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Abstract
Background

The growth potential of pubertal short stature boys is limited by the effect of estrogen on epiphyseal fusion. This study aims to
identify the e�cacy and safety of growth hormone (GH) combination with letrozole on �nal adult height (FAH) in pubertal short
stature boys.

Methods

This is a retrospective study. Among pubertal short stature boys who treated with GH and letrozole were be followed up in our
hospital, 20 cases reached FAH.

Results

Baseline chronological age were 12.12±1.14yr, bone age were 13.00±0.93yr. The treatment duration was 1.94±0.67yr. The height
standard deviation score for bone age was increased from -1.46±0.51 to -0.12±0.57 (p<0.000). The predicted FAH before treatment,
predicted FAH after treatment, FAH, and genetic target height were 161.02 ±4.12 cm, 172.11±4.20 cm, 172.67±2.72cm and
167.67±3.56 cm, respectively. There was signi�cant differences between predicted FAH before treatment and after treatment
(p<0.000), as well as predicted FAH before treatment and genetic target height (p<0.000).The predicted FAH after treatment was
higher than that of genetic target height (p<0.001), as well as FAH and genetic target height (p<0.000).

Conclusions

The GH combination with letrozole can enhance the FAH in pubertal short stature boys. No signi�cant side effects were observed.

Introduction
In recent years, how to improve the �nal adult height (FAH) of pubertal short stature boys has attracted the close attention of many
experts in pediatric endocrinology and related �elds. Among them, the focus is the close relationship between estrogen and bone age.
High levels of estrogen in puberty can lead to premature epiphyseal closure, which makes FAH unsatisfactory. Gonadotropin-
releasing hormone analogue (GnRHa) is an effective medication approved to inhibit hypothalamic-pituitary-gonadal axis (HPGA) in
children, which can control gonadal development and lower estrogen levels. Under the guideline [1], the indication of GnRHa
application in boys is that the bone age is less than 12.5 years old, and the cautious indication is that the bone age is more than 12.5
years old. However, when the bone age is more than 13.5 years old, the effect of GnRHa treatment alone on improving FAH is not
signi�cant, so pubertal short stature boys with large bone age are not suitable to use GnRHa treatment only.

Letrozole is one of the third generation aromatase inhibitors, and it can inhibit estrogen production more than 99.1% in vivo [2]. The
main clinical indications are anti-cancer, especially for early postmenopausal hormone-positive breast cancer patients and late
postmenopausal breast cancer patients who are ineffective in anti-estrogen therapy [3]. At present, the words "can be used for
children" have not been found in the instructions of letrozole, but in fact, in recent years, more and more studies for letrozole have
been carried out in pediatrics, especially in pediatric endocrine clinical application. For example, it has been applied in some
endocrine diseases in children (gynecomastia, growth hormone de�ciency, idiopathic short stature and congenital adrenal
hyperplasia, etc.) [4-7]. Comparison with GnRHa, the advantage of letrozole is that it only inhibits the production of estrogen in vivo
and does not inhibit the normal development of child. It can make the children have pubertal psychology as same as normal children.
In recent years, the clinical application of GH combination with letrozole in the treatment of pubertal short stature boys has gradually
increased, but few cases have been followed up to FAH.

Subjects And Methods
Study subjects. This study was approved by the Ethics Committee of our hospital. From August 2009, among pubertal short stature
boys treated with GH combination with letrozole, twenty cases were be followed until they reach �nal adult height. Informed consent
was obtained from their parents before treatment. The referenced diagnostic criterias were as follows: Normal puberty is de�ned as
gonadal development began after 9 years old, with testis (>4 mL). There are the evidence for activated HPGA from GnRHa
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stimulation test, or single serum gonadotropin level [1]. Short stature and short stature of predicted FAH(PFAH) is de�ned as height or
PFAH below the third percentile of growth curve of healthy children at the same age and gender [8]. FAH is de�ned as epiphyseal
closure on hand-wrist bone age x-ray and no change (<1 cm) in height for 12 months [9]. Residual growth capacity 1 is de�ned as
PFAH before treatment (PFAH1) minus pre-treatment height. Residual growth capacity 2 is de�ned as PFAH after treatment (PFAH2)
minus pre-treatment height. And �nal residual growth capacity is de�ned as FAH minus pre-treatment height [10]. The exclusion
criteria were as follows: prepuberty, asymmetric short stature (such as achondroplasia, et al.), severe acute and chronic liver or kidney
diseases and tumor.

Examination, treatment and monitoring. HPGA were all activated before treatment. And the indicators of physical measurement (such
as weight, height and testicular development), blood biochemical indexes (liver function, kidney function, electrolyte),
glycometabolism indexes (glycosylated hemoglobin, oral glucose tolerance test, insulin release test), IGF-1, IGF-BP3, tumor indexes
(alpha-fetoprotein, chorionic gonadotropin), MRI (pituitary gland), B ultrasonography (upper abdomen, thyroids, adrenal gland) and
bone age were evaluated. After evaluation, 20 cases were treated with GH (GH, 0.15-0.20 IU/kg.d, subcutaneous injection) and
letrozole tablets (2.5 mg/per day, oral). During the period of treatment, the indicators of physical measurement, blood biochemistry,
glucose metabolism, IGF-1, IGF-BP3 and bone age were monitored regularly. THt is calculated by (parent’s height + 13)/2±5cm.

Statistical analysis. SPSS19.0 was used to analyze the data. The paired t test and Wilcoxon Signed-Rank test were used to compare
the data between the two groups. A two-tailed P value < 0.05 was considered to indicate statistical signifcance in all analyse.

Results
Baseline characteristics

At the beginning of the study, the chronological age were 12.12±1.14yr and 13.00±0.93yr, respectively. At the end of the study, the
chronological age were 14.06±1.28yr and14.41±1.31yr. The treatment course was 1.94±0.67yr and growth velocity was 9.32±2.28cm
per year. Table 1 and Table 2.

Comparison for indexes

The serum estradiol decreased from 21.731±16.870pg/ml to 13.000±12.472pg/ml (Z=-2.054, p=0.040). The testosterone increased
from 2.167±1.692ng/ml to 6.807±2.339ng/ml (Z=-2.213, p=0.027). After treatment, the range of testosterone was 2.13-11.28ng/ml,
and no hypertestosteronemia was observed [11].

The height increased from 148.20±6.87cm to 165.53±4.10cm (t=-14.012, p<0.000), and height standard deviation score
(SDS) for bone age from -0.43±0.87 to 1.53±0.64 (t=-12.007, p<0.000). The PFAH1, PFAH2, FAH, and target height (THt) were 161.02
±4.12 cm, 172.11±4.20 cm, 172.67±2.72cm and 167.67±3.56 cm, respectively.There was signi�cant differences between PFAH1 and
PFAH2 (t=-10.831, p<0.000), as well as PFAH1 and THt (t=-5.814, p<0.000). PFAH2 was higher than that of THt (t=-3.940, p<0.001), as
well as FAH and THt (t=5.714, p<0.000). The PFAH1-THt, PFAH2-THt and FAH-THt were -6.65±5.11cm, 4.44±5.03cm and
5.00±3.91cm, respectively. There was signi�cant differences between PFAH1-THt and PFAH2-THt (t=-10.831, p<0.000), as well as
PFAH1-THt and FAH-THt (t=-13.372, p<0.000). There was no difference between PFAH2-THt and FAH-THt (t=-0.625 p<0.540).

Residual growth capacity 1, residual growth capacity 2 and �nal residual growth capacity were 12.83±5.54cm, 23.91±8.16cm and
24.47±6.70cm, respectively. There was signi�cant difference between residual growth capacity 1 and residual growth capacity 2
(t=-10.831, p<0.000), as well as residual growth capacity 1 and �nal residual growth capacity (t=-13.372, p<0.000). There was no
difference between residual growth capacity 2 and �nal residual growth capacity (t=0.625, p<0.540).

Safety and tolerability

One case with single ankle and metatarsal fracture (refused to take vitamin D and calcium tablets), 1 case of scoliosis (21 degrees,
no posterior and lateral radiographs of the spine before treatment); 2 cases with hypothyroidemia (recovered after withdrawal); 2
cases with insulin resistance before treatment (no deterioration during the course of treatment, and be recovered after withdrawal); 5
cases with insulin resistance during the course of treatment (be recovered after withdrawal).

Discussion

https://www.ncbi.nlm.nih.gov/pubmed/10229032
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The biggest problem faced by pubertal short stature boys is limited growth potential. The treatment goal is to exploit their residual
growth ability and make the children obtain satisfactory height (close to THt). At present, there is little literatures on GH combined
with letrozole in the treatment of adolescent short boys followed up to FAH. In pubertal boys with severe idiopathic short stature,
GH(0.13U/kg·d), or combination treatment (aromatase inhibitor/GH) for the next 24 months. Subjects were then randomized to
treatment with GH and one kind of aromatase inhibitor (n=25, anastrozole or letrozole—balanced 1:1) . The mean height gain at 24
months was 18.9±0.8cm, and the absolute change in height from baseline at near FAH was 22.5±1.4cm [6]. In our study, 20 cases
reached FAH. Although 25 cases in the above study were all near FAH, none of FAH. In our study, GH dosage (0.15-0.2U/kg.d) was
slightly higher than that of the above study considering the maximum residual growth capacity. But the dose of GH in our study was
within the recommended guidelines of GH usage [12]. The treatment duration was 1.94±0.67yr, and mean height gain was
17.34±5.53cm. If calculated by 24 months, the net height gain was 17.9 cm, which was close to the 24 months height gain (18.9 cm)
of the above study. In our study, the net height gain was 24.47±6.70cm at FAH, which was close to that of near FAH (22.5±1.4 cm) in
above study. However, unlike the above reports, the end point of our study was FAH. In our study, the effect of GH combined with
letrozole alone on FAH was observed, and we aimed to avoid the interference of mixed factors of letrozole and anastrozole. And they
have different inhibitory rates on estrogen (letrozole >99.1%, anastrozole 97.3%) [2]. In terms of the number of GH combined with
letrozole, there were 20 cases in our study, while there was only 12-13 cases in the above study .

In 2017, a study reported that 96 adolescent boys were divided into 4 groups. The height SDS of anastrozole, GH combined with
anastrozole, letrozole, GH combined with letrozole were 0.8±0.7, 0.7±0.7, 0.3±0.5 and 1.2±0.8, respectively. There were 22 cases of
near FAH and no cases of FAH. And there was signi�cant differences among these groups and no side effects were found. GH
combined with letrozole can maximize near FAH [13]. Compared with 9 cases of NFAH achieved by GH combined with letrozole in the
literature [13], there were no differences for indexes before treatment such as between bone age [(13.28±1.09)y & (13.00±0.93)y],
height [(152.17±6.99)cm & (148.20±6.87)cm] between that of our study and the above study (13), [(Z=-1.182, p=0.237)&(t=1.432,
p=0.163)]. But the PFAH1 (161.02±4.12cm) before therapy in our study was lower than that of the above study (170.27±2.35cm)
(t=6.251, p<0.000). And the THt (167.67±3.56cm) before therapy in our study was lower than that of the above study
(172.89±4.53cm) (t=3.357, p=0.002). But there was no signi�cant difference of NFAH in above study and FAH in our study
(174.58±7.01cm&172.67±2.72cm), (t=0.793, p=0.448). So it indicated that there was the same e�cacy between our study and the
above study [13].

Compared with 5 cases of NFAH achieved by letrozole in the literature [13], there were no differences for indexes before treatment
such as between bone age [(13.60±0.78)y & (13.00±0.93)y], height [(157.30±5.82)cm & (148.20±6.87)cm] between that of our study
and the above study [13], [(t=-1.336, p=0.195)&(t=-1.336, p=0.195)]. But the PFAH1 (161.02±4.12cm) before therapy in our study was
lower than that of the above study (174.16±1.11cm) (t=-6.965, p<0.000). And the THt (167.67±3.56cm) before therapy in our study
was lower than that of the above study (176.20±1.92cm) (t=-5.113, p<0.000). But there was the same e�cacy between our study and
the above study [13], and there was no difference for NFAH in above study and FAH in our study [171.06±2.33cm&172.67±2.72cm],
(t=-1.207, p=0.240), so it indicated that the GH combined with letrozole was superior than that of letrozole alone.

Compared with 3 cases of near FAH achieved by GH combined with anastrozole in the literature [13], there were no differences for
bone age before treatment between [(13.33±0.29)y & (13.00±0.93)y] between that of our study and the above study, (Z=-1.189,
p=0.234). And the height (148.20±6.87cm) before therapy in our study was lower than that (152.83±7.08cm) of the above study
(t=-1.087, p=0.289), as well as the PFAH1 (161.02±4.12cm) in our study and that (172.00±6.03cm) of the above study(t=-4.088,
p=0.001), and the THt (167.67±3.56cm) in our study and that (174.50±2.60cm) of the above study(Z=2.332, p=0.020). However, there
was the same e�cacy between our study and the above study [13], and there was no difference for NFAH in above study and FAH in
our study [168.83±5.86cm&172.67±2.72cm], (t=-1.115, p=0.375), so it indicated that the GH combined with letrozole was superior
than that of letrozole alone, while the number of cases was limited and further study need be researched.

Compared with 5 cases of near FAH achieved by anastrozole in the literature [13], there were no differences for indexes before
treatment such as between bone age [(12.60±0.65)y &(13.00±0.93)y], height [(149.00±5.76)cm & (148.20±6.87)cm] between that of
our study and the above study (13), [(t=0.474, p=0.640)&(t=-0.163, p=0.872)]. But the PFAH1 (161.02±4.12cm) before therapy in our
study was lower than that of the above study (173.84±6.55cm) (t=-2.622, p=0.015). And the THt (167.67±3.56cm) before therapy in
our study was lower than that of the above study (171.75±2.96cm) (Z=-1.360, p=0.174). But there was the same e�cacy between our
study and the above study (13), and there was no difference for near FAH in above study and FAH in our study
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[172.80±5.12cm&172.67±2.72cm], (t=0.083, p=0.935), so it indicated that the GH combined with letrozole was superior than that of
anastrozole alone.

Letrozole can signi�cantly inhibit bone age progress and improve FAH in adolescent short boys. In a prospective, double-blind,
randomized, placebo-controlled clinical study, thirty-one boys, aged 9.0-14.5 yr, with idiopathic short stature were
studied.The boys were treated with the aromatase inhibitor letrozole (2.5 mg/d) for 2 yr. The main outcome measure was the change
in PAH after 24 months of treatment. The level of serum testosterone in letrozole group was signi�cantly higher than that in control
group. After 2 years of treatment, the range of serum testosterone entering puberty was 17.3-1385 ng/dl, while the level of serum
estradiol was similar to that before treatment [14]. In this study, testosterone [(6.807+2.339) ng/ml, ranging from 2.13 to 11.28ng/ml]
after treatment was higher than thatof before treatment [(2.167+1.692) ng/ml, ranging from 0.19 to 5.33ng/ml]. Serum estradiol
(13.000+12.472) pg/ml was signi�cantly lower than before treatment (21.731+16.870) pg/ml. The bone age minus chronological
age changed from 0.88±0.83 to 0.35±1.34. It indicated that letrozole prevented the conversion of testosterone to estradiol, and
promoted the slow growth of bone age, and gradually shortened thebone age minus chronological age, and it provided the
opportunity for FAH, and serum testosterone were in normal range.

It indicated that GH combined with GnRHa did not yet improve FAH in adolescent short boys. Thirty-two adolescents with Tanner
stage 2-3, age and bone age (BA) less than 12 yr for girls or less than 13 yr for boys, height SDS less than -2.0 SDS or between -1.0
and -2.0 SDS plus a PAH less than -2.0 SDS were randomly allocated to receive GH plus GnRHa (n=17) or no treatment (n=15) for 3
yr. FAH was assessed at the age of 18 yr or older in girls or 19 yr or older in boys.FAH was no difference between treatment and
control groups. Mean lumbar spine bone mineral density and bone mineral apparent density tended to be lower in treated boys. GH
plus GnRHa can not be considered routine treatment for children with idiopathic short stature [15].

Among the common side effects of GH, scoliosis progression during GH therapy appears due to rapid growth rather than as a direct
side effect of GH. Scoliosis is observed in ∼ 0.2% of children with idiopathic short stature or idiopathic growth hormone de�ciency
treated with GH [16 -17]. In our study, there was a case of scoliosis with a growth rate of 10.9 cm/year. It was considered that the
growth rate of scoliosis was related to its rapid growth. However, it was regrettable that the child had not received anteroposterior and
lateral spine radiographs before treatment, so it was necessary to do anteroposterior and lateral spine radiographs before GH.

In addition to the common side effects of GH, many scholars have paid attention to the side effects of letrozole in short-stature boys,
but there is some controversy. In a survey in 2015, in order to assess the effects of aromatase
inhibitors in male children and adolescents with short stature, the author searched the Cochrane Library (2014, Issue 7), MEDLINE,
EMBASE, and the World Health Organization ICTRP trial register from their inception until August 2014. Four RCTs involving 207
participants (84 on interventions) were in the review. Trials included males with constitutional delay of growth and puberty,
idiopathic short stature, and GH de�ciency. A signi�cant proportion (45%) of prepubertal boys with idiopathic short stature treated
with letrozole developed mild morphological abnormalities of their vertebrae, compared with none in the placebo group [18]. The
incidence of vertebral deformation in children with idiopathic short stature increased after letrozole was used, but there was the
similar incidence between letrozole group and control group, so it may be other reasons for the vertebral deformation [19]. Vertebral
deformities do not occur in boys with delayed puberty treated with letrozole for one year [20]. No case with abnormal vertebral
morphology was found in our study. Therefore, the effect of letrozole on skeletal system needs further study.

Conclusion
GH combined with letrozole can improve the �nal residual growth ability of pubertal short stature boys, improve their FAH, and serum
testosterone were in normal range. And the safety of the effect of letrozole on vertebral deformation, and so on, need be studied
further.

Abbreviations
THt:Target height; GH: Growth hormone; FAH: Final adult height;GnRHa:Gonadotropin-releasing hormone analogue; HPGA:
Hypothalamic-pituitary-gonadal axis; PFAH: Predicted �nal adult height

Declarations

https://www.ncbi.nlm.nih.gov/pubmed/10229032


Page 6/9

Studies involving animals must include a statement on ethics approval

Not applicable.

Authors’ Contributions

Y.P.M. and Z.J.X. contributed to the study conception and design; data acquisition, analysis, and interpretation; and drafting and
critical revision of the manuscript. R.F.J and B.Y.X. contributed to the data collection, partial data analysis and partial revision of the
manuscript. B.T. contributed to the data collection. All authors provided �nal approval and agree to be accountable for all aspects of
the work.

Funding

This project was funded by Talent plan of Taihu Lake in Wuxi (Double hundred Medical Youth Professionals Program,
No.HB2020038) from Health Committee of Wuxi in China. Maternal and Child Health Research Project of Wuxi in China (No.
FYKY201804). And Excellent Program for Overseas Students of Wuxi City in 2018 (No. 23), China. They were used to the preparation
of the manuscript.

Availability of data and materials

The datasets used and/or analyzed during the current study are available

from the corresponding author on reasonable request.

Declarations

Ethical clearance was obtained from A�liated Hospital of Jiangnan University. During data collection, written informed consent was
obtained from each child family after brie�y explaining the purpose, risk,and bene�t of the study. All the procedure and purpose were
told to the child, and verbal assent was also obtained from each child before any data collection and anthropometric measurements.
Con�dentiality of data was maintained by avoiding personal identi�ers.

Consent for publication

Not applicable.

Competing interests

The authors declared no con�icts of interest.

Author details

Department of Pediatrics,A�liated Hospital of Jiangnan University, Wuxi, 214122 Jiangsu, China.

References
1. Group of Endocrinology, Genetics and Metabolism, Society of Pediatrics, Chinese Medical Association. Editorial Board, Chinese

Journal of Pediatrics. Consensus on diagnosis and treatment of central precocious puberty. Chinese Journal of Pediatrics. 2015;
53:412-8.[no doi assigned].

2. Geisler J, Lønning PE. Aromatase inhibition: translation into a successful therapeutic approach. Clin Cancer Res.2005; 11:2809-
doi: 10.1158/1078-0432.CCR-04-2187. PMID: 15837728.

3. Smith I, Yardley D, Burris H, De Boer R, Amadori D, McIntyre K, et al. Comparative e�cacy and safety of adjuvant letrozole versus
anastrozole in postmenopausal patients with hormone receptor-positive, node-positive early breast cancer: �nal results of the
randomized phase III femara versus anastrozole clinical evaluation (FACE) trial. J Clin Oncol.2017 ; 35:1041-
8. https://doi.org/10.1200/JCO.2016.69.2871. 

4. Crocker MK, Gourgari E, Lodish M, Stratakis CA. Use of aromatase inhibitors in large cell calcifying sertoli cell tumors: effects
on gynecomastia, growth velocity, and bone age. J Clin Endocrinol Metab.2014; 99: E2673-E2680. https://doi.org/



Page 7/9

10.1210/jc.2014-30. 

5. Zhou P, Shah B, Prasad K, David R. Letrozole signi�cantly improves growth potential in
a pubertal boy with growth hormonede�ciency. 2005; 115: e245-8. https://doi.org/10.1542/peds.2004-1536.

�. Mauras N, Ross JL, Gagliardi P, Yu YM, Hossain J, Permuy J, et al. Randomized Trial of aromatase inhibitors, growth hormone, or
combination in pubertal boys with idiopathic, short Stature. J Clin Endocrinol Metab. 2016;101: 4984-93.
https://doi.org/10.1210/jc.2016-2891. 

7. Juan L, Huamei M, Zhe S, Yanhong L, Hongshan C, Qiuli C, et al. Near-�nal height in 82 Chinese patients with congenital adrenal
hyperplasia due to classic 21-hydroxylase de�ciency: a single-center study from China. J Pediatr Endocrinol Metab. 2016; 1: 29:
841-8. https://doi.org/10.1515/jpem-2015-0406.

�. Barstow C, Rerucha C. Evaluation of short and tall stature in children. Am Fam Physician. 2015; 92: 43-50. 1.[no doi assigned].

9. Mauras N, Attie KM, Reiter EO, Saenger P, Baptista J. High dose recombinant human growth hormone (GH) treatment of GH-
de�cient patients inpuberty increases near-�nal height: a randomized, multicenter trial. Genentech, Inc., Cooperative Study Group.
J Clin Endocrinol Metab. 2000; 85: 3653-60. https://doi.org/1210/jcem.85.10.6906.

10. Bouvattier C, Coste J, Rodrigue D, Teinturier C, Carel JC, Chaussain JL, et al.
Lack of effect of GnRH agonists on �nal height in girls with advanced puberty: a randomized long-term pilot study. J Clin
Endocrinol Metab.1999; 84: 3575-3578. https://doi.org/10.1210/jcem.84.10.6032.

11. Libé R, Fratticci A, Lahlou N, Jornayvaz FR, Tissier F, Louiset E, et al. A Rare Cause of Hypertestosteronemia in a 68-Year-Old
Patient: A Leydig Cell Tumor Due to a Somatic GNAS (Guanine Nucleotide-Binding Protein, Alpha-Stimulating Activity
Polypeptide 1)-Activating Mutation. J Androl. 2012; 33: 578-584. https://doi.org/10.2164/jandrol.111.013441.

12. Group of Endocrinology, Genetics and Metabolism, Society of Pediatrics, Chinese Medical Association. Editorial Board, Chinese
Journal of Pediatrics. Recommendations on clinical application of recombinant human growth hormone in pediatrics. Chinese
Journal of Pediatrics. 2013; 51: 426-432. [no doi assigned].

13. Pedrosa LF, de Oliveira JM, Thomé PRV, Kochi C, Damiani D, Longui CA. Height increment and laboratory pro�le of boys treated
with aromatase inhibitors with or without growth hormone. Horm Metab Res.2017; 49: 778-85. https://doi.org/10.1055/s-0043-
116944.

14. Hero M, Norjavaara E, Dunkel L. Inhibition of estrogen biosynthesis with a potent aromatase inhibitor increases predicted adult
height in boys with idiopathic short stature: a randomized controlled trial. J Clin Endocrinol Metab.2005; 90: 6396-402.
https://doi.org/10.1210/jc.2005-1392. 

15. van Gool SA, Kamp GA, Visser-van Balen H, Mul D, Waelkens JJ, Jansen M, et al. Final height outcome after three years of
growth hormone and gonadotropin-releasing hormone agonist treatment in short adolescents with relatively early puberty. J Clin
Endocrinol Metab. 2007; 92:1402-8. https://doi.org/10.1210/jc.2006-2272.

1�. Grimberg A, DiVall SA, Polychronakos C, Allen DB, Cohen LE, Quintos JB, et al. Drug and Therapeutics Committee and Ethics
Committee of the Pediatric Endocrine Society. Guidelines for growth hormone and insulin-Like growth factor-I treatment in 
children and adolescents: growth hormone de�ciency, idiopathic short stature, and primary insulin-Like growth factor-I
de�ciency. Horm Res Paediatr. 2016; 86: 361-97. https://doi.org/1159/000452150.

17. Cohen P, Bright GM, Rogol AD, Kappelgaard AM, Rosenfeld RG.American Norditropin Clinical Trials Group.Effects of dose and
gender on the growth and growth factor response to GH in GH-de�cient children: implications for e�cacy and safety.J Clin
Endocrinol Metab. 2002; 87:90-8. https://doi.org/1210/jcem.87.1.8150.

1�. McGrath N, O'Grady MJ. Aromatase inhibitors for short stature in male children and adolescents. Cochrane Database Syst
Rev. 2015; 10: CD010888. https://doi.org/1002/14651858.CD010888.pub2.

19. Mäkitie O, Doria AS, Henriques F, Cole WG, Compeyrot S, Silverman E, et al. Radiographic vertebral morphology: A diagnostic tool
in pediatric osteoporosis. J Pediatr. 2005; 146: 395-401. https://doi.org/10.1016/j.jpeds.2004.10.052. 

20. Hero M, Toiviainen-Salo S, Wickman S, Mäkitie O, Dunkel L. Vertebral morphology in aromatase inhibitor-treated males with
idiopathic short stature or constitutional delay of puberty. J Bone Miner Res. 2010; 25: 1536-43. https://doi.org/1002/jbmr.56.

Tables
Table 1.  Clinical and laboratory data of 20 cases at the beginning of the study
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No. Age(y) Height(cm) Bone
age(y)

height SDS for bone
age

testis

volume(ml)

testosterone(ng/ml) estradiol

(pg/ml)

Target
height
(cm)

1 13.2 148.1 13.9 -2.37 25.0 2.08 21.00 166.5

2 13.2 158.0 14.4 -1.42 25.0 3.22 25.00 166.5

3 11.0 148.5 13.4 -1.83 10.0 2.16 26.00 165.8

4 13.3 140.3 12.9 -2.42 6.0 0.77 39.00 168.5

5 10.8 144.7 12.3 -1.28 16.0 4.96 54.00 165.0

6 11.8 143.5 12.6 -1.66 8.0 0.58 6.00 167.5

7 11.8 143.7 12.4 -1.49 6.5 0.93 1.00 173.0

8 12.2 146.4 12.7 -1.36 8.0 3.51 69.00 169.0

9 11.7 154.0 12.8 -0.55 15.0 1.59 7.00 167.5

10 11.1 153.4 13.1 -0.87 18.0 0.48 17.28 168.0

11 11.2 143.8 12.4 -1.47 4.5 1.61 30.00 165.0

12 14.3 159.0 14.1 -1.01 20.0 5.33 25.0 166.0

13 12.5 148.5 13.2 -1.58 21.0 5.20 9.00 161.2

14 10.8 147.0 13.0 -1.62 10.5 1.91 13.0 176.4

15 14.1 158.1 15.1 -1.83 10.0 4.29 18.3 171.3

16 11.9 141.5 12.1 -1.51 8.0 0.62 3.0 169.7

17 12.6 153.8 13.4 -1.13 8.0 2.04 19.0 165.5

18 11.1 135.0 10.8 -1.45 4.0 0.19 9.0 167.5

19 10.5 140.1 12.3 -1.88 6.0 0.22 26.0 162.0

20 13.2 156.5 13.0 -0.39 18.0 1.64 17.0 171.5

SDS: Standard deviation score.

Table 2.  Clinical and laboratory data of 20 cases at the end of the study
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No. Age(y) Height(cm) Bone
age(y)

height
SDS
for
bone
age

testis

volume(ml)

testosterone(ng/ml) estradiol

(pg/ml)

 treatment
course(y)

growth
velocity(cm/y)

1 15.3 162.5 14.2 -0.59 25.0 6.74 1.00 2.1 6.9

2 15.3 171.5 15.7 0.06 25.0 3.54 0.00 2.1 6.4

3 11.9 159.2 14.5 -1.30 20.0 7.14 16.00 0.9 11.9

4 15.5 163.0 13.4 0.08 25.0 7.25 23.00 2.2 10.3

5 12.6 161.5 14.6 -1.01 15.0 6.87 10.00 1.8 9.3

6 15.0 167.5 16.2 -0.69 21.0 11.28 0.00 3.2 7.5

7 14.0 168.8 14.7 0.01 20.0 2.13 5.00 2.2 11.4

8 14.2 167.5 14.1 0.17 15.0 7.16 17.00 2.0 10.6

9 12.8 166.5 13.5 0.46 21.0 7.10 0.00 1.1 11.4

10 12.0 164.7 13.9 -0.10 18.0 0.9 12.6

11 13.2 165.4 12.9 0.84 25.0 10.19 14.00 2.0 10.8

12 15.6 167.0 15.4 -0.60 20.0 4.46 12.0 1.3 6.2

13 15.3 166.0 14.3 -0.20 25.0 3.22 12.0 2.8 6.3

14 12.3 165.2 14.0 -0.10 25.0 7.14 0.0 1.5 12.1

15 16.0 168.5 18.3 -0.69 15.0 10.39 36.0 1.9 5.5

16 14.5 166.9 14.0 0.14 25.0 7.60 8.0 2.6 9.8

17 14.0 169.0 14.9 -0.08 20.0 7.79 5.0 1.4 10.9

18 13.6 153.6 12.1 0.15 15.0 5.81 14.0 2.5 7.4

19 13.5 165.8 13.9 0.06 25.0 6.57 39.0 3.0 8.6

20 14.5 170.5 13.5 0.99 25.0 6.96 35.0 1.3 10.8

SDS: Standard deviation score.
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