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Abstract 
Introduction: Reduction in adult height by high-dose sex steroids was introduced decades ago. Here, we 
present the impact of lower doses of sex steroids on the predicted adult height in children with tall stature. 
Methods: This single-center retrospective observational study included 22 tall children treated with low-dose 
sex steroids. Patients with familial tall stature, constitutional advance of growth or Marfan syndrome were 
included. Anthropometric measurements at the commencement of treatment, six-monthly intervals on 
treatment, cessation of treatment, and at final assessment, were evaluated. Bone age (BA) determination, and 
adult height predictions (PAH) were made using both the tables of Bayley-Pinneau (BP) and Tanner Whitehouse 
(TW) mark II methods.  
Results: The final height was significantly lower than the predicted height in girls whereas it was not 
significantly lower than predicted height in boys. In patients with Marfan syndrome, the final height was only 
lower than the prediction of TW rather than BP. Non-Marfan cases had significantly lower final height than both 
the predicted heights. Conversely, although there was a decrease in height SDS over time, this difference was 
not statistically significant in the study cohort. Starting treatment at early BA (<10 years) did not affect the last 
height SDS or the difference between predicted height and final height. 
Conclusion: Sex difference, sex steroid dosage, differences in treatment duration and differences in BA 
measurement method, PAH method, BA and chronological age at the start of treatment may all influence the 
therapy response. Shortcomings about these influences can be overcome in future prospective studies with a 
larger sample size. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000542553/4306683/000542553.pdf by U
niversity C

ollege London user on 07 January 2025



 

 

Introduction 
Tall stature is defined as a height more than two Standard deviations (SD) above the mean for age, i.e. greater 
than the 97th percentile for sex and age [1-5]. A child can also be defined tall in relation to his/her midparental 
height (MPH) if his/her height exceeds more than 2 SD above the MPH (height SD-MPH SD >2.0) [1,5]. The 
majority of patients presenting with tall stature have a diagnosis of familial tall stature or constitutional 
advanced growth, which is a diagnosis by exclusion. Some patients with overgrowth may have an underlying 
endocrine disorder, such as GH/IGF1 excess, precocious exposure to sex steroids, thyrotoxicosis, and obesity, 
all of which may be associated with an increase in growth velocity. Furthermore, it is also important to note that 
many genetic syndromes (Sotos, Weaver, Fragile X, Simpson-Golabi-Behmel, Marfan, Klinefelter, Beckwith-
Wiedeman Syndrome etc) may be associated with overgrowth [1]. Referrals to a pediatric endocrinologist for an 
assessment of a child with tall stature are much less frequent than for short stature. This is because tall stature 
has a wider social acceptance. However, tall stature can also cause psychological problems in children or 
adolescents, and parents and children will therefore seek out treatments to restrict growth if their predicted 
adult height (PAH) is thought to be unacceptable. Generally, tall stature does not require any treatment except 
when it is pathological in origin [1]. To date, no evidence-based guideline has been created with respect to the 
selection of potential candidates for adult height reduction. Additionally, there is no optimal method for 
accurately predicting adult height in tall children. The available methods to predict adult height are the Bayley-
Pinneau method that usually overestimates adult height, especially when the bone age is less than 9 years, and 
theTanner-White house Mark 1 and 2 that overestimates adult height when the bone age is less than 9 years, but 
understimates it when the bone age is more advanced [5-7]. It is estimated that the prediction error is around 3 
cm in boys and 2 cm in girls [8]. However, treatment is generally only considered for adolescents with predicted 
adult heights more than 2.5 SD above the population mean. The most accepted and effective treatment to limit 
final height is early pubertal induction leading to complete fusion of the epiphyses with earlier achievement of 
final height, using testosterone in males and estrogens in females [5,9-11]. High doses of estradiol or 
testosterone have been used to limit final height prognosis by inducing epiphyseal closure. However, high doses 
of sex steroids are not without short and long-term consequences [1-5,12-15], and are no longer used for 
limitation of final height. Here, we present the clinical features of a cohort of patients who underwent early 
pubertal induction with lower doses of testosterone and estrogen in an attempt to limit their final height. 
Material and Methods 
Participants 
We performed a retrospective data collection from a medical chart review of patients with tall stature followed 
up and treated in the pediatric endocrinology clinic at Great Ormond Street Hospital, London, United Kingdom. 
Clinical diagnosis of tall stature was based on a height more than two standard deviations (SD) above the mean 
for age, i.e. greater than the 97th percentile for age and sex [1-5]. A detailed history including age at 
presentation, main clinical features, and the presence of comorbid conditions were recorded for each patient. A 
clinical examination consisting of anthropometry, assessment of pubertal stage, or dysmorphic features were 
evaluated for each patient. Only patients with familial tall stature, constitutional advance of growth or Marfan 
Syndrome were included in the study. This study excluded patients with other syndromic or endocrine disorders 
associated with tall stature (Sotos, Weaver, Fragile X, Simpson-Golabi-Behmel, Klinefelter, Beckwith-Wiedeman 
Syndrome, GH/IGF-1 excess, McCune –Albright Sydrome, Homocystinuria), as well as patients with missing 
data, who were lost to clinical follow-up and patients whose final height was unknown. Moreover, patients who 
did not start treatment for tall stature were not considered suitable for inclusion in the study because they 
mostly gave up on continuing follow-up, and did not have homogeneous data for comparison (only a few 
hospital admissions at different ages). 
 
Clinical and Radiological Asessment 
Follow-up visits, carried out every 6 months during the study period, included measurement of weight (while 
wearing underwear using a standard calibrated scale), height (using a commercial Harpenden-Holtain 
stadiometer), body mass index (BMI) and evaluation of pubertal stage according to the criteria of Marshall and 
Tanner. Age at first evaluation, age at treatment commencement and treatment cessation, height, weight and 
BMI Standard deviation scores (SDS), growth velocity SDS, and mid-parental height SDS were also utilized in the 
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study. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m2). The height, 
weight, and BMI SDS were calculated according to World Health Organization growth data [16]. For statistical 
analysis, comparisons were made using 4 main anthropometric measurements (at initial evaluation, treatment 
commencement, treatment cessation, and final assesment). To determine whether there was a change in 
height SDS with treatment, the changes in anthropometric measurements in SDS over time were calculated. X-
ray of the left hand was used for bone age (BA) determination which is important to predict adult height. BA was 
assessed independently by two different observers (radiologist and a pediatric endocrinologist) according to 
theTanner Whitehouse 2 method (TW2). Adult height was predicted by both the tables of Bayley-Pinneau (BP) 
and Tanner Whitehouse mark II methods [17,18]. The final heights of the patients were compared with two adult 
height prediction methods and the estimated decrease in final height was calculated according to the 
prediction. The bone age limit for starting treatment earlier was determined as 10 years old and comparisons 
were also made accordingly. 
 
Treatment Protocol 
Oral ethinylestradiol (EE2) in girls and an intramuscular injection of a mixture of Testosterone esters in boys 
(Sustenon 250 mg/ml; 30 mg testosterone propionate, 60 mg testosterone phenylpropionate, 60 mg 
testosterone isocaproate and 100 mg testosterone decanoate) were used. EE2 was started at a dose of 2 µg 
daily and increased at 3-6 monthly intervals to reach a dose of 15 - 20 µg over a mean treatment period of 
6.7±1.0 years. In cases where girls needed therapy for more than 2.5 years, or where menstrual bleeds 
occurred, a progestagen was added to the treatment (natural micronized progesterone 200 mg and synthetic 
progesterone medroxyprogesterone acetate 5 mg once daily in 12–14 day blocks every month). In boys, an 
intramuscular injection of testosterone esters was commenced at a dose of 50 mg monthly, increasing to a dose 
of 150 mg two weekly over a mean treatment duration of 9.4±1.2 years. Before commencing treatment, any 
underlying pathology was excluded. BA at the cessation of the sex hormone therapy was estimated to be less 
than approximately 17 years in boys and 15 years in girls, indicating that approximately 98.8% and 99.3% of the 
final adult height had been achieved in boys and girls, respectively [7].  
 
Statistical Analysis  
The data were analyzed using SPSS software (Statistical Package for the Social Sciences, version 21; SPSS Inc., 
Chicago, IL, USA). The results were given as mean±SDS or as percentages, where appropriate. Data were 
analyzed using descriptive statistical methods (mean, Standard deviation, median, frequency, rate, Minimum, 
Maximum) as well as some methods for comparing quantitative data. The repeated measures ANOVA was used 
to compare means across more variables that are based on repeated observations. The Bonferroni correction 
was performed during the analysis because of the increased risk of a type I error. The Greenhouse-Geisser is 
used to assess the change in a continuous outcome with three or more observations across time or within-
subjects against violations of sphericity. The Wilcoxon signed rank test, was also used to determine whether the 
mean difference between two sets of observations when each subject or entity was measured only twice. 
 
Results 
Baseline Characteristics 
The files of 26 patients who received treatment for tall stature were examined. Four patients who had a 
diagnosis of familial tall stature, were not included in the study because of incomplete data and follow-up. Data 
were extracted on a total of 22 patients treated with tall stature in this study; 81.8% of the patients (n = 18) were 
female and 18.2% (n = 4) were male. Of the cohort, 22.7% (n=5) had Marfan Syndrome (3F, 2M) whereas the rest 
(77.3%, n=17) had familial tall stature or constitutional growth advance. The mean age of patients at initial 
evaluation was 7.6±1.9 years, with a mean BA of 9.8±1.7 years. Oral EE2 treatment was started at 9.6±1.4 years 
in girls, whilst testosterone was commenced at 11.3±1.5 years in boys. In patients with Marfan syndrome, the 
median age for starting pubertal induction was 9.8 years (min: 7.5 and max:11.2). There were a few patients 
whose treatment started after bone age 12 (n=3 male [2 Marfan Syndrome 1 constitutional advance of growth],  
n=1 female). There was only one Marfan syndrome patient with BA<10 years when treatment commenced. The 
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mean age of treatment cessation was 13.0±1.4 years in girls and 14.8±1.9 years in boys respectively. Patients 
were followed up for 1.6±1.0 years after discontinuation of treatment.  
 
Effect on height 
The changes in anthropometric measurements in SDS over time were shown in Table 1. Although there was a 
decrease in height SDS over time, this difference was not statistically significant in the study cohort (Table 1). 
The reduction in height SDS over time throughout treatment and follow-up of non-Marfan Syndrome patients 
was not significant whereas the height SDS reduction of Marfan Syndrome patients over time approached 
significance (p=0.06) (Table 1). The results of the treatment protocol with height predictions according to gender 
and main diagnosis were also summarized in Tables 2 and 3 respectively. The final height was significantly lower 
than the predicted height in girls; however the final height was not significantly lower than the predicted height 
in boys. In patients with Marfan syndrome, final height was only lower than the TW2 prediction, in contrast to the 
BP prediction. Non-Marfan syndrome patients achieved a significantly lower final height than both TW2 and BP 
predicted heights (Table 3). 
The mean final height of girls was significantly higher than MPH (p=0.04). Only five girls (27%) achieved a final 
height that was lower than the MPH. All 4 boys achieved a final height that was greater than the MPH, but this 
did not reach statistical significance (p=0.07). Patients with Marfan Sydrome reached final heights that were 
similar to their MPH (p=0.13). However, patients with familial tall stature or constitutional advanced growth 
achieved final heights that were significantly greater than the MPH (p=0.01) (Table 3). Commencement of 
treatment at earlier bone ages (<10 years) did not affect the final height SDS or the difference between predicted 
height and final height; moreover this was similar in both genders (Table 4).  
 
Side effects 
None of the patients manifested side effects related to either testosterone (aggressive behaviour, painful 
erections, severe forms of acne) or estrogen (weight increase, headache, hypertension, increased risk of 
thromboembolic events) therapy during the follow-up period.  
 
Discussion 
This is one of a few studies to have evaluated the effect of sex steroid therapy on final height in patients with tall 
stature. In addition, the articles on this subject mostly describe the use of high-dose sex steroids and are older 
publications. This issue has not been addressed more recently. This study is important as it describes the long-
term use of  lower doses of sex steroid.We have documented the results of sex steroid treatment not only in 
patients with familial tall stature and constitutional advanced growth, but also in a small subgroup of patients 
with Marfan Syndrome. Most of the articles compare final height and predicted height, rather than detailing the 
height SDS trajectory over time. The current study obtained long-term data of patients from initial evaluation to 
achievement of final height, allowing an assessment of height SDS changes over time. To date, sex steroids 
remain the most studied and widely used off-label treatment to restrict growth [19]. However, the use of sex 
steroid therapy in tall stature is still controversial, and its benefits remain unproven.  
High doses of estrogen or testosterone (in girls, 100-500 μg/day EE2 and in boys testosterone ester mixtures 
[testosterone propionate, fenylpropionate, isohexanoate, and decanoate] 250 mg given every week or every 2 
weeks) have been used to limit final height by inducing epiphyseal closure in the past [1,7,19-25]. In girls, EE2 
given orally, and combined with cyclical progestagen where menstrual bleeding has commenced, has 
previously been shown to reduce the final height by between 2.1 and 10 cm [7,17]. In boys, the administration of 
testosterone 250-1000 mg monthly has shown similar results, with a reduction in final height of 4.7-9.6 cm. 
Testosterone enanthate doses have been reported to demonstrate a similar efficacy on final height using 50% of 
the doses.[7,12]. Short-term high-dose testosterone therapy in boys with tall stature has also shown to be as 
effective as long-term therapy [21]. However, high doses of sex steroids are no longer recommended to restrict 
growth due to their short-and long-term consequences [1]. Treatment of constitutionally tall girls with low doses 
of oestrogens has been reported to be equally effective in reducing the final height as the usually administered 
high doses [22,26]. The lowest effective and safest therapeutic dose is still a matter of scientific debate. We 
have summarized different treatment regimens reported previously in boys and girls in Table 5. Recently, 
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induction of puberty with very low doses has also been reported to be effective and the most accepted 
treatment to restrict adult height in girls (starting with doses 2 μg oral EE2 and increasing gradually to 15 μg 
daily) [1]. In our study, we used these more physiological dose regimens of sex steroids with the aim of achieving 
less suppression of gonadotropins as recently recommended [1]. Thus, to the best of our knowledge, our study 
reports the use of the lowest doses reported to date in the literature. However, our study showed that height SDS 
over time did not change statistically with this treatment. On the other hand, our study reports that the final 
height was significantly lower than the predicted height in girls whereas the final height was not significantly 
lower then predicted height in boys. This raises some interesting questions. The pubertal growth spurt has long 
been considered to be an androgen-dependent process. However, there is abundant clinical and experimental 
evidence showing that estrogens may be primarily responsible for accelerated growth during puberty [8]. 
Furthermore, high dose testosterone in boys is shown to be less effective than estrogenic treatment in girls due 
to the bone age at the start point of treatment [5]. This raises the possibility that estrogen treatment used at 
more physiological doses may be more effective than testosterone treatment in the management of tall stature. 
While all these questions may sound believable, it should be kept in mind that the small number of male 
patients in our study may also lead to these results, and larger future studies are needed to shed light on these 
questions. Additionally, one needs to consider whether adult height predictions are equally reliable in both 
genders. Estimation of PAH is one factor that is taken into account when deciding whether or not height-
reducing treatment is advisable for a child with tall stature. Furthermore, final height compared with PAH before 
commencement of height-reducing treatment is a frequently used method to evaluate the effect of treatment. 
However, the risk of error inherent in height-prediction methods is well known, and studies have shown both 
underestimation and overestimation of final adult height depending on the method used [7,13]. Traditional 
PAH  models relying on manual bone age readings have high interobserver variability and individual variations in 
height prediction have also been shown to occur. However, the methods of height prediction have found to be 
clinically acceptable in tall stature girls [7,13]. Nevertheless, our study results showed that these two traditional 
PAH methods did not give completely overlapping results, but both methods overestimated the final height in 
girls. Moreover, major differences in height reduction were observed depending on the height prediction method 
which was employed in both genders. Anciently, the estimated confidence limits of PAH determined as large (+/- 
8 cm) for the two methods up to a bone age of 15 years [6]. In literature, Tanner-Whitehouse mark II gives a 
better estimation of final height up to the bone age of 13 years and 9-12 years respectively in tall boys and girls 
whereas the overestimation of final height is higher in older bone ages [6]. On the other hand, up to the bone age 
of 12-14 years the final height is massively overestimate by the Bayley-Pinneau method in both genders but this 
method give relatively accurate estimations thereafter [6]. Thus, there is no best or most accurate method for 
PAH in tall children, first choice method may be differ with respect to sex and bone age [6]. Our study group 
included only a few patients whose treatment started after bone age 12. More than half of the patients, 
treatment began before bone age was 10. At the beginning of treatment, PAH were calculated higher in both 
genders with Tanner-Whitehouse Mark II. The amount of reduction in final height also differed according to the 
two PAH methods. The fact that these PAH methods give different confidence limits for different bone ages and 
most of our patients had younger bone age than 10 years might cause these differences to be evident in our 
study. From this point of view, more objective and more reliable PAH methods are still needed and recently the 
incorporation of artificial intelligence has improved the accuracy of bone age readings and their incorporation 
into predicting adult height  models models [27]. Thus, our results based on the comparison of final height and 
PAH in both sexes should be supported by future larger cohort studies which also include more reliable PAH 
methods to clarify the effect of more physiological estrogen and testosterone therapy in the management of tall 
stature. 
Previous studies have shown an association between height reduction and BA at the commencement of EE2. 
The greatest effect on height reduction was observed when EE2 treatment was initiated at a younger BA [15]. 
Moreover, in boys, treatment commencement at BAs older than 14-15 yr, depending on the method of BA 
assessment, was not recommended, because androgen administration caused additional growth instead of 
growth inhibition. It is recommended that referral should take place early, preferably before puberty, and 
treatment should not be discontinued before complete closure of the epiphyses of the hand and wrist occurred 
to avoid significant post-treatment growth [9]. For optimal results, these therapeutic agents should be started at 
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a younger BA [7,28,29]. However, in the current study, starting treatment at an earlier bone age did not affect the 
final height SDS or the difference between predicted height and final height. 
Experience with sex steroids for height reduction in Marfan Syndrome is limited [30,31]. Estrogen treatment in 
Marfan Syndrome has been more studied than testosterone treatment in this syndrome [30,31]. Marfan patients 
treated with sex steroids have been reported to have similar treatment effects as constitutional advanced 
growth [32]. Although the types and doses of estrogens vary in the literature, 50-300 µg of EE2 per day is 
commonly used for height modification in girls with Marfan Syndrome [30]. Recently, Estradiol valerate, which is 
more physiologic than EE2, has been used in patients with Marfan Syndrome [30,33]. Initiating treatment with 
estradiol valerate before the age of 10.5 years has been reported to be effective in female patients with Marfan 
Syndrome [30,33]. Our study included only 5 patients with Marfan Syndrome, and only one patient with an 
age>10.5 years at initiation of treatment. More physiologic, lower doses of EE2 were used in Marfan Syndrome 
patients as was the case with constitutional tall stature in this study. We demonstrated that the height SDS of 
patients with Marfan Sydrome overtime decreased with sex steroid treatment, but this did not achieve statistical 
significance. Patients with Marfan Sydrome reached a final height similar to their MPH in the current study. 
However, comparison with parental target height in Marfan Syndrome also has limitations. Clearly, an affected 
parent with this autosomal dominant condition will compound the tall stature. Additionally, the genetic 
contribution to adult height from tall unaffected parents is unclear [30]. On the other hand, in the current study, 
the final height of patients with Marfan Syndrome was only lower than the TW2, in contrast to the BP, prediction. 
One of the methodological difficulties of evaluating height-limiting therapies in children with Marfan Syndrome 
is that the height prediction models designed for the “normal” population, based on skeletal age, such as 
Tanner Whitehouse and Bayley–Pinneau, may have limited applications to syndromic tall stature.  
Currently, high dose sex steroids are no longer widely recommended to limit growth due to their short and long-
term consequences (myalgia, acne, gynecomastia, aggressive behavior, trouble some erections, weight gain, 
decrease semen quality in males; weight gain, night cramps, galactorrhea, ovarian cysts, predisposition to 
thrombosis, increase risk of breast tumours, malignant gynaecological tumours, malignant melanoma and 
premature ovarian failure in females) [8,16,28,34,35]. In the current study, no adverse effects were detected 
during the short and long-term follow-up. However, data on future infertility or cancer risks could not be 
included in the study, since we followed the patients for only a few years after treatment discontinuation. 
Other therapies such as a nocturnal infusion of octreotide, a somatostatin analogue (201-995), or surgical 
closure of the epiphyses or percutaneous epiphysiodesis procedures have been considered to reduce final 
height in tall children [1,36]. Today, surgical treatment with percutaneous epiphysiodesis is also preferred for 
patients with a bone age less than 12.5 years in girls and 14 years in boys [37]. However, treatments other than 
sex hormones were not included in this study. Recently, it has been demonstrated that a selective estrogen 
receptor (ERα) agonist has the capacity to suppress longitudinal bone growth in treated mice [38]. This may 
have direct implications for the development of a specific treatment for extreme tall stature as a future 
treatment approach. 
  
Limitations of the current study 
Our study has several limitations. First, the nature of the study was a retrospective review of medical records 
from a single center. Secondly, the lack of statistical significance may be due to the small sample size. Another 
limitation of our study is that patients who did not receive treatment were not included in the study and 
comparison results could not be presented. In addition, manually determined BA is subject to both inter- and 
intra-observer variability. These shortcomings can be overcome in future prospective studies with a larger 
sample size, and with the use of automated bone age evaluation using software such as Bone Xpert. However, 
our patients were recruited over 7.2±1.9 years, demonstrating the rarity of patients seeking treatment to limit 
their final height. Males are generally happy to achieve tall stature, hence the reduced number of males in this 
study. Importantly, tall stature is now perceived to be acceptable, and perhaps even desirable, in women. 
Hence, it is likely that the number of individuals seeking height-limiting therapies will dwindle further. 
Additionally, late negative effects on fertility or the development of estrogen-induced tumours such as breast or 
uterine malignancies could not be addressed in this study. The main indication for height limiting therapies may 
be in girls with conditions such as Marfan Syndrome.  
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Conclusion 
Currently, the decision on whether to intervene or not with height-limiting therapies in children and adolescents 
with tall stature is still controversial. There are no evidence-based guidelines available on whether to treat or not 
and on which medication to use. Nevertheless, there remains a significant degree of uncertainty regarding the 
efficacy of exogenous sex steroids in limiting final height, whether used as part of a high or lower dose strategy. 
The lowest effective dose has to be determined in a randomized, prospective clinical trial. Moreover, gender-
based differences in efficacy and safety may also determine their acceptability. Lower, possibly more 
physiological, estrogen doses may be more effective than lower doses of testosterone in the therapy of tall 
stature. Thus, further studies are required  that then need to address gender differences, different sex steroid 
dosages, differences in treatment duration, and differences in BA and PAH methods of evaluation. The BA and 
chronological age at the start of treatment may also influence the therapy response.  
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Table 1. Antropometric parameters of cases during follow-up 
 On 

Admission 

At commencement of 

treatment 

Cessation  of 

treatment 

Last 

Assessment 

 

 Mean±sd p value 

Total n=22 (f=18, m=4)      

Age (years) 7.6±1.9 9.9±1.5 13.3±1.6 14.7±1.4  

H (cm) 141.9±11.9 157.8±9.2 177.8±8.7 181.4±9.4  

W (kg) 35.5±11.3 40.1±20.7 63.7±15.0 79.7±37.2  

BMI 17.3±3.9 18.5±4.4 20.0±4.0 20.5±4.4  

H SDS  3.5±1.1 3.4  ± 1.3 3.4  ± 1.1 3.1  ± 1.0 0.4 

W SDS  1.8±1.2 1.5  ± 1.2 1.6  ± 1.0 1.4  ± 1.2 0.02* 

BMI SDS  0.3±1.5 0.3 ± 1.5 0.2  ± 1.3 0.8 ± 1.3 0.1 

Non-Marfan (n=17)      

H SDS 3.1±0.9 3.0±1.0 3.0±0.9 2.9±0.9 0.78 

W SDS 1.7±1.2 1.5  ± 1.2 1.6 ±1.1 1.4  ± 1.2 0.09 

BMI SDS 0.4±1.5 0.4 ± 1.5 0.3 ± 1.4 0.1 ± 1.4 0.13 

Marfan (n=5)      

H SDS 4.6±1.0 4.6±1.2 4.3±1.4 3.6±1.3 0.06 

W SDS 2.0±1 1.8±1.1 1.7±1.0 1.5±1.3 0.13 

BMI SDS -0.09±1.3 0.03±1.5 -0.1±1.2 -0.08±1.2 0.95 

BMI: body mass index, H: Height, f:female, m:male, W:weight 

*statisticallysignificant 
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Table 2. Comparison of Predicted and Final Height 
 MPH 

(cm) 

Predicted height (cm) Predicted height (cm) Height at followup 

(cm) 

Comparison of Predicted and Final Height 

Sex (n)  TW BP Cessation of therapy FH p value Height reduction 

(cm) 

      TW-FH BP-FH TW-FH BP-FH 

F (18) 175±5.0 198.9±9.8 183.5±4.4 174.4±4.0 177.5±3.7 0.00* 0.00* 21.5±8.4 5.3±4.8 

M (4) 187.9±4.8 210.5±9.8 201.8±3.8 193.2±7.7 198.9±6.6 0.07 0.27 12.3±10.3 3.6±6.2 

BP: Bayley-Pinneau, F: Female, FH: Final Height, M: Male, MPH: Midparental Height, TW: Tanner Whitehouse mark II 

Wilcoxon Signed Rank Test, *statisticallysignificant 
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Table 3. Comparison of Predicted and Final Height in Marfan and Non-Marfan Cases 
 MPH 

(cm) 

Predicted 

height (cm) 

Predicted 

height (cm) 

Height at followup Comparison of 

FH and MPH 

Comparison of Predicted and Final 

Height 

Diagnosis (n)  TW BP Cessation 

of therapy 

FH p value p value Height reduction 

       TW-FH BP-FH TW-FH BP-FH 

Marfan (5) 179.4±6.1 202.6±8.9 193.9±12.5 181.4±14.6 188.3±15 0.13 0.04* 0.46 13.8±8.9 0.44±3.3 

CAG (17) 176.8±7.4 200.7±11.3 185.4±6.7 176.8±6.5 179.4±6.4 0.01* 0.00* 0.00* 21.6±8.8 6.4±4.5 

CAG:constitutional advanced growth,FH: Final Height, MPH: Midparental Height, TW: Tanner Whitehouse mark II 

Wilcoxon Signed Rank Test, *statisticallysignificant 
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Table 4. Comparison of Predicted and Final Height dueto Bone Age BeforeTherapy 
  Bone Age before therapy (years) p value 

  <10 10≤  

N  14 8  

Final Height SDS  3±0.3 3.3±0.4 0.76 

Difference between Predicted Height 

and Final Height 

TW-FH 22.5±2.3 15.3±3.1 0.08 

BP-FH 6.0±1.4 3.3±1.6 0.28 

Mann Whitney U Test 
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Table5. Literature data summarizing the effect of hormonal treatment in children with tall stature 
 

Reference 

Study sample Dosage of therapy Result of study 

Sorgo W et al.  1984 

[18] 

14 F • 10 F:  0.3 mg EE2 daily 

and 5 mg lynestrenol 

from day 18-24 of the 

cycle.  

• 4 F:  7.5 mg conjugated 

estrogens per day with the 

same dose of the 

progestagen 

GR: 2.3-6.5 cm 

Grüters A et al. 

1989 [21] 

 

82 F • 100 μg/day EE2 ( n=44) 

• 300-500 μg/day EE2 

( n=38)  

 

• The dose of EE2 had no 

effect on FH reduction 

[high dose group: 4.9 +/- 

2.6 cm, low dose group: 

5.1 +/- 2.4 cm. 

Normann EK et 

al.1991 [17] 

539 F • 100 μg/day EE2 ( n=98) 

• 250 μg/day EE2 ( n=178)  

• 500 μg/day EE2 ( n=263) 

• No difference between 

groups 

• 100 μg/day EE2 for about 

20 months is sufficient to 

reduce FH 

Joss EE et al. 1992 

[4] 

73 F 

(52 treated, 

21untreated) 

 

• 100 μg/day EE2 ( n=11) 

• 300 μg/day EE2 ( n=25)  

• 500 μg/day EE2 ( n=16) 

• Using TW II, EE2 

treatment reduced FH 

compared with the 

untreated girls in a weak 

dose-dependent manner, 

2.3 cm [100 μg/day], 3.0 

cm [300 μg/day], and 3.8 

cm [500 μg/day]. 

• Dose dependency was not 

found on applying the 

Bayley-Pineau method  

• [100 μg/day; 4.1 cm;  

• 300 μg/day: 4.2 cm; 

•  500 μg/day: 4.5 cm]. 

DewaalWJ et al. 

1996 [5] 

143 untreated  

(55 M, 88 F) 

249 treated with high 

doses of sex 

hormones (60 M, 159 

F) 

 

• testosterone ester 

mixtures [Sustanon; 

Organon, Oss, 

Netherlands; 

testosteronepropionate, 

fenylpropionate, 

isohexanoate, 

anddecanoate; 250 mg 

every week (n = 45), 250 

mg every 2 weeks (n = 4), 

or 500 mg every 2 weeks 

(n = 3)]. 

• an oral testosterone ester 

[Andriol, Organon; 

testosteroneundecanoate; 

240-320 mg/day] (n=4) 

• a single testosterone ester 

[Neohombreol, Organon; 

testosteronepropionate; 

25-30 mg/day] for 6-30 

months (n=4) 

• 200 µg EE2/hay, 

orally(n=143) 

• 300 µg EE2/day(n=3) 

• GR varied from -0.5[2.4] 

to 0.3 [1.4] cm in boys; 

from-0.6 [2.1] to 2.4 [1.4] 

cm in girls. 

• The FH reduction was 

dependent on the BA at 

start of therapy and was 

more pronounced at a 

younger BA.  

• In boys, the treatment 

effect was significantly 

negative at BAs 

exceeding 14-15 yr. 
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• 100 µg EE2/day(n=3) 

Binder G et al 1997 

[19] 

135 F, 85 M 

 
• Orally 7.5 mg/day 

conjugated estrogens in F 

[plus 5 mg 

dydrogesterone for 10 

days a month] 

• 500 mg 

testosteroneenantate, 

intramuscularly, every 2 

weeks in M. 

• FH reduction: 4.4 cm 

• The mean of GR: 3.6 cm 

[range: 11.9 cm to -3.3 

cm] in F and 4.4 cm 

[range: 14.2 cm to -5.2 

cm] in M.  

• More effective when 

started at an earlier 

chronological and BA 

Weinmann Eet al. 

1998 [22] 

50 F • Conjugated estrogens 

[7.5–11.25 mg/day] 

• FH was 5.2 [3.3] cm less 

than the predicted height. 

Venn et al. 2008 

[20] 

279 F • Until 1971, DES at 3 mg 

daily. 

• After 1971, EE2 at a dose 

of 150 μg daily, starting 

at 50 μg/day in the first 

week and progressing to 

100 μg/day in the second 

week. 

• Norethisterone, 5 mg 

twice daily for 4 days at 

monthly intervals 

• Treatment duration: 2 

years 

• GR: 2.5 cm  

• Effect decreased by 1cm 

per year of delay in 

treatment start 

Reinehr T et al. 

2011 [10] 

161 M • Testosteroneenanthate 

500 mg in 114 M and 250 

mg in 47 M, 

intramuscularly every 2 

weeks 

• 250 mg 

testosteroneenanthate in 

every 2 weeks was as 

effective in GR as a dose 

of 500 mg every 2 weeks. 

Benyi E et al. 2014 

[28] 

172 treated 

197 untreated F 

 

• EE2 500μg [250 – 1,000] 

Daily 

• Median predicted FHs at 

time of assessment 

differed by 2.7 cm 

between the two groups 

(183.9 and 181.2 cm in 

treated and untreated, 

respectively) 

• Median FH was identical 

in the two groups (181.0 

cm) 

Upners EN et al. 

2016 [11] 

207 F; 

60 (29%) treated with 

oral E2 

3 (1%) both oral E2 

and surgical 

epiphysiodesis 

1 girl (<1%) with 

surgical 

epiphysiodesis alone 

143 (69%) untreated 

• Orally17β-estradiol 

starting doses  0.2to 4 mg 

. 

• FH was reduced with 1.6 

± 2.1 cm  

 

Lee DY et al. 2016 

[24] 

8  Marfan F • Estradiol valerate 2 

mg/day for 6 months, 

increased every 2 months 

by 2 mg/day until the 

height increment was <1 

cm for 2 months. 

• Median FH (172.6 cm) 

was shorter than the 

median gcPFHt (181.0 

cm) and baPFHt (175.9 

cm) 

• Estradiol valerate may be 

an effective treatment 

when started under 11 

years old 
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Kim SE et al. 2021 

[29] 

17 Marfan F • Estradiol valerate 2 

mg/day for 6 months, 

increased every 2 months 

by 2 mg/day and up to a 

maximum dose of 12 

mg/day 

• The gcHtD: 10.6 (10.2, 

13.5) cm for  ≤10.5 years 

• The gcHtD: 0.6 (−3.65, 

5.85) cm for >10.5 years.  

• The baHtD: 10.1 (7.31, 

11.42) cm for ≤10.5 years 

• The baHtD: 3.83 (0.84, 

6.4) cm for >10.5 years. 

BA: bone age, baHtD:height difference between final and predicted, baPFH: projected final height by bone age DES:diethylstilboestrol, 

EE2:ethinylestradiol, F: female,  FH:final height, GR: growth reductions, gcHtD; height difference between final and predicted height 

by growth curve, gcPFHt: projected final height by growth curve, M: male 
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