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Chapter 5

Abstract

Background: The weak androgen oxandrolone (Ox) may increase height but may

also affect glucose metabolism in girls with Turner syndrome (TS).

Methods: In a randomized, placebo-controlled, double-blind study we assessed
the effect of Ox at a dosage of either 0.06 or 0.03 mg/kg/day on glucose
metabolism in 133 GH-treated girls with TS. Patients were treated with GH (1.33
mg/m?/day) from baseline, combined with placebo (Pl) or Ox from the age of
eight, and estrogens from the age of twelve. Oral glucose tolerance tests (OGTT)
were performed, and HbAlc levels were measured before, during, and after

discontinuing Ox/PI therapy.

Results: Insulin sensitivity, assessed by the whole-body insulin sensitivity index
(WBISI) decreased during GH+Ox/Pl (P=0.003) without significant differences
between the dosage groups. Values returned to pre-treatment levels after
discontinuing GH+O0x/Pl. On GH+Ox, fasting glucose was less frequently impaired
(Ox 0.03, P=0.001; Ox 0.06, P=0.02) and HbA1c levels decreased more (P=0.03 and
P=0.001, respectively) than on GH+PI.

Conclusions: We conclude that in GH-treated girls with TS, Ox at a dosage of
0.03 or 0.06 mg/kg/day does not significantly affect insulin sensitivity. Insulin
sensitivity decreases during GH therapy, to return to a pre-treatment level after

discontinuing therapy.
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Glucose metabolism in Turner syndrome

Introduction

Women with Turner syndrome (TS) are at an increased risk of impaired glucose
tolerance and diabetes mellitus type 2 [1]. Studies in adult patients have pointed to
progressive B-cell failure as the primary defect in glucose homeostasis [2, 3], whereas
inchildren, the presence of insulin resistance has been reported by some [4, 5], though
not all [6, 7] studies. Furthermore, growth hormone (GH) treatment may further
decrease insulin sensitivity, an effect that appears reversible after discontinuing
therapy [7-9]. Other studies have suggested that especially the combination of GH
and the growth promoting androgen oxandrolone (Ox) may negatively affect glucose
metabolism [10-13]. These studies however used Ox at dosages of > 0.06 mg/kg/day,
leaving it uncertain whether Ox at a nowadays recommended dosage of < 0.05 mg/
kg/day [14] would have the same consequence.

To assess the effect of Ox at a low (0.03 mg/kg/day) and previously conventional
(0.06 mg/kg/day) dosage in GH-treated girls with TS, we conducted a randomized,
placebo-controlled, double-blind study. In a previous article, we showed that the
addition of Ox 0.03 mg/kg/day modestly increases adult height gain and has a fairly
good safety profile, whereas Ox 0.06 does not significantly change adult height
gain [15]. We demonstrated that glycosylated hemoglobin (HbA1lc) levels remained
normal in all girls except one, and that none of the girls developed diabetes mellitus
type 1 or 2. In addition, we showed that the addition of Ox to GH may further reduce
subcutaneous fat mass, and increase muscle mass, resulting in a fat mass that is lower
and a muscle mass that is higher than in healthy girls [16]. In the present article, we
focus on the effect of GH+Ox on glucose metabolism in detail by analyzing the yearly

performed oral glucose tolerance tests (OGTTs) and yearly measured HbA1lc levels.

Materials and Methods

Participants
Participants were recruited in ten pediatric endocrine centers in the Netherlands
from December 1991 to June 2003 according to inclusion and exclusion criteria

described elsewhere [15]. The study was performed in accordance with the World
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Medical Association Declaration of Helsinki and approved by the ethics committee of
each participating center. Before enrolment, written informed consent was obtained

for each patient.

Treatment

The treatment regimen has been described previously [15]. In short, patients were
included in age group 1 (2.00-7.99 years), 2 (8.00-11.99 years), or 3 (12.00-15.99
years). After stratification for calendar age and height SD score (SDS) [17], they were
randomized and blindly assigned to receive orally at bedtime after reaching the age
of 8 years Ox 0.03 mg/kg/day (Ox 0.03) (S.p.A., Milano, Italy), Ox 0.06 mg/kg/day
(Ox 0.06), or a similar appearing placebo (Pl). From baseline onwards, biosynthetic
human GH (1.33 mg/m?body-surface/day, at 1 m? equivalent to 46 pg/kg/day) was
administered subcutaneously at bedtime. Ox/Pl was started at the age of eight after
a number of complete years of GH therapy (i.e. at their main ‘year-visit’) in age group
1, and atinclusion in age groups 2 and 3 (i.e. between the age of 8.0-16.0 years). In the
absence of spontaneous puberty (Tanner breast stage < 2 (B2) [18]), estrogens were
started at the age of 12.0-12.99 after a number of complete years of GH therapy in
age groups 1 and 2, and at inclusion in age group 3 (i.e. between the age of 12.0-16.0
years). 17-R-estradiol was prescribed in age groups 1 and 2, and ethinyl-estradiol in
age group 3 (5 and 0.05 pg/kg/day orally, increased to 10 and 0.1 ug/kg/day after
two years, respectively). GH+Ox/P| were stopped when height velocity was < 1 cm/
six months, or when patients decided to stop because they were satisfied with their
height. Thereafter, patients were followed for two subsequent year-visits to measure

growth after discontinuing GH+Ox/Pl.

Assessments

Two trained observers performed all measurements during the total study period.
Three-hour oral glucose tolerance tests (OGTT) were performed at starting Ox/PI,
12 and 24 months thereafter, every other year, or yearly in case of impaired glucose
tolerance (IGT), and 6 months after discontinuing GH+Ox/PI. After an overnight fast
and three days of normal physical activity and unrestricted diet containing 50% of the

calories in carbohydrate form, the patients were given an oral glucose load of 1.75
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Glucose metabolism in Turner syndrome

g/kg (max 50 g). The evening before the OGTT, no GH was administered. According
to The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus,
impaired fasting glucose (IFG) was defined as a fasting glucose = 5.6 mmol/| (100 mg/
dl) and IGT as a 2-h glucose level > 7.8 mmol/l (140 mg/dl) [19]. To assess insulin

)
mp
was calculated as follows: WBISI = 10,000/V((fasting plasma glucose x fasting plasma

sensitivity, the Whole-Body Insulin Sensitivity Index (WBISI, also known as ISI_|

insulin) x (mean glucose concentration x mean insulin concentration during 2-hour
OGTT)) [20]. This index includes both hepatic and peripheral insulin sensitivity and
has been validated in subjects with normal, impaired, and diabetic glucose tolerance
using the hyperinsulinemic-euglycemic clamp as the gold standard. It has been
found superior to other, more crude measures of insulin sensitivity [20]. In addition,
homeostasis model assessment insulin resistance (HOMA-IR) was assessed using the
HOMAZ2 Calculator v2.2 (http://www.dtu.ox.ac.uk/homa) [21]. HOMA-IR is based on
simultaneously sampled fasting levels of plasma glucose and insulin, and is thought
to primarily indicate hepatic insulin sensitivity [20]. Furthermore, the incremental
(i.e. increase above baseline concentration) area under the curve for plasma
glucose (IAUCquc) and insulin (IAUC__ ) levels was calculated using the trapezoid rule.
Glycosylated hemoglobin (HbA1lc) levels were determined yearly from baseline until
6 months after discontinuing GH+Ox/PI. Height was measured at every visit using a
Harpenden stadiometer. The mean of four measurements was expressed as SDS for
healthy Dutch girls [22]. To avoid overestimation of adult height SDS in patients who
stopped growing at an earlier age than healthy peers, reference data for the age of

21 instead of the actual age were used for calculating adult height SDS.

Assays

The plasma glucose level was measured at the local hospital laboratories. Plasma
insulin was determined in one laboratory by a Radioimmunoassay (Medgenix,
Fleurus, Belgium from 1991-2002; Diagnostic Systems Laboratories Inc, Texas, USA
from 2003 onwards). Both methods produced identical results. According to this
assay insulin concentrations can be converted to pmol/I by multiplying them by 6.89.
The upper normal fasting level was < 20 mU/I, the intra-assay coefficient of variation
(CV) was 6-10%, and the inter-assay CV was 6—11%. Glycosylated hemoglobin (HbA )

97



Chapter 5

levels were measured in one laboratory using a dedicated automatic high pressure
liqguid chromatography analyzer (DIAMAT from 1991-1997, and VARIANT from
1997 onwards; Bio-Rad Laboratories, Inc., Edgemont, CA). Both methods produced
identical results. The upper normal assay limit was 6.6% and the combined intra- and
inter-assay CV over a three month period was 2.0% at a level of 5%, and 2.5% at a
level of 10%.

Statistical analysis
The primary goal was to assess the effect of GH+Ox 0.03 and 0.06 mg/kg/day vs.
GH+PI on the occurrence of IFG and IGT, fasting insulin and glucose levels, insulin
sensitivity (measured by WBISI, and in addition by HOMA and IAUC,, and IAUC

and HbA1lc. A secondary goal was to assess the reversibility of the possible effects.

insul)’

We performed a modified intention-to-treat analysis in which patients who
refused Ox/Pl were excluded. When Ox/PIl was discontinued before GH, the moment
GH was discontinued was identified as ‘at discontinuing GH+Ox/PI’. Values for
untreated girls with TS were obtained using the baseline values of girls from age
groups 2 and 3 because these groups, in contrast to age group 1, were not treated
with GH before starting Ox/Pl. Because WBISI could not be calculated if one of the
insulin or glucose values was missing due to hemolysis or logistic problems, up to a
maximum of two missing insulin values and two missing glucose values per OGTT
were accounted for by single imputation based on the expectation maximization
algorithms. Means were compared with zero by a one-sample t test. Differences
between dosage-groups were tested by linear regression using two dummies (for
groups GH+0x 0.03 and GH+Ox 0.06), and differences in proportions by Pearson x?
tests and Fisher’s exact tests. Insulin, HOMA-IR, WBISI, IAUCquc' and IAUC,__ were
logarithmically transformed to allow parametric testing. Differences in change of
outcome variables (during the first two years of Ox/PI, as well as during the total
study period), were assessed by repeated measurements analyses. Linear mixed
models were fitted with different intercept and slope per dosage group and a random
intercept and slope per patient. Results are presented as means+SD, and differences
assessed by repeated measurements analyses as means, SE. Unevenly distributed
data are presented as a median with a range. A P-value less than 0.05 was considered

significant.
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Results

Characteristics of the patients

Of the 133 patients that were included in the study, four were lost to follow-up, nine
were still treated when the analysis started, and the parents of eight girls refused Ox/
Pl because of fear of side effects and/or satisfaction with growth. Leaving out these
patients, 112 patients were left for the modified intention-to-treat analysis (a flow
chart was published previously [16]). BMI SDS, waist circumference SDS, and the sum
of four skinfold-thickness SDS were comparable at starting Ox/PI [16]. Table 1 shows
baseline and treatment characteristics per dosage group. Table 2 shows the outcome
variables. A total of 574 OGTTs were performed. Fig. 1 shows the mean glucose and

insulin levels during the OGTT per dosage group.

Impaired fasting glucose and impaired glucose tolerance

Although none of the girls developed diabetes mellitus type 1 or 2, 21 of the 112
girls (19%) had IFG, 21 (19%) had IGT, and 6 (5%) had both IFG and IGT at least once
during the total duration of the study. In case of IFG, the median (range) of fasting
glucose levels was 6.0 mmol/I (5.6-8.9); in case of IGT, the median (range) of the
2-hour glucose levels was 8.6 mmol/I (7.8-12.2). Seven girls already showed IGT and
three girls already showed IFG before starting GH+Ox/Pl therapy. The percentage
of patients that had IFG at least once during GH+Ox/P| was smaller on GH+Ox than
on GH+Pl (GH+Ox 0.03, P=0.001; GH+Ox 0.06, P=0.02), whereas the percentage of
patients that had IGT at least once was not significantly different between the dosage
groups (Table 2). After discontinuing GH+Ox/PI, two patients from group GH+P| had
IFG, and one patient from group GH+Ox 0.03 had IGT. One girl from age group 3, who
also had IGT before, and one year after starting GH+Ox 0.03, showed a 2-hour glucose
level of 12.2 mmol/I and an elevated HbA1lc of 7.7% after two years of therapy. She
therefore discontinued GH+Ox 0.03, after which both measures returned to normal

values.
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Table 1. Characteristics and treatment per dosage group.*

GH+PI GH+Ox 0.03 GH+Ox 0.06

Characteristic (n =38) (n =38) (n=36)
Age at starting GH —yr 9.7+3.8 9.0+3.8 9.1+3.5
Height at starting GH — SDS* -2.910.7 -2.910.6 -2.910.7
Age at starting Ox/Pl — yrt 10.9+2.3 10.2+2.5 10.242.2
Karyotype: 45,X — no. (%) 21 (55) 14 (37) 16 (44)

Other — no. (%)t 17 (45) 24 (63) 20 (56)
Puberty developed spontaneously — no. (%) 9 (24) 8(21) 9 (25)
Duration of GH therapy — yr 6.1+3.1 6.2+2.9 5.842.8
Duration of Ox/Pl therapy — yr§ 5.0+1.5 4.8+1.6 4.2+1.7
Age at discontinuation of GH+Ox/PIl —yr 15.8+1.2 15.2+1.5 14.9+1.3
Age at last visit — yr 17.8+1.4 17.0+1.5 17.0+1.2

*

+
¥

100

Values are expressed as means +SD, unless otherwise indicated.

Height SDS was calculated using Dutch references.

These consisted of the following karyotypes: in group GH+Pl: mosaic (45,X/46,XX, n=5);
isochromosome (45,X/46,X,i(X), n=3; 46,X,i(Xq), n=1); deletions (46,X,del(X), n=2);
trisomy X (45,X/47,XXX, n=2); ring chromosome (45,X/46,X,r(X), n=3); and marker
chromosome (45,X/46,X+mar, n=1). In group GH+Ox 0.03: mosaic (45,X/46,XX, n=2);
isochromosome (45,X/46,X,i(Xq), n=5; 46,X,i(Xq), n=6; 45,X/46,XX/46,X,i(Xq), n=1;
46,X,Xp-/46,X,i(Xq), n=1); deletions (45,X/46,X,del(X), n=1; 46,XXg-(q13-gter), n=1);
trisomy X (45,X/47,XXX, n=1; 45,X/46,XX/47 XXX, n=2; 45,X/46,X,i(Xq)/47 XXX, n=1);
ring chromosome (45,X/46,X,r(X), n=2); and marker chromosome (45,X/46,X+mar, n=1).
In group GH+Ox 0.06: mosaic (45,X/46,XX, n=2); isochromosome (45,X/46,X,i(Xq), n=5;
46,X,i(Xq), n=2); deletions (46,X,del(X), n=1; 45,X/46,X,del(X), n=2); ring chromosome
(45,X/46,X,r(X), n=4; 45,X/46,XX/46,X,r(X), n=1); marker chromosome (45,X/46,X+mar,
n=2); and a translocation karyotype (46,X,+der,t(X;13)(q13;912.3), n=1).

Ox/P| therapy was started after a full number of years of GH therapy between the age
of 8.0 to 8.99 in age group 1, and at inclusion (i.e. between the age of 8 and 16 years) in

age groups 2 and 3.
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Fasting insulin and glucose levels

Inthe patients that had not been treated with GH before the first OGTT was performed
(i.e. the patients from age groups 2 and 3 at a mean age of 11.5+2.2 years), mean
fasting glucose level was 4.5+0.6 mmol/I, and the median fasting insulin level was 9.1
muU/I (2.6-51) (data not shown).

Fig. 2A shows mean fasting glucose levels before, during, and after discontinuing
Ox/Pl therapy for the three age groups combined. During Ox/Pl therapy, the mean
glucose level did not change significantly (from 4.6+£0.6 to 4.5+0.7 mmol/l, mean
change/yr, SE, -0.02, 0.02 mmol/l/yr, P=0.3). Whereas differences during the total
duration of Ox/P| therapy were not significant, fasting glucose levels lowered more
on GH+Ox than on GH+PI during the first two years on Ox/P| therapy (GH+Ox 0.03,
P=0.01; GH+Ox 0.06, P=0.09). Mean fasting glucose at discontinuing GH+Ox/PI
was somewhat lower on GH+Ox 0.03 and 0.06 than on GH+Pl (P=0.04 and P=0.4,
respectively) (Table 2). Thereafter, fasting glucose levels remained constant (4.5+0.8
vs. 4.510.7 mmol/l, P=0.9), and levels were still somewhat lower in groups GH+0Ox 0.03
and 0.06 than in group GH+PI| (GH+PI, 4.8+1.1 mmol/l; GH+Ox 0.03, 4.4+0.4 mmol/I,
P=0.06; GH+Ox 0.06, 4.3x0.5 mmol/l, P=0.02). None of the patients developed
fasting glucose levels below 2.7 mmol/I. Values after discontinuing GH+Ox/PI| were
comparable with pretreatment levels (4.5+0.9 vs. 4.5+0.6 mmol/I, P=0.6) (age groups
2 and 3).

Fig. 2B shows mean fasting insulin levels before, during, and after discontinuing
Ox/P| therapy. During Ox/Pl therapy, mean fasting insulin levels increased from
10.446.5 to 14.0+8.7 mU/I (mean change/yr, SE: 0.80, 0.24 mU/|, P<0.001), without
significant differences between the dosage groups (Table 2). After discontinuing
GH+0x/PI, the levels decreased from 14.0+8.7 to 12.0+7.1 mU/I (P=0.01). Values
after discontinuing GH+Ox/Pl were comparable with pretreatment levels (median,
range; 8.9, 4.3-29 vs. 9.1, 2.6-51 mU/I, P=0.4) (age groups 2 and 3).

Insulin sensitivity
Before GH+Ox/PI therapy (age groups 2 and 3), the mean WBISI was 6.4%3.0 (data
not shown). Fig. 2C shows the mean WBISI before, during, and after discontinuing

Ox/PI therapy for the three age groups combined. During GH+Ox/P| therapy, the
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WBISI decreased from 6.4+2.9 to 5.5+2.8 (mean change/yr, SE: -0.21, 0.07, P=0.003),
without significant differences between the Ox/Pl dosage groups (Table 2). Similarly,
differences in the change of HOMA-IR, IAUC,,,, and IAUC,__ were not significant
between the dosage groups (Table 2). Whereas HOMA-IR increased during therapy
(P<0.001), IAUC,,. and IAUC,__ did not change significantly (P=0.9 and P=0.6,
respectively). After discontinuing GH+Ox/PIl, mean WBISI increased from 5.5+2.8 to
6.713.4 (P=0.009). The mean WBISI after discontinuing GH+Ox/Pl was comparable
with the mean pretreatment level (6.8+3.1 vs. 6.4+3.0, P=0.4) (age groups 2 and 3).

HbA1lc

Except for the girl who developed an HbA1lc of 7.7% (see IFG and IGT), HbAlc levels
remained within the normal range. Before starting GH+Ox/PI therapy (age groups
2 and 3), mean HbAlc was 4.720.5% (data not shown). During GH+Ox/P| therapy,
values decreased from 4.620.5% to 4.4%0.4% (mean change/yr, SE: -0.07, 0.01,
P<0.001) in age groups 1, 2, and 3 combined. During the first two years on Ox/
Pl therapy, HbAlc lowered more on GH+Ox than on GH+Pl (GH+Ox 0.03, P=0.03;
GH+0Ox 0.06, P=0.001), whereas changes during the total duration of Ox/P| therapy
was not significantly different (Table 2). After discontinuing GH+Ox/PI, the mean
HbA1c value further decreased from 4.4+0.4% to 4.3+0.4% (P=0.009). Mean HbAlc
after discontinuing GH+Ox/Pl was significantly lower than mean pretreatment HbA1lc
(4.3+0.4% vs. 4.7+0.5%, P<0.001) (age groups 2 and 3).
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Figure 2 Mean+SD fasting glucose (A), fasting insulin (B), and whole body insulin sensitivity
index (C) on GH+PI (white bars), GH+Ox 0.03 (light grey bars), and GH+Ox 0.06 (dark grey
bars). Time point ‘O’ denotes at baseline for age group 2, and 3, and a full number of years
after starting GH therapy for age group 1; *, 2 year decrease significantly greater on GH+Ox
0.03 than on GH+PI; 1, at given time-point, value significantly different from that of group
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GH+PI; §, significantly different from values at starting Ox/Pl; #, significantly different from
values at discontinuing Ox/P| therapy. To convert glucose concentration to mg/dl, divide by

0.0555; to convert insulin concentration to pmol/l, multiply by 6.89.

Discussion

This randomized, placebo-controlled, double-blind study shows that the addition
of Ox at a low (0.03 mg/kg/day) and previously conventional (0.06 mg/kg/day)
dosage to GH does not significantly affect insulin sensitivity. In addition, the study
demonstrates that insulin sensitivity indices decrease during GH therapy, but return
to pre-treatment levels after discontinuing therapy.

Whereas the mean fasting glucose levels were within the normal range and
remained constant throughout the study, 21 of the 112 girls (19%) had an impaired
fasting glucose at least once. These data may suggest that impaired fasting glucose
is a more frequent characteristic in TS than previously acknowledged. In accordance
with these data, fasting glucose levels have been reported to be slightly higher in TS
women than in age-matched control women [23]. Surprisingly, we found that fasting
glucose levels lowered more on GH+Ox than on GH+PI during the first two years of
Ox/Pl therapy, resulting in mean fasting glucose levels that were lower than on GH+PI
at discontinuing therapy. Possibly related to these data, also HbAlc levels lowered
more on GH+Ox than on GH+Pl. Although these data remain to be confirmed by
other studies, a possible explanation may be sought in the fact that 17-alkylated
anabolic steroids related to Ox were found to induce resistance to glucagon in
previous studies [10, 24, 25].

We furthermore showed that differences between the Ox/Pl dosage groups
in either the percentage of patients developing IGT, or the decrease in insulin
sensitivity were not statistically significant. Of the 21 girls (19%) with IGT, seven had
IGT before starting GH+Ox/P| therapy, showing that glucose tolerance may already
be impaired in patients as young as 11.5+2.2 years old. Indices of insulin sensitivity
(fasting insulin and WBISI) indicated that insulin sensitivity decreased during GH+Ox/
Pl therapy. In accordance with our findings, several other studies found that insulin
sensitivity decreased during GH therapy [6, 9, 26-28]. These studies showed that
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after discontinuing GH therapy, insulin sensitivity indices either returned to pre-
treatment levels [27], or decreased to values just above baseline but comparable
with those of healthy post-pubertal girls [29]. In our study, the indices returned
to pre-treatment levels, confirming the reversibility of the effect of GH on insulin
sensitivity. In contrast, no effect [10] and a beneficial effect [30], respectively of GH
on insulin sensitivity was found by two other studies. The authors of the latter study
suggested that GH administration at the preceding evening may mask positive effects
of GH [30]. This is however not in agreement with our findings as we found that GH
decreased insulin sensitivity, despite the fact that the girls did not receive a GH dose
the night before testing.

Two other investigators have addressed the short-term effect of the addition
of Ox to GH on glucose metabolism in girls with TS. Wilson et al. compared glucose
tolerance in untreated, GH-treated, Ox-treated, and GH+Ox treated girls with TS [10].
Ox at a dosage of 0.125 mg/kg/day, both alone and in combination with GH was
found to increase IAUC,, and IAUC__ in the first year of therapy, whereas fasting
glucose and HbAlc remained within the normal range. Haeusler et al. showed that in
patients who had been treated with GH for one year, the addition of Ox 0.125 mg/kg/
day did not change AUC  , whereas AUC

insul

dluc? increased significantly in the six months
after starting Ox [11]. In contrast to these studies, we did not find an effect of the
addition of Ox to GH on insulin sensitivity indices, which suggests that Ox dosages
of 0.03 and 0.06 mg/kg/day are low enough to avoid detrimental effects on insulin
sensitivity.

We conclude that insulin sensitivity indices decrease during GH therapy but
return to pre-treatment levels after discontinuing therapy. In contrast to previously
studied higher oxandrolone dosages, no significant side effects with respect to
glucose metabolism are expected when adding oxandrolone at a dosage of 0.06 or
0.03 mg/kg/day to GH. Our study furthermore underlines the understanding that
monitoring of glucose metabolism is warranted in Turner syndrome, especially

during GH or GH+Ox therapy.

108



Glucose metabolism in Turner syndrome

Acknowledgements

We thank all patients and their parents for their valuable participation. We thank Bart
Boersma, Evelien Gevers, Jan Van den Broeck, and Arne van Teunenbroekt for their
help in preparing the protocol; Anita Hokken-Koelega for managing the logistic and
financial aspects of the study; Esther de Beus and Saskia de Vries for data collection
and administration; Karin Rademaker for technical support; and Roelof Odink,
Wilhelmina Stokvis-Brantsma, Maarten Jansen, Henriétte Delemarre-van de Waal,
Johan Waelkens, Ciska Westerlaken, Maarten Reeser, and Paul van Trotsenburg for

the clinical care for the patients in this study.

This investigator-initiated study (Current Controlled Trials number, ISRCTN54336338;
Trialregister.nl number, NTR365) was funded by Pfizer and Eli Lilly. L.A.M. and
S.d.M.K.-S. have received a lecture fee and travel and accomodation payment
from Pfizer, and T.C.S. has received consulting fees, lecture fees and travel and
accomodation payments from Pfizer and Novo Nordisk. J.M.W. received research
fundings from Pfizer, Novo Nordisk, Ipsen, and Ferring; consulting fees, honoraria,
and lecture fees from Pfizer, Lilly, Ipsen, Tercica, Pharming, and Novo Nordisk; and
travel and accomodation payments for conferences where he acted as a lecturer or

consultant. All other authors declare that they have no conflict of interest.

109



Chapter 5

References

110

Gravholt CH, Juul S, Naeraa RW, Hansen J: Morbidity in Turner syndrome. J Clin
Epidemiol 1998;51:147-158.

Gravholt CH, Naeraa RW, Nyholm B, Gerdes LU, Christiansen E, Schmitz O, Christiansen
JS: Glucose metabolism, lipid metabolism, and cardiovascular risk factors in adult
Turner’s syndrome. The impact of sex hormone replacement. Diabetes Care
1998;21:1062-1070.

Bakalov VK, Cooley MM, Quon MJ, Luo ML, Yanovski JA, Nelson LM, Sullivan G, Bondy
CA: Impaired insulin secretion in the Turner metabolic syndrome. J Clin Endocrinol
Metab 2004;89:3516-3520.

Caprio S, Boulware S, Diamond M, Sherwin RS, Carpenter TO, Rubin K, Amiel S, Press
M, Tamborlane WV: Insulin resistance: an early metabolic defect of Turner’s syndrome.
J Clin Endocrinol Metab 1991;72:832-836.

Stoppoloni G, Prisco F, Alfano C, lafusco D, Marrazzo G, Paolisso G: Characteristics of
insulin resistance in Turner syndrome. Diabete Metab 1990;16:267-271.

Gravholt CH, Hjerrild BE, Naeraa RW, Engbaek F, Mosekilde L, Christiansen JS: Effect
of growth hormone and 17beta-oestradiol treatment on metabolism and body
composition in girls with Turner syndrome. Clin Endocrinol (Oxf) 2005;62:616-622.
Gravholt CH, Naeraa RW, Brixen K, Kastrup KW, Mosekilde L, Jorgensen JO, Christiansen
JS: Short-term growth hormone treatment in girls with Turner syndrome decreases fat
mass and insulin sensitivity: a randomized, double-blind, placebo-controlled, crossover
study. Pediatrics 2002;110:889-896.

Van Teunenbroek A, de Muinck Keizer-Schrama SM, Aanstoot HJ, Stijnen T,
Hoogerbrugge N, Drop SL: Carbohydrate and lipid metabolism during various growth
hormone dosing regimens in girls with Turner syndrome. Dutch Working Group on
Growth Hormone. Metabolism 1999;48:7-14.

Sas TC, de Muinck Keizer-Schrama SM, Stijnen T, Aanstoot HJ, Drop SL: Carbohydrate
metabolism during long-term growth hormone (GH) treatment and after
discontinuation of GH treatment in girls with Turner syndrome participating in a
randomized dose-response study. Dutch Advisory Group on Growth Hormone. J Clin
Endocrinol Metab 2000;85:769-775.



Glucose metabolism in Turner syndrome

10

11

12

13

14

15

16

17

18

19

20

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,
oxandrolone, and a combination of both. J Pediatr 1988;112:210-217.

Haeusler G, Frisch H: Growth hormone treatment in Turner’s syndrome: short and
long-term effects on metabolic parameters. Clin Endocrinol (Oxf) 1992;36:247-253.
Stahnke N, Stubbe P, Keller E: Recombinant human growth hormone and oxandrolone
in treatment of short stature in girls with Turner syndrome. Horm Res 1992;37 Suppl
2:37-46.

Haeusler G, Schmitt K, Blumel P, Plochl E, Waldhor T, Frisch H: Insulin, insulin-like
growth factor-binding protein-1, and sex hormone-binding globulin in patients with
Turner’s syndrome: course over age in untreated patients and effect of therapy with
growth hormone alone and in combination with oxandrolone. J Clin Endocrinol Metab
1996;81:536-541.

Bondy CA: Care of girls and women with Turner syndrome: A guideline of the Turner
Syndrome Study Group. J Clin Endocrinol Metab 2007;92:10-25.

Menke LA, Sas TC, de Muinck Keizer-Schrama SM, Zandwijken GR, de Ridder MA,
Odink RJ, Jansen M, Delemarre-van de Waal HA, Stokvis-Brantsma WH, Waelkens JJ,
Westerlaken C, Reeser HM, van Trotsenburg AS, Gevers EF, van Buuren S, Dejonckere
PH, Hokken-Koelega AC, Otten BJ, Wit JM: Efficacy and safety of oxandrolone in growth
hormone-treated girls with turner syndrome. J Clin Endocrinol Metab 2010;95:1151-
1160.

Menke LA, Sas TC, Zandwijken GR, de Ridder MA, Stijnen T, de Muinck Keizer-Schrama
SM, Otten BJ, Wit JM: The effect of oxandrolone on body proportions and body
composition in growth hormone-treated girls with Turner syndrome. Clin Endocrinol
(Oxf) 2010;73:212-219.

Ranke MB, Stubbe P, Majewski F, Bierich JR: Spontaneous growth in Turner’s syndrome.
Acta Paediatr Scand Suppl 1988;343:22-30.

Marshall WA, Tanner JM: Variations in pattern of pubertal changes in girls. Arch Dis
Child 1969;44:291-303.

Report of the expert committee on the diagnosis and classification of diabetes mellitus.
Diabetes Care 2003;26 Suppl 1:55-20.

Matsuda M, DeFronzo RA: Insulin sensitivity indices obtained from oral glucose
tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care
1999;22:1462-1470.

111



Chapter 5

21

22

23

24

25

26

27

28

29

30

112

Levy JC, Matthews DR, Hermans MP: Correct homeostasis model assessment (HOMA)
evaluation uses the computer program. Diabetes Care 1998;21:2191-2192.

Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, Brugman E,
Roede MJ, Verloove-Vanhorick SP, Wit JM: Continuing positive secular growth change
in The Netherlands 1955-1997. Pediatr Res 2000;47:316-323.

Gravholt CH, Hjerrild BE, Mosekilde L, Hansen TK, Rasmussen LM, Frystyk J, Flyvbjerg
A, Christiansen JS: Body composition is distinctly altered in Turner syndrome: relations
to glucose metabolism, circulating adipokines, and endothelial adhesion molecules.
Eur J Endocrinol 2006;155:583-592.

Landon J, Wynn V, Houghton BJ, Cooke JN: Effects of anabolic steroid, methandienone,
on carbohydrate metabolism in man. Il. Effect of methandienone on response to
glucagon, adrenalin, and insulin in the fasted subject. Metabolism 1962;11:513-523.
Godsland IF, Shennan NM, Wynn V: Insulin action and dynamics modelled in patients
taking the anabolic steroid methandienone (Dianabol). Clin Sci (Lond) 1986;71:665-
673.

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;87:5442-5448.

Mazzanti L, Bergamaschi R, Castiglioni L, Zappulla F, Pirazzoli P, Cicognani A: Turner
syndrome, insulin sensitivity and growth hormone treatment. Horm Res 2005;64
Suppl 3:51-57.

Caprio S, Boulware SD, Press M, Sherwin RS, Rubin K, Carpenter TO, Plewe G,
Tamborlane WV: Effect of growth hormone treatment on hyperinsulinemia associated
with Turner syndrome. J Pediatr 1992;120:238-243.

Bannink EM, van der Palen RL, Mulder PG, de Muinck Keizer-Schrama SM: Long-Term
Follow-Up of GH-Treated Girls with Turner Syndrome: Metabolic Consequences. Horm
Res 2009;71:343-349.

Wooten N, Bakalov VK, Hill S, Bondy CA: Reduced abdominal adiposity and improved
glucose tolerance in growth hormone-treated girls with Turner syndrome. J Clin
Endocrinol Metab 2008;93:2109-2114.





