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hormone in treatment of pediatric patients with GHD and ISS
based on propensity scores

YANG Xi', ZHANG Xu?, MA Yanxia"*, HAN Mei', TAO Zikun', BU Weixiao', MU Huaxia', XU Yaqi',
WANG Suzhen', SHI Fuyan'

(1. Department of Health Statistics, School of Public Health, Shandong Second Medical University, Weifang
261053, China;2. Department of Cardiovascular Medicine,, People’s Hospital, Qufu City, Shandong
Province, Qufu 273100, China; 3. Department of Endocrinology, People’s Hospital, Weifang City,

Shandong Province, Weifang 261041, China)

ABSTRACT Objective: To discuss the clinical efficacy of recombinant human growth hormone (rhGH) in
the treatment of the pediatric patients with growth hormone deficiency (GHD) and idiopathic short stature
(ISS), and to clarify its clinical application value in the pediatric patients with short stature of different
etiologies. Methods: The clinical data of 132 children with short stature who treated with rhGH from
January 2018 to January 2023 were collected. They were divided into GHD group (2=70) and ISS group
(n=62) based on different etiologies. The bone age, target height (TH), body mass index (BMI), height
standard deviation score (HtSDS), changes in height standard deviation scores(AHtSDS) before treatment
and 6 months after treatment, and growth velocity (GV) of the pediatric patients were calculated.
Propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) were used to
balance the confounding factors between the pediatric patients in two groups and the efficacy and safety of
the pediatric patients in two groups were evaluated. Results: There were significant differences in whether
children were full-term, bone age, bone age maturity, and TH of the pediatric patients between two groups
(P<C0.05). Compared with before treatment, the height and HtSDS of the pediatric patients in both GHD
and ISS groups were significantly increased after treated for 6 months (P<C0.05). Before matched by
PSM, there were significant differences in full-term, bone age, bone age maturity, and TH of the pediatric
patients between two groups (P<C0.05). After matched by PSM, there were no significant differences in
gender, region, term birth status, mode of delivery, feeding method, age, bone age, height, BMI, TH,
and pretreatment HtSDS of the pediatric patients between two groups (P>>0.05) ; the standardized mean
difference (SMD) differences of covariates except for region were<C0. 2. After weighted by IPTW, there
were no significant differences in gender, region, term birth status, mode of delivery, feeding method,
age, bone age, height, BMI, TH, and pretreatment HtSDS of the pediatric patients between two groups
(P>>0.05) ; all SMD of covariates except for term birth status were< 0. 2. Before balancing covariates,
after meatched by PSM matching, and after weighted by IPTW weighting compared with GHD group, the
GV and AHtSDS of the pediatric patients in ISS group were slightly increased, but the difference was not
significant (P>>0.05). In terms of adverse reactions, 2 cases ( 2.68% ) of fasting hyperglycemia and
7 cases (10.00% ) of hypothyroidism occurred in GHD group; 3 cases (4.84%) of fasting hyperglycemia
and 2 cases (3.23% ) of hypothyroidism occurred in ISS group. Conclusion: thGH can promote the height
increase in the patients with GHD and ISS, and there is no significant difference in the height-increasing
efficacy between GHD and ISS children. The incidence of adverse reactions is relatively low during
treatment, indicating good overall safety.

KEYWORDS Growth hormone deficiency; Idiopathic short stature; Recombinant human growth

hormone; Propensity score matching; Inverse probability of treatment weighting
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SRR /NL A IR F L, SR TEARIAE TR
WEET, [FAGE . PR FAR RS AR S S V% S TR
NBEF-259 B 2 A AR o 2 300858 34 E o r gk
HIAHCHE G . VR S M IIRIRA 2, Hh DA
KMERN = AERKMEHFZAE (growth hormone
deficiency, GHD) FIJC I WIHA S b1 5% /I8 IR 45
PR&/NE  (idiopathic short stature, 1SS) k3=

AEEEMmAREEEMR (Food and Drug
Administration, FDA) #EF & 4 AN £ K ¥ &
(recombinant human growth hormone, rhGH) )i F
T GHD M 1SS LJ . HA 20k 2 45 2 58 73 ik
S TR ZE R GHD 5 ISS A a4 B A AJ
FetE, S 3rhGH T GHD F1ISS 41 8] (957 3 22 57+
PifE e, i — %34 thGH 1 HIF GHD F11SS
YL 7 8k 22 5 T o b B2 0 BRAEBIFSY T 7R O ik
s XA IR AR R B Ge AR, A R M L
fife B o A 5% R F A0 ) 1 F 43 PE L 35 (propensity
score matching, PSM) Fl#i #E R ALk (inverse
probability treatment weight, IPTW) i bp 48 & ,
BT thGHIAYT GHD H1ISS B & il A7 2%, e i
HEAEAS TR] g PR B A s L v 4y i AR Iz HH B Ao
1 #EREHEE
L1 s [BEDHr 2018 4F 1 H —2023 4F
1 Hgiie T AR EE B GHD A ISS LAY I IR
BERE . LA W BE T E AT % T TS rhGH HP R R
6 4~ A By 1321 B L X 4, Fi B R AS ] 43
GHD AL 7061, 1SSHl 626, W Abi#E: OFFE
(52 LR 43 S5 3844 AR ) ' b GHD TS (9
FHIZWibRifE; O ABERT T thGHIRYT L O AR
S AR BT . HERRARE . DI & R R D) Bk
R FR P B AR N AR WA s ORIZ R g 2
GRS R AN E ; OB B TESA . L
B AR A IR R RN R MO S SR MR
@ W 152 P50 BB A RO & s OFE M Z w6 i
rhGH 85 R 25 )97 3 5 © A Re ML 9 rhGH
AT .

1.2 BILAKAFHREGBBRPTE FRKAE
Y27 AR I TR A% S AR R BE T T M L
AREE . ALK 2R ILE NS WEE  f
B (target height, TH) ., & #4540 (body mass
index, BMI) . & & #5#E2% {0 (height standard
deviation score, HtSDS) . 5 @& b5 #E 25 50 {4 42 1k
(delta in height SDS, AHtSDS) Hl 4 K 3 &

(growth velocity, GV) ¥ hfif JLEAKAFWE
Bdebr, O HTF&IILEAERKE T MR O,
AR5 LAIRIT 6 4 H 5 B9 GV il AHtSDS 1E 1 ¥
MG S KNER. St EART: R
A A& & H {H & 1IE 5 (corrected mid-parental
height, CMH) % TH, @ #i#{% TH (cm)
GRS HRES R —13) /2, BEBETH (cm) =
(REGEFRFEEHH13) /2; H NP E =14
1% /52 by AF #% ;. BMI= K& i &/ 8 &° (kg-m °) ;
HSDS i35 2% 20054 (hE0~18% JL#E . &
AR RE MR KLY Y, HISDS=
CROL A o5 B i — [3) 45 % W] 531 L 2 B e 09 A s
) /FAEES R S L E 5w AR HE2E ;s AHISDS=
BT HISDS —IAYT HI HISDS; GV = (AY7 )5 iyl
W VRTINS ) /eFREERE () X
12 (ecm - 4 1),

1.3 ek HhtE HFrhGHAT
GHD F1ISS 3697 >k B B 5L I IR EHE , KR4t bE
BLAL , 2 Ta) Pp A8 R S8 4 . Sk T 38 4 8] 9 A L
P, 23 52K B PSM 2 A IPTW %5 34 167 28 [ By A%+
AN B A S 0 s 7, 3G 2 ) AT L . PSM TR B
G5 NS I S £ S =N S S VO T 1 G S R
(propensity score, PS) B/ BEATICHAC, {f 24
BILA R IR 24 R 2 o0 A A TP, DT R KPR
JEE /N T 0 e TR 2 TR X R A RS, AT R RR AR
TR, Hfgalim 225, LSRRI A9 7 i 37k
WL R 545 R R, DIk BT B,
AW 5T [F B R ] PSM L I IPTW 5, IPTW i L)
S FRAF TR Sy H bR AHE, Gl PS {H IR T R A B
FERT G 1A AH I (4 AR HEAT A, 38 a in A A 4 1]
P AR A3 A By

1.4 %t %44 RAHSPSS26.0MIR4.3.14
TR AT G220 M. 24 BLARE IS | B i A B
B IERAG, LlotsER; PSM VL I
IPTW ¥ENALHT , 2[RI A A X5 B8 b 3R 9 4t ~7 A
A KR, IR IT AT AL N H R S X 2 K 5
PSMAVCELIS , ZH [BIREAS Y50 L Bk RO (K 56
IPTW 3 A5, 40 8] L %5 SR PR il 57 FE AR ¢ K
5. 2418 LB AR . BMIL TH A HISDS A~
PFEIERSME, LM (P25, P75) 1#/R; PSM LU
Bt B2 TPTW 35 InALRT , 418 B %5 R F Mann-Whitny
U B ML, 697 A5 41N H %R T Wilcoxon £F
TR R B ; PSM VAT S 5, 4 A bR
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Wilcoxon & Bk AIK: 5 ; TPTW i hnALS, 4H 18] te
R Mann-Whitny U B FRE 56 o o P 508} 5
(n/%) Fsx, PSMILVLEL K IPTW i JinALwT, 41
[ BE 45 SR JH 9 0 ST BE AR o K 86 s PSMIL DL L )
Y] LR XS ke % s IPTW ks, 41
PR TP SRS HEA R . DA P<<0.05 M2 R A
giitsrEm X

2 7 B

2.1 28 BIL—&AH 24HBEAAERIL1324],
Hrp GHD@H 70 (47 51584, 2364 tk), ISSH

62 51 (35 1] 5 ¥, 27 9l % ) . GHD 21 % ¥ 4% i
(9.79£3.47)% , ISSHFH4F#E (10. 424+3.33) %
GHD 2H 8 )L 2551 -1 24 5 5 (124. 104 16. 89) em,
ISS @i 8 )L 245 i 7 3 & & (127.31£17.02) em,
2HMBILER R A A Bk B A R
TH b 2 S ¥WA G E X (P<0.05), HABK
Rl ESH LG IF¥E X (P>0.05),
e

2.2 ®BAEWE2ABILAKRIEHR SRITATHE,
1697 64~ A J5 GHD 41 f1 1SS 41 i JL & & 1l HtSDS
BImH @ Ean (P<<0.05)., W2,

x1 2HBIL—BEH
Tab. 1 General informations of pediatric patients in two groups

Variable GHD(2=70) ISS(n=62) Uz P
Gender 1.175 0.278
Male 47(67.14) 35(56.45)
Female 23(32.86) 27(43.55)
Region <<0.01 0.987
City 43(61.43) 38(61.29)
Country 27(38.57) 24(38.71)
Whether full-term delivery 4.455 0.035
Yes 59(84.29) 60(96.77)
No 11(15.71) 2(3.23)
Mode of delivery 0.197 0.657
Vaginal delivery 51(72.86) 43(69.35)
Cesarean section 19(27.14) 19(30.65)
Feeding method 0.136 0.712
Breast-feeding 57(81.43) 52(83.87)
Milk powder 13(18.57) 10(16.13)
Age (year) 9.7943.47 10.42+3.33 1.113 0.296
Bone age (year) 7.48+3.31 8.86+3.25 2.290 0.017
Bone age maturity 0.75(0.67,0.82) 0.88(0.78,0.94) 5.109 <0.01
Height (cm) 124.10+16.89 127.314+17.02 —1.086 0.279
BMI (kg*m™?) 17.26(16.08,19.09) 17.40(15.52,20.27) 0.217 0.786
TH (cm) 169.25(161.12,174.88) 165.25(159.50,170.50) 2.447 0.014
HtSDS(before treatment) —2.22(—2.47,—1.99) —2.29(—2.53,—2.06) —0.181 0.238

Tab.2 Growth indicators of pediatric patients in two groups before and after treatment

R2 WITEE 2AHRILEREER

Height(//cm)

HtSDS

Group t P P
Before treatment  After treatment Before treatment After treatment

GHD 124.10+£16.89 129.08+16.67 27.852  <<0.01 —2.22(—2.47,—1.99) —1.82(—2.21,—1.57) —6.909 <<0.01

ISS 127.31£17.02 132.38£16.93 24.140  <<0.01 —2.29(—2.53,—2.06) —1.91(—2.20,—1.67) —6.657 <0.01
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2.3 2 BILEFEEKREHFPSM ik ERLER
PSM 2 3L VT i GHD 41 #1 1SS 21 /8 JL 36 %), Jt
724, PSM¥EDCECHT, 2418 LI b H 47
B B AR TH 40 8]l 2 S H S it
B X (P<0.05), PSMILVLHEL S, 240 8L .
WX, JEEmREA A Ay BRI R
W% B B8 BMIL THRAYT AT HSDS 41[7]
e 22 R Y G L (P>0.05). W%k 3. B
Hu X Ah, & B A2 B Ry AR E X (E 2% (standardized
mean differences, SMD) {E3<C0.2. WK 1,

2.4 24 BILEAEERIFBAFRIPTW oL R
IPTW A, 28 B ILMN . #IX . 2/ N
R . IR R B, B
BMI. TH FIEY7 Hl HISDS 4% P 725 5 2 6] b 4% 2% 5
WG X (P>0.05). W4, BB NEA
e AN, 2 A SMD <0, 2. WA 2,
2.5 PSMikIEBRFEf IPTW EmRiTE 24 %
JUE KIAR B2 s FT . PSM i I T 5 F
IPTWEMAUS, 5 GHD @ E:, ISSHBILGV I
AHtSDS ¥y A5 Tk, (AR TGI8 L (P>
0.05), WL#ES5,

#£3 248 JLPSM B VLD 5 ERAR1E

Tab. 3 Baseline characteristics of pediatric patients in two groups after matched by PSM method (n=36)
Variable GHD 1SS Xz P
Gender 0.500 0.500
Male 25(69.44) 23(63.89)
Female 11 (30.56) 13 (36.11)
Region 2.250 0.125
City 25(69.44) 21 (58.33)
Country 11 (30.56) 15 (41.67)
Whether full-term delivery 0 1
Yes 35(97.22) 35(97.22)
No 1(2.78) 1(2.78)
Mode of delivery 0 1
Vaginal delivery 24 (66.67) 24 (66.67)
Cesarean section 12 (33.33) 12 (33.33)
Feeding method 0 1
Breast-feeding 29 (80.56) 28 (77.78)
Milk powder 7 (19.44) 8(22.22)
Age(year) 9.944+3.46 9.964+3.36 —0.022 0.983
Bone age(year) 7.884+3.21 7.974+3.23 —0.157 0.876
Bone age maturity 0.78 (0.71, 0.83) 0.79 (0.68, 0.90) —0.778 0.437
Height (cm) 125.26+17.66) 125.594+17.60 —0.080 0.936
BMI(kg:m™) 17.83 (16.31, 19.11) 16.90 (15.58, 20.26) —0.306 0.759
TH (cm) 168.50 (161.75,174.62) 167.75 (160.88,170.62) —1.037 0.300
HtSDS(before treatment) —2.11(—2.42, —1.98) —2.25(—2.44, —2.06) —1.210 0.226

2.6 2BIILARRRE BEL 248 ILIHIT WIEA
BRI A A 25 T s s S R R TR R, I
i GHD 4 L& A2 @ i wg 2 1) (2.68%), H
SRBR T BREVGE 74 (10.00%); ISS 4 &L & 428
JiE v I 3 ) (4.84% ), FEOIR IR T AE VIR 2
(3.23%). PSMLILE R, GHD A BILE a6
MmAEoH (0%), HORIRTIRERGR 36 (8.33%);
ISSHBILEAZ MG b 16 (2.78%), HURAR

el 24 (5.56%). IPTW AU, GHD 4
BOLE A 25 b 341 (2.24%), HARBR DI fE
R 106 (7.46% ) 1SS 2H H LK A= 25 [ v i bl
36 (2.34%), HURBRZIBEWGR 9] (7.03%).

RIS & .
rhGH 238 i T 24 DNA £ AR 3809 5 A 44
A KR B A ) G R 7 8 A R B s, AT
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I
Age - 1
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0 0.2 0.4 0.6 0.8
SMD

—8—Before PSM  —#— After PSM

Bl 1 PSM¥ICEERTJE SMD
Fig. 1 SMP before and after matched by PSM method

F4 241BJLIPTW B HNAUG B L& HBE
Tab. 4 Baseline characteristics of pediatric patients in two groups after weighted by IPTW method

Variable GHD(n=133.75) ISS(n=128.39) A P

Gender 0.214 0.709
Male 84.84(63.43) 86.36(67.26)
Female 48.91(36.57) 42.03(32.74)

Region 0.019 0.913
City 84.85(63.44) 79.95(62.27)
Country 48.90(36.56) 48.44(37.73)

Whether full-term delivery 2.348 0.096
Yes 121.81(91.07) 124.97(97.34)
No 11.95(8.93) 3.42(2.66)

Mode of delivery 0.097 0.823
Vaginal delivery 83.61(62.51) 76.85(59.86)

50.15(37.49) 51.53(40.14)
Feeding method 0.013 0.929
108.58(81.18) 103.23(80.41)

Cesarean section

Breast-feeding

Milk powder 25.17(18.82) 25.15(19.59)
Agel(year) 10.18+3.31 10.08+3.49 —0.142 0.887
Bone age(year) 8.12+3.22 7.914+3.50 —0.274 0.784
Bone age maturity 0.79(0.71,0.86) 0.79(0.65,0.90) —0.265 0.899
Height (cm) 125.384+17.22 125.52+18.60 0.032 0.974
BMI(kg-m™?) 18.05(16.24,19.07) 17.05(14.71,20.15) —0.291 0.771
TH (cm) 167.00(159.50,173.00) 167.26(161.00,171.00) —0.111 0.912
HtSDS(before treatment) —2.23(—2.52,—1.98) —2.29(—2.61,—2.06) —0.585 0.559
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Whether full-term delivery -

TH
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Mode of delivery
HtSDS |

Height

Gender -
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Bone age -
BMI - |
I
Age 1
1 i 1 1 1
0 0.2 0.4 0.6 0.8
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B2 IPTW BEMANETE SMD
Fig. 2 SMD before and after weighted by IPTW method
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Tab. 5 Growth indicators of pediatric patients in two groups before and after matched by PSM method and before and after
weighted by IPTW method

) Before matched by PSM weighted by IPTW After weighted by PSM After weighted by IPTW
Variable GHD 1SS Z P GHD ISS A P GHD ISS A P
GV(cm/year) 10.00 9.80 —0.144 0.886 10.00 10.00 —0.369 0.712 10.00 10.00 0.049 0.960

(8.00,12.00) (8.00,12.00) (8.70,12.00) (8.95,12.10) (8.80,12.00) (8.00,12.50)
AHtSDS 0.36 0.39 —0.654 0.513 0.29 0.39 —1.524 0.128 0.29 0.41 1.460 0.147
(0.18,0.60) (0.21, 0.59) (0.12,0.45) (0.21, 0.64) (0.17,0.51) (0.19, 0.67)

B A K E (growth hormone, GH) 4 3 fig , YT RO . KIM 4§ 7 WF58 o« 1261 1SS LA
HET R HEAR BE R AR OR E R 2 AR AR A 34 ) GHD # JL# % rhGHAYT 14E, GHD 4 )L
YEHT, thGH B 82 T8 /ME JLE MR IT s AHISDS 84k 5 T ISS 4 . 5 A58 1 45 R AFAE 2

AW Z chGHIARYT 9 7060 GHD Fi 62 6 S, AIAeSE T LMEMATE 208 B T I0ER, R4
ISSHEILIAITROCRH#AT T R 6 A Wb Y, 4558 $HNRAMNE, Wil TREEM R A & it/
BoR: HSHAAE, HeE 248 )05 & M WF5T Y @R fErhGHIGIF T, Ml
HtSDS B & 3 K, #2718 rhGH % GHD F1 1SS # JL AE2s 0 O™ H B AN RO, N s v AR R Sk
0 & m KA T, 5 LESC T rhGHRYT R, AH IR R . AR ST R ILAR ™
GHD HI ISS IR Y7 &R Jr i i il - 2551 — 3% FR RN . WF5E 57 LB thGHIARYT AT RE4

B4 BB s . 24 PSM VI A IPTW ¥ IR AR IR REIAL, SARMRGE R B AW
AR B SE , 22 LER] . HIX . A2 H A 70 GHD L+, e 351 8L 1 28 H R AR ) fig el
L g, IR R B B A5, 1SS ZH 62 4 L 2 51 H B H R MR 2 i A 1
BMI. THH HtSDS 4[] [k I w25, HY B . 3% ] BE S5 AME M ThGHIGIT IH, N GH K
Mtk A, 38 thGH X GHD F11SS L5 =i K EF R, RN B AERITER, SRR T
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o 10 R i 42 FOIR IR 3R R B R (thyrotropin-
releasing hormone, TRH) R4, i 47 fil f2
R AR 2 (thyroid stimulating hormone, TSH)
Wb AR, rhGHIGYF G 1 FAR R 2% 09 ) A
Ak, 13 TSHEESREA R, RAMHEHIRIEER
KO REAR 2. a4 Y & thGH IR YT L
25 W IMME A ST R R, (H R A SRR, SAHE
AR

Zi Lk, rhGHAI{E#E GHD 45 1SS JUL 5 g
K, HXFGHD 5 1SS LM Ry 7RO B2 5+ . 18
My, LA 23 I8 & s A AR R T e 5
FERRNL, AR AR, BT ER AT

AR EA —E R BRY, W5k B —
sy, AR B E AR A, B
HTHAGNHEMAERKTER, BN IET £
GHD 1 1SS LAY Bfis , 38 i 5B i ] 9 45 2236
57 R B D7 B TR] DA g6 T A 5 45 2R .

P &5 RS AR

BT 3 A WA TE R 2 o 5

EE TR

Wt 2 SRR . WRR T B RS SR
KB, SRR shA . MTHE . DA BRI MARRE SR
Z SHAR R TGt T, EREMORES 5T RTK
RS R

(&% k]
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