
Testosterone Treatment in Adolescent Boys With Constitutional Delay 
of Growth and Development 

Ashraf T. Soliman, Mohammed M. Abdul Khadir, and Maurice Asfour 

Administration of androgens to adolescent boys with constitutional delay in growth has been highly controversial. One 
hundred forty.eight adolescent boys with constitutional delay of growth and puberty with a mean age of 14.3 + 0.7 years were 
treated with testosterone enanthate 100 mg intramuscularly each month for 6 months. Growth parameters, sexual maturation, 
and circulating concentrations of testosterone and insulin-like growth factor-I (IGF-I) were compared with those for 50 
age-matched adolescent boys with constitutional delay of growth and puberty with a mean age of 14.1 -+ 0.9 years who did not 
receive any treatment. The mean height growth velocity, height standard deviation score, weight gain, and IGF-I concentration 
were significantly greater in the treatment group after 1 year of follow-up evaluation. The advancement in bone age equaled 
that in chronologic age in the treatment group, with no significant change in the bone age to chronologic age ratio (BA/CA) 
before versus after therapy. All subjects in the treatment group had clearly entered puberty by the end of I year. Testicular size 
increased significantly in the treatment group and they had significantly higher serum testosterone concentrations 6 months 
after the end of testosterone therapy as compared with the control group, denoting activation of the hypothalamic-pituitary 
testicular axis. All subjects in the treatment group were psychologically satisfied with the enhanced growth and increased 
muscle mass, versus only 40% of those in the control group. In conclusion, our regimen appears to be efficacious and safe for 
treatment of boys with constitutional delay of growth and puberty and has no deleterious effect on skeletal age. 
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B OYS WITH SHORT STATURE and constitutional 
delay of growth and puberty comprise a large group of 

patients seen in pediatric clinics. They are generally reas- 
sured that they will attain a normal adult height after going 
through a delayed but normal puberty. However, significant 
growth retardation in male adolescents, especially when 
accompanied by delayed sexual maturation, may be associ- 
ated with a sense of incompetence and vulnerability, 
impaired self-esteem, reluctance to participate in athletic 
activities, social isolation, and impaired academic perfor- 
mance.l, 2 

A n d r o g e n  therapy  has  b e e n  used  in the  t r e a t m e n t  of such 
pa t ien t s  in an  a t t empt  to induce  a rapid  growth spur t  and  
improve  adul t  height.  However ,  many  of  these  repor t s  
suffer f rom being  re t rospect ive  reviews3, 4 or f rom repor t ing  
t r e a t m e n t  in a small  n u m b e r  of boys. 5,6 

The  following prospect ive  r a n d o m i z e d  study was under -  
t aken  in an  a t t empt  to invest igate  the  physiologic response  
to t e s tos t e rone  t r e a t m e n t  in a large group of adolescent  
boys wi th  cons t i tu t ional  delay of growth and  puberty.  

SUBJECTS AND METHODS 

The subjects were teenage boys referred to the University of 
Alexandria Pediatric Endocrine Clinic for evaluation of short 
stature and/or delayed puberty. Criteria for entry into the study 
were as follows: (1) age _ 14 and less than 18 years; (2) height less 
than the fifth percentile; (3) delayed puberty, defined as the P-1 or 
P-2 stage using the criteria reported by Kelch et al 7 and Winter and 
Faiman 8 (P-l, prepubertal; P-2, slight increase in testicular size _+ 
minimal pubic hair); and (4) no evidence of endocrine or other 
systemic disease. These criteria were met by 198 subjects over 5 
years, who were prospectively entered onto the study. 

Preliminary investigations included measurement of electrolyte, 
serum free thyroxine (T4), thyrotropin (TSH), testosterone, and 
insulin-like growth factor-I (IGF-I) concentrations, urinalysis, and 
complete blood cell count. Skeletal maturation was determined 
according to the atlas developed by Greulich and Pyle. 9 All 
investigations were approved by the University of Alexandria 
Medical Committee. After informed consent was obtained from 
both the subject and his parents, subjects were randomly assigned 

to either the treatment or control group, using a preestablished 
random-number table. Growth hormone (GH) reserve was esti- 
mated using high-dose clonidine (0.15 mg/m 2) in 20 randomly 
selected subjects from each group. 

The treatment group (n = 148) received six intramuscular injec- 
tions of testosterone enanthate 100 mg, at 4-week intervals. After 
completion of the treatment, subjects were examined in the clinic 
at 3-month intervals. One year after entry onto the study (6 months 
after the last injection), serum testosterone and IGF-I concentra- 
tions were measured and bone age was assessed. Subjects in the 
control group received no hormonal therapy, but were examined at 
6-month intervals. As with the treatment group, after 1 year, serum 
testosterone and IGF-I concentrations were determined and wrist 
roentgenograms were again obtained. 

Testosterone level was measured using the solid-phase radioim- 
munoassay purchased from Diagnostic Products (Los Angeles, 
CA), with intraassay and interassay coefficients of variation (CVs) 
of 6% to 8% and 7% to 10%, respectively. GH level was measured 
using Nichols Institute immunoradiometric GH assay kits (San 
Juan Capistrano, CA), with intraassay and interassay CVs of 8% 
and _<10%, respectively. IGF-I level was measured using the 
Nichols Institute double-antibody radioimmunoassay, with intraas- 
say and interassay CVs of less than 9% and less than 11%, 
respectively. 

Statistical analyses were performed using the paired t test to 
compare data in the same group before and after 1 year of 
follow-up evaluation and the unpaired t test to compare data 
among the two groups. The Wilcoxon test was used when data were 
not normally distributed. Statistical significance was achieved when 
P was less than .05. 
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Table 1, Clinical and Biochemical Data of All the Subjects (mean _+ SEM) 

Treatment Group (n = 148) Control Group (n = 50) 

Baseline After 1 Year Baseline After 1 Year 

Weight (kg) 34.7 _+ 0.64 39 -+ 0.66 36.2 _ 0.9 37.4 +- 0,8 

Weight gain (kg/yr) 1.8 + 0.02 4.8 _+ 0.04* 1.65 +- 0.04 2.8 _+ 0.04 

Height (cm) 143 ± 0.7 153 +- 0.6 144.5 _+ 0.85 149.8 _+ 0.92 

HtSDS 2.54 ± 0.03 2 _+ 0.04* 2.4 ± 0.08 2.65 _+ 0.08 

GV (cm/yr) 4.6 +- 0.14 11.5 _+ 0.36* 4.8 +- 0.1 6.1 -+ 0.12 

BMI (kg/m 2) 16.3 +- 0.25 17.6 +- 0.32 16 _+ 0.3 16.9 +- 0.32 

Tanner score 1.6 ± 0.05 2.6 -+ 0.06* 1.4 _+ 0.04 1.8 -+ 0.05 

Testicular diameter (cm) 2.6 +- 0.05 3.5 + 0.05* 2.4 +_ 0.05 2.7 +- 0.04 

Bone age (yr) 11.5 ± 0.09 12.6 +- 0.08 11.1 _+ 0.07 11.9 -+ 0.07 

BA/CA 0.85 ± 0,005 0.87 +- 0.005 0.86 +- 0.004 0.81 +- 0.004 

Testosterone (ng/dL) 56.2 ± 0.6 292 _+ 3.2* 66,5 + 1.8 104.5 +- 2.1 

IGF-I (ng/mL) 149 ± 1.5 258 _+ 2.9* 160 + 3.1 198 +- 4.3 
GH (~g/L) 

Basal 1.75 ± 0.03 ND 1.2 +- 0.04 ND 

Peak* 15.4 ± 0.27 ND 14.2 +- 0.15 ND 

Abbreviat ions: GV, growth velocity; BMI, body mass index; HtSDS, height standard deviation score; ND, not determined. 

*P < .05 among the two  groups. 

rAf ter  clonidine. 

RESULTS 

Table 1 lists anthropometric and biochemical data for all 
subjects before and after 1 year of follow-up evaluation. In 
the treatment group, height standard deviation score, 
growth velocity, and weight change increased significantly 
after therapy as compared with the control group. Sexual 
maturation as evidenced by Tanner scoring and testicular 
size increased significantly in the treatment group versus 
the control group. 

Hormonal data are listed in Table 2. Endogenous secre- 
tion of testosterone was significantly greater in the treat- 
ment group 6 months after the last testosterone injection 
versus the control group. No significant change in skeletal 
maturation or the bone age to chronologic age ratio 
(BA/CA) was found after 1 year of follow-up evaluation 
among the two groups. The GH response to clonidine was 
normal in the two groups before the study. Serum IGF-I 
concentrations increased significantly after treatment with 
testosterone and were slightly higher in the treatment 
group versus the control group after 1 year of follow-up 
evaluation. Free T4 and TSH concentrations were normal in 
all subjects before inclusion in the study. Blood urea, serum 
creatinine, and the hepatic enzymes alkaline phosphatase 

Table 2. Hormonal Data of the Two Groups of Boys (mean _+ SEM) 

Treatment Group Control Group 
(n = 148) (n = 50) 

Baseline After 1 Year Baseline After 1 Year 

Testosterone (ng/dL) 56.2 +- 6 292 - 32* 66.5 - 18 104.5 --- 21 

IGF-I (ng/mL) 149 +- 15 258 --. 29 160 -+ 31 198 + 43 

GH (l~g/L) 
Basal 1.75 + 0.3 ND 1.2 + 0.4 ND 

Peak* 15.4 +_ 2.7 ND 14.2 +- 1.5 ND 

Free T,  (pmol/L) 14.6_+1.5 15.3+_1.5 16.1_+2.2 15.9+-1.9 
TSH (I~IU/mL) 1.6 - 0.3 ND 1.2 -+ 0.4 ND 

Abbreviat ion: ND, not determined. 

*After clonidine. 

and alanine transferase were normal in all boys in the 
treatment group before and after therapy. 

For the treatment group, changes in height, weight, and 
testieular size after therapy in relation to the degree of bone 
age delay before starting therapy are listed in Table 3. The 
effect of testosterone therapy on height, weight, and testicu- 
lar size increments was significantly pronounced in boys 
with a higher grade of bone age delay before therapy. 

DISCUSSION 

This was a prospective study designed to determine the 
growth response to testosterone enanthate therapy (100 mg 
intramuscularly per month for 6 months) in boys with 
constitutional delay of growth and sexual development. In 
our patients, testosterone treatment stimulated a rapid 
increase in height velocity and weight gain, versus the 
gradual acceleration seen in the control group. In the 
treatment group, these growth changes were more pro- 
nounced in boys with a greater delay in bone age. The 
advancement in bone age (the respective mean of bone age 
and BA/CA) did not differ significantly between the treat- 
ment group and the control group after i year of follow-up 
evaluation; the increase in skeletal age equaled that in 
chronologic age. Six months after testosterone treatment 
ended, the mean height velocity remained at a normal 
pubertal rate (8.6 -+ 0.4 cm/y). All subjects in the treatment 

Table 3, Changes in Height, Weight, and Testicular Diameter in 
Relation to Bone Age Delay (mean -+ SEM) 

Testicular 
Bone Age No, of Weight Height Diameter 
Delay (yr) Subjects (kg/mol) (crn/mol) (cm/yr) 

1-1.9 41 0.318 +- 0.035 0,812 -+ 0.1 0.864 --- 0.024 

2-2.9 51 0,423 + 0.03* 0.906 -+ 0.026* 1.04 --- 0.026* 
3-3.9 46 0,53 +- 0.11" 1.016 +- 0.1" 1.128 --- 0,025* 

*P < .05 among groups. 
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group had clearly entered puberty by the end of the 1-year 
period. Although the development of secondary sexual 
characteristics in our patients could have been caused by 
either exogenous or endogenous androgens, the increase in 
testicular size and testosterone levels above baseline values 
(P < .01, paired analysis) 6 months after stopping therapy 
indicated that adequate amounts of gonadotropins were 
being secreted. 

Short courses of testosterone therapy have been shown to 
increase GH secretion by increasing GH pulse amplitude, 1° 
and in general, changes in serum IGF-I  concentration in 
early puberty parallel changes in statural growth and GH 
secretion) 1,12 In our treatment group, IGF-I  levels in- 
creased significantly after versus before therapy and were 
slightly higher than levels in the untreated group 6 months 
after the last dose of testosterone. This denoted that the 
stimulatory effect of testosterone therapy on the somato- 
tropic (GH) axis and consequently on statural growth was 
maintained by endogenous testosterone secretion after the 
short course of testosterone therapy. The normal hepatic 

enzyme and serum creatinine concentrations 6 months 
after testosterone therapy denoted the safety of such 
treatment; however, long-term effects still need to be 
investigated. 

The psychologic effect of the enhanced growth and 
increased muscle mass induced by testosterone therapy was 
clearly encouraging. Subjectively, boys in the treatment 
group were all pleased with the results after 1 year of 
follow-up evaluation as compared with boys in the control 
group (only 40% of whom were satisfied with their growth). 
The only side effect encountered was painful spontaneous 
erections in two patients of the 148 subjects, which did not 
necessitate interruption of therapy. 

On the basis of our results, we conclude that pharmaco- 
logic treatment of constitutional delay of growth and 
puberty may be considered in adolescent boys with a 
chronologic age of 14 years and delayed bone age who 
desire medical intervention. Our regimen appears to be 
safe and efficacious and has no deleterious effect on 
skeletal age. 
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