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hort stature is a common feature in 
Turner’s syndrome; (TS) final height in 
untreated patients is on average 20cm 
below the population mean for adult 
women. When recombinant growth 

hormone (GH) became available, supraphysi-
ologic GH doses with or without oxandrolone 
(OX) were administrated in order to improve 
growth in patients wih TS in several studies  
Objective: The objective of this study was to 
find out whether moderate doses of growth 
hormone in combination with oxandrolone and 
late initiation of puberty could improve adult 
height even in TS patients with late diagnosis.  
Materials and Methods: In this study the data an 
68 patients with TS will be reported. Thirty- 
three patients with chronological age 17 years or 
above did not receive treatment. Thirty- five pa-
tients with TS were randomly assigned to re-
ceive either GH alone (0.375 mg/kg/week) by 
daily S.C injections (Group GH, n = 23) or in 
combination with OX 6 mg/kg/day P.O (group 
GH + OX, n = 12). Mean age at the onset of 
treatment was 10.7 years (GH) and 10.3 years 
(GH+OX), mean projected adult height (PAH) 
was 142.1 cm (GH) and 141.5 cm (GH+ ox).  

Puberty was induced at a mean age of 14.5 years.  
Results: There was a marked difference in group 
GH ± OX cumulative growth during 4.3 years of 
therapy in comparison with untreated TS pa-
tients. Twenty-six patients are now near or at fi-
nal height: Group GH (n=17), mean final height 
was 148.7 cm (PAH 142.1 cm, gain 6.6 cm); group 
GH+ OX (n = 9), 151.9 cm (PAH, 141.5 cm, gain 
9.4 cm). In the untreated group (n = 33), mean fi-
nal height was 139.1 cm. Cumulative growth was 
more significant in GH plus OX than GH alone 
treated subjects (P<0.001).  
Conclusion: The diagnosis of TS is often delayed 
in our country and this defers the timely and ap-
propriate treatment of short stature. Our results 
are in keeping with studies demonstrating mod-
erate doses of GH plus OX and late induction of 
puberty are able to improve final height even in 
patients with TS, treated relatively late.  
 

Key Words: Turner’s syndrome, Growth hor-
mone therapy, Oxandrolone, Final height 
 
Introduction 

Turner’s syndrome (TS) affects approxi-
mately 1 out of every 2000-2500 female live 
births corresponding to approximately 1.5 
milion affected women worldwide.1-3  

TS is the result of complete chromosome 
monosomy in about 40-50% of patients, 
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while the rest show a multitude of chromo-
somal abnormalities including absence of one 
X chromosome or mosaism.4,5 The phenotype 
is undoubtely female, and is associated with 
characteristics clinical features, the most fre-
quent being short stature and hypergonad-
otropic hypogonadism due to gonadal dys-
genesis.1,2,6,7  

While classic hormonal deficiency is likely 
not a cause of growth failure1, partial growth 
hormone insensitivity could be involved, as 
suggested by the finding of reduced free IGF 
– I (Insulin like growth factor I).8 

The median adult height of untreated 
women with TS is 143 cm, 20 cm (8in) be-
low that of the general female population.7,9,12  

Today, most patients with TS are treated 
with GH to improve adult height.1,6,13-20  

Those starting GH earlier will experience a 
greater increase in height. If at the time of 
initiation of therapy, height is significantly 
below 5% and the child is 9 to 12 years, ana-
bolic steroids such as oxandrolone can be 
used in combination with GH to hasten the 
growth spurt. If however bone age advances 
excessively, oxandrolone therapy should be 
discontinued.4  

Virilization including facial hair and 
clitorimegaly are side effects of anabolic 
steroids and should be monitored.4-21,22  

To date no study with respect the effect of 
GH with or without Oxandrolone (OX) on fi-
nal height in patients with TS has been con-
ducted in Iran.  

This study was designed to investigate 
whether moderate doses of GH in combina-
tion with oxandrolone and late initiation of 
puberty could improve final height even in 
patients with TS treated relatively late; the 
main clinical features, age at diagnosis and 
kayo type finding were also determined.  

 
Materials and Methods 

68 patients with TS who were followed in 
the pediatric endocrine clinic at Imam 
Khomeini Hospital, Tehran will be reported.  

The age range of study participants varied 
between 3-19 years (mean; 13.9 ± 4.2)  

All patients were examined by a pediatric 
endocrinologist. An extensive health history 
was taken and a systemic physical examina-
tion was performed.  

Data were collected on age, height, weight 
and parental height. Height was measured at 
base line and subsequently every 2 months 
using a wall mounted stadiometer. Auxologi-
cal calculations were performed according to 
the Turner specific growth chart available on 
the website for TS Society of the United 
States.23 All measurements were obtained in 
cm and transformed into standard deviation 
scores (SDS).  

Bone age was determined prior to and once 
a year after initiation of GH therapy by 
skilled investigators using the method of 
Greulish and pyle.  

Target height was estimated from mid pa-
rental height as recommended by Tanner. 
Projected adult height (PAH) was calculated 
according to the method of Lyon et al24 ap-
plying pretreatment SDS (for chronological 
age) for adult height SDS (standards of 
Ranke et al).25 Of 68 TS patients, 33 subjects 
did not receive stimulated growth therapy be-
cause of late diagnosis (with a chronologic 
age 17 years or above)  

Thirty-five patients were enrolled in this 
study. They were randomly assigned to re-
ceive either GH (0.375 mg/ week) injected 
daily S.C (Group GH) or the same dose of 
GH plus OX %6 mg/kg/day orally (group GH 
+ OX) Thus, finally there were three groups 
of patients: untreated group (n=33), group 
GH (n = 23) and group GH + OX (n =12).  

The mean age of the patients at the onset of 
treatment was approximately 10.5 years.  

The mean duration of stimulated growth 
therapy was 4/3±2.6 years. 

Estrogen treatment for induction of puberty 
was initiated at least four years after growth 
stimulated therapy.  

During the first year of therapy ethinyl es-
tradiol was given in a daily dosage of 5 µg 
for the first 6 months and 10 µg for the sec-
ond half year. Height, weight, tanner staging 
monitored every 2 months after initiation of 
estrogen therapy. Most girls experienced tan-
ner 3 breast development within 1 year. 
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Table 1. Characteristics of 68 Turner’s patients at the start of study (All data are presented as mean ± 
one standard deviation) 
 

 GH GH+ OX Untreated 
n 23 12 33 
CA (yr) 10.7 ± 2.4 10.3 ± 2.6 17.8 ± 1.2 
BA (yr) 8.3 ± 1.6 8.5 ± 1.7 15.9 ± 1.8 
Height SDS -4.1 ± 1.8 -3.9 ± 1.9 -4.3 ± 1.4 
Target height (cm) 158.9 ± 4.3 159.2 ± 4 160.3 ± 3.9 
Height velocity (cm/yr) 3.8 ± 1 3.6 ± 1.1 < 0.5 
Results are means ± SD; CA = chronologic age; OX = oxandrolone; BA = bone age; SDS = standard devia-
tion score 

 
  

The dose of estrogen was gradually in-
creased to adult dose (mean age 16.8±1.1 
yeas), at this estrogen dose (or at a lower 
dose if vaginal spotting occured or if breasts 
reached tanner stage 4) cyclic therapy was 
initiated. This consisted of a combination of 
estrogen for the first 25 days of every month 
and medroxyprogestrone (5 mg) from 14-25.  

Chromosomal findings and clinical data 
were very similar in both GH and GH + ox-
androlone groups: 45 XO in 57% / 56% /, 45 
XO /46 XX or other mosaics in 38%/ 37% 
and structural abnormalities in 5%/ 7%, mean 
chronologic age; 10.7±2/4, and 10.3±2.6 
years, bone age; 8.3±1.6 and 8.5±1.7 years, 
height SDS; -4.1±1.8 and -3.9±1.9, target 
height; 158.9±4.3 and 159.2±4 cm, projected 
adult height (PAH); 142.1±2.9 and 
141.5±1.8cm, height velocity; 3.8±1 and 3.6± 
1.1cm/year, respectively. 

Chromosomal findings and clinical data in 
untreated group were: 45 XO in 54%, 45 
XO/46XX or other mosaics in 40.4% and 
structural abnormalities 5.6%, mean chro-
nologic age; 17.8±1.2 years, bone age; 15.9 ± 
1.8 years, height SDS; -4.3±1.4, target 
height; 160.3±3.9 cm and height velocity be-
low 0.5 cm/ year, respectively table1 shows 
the patients in this group were near or at final 
height at the start of study, and these patients 
were accepted as control group (untreated 
group). 

Statistical ananlysis was performed using 
SPSS version 9.4 (SPSS, Inc. Chicago, IL/for 
windows. Differences between groups was 

compared by non parametric Mann- Whitney 
U- test and student t test. Values of P<0.05 
were considered to be statistically significant.  

 
Results 

Among 68 TS patients, 35 (56%) subjects 
had complete X chromosome monosomy (45 
X) while the rest showed a multitude of 
chromosomal abnormalities, including partial 
absence of one X chromosome or mosaism. 
Short stature (100%) and delayed puberty 
(78%) were the most common complaints. At 
present, among 35 patients who had received 
growth stimulated therapy, 26 subjects (17 in 
GH group and 9 in GH + OX group) and 33 
untreated TS patients are near or at final 
height. 

These patients reached chronological age at 
17 years or above and their height velocity 
had fallen to or below 0.5 cm/year. Individual 
baseline characteristics and last recorded data 
at final height in GH and GH + oxandrolone 
treated groups are shown in Table 2.  

Mean final height (FH) was 148.7± 5.1cm 
in group GH, 151.9± 5.2cm in group GH + 
oxandrolone and 139.1 ± 6.1 cm in untreated 
group. The difference in FH between treated 
and untreated groups was statistically signifi-
cant (P< 0.001) 

Treatment results were more significant in 
GH plus oxandrolone treated patients than in 
GH alone treated subjects (p<0.001). The 
mean gain over baseline projected adult 
height was 6.6 cm and 9.4 cm in the GH and 
GH + oxandrolone group respectively. 
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Table 2. Characteristics of 26 patients with 
Turner’s syndrome at baseline and at final 
height (All data are presented as mean ± one 
standard deviation)  
 

 GH GH+OX 
n 17 9 
pretreatment  
CA (yr)  10.7±2.4 10.3±2.6 
BA (yr)  8.3±1.6 8.5±1.7 
Height SDS -4.1± 1.8 -3.9 ± 1.9 
Height velocity (cm/r) 3.8±1 3.6±1.1 
Target height  158.9±4.3 159.2±4 
PAH (cm)  142.1±2.9 141.5±1.8 
At the end of treatment  
CA (yr) 17.8±1.2 17.5±1.3 
BA (yr) 15.4±1.1 14.9±1.3 
Height SDS -2.2 ± 1.1 -1.8 ± 0.9 
FH (cm)  148.7±5.1 151.9±5.2 
PAH 142.1±2.9 141.5±1.8 
Over PAH (cm)  6.6 ± 3.2 9.4 ±2.1 
GH = Growth hormone ; OX= Oxandrolone ; 
CA= chronological age; BA = bone age ; PAH = 
projected adult height; FH = final height 

 
There was no significant bone age accelera-

tion in patients receiving either GH alone or 
in combination with OX. 

 
Discussion  

A cardinal clinical feature of TS is linear 
growth failure resulting in extreme short stat-
ure. Growth hormone alone or in combina-
tion with anabolic steroids, seems to improve 
the growth rate in Turner’s syndrome.  

The reported gain in final height following 
therapy was been between 3-16 cm in various 
studies.13-20 

In keeping with other reports13-20 in this 
study, there was a marked difference between 
stimulated growth and growth without ther-
apy, the best results being obtained with a 
combination of GH and OX.  

In this investigation, we treated our patients 
with North American study protocol but in 
that study height increment was more im-
pressive than in our study. The most marked 
height increment being found in the Sas and 
colleagues study15 using a maximum GH 
dose of approximately 0.63mg/kg/week for 

4.8 estrogen free GH treatment years begin-
ning at mean age 8.1 years, resulting in a gain 
of 16cm over the modified lyon projection.  

Our results are rather conservative, and 
should be regarded as an underestimate of 
true final height since some of the patients 
are still growing and only the patients who 
had been older at initiation of treatment have 
already achieved adult height.  

Some treatment studies archived favorable 
results while others have not. Several factors 
(age of patients at beginning of treatment, 
GH dose, duration of GH treatment, concur-
rent oxandrolone therapy, age at the start of 
estrogen substitutive therapy) may be in-
volved in discrepancies in the reported gain 
in final height in various studies.  

There is a significant relationship between 
midparental height or target height and adult 
height.1,2,20 There has been much controversy 
about the appropriate age to induce puberty 
by estrogen supplements.4,20,21,22,26 Mean-
while, it has become quite clear that even low 
estrogen doses advance skeletal maturation, 
thus impairing treatment outcome. Therefore 
late introduction of estrogens preferably at an 
age of 14 to 15 years (in our study mean age 
at puberty initiation was 14.5 years), is rec-
ommended if the already achieved height is 
not yet satisfactory and in girls who began 
GH therapy at a late age.  

It must be noticed that pubertal bone min-
eralization could also be delayed by late start 
of puberty but there is no risk of osteoporosis 
in these patients with late puberty, since GH 
adminstration has been shown to increase 
bone mineral density.20  

Multiple liner regression analysis revealed 
that the addition of OX to GH clearly im-
proves the outcome.1,3,4 In this study and in 
other reports, the highest increment in final 
height was obtained with GH plus OX.13-15, 

20,22 This combination therapy may offer 
advantages: patients grow faster during the 
first years, they achieve a greater height at 
adolescence, thereafter earlier induction of 
puberty maybe possible and the treatment 
period may be shorter.13 
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With OX, lower doses of GH are effec-
tive.20 A low dose of OX should be employed 
but not until bone age 9 years, to avoid undue 
bone age, acceleration.1,3,4,20 

A crucial point in every growth-stimulating 
therapy is the effect on bone age develop-
ment. In addition, with the relatively high 
dose of OX, some signs of virilization may 
be observed.21-22 In keeping with other re-
ports,14-16,20 in this study there was no consis-
tent bone age acceleration or virilization due 
to GH and low dose OX therapy. The chro-

mosomal pattern was quite similar in the two 
treatment groups. In this study in agreement 
with stahnke et al report20 no relationship be-
tween the karyotype and growth of patients 
has been found.  

From a clinical point of view, the average 
age at diagnosis is often late in our TS pa-
tients. We highly recommend seeking the di-
agnosis in short girls at any age and initiating 
therapy at a younger age. 
 

 
 
 
References 

1. Ranke MB, Saenger P. Turner’s syndrome. lancet 
2001; 358:309-314 

2. Elsheikh M, Dunger DB, Conway GS, Aass JAH. 
Turner’s syndrome in adulthood. Endocr Rev 
2002;23:120-140 

3. Frias JL, Davenport M: Committee on Genetics 
and section of Endocrinology Health supervision 
for children with Turner’s syndrome. Pediatrics 
2003; 111(3): 692-702 

4. Helac I, Zimmerman D. Coordinating care for 
children with Turner’s syndrome. Pediatric Annals 
2004; 33(3): 189-196  

5. Bertelloni S, Gismpiero I, Franca Fruzetti et al. 
Growth and puberty in Turner’s syndrome. J of 
Pediatr Endocrinol & Metab 2003; 16: 307-305  

6. Ross JL. Turner syndrome. Growth Genetics 
Horm 2001; 17: 1-8 

7. Lippe B. Turner syndrome. Endocr Metab Clin N 
Am 1991; 20:121-152 

8. Gravholt CH, Frystyk J, Flyvbjerg A, Orskov H, 
Christiansen JS. Reduced free IGF-I and increased 
IGFBP-3 proteolysis in Turner syndrome: 
modulation by female sex steroids. Am J Physiol 
Endocrinol Metab 2001 Feb; 280: E308-14.  

9.  Park E, Bailey JD, Cowell CA. Growth and matu-
ration of patients with Turner's syndrome. Pediatr 
Res 1983; 17: 1-7.  

10. Ranke MB, Pfluger H, et al. Turner syndrome: 
spontaneous growth in 150 cases and review of 
the literature. Eur J pediatr 1983; 141:81-88 

11. lyon AJ, Preece MA, Grant DB. Growth curve for 
girls with Turner syndrome. Arch dis child 
1985;60: 932-935 

12. Bernasconi S, larizza D, Benso L, et al. Turner’s 
syndrome in Italy: familial charactesistics, neona-
tal data, standards for birth weight and for height 
and weight form infancy to adulthood. Acta Pedi-
atr 1994; 83:292-298. 

13. Rosenfild RG, Attie KM, Frane J et al. Growth 
hormone therapy of Turner’s syndrome: beneficial 
effect on adult height. J Pediatr 1998; 132:319-
324. 

14. Carel JC, Mathivon L et al. Near normalization of 
final height with adapted dose of growth hormone 
in Turner’s syndrome, J Clin Endocrinol Metab 
1998; 83: 1462-1466 

15. Sas TC, de Muinck Keizer-Schrama SM, Stijnen 
T, Jansen M, Otten BJ, Hoorweg-Nijman JJ. 
Normalization of height in girls with Turner syn-
drome after long-term growth hormone treatment: 
results of a randomized dose-response trial. J Clin 
Endocrinol Metab 1999; 84: 4607-12. 

16. Bramswing JH. long term results of growth hor-
mone therapy in Turner syndrome. Endocrine 
2001; 15:5-13 

17. Reiter EO, Blethen SL, Baptista J, Price L. Early 
initiation of growth hormone treatment allows age 
appropriate estrogen use in Turner’s syndrome. J 
Clin Endocrinol Metab 2001; 86:1936-1941 

18. Ranke MB, Partsch CJ, linderg A , et al. Adult 
height after GH therapy in 188 ulrich-Turner 
syendrome: results of the German IGLU follow up 
study 2001. Eur J Endocrinol Metab 
2002;87:2033-2041 

19. Guigley CA, Crowe BJ, Anglia DG, Chipman JJ. 
Growth hormone and low dose estrogen in Turner 
syndrome: results of United States , Multi- center 
trial to near final height. J Clin Endocrinol Metab 
2002; 87: 2033-2041 

20. Stanhke N, keller E, landy H. Favorable final 
height in girls with Ullrich – Turner syndrome 
treated with low dose growth hormone treatment 
together with oxandrolone despite starting treat-
ment after 10 years of age. J Pediatr Endocrinal 
Metab 2002; 15:129-138 



198 H. Moayeri.and GH. Amir Hakimi. 
 

International Journal of Endocrinology and Metabolism  
 

21. Claus H. Gravholt MD, Ph D. Turner Syndrome. 
In Growth Hormone Therapy in children and 
adults. NOVO Nordisk A/S March 2004; 35-43 

22. Davenport ML, Rosenfield RG. Turner syen-
drome. In: Radovick S, Mac Gillivray MH, edi-
tors. Pediatric endocrinology: a Practical Clinical 
Guide. Radovick S, ed. Totowa N.J: Human Press, 
2003; P. 117-138 

23. Turner Syndrome Society of the United States. 
Growth charts. Available at. http:// WWW. Turner 
– syndrome – us.org/down loads TSSUSB. pdf 
Accessed February 11, 2004 

24. Lyon AJ, Preece MA, Grant DB. Growth curve for 
girls with Turner syndrome. Arch Dis child 
1985;6:932-935. 

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

26. Chenausek SD, Attie Km, carra JF, et al. Growth 
hormone therapy of Turner syndrome the impact 
of estrogen replacement an final height. Clin 
Endocrinal Metab 2000, 85; 2439-2445. 

 

 


