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Factors for persistent growth hormone deficiency
in young adults with childhood onset growth hormone deficiency

Young Ah Lee, M.D., Hye Rim Chung, M.D., Se Min Lee, M.D.", Jae Hyun Kim, M.D.
Ji Hyun Kim, M.D., Sun Hee Lee, M.D., Choong Ho Shin, M.D., and Sei Won Yang, M.D.

Department of Pediatrics, College of Medicine, Seoul National University, Seoul, Korea
Department of Pediatrics’, College of Medicine, Hanyang University, Seoul, Korea

Purpose : Gowth hormone (GH) replacement after retesting is necessary because impairment of body composition and
cardiovascular health has been more severe in adult patients with persistent GH deficiency (GHD) from childhood to adult-
hood. This study aimed to investigate the factors for persistent GHD and define a highly probable group of persistent GHD

in young adults with childhood-onset GHD.

Methods : GHD was reassessed by insulin tolerance test (ITT) in 55 adult patients (39 males, 16 females) with childhood-
onset GHD. Twelve patients presented with idiopathic GHD and 43 patients presented with organic GHD caused by tumors
involving the hypothalamus-pituitary (HP) region (n=33), other brain tumors (n=3), meningitis (n=3), leukemia (n=2) and

others (n=2).

Results : Forty-nine (89.1%) of 55 patients had persistent GHD. IGF+ was positively correlated with log of peak GH (r=0.57,
P<0.001). There was no difference in the proportion of persistent GHD between idiopathic and organic GHD. The percentage
of patients with persistent GHD was 40%, 80%, and 95.6% for patients with zero, one, two or more additional pituitary hor-
mone deficiencies (PHDs), respectively (P=0.002). The probability of persistent GHD was higher in patients with diseases
involving the HP region (P=0.003). GHD persisted in 15 of 18 patients treated with cranial irradiation.

Conclusion : We suggest that the probability of persistent GHD in adulthood was high in patients with 2 or more addi-
tional PHDs, and diseases involving the HP region. (Korean J Pediatr 2009:;52:227-233)

Key Words : Giowth hormone deficiency, Insulin tolerance test, Adult, Child
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Table 1. Comparison of Variables according to whether Growth Hormone Deficiency persisted in Young Adults with Childhood-

onset Growth Hormone Deficiency

Persistent GHD on ITT

P-value
Yes No
Number of patients (M:F) 49 (34:15) 6 (5:1)
Age at diagnosis (yr) 11.2+37 135+25 NS
Complete/Partial GHD" (n) 47/2 4/2 0.05
Organic/Idiopathic GHD (n) 38/11 5/1 NS’
Organic GHD (n=43)
Disease involving H-P region 0.003F
H-P tumor (n=33) 32 1
Arachnoid cyst (n=1) 1 0
Hypophysitis (n=1) 1 0
Disease not involving H-P region
Non H-P tumor (n=3) 2 1
Meningitis (n=3) 2 1
ALL (n=2) 0 2
Idiopathic GHD (n=12) 11 1

Values are expressed as mean=SD

Abbreviations : GHD, growth hormone deficiency; ITT, insulin tolerance test; H-P, hypothalamus-pituitary;

stic leukemia

“Cutoff level of peak GH to distinguish whether complete GHD or partial GHD in childhood was 5 ug/L

Comparison between organic and idiopathic GHD patients

ALL, acute lymphobla-

Comparison between disease involving H-P region and not involving H-P region in patients with organic GHD
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Fig. 1. Correlation between log of peak GH and basal IGF-1.
Log of peak GH was positively correlated with the level of
basal IGF-L

GH retesting in young adults
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Fig. 2. The number of patients within each subgroup and
number of additional pituitary hormone deficiencies (PHDs),
divided by whether the peak GH concentration was less than 3
ug/L or 3 ug/L or greater on insulin tolerance test. The per-
centage of patients within subgroup with a peak GH level less
than 3 ug/L is shown.

- 229 -



YA Lee, HR Chung, SM Lee, et al.

Table 2. Comparison of Variables according to whether Growth Hormone Deficiency persisted in Young Adults who had a History

of Previous Cranial Irradiation

Persistent GHD on ITT

P-value
Yes No
Number of patients (M:F) 15 (9/6) 3 (3/0)
Age at irradiation (yr) 10.7+£4.3 52+28
Dose of cranial irradiation (Gy) 66.21+17.9 31.7+195
Complete/Partial GHD" (n) 15/0 1/2 0.005
Underlying disease 0.005"
H-P tumor (n, dose) 4 (9-91.2 Gy) 0
Non H-P tumor
MBL (n, dose) 1 (54 Gy) 1 (54 Gy)
ALL (n, dose) 0 2 (18 Gy, 23 Gy)
Number of additional PHDs 0.005"
0 (isolated GHD) 1 3
2 14 0

Yalues are expressed as mean*=SD
‘Comparison between H-P tumor and non H-P tumor
TComparison between isolated GHD and multiple PHDs

Abbreviations : ITT, insulin tolerance test; H-P, Hypothalamus-pituitary; MBL, medulloblastoma; ALL, acute lymphoblastic leuke-

mia; PHDs, pituitary hormone deficiencies

Table 3. Profiles of 6 Patients who were not diagnosed as Growth Hormone Deficiency on Insulin Tolerance Test

Underlying disease Idiopathic Meningitis MBL ALL ALL Craniopharyngioma
Age at diagnosis (yr) 11.2 16.4 14.2 14.8 145 9.7
Complete or Partial GHD Complete Complete Partial Complete Partial Complete
Number of additional PHDs 3 1 0 0 0 4

History of cranial irradiation No No Yes Yes Yes No

Peak GH on ITT (ug/L) 9.33 3.06 6.17 3.1 7.31 5.53

Abbreviations : I'TT, insulin tolerance test; MBL, medulloblastoma; ALL, acute lymphoblastic leukemia; PHDs, pituitary hormone

deficiencies

2ot dr] & GHD &Alell A 41917] GHDE Ja=& H
$-7F BATH(P=0.05, Table 1).

18%0] T W WA ARE el Age-s e A
AR o ARF FFol glo] 5% 0 PAM AR we @

H

2F 1472 BT WA ZANE(9-91.2 Gy)oll @Al 417
GHDZ =it APdett-H 871 obd §-919] T¥o
WA A 25 B 41 F 19A GHD7F A5 ot
AR5E e FAE A THHE WA SR
2(P=0.005), Zobgzydr]ol ¢ GHDIH
= GHDZF A&s= 497k welth
(Table 2).

4. MQI7| HEIIAM M| GHDI ot &XtE

AJel7]el= GHD7F obUR e 8452 7124 GHD7}F 54(
St 1 SEEAEE 19 NEY) 2% FAATE, 19),
E8t4d GHD7} 1ot Table 3). o] FolA S0 o AR

1 29(18 Gy, 23 Gy), SERAEE 1
W54 Gy) o2 BT Aol 7)o v GHDATHTable 2).

&l

Ao AW RE AdRle] HoMk AgsaEs wid A7t
FAEE A2 A Al w9 FE dolgt +=3Ert BoxH,
2ok A7) GHD 34 3 A& A2l7] A} 2Hgo] e w
QLo s o] wH|Eo] 417l GHD7}F bt} 1R =E
BR7] AB7LE T AATE s stohdlo] AdRly] AHEE=E
2ol Fo4ds 80 Awsta A=d dart sirh 7] 4]
i ol A, 2&F @ FHS xFgste AT 4%
o] A&ulo] 20t FHAA 93V E 7] wj el 7] o] Byt
T AT 2RSS -3 Tk, A7 AE7E Alggtt

Q17 AH7E Azl 2 Aol s Aol adr] GHD 3
=2 tﬂ%ﬂ%@m‘%)o} ’4%17] GHDZ #H =AU o] & 524
GHD $txloll M= A217] GHD A& H]&°] 91.7%= =014 &
obdadr] 7144, 524 GHD ool w2 4217 GHD A%

- 230 -



Hl o] Aol itk 7144 GHD 8445 FolA Algehi
spaAlel ARHel o] gl FSol 417] GHD A% 7bs

Fol A A gaki- sl

o, olsh 2o A& g
N4, AP AR AFAA g 2 A gEEE 2y

=~
o thkg witelt o= Eudy & GHD 3HAtE5o]
RS

st
P zolgadrle] SW4 GHDRW #A5 F 4Rt
Aol 7HsAel P 017 gelm o MRI Zell A A dahi-
Hapals AW 2491 o) (pituitary stalk agenesis 5
= ectopic posterior pituitary lobe)®] ASW FHbE ¥ sk
28 49 el #Agle] 417 = GHDY 7Fsdol =t
B9 B e A 17|l = GHD7F A4 $27 we o
= AT didel 71384 GHD #AE5¢] 5344 GHD $AER
3-4u] o] ¥FhEo] Q7] wiiEel7|E ARk 9= 2y
WA GHD A5 digo] Al7ld= GHDE @307
s 524 GHD #3F g4 = MRI
FollA HsteAle] F2A ool ARG 28 oo IAE

i 7HAFe] WEe] gk #A
1970-80dd] =il 5%¢4 GHD #AEL2 viif-& &9 &k 7}
8 , BA ¥ MRIE A& @A vk &yt
& &, ArtaF, SR QS Al - sk A 9
| < ZrEch, 71E o] Aol ad el
W2 GHD 34} 2978 tido = ¢k 4R17] AE7tlA =
3 =

o
o
e
[
4
=2
5]
o
r&

N
X
oy
)
o
R
ofl

o) wlgo] o duidon g
GHD®ll A A9l GHD7} A&5E 447 Bof? 2 oA

Adom folan
4e 5} weo] glo]
o Agek-saeal o eabol AEaE, ol el Hal
2% Z3o] BurE 3 solgavy] WA 98 GHD

=

7} azdE o] A3%17]
£y

2
1—011
il

o a3 Aolmz 4217
o= GHD7} A4€ AHo|th
s A Ho Bas Fol A A AFsl

%} s
e BF A7l GHDIUL =

GH retesting in young adults

1=

il

32

TAZEE Aol AAY epdadr] €3 GHD
% A7) GHD A% 7HsAol w=9teh HEd Ei
= Mgy Jus 98] FAH W A ARE
s ARl fs) AL HEEA L A5
& GHD7} A3, gt e
PAA 2A GO WErs A BAEe Ao deid oy
DOAgER- A EF BAEY A FF AA L el

Jeld AAEEE ol £4FIL WAl 9 Gy EAbel
3]

o

(

o Flg > ol

= =
T
= o
=

£

Aol FFol YAIe HatrA Folo Folro] &Fo] 75y
B BF ARV E GHD7F A&E Ao s Helrh, £ A7t
Al AR B3] 4917] GHD Aol mX & FF-S A8
HaA F-95 AWsA ke T A 57F oA B4
T 9

3171 A7l A GHD7F obd 35S Aoy, 524
GHDE 1%ol9lx, 7144 GHD A& FolA FAUFE &
A5 AQABHAL 478 B ALSHR-HEAE Ay o A

Wakx e Fgolt AFS A3 Y=, olF F 390
9= GHDYUE QubHo® ©E GHD 419 74 7
7oA GHDZF obd 7Fsdol 3%
W5 GHD 3%€ 25 A4eh ¥aisa) 90 Fo] ohul
HEgy, SARAEFT ARE 8 T g
sk A Ul AR A sE W
T AL Algg 417 ARkl A GHD7} ek HEt=E 18 Gy
ol4S Fol wom Algte] Aned45 GHD7F 2AsH, 30 Gy
ool b HarAEate] Aol FRkE 4 ] wiiel
W A& F2 wo] Pasit
{1 A<17] GHD A=H7F o wA ITTE Aldst

A, ITTE Adge] 83 AAR> e BA7F gAY,
AA7HAE Ao #3 JAebgelt” ' 19989 GH IGF-I Re-
search Society AZ'VelA A& o2 Aimaretti 529 AT2
EQE A AFSEE ol 3 ug/L vweld 441 GHD=HAL
Aolgt o] % 20081 d A A7 74A] Wgko] itk vk Fajol A= A
Ao E o] u7E A W e A, Akl alel fJE) Zhas)
ne® AgserAdSaAE 4E o GHD Awke] 9194
7FsAdel glo] F=9E Q3 B AT 4217l GHD A&
oo W AHFA G Aol glolewn, AAFA 5
s EE e FHAAE frolshA] skt ITTe] A5 A4
FA 5ol whet 71F thEA H8aka A @A Biller 5
o] At 93t niwk djEzE X9 AdElolA 51 ug/LE 7]
FOo R & WIHE 96%, SolE 929% % =T

UM = IGF-1 529 A5 Ho 2 xFAxI) o7 g
Ao dA &} A4217] GHD 7FsAel &2 ool daiAe
714 IGF-1 F%7F ¥& Ao zw %A o =& (positive pre-
dictive value)©l 90% 714 HIEZ ZFTZE2A571AF §lo]
GHD® Agh4al 74217} 1o)™Y Radovick 573 340k
23837 0] 2L o5 wheta itk B ATl A 714 IGF-

a

- 231 -



YA Lee, HR Chung, SM Lee, et al.

o
!
N
=
;%
i
o
o
o o
i
e
)
% o9
lo
ox
4
e
N
il
tx

o
re
ot
i3
)
-

X
3
3
rlr
iﬁ-’,
o,
o
%o

9

D
T
a0
1o

0
o

QL’ —
+

o O
to

tlo
-
]
A
30,
2
koA
ox
4
(o
utl
for
o
IR o ol
e
r
o2
ox
%,
-0,
By

!

rie

o

o3

1-01’

[l

ra

fo

2

2 oo

I

P

b1

>

o
A

ol & 8

(
1_,

o & f O oo 1 orlr
ﬂ —_
o %
S
g o
>
T,

i
o
[
fol
il
e
o
T

Moo e off
dF ko e

Ao A IGF-1 552 Atk AR o] &3t}
ol A% AH, Gy, A Vs Al
oA sldsfof el ITT
“*lel”k A7 ygo] =
2 QTE By
GHD Zl* el me g Adste] IGR-1

7] GHD Aete] gt a5 w5 2

o
O

filo
=

Ol ox i o ro

o fEN o

oL

off

il
o
=

N, .
B o
o
N
i)
o,
i
I
i)
(o
ot
54
fo i1 oy [0 R X o

10
]
r01
N
ksl

.;Qo:l_:r:iém'lr
—L/

Lom
)
EoX

AEAoR popgdadr]el GHDE e 32 ks
714 ke

o] Algshit-skrAlE Eehd A<l 101]‘: GHD7} A&

oift
3
i
ﬁ.‘L
BN
2
fol
iyl
o
i
o
o,
[N}
X
9
;
o,
)
L

m‘ﬂ

£ F: holAHAdY] GHD A5 AA7]d At
o AR A gAe wsrt Ag Re&E ¢ 2
& GHD7} A&HW 4428 X85 I wolof gt}
Aol e Lofdad el GHDE Agk ke A9l 54
Ao 2 ITTE Aldste] 4171 S5 =
AR, A7 %= GHD7F A&E 7FsAdo] =& tiie dof
LR R =

g | Ayl =Ed 559 (d 399, o 16W)S dide s
ITT #Hd 44528 Fho] 3 ug/L mwelw 44217] GHDZ
sy, 534 GHD $2Hn=12)& H3sa] F+22491 o4
o] o= 2%y 9 B e kA
, 7134 GHD #2Hn=43)= 1*&6‘}%
HEYn=33), 1 ¢ ¥HF¥n=3),
2), AT (n=1), ¥3tAA (n=1)0l Sﬁ%é‘bﬁ
2 1 A7l E GHD7F Agd 3= 49%(89.1%) 011
AW AFEEE 3 loghe 714 IGF-1 5%

~ m“_‘
v
2,
32,
Q2
ox T
o
N

ook

o g“f
>
1o
‘ ok
B
£ o
30,
Tt
—
o
of
o
32
o

a=)

ot G| g
WAES BATHr=0.57, P<0.001). 52749 GHD #Ak9] 91.7%7}
4171915 GHD7F #[&50], 49171 GHD o4& obidad
7] B34, 7144 GHD ool we& Apol7t glich &8tk o
strAlEEs A9 A7t BEFS(dE GHD 40%, 1749 4
A S 80%, 270 o] it 95.6%, P=0.002), 7144 GHD %
At oA o] AdsHE-HateAlE dAH o AMehs A
$(P=0.003)l 42171l %= GHD7} A48 7bsAe] =okeh +

AW AP A 8E w2 188 FolA 15
3] ES
©

7} A&E A, AldeE-w A E AYes Tdes WAt

A AEE B SRE 149 BF HRAPARANR] @Aglo)

7o = GHD7} A&H9dt. Sutd H3lEAsas A9 o)
%

s
AE A(P=0.005), oFdAdr] 93 GHDS!
o A47]ol = GHD7} A&=E v&
A E: LolHAd7]o GHDE Ak e g Tl &
Wb WSk A| S 2 Ago] 271 ool A, 714 Adke] WHol

Agett-HsEAlE 236k J 719 GHD7F A14%E ks

References

1) Attanasio AF, Shalet SM. Growth hormone and the transi-
tion from puberty into adulthood. Endocrinol Metab Clin
North Am 2007;36:187-201.

2) Johannsson G, Albertsson-Wikland K, Bengtsson BA. Dis-

continuation of growth hormone (GH) treatment: metabolic

effects in GH-deficient and GH-sufficient adolescent patients
compared with control subjects. Swedish Study Group for

Growth Hormone Treatment in Children. J Clin Endocrinol

Metab 1999:84:4516-24.

Hoffman DM, O’Sullivan A]J, Freund J, Ho KK. Adults with

growth hormone deficiency have abnormal body composition

but normal energy metabolism. J Clin Endocrinol Metab
1995;80:72-17.

4) Molitch ME, Clemmons DR, Malozowski S, Merriam GR,

Shalet SM, Vance ML, et al. Evaluation and treatment of

adult growth hormone deficiency: an Endocrine Society

Clinical Practice Guideline. J Clin Endocrinol Metab 2006;91:

1621-34.

Attanasio AF, Lamberts SW, Matranga AM, Birkett MA,

Bates PC, Valk NK, et al. Adult growth hormone (GH)-de-

ficient patients demonstrate heterogeneity between childhood

onset and adult onset before and during human GH treat-
ment. Adult Growth Hormone Deficiency Study Group. J Clin

Endocrinol Metab 1997;82:82-8.

Nilsson AG, Svensson J, Johannsson G. Management of

growth hormone deficiency in adults. Growth Horm IGF

Res 2007;17:441-62.

7) Radovick S, DiVall S. Approach to the growth hormone-

deficient child during transition to adulthood. J Clin Endo-

crinol Metab 2007;92:1195-200.

Clayton PE, Cuneo RC, Juul A, Monson JP, Shalet SM,

Tauber M. Consensus statement on the management of the

GH-treated adolescent in the transition to adult care. Eur ]

Endocrinol 2005;152:165-70.

Ghigo E, Aimaretti G, Corneli G. Diagnosis of adult GH defi-

ciency. Growth Horm IGF Res 2008;18:1-16.

Consensus guidelines for the diagnosis and treatment of

adults with growth hormone deficiency: summary statement

of the Growth Hormone Research Society Workshop on

Adult Growth Hormone Deficiency. ] Clin Endocrinol Metab

1998;83:379-81.

w
z

a1
<

()]
i

8

=

9

=

10

=

- 232 -



GH retesting in young adults

11) Guo SS, Chumlea WC, Roche AF, Siervogel RM. Age- and protein—3. ] Clin Endocrinol Metab 1997;82:1195-201.

-

=

N2

=

N

N

-

N

maturity -related changes in body composition during adole- 21

scence into adulthood: the Fels Longitudinal Study. Int J
Obes Relat Metab Disord 1997;21:1167-75.

Attanasio AF, Howell S, Bates PC, Blum WF, Frewer P,
Quigley C, et al. Confirmation of severe GH deficiency after
final height in patients diagnosed as GH deficient during
childhood. Clin Endocrinol (Oxf) 2002;56:503-7.

Maghnie M, Strigazzi C, Tinelli C, Autelli M, Cisternino M,
Loche S, et al. Growth hormone (GH) deficiency (GHD) of
childhood onset: reassessment of GH status and evaluation
of the predictive criteria for permanent GHD in young adults.
J Clin Endocrinol Metab 1999;84:1324-8.

Wacharasindhu S, Cotterill AM, Camacho—Hubner C, Besser
GM, Savage MO. Normal growth hormone secretion in
growth hormone insufficient children retested after comple-
tion of linear growth. Clin Endocrinol (Oxf) 1996;45:553-6.
Tauber M, Moulin P, Pienkowski C, Jouret B, Rochiccioli P.
Growth hormone (GH) retesting and auxological data in 131
GH-deficient patients after completion of treatment. ] Clin
Endocrinol Metab 1997;82:352-6.

Clayton PE, Price DA, Shalet SM. Growth hormone state
after completion of treatment with growth hormone. Arch
Dis Child 1987;62:222-6.

Cacciari E, Tassoni P, Parisi G, Pirazzoli P, Zucchini S,
Mandini M, et al. Pitfalls in diagnosing impaired growth
hormone (GH) secretion: retesting after replacement therapy
of 63 patients defined as GH deficient. J Clin Endocrinol
Metab 1992;74:1284-9.

Maghnie M, Moretta A, Valtorta A, Larizza D, Sayegh M,
Greco AM, et al. Growth hormone response to growth hor-
mone-releasing hormone varies with the hypothalamic—pitui-
tary abnormalities. Eur J Endocrinol 1996;135:198-204.

DH Kim, EG Yoo. Reassessment of growth hormone status
and metabolic disturbance in young adults with childhood-
onset GH deficiency. Korean ] Pediatr 2002;7:190-8.

20) Juul A, Kastrup KW, Pedersen SA, Skakkebaek NE. Growth

hormone (GH) provocative retesting of 108 young adults
with childhood-onset GH deficiency and the diagnostic value
of insulin-like growth factor I (IGF-I) and IGF-binding

- 233 -

=

=

fa

=

i

—

=

=

Hartman ML, Crowe B]J, Biller BM, Ho KK, Clemmons DR,
Chipman JJ. Which patients do not require a GH stimulation
test for the diagnosis of adult GH deficiency? J Clin Endo-
crinol Metab 2002;87:477-85.

Clayton PE, Shalet SM. Dose dependency of time of onset
of radiation-induced growth hormone deficiency. ] Pediatr
1991;118:226-8.

Brennan BM, Rahim A, Mackie EM, Eden OB, Shalet SM.
Growth hormone status in adults treated for acute lympho-
blastic leukaemia in childhood. Clin Endocrinol (Oxf) 1998;
48:777-83.

Nandagopal R, Laverdiere C, Mulrooney D, Hudson MM,
Meacham L. Endocrine late effects of childhood cancer
therapy: a report from the Children’s Oncology Group. Horm
Res 2008;69:65-74.

Hoeck HC, Jakobsen PE, Vestergaard P, Falhof ], Laurberg
P. Differences in reproducibility and peak growth hormone
responses to repeated testing with various stimulators in
healthy adults. Growth Horm IGF Res 1999;9:18-24.
Vestergaard P, Hoeck HC, Jakobsen PE, Laurberg P. Repro-
ducibility of growth hormone and cortisol responses to the
insulin tolerance test and the short ACTH test in normal
adults. Horm Metab Res 1997;29:106-10.

Aimaretti G, Baffoni C, DiVito L, Bellone S, Grottoli S, Mac-
cario M, et al. Comparisons among old and new provocative
tests of GH secretion in 178 normal adults. Eur J Endocrinol
2000;142:347-52.

Maccario M, Grottoli S, Procopio M, Oleandri SE, Rossetto
R, Gauna C, et al. The GH/IGF-I axis in obesity: influence
of neuro—endocrine and metabolic factors. Int J Obes Relat
Metab Disord 2000 ;24 Suppl 2:596-9.

Biller BM, Samuels MH, Zagar A, Cook DM, Arafah BM,
Bonert V, et al. Sensitivity and specificity of six tests for
the diagnosis of adult GH deficiency. J Clin Endocrinol
Metab 2002;87:2067-79.

30) Jorgensen JO, Vahl N, Hansen TB, Skjaerbaek C, Fisker S,

Orskov H, et al. Determinants of serum insulin-like growth
factor I in growth hormone deficient adults as compared to
healthy subjects. Clin Endocrinol (Oxf) 1998;48:479-86.



