i FL AL » 8 o I S R BHL (1) 52 D AN 1A
By . REHFFEUESE , BIA J& — Rl P e LA 2K
e LB B 43 1 O iR AR SE N BIA IF
fE)L#E FM M EJRKE (fat free mass, FFM) 4 &,
R NE Wi B 5 %% (fat mass index, FMD) &K Jig &
H H 43 H (percent body fat, PBF) 7 28 BE ik JL & #Y
IS T Lz B & A 0

1 WN&MFE

1.1 s+%  LL20174E 1 H—2022 4F 8 AZEH MK
2B IR L B B LB R @RS 1) 3~ 14 % f@ FE ik
LE AR G . AR D2 JL#E L EK
[F RSB ; 2 AR IR TE 3~ 14 & Z [8] 5 3) 58 i FE
ARG I AR A0 BT 5 4D 5 DT RS2k . HEBR AR
#E : D BMI KT A 4E 8 | [F 2L HEF 418 2 A bR
ZE75 5 2) A 5 K st AL AR S0 « TN 4 A R 4 9 0
P25 ZR GE 0 S5 R R S0 3 5 AR A BRI AN 23
ENTENEZSU| N SR RPN P IR A CIS VRS N
o N K 2 B R L B B e B & B 2 it e
(No. 2021CS092) , H#% 22 836 N AR .

1.2 AdkmamlE AL 5 R e, SR 5 ok
ST ok F AR ME D7 kI B B R K L 43 )RS 2
0.1lem.0. kg, ¥ & & & 2 K.+ 8 BMI, BMI=
RE/ G (kg/m®) . B H AR 53 B (Inbody
J 20,3 [ Inbody 23 &) M 4 JL 2 {4 % 43 D) 4 J5 3
iy BIA, W32 3 Ll 55 I 09 84 N 0L AT # 4
H R F /N AT AR AR M A A L HE 25 5%

JoE » ELIN R 2 /N IR TROK 36 B2 A S A
1 4 5 3k 57, id sk FML, FEM, PBF, [ & L
(waist-to-hip ratio, WHR) .FMI HIFE g 5 it 2= 35 %%
(fat free mass index, FEFMD 4> 5 FM 1 FFM [
DL B s 7 5 R4 .

L3 &k patek KEEPE2~18 ¥ L# . F
AR R R BMI 22 FUHE % BF 58 X 4 5
RIEHH B EH LA .

L4 itz BUERHBNBRA I 17
. W SPSS 26. 0 Geit A A B R . RS> A
BT B IR A & £ o . 1 41 A] H AR SR FH 57
BEAS ¢ K50, THEICRORE LIUIRR (00D 267, 4 1] Lb 95 R
oy K KB K e o« = 0. 05 ORUID , 433151 i
B AER ) FMI I PBF (958 3 11 40 A 80 (Ps) (55 5
TP V55 15 TR (Pys) V55 50 1 43
B(Pso) 55 85 A A i B (P ) 58 95 A 4 i 2
(Pys) 55 97 T A3 8k (Po) Bl . JF 2 T BMI 2
T HE Sk ) bR oA L 22 ) FMIL 0 PBE () 52103 4 Il ¢
fiE(ROC) fily £6 B 3, 71 5 il 28 F 1 #L Carea under
curve, AUC) fld AV S 1H .

2 7 R

2.1 R ZM— AR RS HIE R
PA 3~ 14 BWFHRA LI 22 836 N, Hoh 5 &
14 576 44, & # 8 260 4 HEBR Bl = M B 40 DA K JH 9
JLE FRAPA 22 198 N Hp B #E 14 178 &4, L&
8 020 4 , - HJAE Y 43 S (8. 14 +2.49) F (7. 89+
2.2 %, Br FMI Z 4, B EFR K E. &5 5.
BMI.FFMI.WHR ¥ & T % #.PBF R T & #, %
S HAGI¥E X (P<0.05), B % 4 & 0 k0 K
MRS T L8, ZRARITFEL(P<0.05), I
%1,

R 1 WX R BHEANT S AR HUE (2 9

Tab. 1 Basic information and body composition data of the participants(x £s)

AF B#E (=14 178) 4 ¥ (n=8 020) /v H P{H
R AED] 8. 1442. 49 7.8942.27 7.836% <0. 001
A (kg) 30.33+12. 44 28.22410. 53 13.419% <0. 001
5 (cm) 128.13+15. 89 126.14+14. 90 9. 3728 <0.001
BMI (kg/m?) 17.76+3.58 17.1843. 24 12. 4407 <0.001
PBF (%) 22.2348.94 23.2548. 50 8. 688 <0.001
FMI (kg/m?) 4.23+2.62 4.24+2.41 0. 3769 0. 760
FFMI (kg/m?) 13.53+1. 34 12.94+1.13 35. 7712 <0.001
WHR 0.744+0.06 0.7340.06 6. 4292 <0.001
PR A4 (), %) EH 9 061(63.9) 5 316(66. 3) 89. 366> <0. 001

WE 2 301(16.2) 1295(16. 1)
AE e 2 816(19.9) 1409(17.6)
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Fig. 1 Comparison of BMI, FMI and PBF between girls and boys with different body size groups and different age groups
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Tab. 2 Percentile values of PBF and FMI for boys aged 3 to 14 years
GRS PBF(%) FMI(kg/m*)
(y) P3 P:) PIS PSO P85 P95 P97 P? P5 PIS PS(} P85 P93 P97
3.0 11.57 13.14 17. 29 24. 05 34.59 37.65 38.89 1. 60 1. 87 2.56 3.99 6.73 7.76 8. 43
3.5 11.96 13.44 15. 80 21. 90 31.94  39.92  41.77 1.70 1.94 2.41 3.55 6. 39 8. 40 9. 64
4.0 11.22 12.68 15. 32 19.90 27.98 35.46 37.28 1. 66 1. 84 2.28 3. 14 4.96 7.48 8.07
4.5 11.38 12.30 14. 32 19. 10 27.39 35.90 37.63 1.59 1.75 2.11 3. 00 4.94 7.59 8. 18
5.0 10.17  11. 30 13. 60 19. 00 26.03 35.53 37.20 1. 45 1. 60 1. 98 2.99 4.58 7.56 8. 27
5.5 10.50 11.27 13. 40 18.40 29.89 37.03 39.67 1. 46 1.58 1. 90 2.93 5.71 8. 07 9.17
6.0 10.20 11.06 13. 30 18. 90 30.80  38.40 40.00 1. 44 1.57 1. 96 3. 00 6. 11 8.72 9. 57
6.5 9.90 10.87 13. 40 18.50 28.00 35.63 38.30 1. 40 1. 54 2.00 2. 89 5.29 7.84 8.73
7.0 9.80 10.70 12. 90 17.90 28.40 36.60 39.56 1. 40 1.54 1. 90 2.83 5.26 8. 17 9.41
7.5 9.91 10. 60 12. 70 18. 30 31.30  38.42 40.20 1. 41 1.53 1. 90 2.94 6. 38 9.05 9. 82
8.0 9.51 10.71 13. 30 19.55 32.80 39.20 40.79 1. 36 1. 54 1. 98 3.18 7.06 9.21 10. 23
8.5 10.70 11.40 14. 00 20. 70 34.40  39.54 41.42 1. 55 1.68 2.12 3. 40 7.61 9.57 10. 67
9.0 10. 60 11.50 13. 90 21. 30 35.60 41.25 42.50 1.54 1.70 2. 11 3.63 8.03 10.44 10. 93
9.5 10.80 11.83 14. 90 23.10 36. 61 40.47  41.82 1.61 1.76 2.32 4. 04 8.36 10.01 10. 93
10. 0 11. 71 12. 30 15. 50 25. 10 38.50  42.60 44.49 1.74 1. 87 2. 45 4.77 9.34 11.80 12.59
10.5 11.40 12.40 15. 80 25.50 38.10  43.20 44.50 1.79 1.94 2.51 4. 81 9.53 11.80 12. 62
11. 0 12.15 12.90 15.55 24.90  37.40 42.49 43.75 1. 86 2.02 2.53 4. 90 9.38 11.76 12. 48
11.5 10.20 11.90 15.40  25.20 37.00 41.00 42.46 1. 65 1. 82 2.48 4. 88 9.13 11.37 12. 07
12. 0 10. 00 11. 20 13. 66 23.20 36.84  41.08 42.65 1. 55 1.74 2.31 4.41 9.12 11.63 12. 43
12.5 9.51 10.30 12.76 22.10  35.50 39.96 41.09 1. 55 1. 64 2.15 4. 25 9.06 11.29 11. 69
13.0 8. 66 8.93 12. 48 19.60 34.11 39.41 41.37 1. 45 1. 58 2.05 3.59 8.92 11.15 13. 38
13.5 7.95 8. 40 11. 80 19. 60 33.30 38.90 40.30 1. 36 1.48 2.02 3.71 8.92 10.73 10. 90
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Tab. 3 Percentile values of PBF and FMI for girls aged 3 to 14 years

B PBF( %) FMI(kg/m?)
Py Ps Py Pso Pgs Pys Py; P, pP; Py Ps Pgs Pys Py;

3.0 11.89 12.74 16. 56 24. 30 34.16 41. 54 42. 34 1. 69 1.72 2.37 3.77 6. 64 8. 81 9. 34
3.5 12. 33 13. 00 15. 99 23. 20 35.28 42. 82 44. 49 1. 67 1.78 2.37 3.72 7.13 9.82 10.56
4.0 12.06 13.04 15. 80 20. 80 29. 00 35. 64 39. 26 1. 68 1.79 2.28 3.29 5.22 7.28 8.54
4.5 11.74 12.54 14.70 20. 15 30.78 39. 29 41.08 1.58 1.73 2.10 3. 10 5.71 8. 37 9.03
5.0 11. 03 11. 86 14. 37 19.75 30. 97 37. 85 41. 43 1.55 1.61 2.04 3.02 5.59 8.18 9. 31
5.5 10. 70 11. 50 14. 40 19. 40 31. 20 39. 20 40. 50 1.45 1. 54 2.03 2.96 5. 80 8. 44 9. 20
6.0 9. 96 10. 97 14. 00 20. 30 32.61 39.41 42. 86 1. 32 1. 49 1.98 3.22 6. 28 8.56 9. 90
6.5 10. 83 11. 60 14. 34 20. 00 32.90 38. 60 40. 47 1.45 1.58 2. 04 3.11 6.48 8. 39 9.20
7.0 10. 40 11.79 13.90 19. 45 32.10 38.02 39. 60 1. 49 1.61 2.02 3.01 6.17 8. 42 9.01
7.5 11. 00 11. 89 14. 37 21. 20 33. 26 39. 44 41. 47 1.53 1. 64 2. 06 3.32 6.79 9.11 9. 82
8.0 11.70 12.62 15. 60 21. 80 33. 34 39. 48 41. 21 1. 66 1.79 2.29 3.56 6.73 9.10 9. 82
8.5 11.50 12. 44 15. 40 22. 80 35.08 40. 50 42.10 1.63 1.77 2.22 3.79 7.43 9.63 10.05
9.0 12. 60 13. 20 15.55 23.05 33. 60 39.19 40. 74 1. 81 1. 88 2.27 3.93 7.14 9. 11 9.79
9.5 12. 20 13.03 16. 50 23.85 35.13 39. 10 41. 28 1. 69 1.92 2.51 4.13 7.65 9.20 10.18
10. 0 13.61 14. 10 16. 36 23. 40 35. 25 39. 90 41.73 1.95 2.08 2.47 4. 20 7.58 9.93 10. 56
10. 5 13.09 13. 30 16. 30 23.05 34. 05 40. 40 44.18 1. 85 2. 06 2.55 4. 14 7.64 9.94 11.76
11.0 12.13 12.90 16. 46 24. 40 35.03 42.41 43.17 1. 80 2. 04 2.57 4. 42 8.02 10.99 11.57
11.5 12.55 14.11 16. 61 23.55 35.09 40.03 43.16 1.91 2. 20 2. 64 4.23 7.99 10.90 11.54
12.0 13.01 16. 04 18. 60 24. 45 35.27 39. 76 42. 44 2.10 2.52 2.97 4. 36 7.92 10.50 13.58
12.5 13. 65 14. 98 18. 90 25.55 37. 83 45.43 45. 85 2.13 2. 40 3.13 4.72 9.58 13. 85 15.57
13.0 13.94 14.99 19. 19 30. 85 41. 44 46. 01 47. 38 2.15 2.28 3. 28 6.32 12. 34 15.88 16.25
13.5 15.57 16. 85 19. 00 29. 20 42. 48 46. 20 47. 28 2.43 2. 64 3. 36 5. 86 13. 20 15.27 16.75
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Fig. 2 ROC curve results of PBF and FMI in predicting obesity by sex and age groups
x4 ARIEREYE 4% PBF A FMI 0L BE A ROC fik 4> 45 5
Tab. 4 ROC curve results of PBF and FMI in predicting obesity by sex and age groups
P GHED) A £k T i AL 95 % CD R %) SO0 D) A E
fod 3~<5 PBF 0.981(0. 974~0. 988) 91.9 92.1 27.05
FMI 0.993(0. 989~0.996) 94. 6 94. 6 4. 74
5~<8 PBF 0.984(0. 981~0. 988) 92.7 92.4 27. 80
FMI 0. 991(0. 989~0. 993) 94. 6 94. 6 5.12
8§~<11 PBF 0.975(0.970~0.979) 91.5 91.6 31. 85
FMI 0. 988(0. 985~0.991) 94. 4 94. 4 6.58
11~14 PBF 0. 980(0.972~0. 989) 92.7 92.6 34. 80
FMI 0. 995(0. 992~0. 998) 96. 9 96. 9 8.39
B 3~<5 PBF 0. 959(0. 946~0. 971) 90. 0 90. 0 25.45
FMI 0.982(0.975~0.990) 93.9 93.8 4. 60
5~<8 PBF 0. 985(0. 982~0. 988) 93.8 94. 0 25.15
FMI 0. 993(0. 992~0. 995) 96. 0 95. 9 4.56
8§~<11 PBF 0.979(0.976~0. 982) 91.8 92.2 29. 65
FMI 0. 989(0. 987~0. 991) 94. 2 94. 2 6.04
11~14 PBF 0.949(0. 940~0. 958) 87.6 87.2 30. 75
FMI 0. 980(0. 975~0. 985) 92.5 92.4 7.24
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