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# E BB WA EDESS) EBILRFFH AKX ARG (BMP)9 Fo R 588 3 xF 40 i A 5 5k 5 &
B(SMAD)3 KR FE5A KL FARHAAAIERG X R, HiE R 2020 F 9 AZ2022F 9 AFHTEHEAA
RE BB &6 1SS B JL 110 #I4F A 1SS 20, Fl A1 B 110 #l i R 9 K442 L EAF A 3 40, )b iR A 20 fn &
BMP9.SMAD3 &, KA Pearson 48 % 5 # BMP9.SMAD3 K F 15 ISS B)LEA T KRE . & K E KT
# (BMD B 45 % (Ost) & & (Leptin) , B # 35 2 (BAD . B # F# £ (BAD)#9 M X 0k, RA %X F T4/
(ROC) ¥ & 4 #7 BMP9 .SMAD3 #f ISS 644 i1, KA % A% Logistic @ A5 A% ISS K AW &, &
B L mamrkiz, 1SS 4 & ik BMP9 K-FHZ ,SMAD3 K-FBAK, 2 F A %t FEL(P<0.05), *mBuL
ISS #h Mk & F K & .BMI.BAI.BAD & Ost,Leptin KP4, £ F H %t F &L (P<{0.05), MEMLS LR
277,1SS &)L BMPY K-F 5 SMAD3 . XA KE.F ZFH .4k E . BMIL Ost,Leptin, BAI.BAD ¥ 2 i 48 % (r =
—0.497,—0.523,—0.447,—0.486,—0. 501, —0. 465, —0. 502, —0. 434, — 0. 520, P<C0. 05) ; £ 75 SMAD3
KEFEHREFKRAE.F & .4k E.BMI, Ost, Leptin, BAI,BAD ¥ £ E48 % (» = 0. 432,0. 458.0. 431.0. 465,
0.503.,0.467.,0.515.,0.527,P<C0.05), ROC ¥ & 5 # 2 7 ,BMP9,SMAD3 Bx&#n ISSH &L TEaRG T
ZF R M (Z=2.774.2.958,P<C0.05), % B % Logistic @2 5 # % 7, fo 7§ BMP9 K -F 2 Hw 1SS & 4
B0k 5 T B &, SMADS K F A8 4% 47 B & (P<0.05), i 1SS & U & #F BMP93 K -F 4t &, SMAD3
RIBER.FE=FL ISSBILAKL A B RAELBFEWMEL, THEAIFE ISSBILREG S TAHEY.
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Relationship between serum BMP9 and SMAD3 expression and growth and
bone age in children with idiopathic short stature
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Abstract: Objective To investigate the relationship between serum levels of bone morphogenetic protein
(BMP)9 ,Drosophila mother anti-cerebral palsy protein (SMAD) 3 and growth and bone age in children with
idiopathic short stature (ISS). Methods A total of 110 children with ISS admitted to the Qingdao Eighth Peo-
ple’s Hospital from September 2020 to September 2022 were selected as the ISS group,and 110 healthy chil-
dren who underwent physical examination in the hospital during the same period were selected as the control
group. The serum BMP9 and SMAD3 levels were compared between the two groups. Pearson correlation analysis
was used to analyze the correlation between BMP9,SMAD3 and sexual development status, height, weight, body mass
index (BMD) ,osteocalcin (Ost) , Leptin, bone age index (BAD) ,bone age difference (BAD) in children with ISS. Re-
ceiver operating characteristic (ROC) curve was used to analyze the diagnostic value of BMP9 and SMAD3 in

ISS. Multivariate Logistic regression was used to analyze the risk factors of ISS. Results Compared with the
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control group,the level of BMP9 was significantly increased and the level of SMAD3 was significantly de-
creased in the ISS group (P <C0. 05). There were significant differences in sexual development status, BMI,
BAI,BAD,Ost and Leptin levels between the control group and ISS group (P <C0. 05). Correlation analysis
showed that the serum level of BMP9 was negatively correlated with SMAD3, sexual development status,
height, weight, BMI, Ost, Leptin, BAI, and BAD in children with ISS (r = — 0. 497, — 0. 523, —0. 447,
—0.486,—0.501,—0.465,—0.502,—0.434,—0.520,P<C0. 05). Serum SMADS3 level was positively corre-
lated with sexual development status, height, weight, BMI, Ost, Leptin, BAI, and BAD (» =0. 432, 0. 458,
0.431,0.465,0.503,0.467,0.515,0.527,P<C0. 05). ROC curve analysis showed that BMP9,SMAD3 joint in-
spection ISS area under curve was higher than the two separate detection (Z=2.774,2. 958,P<C0. 05). Multi-
variate Logistic regression analysis showed that serum BMP9 level was an independent risk factor for ISS,and
SMADS3 level was an independent protective factor (P<C0. 05). Conclusion The serum level of BMP93 is in-
creased and SMADS3 is decreased in children with ISS,and they are closely related to the growth and bone age
of children with ISS,which can be used as molecular markers to evaluate the condition of children with ISS,

Drosophila mother anti-cerebral
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AT, BIESS MR 2+ £R. 4
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A R, 22 R TSGR B L (P >0, 05) ;1SS
HEYE REMTX AP <<0.05), Wk,
£1 WABKERERcEs Ha(%)]

LD W (n=110) ISSH(n=110)  ;/x? P
R (%) 7.534+2.32 7.48+2.27 0.162  0.872
il

5 57(51.82) 56(50. 91) 0.018  0.893
ke 53(48.18) 54(49.09)

B (em) 128.374+13.41  113.94+11.29  8.634 <C0.001
A (kg) 23.23+4.51 17.49+3.87  10.130 <C0.001
- R

R AF 66(60. 00) 62(56. 36) 0.299  0.585
B 44(40. 00) 48(43. 64)

J& A

A 76(69.09) 71(64. 55) 0.513  0.474
2 34(30.91) 39(35. 45)

2.2 W4lILiE BMPY.SMAD3 /K b# x4l
FoAE L ISS 4H 1l 3% BMP9 /K S T &5, SMAD3 7K F [

K. ZAA G ERE X (P<0.05), L%k 2.
x®2 7 4H I 7F BMP9 . SMAD3 7K b8 (= )

21 5 n BMP9(pg/mL) SMAD3(ng/mL)
XPHE4H 110 103.56+33.58 9.45+3.01
ISS41 110 149. 87445, 32 6.4141.97

t 8.611 8. 863

P <<0. 001 <<0. 001

2.3 WAAKAKBEMEBAHCIHERLE XA
ISS 20 1 & F AR A . BMI.BAL.BAD & Ost. Leptin /K
VR, R A SR L (P<<0.05), WLk 3,

£3 TWHEKEZEMBRMBEIBRIER(%)H o +s]

X R 2 ISS 4

LD xXE/t P
(n=110) (n=110)
HEERE
1 86(78.18) 72(65. 45) 4,402 0.036
I~V 24(21. 82) 38(34.55)
BMI(kg/m®) 15.23+1.64 14.11+1.25 5.741 <C0.001
BAI 1.0540. 28 0.8340.16  7.155 <C0.001
BAD(4F) —0.57+0.12 —1.24%0.37 18.066 <0.001
Ost(ng/mL) 25.3645.48  16.03+3.74 14.749 <C0.001
Leptin(ng/mL) 10. 7542.59 7.26+1.33  12.572 <<0.001

2.4 I BMP9.SMAD3 /K54 K & F M5B
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BMP9 /K5 SMAD3 EHf A% (r=—0.497, P <
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(P<C0.05) .17 SMAD3 KF 5L FRE. 5.
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0.05), W3 4,
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HEFR AR K1
BMP9 SMAD3
Ei=E7N
r P r P

TERE RS —0.523 <0. 001 0. 432 <0. 001
B —0. 447 <<0. 001 0. 458 <0.001
& —0.486 <0. 001 0.431 <<0. 001
BMI —0.501 <<0. 001 0. 465 <<0. 001
Ost —0. 465 <<0. 001 0.503 <<0. 001
Leptin —0.502 <<0.001 0.467 <0. 001
BAI —0.434 <<0. 001 0.515 <<0. 001
BAD —0.520 <<0. 001 0.527 <<0. 001

2.5 Ifil % BMP9, SMAD3 /K F Xf ISS 12 Wr #r
f LI BMP9,SMAD3 i 5 48 &, DL ISS i & 4=
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SMAD3 73.60 72.70  7.86 ng/mL  0.821  0.768~0.875
THEBE 83.60 8450 — 0.917  0.882~0. 952
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2.6 52N ISS WL AR Logistic A 434r L& L
kA 1SS AH AR (=0, =1), L BMP9 (>
124.18 pg/mL=1,<124. 18 pg/mL =0),SMAD3
(>7.86 ng/mL=1,<7.86 ng/mL=0) P&k FIKE
(I =o0.1~VH=10.,5%.KE, BMI BAI
BAD.Ost.Leptin 25 Sz Ky [ A W #4172 H £ Lo-
gistic [@ 53 M. 45 R /8. BMP9 /K J& & 1 1SS
SR B ST A5 T PR 2 SMADS3 K - g il ST A 3 R 2
(P<<0.05) . L% 6,
x6 I 1SS By % B & Logistic @A #7

WIMHEE  Wald X*  SE B OR 95%CI P
PERFRA 0.771  0.356  0.313  1.367  0.680~2.747  0.380
B 1.829  0.314 0.425 1.529  0.826~2.829  0.176
WE 2,115  0.264 0.384 1.468  0.875~2.463  0.146
BMI 0.712  0.273  0.230 1.259  0.737~2.150  0.399
Ost 2.157  0.374  0.549 1732  0.832~3.605  0.142
Leptin 1,966 0.361 0.506 1.659  0.818~3.366  0.161
BAI 1554 0.369 0.460 1.584  0.769~3.265  0.213
BAD L1160 0.289 0.305 1.357  0.770~2.391  0.291
BMP9 10.595  0.331 1077 2937  1.535~5.619  0.001
SMAD3 18. 925 0.047 —0.140 0. 869 0.793~0. 953 0. 003
3 i i
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