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The Effect of Growth Hormone on Patients with
Growth Hormone Deficiency and Idiopathic Short Stature

Jeong Cheol Kang, M.D., Yoon Suk Choi, M.D., In Kyong Choi, M.D.
Ho Sung Kim, M.D. and Duk Hee Kim, M.D.

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Purpose : This study was designed to evaluate the effect of growth hormones on children with
growth hormone deficiency(GHD) or idiopathic short stature(ISS).

Methods : Between January 1988 to July 2003, 45 patients(M26, F19) with GHD and 24 patients
(M13, F11) with ISS were enrolled in this study. Height standard deviation score(Ht SDS) for chron-
ological age(CA) and Ht SDS for bone age(BA) were obtained for each patient upon diagnosis and
after growth hormone(0.1-0.15 IU/kg) was injected subcutaneously daily.

Results : Ht SDS for CA was -2.06%0.23 before treatment, -1.60+0.21 at one year, -1.52+0.23 at
two years, —-1.611+0.28 at three years, -1.60+0.31 at four years, and -1.54£0.32 at five years, show-
ing a statistically significant increase for five years(P<0.05). Meanwhile, the values were -2.03+£0.55
before treatment, -1.44+0.66 at one year, -0.14£1.06 at two years, -0.68+=1.27 at three years,
-1.16+0.96 at four years, and -1.3770.94 at five years, in ISS, showing a statistically significant in-
crease for the first three years(P<0.05) only. Ht SDS for BA in GHD was -0.53%0.19 before treat-
ment, -0.39+0.18 at one year, -0.32+£0.20 at two years, -043+0.22 at three years, -0.39+0.19 at
four years, and -0.3220.22 at five years, not showing a decrease, and the decrease in ISS was sta-
tistically not significant(P =0.05).

Conclusion : Both groups exhibited significant increase in Ht SDS through growth hormone treat-
ment, proving its efficacy. As for the evaluation of growth-related factors, the 1st year increase of
Ht SDS was the most important factor in evaluation of growth effect in both groups. However, fur-
ther study is required to investigate the effect of GH therapy on ISS. (Korean ] Pediatr 2004;47:
310-318)
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1988% 14948 2003 797HA Al mlolA HEsaE

APToR WAk 4579 Fhole} 19961 29H-E 2003 7
A T VNHo A B ANFFoZ guke 249 o] 3
olES Ao R Ik AFIEE A¥sor gwke 3o}
E T 432 HETYolHa HITF e HEEgd xAs
7o R stk AFsaE d95S 271K o) g A ER
FEAAY A AFTEE FE7F 10 ng/mL PN F$=2
9 Ewa ANgEe A8 A, A AFEET A ",
o A= A xFAA A4 -15 HEE A7l o] H(Tan-
ner stage 1), 84 AeNA=, A EA 715 HAKserum Ty,
Ty TSH), e F+24 ooyt Aa W A Ads HolA
e FolER Atk F o BT 14 o AFmEE A
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sulin like growth factor-1, IGF-1), Ql&HF Az At
W-3(insulin like growth factor binding protein-3, IGFBP-3)
SEE HAela A 7% AARE Aldskdh 3 FE Y
(mid-parental height, MPH)E o} 2x it oA Hxle]
Z9E 65 cme Y3t Q1 A9olle 65 cmes wiA ALk
stFom Al ¥FEHAHS(Standard deviation score, SDS)
= g2 A Aol e Ay 2 Ao din|dk A
BigkE W e ZFAAR U] ARbeldT) ¢l A4 7

9) =
=

(predicted adult height)® Bayley and Pinneau method
ojgste] Amo] FIE HEd ol&stdon 1dnith 24381
=3

EA8d 2= SAS package EAIZEZIPE o] &3 L
paired t-test, pearson correlation analysis, repeated mea-
sure of ANOVA %°| AdHAY EE FA= P-value’t

005 P B5-5 SASA R ool dvka WAt
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Table 1. Patient Characteristics at Initiation of the Growth Hormone Therapy

GHD group(n=45) ISS group(n=24) P-value
Chronological age at start of GH(yr) 10.7+05 95%0.3 NS
Bone age at start of GH(yr) 88*0.5 81%22 NS
Bone age delay(yr) 1.8+0.3 15+1.0 NS
Gestational age(week) 39.8£1.0 39.8+£0.6 NS
Birth weight(kg) 2.93+0.50 3.11%+0.30 NS
MPH(cm) 165.17%5.1 161.6+45 <0.05
MPH(SDS) -0.38+£0.98 -1.04£0.81 <0.05
IH(cm) 1282+2.3 122.6+15.0 NS
IH(SDS) -2.06£0.23 -2.03£0.55 NS
MPH-TH(SDS) 1.60+£1.90 099+1.14 NS
PAH(SDS) -1.11+1.43 -1.63%1.33 NS
Height velocity before GH(cm/yr) 25+1.2 39+09 <0.001
Body mass index(kg/m?) 20.06 £0.69 17.17+2.99 <0.01
IGF-1(ng/mL) 91.10+55.19 222.04+143.32 <0.01
IGFBP-3(mg/L) 2.75+0.21 3.70£0.92 <0.01
IGF-1/IGFBP-3 46.66 £30.60 58.77+38.09 NS

P<0.05: statistically significant, NS: statistically not significant

Abbreviations : GH, growth hormone; GHD, growth hormone deficiency; ISS, idiopathic short stature; MPH, mid-parental height;
SDS, standard deviation score; IH, initial height at start of GH therapy; PAH, predicted adult height
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A, =¥
EAAZANE d 2ok gllon) 214 SDS+ GHD
T -053F1.072 1SS 9 -1.04+081EcF udA o 3
oH(P<0.05) AFEEE XFE Ao A AFEEE ISS ol
39+09 em/yr2 25%0.2 cm/yre! GHD Rt ovdA ¢
sk 31 (P<0.001), IGF-1 $EE ISS 0] 222.04+143.32 ng/
mLE 91.10+55.19 ng/mL% GHD xRt} #9384 Eka
(P<0.01), IGFBP-3 ISS o] 370+092 mg/L=
2752021 mg/LYl GHD +®t} o8k 9 =Arh(P<0.01)
(Table 1).

oSN wllh
&=

2 50 o £ TZto| Hoido| st AF
E=(SDS) Hs} Hlw

Az 2T 19 ol Folstdd GHD w(N=45)0l4 417
SDSE AE A -2.06+0.23(45), 13l -1.60+0.21(45), 23l
-152+0.23(35), 39l -1.61+0.28(24), 4l -1.60%0.31(18),
590l -154+032(15) & FstAl S7hstd ot 1SS wH(N=24)
oM X8 H-203£055(24), 19l -1.44+0.66(24), 23l

Table 2. Etiological Classification of Growth Hormone Defi-
ciency

N(%)
Craniopharyngioma 16( 37)
Medullobastoma 10C 23)
Germinoma 9( 20)
Langerhans cell histiocytosis 4C 8
Ependymoma 20 4)
Teratoma 1C 2)
Septo-optic dysplasia 1C 2)
Arnold-Chiari malformation 1C 2)
Hamartoma 10 2)
Total 45(100)

-0.14+1.06(11), 39l -0.68+1.27(5), 4l -1.16+0.96(4), 5
doll -1.37+094(3) 2.2 3dA7IA = FelatAl S7hetAThHP<
0.05). -+ & HluaE HWA, SDSE A= A, 1, 2, 3, 4, 59A

=

*
=

|
160021 -1 624023 -1.61+023 -1,60+0.31 -1 544032

BB
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Duration after GH therapy(years)

Fig. 1. Change of mean height SDS for chronological age
during growth hormone therapy. "P<0.05: statistically signifi-
cant. Abbreviations : SDS, standard deviatin score; GH, growth
hormone; CA, chronological age; GHD, growth hormoe defi-
ciency; ISS, idiopathic short stature.
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Fig. 2. Cumulative height SDS for chronological age during
growth hormone therapy. Abbreviations : GH, growth hormone;
BA, bone age; GHD, growth hormoe deficiency; ISS, idiopathic
short stature.

Table 3. Height SDS for Chronoligical Age and Cumulative Height SDS Increment During the Growth Hormone Therapy

Initial 1 year 2 year 3 year 4 year 5 year
Height SDS for CA
GHD group(n) -2.0610.23(45) -160*£0.21(45) -1.52%0.23(35) -1.61%£0.28(24) -1.60£0.31(18) -1.54%0.32(15)
ISS group(n) -2.03+0.55(24) -1.44%0.66(24) -0.14%£1.06(11) -0.68%+1.27( 5) -1.16£096( 4) -1.37£0.94( 3)

Cummlative increment in
height SDS for CA
GHD group(n)
ISS group(n)

0.46£0.08(45)
0.59%0.45(24)

0.83£0.83(35)
0.73£0.58(11)

1.09+1.19(24)
0.83£0.51( 5)

1.22+1.47(18)
0.87£0.66( 4)

1.23+1.56(15)
0.46+0.54( 3)

Abbreviations : SDS, standard deviation score; BA, bone age; CA, chronologic age; GHD, growth hormone deficiency; ISS, idio-

pathic short stature
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Table 4. Height SDS for Bone Age and Cumulative Height SDS Increment During the Growth Hormone Therapy

Initial 1 year

2 year

3 year 4 year 5 year

Height SDS for BA
GHD group(n)
ISS group(n)
Cummlative increment in
height SDS for BA
GHD group(n)
ISS group(n)

-0.53+0.19(42)
-0.43+1.16(24)

-0.39+0.18(42)
-0.36+1.33(24)

0.14£0.73(45)
0.061.00(24)

-0.32+0.20(32)
-1.04+1.23(11)

0.22+1.01(35)
-0.25+1.13(11)

-0.43%0.22(21)
-0.6311.36( 5)

-0.39£0.19(15)
-1.36+£0.92( 4)

-0.32+0.22(12)
-1.74%1.12( 3)

0.03+1.23(24)
0.006%0.99( 5)

0.02+1.29(18)
-0.66£0.79( 4)

-0.07+1.34(15)
-1.22+1.53( 3)

Abbreviations : SDS, standard deviation score; BA, bone age; CA, chronologic age; GHD, growth hormone deficiency; ISS, idio-

pathic short stature

S ApolZt gl A SDS ] Skl A &=
0.05)(Table 3, Fig. 1, 2).

ZFol 7k AATHP =

A -053%0.19(42), 13l -
0.18(42), 2:dell -0.32+0.20(32), 3\dell -0.43+0.22(21), 4»1
-0.39+0.19(15), 59l -0.32+0.22(12)2 Z7FetA &k 1SS
T(N=24)1= AFE A -043+1.16(24), 19l -0.36+1.33
(24), 2ol -1.04%+1.23(11), 34l -0.63%=1.36(5), 49l
-1.3610.92(4), 590l -1.74+1.12(3) 2.2 #2dte £27E Hol
U BAgHcR fosxE AP =0.05). F o s
B A SDSE AR A 1, 23, 4, 598 25 Zolrt el
i A1 SDSO F7klA = Zbel7t glitH(Table 4, Fig 3).

AFE2ES 19 o F989"d GHD —E(N:45)°ﬂ*1 %03_
9+
o

N=45)llA 47
% A 25%1.2 cm(45), Moﬂ 2.7 cm(45), 2\d0
6.312.1 cm(35), 3l 59+1.6 cm(24), 3 T 47417 cm
(18), 5% ¥ 48+22 cm(15)® AFZT=ES 23 A o 7}
& —Zﬂoh o2 FEE B3kE A4S BYoy A8 AR

= fFoslA S7FFATHP<0.05). ISS T (N=24)dl4&= A=
A 39209 em(24), 14l 9.0£2.0 em(24), 21l 6.3£2.3 cm
(11), 3ol 69+21 cm(5), 499 74+15 cm(4), 5l 34+
2.4 cm(3) 2.2 GHD w3 vsshAl A &llol 743 Frsta o
S AREHE 238 2748 2oy 43A47HE FsA S
7ta71E BATHP<0.05). LEla AR5 3k BATEHA
ZFol= SAATHP =0.05)(Fig. 4).

-

5. MESEE T Fo F Z9 01|§_ Aol AlE
(predicted adult height, PAH)2| B3} H|m

BAFEES 1d o] FAstHd GHD T(N=45)°4 <=
A9l A (predicted adult height, PAH)< A& & 162.0£11.2
cm(33), 139 163.3%£10.8 c¢m(33), 23] 166.2+£9.7 cm(22),

3del 1653194 cm(18), 4¥el 1655t102 cm(8), 5¥el

165.6+t12.1 ecm(8)& 5%t
Am A3 vlastel 1, 2, 3, 4dAAAE folaAl Sk AT
(P<0.05). ISS (N=20)°l4+=
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Fig. 3. Change of mean height SDS for bone age during
growth hormone therapy. Abbreviations : SDS, standard devia-
tion score; GH, growth hormone; BA, bone age; GHD, growth
hormone deficiency; ISS, idiopathic short stature.
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Fig. 4. Change of mean growth velocity during growth hor-
mone therapy. Abbreviations : GH, growth hormone; GV, growth
velocity; GHD, growth hormone deficiency; ISS, idiopathic
short stature.
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Table 5. Change of Predicted Adult Height During Growth Hormone Therapy

Initial 1 year 2 year 3 year 4 year 5 year
Predicted adult height(cm)
GHD group 162.0+11.2 163.3£10.8 166.2+9.7 165.3£9.4 165.5*+10.2 165.6*F12.1
(n) (n=33) (n=33) (n=23) (n=13) (n=8) (n=8)
ISS group 157.2+11.4 160.53+12.3 158.0*+12.1 163.4+12.1 159.9+11.4 163.1+12.1
(n) (n=20) (n=20) (n=11) (n=5) (n=3) (n=3)

Abbreviations : SDS, standard deviation score; GHD, growth hormone deficiency; ISS, idiopathic short stature
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Fig. 5. Change of the predicted adult height during growth
hormone therapy. “P<0.05 statistically significant. Abbre-
viations : GH, growth hormone; GV, growth velocity; GHD,
growth hormoe deficiency; ISS, idiopathic short stature.

el 1605123 cm(20), 2del 1580+12.1 cm(11), 3l
1634%12.1 cm(4), 499 159.9+11.4 cm(4), 590 163.1+12.1
cm(3eE A= 5d F % 6 cm AEY IV MY A=
3 dE Aelstae FolshA dthP=0.05). 7 Wit A5
A%-2] PAH®] EAE#<] 2Fol= I Table 5, Fig. 5).

5229 X|Z0f Cist ME EFEHREST(SDS)
710l ¥ES Oixl= XL
=

6.

00X
I
10

il

GHD oA d3s=

o

A AR F 1, 2, 3, 4, 5949 A%
SDS Z7tell g AAE AHrd AlgeA 1d#|
= 2N AT F5(r=0.33, P<0.05), gz 2E X8 A
717F & FE(r=-0.34, P<0.05), X8 A A% SDS7F &S
FE(r=-065 P<0.01), =dA"o] °oJHFE(r=-0.36, P<0.05),
AFFZEE A7 A NG SDS7F FEEAA SDSel H]§)e
2H& 5 E(MPH-IH SDS, r=0.39, P<0.05) 37} $Ev wWsich
2, 3, 4, 5dAlE X8 A A% SDS T F4E, A=
A 2 SDS7F &S 5 FAH R fFoitA T SR
WS P<0.05)(Table 6). 1SS TolAdE Xz A& A%
SDS9 F7kel mAE A= A 2, 3dAdE A= A
2% SDSY F7F E45 FATSH R fosiA oo Adud
7S BATHP<0.05)(Table 7).
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R

GHD wellA&= A8 Aol nla) 19 st IGF-1 %59 &
Mg AAERY T7HES ARHAE 290U (r=0.603, P<
0.05), IGFBP-39] Z7F&¥ & mels FaA3t A vHP 20.05)
(Fig. 6).
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Table 6. Correlations with Gain in Height SDS from Start to 1, 2, 3, 4, 5 Years of Growth Hormone Therapy in Growth Hor-

mone Deficient Children

P-value
Variable
1 year(n=45) 2 year(n=35) 3 year(n=24) 4 year(n=18) 5 year(n=15)

Sex NS NS NS NS NS
Chronological age at start of GH(year) NS NS NS NS NS
Puberty NS NS NS NS —
Duration from diagnosis to GH(year) NS NS NS NS NS
Bone age at start of GH(year) <0.05 NS NS NS NS
Initial bone age delay(year) NS NS NS NS NS
Gestational age(wks) NS NS NS NS NS
Birth weight(kg) <0.05 NS NS NS NS
MPH(cm) NS NS NS NS NS
MPH(SDS) NS NS NS NS NS
TH(cm) <0.05 NS NS NS NS
TH(SDS) <0.01 <0.05 <0.01 <0.01 <0.01
MPH-IH(SDS) <0.05 <0.01 <0.05 NS NS
PAH(SDS) NS <0.01 NS NS NS
Body mass index(kg/m?) NS NS NS NS NS
Height velocity before GH(year) NS NS NS NS NS
Growth velocity in first year(cm/yr) — NS NS NS NS
Growth velocity in second year(cm/yr) — — NS NS <0.05
Gain Height SDS in frist year(SDS) — <0.0001 <0.001 <0.01 <0.01
Gain Height SDS in second year(SDS) - <0.05 NS NS
Peak GH level in test NS NS NS NS NS
IGF-1(ng/mL) NS NS NS NS NS
IGFBP-3(mg/L) NS NS NS NS NS
Mean dose of GH(IU/kg * wk) NS NS NS NS NS

P<0.05: statistically significant, NS: statistically not significant

Abbreviations : GH, growth hormone; SDS, standard deviation score; MPH, mid-parental height; IH, initial height at start of GH
therapy; IGF-1, Insulin like growth factor-1, IGFBP-3, Insulin like growth factor binding protein—-3
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OJARE IS BoldlA A% T2EL AgaW HE A4
Z7bl gge Foha waselda glek 19974 ool un-

controlled ATolA #HFE Al%o] 3-5 cme S7HF dvtx By
Holgo ¥ 1997 o] F 47)e] txt ATE Fako] <k 7
cm?] HF Ao F74E B,

we A T2 ARG &3] wE F3te] Xolrt gl
A4(14-18 TU/m” * wk, 0.50-0.64 IU/kg * wk) 2% AR89
< W 3 cme HENR 7t dn' :mEEH27-28 TU/
m’ *wk, 0.96-1.0 IU/kg *wk) &2 A< W oF 7 cm

o] 712 Bolth®® Bychlis 7V WiudME ngFo
2 AgEHoY ga 7 ecmele & PX= 2H(4A 3 em, 9
A+ 68 cm)E K AL olmix X7 AlF}
(11.94)elekar AZt= oy, 1E)ar 3%

285 AHEE o,
A gl A&FoR Agstal A4 SiRE LE&FoR AEYS
o} AL ALFoF ALEAS WE HlwehH 7 ake] Xpole
ATt ol Am A e el HF AT Al FaT
4ge e 2 5 gt B Adde AgseR 4y
% glolo| A AbgE oA AFTEE £33 0621017 IU/Kg -

wkola EWA AAAZ ol M= 067+0.14 IU/kg - wkel
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Table 7. Correlations with Gain in Height SDS from Start
to 1, 2, 3 Years of Growth Hormone Therapy in Idiopathic
Short Stature Children

P-value

Variable 1 year 2 year 3 year

(n=24) (n=11) (n=5)
Sex NS NS NS
Chronological age at start of GH(year) NS NS NS
Bone age at start of GH(year) NS NS NS
Initial bone age delay(year) NS NS NS
Gestational age(wk) NS NS  <0.05
Birth weight(kg) NS NS NS
MPH(cm) NS NS NS
MPH(SDS) NS NS NS
IH(cm) NS NS NS
TH(SDS) NS <0.05 NS
MPH-TH(SDS) NS NS NS
PAH(SDS) NS NS <0.05
Body mass index(kg/m?) NS NS NS
Height velocity before GH(cm/yr) NS NS NS
Growth velocity in first year(cm/yr) — NS NS
Growth velocity in second year(cm/yr) — — NS
Gain Height SDS in first year(SDS) - <0.05 <0.05
Gain Height SDS in second year(SDS) — — NS
IGF-1(ng/mL) NS NS —
IGFBP-3(mg/L) NS NS —
Mean dose of GH(IU/kg * wk) NS NS NS

P<0.05: statistically significant, NS : statistically not signifi-
cant

Abbreviations : GH, growth hormone; SDS, standard deviation
score; MPH, mid-parental height; IH, initial height at start of
GH therapy; IGF-1, Insulin like growth factor-1; IGFBP-3,
Insulin like growth factor binding protein-3
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Fig. 6. Correlation between the increase(% of basal level) in serum IGF-1 and IGFBP-3
after 1 year of growth hormone therapy and that in the growth velocity during 1 year
of growth hormone trerapy in Growth hormone deficient children. P<0.05 statistically
significant. Abbreviations : IGF-1, Insulin like growth factor-1; IGFBP-3, Insulin like

growth binding protein-3.
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