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Introduction 

Turner syndrome (TS) is characterized by short statute 
and ovarian dysgenesis in females with one X chromosome 
and partial or complete absence of the second X. It has an 
estimated birth prevalence of 1/2000 to 1/5000 female live 
births [1]. There is a global growth delay in TS characterized by 
slight intrauterine growth retardation, delayed growth during 
infancy and childhood, and lack of a pubertal growth spurt [2].

Typical stigmata include short stature, primary amenor-
rhoea, estrogen insuffi ciency and cardiovascular malforma-
tions.

Girls with TS universally have short stature (>95%), along-
with gonadal failure (>90%) and infertility (99%) [3].

Untreated these girls continue to be short and rarely achieve 
150cm of adult height, barring few mosaics [4].

There have been studies that have evaluated the benefi ts of 
growth hormone in TS with signifi cant benefi t in adult height. 
This study has been planned to evaluate the presentation and 
course of Indian girls with Turners syndrome and the response 
to growth hormone.

Methods

A retrospective study was planned from 2010 till 2017 
in Indraprastha Apollo Hospital, Delhi, in the pediatric 
and adolescent endocrine clinic, where all the data of girls 

diagnosed with Turner syndrome treated with recombinant 
growth hormone, was collected from the patient records.

Diagnosis was made on the basis of clinical phenotype, 
hormonal analysis, and confi rmed by karyotypic analysis of a 
peripheral blood sample.

Inclusion criteria 

Girls with confi rmed diagnosis of TS (karyotype), with a 
height of <–2.5 standard deviation (SD) below the population 
mean.

Patient characteristics 

1. At the start of treatment: Patient data were obtained from 
patient discharge records,

Height was measured to the nearest 0.1 cm (Harpenden 
stadiometer) and weight to the nearest 0.1 kg (Electro W-No-
45). BMI (WT in kg/HT in metre2).

Bone age was calculated using RUS score of Tanner 
Whitehouse 2 method.

Thyroid profi le, kidney function tests, HbA1c, IGF-1, 
echocardiography was done at the start.

2. At the end of treatment: Patient parameters recorded 
were height, weight, BMI, tanner stage, growth velocity (cm/
year). 

All patients received treatment with recombinant synthetic 
human GH for at least 12 months, GH was administered by 
daily subcutaneous injections at the dose 40-50ug/kg/day. 

The height SD score (HSDS) of patients was calculated based 
on the Turner’s specifi c reference data described by Ranke 
[3,4].  The Z scores were calculated using Microsoft excel using 
macros. Height, weight, BMI, predicted adult height were all 
expressed as standard deviation scores. Independent t test and 
paired t test were used to compare the various pre-treatment 
and post-treatment data.
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Parents and most participants gave informed consent for 
participation in the study, which was approved by the ethical 
committee.

The ethical committee of the hospital approved the 
study. We have complied with the World Medical Association 
Declaration of Helsinki regarding ethical conduct of research 
involving human subjects and/or animals

Results

The data of 20 girls with TS who took rGH for a minimum 
of 12 months were included in the study. 15 girls had karyotype 
45 XO, 2 cases 45 X (q10), 1 had 45, X/46,Xr(X)/46(ring 
chromosome), 2 were 45XX (iXq). All the girls were pre-
pubertal. The data of a total of 300 girls were evaluated, who 
were -2.5SD below their mid parental height, who were treated 
with recombinant growth hormone.

Table 1 shows auxological data at presentation of these only 
these 20 girls who diagnosed by a karyotype were included in 
the study. 

There was structural anomaly was seen in only 1 girl 
with coarctation of aorta under cardiac follow up. 3 girls 
had hypothyroidism, euthyroid on thyroxine at the time of 
initiation of treatment.

The mean age of initiation of rGH was 12.1 yr and bone age 
was 10.01yr. The mean duration of treatment was 13 months 
following with height and bone age mean at 13.2 yrs and 11.9yrs 
respectively. 

The pre-treatment parameters are shown in table 2.

The pretreatment mean height was 123.92cm and post 
treatment was 130.03cm, which was statistically signifi cant 
(p=0.004). The pre-treatment weight was 35.03kg and 37.67kg 
post treatment. 

The post-treatment parameters are shown in table 3.

Rankes data for Turner girls was used to calculate Z score 
for pre and post treatment height and height velocity. The 
pretreatment height Z score was -0.91535 (+ 0.84) and post 
treatment was -0.28825 (+ 1.00). The pre-treatment height 
velocity Z score was -1.11 and post treatment was 2.79.

Table 4 comparative data of the pre and post treatment 
auxological data.

Discussion 

An adult height defi cit in TS to be around 20cm worldwide in 

untreated children. Mean adult height of women with Turner’s 
syndrome ranges between 136.7 cm in Japan and 146.9 cm in 
Germany.

They have gonadal failure associated with delayed bone 
age, which can prove benefi cial in treating these girls even 
when diagnosed at older ages. There is no apparent growth 
hormone defi ciency in these girls, but there is a disturbed 
GH–IGF-I–IGFBP-3 axis and increased levels of IGFBP-3 
proteolytic activity, associated with low levels of IGF-I [6,7]. 
This could be the reason for benefi cial outcomes on treatment 
with recombinant growth hormone (rGH) in TS.

FDA approved recombinant growth hormone for short 
stature in TS in 1996, dosing at 0.33 mg/kg/wk; other approved 
doses are up to 0.375 or 0.469 mg/kg/wk [8]. However higher 
doses may be required for better height velocity, as reported 
in a Dutch study, the mean (SD) gains in fi nal adult height in 
response to GH doses of 0.045 mg/kg/d, 0.067 mg/kg/day and 
0.089 mg/kg/day were 11.9 (3.6), 15.7 (3.5) and 16.9 (5.2)cm, 
respectively [9].

Early age of initiation of treatment, tall parents, taller 
height at initiation of rGH, longer duration of treatment are 
usually associated with better fi nal height outcomes [10].

There have been till date two studies from India on the use 
of growth hormone in Turner syndrome. One Indian study by 
Khadilkar reported mean age of presentation of 11.1yrs and 
height velocity of 6.8cm/yr in a total of 16 subjects. The second 
study by Danda et al reported 16 cases of Turner syndrome had 
a mean age 12.7yrs, the mean height SDS increased from − 0.61 
at the start of GH therapy to + 0.37 at the end of study resulting 
in a HSDS gain of 0.99 over a mean of 25 months of therapy 
[11,12]. 

The results were comparable to our study, which had a 
mean height velocity of 5.4cm/yr.

Table 1: Auxological data at presentation.

S.no Auxological data Mean value

1. Age 12.1yrs

2. Bone age 10.1yrs

3. Height 123.9cm

4. Weight 35.03kg

5. Birth weight 2.48kg

Table 2: Pre-treatment parameters.

N Mean Std. Deviation

Ht in cm 20 123.92 8.98

Wt in kg 20 35.03 11.26

BMI 20 22.50 5.94

IGF-1(ng/L) 20 121

Table 3: Post-treatment parameters.

N Mean Std. Deviation

Ht In cm 20 130.03 9.25

Wt in kg 20 37.67 11.59

BMI 20 22.03 5.69

IGF-1(ng/L) 20 134

Table 4: Comparison of the pre and post treatment SDS of auxological data.

Mean 
difference

Std. 
Deviation

t-value Df p-value

SDS Height pre – SDS Height post -.23 0.32 -3.2 19 .004

SDS Weight pre  - SDS Weight post .091 0.19 2.0 19 .053

SDS BMI pre – SDS BMI post .31 0.18 7.62 19 <0.001
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Despite the good result with rGH the mean fi nal height of 
the girl’s was130cm that is still quite less than the western 
data of 145cm, similar to results by Danda et al. This could be 
because the age of initiation of treatment in Indian studies is 
higher and the duration is 2yr or lesser as compared to western 
literature.

An RCT by Davenport in 2007 treated Turner girls between 
9months to 4yrs of age with rGH and showed signifi cant height 
improvements with no new or unexpected safety signals. They 
reported that GH could correct growth failure in infants and 
normalize height in toddlers with TS [13].

Our study reports very good short time height gain in 
Turner syndrome in Indian children. However due to fi nancial 
constraints and lack of sensitization to the use of rGH in Turners 
syndrome in the Indian population, a long term treatment and 
a follow up of fi nal height could not be assessed.  There were no 
reported side effects in these girls, despite increasing the dose 
in slow responders.

Conclusion 

TS should be borne in mind while evaluating any girl with 
short stature. However most of the girls with Turner syndrome 
present late, hence the early window for treatment gets delayed. 
Early diagnosis should be attempted in these girls, keeping in 
mind that early initiation could result in much improved adult 
height, which is very unlikely in untreated TS. The response to 
rGH is very good in terms of the fi nal target height with very 
few side effects.
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