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ABSTRACT: Little is known about factors determining height
outcome during GH treatment in Turner syndrome (TS). We inves-
tigated 987 TS children within the Kabi International Growth Study
(KIGS) who had reached near adult height (NAH) after �4 y GH
treatment (including �1 y before puberty). Through multiple regres-
sion analysis we developed a model for NAH and total gain. Our
results were as follows (median): 1) At start, age 9.7 yrs, height (HT)
118.0 cm (0.0 TS SDS), projected adult height 146.1 cm, GH dose
0.27 mg/kg wk; 2) NAH HT 151.0 cm (1.5 TS SDS); 3) Prepubertal
gain 21.2 cm (1.6 TS SDS); 4) Pubertal gain 9.4 cm (0.0 TS SDS).
NAH correlated (r2 � 0.67) with (ranked) HT at GH start (�), 1st

year responsiveness to GH (�), MPH (�), age at puberty onset (�),
age at GH start (�), and dose (�). The same factors explained (R2 �
0.90) the total HT gain. However, HT at GH start correlated nega-
tively. Karyotype had no influence on outcome. Evidently, height at
GH start (the taller, the better), age at GH start (the younger, the
better), the responsiveness to GH (the higher, the better) and age at
puberty (the later, the better) determine NAH. (Pediatr Res 61:
105–110, 2007)

Short stature is the most constant clinical feature found in
patients with Turner syndrome (TS) (1). The height

deficit in adult Turner patients is approximately 20 cm below
the female average in corresponding populations (2). To date,
there is no convincing evidence to support the view that the
growth disorder in TS is associated with a disorder in the
growth hormone – IGF (GH-IGF) axis but, instead, to haplo-
insufficiency of the SHOX gene (3); however, substantial
evidence has accumulated over the past 20 y to show that
treatment with supra-physiologic doses of recombinant human
GH (rhGH) during childhood can lead to a higher adult height
(4). Recent investigations have also shown that the short- and

long-term growth responses to GH treatment correlate posi-
tively with the GH dose (5).

Even though GH, as a mode of treatment, has been proved
to be safe (6,7), it is not possible to completely rule out the
risks which may arise due to long-term elevation of GH and
IGF levels (8). In addition, the cost of GH treatment is also an
important aspect that needs to be considered (9). Therefore, in
aiming to achieve the normalization of height by applying the
lowest required amount of GH during the shortest possible
duration, it is imperative to further optimize and individualize
GH treatment in TS. The Pfizer International Growth Data-
base, known as KIGS (and founded as the Kabi International
Growth Study), currently contains nearly 1,000 Turner pa-
tients who were treated up to the achievement of adult height;
it thus served as a unique source of data for our analysis of
factors affecting height outcomes. Our findings show that it is
possible for GH to be applied more effectively and effica-
ciously in the treatment of short stature in Turner syndrome in
the future.

SUBJECTS AND METHODS

Patients. The patients we studied had received rhGH (Genotropin, Pfizer
Corporation) as part of the large pharmaco-epidemiologic survey known as
KIGS. The KIGS database is an international registry developed with the
main objective of documenting the long-term outcomes and safety of Soma-
tonorm and Genotropin, both authentic rhGH products (Pfizer, Inc., New
York). The KIGS survey is conducted in accordance with the recommenda-
tions adopted by the 18th World Medical Assembly (Helsinki, Finland, in
1964) and their subsequent revisions. Each subject and/or his/her legal
representative received adequate information, has the right to withdraw from
the survey at any time, and must give written consent for his/her participation.
In contrast, KIGS did not require informed consent from the subjects or their
legal representatives in many countries during the first decade of its existence.
Currently, informed consent is required and the anonymous use of the data
complies with rigorous privacy guidelines.
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Methods. By June 2, 2005, the number of Turner patients documented in
the KIGS registry totaled 5,651 cases. The distribution of karyotypes is listed
in Table 1. We analyzed patients who were in the prepubertal stage through-
out the first year of GH treatment, who had been treated for more than four
years and had been followed-up to near adult height (NAH). NAH was
defined by the following criteria: age at final visit �15 y old; height velocity
during the last year on GH �2.0 cm/y; analysis of individual growth curves
showing evidence of an asymptotic proximity to final height. Only individuals
who received doses equal to or greater than 5 injections of GH per week were
considered for the analysis. GH doses were approximately constant during the
course of treatment. The onset of puberty was taken to be the time when
spontaneous breast development (Tanner stage B2) was first observed or the
date at which estrogen replacement therapy was initiated. The time elapsed
between the prepubertal status and the observed onset of puberty was less than
6 mo. The assessment of the qualitative and quantitative aspects of estrogen
replacement was done by the treating physicians and is not one of the aims of
this study. Additional treatment with oxandrolone was done in 23 patients at
the time of GH treatment initiation, in 52 patients after one year on GH, in 79
patients at the onset of puberty and in 94 patients at NAH.

For consistency with similar analyses in the past (10), we used the height
standards of Tanner et al. for normal children (11) which have been corrected
for the absence of puberty (12), and the weight standards of Freeman et al.
(13). The height references for Turner individuals established by Ranke et al.
(14) were also applied. Projected adult height (PAH) was calculated according
to Lyon et al. (15). Birth weight for gestational age was transformed into an
SD score (SDS) based on the standards of Niklasson et al. (16). The MPH
(mid-parental height) SD score was calculated as follows: (father’s height SD
score � mother’s height SD score) � 1.61 (17). Bone age determinations
were done by the treating physician and calculated according to the method of
Greulich and Pyle (18). To analyze the extent of the observed growth during
the first year on GH, the height velocity was predicted according to the KIGS
model for Turner patients (10), following which the studentized residual was
calculated (see Statistical analysis).

Analysis of factors influencing near adult height and height gain. A
multiple regression analysis was done with the aim of studying the factors
influencing the height outcome of GH treatment. The dependent variables
chosen were height (cm) or change in height (cm) between the start of GH
treatment and the achievement of NAH.

The following independent variables were tested: 1) Status at birth: weight
SD score, length SD score, ponderal index; 2) Genetic background: mother’s
height SD score, father’s height SD score, midparental height (MPH) SD
score, and karyotype; 3) Treatment modality: GH dosage [per kg of body
weight and per kg of ideal body weight (weight for height)], frequency of GH
injections, and accumulated years of GH treatment; 4) Variables at the start of
treatment: age, bone age, height SD score, weight SD score, height SD score
minus MPH SD score, the peak GH concentration in serum during stimulation
tests; and 5)Variables at puberty onset: age, bone age, height SD score, weight
SD score, height SD score minus MPH SD score. SD scores were calculated
as follows: SD score � (patient’s measured value minus mean value for age-
and sex-matched normal subjects) � SD of the value for age- and sex-
matched normal subjects.

Statistical analysis. Wilcoxon rank tests were used for the comparison of
data, median values, and 10th–90th centile ranges. The Spearman correlation
coefficients are quoted, and p-values correspond to two-sided tests. For
multivariate regression analysis, the procedure REG in the programme pack-
age SAS™ Version 8 was used.

Differences between observed and predicted height velocities were ex-
pressed in terms of studentized residuals. The residual is calculated as the
observed height velocity minus the predicted height velocity for each obser-
vation, and the studentized residual is the residual divided by its SE. The
prediction model for the first year of GH treatment in Turner syndrome (n �
686) as described in a previous publication (10) explains 46% of the vari-
ability of the height velocity with an error SD of 1.26 cm in the case of six
parameters (in order of importance): 1) GH dose (�); 2) age at GH therapy
start (�); 3) weight (�); 4) supplementary oxandrolone therapy (�); 5) height
at GH start minus MPH (�); and 6) number of GH injections per week (�).

RESULTS

Description of patients treated to near adult height. A total
of 987 Turner patients reached near adult height. The relative
frequency of the documented karyotypes is listed in Table 1.
This distribution of karyotypes was not significantly different
from the total group of 5,651 TS patients in KIGS. The
characteristics of patients before GH therapy start and at the
time of GH start are listed in Table 2. The characteristics of
the subjects after one year of GH and at the onset of puberty
are listed in Table 3. The characteristics of patients at the time
near adult height was reached are listed in Table 4.

Birth weight at a median gestational age of 40 wk was 1.0
SDS below the population mean (p � 0.001) while mid-
parental height (MPH, 0.1 SDS) was not different. Age at the

Table 1. Distribution of karyotypes in KIGS patients with Turner
syndrome, showing the group as a whole and the group which

reached near adult height (NAH)

Karyotype All (n � 5,651) NAH (n � 987)

45,X 50.1% 53.2%
46,X,Xp- 1.2% 0.1%
46,X,Xq- 0.6% 0.1%
46,X,iXq 7.3% 6.0%
46,X,Xr 0.2% �0.1%
45,X/46,XX 11.1% 7.7%
45,X/46,X,Xr 4.3% 3.4%
45,X/46,X,iXq 10.8% 10.1%
45,X/47XXX 4.3% 2.5%
Other 45X, mosaic

variant
9.3% 15.7%

45,X/46,XY 0.8% �0.1%

Table 2. Characteristics of patients before GH therapy and at GH therapy start

Variables n Median 10th centile 90th centile Mean SD

Background
Gestational age (weeks) 928 40.0 36.0 41.0 38.9 1.9
Birth weight (SDS) 917 –1.0 –2.6 0.4 –1.1 1.2
Midparent height (MPH) (SDS) 933 0.1 –1.5 1.5 0.1 1.1
maxGH to tests (g/L) 637 12.1 4.7 28.1 14.3 9.4

GH therapy
Age (years) 987 9.7 5.8 12.3 9.3 2.4
Bone age (years) 478 8.5 4.5 10.8 8.1 2.3
Height (cm) 987 118.0 100.1 130.0 116.5 11.7
Height velocity (cm/yrs) 408 4.3 2.7 6.0 4.4 1.4
Height (Tanner) (SDS) 987 –2.4 –3.4 –1.5 –2.6 0.8
Height TS (Ranke) (SDS) 987 0.0 –1.3 1.1 –0.1 1.0
Projected adult height (SDS) 987 146.1 138.2 153.1 145.9 5.9
BMI (SDS) 987 0.2 –1.1 1.6 0.2 1.0
GH dose (mg/kg wk) 987 0.27 0.17 0.37 0.27 0.08
Freq. GH (inj./week) 987 7.0 6.0 7.0 6.5 0.9
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start of GH treatment averaged 9.7 y. Height (�2.4 SDS) was
low in comparison with the normal reference population (p �
0.001), but not different (0.0 SDS) in comparison with Turner
references. The average projected adult height was 146.1 cm.
The initial GH dose, which remained approximately constant
up to the end of treatment, averaged 0.27 mg/ kg body weight
per week, and was delivered in seven weekly injections in the
majority of cases.

After one year of GH treatment, the population had reached
a height of –1.9 SDS (Tanner references) or 0.7 SDS (TS
references). The median gain in height SDS amounted to 0.5
(Tanner) and 0.7 (TS), respectively. The median height ve-
locity during this particular year was 7.4 cm. As expressed by
the studentized residual of 0.0, the observed height velocity
was on the average identical to the height velocity predicted at
the start of treatment on the basis of the patients´ character-
istics (10).

There were 540 patients who fulfilled the criterion regard-
ing the defining age for puberty onset (see Methods) which, on

an average, was 13.5 y. Height at this age was 141.8 cm, thus
corresponding to –1.4 SDS (Tanner) and 1.6 SDS (TS). The
overall gain in height, starting from the time GH therapy was
introduced, was 21.2 cm and corresponds to 1.5 SDS (TS).
The height gain from the start of puberty to NAH was 9.4 cm,
corresponding to –0.5 SDS (Tanner) and 0.0 SDS (TS),
respectively.

The average age of patients at NAH was 16.9 y, with bone
age (n � 148) being 14.5 y. The median height reached was
151.0 cm and corresponded to a median gain of 4.9 cm above
the projected height at the time GH therapy started. Median
height as expressed in SD scores was –1.9 SDS (Tanner) and
1.5 SDS (TS), respectively.

The relationship between the most frequent karyotypes and
some basal characteristics at GH therapy start and at NAH are
listed in Table 5. No significant differences were observed
between the groups.
Analysis of factors influencing near adult height (NAH)

and height gain. Our analysis showed that height (cm) at

Table 3. Characteristics of patients after one year of GH and at onset of puberty

Variables n Median 10th centile 90th centile Mean SD

After one year on GH
Age (years) 904 10.7 6.8 13.2 10.3 2.4
Bone age (years) 471 10.0 6.8 11.5 9.3 2.1
Height (cm) 904 125.2 107.7 137.5 124.0 11.3
Height (Tanner) (SDS) 904 –1.9 –3.0 –0.9 –2.3 1.0
Height TS (Ranke) (SDS) 904 0.7 –0.7 2.0 0.6 1.0
BMI (SDS) 898 0.1 –1.1 1.4 0.1 1.0
Height velocity (cm/yr) 904 7.4 5.4 9.7 7.5 1.7
Predicted height velocity (cm/yr) 752 7.7 6.3 9.1 7.7 1.1
Studentized residual (SDS) 752 0.0 –1.4 1.3 0.0 1.1
Delta height (Tanner) (SDS) 904 0.5 0.2 0.8 0.3 0.3
Delta height (Ranke) (SDS) 904 0.7 0.3 1.1 0.7 0.3

Puberty onset
Age (years) 540 13.5 11.6 15.7 13.6 1.6
Bone age (years) 183 12.0 10.7 13.0 11.9 1.0
Height (cm) 540 141.8 130.9 151.2 141.3 1.9
Height (Tanner) (SDS) 540 –1.4 –2.5 –0.3 –2.2 1.1
Height TS (Ranke) (SDS) 540 1.6 0.0 3.0 1.5 1.2
Prepubertal delta height (cm) 540 21.2 11.1 43.0 24.1 12.0
Prepubertal delta height (Ranke)

(SDS)
540 1.5 0.8 2.5 1.6 0.7

BMI (SDS) 536 0.4 –1.0 1.7 0.4 1.1
GH dose (mg/kg wk) 540 0.28 0.20 0.37 0.28 0.07

Table 4. Characteristics of patients at near final height

Variables n Median 10th centile 90th centile Mean SD

Near final height
Age (years) 987 16.9 15.5 18.8 17.1 1.4
Bone age (years) 148 14.5 13.5 16.0 14.7 1.2
Height (cm) 987 151.0 142.5 158.7 150.7 6.4
Height (Tanner) (SDS) 987 –1.9 –3.3 –0.6 –1.9 1.1
HT–MPH (SDS) 933 –2.0 –3.3 –0.5 –2.0 1.1
Height TS (Ranke) (SDS) 987 1.5 0.1 2.9 1.5 1.1
BMI (SDS) 966 0.7 –0.7 2.1 0.6 1.2
Mean GH dose (mg/kg wk) 540 0.28 0.21 0.35 0.28 0.06
Pub. delta HT (cm) 540 9.4 3.3 17.1 9.9 5.3
Pub. delta HT (Tanner) (SDS) 540 –0.5 –1.1 0.3 0.4 0.7
Pub. delta HT (Ranke) (SDS) 540 0.0 –0.6 0.7 0.0 0.5
Total delta HT (Tanner) (SDS) 987 0.6 –0.4 1.8 0.7 0.8
Total delta HT (Ranke) (SDS) 987 1.6 0.7 2.6 1.6 0.8
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NAH was a function of (in order of importance): 1) height at
GH therapy start (�); 2) studentized residual (index of re-
sponsiveness) during the 1st year on GH (�); 3) MPH (�); 4)
age at onset of puberty (�); 5) age at GH therapy start (�);
and 6) mean dose of GH per week (�). All parameters were
significant at a probability level of p � 0.01.The regression
equation is: NAH (cm) � 142.9 � (MPH [SDS] � 1.37) �
(height at GH start [SDS] (TS) � 4.11) � (studentized
residual 1st year � 1.99) � (mean GH dose [mg/kg/wk] �
4.82) � (age at puberty start yrs � 0.74). This equation
explains 67% of the variability of NAH with an error SD of
3.6 cm. The data are listed in Table 6. The correlations
between NAH and its most important determinants are illus-
trated in Fig. 1.

The gain in height (cm) between GH therapy start and NAH
was found to be a function of (in order of importance): 1) age
at GH start (�), 2) studentized residual (index of responsive-
ness) during the 1st year on GH (�), 3) age at puberty start
(�), 4) MPH (�); 5) height at GH start (�), 6) mean dose of
GH per week (�), and 7) birth weight (�). All parameters
were significant at a probability level of p � 0.01. The
regression equation is: delta height (cm) � 64.0 � (MPH
[SDS] � 1.37) � (height at GH start [SDS] (TS) � –0.70) �
(studentized residual 1st year � 2.08 � (mean GH dose
[mg/kg/wk] � 6.73) � (age at puberty start [yrs] � 0.97) �
(age at GH start [yrs] � �4.76) � (birth weight [SDS] �
0.34). This equation explains 90% of the variability of NAH
with an error SD of 3.7 cm. The data are listed in Table 6. The
correlations between the total gain in height and its most
important determinants are illustrated in Fig. 2.

DISCUSSION

Turner syndrome is a disorder caused by the total or partial
loss of one X-chromosome. It occurs with an incidence of
about 1:2,000 among females. The main features of TS are
short stature (�90%), gonadal dysgenesis and a variety of
dysmorphic features (1). Short stature is the most consistent
symptom, as the extensive studies on spontaneous growth in
TS have shown. The patients are short at birth and during
childhood and their adult height is about 20 cm below the
population-specific female average (2). The cause of the
growth disorder is not fully understood. It is, however, evident
that neither a primary disorder in the GH-IGF axis nor the lack
of sex steroids plays a major part in the growth disorder;
instead, it is haploinsufficiency of the SHOX gene (3) that has
been shown to play a crucial role, which, however, has yet to
be fully elucidated.

Systematic attempts to promote height in TS began after
recombinant human GH became available. In a landmark
study, Rosenfeld et al. (19) showed that through long-term
treatment with doses higher than the replacement doses ap-
plied in treating GH deficiency, height during childhood as
well as final adult height could be augmented in TS. In the
study, conceived in the early 1980s, age at the start of GH
therapy was about 10 y and the overall gain in height over
projected adult height (PAH) was about 10 cm. These findings
were confirmed in a recent trial which included untreated
controls who were observed up to achievement of adult height
(20). Similar results were reported from a variety of other
studies that were conducted at about the same time (4,9). In
addition, various researchers reached the conclusion that GH
treatment in TS was generally safe (6,7,21). In a Cochrane
review of articles on final height outcomes, however, it was
concluded that the reported gain in height was rather moder-
ate, particularly in view of the high costs involved in long-
term treatment (9). More recently it was shown that an even
greater gain in adult height could be achieved in Turner
patients if higher GH doses were given and treatment was
started at an earlier age (5). These observations further
strengthen the established fact that the GH dose during the
first year of prepubertal treatment is the foremost factor and
that it is the responsiveness to GH which determines height
gain during the subsequent prepubertal years (10). Other
studies have provided evidence that treatment which is initi-
ated at an earlier age results in a greater gain in height (22,23).
Some researchers caution against introducing estrogen re-

Table 5. Relationship between karyotype and basal characteristics at GH start

Karyotype n Age at start (yrs) Height at start (cm)
Projected Adult

Height (cm) Age NAH (yrs) Height NAH (cm)

45,X 525 9.3 117.5 146.9 16.9 151.7
45,X,iXq 59 10.5 119.2 144.9 17.0 149.2
45,X/46,XX 76 10.2 119.0 145.9 16.6 149.6
45,X/46,X,Xr 34 9.8 115.6 144.4 16.7 148.5
45,X/46,X,iXq 99 9.7 118.9 144.7 16.9 150.3
45,X/47,XXX 25 10.3 121.4 146.3 16.1 152.3
All karyotypes 987 9.8 118.0 146.1 16.9 151.0

Table 6. Regression equations for near adult height (cm) and total
gain in height (cm)

Response parameter (y)
Parameter estimate (x) Rank

Height
(cm)

Height
gain (cm) Rank

Intercept 142.9 64.0
MPH (SDS) 1.37 3 1.37 4
Height at GH start (SDS) (TS) 4.11 1 �0.70 5
Studentized residual 1st yr (TS) 1.99 2 2.08 2
Dose GH (mg/kg/wk) 4.82 6 6.73 6
Age at puberty start (yrs) 0.74 4 0.97 3
Age at GH start (yrs) �0.33 5 �4.76 1
Birth weight (SDS) — — 0.34 7
r² 0.67 0.90
p � 0.0001 0.001
Error SD (cm) 3.6 3.7
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placement too early (e.g. �13 y of age), as it could possibly
interfere with the height outcome (23,24). Medical practice
has advanced as a consequence of these findings, and a group
of experts has summarized the new therapeutic recommenda-
tions in a published report (4).

These world-wide developments are also successively re-
flected in the treatment of patients enrolled in KIGS. The
characteristics of this patient cohort resemble in all respects
those observed in other large series initiated in the late 1980s:
the GH doses applied were slightly higher than those used in
treating GH deficiency, and puberty was generally induced
after the age of 13 y. The height gain observed was thus
comparable with other studies. Our descriptive data show that
there is no further gain in relative height after the onset of
puberty, a finding which is consistent with our present knowl-
edge concerning the roles of the dose and the response and
their relationship with height gain and GH therapy during
puberty (25,26). It is important to mention here that only a
moderate loss in height occurs during this phase in untreated

TS patients (14). Adult height (�18 yrs of age) was analyzed
in a recent study (27) of 704 French Turner patients who were
treated between 1986 and 1997 with a mean GH dose of 0.26
mg/kg/wk for 5.0 y. GH treatment in these patients started at
a mean age of 11.9 y and ended either at a mean age of 14.5 y
(due to spontaneous puberty) or at 16.6–17.0 y (after induced
puberty). The majority of patients (n � 522) received estro-
gens for the complete induction of puberty at an age of 15.0 y.
Mean adult height was 14.9 � –6.1 cm, i.e. 8.6 cm above
projected height. The French study took a different approach
in their multivariate analysis, and their results showed that the
most important factors were age at onset and duration of
treatment (which are not independent), as these accounted for
66% of the total (90%) explained variability of adult height.
The influence of bone age delay, target height, GH dose,
frequency of injections, weight, and age at puberty was minor.
The detailed analysis of puberty in the French study supports
our findings with regard to the slight gain (or no gain) in
height after the onset of puberty.

Contrary to our expectations, the height outcomes in our
cohort were not affected by the individual karyotypes. This
finding is analogous with the situation of spontaneous growth,
in which karyotype does not play an important role. Thus, the
growth disorder in TS is not associated with the karyotype but,
instead, is attributable to the genetic predisposition that TS
patients have in common (3). It can also be inferred that the
long-term response to GH therapy in TS is related to a factor
that is common to all patients. In an earlier study, we showed
that the amount of the GH dose as well as the responsiveness
to GH were the main determinants of the height gain during
the first prepubertal years in TS (10). In a recent study we
demonstrated that both the short-term as well as the long-term
gain in height in TS is a function of the polymorphism of the
GH receptor gene (27), which was discovered to be a com-
ponent affecting short-term growth in GH deficiency (28, 29).
This reinforces and widens the concept that the responsiveness
to GH determines the response, on which several prediction
models involving easily accessible auxological parameters
were designed (10).

The current analysis was conducted with the aim of determin-
ing further factors relevant to the individualization and optimi-
zation of GH treatment in young TS patients which could be used
to improve the efficacy and the cost-effectiveness of this mode of
treatment. The regression equations we derived from a very large
cohort of patients indeed support the principal concepts of current
treatment in TS; in addition, they offer a means of developing
mathematically algorithms which offer a practical tool to calcu-
late both the expected gain in height as well as the expected final
height. Our findings show that the parameters which play a role
in influencing adult height are the same as those which are
involved in the gain in height. Both response parameters are
affected by the MPH (�), GH dose (�), responsiveness to GH
(�), age at GH start (�) and age at puberty onset (�). Paradox-
ically however, absolute height is greater if the patient is tall at
GH therapy start, while the gain in height is greater if the patient
is relatively short. The magnitude of the explained variability of
the outcome variables (67% and 90%) as well as the magnitude
of the errors suggest that these regression equations are suitable

Figure 1. Near adult height (cm) in 987 patients with Turner syndrome.
Correlation with (A) HT at GH start, (B) Studentized residual 1st yr on GH,
(C) age at puberty onset, and (D) mean GH dose.

Figure 2. Total gain in height (cm) on GH in 987 patients with Turner
syndrome. Correlation with (A) age at GH start, (B) Studentized residual 1st

yr on GH, (C) age at puberty onset, and (D) mean GH dose.
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for use as guidelines in daily practice. On the one hand, this
means that the GH dose and the timing of puberty onset can be
adapted to the individual patient’s requirements and responsive-
ness to GH. On the other hand, this also means that, in certain
cases, the GH dose would need to be reduced or that GH
treatment would possibly even be discontinued. The optimal
treatment regimen during puberty remains an issue of great
practical concern. Clearly, further investigations need to be con-
ducted in which Turner adolescents treated with GH are com-
pared with controls; this modality being ethically justified after
appropriate prepubertal treatment is completed.
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