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Context and Objective: GH therapy increases growth and adult height in Turner syndrome (TS). The
benefit to risk ratio of adding the weak androgen oxandrolone (Ox) to GH is unclear.

Design and Participants: A randomized, placebo-controlled, double-blind, dose-response study was
performed in 10 centers in The Netherlands. One hundred thirty-three patients with TS were included
in age group 1 (2–7.99 yr), 2 (8–11.99 yr), or 3 (12–15.99 yr). Patients were treated with GH (1.33
mg/m2 � d)frombaseline,combinedwithplacebo(Pl)orOxin low(0.03mg/kg � d)orconventional (0.06
mg/kg � d)dosefromtheageof8yrandestrogensfromtheageof12yr.Adultheightgain(adultheight
minus predicted adult height) and safety parameters were systematically assessed.

Results: Compared with GH�Pl, GH�Ox 0.03 increased adult height gain in the intention-to-treat
analysis (mean � SD, 9.5 � 4.7 vs. 7.2 � 4.0 cm, P � 0.02) and per-protocol analysis (9.8 � 4.9 vs. 6.8 �

4.4 cm, P � 0.02). Partly due to accelerated bone maturation (P � 0.001), adult height gain on
GH�Ox 0.06 was not significantly different from that on GH�Pl (8.3 � 4.7 vs. 7.2 � 4.0 cm, P � 0.3).
Breast development was slower on GH�Ox (GH�Ox 0.03, P � 0.02; GH�Ox 0.06, P � 0.05), and
more girls reported virilization on GH�Ox 0.06 than on GH�Pl (P � 0.001).

Conclusions: In GH-treated girls with TS, we discourage the use of the conventional Ox dosage (0.06
mg/kg � d) because of its low benefit to risk ratio. The addition of Ox 0.03 mg/kg � d modestly
increases adult height gain and has a fairly good safety profile, except for some deceleration of
breast development. (J Clin Endocrinol Metab 95: 1151–1160, 2010)
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Turner syndrome (TS) is a disorder in females that is
caused by the complete or partial absence of the sec-

ond sex chromosome. It is one of the most common chro-
mosomal disorders, affecting approximately one in 2000
live-born girls (1). Untreated adult patients are on average
20 cm shorter than healthy women (2), mainly due to
haploinsufficiency of the short stature homeobox-con-
taining gene (3). GH therapy increases adult height with
5–12 cm (4–6), and the addition of the weak androgen
oxandrolone (Ox) may further increase adult height (7–9).
However, in previous studies Ox dosages of 0.1 mg/kg � d
or greater had to be lowered to 0.05 and 0.06 mg/kg � d
(7–9) on the frequent findings of virilizing side effects and
increased bone maturation. Although the recommended
Ox dosage is currently 0.05 mg/kg � d or less (10), the
efficacy and safety of such dosage is unclear. We hypoth-
esized that, due to the effect of Ox on bone maturation, the
optimal dosage with respect to final height gain could be
lower than 0.06 mg/kg � d and therefore performed a dose-
response study. In this randomized, placebo-controlled,
double-blind study, we assessed the benefit to risk ratio of

Ox at a low (0.03 mg/kg � d) and previously conventional
dosage (0.06 mg/kg � d) in GH-treated girls with TS.

Participants and Methods

Participants
Participants were recruited in 10 pediatric endocrine centers

in The Netherlands from December 1991 to June 2003. Inclusion
criteria were a karyotype associated with TS (except for cytoge-
netical evidence of Y chromosomal material); a calendar age
between 2.00 and 15.99 yr; and a bone age younger than 12.00
yr (11). Exclusion criteria were growth failure due to other causes;
use of drugs that could interfere with growth; and previous GH,
sex hormone, or androgen therapy. The study was performed in
accordance with the World Medical Association Declaration of
Helsinki and approved by the ethics committee of each partici-
pating center. Before enrollment, written informed consent was
obtained for each patient.

Treatment
Patients were included in age group 1 (2.00–7.99 yr), 2

(8.00–11.99 yr), or 3 (12.00–15.99 yr). After stratification for
calendar age and height SD score (SDS) (12), they were random-
ized by a computer-generated schedule with a block size of six

and blindly assigned to receive, orally at bed-
time after reaching the age of 8 yr, Ox 0.03
mg/kg � d (Ox 0.03) (S.p.A., Milano, Italy),
Ox 0.06 mg/kg � d (Ox 0.06), or a similar
appearing placebo (Pl). The capsules were
manufactured and distributed by one hospi-
tal pharmacy. All patients and doctors were
blinded for the allocation of the patients and
will remain so until the last patient will finish
the study. Only the independent pharmacist
(Dr. C. M. A. Rademaker), the statistician
(M.A.J.d.R.), and data analyst (L.A.M.,
from 2008 onward) saw unblinded data, but
none of them had any contact with the par-
ticipants. From baseline onward, biosyn-
thetic human GH (1.33 mg/m2 body surface
per day, at 1 m2 equivalent to 46 �g/kg � d)
was administered sc at bedtime. Genotropin
(Pfizer Inc., New York, NY) was used in age
groups 1 and 2 and Humatrope (Eli Lilly,
Indianapolis, IN) in age group 3. Ox/Pl was
started at the age of 8 yr after a number of
years of GH therapy (i.e. at their main year
visit) in age group 1 and at inclusion in age
groups 2 and 3 (i.e. between the age of 8.0
and 16.0 yr). In the absence of spontaneous
puberty [Tanner breast stage �2 (B2) (13)],
estrogen therapy was started between the
age of 12.0 and 12.99 (after a number of full
years of GH therapy) in age groups 1 and 2
and at inclusion (i.e. between the age of 12
and 16 yr) in age group 3. 17-ß-Estradiol
was prescribed in age groups 1 and 2 and
ethinyl-estradiol in age group 3 (5 and 0.05
�g/kg � d orally, increased to 10 and 0.1 �g/
kg � d after 2 yr, respectively). When ethinyl-
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GH + oxandrolone 0.03 
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FIG. 1. Enrollment, randomization, and analysis of the patients. IGT, Impaired glucose
tolerance. Some patients were excluded from the per-protocol analysis for more than one
reason; the sum of these numbers may therefore not equal the total number of patients in
these boxes.
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estradiol became unavailable after March 2002, 17-ß-estradiol
was also prescribed in age group 3. Cyclic progesterone was
added after at least 2 yr of estrogen therapy. Doses were adjusted
every 6 months, and GH�Ox/Pl were stopped when height ve-
locity was less than 1 cm per 6 months or when patients decided
to stop because they were satisfied with their height. Thereafter
patients were followed up for two subsequent year visits to mea-
sure growth after discontinuing GH�Ox/Pl.

Assessments
Two trained observers performed all half-yearly measure-

ments during the total study period. The primary outcome was
adult height gain (centimeters), defined as adult height (the last
measured height after discontinuing GH�Ox/Pl) minus pre-
dicted adult height, calculated using the modified projected adult
height method (mPAH) (14). Briefly, Lyon et al. (15) used lon-
gitudinal heights of untreated TS girls to modify the projected
adult height (which assumes that adult height SDS is equal to
height SDS at a younger age) into a regression equation predict-
ing adult height in TS. Adapted to North European TS girls (2),
this equation is: mPAH � 146.95 � 6.37 � (�0.2 � 0.836 �
height SDS at baseline) (14, 16). Height was measured at every
visit using a Harpenden stadiometer. The mean of four measure-
ments was expressed as SDS for healthy Dutch girls (17) and
untreated Northern European girls with TS (2) using Growth
Analyser (www.growthanalyser.org). To avoid overestimation
of adult height SDS in patients who stopped growing at an earlier
age than healthy peers or untreated girls with TS, reference data
for the age of 21 yr instead of the actual age were used for cal-
culating adult height SDS. Target height (centimeters) corrected

for sex and secular trend was defined as: 0.5 � (heightmaternal �
heightpaternal � 13) � 4.5 (17).

Secondary outcomes included the influence of age group on
the effect of Ox, and the effect of Ox on: short-term height gain,
adult height gain adjusted for bone age at start, safety parame-
ters, pubertal development, bone maturation, and duration and
costs of GH therapy. To assess bone maturation (�bone age/
�calendar age), one trained, and up until 2008, blinded inves-
tigator (L.A.M.) determined bone ages of the yearly made hand
x-rays retrospectively and chronologically according to the Tan-
ner and Whitehouse radius, ulna, short-bones score (11). Puber-
tal stages were assessed half yearly according to Tanner (13) and
expressed as SDS adjusting for age and sex (18). The cumulative
amount of GH prescribed was multiplied by 44.32 euro/mg
(Genotropin, www.fk.cvz.nl, 2009) to obtain cumulative costs
of GH therapy.

All adverse events reported by the patient, parent, or medical
doctor were registered. Virilizing adverse events included voice
deepening, clitoral enlargement, or an increase in body hair, all
being previously identified as Ox-related virilization (7–9, 19).
These events were included in the analysis if a girl reported vir-
ilization at least twice (i.e. either the same complaint at two visits
or two complaints at one visit) or if the girl decided to discontinue
Ox/Pl because of the event. Dynamap blood pressure (BP) mon-
itoring was performed half yearly. The latter three of four mea-
surements were averaged and expressed as SDS adjusting for age,
gender, and height (20). Blood samples were taken at starting
GH, after 6 months, yearly, and 6 months after discontinuing
GH�Ox/Pl. Determinations included plasma IGF-I, IGF binding
protein (IGFBP)-3, glycosylated hemoglobin (HbA1c), aspartate

TABLE 1. Characteristics per dosage groupa

Characteristic
GH�Pl

(n � 42)
GH�Ox 0.03

(n � 42)
GH�Ox 0.06

(n � 36)
Age at starting GH (yr) 9.4 � 3.8 8.5 � 4.0 9.1 � 3.5
Bone age at starting GH (yr) 9.0 � 3.4 8.1 � 3.6 8.8 � 3.4
Height at starting GH (reference: healthy Dutch girls) (SDS) �3.0 � 0.8 �3.0 � 0.7 �2.9 � 0.7
Height at starting GH (reference: untreated girls with TS) (SDS) 0.5 � 1.0 0.3 � 0.9 0.5 � 0.9
Predicted adult height (mPAH) (cm) 148.4 � 5.5 147.2 � 4.9 148.1 � 4.9
Karyotype 45,X, n (%)b 24 (57) 17 (41) 16 (44)
Karyotype other than 45,X, n (%)b 18 (43) 25 (60) 20 (56)
Target height (SDS) �0.1 � 0.8 0.1 � 1.0 0.0 � 0.8
Age at starting Ox/Pl (yr)c 10.9 � 2.3 10.2 � 2.5 10.2 � 2.2
Puberty developed spontaneously, n (%) 9 (21) 10 (24) 9 (25)
Puberty induced, n (%) 33 (79) 32 (76) 27 (75)
Age at starting estrogens (if puberty was induced) (yr)d 12.9 � 1.0 12.8 � 0.9 12.7 � 0.9
Age at B2 (if puberty developed spontaneously) (yr) 11.0 � 1.2 11.1 � 1.2 11.0 � 0.6
Breast stage at starting estrogens or at B2 (SDS)e,f �1.5 � 1.1 �1.5 � 1.0 �1.3 � 1.0
Pubic hair stage at starting Ox/Pl (SDS)f �0.8 � 1.0 �0.5 � 1.1 �0.2 � 1.3
Systolic BP at starting Ox/Pl (SDS)f 1.1 � 1.2 1.2 � 1.0 1.4 � 1.2
Diastolic BP at starting Ox/Pl (SDS)f 0.3 � 0.9 0.5 � 0.8 0.4 � 0.7
IGF-I at starting Ox/Pl in age group 1 (already using GH) (SDS)c,f 0.3 � 1.1 0.7 � 1.4 1.3 � 0.9
IGF-I at starting GH�Ox/Pl in age groups 2 and 3 (SDS)f �1.2 � 1.1 �1.2 � 0.6 �1.1 � 1.1
IGF-I to IGFBP-3 ratio at starting Ox/Pl in age group 1 (SDS)c,f �0.2 � 1.1 �0.3 � 1.3 0.3 � 1.0
IGF-I to IGFBP-3 ratio at starting GH�Ox/Pl in age groups 2 and 3(SDS)c,f �1.1 � 1.0 �0.9 � 0.6 �1.0 � 1.0

a Values are expressed as means � SD, unless otherwise indicated; b percentages may not total 100 because of rounding; c Ox/Pl therapy was
started between the age of 8.0 and 8.99 yr, after a number of years of GH therapy in age group 1 and at inclusion (i.e. between the age of 8 and
16 yr) in age groups 2 and 3. Because (according to the protocol) GH and Ox were not started at the same time in age group 1, the age at starting
GH is not equal to the age at starting Ox; d Estrogen therapy was started between the age of 12.0 and 12.99 (after a number of years on GH
therapy) in age groups 1 and 2 and at inclusion (i.e. between the age of 12 and 16 yr) in age group 3; e if puberty was induced, the moment at
starting estrogens was used; if puberty developed spontaneously, the moment at Tanner breast stage 2 was used; f for the analysis of the safety
parameters, the eight patients who did not start Ox/Pl were excluded.
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aminotransferase (ASAT), alanine aminotransferase (ALAT),
free T4, and TSH. IGF-I, IGFBP-3, and HbA1c levels were de-
termined in a central laboratory. IGF-I was measured by RIA
from 1991 to 2000, an immunometric technique on an Advan-
tage chemiluminescence system from 2000 to 2006 (Nichols
Institute Diagnostics, San Juan Capistrano, CA), and an immu-
nometric technique on an IMMULITE 1000 analyzer from
2006–2008 (Siemens Medical Solutions Diagnostics, Los Ange-
les, CA), which produced identical results. IGFBP-3 was measured
using a chemoluminescence based immunometric technique
(IMMULITE 2000, Siemens Medical Solutions). IGF-I and IGF-I
to IGFBP-3 molar ratio were transformed into SDS using refer-
ence levels for healthy Dutch children (21). HbA1c levels were
measured using a dedicated automatic HPLC analyzer (DIAMAT
from 1991 to 1997 and VARIANT from 1997 to 2008; Bio-Rad
Laboratories, Inc., Edgemont, CA). Both methods produced
identical results (upper normal assay limit �6.6%).

Statistical analyses
We estimated that 15 patients per dosage and age group were

needed to achieve a power of 80% to detect a difference (P �
0.05, two sided) in first-year height velocity of 2 cm with an
assumed SD of 2.6. Intention-to-treat analyses were performed
and differences in adult height gain were also assessed by a per-
protocol analysis. Safety parameters were assessed in a modified
intention-to-treat analysis, in which patients who refused to start
Ox/Pl therapy were excluded. When Ox/Pl was discontinued
before discontinuing GH, the moment at which GH was dis-
continued was identified as at discontinuing GH�Ox/Pl. Dif-
ferences between dosage groups were tested by linear regression
using two dummies (for GH�Ox 0.03 and GH�Ox 0.06) and
differences in proportions by Pearson �2 tests and Fisher’s exact
tests. Means were compared with zero by a one-sample t test.
Differences in change of outcome variables during the study pe-
riod were assessed by repeated-measurements analysis. Models
were fitted with a different intercept and slope per dosage group
and a random intercept and slope per patient. To assess the in-
fluence of the age groups, interaction terms between age groups
and dosage groups were used.

Results

Patient characteristics
Figure 1 shows the 133 patients that were randomized.

Four patients were lost to follow-up and nine patients
were still treated when the analysis started in May 2008.
Of the 120 patients included in the intention-to-treat anal-
ysis, the parents of eight girls refused Ox/Pl because of fear
of side effects and/or satisfaction with growth. After ex-
cluding all protocol-violators, 82 patients (68%) were left
for the per-protocol analysis.

Adult height gain
Baseline data were similar between the dosage groups

(Table 1). Figure 2 shows the height SDS before, during,
and after discontinuing GH�Ox/Pl therapy. The 2-yr in-
crease in height SDS was significantly greater on GH�Ox

0.03 and 0.06 than on GH�Pl (P � 0.001 for both com-
parisons), but differences decreased before reaching adult
height. Figure 3 shows the individual heights of the 120
girls at starting GH therapy as well as after reaching adult
height. Adult height gain, measured 1.9 � 0.8 yr after
discontinuing GH, was greater than zero in each dosage
group (P � 0.001 for all comparisons) (Fig. 4). Compared
with GH�Pl, it was 2.3 cm greater on GH�Ox 0.03 [95%
confidence interval (CI) 0.4–4.2, P � 0.02] and 1.2 cm
greater on GH�Ox 0.06 (95% CI �0.8 to 3.2, P � 0.3)
(Fig. 4A). Similar results were obtained when leaving out
the eight patients who did not start Ox/Pl therapy (data
not shown) and when analyzing the increase in height SDS
from baseline to adulthood (Table 2). When correcting for
bone age at starting GH therapy, the difference in adult
height gain compared with GH�Pl was 1.8 cm on
GH�Ox 0.03 (P � 0.05) and 1.0 cm on GH�Ox 0.06
(P � 0.3). In the per-protocol analysis, adult height gain
was 3.1 cm greater on GH�Ox 0.03 (95% CI 0.5–5.6, P �
0.02) and 2.2 cm greater on GH�Ox 0.06 (95% CI �0.6
to 4.9, P � 0.1) (Fig. 4B).

FIG. 2. Height SDS during the study compared with untreated
Northern European girls with Turner syndrome (upper part) and
healthy Dutch girls (lower part). Symbols represent means � SD;
Note that Ox/Pl therapy was started between the age of 8.0 and
8.99, after a number of years of GH therapy in age group 1 and at
inclusion (i.e. between the age of 8 and 16 yr) in age groups 2 and
3. Height SDS at starting GH therefore reflects untreated values,
whereas height SDS at starting Ox/Pl includes values from girls who
had already been treated with GH. Height SDS at the last visit was
calculated using reference values for 21-yr-old girls. The asterisk
indicates that mean first 2-yr increase in height SDS was greater
than on GH�Pl (P � 0.001).
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Bone maturation was greater in both GH�Ox groups
than on GH�Pl (GH�Ox 0.03, P � 0.007; GH�0.06,
P � 0.001) (Table 2). When corrected for bone age at
starting GH, the duration of GH therapy was shorter on
GH�Ox 0.03 and 0.06 (�0.4 yr and �0.8 yr, P � 0.06
and P � 0.001, respectively), and the cumulative costs of
GH were lower (�10,100 � 6,100 and �13,500 � 6,300
euro, P � 0.1 and P � 0.03, respectively) than on GH�Pl
(mean cumulative costs,161,200 � 59,500 euro).

Supplemental Table 1, published as supplemental data
on The Endocrine Society’s Journals Online web site at
http://jcem.endojournals.org, shows the baseline and clin-
ical data per-age group and per-dosage group. In the in-
tention-to-treat analysis, mean adult height gain in age
groups 1, 2, and 3 was 9.4 � 4.4, 6.0 � 3.6, and 5.8 � 2.6
cm on GH�Pl; 10.4 � 5.8, 9.0 � 4.4, and 8.6 � 3.0 cm
on GH�Ox 0.03; and 10.0 � 3.7, 9.0 � 4.8, and 5.4 � 4.7
cm on GH�Ox 0.06, respectively. Among the three age
groups, no statistically significant difference in the effect
of Ox on adult height gain was found.

Pubertal development
Puberty started spontaneously in 28 girls (mean age at

B2, 11.1 � 1.0 yr). In the remaining 92 girls, estrogen
therapy was started at a mean age of 12.8 � 0.9 yr. In the
years thereafter, breast stage SDS of the girls that had
started Ox/Pl (modified intention to treat analysis, n �
112) increased less on GH�Ox 0.03 and 0.06 than on
GH�Pl (during first 2 yr, P � 0.05 and 0.1, respectively;
until discontinuing GH�Ox/Pl, P � 0.02 and 0.05, re-

spectively) (Table 2). Breast stage SDS at discontinuing
Ox/Pl was lower on GH�Ox 0.03 than on GH�Pl (P �

0.01) and although it caught up after discontinuing Ox
and increasing estrogen dosages, it was still lower on
GH�Ox 0.03 than on GH�Pl after discontinuing
GH�Ox/Pl (P � 0.04) (Table 2). Pubic hair stage SDS
increased significantly more on GH�Ox 0.03 and 0.06
than on GH�Pl during the first 2 yr of Ox/Pl (P � 0.008
and 0.003, respectively), but the increase during the
total duration of Ox/Pl therapy was not significantly
different between the dosage groups (Table 2). Mean
pubic hair stage SDS at discontinuing Ox/Pl was, how-
ever, significantly greater on GH�Ox 0.06 than on
GH�Pl (P � 0.003).

Adverse events and virilization
During the study, 2030 adverse events were reported,

none of which were considered GH related. Twenty-three
girls reported a total of 40 virilizing adverse events (Table
2), and more girls on GH�Ox 0.06 than on GH�Pl re-
ported virilization (P � 0.001). One girl on GH�Ox 0.03
and seven on GH�Ox 0.06 (vs. zero on GH�Pl, P �

0.005) discontinued Ox because of virilization. After dis-
continuing Ox/Pl, two girls (from groups GH�Ox 0.03
and 0.06) still reported hirsutism, and one girl (from group
GH�Ox 0.06) still reported having a low voice. However,
hirsutism relieved in three girls, subjective voice deepening
relieved in two girls (all from group GH�Ox 0.06), and
clitoral size appeared less in two girls (from group

FIG. 3. Individual baseline and adult heights plotted in the growth charts of healthy Dutch girls and untreated girls with Turner syndrome. Lines
represent mean � 2 SD of the age references of healthy Dutch girls (solid lines) and untreated Northern European girls with Turner syndrome
(dashed lines). Open circles indicate height at baseline (i.e. at starting GH therapy) and filled circles indicate adult height.
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GH�Ox 0.03). The other complaints of virilization were
not reported anymore.

BP
Mean systolic and diastolic BP (Tables 1 and 2) was

significantly higher than in healthy girls, at both starting
and discontinuing GH�Ox/Pl (P � 0.001 for all compar-
isons). During Ox/Pl, systolic BP SDS tended to decrease
somewhat more on GH�Ox 0.06 than on GH�Pl (P �
0.06), whereas changes in diastolic BP SDS were not sig-
nificantly different between the dosage groups (Table 2).

Biochemical evaluation
Compared with GH�Pl, mean IGF-I SDS just before

discontinuing GH�Ox tended to be greater on GH�Ox
0.03 an 0.06 (corrected for values at starting Ox/Pl, P �
0.09 and 0.05, respectively), and the proportion of pa-
tients with an IGF-I greater than 2 SDS at least once during
therapy was greater (GH�Ox 0.03, P � 0.04; GH�Ox
0.06, P � 0.06) (Table 2). The change of IGF-I SDS as well

as IGF-I to IGFBP-3 ratio during the first year of Ox/Pl
therapy was, however, not significantly different between
the dosage groups (Table 2).

After starting Ox/Pl, five girls had intermittently elevated
ASAT and/or ALAT levels (Table 2), and five girls (three on
GH�Ox 0.03 and two on GH�Ox 0.06) developed hypo-
thyroidism and started thyroxine supplementation.

One girl, who already had an impaired glucose toler-
ance at baseline, had impaired glucose tolerance and an
elevated HbA1c (7.7%) after 2 yr of GH�Ox 0.03 ther-
apy. She therefore discontinued GH�Ox, after which
HbA1c and glucose levels returned to normal. The HbA1c
levels of all other girls remained normal, and none of the
girls developed diabetes mellitus type 1 or 2.

Discussion

In the past 2 decades, several trials suggested that the ad-
dition of Ox to GH positively affected adult height in girls
with TS (7–9). However, these studies enrolled smaller
numbers of patients, were neither randomized nor placebo
controlled, and had to lower their Ox starting dosages
(�0.1 mg/kg � d) on the frequent finding of virilizing ad-
verse events. Our randomized, placebo-controlled, dou-
ble-blind study shows that GH combined with Ox at a
previously not studied low dosage (0.03 mg/kg � d) mod-
erately increases adult height gain and has an acceptable
safety profile except for a small deceleration in breast de-
velopment. The addition of the previously conventional
Ox dosage (0.06 mg/kg � d) does not significantly increase
adult height gain and causes virilization in a large propor-
tion of patients.

During the first 2 yr after starting Ox/Pl, the increase in
height SDS on GH�Ox 0.03 and 0.06 was significantly
greater than on GH�Pl. Adult height gain on GH�Ox
0.06 was, however, smaller than on GH�Ox 0.03, which
may be explained by the relatively frequent premature dis-
continuation of Ox 0.06 because of virilization and the
increase in bone maturation with increasing Ox dosages.
In contrast, the growth-promoting effect of GH�Ox 0.03
outweighed the increase in bone maturation, resulting in
an increased adult height gain compared with GH�Pl.

The exact mechanism by which Ox increases bone
growth and maturation is uncertain. A recent report
showed that bone growth in vitro was not influenced by
Ox, suggesting that Ox may mainly influence the growth
plate in an indirect way (22). Ox does not appear to in-
crease GH secretion (23), but it may increase growth by
increasing IGF-I (presumably by increasing insulin in-
duced hepatic GH receptors) (24), suppressing IGFBP-I
(an inhibitor of IGF-I) (24), and/or increasing free estrogen
levels due to an Ox-induced decrease in SHBG (24, 25).

FIG. 4. Adult height gain in the intention-to-treat analysis (A) and per-
protocol analysis (B). Diamonds represent adult height gain (adult
height minus predicted adult height) of the individual patients; lines
represent mean adult height gain per dosage group. Mean adult
height gain was greater than zero in each dosage group (P � 0.001
for all comparisons in both analyses). Compared with GH�Pl, adult
height gain was greater on GH�Ox 0.03 (P � 0.02 both in the
intention to treat analysis and per protocol analysis) and not
significantly greater on GH�Ox 0.06.
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Testosterone is thought to increase bone maturation pri-
marily via the aromatase-induced local conversion to es-
tradiol (25, 26). The increase in bone maturation due to
the nonaromatizable androgen Ox, however, shows that
androgens may also influence bone maturation either di-
rectly or indirectly via other pathways (27).

We found that the addition of Ox to GH therapy de-
layed breast development to some extent. Although breast
stage SDS caught up after discontinuing GH�Ox and in-
creasing estrogen dosages, it was still lower on GH�Ox
0.03 than on GH�Pl. Particularly nonaromatizable an-
drogens (such as Ox and dihydrotestosterone) are known
to inhibit the stimulatory effect of estrogens on the mam-
mary gland (28). This inhibitory effect may possibly be
overcome by increasing estrogen dosages, although a fur-
ther acceleration of bone maturation would then perhaps
eliminate the positive effect of Ox on adult height.

Several girls on GH�Ox 0.06 reported virilization, and
about half of them decided to discontinue Ox for that
reason. The finding that also some girls on GH�Pl com-
plained of virilization reflects that part of the reported
virilization may be regarded physiological and/or that pa-
tients tended to report virilization because they knew this
could be a consequence of Ox. Whereas hirsutism and
clitoromegaly seem to regress after discontinuing Ox (9,
19), voice deepening appears irreversible (29).

Several other adverse events were scarce. As expected in
adolescents with TS, a few patients developed hypothy-
roidism (30). Although Ox at higher dosages may elevate
liver enzymes in non-TS patients (31), we did not find such
an effect at the dosages we studied. We further found that
the addition of Ox did not increase diastolic BP, whereas
systolic BP even tended to decrease on GH�Ox 0.06 vs.
GH�Pl. One patient discontinued GH�Ox 0.03 because
of an increased HbA1c and an impaired glucose tolerance,
after which HbA1c and glucose levels returned to normal.
Patients with TS are at an increased risk of developing
insulin resistance, and GH therapy, especially when com-
bined with Ox 0.06 mg/kg � d or greater, may increase this
risk (24, 32, 33). This effect, however, appeared to be
reversible after discontinuation of therapy (34). IGF-I lev-
els were more frequently increased on GH�Ox than on
GH�Pl, whereas the increase in IGF-I levels and IGF-I to
IGFBP-3 ratio (an indicator of free IGF-I) was not signif-
icantly different between the dosage groups. Previous
studies also showed conflicting results regarding the effect
of Ox on IGF-I levels and IGF-I to IGFBP-3 ratio (35, 36).

The addition of Ox is not the only strategy to increase
adult height gain in TS. Adult height gain may also be
augmented by increasing GH dosages, rather than adding
Ox to GH therapy (6). Increasing GH doses would, how-
ever, increase IGF-I levels (6) as well as costs, whereas our

data show that Ox may lower the GH-associated costs. A
further argument in favor of adding Ox is that it may result
in a more physiological hormonal status, considering the
androgen-insufficient state of untreated girls and women
with TS (37, 38). Another strategy to increase adult height
gain is to start GH therapy at a relatively young age. Our
finding that mean adult height gain on GH�Pl was 9.4,
6.0, and 5.8 cm in age groups 1, 2, and 3, respectively,
confirms that an early diagnosis and start of GH therapy
positively influences adult height gain (6).

Our study has some limitations. First, although it in-
cluded a follow-up period of 1.9 � 0.8 yr after discontin-
uation of GH�Ox/Pl, a longer follow-up would be needed
to assess long-term safety. Second, we did not study qual-
ity of life and well-being. We hypothesize that the ob-
served delay in breast development may negatively affect
these parameters, whereas the increase in height during
therapy as well as the decrease in duration of GH therapy
(i.e. sc injections) may have some positive effects. Com-
pensating the androgenic insufficiency in TS may also have
some positive effects, similar to the effect on well-being
observed in androgen-treated adult patients with TS (39).
Finally, no standardized scoring system was used in the
assessment of the virilizing adverse events. Consequently,
the reported virilization may underestimate the actual oc-
currence of virilization. Because we were unable to com-
pare the girls with healthy girls in puberty, it is additionally
unclear whether the reported virilization should be re-
garded as genuine virilization or a normalization from an
androgen-insufficient state. The relatively great number
of patients that discontinued Ox 0.06 due to viriliza-
tion, however, suggests that this dosage indeed results in
virilization.

We conclude that in GH-treated girls with TS, Ox in a
conventional dose (0.06 mg/kg � d) has limited efficacy
and gives rise to virilizing side effects. We therefore dis-
courage its use. The addition of low-dose Ox (0.03 mg/
kg � d) modestly increases adult height gain and has a fairly
good safety profile, except for a small deceleration in
breast development. In patients considering this deceler-
ation less important than the increment in height gain, Ox
0.03 mg/kg � d may be added to GH to increase height.
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TABLE 2. Outcome variables per dosage groupa

Outcome
GH�Pl

(n � 42)
GH�Ox 0.03

(n � 42)

GH�Ox 0.03
vs. GH�Pl

P value
GH�Ox 0.06

(n � 36)

GH�Ox 0.06
vs. GH�Pl

P value
Age at discontinuing GH (yr) 15.8 � 1.2 15.2 � 1.4 0.03 14.9 � 1.3 0.005
Age at discontinuing Ox/Pl (yr) 15.2 � 1.2 14.4 � 1.8 0.03 13.9 � 1.7 0.001
Duration of GH therapy (yr) 6.4 � 3.1 6.7 � 3.3 0.6 5.8 � 2.8 0.4
Duration of Ox/Pl therapy (yr) 5.0 � 1.5 4.8 � 1.6 0.6 4.2 � 1.7 0.05
Bone maturation during GH therapy (yr/yr) 0.9 � 0.2 1.0 � 0.2 0.007 1.1 � 0.3 �0.001
Age at last visit (yr)b 17.7 � 1.4 16.9 � 1.5 17.0 � 1.2
Adult height (cm)b 155.6 � 5.4 156.7 � 7.2 156.5 � 5.8
Adult height (reference: healthy Dutch girls)

(SDS)b,c
�2.3 � 0.8 �2.1 � 1.1 �2.2 � 0.9

Adult height (reference: untreated girls with TS)
(SDS)b,c

1.4 � 0.8 1.5 � 1.1 1.5 � 0.9

Adult height gain (cm)d 7.2 � 4.0 9.5 � 4.7 0.02 8.3 � 4.7 0.3
�Height (from starting GH therapy to adult

height) (SDS)
0.8 � 0.7 1.2 � 0.7 0.02 1.0 � 0.8 0.3

Patients in per-protocol analysis, n (%)b 30 (71) 30 (71) 22 (61)
Adult height gain, per-protocol analysis (cm)d 6.8 � 4.4 9.8 � 4.9 0.02 8.9 � 5.4 0.1
Pubertal stage

Change in breast stage during first 2 yr of
estrogen therapy (SDS/yr), SEe,f

0.18, 0.07 �0.01, 0.07 0.05 0.04, 0.07 0.1

Change in breast stage from starting
estrogen therapy until discontinuing
GH�Ox/Pl (SDS/yr), SEe,f

0.22, 0.06 0.01, 0.06 0.02 0.05, 0.06 0.05

Breast stage at discontinuing GH�Ox/Pl
(SDS)e

�0.8 � 1.0 �1.4 � 1.0 0.01 �1.1 � 1.0 0.1

Breast stage after discontinuing GH�Ox/Pl
(SDS)e

�0.4 � 0.8 �0.8 � 0.9 0.04 �0.3 � 0.9 0.7

Breast stage after discontinuing GH�Ox/Pl,
median (range)b,e

5 (4–5) 4 (2–5) 5 (3–5)

Change in pubic hair stage during first 2 yr
of Ox/Pl therapy (SDS/yr), SEe

�0.07, 0.08 0.24, 0.08 0.008 0.28, 0.08 0.003

Change in pubic hair stage from starting
Ox/Pl until discontinuing GH�Ox/Pl
(SDS/yr), SEe

�0.06, 0.05 �0.05, 0.05 0.9 �0.02, 0.05 0.6

Pubic hair stage at discontinuing GH�Ox/
Pl (SDS)e

�0.9 � 1.1 �0.8 � 0.9 0.6 �0.3 � 0.8 0.003

Girls with virilization during Ox/Pl, n (%)e 2 (5) 6 (16) 0.3 15 (42) �0.001
Subjective voice deepeningb,e 1 (3) 3 (8) 9 (25)
Hirsutismb,e 1 (3) 5 (13) 12 (33)
Mild clitoromegalyb,e 0 (0) 4 (11) 5 (14)
Girls discontinuing Ox/Pl due to virilization,

n (%)e
0 (0) 1 (3) 1.0 7 (19) 0.005

Blood pressure
Change in systolic BP during Ox/Pl

(SDS/yr), SEe
0.01, 0.03 �0.05, 0.03 0.2 �0.08, 0.03 0.06

Systolic BP at discontinuing GH�Ox/Pl
(SDS)e

1.1 � 1.1 0.8 � 1.2 0.3 1.0 � 1.4 0.8

Change in diastolic BP during Ox/Pl
(SDS/yr), SEe

�0.02, 0.02 �0.04, 0.02 0.5 �0.03, 0.02 0.7

Diastolic BP at discontinuing GH�Ox/Pl
(SDS)e

0.5 � 0.8 0.2 � 0.8 0.3 0.4 � 1.1 0.7

IGF-I
First-year change during Ox/Pl, age group

1 (SDS), SEe,g
�0.30, 0.45 0.29, 0.40 0.3 �0.23, 0.41 0.9

First-year change during Ox/Pl, age groups
2 and 3 (SDS), SEe,g

1.82, 0.27 2.25, 0.29 0.3 2.21, 0.30 0.3

At discontinuing GH�Ox/Pl (SDS)e 0.8 � 1.2 1.3 � 1.1 0.09h 1.4 � 0.8 0.05h

Patients greater than 2 SDS at least once
during Ox/Pl, n (%)e

15 (39) 24 (63) 0.04 22 (61) 0.06

(Continued)

1158 Menke et al. Oxandrolone in Turner Syndrome J Clin Endocrinol Metab, March 2010, 95(3):1151–1160



and administration. The study was designed by S.M.P.F.d.M.
K.-S., B.J.O., J.M.W., E.F.G., R.J.O., M.J., H.A.D.-v.d.W.,
W.H.S.-B., J.J.W., C.W., H.M.R., P.H.D., A.C.S.H.-K. and was
supervised by S.M.P.F.d.M.K.-S., B.J.O., and J.M.W. The data
were gathered by all authors, except E.F.G., and M.A.J.d.R. and
S.v.B. The statistical analysis of the data was performed by
L.A.M., T.C.J.S., M.A.J.d.R., S.v.B., S.M.P.F.d.M.K.-S.,
G.R.J.Z., P.H.D., B.J.O., and J.M.W.. The manuscript was
drafted by L.A.M., T.C.J.S., S.M.P.F.d.M.K.-S., B.J.O., and
J.M.W. All authors participated in interpreting the data and revis-
ing the manuscript; they all saw and approved the final version of
the manuscript.

Address all correspondence and requests for reprints to:
Leonie A Menke, M.D., Department of Pediatrics, Leiden Uni-
versity Medical Center, P.O. Box 9600, 2300 RC Leiden, The
Netherlands. E-mail: l.a.menke@lumc.nl.

This work was supported by Pfizer and Eli Lilly.
Present address for T.C.J.S.: Department Pediatrics, Albert

Schweizer Hospital, Dordrecht, The Netherlands.
Present address for R.J.O.: Department of Pediatrics, Catha-

rina Hospital Eindhoven, Eindhoven, The Netherlands.
Present address for H.A.D.-v.d.W.: Department of Pediatrics,

Leiden University Medical Center, Leiden, The Netherlands.
Disclosure Summary: Preliminary data of this report have

been presented at the 46th and 47th Annual Meetings of the
European Society of Pediatric Endocrinology (September 2007
and 2008) and at the Kabi International Growth Study investi-
gators meeting in April 2008. L.A.M. and S.M.P.F.d.M.K.-S.
have received lecture fees and travel and accommodation pay-
ments from Pfizer, T.C.J.S. has received lecture fees and travel
and accommodation payments from Pfizer and Novo Nor-
disk, and E.F.G. has received a honorarium and travel pay-
ment from Pfizer. H.M.R. receives funding for the pediatric
endocrine fellows in his department from Novo Nordisk and
Ipsen. J.M.W. received consulting fees, honoraria, and lecture
fees from Pfizer and Lilly and has served on an advisory board
for Pfizer and Lilly. All other authors declare that they have no
conflict of interest.

References

1. Stochholm K, Juul S, Juel K, Naeraa RW, Gravholt CH 2006 Prev-
alence, incidence, diagnostic delay, and mortality in Turner syn-
drome. J Clin Endocrinol Metab 91:3897–3902

2. Rongen-Westerlaken C, Corel L, van den Broeck J, Massa G, Karlberg
J, Albertsson-Wikland K, Naeraa RW, Wit JM 1997 Reference values
for height, height velocity and weight in Turner’s syndrome. Swedish
Study Group for GH treatment. Acta Paediatr 86:937–942

3. Rao E, Weiss B, Fukami M, Rump A, Niesler B, Mertz A, Muroya
K, Binder G, Kirsch S, Winkelmann M, Nordsiek G, Heinrich U,
Breuning MH, Ranke MB, Rosenthal A, Ogata T, Rappold GA
1997 Pseudoautosomal deletions encompassing a novel homeobox
gene cause growth failure in idiopathic short stature and Turner
syndrome. Nat Genet 16:54–63

4. Ranke MB, Lindberg A, Ferrández Longás A, Darendeliler F,
Albertsson-Wikland K, Dunger D, Cutfield WS, Tauber M, Wilton
P, Wollmann HA, Reiter EO 2007 Major determinants of height
development in Turner syndrome (TS) patients treated with GH:
analysis of 987 patients from KIGS. Pediatr Res 61:105–110

5. Stephure DK 2005 Impact of growth hormone supplementation on
adult height in turner syndrome: results of the Canadian randomized
controlled trial. J Clin Endocrinol Metab 90:3360–3366

6. van Pareren YK, de Muinck Keizer-Schrama SM, Stijnen T, Sas TC,
Jansen M, Otten BJ, Hoorweg-Nijman JJ, Vulsma T, Stokvis-
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