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Abstract: Objective To develop a combined criterion for screening clinical obesity based on body mass index (BMD
waist circumference (WC), and waist-to-height ratio (WHtR), and to evaluate its performance in identifying obesity-related
metabolic risk among Chinese children and adolescents.  Methods Data were obtained from physical examinations and
blood biochemical measurements of 15 850 children and adolescents aged 6 - 17 years who participated in a multicenter
intervention study. A positive combined criterion was defined as exceeding the corresponding cutoffs for at least two of the
three anthropometric indicators; BMI, WC, and WHtR. The obesity detection rate based on the combined criterion was
compared with that based on the national health industry standard for BMI-based screening. Receiver operating
characteristic curve analysis was performed to evaluate the predictive performance of the BMI-based standard, the combined
criterion, and different pairwise anthropometric combinations for metabolic abnormalities. The associations of discordant
screening results based on the combined criterion and the BMI standard with metabolic abnormalities were further analyzed.
Results The obesity detection rate using the combined criterion was 13. 95% , significantly higher than the 12.09% rate
using the BMI-based standard (P <C0.05). The AUC values for the combined criterion in predicting low high-density
lipoprotein cholesterol (HDL-C), elevated triglycerides (TG), dyslipidemia, and cardiometabolic risk factor clustering
(CRFC) were higher than those of the BMI based standard; the AUC values for the combined criterion in predicting low

HDL-C, elevated TG, and dyslipidemia were higher than those of the combination of the three pairwise anthropometric
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combinations, and all differences were statistically significant (P<C0.05). Multivariable logistic regression showed that

children and adolescents who were positive according to the composite criterion but negative according to the BMI-based

standard had significantly higher risks of low high-density lipoprotein cholesterol, elevated triglycerides, dyslipidemia, and

cardiometabolic risk factor clustering than those who were negative according to the composite criterion but positive

according to the BMI-based standard (P<C0.05).

Conclusion

Compared with the BMI-based national health industry

standard alone, the combined criterion based on BMI, WC, and WHtR may improve the identification of obesity-related

metabolic risk in children and adolescents, particularly among individuals who do not meet BMI-defined obesity criteria but

have central obesity and metabolic abnormalities.
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Tab. 1 Differences in obesity detection rates among the

population using different screening methods(n, %)
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BMI+ WHtR 19.08 89. 30 0.54 (0.53~0.56) 1. 807 0.071
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BMI+WHtR 20. 32 90. 04 0.55 (0.54~0.57) 5. 389 <<0. 001
WC+WHtR 22. 90 89. 97 0.55 (0.55~0.56) 5.411 <0. 001
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# LDL-C 1.00 (Ref.) 1.39€0. 51~4.16) 0.627 0.531
i HDL-C 1. 00 (Ref.) 2.98 (1.62~5.76) 3.400 <C0.001
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MIERE  1.00 (Ref.)  2.01 (1.26~3.23) 2.905  0.004
CRFC 1.00 (Ref.) 1.61 (1.02~2.53) 2. 086 0.037

A KRB B B B o AR AR R 20 LR S 55 i 7 HE R
HORNE L, WC 3 WHR 5548 b5 5 1K B 43 A FAC
il R A0 SCIOE B B T AR g 4 R R il B
A BT RE B RE A H 2R Ry 13,95 % . 5 T BMI
Al pr Ry 12,09 %, HJE R AT A8 & H #f BMI 47k
T o SR (LA BMIT S A Jof a2 47 0 A o 06C & AL {12
BT BMI, X5E 5k WC Fi WHR % e 28 JE g 17
) 5 AT LA R 2R 5 BMI IE % {8 7 78 oo 2R
JHEE 1 v XL A A

3.2 ERA ALy TR Ak BK G FE BT



TR LB PR Ak 2026 4F 7 A5 34 55 T )

Chin J Child Health Care,Jul. 2026, Vol. 34,No. 7

o 747 -

HDL-C. & TG. Iffg 5% 1 CRFC i) AUC {H ¥ &
F BMIAT bR . RSN X mt i B X 1 129
% T~17 % L /D AE e WHR 5 BMI H#U i
Ji§ S (4 BE F7 B & B0, WHCR 350 1§ 5 % 14 fE 7
T BMIL Hiz2e 5 6 B B b e fe . — Tk o%
XFELPE 1139 4 L3 & A AF I 0F 58 & B, WHR il
WC X i g 5% (1 B0 2% = BMI & HAth Ak
W EFE BR . BKA BHEZE BMI B SERE En A T
WC Ml WHR, BER B T BMI % 8 A K & 18 b 1 7
AL H, Wil WC F WHR b 58 7 448 43 16 103
4 RE B 7 e LRG3 A 56 38 AR B0 1510 2L
FE » Bl SRS B 1 ) AR KU T A R B A
FHEXHIE HDL-C. & TG # i fg 5% i iy AUC
(L 5 T = b B A U 2 48 Bs 41 A IR R AT BE R A H
BCA A BMI+ WC 21 3 DLHE B B i 22 5 % 1
F T2 (R R AN [R) B 1o 2 1S BORA [) R L 5 644 g
i HE AL RR B R ] s BMIA+ WHIR 4 B4 &5 H £,
{EL Bl = 8 il 46 () T 12 TR L B 3 o s 1L B 8
5 B WHR IE & /9 o 298 JE AN 1R WC +
WHR £ 20 1 4 {4 (4 5 6 fap Xt T 4> B o A
{FLTE P A 35 S 9 A A TR BE 7 R A2 ik 28 B B
TG G rp e FRYAE P {F K AR D R A AT 43 1
AR
3.3 BEARALLE BMI 47k Ar K s & AR £ 57 9 47
Z & logistic [0 47 255 WK, BE A SH(E i A5
FHPE BMI A7l b o 0 25 B 09 A BF % A& ik HDL-
C.@ TG. Mg R ® M CRFC g9 XK & T84 FE
i A B3 PE BMI A7l b ofE 0 25 BHPE 9 B, E 8 BF
FEAR L BMI IE & A A7 78 16 36 IR 5 He AL L 38 5 2D
AR o BE S AR R XU 3, WHIR A
WC AR A Sz e v 1 BB 64 7 25036 A » i O 4 7f b
P 2 g RUBR: A A, — T 3 T 58 [ 5 fekt B
558 IR R A S =R B A 5T R L 7E 4 AR
T 38 AR 50 E R XU 2R 4R Y 6 BE 9 A
WHtR F1 WC 1 Z 53 %57 72 fb 5 W 25 35 Jn fir &
I3 ) v A L4 T A DR & 33 1 Rl A 0 JIE AR 3T X
W B B OCTE B 58 T BMI Y Z 200, [N I Ik
A FHE 5 A RS () G 158 T BMI A7k brife
3.4 BrRAR AMEMAE —-EANE. Bk
FEALAE T WA 72 A 2k £ 505 L I RE 48 n A B
SRS bR 1 SE KOG R JE AR AL R &R L Rk R
TF R BB 5% LAtk — 25 45 3R B 5G|k ok, g fiff
FH 3 300 60 B0 R AT 96 5 B ASBIF 5T A RE i SE AE JE
HH SR AR IR B 44 B Ty BE 453 3 1) W DA IE 408« 0 AR
Fi 5 R AE SRk E 12 W o o 46 0 i B 3 il — 2B X 4%

DA e A HES PR R0 1 AR JES JRE AT 301

L8 L IR WA SN T A KU ) T A S
HRam T B BMI ATk bs v R S 07 in 3 5 1k PR ML
FHY & AE AN FEAR IR R B AR BTG b 4% DI fE
DA 25 e PR KR » X 1l PR AE e E SO — 25 BF 52 o ml
T JE A A5 S FATE 5T 7 38 0 3t XA v /e R DX T A
e 55 T A T I T A AR B L BT A AR S R N
HRRR) T AT R A AR IR AR B S IO P SR R 1

FIEEHMRE A SO 45 0P 5%

HETRAERR ATMAHEEETS5EFNAGEE
REROLE MR N A . RN E R T TRARRRT £
GG Sk ) TR BV €1 I RAN R f LB A IR 1RV 5 &/ i)
LAt RN AR . M T RO Y BB T R R A O BUSR
Kb

&% ik

[1] Farella I, Chiarito M, Vitale R, et al. The “burden” of childhood
obesity on bone health: A look at prevention and treatment
[J]. Nutrients, 2025, 17(3); 491.

[2] Quek YH, Tam WWS, Zhang MWB, et al. Exploring the
association between childhood and adolescent obesity and de-
pression: A meta-analysis[ ] ]. Obes Rev, 2017, 18 (7).
742-754.

[3] Pelone F, Specchia ML, Veneziano MA, et al. Economic
impact of childhood obesity on health systems: A systematic
review[ J]. Obes Rev, 2012, 13(5): 431-440.

(4] HEERDAEMMEEDBAIT, BEHDHA)T, THEE SRR
7. 8. JLEE DA IR 45 900 2 [EB/OL]. (2020-10-
23)[2025-05-18]. https://www. nhc. gov. cn/jkj/c100063/
202010/c007087calae4903b1d33a3b85827bal. shtml.

[5] HZREERGEGH. LEWPA)T, BEDLAEERPL
T, % TR /NEE B E A ARG B R
A S f38 M [EB/OL]. (2024-07-12) [2025-05-18]. ht-
tps://www. ndcpa. gov. cn/jbkzzx/ZCW]/common/con-
tent/content_1873893762087374848. html.

[6] Yumuk V, Tsigos C., Fried M, et al. European guidelines
for obesity management in adults[J]. Obes Facts, 2015, 8
(6): 402-424.

[7] Rubino F, Cummings DE, Eckel RH, et al. Definition and
diagnostic criteria of clinical obesity[J]. Lancet Diabetes En-
do, 2025, 13(3): 221-262.

[8] ChenY, MalL, MaY, etal. A national school-based health
lifestyles interventions among Chinese children and adoles-
cents against obesity: Rationale, design and methodology of
a randomized controlled trial in China [ J ]. BMC Public
Health, 2015, 15(1): 210.

[9] i FEl 2= A R 0T 5 i BRI 59X 41, 2010 45 b [ 2% A 1R 5T 55 fekt e
TR RS LM, dbat: &S 8F H AL, 2012,

[10] HERTDAMRAETZEL 4. P ILER D44 E S5
i - WS/T 586-2018[ST. ALt [ brifk th kg4t . 2018,

[(11]) HERDPAEMFBEEL <. 78 ~18 5 JLEE DA w5 I i A
FHE:WS/T 611-2018[S]. Jtst. o EARMEH MAL, 2018,



« 748 -

T JLE R AL A 2026 4F 7 4 34 AR T H)

Chin J Child Health Care,Jul. 2026, Vol. 34,No. 7

[12]

[13]

[14]

[15]

[16]

B 5K T AR Al R 25 1 e A b v A5 W P D o o 1 95 5 T
B 42 il b B R SR T, JLEEH DAL R M S
LRM. LI DN R M (2024 F£RO[T]. TAE
WF5E, 2024, 53(3); 363-367.

Department of Food Safety Standards, Monitoring, and E-
valuation, National Health Commission; National Institute
of Nutrition and Health, Chinese Center for Disease Con-
trol and Prevention; Expert Panel on the Development of
Dietary Guidelines for Childhood and Adolescent Obesity.
Dietary Guidelines for childhood and adolescent obesity
(2024 Edition)[J]. Journal of Hygiene Research, 2024, 53
(3): 363-367. (in Chinese)

AR E s LR E 2N s AU, B LE
5 0 Wl DR B2 2 BF 5 oo . i NG R S BR A g I B L
FACH LR A ARG K B 36 45 16 (2025) [T ], A fe JLAF 2 75,
2025, 63(1): 6-14.

Chinese Medical Association Pediatrics Branch Endocrinolo-
gy, Genetics and Metabolism Working Group, National
Clinical Research Center for Children's Health and Disea-
ses, China Clinical Practice Guidelines Alliance. Clinical
prevention and treatment guidelines for pediatric metabolic
syndrome (2025)[J]. Chin ] Pediatr, 2025, 63(1). 6-14.
(in Chinese)

AR NRIEAE E R DAMRE G . 74 ~18 ¥ LEF
/A IR AR 5 0 48 HE - WS/ T 610-2018[S]. dbnt . 45
e AR, 2018,

IR, EARBE, RS RE 3~17 & LI M AR N A B
R L S B AR LT ], P AR e Il R 2 R 2017, 25(5) .
428-435.

Fan H, Yan YK, Mi J. Gender-, Age-, and height-specific
blood pressure reference standards for children aged 3-17
years in China[ J]. Chin J Hypertens, 2017, 25(5); 428-
435. (in Chinese)

Ross R, Neeland 1J, Yamashita S, et al. Waist circumfer-

(171

[18]

[19]

[20]

[21]

[22]

75 H H#3 :2026-03-06

ence as a vital sign in clinical practice; A consensus state-
ment from the IAS and ICCR working group on visceral o-
besity[J]. Nat Rev Endocrinol, 2020, 16(3): 177-189.
Wildman RP, Muntner P, Reynolds K, et al. The obese
without cardiometabolic risk factor clustering and the nor-
mal weight with cardiometabolic risk factor clustering:
Prevalence and correlates of 2 phenotypes among the US
population (NHANES 1999-2004)[J]. Arch Intern Med,
2008, 168(15): 1617-1624.

Chen R, Ji L, Chen Y, et al. Weight-to-height ratio and
body roundness index are superior indicators to assess car-
dio-metabolic risks in Chinese children and adolescents:
Compared with body mass index and a body shape index
[J]. Transl Pediatr, 2022, 11(3): 318-329.

de Quadros TMB, Gordia AP, da Silva RCR, et al. Predic-
tive capacity of anthropometric indicators for dyslipidemia
screening in children and adolescents[ J]. Jornal De Pedi-
atr, 2015, 91(5). 455-463.

Schroder H, Ribas L, Koebnick C, et al. Prevalence of ab-
dominal obesity in Spanish children and adolescents. Do we
need waist circumference measurements in pediatric prac-
tice? [J]. PLoS One, 2014, 9(1); e87549.

Browning LM, Hsieh SD, Ashwell M. A systematic review
of waist-to-height ratio as a screening tool for the prediction
of cardiovascular disease and diabetes: 0.5 could be a suit-
able global boundary value[J]. Nutr Res Rev, 2010, 23
(2): 247-269.

Sharma AK, Metzger DL, Daymont C, et al. LMS tables
for waist-circumference and waist-height ratio Z-scores in
children aged 5-19 y in NHANES III. Association with car-
dio-metabolic risks [ J]. Pediatr Res, 2015, 78 (6):
723-729.

& B #5:2026-04-23 AR 4HEE: ThL

(45 736 70

[21]

[22]

[23]

Zhang Q. Zhao M. Advances in research on parenting burn-
out domestically and internationally[ J]. Chin J Child Health
Care, 2025,33(3):293-297. (in Chinese)

EH.EaM. R, S LBFFHER S ILNELT
%)L A T B0 A AR LT 5 BH WS 2% BE 2% 4R
b 2R D 0 2022,42(3) £ 84-89.

Wang W, WangYH, Song TT, et al. Parental burnout and
children’s problem behaviors: The mediating role of chil-
dren's self control[ J]. J Xinyang Norm Univ (Philos &. Soc
Sci Ed), 2022,42(3) :84-89. (in Chinese)

Fonagy P, Target M. Attachment and reflective function:
Their role in self-organization[ ] ]. Dev Psychopathol, 1997,
9(4):679-700.

Nijssens L, Vliegen N, Luyten P. The mediating role of pa-

rental reflective functioning in child social-emotional deve-

[24]

[25]

[26]

Y %5 B 89 :2025-06-06

lopment[ J]. J Child Fam Stud, 2020,29:2342-2354.

AR, QB BB S A LG H TR R A E BT S
RBRAAE D], B AR R %, 2024,

Shao R. The relationship between parental reflective func-
tion and emotion regulation of preschoolers: The role of e-
motion coaching and emotion dismissing [ D]. Shanghai:
East China Normal University, 2024. (in Chinese)
Ghanbari S, Vahidi E, Behzadpoor S, et al. Parental reflec-
tive functioning and preschool children’s psychosocial func-
tioning: The mediating role of children’s emotion regulation
[J]. Eur ] Dev Psychol, 2023,20(2):229-250.

Wang SM, Yan SQ, Xie FF, et al. Association of preschool
children behavior and emotional problems with the paren-
ting behavior of both parents[J]. World J Clin Cases, 2024,
12(6):1084-1093.

B B #:2025-09-02 ARX I KT





