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Construction and application of percentile reference values of body fat

percentage in Chinese children aged 3 - 6 years
ZHEN Zhiping, BA Yi, XUE Yaqi, MA De, CHEN Shuo
Department of Physical education » Beijing Normal University » Beijing 100875, China

Abstract: Objective To establish percentile reference standards for body fat percentage (BFP) in Chinese children
aged 3 - 6 years, and to determine BFP thresholds to complement BMI in obesity screening, so as to provide a scientific
reference for the early identification of childhood obesity in China.  Methods From 2020 to 2023, a stratified random
sampling method was used to select 25 604 children aged 3 - 6 years from 120 kindergartens across 27 provinces in
China. Physical and body composition measurements were conducted. The generalized additive model for location, scale, and
shape (GAMLSS) was applied to establish percentile references for BFP. Receiver operating characteristic (ROC) curves
were used to compare the sensitivity of different anthropometric indicators in reflecting BFP and to evaluate the performance
of different BFP percentiles in identifying obesity. The optimal percentile for obesity screening in children aged 3 - 6 years
was selected. Results 1) Boys had significantly greater height, weight, body mass index (BMI), and waist circumference
than girls (P<Z0.01), while BFP was lower in boys (P<C0.01). Height, weight, and waist circumference increased with
age, whereas BFP and waist-to-height ratio generally decreased. and BMI showed minor fluctuations. 2) Compared to
height. weight, and waist circumference, BMI and weight-for-height (WFH) were more sensitive indicators of BFP in
children aged 3 - 6 years. 3) The 90th percentile of BFP (Pg,) achieved the best balance between sensitivity and specificity
and was identified as the most suitable threshold for obesity screening. Conclusions BMI and WFH are sensitive
indicators of body fat levels in children. Percentile reference values for BFP specific to Chinese children aged 3 - 6 years were
established. The Py, percentile of BFP demonstrated the best performance in obesity screening for this age group and is
recommended as a complementary threshold to BMI to improve screening accuracy and reduce misdiagnosis/underdiagnosis.
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Tab. 1 Basic characteristics of the study subjects (x *£5)
AF il FEA B (em) A (k) BMI(kg/m?) % Pl Ccm) WHR ENFESCL)
51 [ 13 500 112.55+8. 5 19.7244.21  15.4441.85  53.2745.10 0.4740. 44 17.75+2. 88
e 12 104 110.95+8. 4 18.9043.85  15.25+1.77  52.3545.81 0.46+0.53 18.06+3. 01
(1 15. 022 16. 217 8. 451 13.372 1. 885 8.395
P {é; <0. 001 <Z0.001 <0. 001 <0. 001 0. 059 <0. 001
ER () 3 1417 100.3446.35  15.6442.37  15.50%1.44  50.28=%5.13 0.5020.05 19.01£2.9
3.5 2678 102.4445.63  16.2542.52  15.44+1.56  51.48=+5.58 0.50+0. 05 18.56+2. 99
4 3 458 105.8445.62  17.1442.75  15.24+1.59  51.64=45. 23 0.480. 04 17.97+2. 84
1.5 3 675 109.05+5.23  18.2142.98  15.2541.66  52.1645.33 0.4740. 04 17.70£2. 74
5 3794 112.76+5.67  19.5843.45  15.3341.90  52.86=45.28 0.46=40. 04 17.71£2. 92
5.5 4151 115.5345.26  20.5543.52  15.33+£1.89  53.54=45.29 0. 460. 04 17.63+2. 89
6 3786 118. 80=+5. 49 21.85+4.0  15.40+2.01  54.52+5.37 0.45+0. 04 17.71+3.07
6.5 2 645 121.734+5.58  23.0244.33  15.4542.13  54.5345.25  0.44+0.040 17.79+3.07
F {4 4 989. 800 1 662.243 7.643 207. 425 495.916 61. 625
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sk 25604  111.80+8.53 15.50+1.4  15.35+1.81  52.84=+5.47 0.47+0. 04 17.90+2. 95
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Tab. 3 Percentiles of body fat percentage in children aged 3 - 6 years
4 A (3 P; Py Pss Ps Pis Py, Py;

5 3. 0~ 15. 09 15. 87 16. 84 18. 22 20.13 22.68 26. 82
3.5~ 14.75 15.51 16. 46 17. 81 19. 68 22.16 26.22
4. 0~ 14. 46 15. 21 16. 14 17. 46 19. 29 21.73 25.71
4.5~ 14. 31 15. 05 15. 97 17. 28 19. 10 21.51 25. 45
5.0~ 14. 29 15.03 15. 94 17. 25 19. 06 21.47 25. 40
5.5~ 14. 28 15.02 15.93 17. 24 19. 05 21.46 25. 38
6.0~ 14. 26 15. 00 15.92 17. 22 19. 03 21. 44 25. 36
6. 5~<7 14. 23 14.97 15. 89 17.19 18. 99 21. 39 25.31
@ 3.0~ 14.63 15. 83 17.02 18. 39 19. 94 21.68 23.99
3.5~ 14.62 15. 47 16. 47 17. 81 19. 46 21. 35 23.79
4.0~ 14.42 15. 15 16. 04 17. 30 19. 02 21.25 24.75
4.5~ 14. 41 15. 02 15. 80 16. 96 18. 67 21.18 25.74
5.0~ 14. 43 14.98 15. 68 16. 76 18. 41 20.91 25. 35
5.5~ 14. 44 14. 96 15.63 16. 67 18. 29 20. 74 24.91
6.0~ 14. 42 14. 94 15.63 16. 70 18. 37 20. 88 25.08
6.5~<7 14. 45 14.99 15. 71 16. 83 18. 59 21.25 25.68
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Fig. 4 Percentile curves of body fat percentage for girls
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Fig. 5 Receiver operating characteristic curve for boys
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Tab. 5 Performance of obesity assessment at different

body fat percentage

R EAME AUC BURE RRE Youden $BHL

P 0.55 1. 00 0. 10 0. 10
Py 0. 64 0.99 0.28 0. 27
Pss 0.75 0. 99 0. 50 0.50
Ps 0.83 0.99 0. 66 0. 65
Py 0.93 0.95 0.92 0. 87
Py, 0. 94 0.91 0.98 0. 88
Po; 0.71 0.42 1. 00 0.41
b’y Py 0.52 1. 00 0. 05 0. 05
Py 0.62 0.99 0. 24 0.23
Pys 0.74 0.99 0.49 0.48
Ps, 0.79 0. 96 0.62 0.59
Py 0. 86 0. 87 0. 84 0.71
Py 0. 89 0. 86 0.92 0.78
Py, 0. 84 0.71 0. 98 0.69
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