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Summary
Objective To investigate response to growth hormone (GH) in
the first, second and third years of treatment in the total clinical
cohort of Turner syndrome (TS) patients in Australia.
Context Short stature is the most common clinical manifestation
of TS. GH treatment improves growth.
Design Response was measured for each year of treatment. Stepwise multiple regression analyses were used to identify factors that
significantly influenced response.
Patients Prepubertal TS patients who completed 1 year
(n = 176), 2 year (n = 148), or 3 year (n = 117) of treatment and
were currently receiving GH.
Measurements Change in TS specific Height Standard Deviation
Score (DTSZ) was the main response variable used. Major influencing variables considered included dose, starting age and height,
BMI, bone age delay, karyotype, parental height, and interactions
between dose and starting age or height.
Results Response was greatest in first year and declined thereafter
(median DTSZ: 1st year = +0Æ705, 2nd year = +0Æ439, 3rd
year = +0Æ377) despite the median dose increasing [1st year =
5Æ5 mg/m2/week (0Æ23 mg/kg/week), 2nd year = 6Æ4(0Æ24), 3rd
year = 7Æ2(0Æ26)]. An Age*Dose interaction was identified influencing first, second year, and total DTSZ. The DTSZ over 3 years
was significantly influenced by first-year dose. Dose increments
only attenuated the general decline in response. An acceptable firstyear response (DTSZ > 1Æ01) was achieved by only 17Æ6% of
patients.
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Conclusions Growth response is greatest and most influenced by
dose in the first year. Dose in first year is a major factor contributing to total response. A starting Age*Dose interaction effect was
observed such that young girls on a high dose respond disproportionately better. Optimal GH treatment of short stature in TS thus
requires early initiation with the highest safe dose in the first year.
(Received 30 September 2010; returned for revision 6 November
2010; finally revised 18 November 2010; accepted 19 November
2010)

Introduction
In this report, we examine treatment in a nationwide growth hormone (GH) treatment program for Turner syndrome (TS) by
focussing on the first-, second-, and third-year response of all prepubertal girls receiving GH for TS in Australia in 2007. It follows
on from and makes contrasting reference to two earlier Australian
studies1,2 to report on GH treatment of TS.
TS results from the total or partial loss of one X chromosome in
females. This loss may affect all cells, or the individual may be a
mosaic of affected and normal cell lines. It is the most common
chromosomal disorder affecting females and is reported to affect 1
in 1800–5000 live-born girls, although at conception the rate is as
high as 3% with 99% of these spontaneously aborting3–5 TS consists of a wide range of characteristic phenotypic features of which
short stature is one of the most frequent. Without intervention, TS
women are approximately 20 cm shorter than unaffected peers.4–6
The short stature phenotype is, at least partly, attributable to haploinsufficiency of the pseudoautosomal SHOX gene (short stature
homeobox-containing gene; Xp22Æ33 and Yp11Æ3)7 Although there
is no abnormality in the GH/insulin-like growth factor-1 axis, GH
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treatment at supra-physiological doses improves height gain in the
short term and final adult height outcome.4–6
The Australian program is possibly unique in at least two aspects
as dosing is based on body surface area (BSA) and that the mean
dose is lower than that used in other countries.1,2,4,8–14 A critical
appraisal of the efficacy of GH treatment in this cohort, particularly
in reference to these points of difference, may be useful for paediatric endocrinologists to identify treatment strategies for improving
growth outcomes for TS in other countries as well as Australia.

Materials and methods
Subjects
Treatment data and basic demographic and clinical information on
all children receiving GH as part of the Australian Government’s
Pharmaceutical Benefit Scheme (PBS) are recorded in a national
database (OZGROW). In all cases, informed consent is obtained
from the patient’s parent/guardian for this data to be used for
research into, and evaluation of, GH use under the PBS program.
Information is de-identified to maintain patient confidentiality. In
this study, TS patients were selected who were currently recorded
as receiving GH (as of third December 2007), were prepubertal,
had made at least one visit to a growth clinic in 2007, had received
GH for more than 39 weeks (first-year response analysis),
91 weeks (second-year response analysis), or 143 weeks (third-year
response analysis), and for which GH dose rates were available at
each visit to a growth clinic. A total of 176 girls fulfilled the above
criteria for the first year 148 for the second year, and 117 in the
third year.
Requirements for subsidized GH treatment
Girls with TS are eligible to receive GH treatment if their height is
at or below the 95th centile on a Turner-specific chart15 as detailed
in ‘Guidelines for the Availability of Human Growth Hormone
(hGH) as a Pharmaceutical Benefit’.16
In Australia, the Commonwealth Department of Health and
Ageing (DoHA) allows a dose range from 4Æ5 to 9Æ5 mg/m2/week
for Turner syndrome. In this report, dose has been presented in
both mg/m2/week and mg/kg/week forms for the purpose of comparison. Median doses reported in the literature range from 0Æ23 to
0Æ36 mg/kg/week.4,8–14 The median first-year dose reported in our
cohort was 5Æ5 mg/m2/week, which is approximately equivalent to
0Æ23 mg/kg/week.
Height and weight measurements
Height, weight, and age were recorded at each visit to a growth centre. Height and weight were measured by experienced clinical
nurses or paediatricians using standard auxological methods.
Height measurements were converted to SDS, or Z values, according to age at measurement using the Turner syndrome-specific formulas of Haeusler et al.17 with reference also to the Turner
syndrome standards of Lyon et al.15 As some previous studies have
used height SDS based on the general population of girls, for the

purpose of comparison, we also calculated height SDS according to
the United States Growth Charts of the Centers for Disease Control
and Prevention (CDC).18 Growth velocity (GV) was also calculated
and converted to TS-specific Z values.17 BMI was converted to a Z
score based on CDC standard data.18
Height (Ht) and weight (Wt) measurements were used to
estimate BSA using Mosteller’s19 formula BSAðm2 Þ ¼
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Ht(cm)Wt(kg)
. With a knowledge of BSA, dose (mg/m2/week),
3600
and weight the dose in terms of mg/kg/week could be calculated. In
a majority of cases, heights of both parents were available by either
measurement or self-report. Parental heights were converted to
height SDS using the LMS procedure and the CDC Growth
Charts.18 The mean parental height SDS could then be calculated:
Ht(SDS)Father þHt(SDS)Mother
Ht(SDS)Midparent ¼
. Similarly, most
2
individuals had bone ages (BA) available, which allowed a BA to
chronological age (CA) difference to be calculated.
Analyses
Response to GH treatment in first, second, and third years was
measured as change in Turner-specific height SDS (DTSZ) or as
the Turner-specific SDS of GV (GVZ). First-year response was
measured as DTSZ1 or GVZ1 over the first 52 weeks of treatment.
In practice, the visit closest to being 52 weeks since the commencement of GH was identified and the response normalized to
52 weeks. Similarly, second- (DTSZ2, GVZ2) and third-year
(DTSZ3 or GVZ3) response was measured over subsequent blocks
of normalized 52 weeks of treatment. A number of factors were
investigated with regard to their potential influence on DTSZ or
GVZ response. These were mean dose per week during the first,
second or third year of treatment (mg/m2/week or mg/m2/week),
mean parental height SDS, age at commencement of GH treatment,
height SDS (TSZ) at start of that year of treatment, body mass
index Z-score at start of that year of treatment (BMI-Z), difference
between bone and chronological age (BA-CA), and karyotype
(monosomy, mosaic, isochromosome/deletion). In addition, for
second and third years, the DTSZ or GVZ recorded in previous
years were used as factors. Interaction effects between dose and age,
dose and start TSZ, and dose and start BMI-Z were also included.
The nature of the response to treatment and the effects of the
variables mentioned above (independent variables) were assessed
in a number of ways. Descriptive statistics were used for DTSZ and
GVZ (first, second or third year) and independent variables. The
proportion of poor responders, defined as those responding at
<0Æ1, for DTSZ or GVZ was calculated. The combined effects of
independent variables on DTSZ and GVZ were assessed by stepwise
model 2 linear regression analysis. In the absence of a definitive
interpretation of what an adequate response to GH treatment
should be20, we defined this to be the expected response given the
optimization of those controllable variables identified as significant
from the regression analyses. Given this definition, the overall
response of the cohort was assessed. Distribution symmetry and
linear relationships were assessed graphically. Distributions were
tested for normality using the D’Agostino–Pearson omnibus test
and appropriate tests used for comparisons of variables. Statistical
 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 74, 473–480
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tests were performed using Microsoft Excel (Redmond, WA, USA)
or spss 17.0 for Windows (Chicago, IL, USA).

Results
The effect of GH treatment was seen to increase the heights of this
cohort of girls from approximately the mean (0Æ034 standard deviations above the mean) for Turner syndrome girls (Table 1) progressively over the 3 years of treatment to a median value of 1Æ46
standard deviations above the mean by the end of year 3.
Median DTSZ (Fig. 1) and GVZ values significantly decrease in
each year of treatment despite the mean GH dose significantly
increasing in each year (Table 1). There is also more variation in
responses in the first year of treatment compared to the subsequent
2 years (Table 1). There was no significant difference between the
first-year median DTSZ of those who went on to receive GH for a
second year (DTSZ1 = 0Æ708) and those who did not
(DTSZ1 = 0Æ639, P = 0Æ623). This was also the case for second-year
response, with no significant difference between those going on to
a third year of treatment (DTSZ2 = 0Æ459) and those not
(DTSZ2 = 0Æ357, P = 0Æ216). Similar results as shown in Table 1
were seen when only those girls who received treatment in each of
the 3 years were considered (Supplementary Table S1). For those
girls completing 3 years of treatment, the median total
DTSZ = 1Æ633 of which 48% was contributed by the first-year
response and 28% and 23% from the second-and third-year
responses respectively.
The percentage of poor responders as defined by Z < 0Æ1, for
both DTSZ and GVZ, also increased each year: 9Æ1%, 12Æ1%, and
17Æ1% for DTSZ and 1Æ1%, 5Æ4%, and 9Æ4% for GVZ. Factors that
Table 1. Median values for baseline data and
response measures

were identified as being notably different between DTSZ poor
responders and other patients are shown in Table 2. Of the 18 DTSZ
poor responders identified in second year, 4 were also among the 16
poor responders in first year. Of the 20 poor responders in the third
year, 3 were also poor responders in second year and 2 in first year.
No individual was classified as a poor responder in all 3 years.
In Australia, the Department of Health and Ageing recommends
GH dose to start at 4Æ5 mg/m2/week with the provision to increase
this to 7Æ5 mg/m2/week and, for TS, to a maximum of 9Æ5 mg/m2/
week. As a consequence, three dose range groups were identified
and these designated as Low, Medium, and High as defined in
Table 3. The demographics of dose range groups and their effect
on response are also shown in Table 3.
Defining dose range groups allows for an analysis of the effects of
incremental dosing (Fig. 2 and Supplementary Table S2). Individuals moving to a higher dose range group from 1 year to the next
generally had a significantly poorer response in the previous year
compared to girls who remained in the same dose range group.
Moving up a dose range group had the effect of significantly easing
the general decline in response but not to improve on a poor
response from the previous year (Fig. 2 and Supplementary
Table S2).
Model 2 linear regression using a stepwise addition of variables
was used to identify possible relationships between influencing factors for response in each year of treatment.
The linear regression model for DTSZ1 is shown below,
DTSZ1 = 0Æ087 (MeanDoseY1) ) 0Æ001 (Age * DoseY1) + 0Æ099
(BMIZStartY1) ) 0Æ111(TSZStartY1) + 0Æ140.
Thus, factors influencing DTSZ1 are mean dose in the first year
of treatment and the BMI-Z and TSZ at the start of treatment.
Treatment-year cohort
1st year

Number of patients
176
Before starting GH
Age† at start GH
5Æ8
Mean parent SDS‡
)0Æ163
At start of or during year of treatment
TSZ Start
0Æ034
SDS‡ Start
)2Æ386
BMI§ (BMI-Z) Start
16Æ4 (0Æ385)
BA-CA Start–
)0Æ803
Mean GH dose** during
5Æ5 (0Æ23)
Response measures (IQR††)
DTSZ
0Æ705 (0Æ537)
GVZ
1Æ824 (1Æ335)
DSDS‡
0Æ406 (0Æ548)
TSZ End
0Æ641 (1Æ408)

2nd year
148

3rd year

P*

117

5Æ5
)0Æ210

5Æ3
)0Æ186

0Æ234
0Æ989

0Æ559
)2Æ043
16Æ4 (0Æ356)
)1Æ199
6Æ4 (0Æ24)

1Æ005
)1Æ881
16Æ5 (0Æ522)
)0Æ798
7Æ2 (0Æ26)

1Æ44 · 10)13
1Æ50 · 10)8
0Æ682 (0Æ622)
0Æ686
6Æ24 · 10)4

0Æ439 (0Æ426)
1Æ133 (0Æ855)
0Æ194 (0Æ384)
1Æ003 (1Æ462)

0Æ377 (0Æ379)
0Æ762 (0Æ698)
0Æ097 (0Æ303)
1Æ461 (1Æ428)

5Æ85
1Æ10
2Æ78
8Æ11

·
·
·
·

10)11
10)22
10)16
10)8

BA, bone age; CA, chronological age; GH, growth hormone.
*P-value for Kruskal–Wallis test.
†Years.
‡Height standard deviation score from Centers for Disease Control tables for general population.
§kg/m2.
–Bone age minus chronological age in years.
**mg/m2/week (mg/kg/week).
††Inter quartile range.
 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 74, 473–480

476 I. P. Hughes et al.
Frequency polygon for delta TSZ in 1st, 2nd, and 3rd year of
GH treatment
25

Frequency

20

15

10

5

–1·2
–1·1
–1
–0·9
–0·8
-0·7
–0·6
–0·5
–0·4
–0·3
–0·2
–0·1
0
0·1
0·2
0·3
0·4
0·5
0·6
0·7
0·8
0·9
1
1·1
1·2
1·3
1·4
1·5
1·6
1·7
1·8
1·9
2

0

Delta TSZ
Delta TSZ1

Delta TSZ2

Table 2. Percentage of poor responders as defined as DTSZ < 0Æ1 with
notable differences between poor responders and others
Treatment year

Variable

Z < 0Æ1

Z > 0Æ1

1

%
GH dose*
BMI-Z
Age start†
%
DTSZ1
GH dose*
%
TSZ start

9Æ1
4Æ3
)0Æ5
2Æ5
12Æ1
0Æ42
5Æ2
17Æ1
0Æ46

81Æ9
5Æ7
0Æ5
6Æ1
88Æ9
0Æ73
6Æ5
83Æ9
-0Æ24

2

3

P

0Æ0002
0Æ003
4Æ4 · 10)7
0Æ02
0Æ095
0Æ004

GH, growth hormone.
*mg/m2/week.
†Years.

Fig. 1 DTSZ response to growth hormone treatment for each year of treatment.

Delta TSZ3

Importantly, an interaction effect between age at start of treatment
and mean dose is identified. Specifically, young children on high
doses of GH respond disproportionately better than others. The
interaction effect is demonstrated in Fig. 3 by the nonparallel nature of the regression lines for each dose level. No other factors
among those listed previously were identified as significant.
The multiple R2 for this model is 0Æ284, meaning it accounts for
28Æ4% of the variation seen in DTSZ1. The relative influence of
each variable can be appreciated from the standardized regression
coefficients, b, and the relative contribution to the total variance in
DTSZ1 (%); bMeanDoseY1 = 0Æ412 (13Æ1%), bAge*Dose = )0Æ210
(5Æ4%), bBMIZstartY1 = 0Æ272 (4Æ1%), and bTSZstartY1 = )0Æ255
(5Æ9%).
It is evident that both starting height and starting age – through
the dose interaction effect – influence response. However, the two
variables are correlated (Spearman Rank rAge,TSZ = 0Æ272,

Table 3. Median values of variables for dose range groups in each treatment-year cohort

Treatment year

Dose range group*

Dose†

1st

Low
Medium
High
P
Low
Medium
High
P
Low
Medium
High
P

4Æ6 (0Æ19)
6Æ5 (0Æ26)
8Æ8 (0Æ32)
8Æ58 · 10)29
4Æ7 (0Æ19)
6Æ8 (0Æ27)
8Æ6 (0Æ32)
1Æ28 · 10)25
4Æ8 (0Æ18)
6Æ7 (0Æ26)
8Æ6 (0Æ31)
1Æ04 · 10)21

2nd

3rd

n (%)
70 (46Æ4)
39 (25Æ8)
42 (27Æ8)
44 (33Æ3)
55 (41Æ7)
33 (25Æ0)
24 (20Æ2)
50 (44Æ2)
39 (34Æ5)

Age start
growth hormone ‡

DTSZ

GVZ

4Æ47
5Æ29
8Æ65
3Æ14 · 10)6
4Æ24
5Æ34
7Æ44
0Æ001
5Æ68
4Æ85
5Æ95
0Æ014

0Æ57
0Æ73
0Æ90
6Æ65 · 10)5
0Æ42
0Æ46
0Æ54
0Æ513
0Æ31
0Æ39
0Æ40
0Æ086

1Æ53
1Æ85
2Æ13
0Æ051
1Æ15
1Æ08
1Æ23
0Æ804
0Æ74
0Æ71
0Æ81
0Æ575

P-value for Kruskal–Wallis test. Bold if P < 0.05.
*Low: 4Æ00–5Æ49, Medium 5Æ50–7Æ99, High 8Æ00–9Æ99 mg/m2/week.
†mg/m2/week (mg/kg/week).
‡Years.
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Effect of changing dose group on delta TSZ
0·8
0·75

Median delta TSZ

0·7
0·65
0·6
0·55
0·5
0·45
0·4
0·35
0·3
1

2

3

Year of treatment

Fig. 2 Effect of changing to a higher dose range group on DTSZ response.

To higher dose group in Y2

Same dose group in Y2

Higher dose group in Y3

Same dose group in Y3

1st Year delta TSZ for age and dose group
2

1·5
High dose

Delta TSZ

1

Medium dose
Low dose

0·5

0
0

1

2

3

4

5

6

7

8

9

10

11

12

13

–0·5

–1
Age start GH (years)
Low dose
Low dose regression

Medium dose
Medium dose regression

High dose
High dose regression

Fig. 3 Interaction effect between starting age and dose group on DTSZ in first year of growth hormone treatment.

P = 2Æ6 · 10)4) as girls starting GH at a younger age also tend to
be shorter. The complex nature of the relationship between starting
age, starting height (TSZ), and response to GH treatment (DTSZ)
is evidenced by the fact that starting height rather than age is identified in the regression equation while the Dose*Age interaction
rather than a Dose*TSZ interaction is also identified.
In the second year of treatment,
DTSZ2 ¼ 0:168ðDTSZ1Þ  0:001(Age*DoseY2) þ 0:328
R2 = 0Æ128.bDTSZ1 = 0Æ245 (8Æ7%)
(4Æ1%).
In the third year of treatment,

and

bAge*Dose = )0Æ208

DTSZ3 ¼ 0:003(AgeStart) þ 0:039(MeanDoseY3) þ 0:308
R2 = 0Æ092. bAgeStart = )0Æ297 (5Æ8%), bMeanDoseY3 = 0Æ192
(3Æ3%).
 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 74, 473–480

For the total response to GH treatment over the 3 years of treatment,
DTSZ0  3 ¼ 0:128(MeanDoseY1)  0:003(Dose*Age)
 0:146(TSZStart) þ 0:787
Other variables included in this analysis but not identified as significantly contributing to the model were total mean dose, mean
dose Y2, mean dose Y3, mean BMI-Z, and changes in dose range
group. For this model, R2 = 0Æ195 with bMeanDoseY1 = 0Æ351
(8Æ8%), bAgeStart*TotalDose = )0Æ248 (7Æ1%), and bTSZStart = )0Æ190
(3Æ5%). The identification of the importance of first-year GH dose
to total response is particularly noteworthy.
Regression equations were also constructed for GVZ and can be
seen in the supplementary material associated with this study.
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Clinically, it is important to define what might be considered an
acceptable response. It is evident that an optimal response is primarily dependent upon a young age and high dose of GH in the
first year of treatment. Thus, an acceptable response may be defined
as that expected for a girl starting treatment at the median age (5Æ8
years) on a GH dose within the high dose range. Using the high
dose regression line (Fig. 3, DTSZ1 = )0Æ05(Age) + 1Æ3) and the
median age, an acceptable response may be estimated as
DTSZ1 = 1Æ01. Only 31 of 176 (17Æ6%) girls achieved this response
in the first year of treatment. While the total numbers are skewed
towards low doses for young girls and high doses for older girls the
importance of a young age and a high dose may be appreciated
from Table 4.

Discussion
This report affords a unique insight into response to GH in
TS patients as it reports on the first 3 years of patient response
in a nationwide treatment program. It thus encompasses considerable variation in important parameters such as GH dose,
age at commencement of treatment, initial height, BA delay,
and karyotype. The data presented here identified a significant
interaction effect between age at commencement and dose of
GH in terms of DTSZ response (Fig. 3). Specifically, higher
GH doses have a disproportionately beneficial effect at younger
ages. This interaction effect was seen to be significant in the
first and second years and in the total response over the
3 years of treatment. Age at commencement of GH treatment
and dose are consistently identified in reports in which
response models were built9,11–13,21–26, but an interaction
between the two has not previously been reported.
In the literature, factors reported to be positively associated with
first-year height response to GH treatment of TS include weight
SDS, mean parental height SDS, birth weight SDS, BMI, number of
injections per week, use of oxandrolone, and dose of GH. Age and
height SDS at GH commencement are negatively associated with
response.11,14,21,24–26 Similar factors have been found to be important in final height gained with, additionally, age at onset of puberty, duration of GH treatment, birth length, bone age delay,
maternal X chromosome origin, and first-year height response
identified as positive factors.9–13,21,23,26 The most important factors
positively influencing final height were a young age at GH commencement, a low BA-to-CA ratio at the start of treatment, and
good first-year response to treatment.9,12,13,21,23,26 The other
important parameter affecting both first year and adult height outcomes was GH dose.9,11,12,21,23,26 Interestingly, response to GH was

Table 4. Proportions attaining a DTSZ1 > 1Æ01 with respect to starting age
and dose range group
Dose range group

<5Æ8 years (%)

>5Æ8 years (%)

Low
Medium
High

4/43 (9Æ3)
8/24 (33Æ3)
3/8 (37Æ5)

1/27 (3Æ7)
3/15 (20Æ0)
9/34 (26Æ5)

not found to be associated with an individual’s karyotype12,26,
which was also found to be the case in the present study.
As with previous studies,9,11–13,21–26 our results show, in general,
that younger, shorter girls on a higher GH dose with a larger BMIZ respond best to GH in the first year. Bone age delay was not
found to have a significant affect although not all individuals had
BA recorded for the specific clinic visit being recorded, and thus
sample size may have been too small. Poor responders essentially
were found to have the opposite attributes, low dose and smaller
BMI-Z except that, in contrast, they too were younger. This highlights the, almost universal, practice of starting young patients on a
low dose and emphasizes the importance of the combination of
young age and high dose on optimal response.
Growth response was seen to decrease significantly over the
3 years of treatment which is consistent with the previous observations.1,11,14,20,21,23,27–29 However, dose received increased over the
same period. The starting dose of 5Æ5 mg/m2/week (0Æ23 mg/kg/
week) was low by international standards (0Æ23–0Æ36 mg/kg/
week).4, 8–13 Despite this, the median first-year response
(DTSZ = +0Æ705 or DSDS Height = +0Æ406) was comparable to
other published first-year responses that vary from 0Æ35 to
1Æ012,13,21,22,26–30 for DTSZ and 0Æ3–0Æ66 for DSDS height1,11–
13,20,21,24,28
. The dose used in Australia fell into three distinct
groups that were designated as low, medium, and high (Table 3).
From a low starting dose, patients frequently ‘moved up’ a dose
group in subsequent years. The effect of such dose increments
(usually in reaction to a poor response in the previous year), while
significant, only attenuated the normal decline in response (Fig. 2).
Similar observations and conclusions have been made by other
groups. A study of step-up dosage regimes published by van Pareren et al.23 showed that although dose increment had a significant
effect on final height, the effect was small and discernable only after
4–7 years. Conversely, Bertrand’s group,27 using a very low initial
dose (0Æ15 mg/kg/week), found stepping up to 0Æ3 mg/kg/week did
have a significant effect in the second year. In a study of children
diagnosed with idiopathic short stature, Wit’s group31 concluded
that there was an initial treatment effect. That is, that the dose given
in the first year to a large extent set the final height outcome. This
also seemed to be the case in the present study with first-year dose
being identified as the most important influencing factor to total
response over the 3 years. From van Pareren et al.’s23 results and
those presented here, when using typical starting doses (0Æ23–
0Æ36 mg/kg/week),4–6,8–13, it would appear that an initial treatment
effect is also at play with respect to GH treatment of Turner syndrome.
This Australian cohort began GH treatment at a younger age
(median = 5Æ8 years, mean = 6Æ5 years) compared to international
(6Æ5–11Æ9 years)8–13,20,21,23,24,26–29 or earlier Australian cohorts
(9Æ2–10Æ6 years).1,2 An older age at commencement of GH therapy
has been shown to be a significant negative factor in first-year
response and final height gained.9,11–13,20–24,26,27,29,30,32 Thus, the
young commencement age of the Australian cohort may account
for the comparatively good response despite the low starting dose
of GH. The observed interaction effect of age and dose amplifies
the importance of not only commencing treatment at a young age
but initiating at a high dose. Indeed, this study revealed that poor
 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 74, 473–480
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responders in the first year not only received a lower GH dose but
were also often younger, indicating that the low dose outweighed
the benefit of a young starting age in some girls. More generally, it
was shown that total response over the 3 years of treatment was
compromised in the youngest girls as a consequence of the low GH
dose initially received. Total response is highly associated with
mean first-year dose and a more aggressive approach to dose in
young TS girls in Australia is warranted; moving to higher doses
later is not as efficient or as efficacious.
Growth centres around the world administer GH in terms of
mg/kg or, as in Australia, milligram per metre square of BSA. There
has consequently been interest and debate among paediatric endocrinologists and health economists as to which is most beneficial.21,33 The result here, that an interaction effect of dose with age
was detected when using milligram per metre square but that such
an effect is not seen in studies in which weight based dosing is used,
helps advance the debate. The fact that a milligram per metre
square dose regime is associated with an additional benefit (the
age*dose interaction) to response suggests that it is particularly suited, more so than mg/kg, to the treatment of younger patients.
An interesting question arises from the results of the present
study. Is a young age or a short starting height of primary importance in predisposing to a good response to GH treatment in TS?
The two are related in that those starting GH at a younger age are
also, in general, shorter. However, despite this, the results presented here suggest that both may be important. An interaction
effect with dose was identified with starting age but not with starting height while, conversely, it was starting height rather than starting age that was identified as a main effect in our regression
analyses.
To identify what might be considered an acceptable first-year
response, it was suggested that the response expected from a high
GH dose at the median age (5Æ8 years) could provide such a bench
mark. Using these criteria, an acceptable response was defined as
approximately a 1 standard deviation increase in TS-specific height
SDS in the first year. Only 17Æ6% of girls achieved this indicating
considerable opportunity for improvement.
In summary, it is apparent from our review of the Australian GH
treatment program for TS that the first year of treatment is particularly important as response is greatest and is most amenable to
manipulation by dose variation. The effect of a dose increment
after the first year cannot reverse the normal decline in response. It
is also, as we demonstrated for the first time, when dose and age at
commencement interact, with younger patients responding disproportionately better to higher doses. These factors, but in particular
first-year dose, may also set the potential for response, possibly
over the whole period of treatment. Our analysis supports initiating GH treatment of Turner syndrome as early as possible with the
highest safe dose, at least 9Æ5 mg/m2/week (0Æ39 mg/kg/week), in
the first year.
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