hEERC R 545 S 20251F5 )]
Journal of China Medical University Vol.54 No.5 May 2025 < 425 -

~

TR B S B BT R IE R RS
A% T

ke kwm WNEE T AR
CEFREERL KA R AL AU R B B LR, AL AT 100035)

WE BN RAFRRRRAEZFHNILERZEE (BMD) 9% B XRS5 Kma 0% R FiE  £R2018F10A £2023F12
A T RIZIUARA 49 6~12 % NEREILE 2714, 4 BAR E 352 (BMI) 2 4 —RAEAELL (n = 171) FedR BAEAFAL (n = 100) JAZLILE
BT IEAT AR BMD LA AR B b F 240 1) &I 45 A7 P BOR R M S A AR Mann-Whitney Ut 35 3 x e 36,48 A
% UL )2 K Spearmantl X FBMD 5 4R % 409 % 2 AT AT R MERMLLILFIRE AR E 458 (BMI) 2420 8 W 45
WA BRI E IR ARG T 0 R R B M R AT R AR AT R A R B TR e L, £
FHH G FEL (P <0.05); 240)LF & 5 BMD . BMD 243k  fniF25-7 2 4 & %D (25-OH-D), fu 5 45 F Aiobk 5k 8% i,
FAEIME T H LB L% F ZF (IP > 0.05) . SpearmantBE 54 R B+, £ 23R FedeE P, BMD 254 5BMI 25
B ARG A5 4 U EI8 4 IR TR HH 2 B4 £ (39P <0.05); £ B FF ,BMD 20 5 ILA B A LR EHH EE
% (3P < 0.05) . BMD 253 5K M8 5 LXK R HH LR BT, EF T —IEHELL T KIS T 2 ARSI 35 404
BMD 7z 289 3 % B & P < 0.05) L RSN a o WA Rl s 35 403 7T 782 S8 B IE R )L EBMD 8 R A v B 4 5
U R R )L & 9 BMD I 5 5 4k & 45 2038 K M 38 Am

KR e FEHBILE; BEE; KRy

FESES R725.8 XEkERERD A TERS  0258-4646(2025) 05-0425-06

P& HARME  https:/link.cnki.net/urlid/21.1227.R.20250519.1526.032

DOI: 10.12007/j.issn.0258-4646.2025.05.008

Influencing factors of bone mineral density and their relationship with body composition in
school-stage children with different degrees of obesity

ZHANG Jin,ZHANG Tian,SUN Huihui, WAN Naijun
(Department of Pediatrics , Beijing Jishuitan Hospital , Capital Medical University, Beijing 100035, China)

Abstract Objective To investigate the influencing factors of bone mineral density (BMD) in school-stage children with different
degrees of obesity and their relationship with body composition. Methods A total of 271 obese children aged 6-12 years who underwent
pediatric health checkups in our hospital between October 2018 and December 2023 were selected. The children were divided into two
groups according to their degree of obesity:a simple obesity group (n = 171) and an extreme obesity group (n = 100). All children were
examined for metabolic indicators,body composition, BMD,and abdominal ultrasonography. Comparisons of various indicators between
the two groups were made using the independent samples t test, Mann-Whitney U test, or chi-square test. The relationship between BMD
and body composition was analyzed using multiple linear regression and Spearman correlation analyses. Results Compared with simple
obesity group,the body weight,body mass index (BMI) z-score, body fat index, muscle mass index, fat-free body mass index, body fat
percentage , waist-to-hip ratio, fasting insulin level ,insulin resistance index,uric acid,and fatty liver incidence were significantly higher
in extreme obesity group (all P < 0.05). No statistically significant differences in height, BMD,BMD z-score, 25-hydroxy-vitamin D, blood
sugar, calcium , phosphorus , alkaline phosphatase, or rate of puberty development were observed between the two groups (all P > 0.05). The
results of the Spearman correlation analysis showed that the BMI z-score, body fat index, muscle mass index, and fat-free BMI were pos-
itively correlated with the BMD z-scores of all participants and in girls (all P < 0.05). In boys, the BMD z-score was positively correlated
with muscle mass index and fat-free mass index (both P < 0.05). The results of multiple linear regression analysis of BMD z-scores and
body composition showed that in boys and the simple obesity group, body fat percentage and body fat index were independent influencing
factors of BMD z-scores (hoth P < 0.05). Conclusion Higher body fat percentage and body fat index may be adverse factors influencing

BMD in school-stage children with obesity. Meanwhile , the BMD of school-age children with obesity increased with an increase in fat-free
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mass index.
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Tab.1 Comparison of various indicators between boys and girls in two groups
Male Female
Ttem Simple obesity group Extreme obesity group P Simple obesity group Extreme obesity group P
(n=90) (n=62) (n=81) (n=38)
Age (year) 10.0(8.8-11.9) 9.4(8.0-10.4) 0.116 9.0(8.0-10.0) 8.0(7.0-9.9) 0.160
Weight (kg) 52.4(45.1-60.0) 63.9(52.6-72.9) <0.001 41.4(355-53.8) 51.4(44.4-64.6) 0.001
Height (cm) 1471115 1478123 0.723 140.8 + 12.1 1415+ 124 0.746
BMI (kg/mz) 24.0(22.5-25.6) 28.7(26.2-30.5) <0.001 21.8(20.2-23.6) 25.9(24.1-28.4) <0.001
BMI z-score -0.2(-0.6-0.2) 1.0(04-1.5) <0.001 -08(-1.2--03) 03(-0.2-0.9) <0.001
BMD (glem’) 0.3(0.2-0.3) 0.3(0.2-0.3) 0.797 0.3(0.2-0.3) 03(0.2-0.3) 0.881
BMD z-score 0.0(-0.7-0.4) -0.1(-0.6-0.6) 0.799 -0.1(-0.8-0.7) -0.3(-0.8-0.6) 0.881
Body fat index (kg/m’) 8.6(7.1-10.0) 12.3(10.1-13.7) <0.001 2(6.3-83) 10.5(8.8-12.3) <0.001
Muscle mass index (kg/m’) 14.3(13.5-15.0) 15.3(14.8-163) <0.001 13.5(13.0-14.4) 14.4(13.7-15.7) <0.001
Fat-free mass index (kg/m’) 15.2(14.5-16.0) 16.2(15.6-17.2) <0.001 14.3(13.8-15.2) 15.2(14.6-16.6) <0.001
Body fat percentage (%) 35.8(32.0-39.1) 41.6(39.1-45.5) <0.001 32.8(30.8-35.9) 40.7(36.9-42.3) <0.001
Waist-to-hip ratio 0.8(0.8-0.9) 0.9(0.8-0.9) 0.004 0.8(0.8-0.8) 0.8(0.8-0.9) 0.011
25(0H) D (ng/mL) 209+7.1 20.0+38.1 0.468 209+7.3 19772 0.394
Fasting insulin (wU/ml.) 17.0(11.6-26.6) 25.4(15.3-34.0) 0.003 16.2(11.0-26.0) 21.1(13.5-44.8) 0.029
Blood glucose (mmol/L) 5004 5004 0.199 5.0(4.8-5.2) 5.0(4.7-5.3) 0.731
HOMA-IR 3.9(2.6-6.1) 5.7(33-7.7) 0.006 34(25-55) 52(29-102) 0.023
Uric acid (pmol/L) 364.5(314.5-411.0) 397.5(332.0-437.8) 0.035 329.5(292.8-377.5) 366.5(311.5-430.5) 0.041
Calcium (mmol/L) 25201 24+0.1 0.608 24(24-25) 24(24-25) 0.484
Phosphorus (mmol/L) 1.6(1.5-1.7) 1.6(1.5-1.7) 0.907 1602 1.6+0.2 0.840
Alkaline phosphatase (TU/L) 257.5(216.0-290.2) 255.0(227.2-300.8) 0.942 2526+71.1 2384 +74.2 0.320
Puberty development percentage [n (%) ] 42(46.7) 27(43.5) 0.704 63(77.8) 26/(68.4) 0273
Fatty liver percentage [ (%) ] 23(25.6) 30(48.4) 0.004 5(62) 10(26.3) 0.005

gE R R TE R R & % A, BMD 243505 BMI
%ax s QLN IE =g O INA R € = G L NG R R e

%2 BMD zZH#5BMI 2538, A SHIHEXRER (r)
Tab.2 Correlation between BMD z-score and BMI z-score or body composition (r)

& (FIP < 0.05) 7EH FH, BMD 240805 LA =
SRR L IR IR IS B IEAOE (9P < 0.05), W32,

Factor Total (n =271) Male (n = 152) Female (n = 119)
BMI z-score 0.235" 0.129 0.343"
Body fat index 0.143” 0.045 0.266"
Muscle mass index 0.344" 0.295” 0.384"
Fat-free mass index 0.335" 0.271" 0.388"
Body fat percentage 0.011 -0.073 0.127

1)P<0.001;2)P<0.05.
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BMD 2438 (152 ) [K 25 (B4P > 0.05), L3R4 7E 45 il
*3 BEBMD ®MmMERH LT ERITNHT
Tab.3 Multiple linear regression analysis of factors influencing BMD in boys

Variable B SE t P
Constant -0.014 1.353 -0.010 0.992
Age 0.108 0.066 1.644 0.102
Height 0.011 0.011 1.016 0.311
Puberty development -0.088 0.163 -0.537 0.592
Obesity degree 0.199 0.221 0.901 0.369
HOMA-IR -0.037 0.018 -2.047 0.043
Body fat percentage -0.104 0.020 -5.277 <0.001
Fat-free mass index -0.090 0.124 -0.726 0.469
Body fat index 0.179 0.044 4.048 <0.001
Muscle mass index 0.059 0.119 0.498 0.620

F4 ZEBMD EMERM S L& EMIASD T
Tab.4 Multiple linear regression analysis of influencing factors of BMD in girls

Variable B SE t P
Constant -4.452 1.915 -2.325 0.022
Age 0.160 0.121 1.314 0.192
Height -0.010 0.019 -0.565 0.573
Puberty development 0.167 0.254 0.660 0.511
Obesity degree -0.623 0.336 -1.853 0.067
HOMA-IR 0.002 0.003 0.520 0.604
Body fat percentage 0.022 0.035 0.615 0.540
Fat-free mass index -2.387 3.001 -0.796 0.428
Body fat index 0.008 0.116 0.067 0.947
Muscle mass index 2.846 3.108 0.916 0.362

x5 —MRAERFAEBMDRMME RS TL TR A DT
Tab.5 Multiple linear regression analysis of factors influencing BMD in the simple obesity group

Variable B SE t P
Constant -3.883 1.353 -2.870 0.005
Age 0.077 0.070 1.098 0.274
Height 0.013 0.011 1.219 0.225
Puberty development -0.094 0.183 -0.512 0.610
Sex 0.400 0.172 2.327 0.021
HOMA-IR -0.019 0.022 -0.854 0.394
Body fat percentage -0.064 0.017 -3.696 <0.001
Fat-free mass index 0.029 0.144 0.198 0.843
Body fat index 0.200 0.053 3.737 <0.001
Muscle mass index 0.104 0.138 0.751 0.454
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Tab.6 Multiple linear regression analysis of factors influencing BMD in extreme obesity group

Variable B SE t P
Constant -8.093 4.545 -1.781 0.079
Age 0.201 0.121 1.664 0.100
Height -0.039 0.020 -1.965 0.053
Puberty development 0.232 0.229 1.013 0.314
Sex -0.057 0.239 -0.239 0.811
HOMA-IR 0.001 0.003 0.508 0.613
Body fat percentage 0.209 0.111 1.892 0.062
Fat-free mass index 0.348 0.397 0.875 0.384
Body fat index -0.433 0.228 -1.901 0.061
Muscle mass index 0.167 0.369 0.452 0.652
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