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Changes in the Levels of Insulin Resistance after Growth Hormone Therapy

and/or Sex Steroid Replacement in Turner Syndrome

Eun Byoul Lee, M.D.,, Hyun—Wook Chae, M.D., Ho—Seong Kim, M.D. and Duk Hee Kim, M.D.

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea
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Purpose: The aim of this study was to investigate the effects of growth hormone (GH) therapy and sex steroid

replacement on glucose metabolism in Turner syndrome (TS),

Methods: We analyzed the clinical and laboratory data of 61 children and adults with TS, The results of oral glucose
tolerance test or fasting glucose with insulin levels were obtained, and the changes in insulin resistance index
determined using the homeostasis model of assessment (HOMA-IR) and insulin sensitivity (quantitative insulin sensi-

tivity check index, QUICKI) were analyzed, Data were presented in median and range,

Results: With GH treatment (n =21; median duration 38 months, range 5 to 96 months), the HOMA-IR increased
to levels higher than that before treatment (2.48 vs, 1,18, P=0,035), and QUICKI was decreased (0,33 vs, 0,37,
P=0,035), After estrogen was added (n =13, median duration 11 months, range 2 to 55 months) to the therapy,
the decrease in HOMA-IR tended to be greater and QUICKI tended to be higher (0.34 vs, 037, P=0.046) than
that during GH treatment alone (2,16 vs, 1.36, P=0,055), However, there were no significant differences between
GH with estrogen treatment and sex hormone cyclic replacement therapy (n =7) in terms of changes in the HOMA-IR
and QUICKI, With GH treatment, insulin resistance tended to increase and the insulin sensitivity was tended to
decrease to a level lower than that before treatment, but recovered when estrogen was added to the treatment

regimenon and maintained after GH therapy was discontinued and during cyclic treatment with sex steroids,

Conclusion: The incidence of glucose intolerance or the levels of type 2 diabetes mellitus did not increased during
or after GH treatment in patients with TS, but insulin resistance increased transiently; therefore, close monitoring
of changes in glucose metabolism is essential during GH treatment, Early replacement of estrogen in addition to

GH therapy when growth is nearly accomplished might prevent the aggravation of insulin resistance in TS patients,

(J Korean Soc Pediatr Endocrinol 2010;15:44-50)
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Table 1, Effects of growth hormone treatment on clinical characteristics and glucose metabolism in Turner syndrome

Characteristics Pre-hormone Tx (n = 21) During-GH Tx (n=21) P value
Age (yr) 9.33 (3.67-15,08) 1283 (7.17-15.50) <0.001*
Systolic BP (mmHg) 103.0 (90 -123) 96.5 (90 - 1083) 0.317

Diastolic BP (mmHg) 68.0 (57 -89) 62.0 (60 - 64) 0.655

Height SDS -2.85+0.79 208+126 0031°
Weight SDS -0.63+0.85 -0.33+0.91 0.404

BMI SDS 1.29+129 0.923+1.04 0.079

Fasting glucose (mg/dL) 93.0 (71-105) 86.0 (69 - 109) 0122

Fasting insulin (uWU/mL) 542 (150-15.64) 1191 (1.56 - 24 46) 0.016*
HOMA-IR 1.18 (0.31-3.75) 248 (0.32-519) 0.035*
QUICKI 0.37 (0.31-0.47) 0.33 (0.30-0.47) 0.035*
OGTT-Glc PC2hr (mg/dL) 1180 (71-159) 127.0 (100 - 157) 0.116
HbA1c (%) 53 (49-55) 5 (5.0-6.0) 0.593
Duration of GH Tx (mo) 0 8 (5-96)

Height SDS, weight SDS, BMI SDS are presented as mean & SD, other values are presented as median (range)

Abbreviations: GH, growth hormone; Tx, treatment; BP, blood pressure; SDS, standard deviation score; BMI, body mass index;
HOMA-IR, homeostasis model assessment-insulin resistance; QUICKI, quantitative insulin sensitivity check index; OGTT, oral glucose
tolerance test; Glc PC2hr, serum glucose level at 120-minutes after glucose load during oral glucose tolerance test; HbA1c,

hemoglobin Alc
*P<0.05, Wilcoxon signed rank test
"P<0.05, paired t test
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Table 2, Effects of estrogen treatment on clinical characteristics and glucose metabolism in Turner syndrome

Characteristics GH Tx (n=13) GH-+E Tx (n=13) P value
Age (yr) 12.67 (9.08 - 14.92) 1567 (14.0-19.17) 0.001*
Height SDS -1.60 (-32--09) -1.95 (-49--09) 1.000
Weight SDS -090 (-12--04) 020 (-12-18) 0.102
BMI SDS 0.00 (-0.7-0.8) 075 (-01-198) 0.109
Fasting glucose (mg/dL) 91.0 (70.0-109.0) 83.0 (71.0-96.0) 0,108
Fasting insulin (uU/mL) 1029 (1.75-2167) 597 (1.80-16.06) 0,064
HOMA-IR 216 (0.30-4.82) 1.36 (0.36-3.81) 0.055
QUICKI 0.34 (0.30-0.48) 0.37 (0.31-0.46) 0.046*
OGTT-Glc PC2hr (mg/dL) 1335 (104,0-157.0) 1195 (86.0-157.0) 0.285
HbA1c (%) 55 (64-57) 583 (56.1-598) 0.655
Duration of GH Tx (mo) 38 (12-96) 86 (52 -175) 0.003*
Duration of E Tx (mo) 0 11 (2-55)

Values are presented as median (range)
Abbreviations: GH, growth hormone; E, estrogen; Tx, treatment; SDS, standard deviation score; BMI, body mass index; HOMA-IR,
homeostasis model assessment-insulin resistance; QUICKI, quantitative insulin sensitivity check index; OGTT, oral glucose tolerance
test; Glc PC2hr, serum glucose level at 120-minutes after glucose load during oral glucose tolerance test; HbA1c, hemoglobin Alc

*P<0.,05, Wilcoxon signed ranks test

Table 3. Effects of growth hormone discontinuation and cyclic hormone replacement therapy on clinical characteristics and
glucose metabolism in Turner syndrome

Characteristics GH-+E Tx (n=7) E+P Tx n=7) P value
Age (yn) 16.00 (14.83-19.17) 19.17 (1592 - 20.50) 0.043*
Height SDS 220 (-31--17) 210 (-3.1- -11) 0317
Weight SDS -030 (-11-18) 010 (-0.1-1.8) 0157
BMI SDS 090 (-0.1-43) 255 (08-43) 0317
Fasting glucose (mg/dL) 85 (71-96) 88 (77 -98) 0.465
Fasting insulin (uUJ/mL) 8.06 (3.40-16.06) 922 (456-16.06) 0.463
HOMA-IR 159 (0.60-3.81) 183 (1.10-3381) 0.463
QUICKI 0.36 (0.31-0.42) 035 (0.31-038) 0.463
OGTT-Glc PC2hr (mg/dL) 124 (86-157) 111 (72-135) 0317
HbA1c (%) 55 (2-598) 55 (48-5.98) 0.655
Duration of GH Tx (mo) 86 (52-175) 89 (52 -175) 0,180
Duration of E Tx (mo) 13 (6-16) 13 (8-17) 0,109
Duration of E+P Tx (mo) 0 32 (7-52) <0.,001*

Values are presented as median (range)
Abbreviations: GH, growth hormone; E, estrogen; P, progesterone; Tx, treatment; SDS, standard deviation score; BMI, body mass
index; HOMA-IR, homeostasis model assessment- insulin resistance; QUICKI, quantitative insulin sensitivity check index; OGTT, oral
glucose tolerance test; Glc PC2hr, serum glucose level at 120-minutes after glucose load during oral glucose tolerance test; HbA1c,

hemoglobin Alc
*P<0.,05, Wilcoxon signed ranks test
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Fig 1. Effects of hormone replacement therapy on (A) insulin resi-
stance and (B) sensitivity in Turner syndrome (n=5). No signifi-
cant differences were shown,

Abbreviations: HOMA-IR, homeostasis model assessment-insulin
resistance; QUICKI, quantitative insulin sensitivity check index;
GH, growth hormone
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Table 4, Effects of hormone replacement therapy on glu-
cose tolerance in Turner syndrome

Pre Tx GH GH+E E+P

NGT 22 /27 32/40 12/183 9/183
(81.5%) (80.0%) (92.3%) (69.2%)

IGT 5/27 8/40 1/13 3/13
(18.5%) (20.0%) (7.7%) (23.1%)

DM 0/27 0/40 0/13 1/13
0%) (0%) (0%) (7.7%)

Values are presented as affected subjects/total subjects (%)
Abbreviations: Tx, treatment; GH, growth hormone; E, estro-
gen; P, progesterone; NGT, normal glucose tolerance; IGT,
impaired glucose tolerance; DM, diabetes mellitus
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48 cEtAONNEHIEHEX| M 15 B 15 20104



FE

o
U fu ofk
= ﬂ-l.?i :{énd
>,
ro
it
at)
oN
-5
X,
o
oy

= b a¥al gio] 5ot
Jou” HUEF T gl Ao g5 E
WA (glucose tolerance) o] EH3}

Aom?, Qe Aol

.
o

(O
N
B
62
fro=t
O
rir
e’
kel
N
x2

it‘
2
= W
of
A
-+
b3
o
rr

O o:L

3
)
oX
}01.
i
e
W
il
of
(L
<t
T
=
(N
o
N
=
ém ofy
—\rl"

o
ox,
o r

re
i
o oox
.
e
e
@

<

o ro K ot
AU o o
ot
fr ox
o
o o\
N
_?L
X
rd
R
fu
oy
o
o
2
o
R
fu
rN
).
N

o,

o

2
Jr >

¥0

N
62 N i

%

Y

ol

il
rta
o
o2

=2

N
N
Ol
o
R}
rr
rr
o

)
ox M4 o 1o
ofl
ofr
o
=
N
19
Lo
ﬂ -
L
i
=
1
N
an)
olN

O:

O:

& o
o

o,

o
Ol

0

Lorjo Ay B

O
-

ot
N
)
=2
N
oo
[0
o

<

[y db
i)
rr
K
ro
i
r
it

i

gf} o o
N
o O

|m
it}
Hm
BN
27
lo
u
2l
o -
2
o
S 5o

B ol orre
_[::l
o2
EN
Ll

o e

>
N
)
r o
G
)
op
i_“‘
[e]
e
>
I
o
G
p
2

ojo
B
1o
D)
N
ro,
et
B4y
ik
o,
rE
oo
o
o
Ju
i
<
vl
irg
o|X
i1

Hu
N
N
X
O
X
X
l-dl
I
ra
©
_|O_,
i
et
f
ox
ot
filo
=]
2

o

s

ol

ok

2

mO

>

)

ro

ro

-

r

( n\l
i
e oox o
f N _O>|“'1_4 oit,
L ox
M

o
Ironz i
o
ko4 o

nel %0 ox @ U

G
oy 1t

2

o
off
Il
N
ol\ r
N

o

b
e ot e &

N2

e

Mo orlo N mu e
)
o
ox
9
olN
N
P‘L
k=l
o
e
e
oy
+
ox
9
oy
[N
=
pav
9

ORI
2
=)
_)14_:‘
O
N
%0
N
=
ok
N
o
>

N
-

10, 11)

2
[
I
fu
2
flo
o, ofl
u)
>
o
2
ox
o oly
fo
s
Nt
o
s
T

oft I ox

oft of Mo

k.
ox
o
T oo

oo
flo
oo =
ro,

N

g

o=
>

k4o
Y

)

o

g

rO

e

o

2

of =

3>

B
—_— Do

pou)
lo
o fu U
2z,
)

i

2238} 2= 9ok, Moran £7'2 114]0] = o] Ao
o Q& Aol AN AFR7] et 283 194 0= |
o] A mrt o Ql&dl AFHAdol Tt Bk ul glon]
H7go] YojupwA Q& Hul7l st Qlad A3
Z7Veln] o AERA FolE o]gd AXfo] FEHE} =
Mo o|2ERA0] BESY| L HUF T A o
2 9lad Aol B E e ZA7F E 4 9l Ao
o}

aofol FadoA 4 TEE Erl ARSI} )
o AEWA YF=ol Fa3 AT P B Ao H
AgFER AR Fo F71E0] Y T8 4 FErt o
A~ERA 7K astgit) ol SIS Sl =
HE A2l 7)o o= Ar 5 H S uf o AERAL 27|
Z7k8H= Ao| o) A HES frEsls BAmut ofye}
o1& o & grfat o] 4o 913o] & EUFEolA o
Aol A FEZEY AL a7 Y

¥2
A
N
2
o
fo

>,

o
o
ﬁ v 2
N g
o oF HE
om 1% ‘lb"‘ o
1o qglo e N
ot T
(o J N
i—l', ro é—‘: _‘>:‘ Ofr
T HE e
m H lﬂ el ox
o o2 o Mo
™ {: ay S
BT P
z 2o }-;1 °
o o N =
=~ - -
T 1o ek ﬂl
N o G2 o & I
mh X -7 O v ox
JQ, OIN Kl 0‘\11 jus) :ﬁ': riot
o 2 = % b
J - olN -~
gE dr o Ar o il
oo L
Z o > oo lo o b

2 o)\ e e o

o ro,
N
rﬁ o

PRV
L
T
o
o
Lo
=Y
lo

WL o
lo X
b 2

=

okt el 2

o Ml om
T o ploy riok
e X
B35 2
@ X o
< l;' ox Ho
:bl M o gl
o ol ( i'rl
BEEY
o
e
> 2 T
s? ox
a) [
[> i
2
p
o
ok
[
=2
o
Bl
2
=)

£ o of

fe 2 wd ol 0

homeostasis model assessment (HOMA—IR)QI- qunatitative in-
sulin sensitivity check index (QUICKD)E- ©o|-&35} ¢t} A=
F03k jl 92 #ASHT

Z 3k HOMA-RRS TE2E XmE A 517 o2
(1.18, 0.31-3.75)0] H|ejA JHT=E Fof 5(2.48, 0.32-
5.19)00 B Z7}8H9 21 (n=21, P=0.035), QUICKI:= S 25
A& 7(0.37, 0.31-0.47)°f] H|S|A] AdHT 2 Fof 5(0.33,
0.30-0.47)°] © A8 tHn=21, P=0.035). AA s 2 =g}
AHESHE F3) vl aLsto] AT B ES 271515 wl HOMA
RS HASHE S Haln=13; Z}Z 2,61, 0.30-4.82;
1.36, 0.36-3.81; P=0.055), QUICKI= Z7}3} 9 thn=13; Z+z}
0.34, 0.30-0.48; 0.37, 0.31-0,46; P=0,046), 43 Z 221} o
2EEAS AT e ol dT a2 3714 Bl A3
o & vk o, Jled AR RS Zol= B

=

o|A] gttt A= o vlste] AL 2ES A Bk T




Qe AP o] Z71hT WG ETt G AT FFES B
U o AERAE FAESHEA o] He B AR AT vl
s BlEE gl AYBEES SO ol B EE 27]7
HERWE NS FolE £25 e

2 B HuEi B AgERE ARl Wy
ot 23 G FIHAFIA L Ot AR 717 F A4d
AL ZMYBE, 4PERR AR A5 Frhatol
g o) 2o ko] Washel, Yo 79 FRE HUZ
T2 Bl A EEE A 2ol oY TERS F7FeH A
o] 14l AP oFBHE YT 5 U A OB Y2HHT

References

1) Stochholm K, Juul S, Juel K, Naeraa RW, Gravholt CH, Pre-
valence, incidence, diagnostic delay, and mortality in Turner
syndrome. J Clin Endocrinol Metab 2006;91:3897-902.
Bondy CA. Turner syndrome 2008, Horm Res 2009;71 Suppl
1:52-6.

Cicognani A, Mazzanti L, Tassinari D, Pellacani A, Forabosco

2

~

3

=

A, Landi L, et al. Differences in carbohydrate tolerance in
Turner syndrome depending on age and karyotype. Eur J
Pediatr 1988;148:64-8.

4) Caprio S, Boulware S, Diamond M, Sherwin RS, Carpenter

=

TO, Rubin K, et al. Insulin resistance: an early metabolic de-
fect of Turner's syndrome, J Clin Endocrinol Metab 1991;72:
832-6.

Gravholt CH, Juul S, Naeraa RW, Hansen J. Morbidity in Tur-
ner syndrome. J Clin Epidemiol 1998;51:147-58.
Schoemaker MJ, Swerdlow AJ, Higgins CD, Wright AF, Ja-

cobs PA, Mortality in women with turner syndrome in Great

5

N

6

N

Britain: a national cohort study, J Clin Endocrinol Metab
2008;93:4735-42,

7) Xu J, Messina JL. Crosstalk between growth hormone and in-
sulin signaling. Vitam Horm 2009;80:125-53.

8) Mazzanti L, Bergamaschi R, Castiglioni L, Zappulla F, Piraz-

<

zoli P, Cicognani A, Turner syndrome, insulin sensitivity and
growth hormone treatment. Horm Res 2005;64 Suppl 3:51-7.
Hjerrild BE, Mortensen KH, Gravholt CH. Turner syndrome
and clinical treatment. Br Med Bull 2008;86:77-93.

Codner E. Estrogen and type 1 diabetes mellitus, Pediatr En-
docrinol Rev 2008;6:228-34.

Nadal A, Alonso-Magdalena P, Soriano S, Quesada I, Ropero

9

=

10

=

11

~

AB. The pancreatic beta-cell as a target of estrogens and
xenoestrogens: Implications for blood glucose homeostasis
and diabetes. Mol Cell Endocrinol 2009;304:63-8.

Shin HJ, Seo JH, Yoon HY, Kim DH. The effect of growth
hormone on carbohydrate metabolism in Turner syndrome,
J Korean Soc Pediatr Endocrinol 1999;4:71-7.

12

~

N7

N

~

=

=

=

=

=

=

=

13) Diagnosis and classification of diabetes mellitus., Diabetes

Care 2009;32 Suppl 1:562-7.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC, Homeostasis model assessment: insulin resis-
tance and beta-cell function from fasting plasma glucose and
insulin concentrations in man, Diabetologia 1985;28:412-9.
Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sulli-
van G, et al. Quantitative insulin sensitivity check index: a
simple, accurate method for assessing insulin sensitivity in
humans, J Clin Endocrinol Metab 2000;85:2402-10,
Bakalov VK, Cooley MM, Quon M]J, Luo ML, Yanovski JA,
Nelson LM, et al. Impaired insulin secretion in the Turner
metabolic syndrome, J Clin Endocrinol Metab 2004;89:3516-
20.

Salgin B, Amin R, Yuen K, Williams RM, Murgatroyd P, Dun-
ger DB. Insulin resistance is an intrinsic defect independent
of fat mass in women with Turner's syndrome. Horm Res
20006565:69-75.

Bramnert M, Segerlantz M, Laurila E, Daugaard JR, Manhem
P, Groop L. Growth hormone replacement therapy induces
insulin resistance by activating the glucose-fatty acid cycle.
J Clin Endocrinol Metab 2003;88:1455-63,

Kim D-S, Kim T-W. The role of growth hormone in glucose
homeostasis, Korean Diabetes Journal 2005;29:91-6,

Wilson DM, Frane JW, Sherman B, Johanson AJ, Hintz RL,
Rosenfeld RG, Carbohydrate and lipid metabolism in Turner
syndrome: effect of therapy with growth hormone, oxand-
rolone, and a combination of both, J Pediatr 1988;112:210-7,
Van Pareren YK, De Muinck Keizer-Schrama SM, Stijnen T,
Sas TC, Drop SL. Effect of discontinuation of long-term
growth hormone treatment on carbohydrate metabolism and
risk factors for cardiovascular disease in girls with Turner
syndrome. J Clin Endocrinol Metab 2002;87:5442-8.

Radetti G, Pasquino B, Gottardi E, Boscolo Contadin I, Aima-
retti G, Rigon F. Insulin sensitivity in Turner's syndrome: in-
fluence of GH treatment, Eur J Endocrinol 2004;151:351-4,
Dominici FP, Balbis A, Bartke A, Turyn D. Role of hyperin-
sulinemia on hepatic insulin receptor concentration and auto-
phosphorylation in the presence of high growth hormone
levels in transgenic mice overexpressing growth hormone
gene. J Endocrinol 1998;159:15-25.

Livingstone C, Collison M. Sex steroids and insulin resis-
tance. Clin Sci (Lond) 2002;102:151-66.

Moran A, Jacobs DR Jr, Steinberger J, Steffen LM, Pankow
JS, Hong CP, et al. Changes in insulin resistance and cardio-
vascular risk during adolescence: establishment of differential
risk in males and females. Circulation 2008;117:2361-8.
Agirbasli M, Agaoglu NB, Orak N, Caglioz H, Ocek T, Poci
N, et al. Sex hormones and metabolic syndrome in children
and adolescents. Metabolism 2009;58:1256-62.

50 hstAotLiEH|StEX|: K15 H X135 20104



