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BACKGROUND: Multiple factors affect the growth 
response to recombinant human growth hormone (rhGH) 
in children with idiopathic short stature (ISS). 
AIM: To evaluate the growth responses of children with 
ISS treated with rhGH, aiming to identify the predictors of 
growth response. 
MATERIALS AND METHODS: We studied 120 cases, 
90 males (75%), with a mean age of 13.8±2.7 years and 
30 females (25%), with a mean age of 12.3±2.5 years. All 
patients received rhGH with a standard dose of 20 IU /m2/
week. The calculated dose per week was divided into six 
days and given subcutaneous at night. 
RESULTS: A significant positive trend was detected in the 
delta changes of all anthropometric data. For the first year, 
the growth response was positively correlated to CA and 
BA delay and negatively correlated to height, weight and 
IGF-1 SDSs. For the second year, the growth response 
was correlated positively to first year growth velocity, BA, 
triceps skin fold thickness SDS and deviation from target 
height, and negatively correlated to weight, IGFBP3 SDS 
and target height SDS. For the third year, the growth 
response was positively correlated to five variables namely 
target height, 2nd year growth velocity, IGF-1 SDS, weight 
SDS and triceps skin fold thickness SDS. For the fourth 
year, growth response was positively correlated to 2nd and 
3rd year growth velocity, BA, deviation from target height 
and weight/ height SDS.
CONCLUSION: Our study showed multiplicity of predictors 
that is responsible for response in ISS children treated with 
rhGH, and BA was an important predictor. 

Key words: Adult height, bone age, GH therapy, idiopathic, 
puberty, short stature

Introduction

A serious effort has been made to come to an 

international consensus about the definition, sub 

classification of ISS, diagnosis and treatment.[1] The 

definition of ISS is based on the exclusion of other likely 

causes of short stature, as well as on the following minimal 

criteria: height less than third percentile or more than 2 

SD below mean for age and sex, growth velocity below 

10th centile or less, bone age two or more years behind 

chronological age, normal findings from provocation 

GH tests (peak > 10 ng/ml) with no evidence of chronic 

organic disease nor psychological or severe emotional 

disturbance.[2] It is estimated that approximately 60-80% 

of all short children at or below -2 SDS fit the definition of 

ISS.[3] Multiple factors affect the growth response to GH, 

many of which are unknown.[1] Our aim is to evaluate the 

growth responses of children with ISS treated with rhGH, 

aiming to identify the predictors of growth response.

Materials and Methods

Patients

All patients were referred from different schools all 

over Egypt to the GH National Committee of the school 

health insurance, where they were diagnosed, provided 

by growth hormone and followed in association with 

the growth unit of the Diabetes Endocrine Metabolism 

Pediatric Unit (DEMPU), Children Hospital, Cairo 

University.
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All patients had the inclusion criteria of a stature more 

than 2 SDS below the mean, growth velocity below the 

tenth centile for age and sex and a normal GH peak value 

(more than10 ng/ml) in at least one of the provocation 

tests. Children with dysmorphic phenotypes, such as 

skeletal dysplasias or Turner syndrome, and those with 

birth weight or length that are small for gestational age 

should be excluded from the ISS diagnostic category as 

are children with clearly identified causes of short stature 

(e.g. celiac disease, inflammatory bowel disease, juvenile 

chronic arthritis, GHD or GH resistance, hypothyroidism, 

Cushing’s syndrome, etc.). They were 120 cases, 90 

cases were males (75%), with a mean age of 13.8±2.7 

years and 30 cases were females (25%), with a mean 

age of 12.3±2.5 years. 

Methods

Informed consent was taken from the parents of 

children; then all cases were subjected to the following. 

Full history taking and clinical examinations were done. 

Full anthropometric assessment was also done, including 

target and mid-parental heights. Target height was 

calculated by the method of Tanner et al, taking the 

average of mother’s and father’s height after addition 

of 13 cm in boys or subtractions of them in girls, while 

mid-parental height is calculated as before ± 6.5 cm.[4]

Height was measured twice and neared to the next 

millimeter using Harpenden Stadiometer, height velocity 

in cm/year is the variable that describes the patient’s 

one-year velocity and plotting it in the mid-year interval. 

Sitting height was also measured using Harpenden 

sitting height apparatus. Lower segment was calculated 

by subtraction of sitting height from height, and then 

from these two measurements, upper to lower segment 

ratio was derived (US/LS). Weight of the patients was 

measured using electronic balances and recorded in 

decimal of kilogram. Puberty was assessed by rating 

the breast development in girls, genital developments in 

boys, pubic and axillary hair development in both sexes, 

according to Tanner’s classification.[5] All anthropometric 

procedures were performed at baseline before treatment 

and at follow-up by the same observer at the same time of 

the day (9 a.m.-1 p.m.) in the growth clinic of (DEMPU). 

Age-related normal standards for GHD patients were 

calculated from tables of Tanner and Whitehouse.[6] All 

the auxological data including estimated mature height 

(EMH) were analyzed by a software program (growth 

vision.2) provided by Novo-Nordisk, Denmark. Skeletal 

maturity was determined by the same observer from 

an X-ray of the left wrist and hand (Tanner Whitehouse 

no.2 method). Bone age delay, delta bone age and EMH 

were derived.

Laboratory investigations included the following:

1.	 Thyroid profile (FT3, FT4, TSH) was done to exclude 

primary or secondary hypothyroidism as a cause of 

short stature. Thyroid stimulating hormone (TSH) was 

estimated by immunoradiometric assay (IRMA), while 

FT3 and FT4 were estimated by radioimmunoassay 

kits from Diagnosis Product Corporation, (Los 

angeles, CA, USA.)

2.	 Routine general laboratory tests, if needed, which 

include complete blood picture, renal and liver 

function tests.

3.	 GH secretion by two provocation tests (clonidine and 

insulin tolerance test) separated by one-week interval 

and analysis by immunoradiometric assay (IRMA). 

Dose of clonidine given before test was 0.15 mg/m2
 

orally, while that of insulin was 0.1 U/kg I.V. Blood 

samples were drawn at 0, 20, 40, 60, 90, 120 and, 

sometimes at 180 min if hypoglycemia was delayed. 

Basal cortisol and at 60 min were, also, assessed 

after insulin stimulation. 

	 Patients in pubertal age were primed with sex 

hormones prior to GH testing. Ethinyl estradiol was 

given in girls at a dose of 20 µg three times /day for 

three days, and in boys testosterone was given at a 

single dose of 100 mg three days preceding the test. 

4.	 Insulin like growth factor-1 (IGF-1) and IGF binding 

protein-3 (IGFBP-3) were determined at diagnosis, by 

solid phase IRMA, using kits from Diagnostic System

Laboratories Inc. (Webster, TX, USA). DSL-5600 

IGF-1 (IRMA) was included in a sample extraction step 

in which IGF-1 was separated from its binding protein 

in serum. This step is considered to be essential for 

accurate determination of IGF1.[7,8]
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Treatment protocol

All patients received biosynthetic growth hormone 
therapy. Three products are available in Egypt; 
Norditropin (Novo- Nordisk, Denmark), Genotropin 
(Pharmacia and Upjohn, Sweden) and Humatrope (Elli- 
Lilly, USA). All patients received rhGH  with a standard 
dose of 20 IU /m2/week. The calculated dose per week 
was divided for six days and given subcutaneously at 
night. Puberty was not induced by giving sex hormones 
during GH treatment, since the treatment was started 
relatively late in these patients. All the patients accepted 
postponing induction of puberty after explanation by the 
physician.

Follow up

Patients were followed for a minimum period of one 
year and for a maximum of four years. Follow up for the 
1st year was achieved for 120 patients, in 2nd year for 75 
patients, in 3rd year for 33 patients and lastly 21 patients 
were followed up in 4th year.

The study group was followed every 3 months for 
anthropometric assessment, to assure compliance to 
therapy, to observe side effects and to renew the GH 
prescription. Follow up of thyroid profile, IGF-1and 
IGFBP-3 were done in every six months and skeletal 
maturity every year. All anthropometric procedures were 
performed at base line before treatment and at follow 
up by the same observer at the same time of the day  
(9am - 1pm) in the growth clinic of DEMPU. 

Every year, the surface area of each patient was 
calculated, and the dose of GH was adjusted to keep 
the therapeutic dose at 20 IU /m2 /week (equivalent to 
0.2 mg/kg /week) for GHD. Response to GH therapy was 
judged on data obtained from auxological assessment, 
skeletal maturity, and estimated mature height. 

Compliance to therapy is continuously verified by 
more than one parameter e.g. height velocity, asking the 
parents about mode of injection and dosing, counting the 
empty vials and sometimes by analysis of serum IGF-1.

The decision to stop GH treatment was when final 
adult height criteria was fulfilled and includes full pubertal 
development (Tanner stage 5), complete fusion of the 
epiphysis and growth velocity < 1 cm /year in the last 
year. Near final adult height is defined when the following 

criteria are achieved: Tanner stage 4 or more and bone 
age at least 14 years for females and 16 years for males.

The deviation of individual IGF-1 and IGFBP-3 values 
from the means for age and sex was calculated in 
standard deviation score (Z score) and subsequently 
used in statistical analysis. The laboratory of DEMPU, 
Cairo University children’s Hospital, provided the mean 
values for IGF-1 and IGFBP-3. 

Statistical analysis: 

The SPSS software computer program was used 
for data analysis, and Harvard graphic for figures. 
Quantitative data were presented as mean ± SD, range, 
frequencies and qualitative data as percentage. For 
comparison of two groups, Student’s t-test for dependent 
and independent variables was used. For comparison 
of more than two groups, analysis of variance (one way 
ANOVA) was used and followed by post hoc test when 
significant. P-value was considered as significant if it is 
less than or equal to 0.05. 

Linear Pearson correlation was done followed by 
multiple linear regression, where the r value < 0.2 
was considered as weak correlation, 0.2 to 0.5 was 
considered as mild correlation, 0.5 to 0.8 was considered 
as moderate correlation, and if r > 0.8, it was considered 
as strong correlation. 

In order to identify predictors of growth response, linear 
regression analyses were performed (height velocity 
cm/year after 12 months of GH therapy was treated 
as dependant variable and demographic, auxological 
and biological parameters as independent variables). 
For each parameter, the result of the two-point yielding 
maximum r2 is included. Combination of parameters 
obtained at different time points was also examined in 
multiple regression models and then these predictors 
were ranked in order of importance and the percentage 
variability of the response explained by the predictors 
were demonstrated. 

Results

Descriptive statistic is presented in Table 1 for patients 
with ISS.

120 patients represent 19.2%, 90 (75%) males and 
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30 (25%) females with a mean age at onset of 9.9±3.3 
years, CA at onset of therapy 13.4±2.7 years, BA at 
onset of therapy 11.8±2.8 years and BA delay of 1.6±1.2 
years. The duration of delay of treatment (years) was 
3.6±2.2 and 3.2±2.4 4 years in males and females of 
ISS respectively. Table 2 shows anthropometric, skeletal 
maturity data of Patients with ISS. Height SDS was 
-3.7±1.0. Weight SDS was, -2.7±1. Weight for height 
SDS was 1.9±2.6. US/LS SDS was 0.1±1.4. Triceps SFT 
SDS was -0.5±0.9. Subscapular SFT SDS was, -0.2±0.9. 
Height SDS was improved from -3.7 to -2.6 in ISS after 
treatment. The patient’s height became much closer to 
the target height as the difference changed from 32.1 
to 25.7 cm (2.5 to 1.7 SDS) in ISS. Estimated mature 

height was improved from 156 to 163.6 cm in ISS, while 
the growth velocity was decreased from 7.6 cm (4 SDS) 
to 4 cm (0.4 SDS). 

Prepubertal patients with ISS constituted 25% at 
onset of therapy decreased to 8.3%. The age of start of 
spontaneous puberty was 12.6±1.9 years and 11.9±1.1 
years in males and females respectively.

For patients with ISS, there was a significant difference 
between prepubertal and patients undergoing puberty 
for 2nd year delta BA/CA and 2nd year height gain  
(P-value = 0.0001) for both. Also, there was a significant 
difference between pubertal patients and patients 
undergoing puberty for GV SDS of the 1st and 2nd years 
(P-value = 0.01 and 0.001) and for 2nd year height 
gain (P-value = 0.0001), while there was a significant 
difference between prepubertal and pubertal patients for 
2nd year delta BA/CA (P-value = 0.0001) and 2nd year GV 
SDS (P-value = 0.0001).

For the prediction of growth response in ISS during 
the four years of treatment, a regression equation is 
summarized in Tables 3 and 4 where r2 was 0.37, 0.79, 
1 and 1 with SD error (cm) of 4 and 2.4 for the 1st, 2nd, 
3rd and 4th years, respectively.

In patients with ISS, IGF-1 SDS increased from 
-0.8±1.6 at the onset of therapy to -0.4±2.1 after one year 
of GH treatment and IGFBP-3 SDS was increased from 
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Table 1: Descriptive statistics of patients with idiopathic 
short stature
Variables Male Female
Age at onset (year) 10.2 ± 3.4

(0.3 - 15.5)
9.1 ± 3.0

(3.6 - 13.3)
Age at therapy (year) 13.8 ± 2.7

(5.5- 17.6)
12.3 ± 2.5
(6.5 - 17.0)

Duration of delay of treatment (year) 3.6 ± 2.2
(0.0 -11.4)

3.2 ± 2.4
(0.7- 11.3)

Age at start of puberty (year) 12.6 ± 1.9
(9.5 - 15.6)

11.9 ± 1.1
(11.0- 14.1)

Chronological age (year) 13.8 ± 2.6 12.3 ± 2.5
(5.8 - 17.6) (6.5 - 17.0)

Bone age (year) 12.3 ± 2.7 10.5 ± 2.8
(3.7 - 15.8) (4.8 - 15.1)

Bone age delay 0.2 ± 1.1 0.3 ± 1.5
(- 0.3 - 4.9) (- 1.7 - 5.7)

Table 2: Anthropometric, skeletal maturity and laboratory data of patients with idiopathic short stature
Variables Basal First year Second year Third year Fourth year

Mean ± SD, n = 120 Mean ± SD, n =120 Mean ± SD, n = 75 Mean ± SD, n = 33 Mean ± SD, n = 21

Height (SDS) - 3.7 ± 1.0 - 3.2 ± 1.1 - 2.8 ± 0.9 -2.6 ± 0.8 -2.6 ± 0.9
(-8.2 - -0.7) (- 7.8 - - 0.1) (-4.8 - -0.9) (- 4.2 - - 1.2) (-4.9 - -1.3)

Growth velocity (cm)   7.6 ± 2.0 6.5 ± 1.8 5.4 ± 2.1 4.0 ± 4.8
  (1.6 - 13.5) (1.6 - 9.8) (1.0 - 9.7) (-5.3 - 23.7)

Growth velocity (SDS)   4.0 ± 4.8 4.1 ± 5.1 1.4 ± 3.4 0.4 ± 2.8
  (-5.3 - 23.7) (-3.9 - 19.2) (-4.3 - 9.3) (-4.4 - 7.9)

Target height - height 
(cm)

32.1 ± 13.5 23.9 ± 14.1 21.1 ± 15.1 23.5 ± 15.3 25.7 ± 13.6
(11.9 - 78.5) (4.8 - 71.7) (1.6- 66.4) (4.0 - 61.9) (7.6 -55.8)

Target height - height 
(SDS)

2.5 ± 1.1 2.0 ± 1.1 1.7 ± 1.1 1.6 ± 1.1 1.7 ± 0.8
(-1.5 - 4.6) (-2.1 - 5.2) (0.2 - 4.4) (0.5 - 4.2) (0.7 - 3.2)

Height gain (SDS)   0.5± 0.5* 0.4 ± 0.4** 0.2 ± 0.4*** 0.03 ±0.3****
  (-1.1 - 1.6) (-0.8 - 1.2) (-0.7 - 1.1) (-0.9 - 0.6)

EMH (cm) 156.0 ± 8.4 158.5 ± 7.9 159.7 ± 7.9 161.8 ± 8.5 163.6 ± 7.1
(127.4-173.6) (136.8-177.8) (140.1-177.2) (134.2-177.7) (150.5-175.7)

IGF-1 (SDS) -0.8 ± 1.6  - 0.4 ± 2.1  - 0.6 ± 1.4  - 1.1 ± 1.1  - 0.5 ± 1.1
(- 4.0 - 8.6) (- 6.1 - 9.2) (- 2.5 - 1.3) (- 2.5 - 1.3) (- 2.3 - 2.1)

IGFBP-3 (SDS)  - 0.7 ± 2.1 1.2 ± 2.3 2.4 ± 2.8 1.7 ± 2.5 0.3 ± 1.5
(- 5.3 - 6.4) (- 4.3 - 11.3) (-1.9 - 15.9) (- 1.7 - 11.1) (- 1.6 - 3.6)

Delta BA/CA
  0.9 ± 0.2 1.0 ± 0.2 1.0 ± 0.1 1.1± 0.2
  (0.3 - 1.4) (0.6 - 1.5) (0.7 - 1.2) (0.8 - 1.4)

*Height 1st year- height basal **Height 2nd year - height 1st year *** Height 3rd year- height 2nd year ****Height 4th year - height 3rd year EMH: Estimated mature 
height US/LS: Upper segment: lower segment, EMH: Estimated mature height P-value is significant if < 0.05 Different symbol indicate significant
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-0.7±2.1 to 1.2±2.3. For 21 patients with ISS followed 

for 4 years [Table 5], there was a significant difference 

between IGF-1 SDS in the 1st year compared to 3rd year 

(P- value = 0.008) and between IGFBP-3 SDS in the  

1st year and the 3rd and 4th years (P- value = 0.001).

Discussion

In children with ISS, short-term outcome measures  

(<2 years) must take into account the age, pubertal 

status, and degree of growth retardation of the individual 

patient. The change in height SDS will provide the best 

indicator of response, but height velocity, height velocity 

SDS, and the change in height velocity(cm per year or 

SDS) all have utility, and are sometimes superior, in 
assessing response.[1]

Long-term auxological parameters that define the 
success of therapy include adult height SDS, adult height 
SDS minus height SDS at start of GH, adult height minus 
predicted height, and adult height minus target height.[1]

In the present study, we included a cohort of 120 
patients with idiopathic short stature. Our GH dose is in 
accordance with that used by Ranke (1996) in cases of 
ISS.[9] On GH therapy, patients showed catch up growth 
during 1st and 2nd years followed by a plateau response. 
The mean height SDS gains during 1st, 2nd, 3rd and 4th 
years during GH therapy were 0.5±0.5, 0.4±0.4, 0.2±0.4 
and 0.03±0.3, also the height SDS gain during the first 
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Table 3: Regression equations for prediction of height velocity in all patients with idiopathic short stature
Variables First year Second year Third year Fourth year

P E Ranke % 
Variability

P E Ranke % 
Variability

P E Ranke % 
Variability

P E Ranke %  
Variability

Intercept (constant) -6.795 -8.29 -10.63 -7.14
Target height (SDS)       -2.12 6 4 0.21 1 36      
Target height (SDS) - 
height (SDS)       2.37 3 9       2.61 2 36

CA (year) 0.67 1 25                  
BA (year)   0.41 2 36       0.24 3 16
BA delay (year) 0.05 5 4                  
Height (SDS) 1.01 4 4       -1.01 4 4 -0.11 4 16
Weight (SDS) -1.48 3 9 1.73 4 9 1.38 5 4      
Weight/height (SDS)                   0.47 5 4
Triceps skin fold 
thickness (SDS)       -2.29 5 4 -2.76 6 4      

IGF-I (SDS) -1.08 2 9       2.23 3 4      
IGFBP-3 (SDS)       -0.001 7 4      
1st year GV (cm/year)       0.94 1 49            
2nd year GV (cm/year)             -0.94 2 16 -0.49 6 4
3rd year GV (cm/year)                   -0.16 1 49
r2 0.37 0.79 1 1
Error SD (cm) 4 2.4    
P E = Parameter estimate

Table 4: Regression equations for prediction of height velocity in prepubertal children with idiopathic growth 
hormone deficiency
Variables First year Second year Third year

P E Ranke % Variability P E Ranke % Variability P E Ranke % Variability
Intercept (constant) 11.35 0.55 7.47
Target height (SDS)             2.68 4
Height (SDS) -0.69 2 16 -0.4 4 4    
Weight (SDS) 0.44 3 4 0.12 3 4    
Triceps skin fold 
thickness (SDS)

0.64 4 4          

BA delay (year) -0.04 5 4          
Insulin maximum  
GH (µg/l)

-1.43 1 16 0.04 2 4    

1st year GV (cm/year)       0.53 1 49    
2nd year GV (cm/year)             0.03 16
r2 0.31 0.62 1
Error SD (cm) 2.8 1.8  
P E = Parameter estimate
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two years of GH therapy was 0.9±0.8 SDS. 

Short-term auxological features that suggest a 
successful first year response to GH treatment in 
individual patients include a change in height SDS of 
more than 0.3- 0.5, a first-year height velocity increment 
of more than 3 cm/year, or a height velocity SDS of more 
than +1. Restoration to a more normal height during 
childhood is an important consideration.[10]

For 92 subjects who completed GH therapy for three 
years in Hopwood’s study[11] the GV increased from 4.6 
cm/year before treatment to a mean of 8.0, 7.6 and 7.2 
during the first three years of GH therapy, which were 
higher compared to ours. The higher GV reported may 
be explained by the higher GH dose used (27 U/m2/w) 
compared to ours (20 U/m2/w).

It is of interest to mention that in our study a significant 
positive trend is observed in the delta changes of all 
anthropometric data of patients with ISS, including height 
and its SDS and difference between target height and 
patient’s height except for the EMH where delta changes 
showed non- significant variation. This finding sets the 
discussion for the issue of the possible benefit of GH 
therapy in ISS patients regarding their final adult height. 
There has been much disagreement concerning the 
prognosis of adult height in children with ISS. This may 
be related to the lack of precise classification where some 
children seem to have a combination of genetic short 
stature and constitutional delay, while others seem to 
have a growth disorder based on their pathologic growth 

rate and height. Until there is a wide availability of genetic 
tests for mutation in the genes for GH and GH receptors, 
treatment decision will depend on a clinical judgment.[12] 

In our patients with ISS, the mean age for spontaneous 
pubertal maturation was 11.9±1.1 years for girls and 
12.6±1.9 years for boys. This to be compared with the 
mean age reported by Reckers et al, (11.4±0.9 years for 
girls, 13.1±1.4 years for boys) and Ranke and Lindberg, 
(12 years for girls and 12.6 years for boys).[13,14] 

In the present work, we tried to identify factors that 
may predict the growth response to GH treatment in 
this group of short children by applying a multiple linear 
regression analysis. 

For the first year, the growth response was positively 
correlated to CA and BA delay and negatively correlated 
to height, weight and IGF-1 SDSs. These factors 
explained 37% of the variability with an error SD of 4 cm. 
For the second year, the growth response was correlated 
positively to first year growth velocity, BA, triceps skin 
fold thickness SDS and deviation from target height, 
and negatively correlated to weight, IGFBP3 SDS and 
target height SDS. These factors explained 79% of the 
variability with an error SD of 2.4 cm.

Other authors reported that children who are younger 
or heavier, who receive higher GH doses, and who are 
shortest relative to target height have the best growth 
response. These factors account for approximately 40% 
of the variance in growth response. Adult height outcome 
is influenced negatively by age at start and positively by 
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Table 5: Delta change of auxological and laboratory data of patients with idiopathic short stature

Variables First year
Mean ± SD  

n = 21

Second year
Mean ± SD  

n = 21

Third year
Mean ± SD  

n = 21

Fourth year
Mean ± SD  

n = 21

P-value

Height (SDS) 0.3± 0.3
a

0.1 ± 0.4
b

0.03 ± 0.4
b

0.03 ± 0.3
b 0.02*

Target height - height (cm) -7.6 ± 1.4
a

-6.0 ± 2.2
b

-5.3 ± 1.6
b

-5.1 ± 2.4
b 0.002*

Target height (SDS) - height (SDS) -0.4 ± 0.2
a

-0.05 ± 0.4
b

-0.06 ± 0.4
b

0.02 ± 0.4
b 0.001*

Growth velocity SDS -1.4 ± 3.0
a

-0.3 ± 2.8
ab

0.1 ± 2.3
b 0.03*

Height increased (cm) 7.4 ± 1.5
a

6.7 ± 2.1
ab

5.7 ± 1.5
bc

5.4 ± 2.0
c 0.001*

EMH (SDS) 2.3 ± 2.5 3.3 ± 4.5 1.6 ±2.1 0.9 ± 3.6 0.1

IGF-1 (SDS) 0.8 ± 1.2
a

-0.4 ± 1.9
ab

-0.9 ± 1.3
b

0.2 ± 1.1
a 0.008*

IGFBP-3 (SDS)
2.3 ± 2.5

a

1.0 ±2.7

ac

-1.8 ± 2.6

bc

-1.1 ± 2.6

c
0.001*

EMH: Estimated mature height, P-value is significant if < 0.05, *Different symbols indicate significance
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midparental height, height at start, bone age delay, and 
the first-year response to GH.[15,16]

Baseline and treatment-related IGF-I has not been 
validated in long-term studies, but two-year studies 
suggest that the rise in IGF-I correlates with short-term 
height gain.[17] IGF-I levels may be helpful in assessing 
compliance and GH sensitivity; levels that are consistently 
elevated (>2.5 SDS) should prompt consideration of GH 
dose reduction.[1] 

For the third year, the growth response was positively 
correlated to five variables namely target height, 2nd year 
growth velocity, IGF-1 SDS, weight SDS and triceps 
skin fold thickness SDS and was negatively correlated 
to height SDS at onset. For the fourth year, growth 
response was positively correlated to 2nd and 3rd year 
growth velocity, BA, deviation from target height and 
weight/ height SDS and negatively correlated to height 
SDS at onset. In the 3rd and 4th years of GH therapy 
these variables explained 100% all response variability. 

In a longitudinal study of ISS subjects, bone age delay 
had an impact on the accuracy of prediction. In children 
with a bone age delay around two year, the average 
adult height was close to the predicted height, and in 
those with no bone age delay, adult height surpassed 
the initial prediction substantially, although if the bone 
age was delayed by more than two year, adult height 
was considerably below predicted height.[16] 

In our patients with idiopathic short stature, only one 
female patient reached final adult height (147.9 cm, -2.2 
SDS), whereas six patients (three males, three females) 
reached near final height of a mean of 157.8±4.7 cm 
(-2.8±0.6 SDS) for males and a mean of 144.7±10.2 cm 
(-2.4±1.6 SDS) for females. 

The mean increase in adult height attributable to GH 
therapy (average duration of 4-7 year) in children with ISS 
is 3.5-7.5 cm compared with historical controls,[18,19] with 
patients’ own pretreatment predicted adult heights,[20] or 
with no treatment control or placebo control groups.[17,21] 
Responses are highly variable and are dose dependent. 
Concern has been raised that higher GH doses (>53 
µg/kg/d) may advance the bone age and the onset of 
puberty.[22]

The reason for the marked discrepancy between 
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these data and the majority of the previously mentioned 
reports is the possibility of initiation of GH treatment at 
younger age.

It is apparent from our previous data that the multiplicity 
of predictors that is responsible for response variability 
in patients with ISS treated with GH, are lacking a 
characteristic pattern either in the period of catch up 
growth or in the period of stable growth. This confirms 
the complexity of growth response in ISS patients, with 
multidimensional parameters from different categories. 
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