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I. Introduction 
Short stature is defined as height below 3

rd
 percentile or   less than two Standard Deviations (SDs) 

below  the median height for that age and sex according to the population standard; or even if the height is in 

normal percentiles but growth velocity is consistently below 25th percentile over 6–12 months of 

observation.Approximately 3% children in any population are short, amongst which 50% is due to physiological 

(familial or constitutional) and 50% is pathological.  

 

Normal growth requires proper nutrition along with the various hormonal stimuli. The important 

hormones are: 

1. Growth hormone (GH) 

2. Insulin-like growth factor (IGF)-1 

3. Thyroid hormones 

4. Sex steroids and other growth factors. 

 Linear growth is maximal during infancy, 25 cm during 1st year and 10 cm/year in next 2 years. 

Subsequently, it gradually declines to 6–7 cm/year till puberty. After puberty growth accelerates in sigmoid 

manner and it is around 10 cm/year. 

 Age of onset of puberty varies in different population and it correlates more with bone age (BA) than 

the chronological age (CA). Short stature may be due to constitutive intrinsic growth defect or due to of any of 

the extrinsic factors. 

 

II. Aims and objectives 
- To study the age distribution of short stature among the patients attending Endocrinology outpatient 

department in our hospital. 

- To study the sex distribution presenting with short stature among the study population 

- To study  the etiological distribution  with the aid of  bone age with Left hand and wrist X-ray, Tanners  

pubertal staging, hormonal profile GH , TSH, LH & FSH  in the study population. 

- To categorise the causes of short stature among different age groups and gender in the study population. 

 

III. Materials and methods 
 

IV. Study population 
 The study will be conducted in patients attending in Endocrinology Outpatient department for 

hormonal evaluation from , Government Rajaji Hospital, Madurai.  

Sample size: 50 

 

Inclusion criteria: 

1. Age: 13 to 18 years Height more than 2.5 SD below the mean for chronological age. 

2. Growt rate below the fifth percentile for chronological age for local 

population (Agrawal’s Growth Chart) 

3. Height more than 2 SD below the mean for chronological age when corrected  

for mid parental height 
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Exclusion criteria: 

1. Short Stature due to chronic illness like underlying cardiac diseases, respiratory diseases, gastrointestinal 

diseases and cystic fibrosis. 

2. Short stature due to skeletal dysplasias like achondroplasia SYNDROMES like Down syndrome, Noonans 

syndrome, Trisomy 13 and  Trisomy 18 

 

Data collections: 

  Patients presenting with short stature in endocrinology Out- Patient  department in Govt Rajaji 

Hospital, Madurai.  

 

Methods of Study: 

  The height of all children is measured keeping their head in Frankfurt plane while occiput, 

shoulder, buttocks and heel touching vertical board. The children  were drawn upto their full height by upward 

pressure on mastoids.  

-Detailed history ( antenatal, perinatal and postnatal)  

-Clinical Examination 

 

Investigations: 
1.Complete Hemogram 

2.Blood Glucose 

3.Renal Function Test 

4.Liver function test 

5.Xray left wrist 

6.Hormonal evaluation 

- T3, T4, TSH, LH and FSH, Prolactin, Testosterone in males 

- Growth hormone will be estimated by clonidine stimulation test-4µg /kg and  growth hormone levels are 

measured at 60, 90 and 120 min. 

 

Design Of Study: Analytical Study 

Period Of Study:6 Months  

Collaborating Departments: 

Department Of Endocrinology 

Department Of Radiology 

Department Of Biochemistry 

Ethical Clearance: Obtained 

Consent:  Individual Written And Informed Consent 

Analysis: Statistical Analysis 

Conflict Of Interest: Nil 

Financial Support: NIL 

 

Participants: 

 Patients attending  Endocrinology outpatient department for evaluation of short  stature from February 2015 

to August 2015 in Government Rajaji hospital , Madurai are included in my study. 

 

V. Observation And Results 

1. Gender distribution  in the observed population: 
SEX No.of cases 

MALE 30 

FEMALE 20 

  In our study male constituited about  60% (n=30)  and female 40%(n=20 

 

The male to female ratio is 1.5 : 1 . 

2. Age distribution in observed population ofshort stature 
AGE MALE FEMALE TOTAL 

13 - 15 23 15 38 

16 - 18 7 5 12 

Total  30 20 50 
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In our study among 50 patients, 76% (n=38) of patients were in the range of 13-15 years, 24 % (n=12) 

of patients are between 15 - 18 years .. It shows that incidence of of patients presenting with short stature is 

more during 13 to 15 years.  

 

3.  Height Distribution In Boys Among The Study Population 
HEIGHT (Cm) TOTAL 

<145 7 

145 - 155 16 

155 - 165 6 

>165 1 

  In our study population of 30 the observed  height of the boys ranges from l35cm to 170 cms 

 

-23.3% (n = 7) had height less than 145 cms 

- 53.3% (n=16) had height ranging from  145 to 155 cms 

-. 20%  (n=6 ) had height ranging from 155 -165 cms.  

-3.33% (n= 1) had height more than 165 cms 

Majority of patient presented with height ranging from 145 cm to 155 cm . 

 

4. Height Distribution Of Girls In The Study 
 

HEIGHT TOTAL PERCENTAGE 

<145 1 5 

145 - 150 12 60 

150 - 160 7 35 

In our study population of 20  the observed height among girls ranges  from 140 cms to 168 cms. 

 

-5% (n= 1) the height was less than 145cm 

-60% (n= 12)  patients had height ranging from 145-150cm 

-35% (n= 7) patients the observed height ranges from 150-160 cm 

Majority of the study population in girls had height ranging from 145- 150 cm   

 

5. Pubertal Staging –Tanner For Boys  Observed In Ourstudy Population   
Tanner staging TOTAL Percentage 

STAGE I 15 50 

STAGE II 10 34 

STAGE III 4 13 

STAGE IV 1 3 

STAGE V 0 0 

TOTAL 30 
 

100 

-50% ( n=50) were observed to have Stage – I of Tanners staging which is pre pubertal. 

-34% (n=10) were observed to have Stage –II  , 

13% ( n=4%) were observed in  Stage III   3% ( n=1) was observed in Stage –IV of anner staging. Majority of 

patients belong to pre pubertal. 

 

6. Tanner’s Pubertal Staging Observed In Female Patient Of Study Population 
 

Tanner stage TOTAL PERCENTAGE 

STAGE I 3 15 

STAGE II 8 40 

STAGE III 6 30 

STAGE IV 3 15 

STAGE V 0 0 

TOTAL 20 100 

 

  Among the girls in study population 15% ( n= 3) belongs to STAGE-I -40% (N =8) were 

observed in STAGE-II  

-30% (N=6) were observed in STAGE-III 

-15% (n =3) in STAGE-IV of Tanners pubertal staging. 
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7. Distribution Of Bone Age In The Study Population 
BONE AGE MALE FEMALE TOTAL PERCENTAGE 

NORMAL 3 9 12 24 

DELAYED 27 11 38 76 

In our study population , majority of patients 76%  ( n=38)  had delayed bone age for  chronological 

age in 27 out of 30 boys and 11 out of 20   

- 24% (n = 12) were found to have normal bone age for chronological age. 

 

8. Growth Hormone Level An Its Correlation In Thestudy Population 
Gh Levels Male Female Total Percentage 

Normal 15 15 30 60 

Elevated 4 1 5 10 

Decreased 11 4 15 30 

      50 100 

In our study population 60% ( n=30) had normal levels of GH  ,  10%   (N=5) had elevated levels of 

GH and 30% ( n=15) were found to have decreased  

 

levels of GH. Majority of patients had normal levels of growth hormone. 

 

9. Distribution Of Tsh Levels In Study Population 
Tsh Male Female Total Percentage 

Normal 26 16 42 84 

Elevated 4 3 7 14 

Decreased 0 1 1 2 

      50 100 

In our study population 84% (n=42) had normal levels of TSH, 14% (N=14) had elevated levels of 

TSH (hypothyroidism) and  2% (n=1)  had decreased  levels of TSH due to pan hypopituitarism. Majority of 

patients had normal levels of TSH. 

 

10. Etiological Distribution Among The Study  Population 
ETIOLOGY MALE FEMALE TOTAL PERCENTAGE 

Constitutional growth 

delay 
11 5 16 32 

Familial short structure 4 8 12 24 

Growth hormone 6 2 8 16 

Hypothyroidism 4 2 6 12 

Mal nutrition 4 2 6 12 

Diabetes mellitus 1 0 1 

 

2 
 

Genetic syndrome- turner 0 1 1 2 

Majority of patients about 56%  (n=28) belongs to normal variants of short stature  like constitutional 

growth delay and familial short stature.Endocrine  disorders like GH Deficiency was seen in 16% ( n=8). and 

hypothyroidism in  12%  (n=6).  12% ( n= 6) patients presented with malnutrition. 2% of patients presented with  

diabetes mellitus. 

 

11. Comparison Of Pathological Causes With Age 
Pathological causes Const + Familial Other patho p value 

13 - 15 (38) 18 20 0.947 NS 

16 - 18 (12) 11 1 0.025 SIG 

In our study population of 13- 15 yrs   18 out of 38 had  normal variants of growth  and 20 had 

pathological cause for shortstature and the  p  value is 0.947 which is not  significant.The patients belonging to 

16-18yrs of age 11 out of 12 had normal  variants of growth and only 1 patient had pathological cause  and the  

p value is  0.025 which is significant. 

 

12.  Comparison Of Pathological Causes And Normal Variants Of Growth : 

Constitutional growth delay +  

Familial short structure 
28 

Other pathological causes 22 

28 / 50,  22/50   p value 0.603  NS 
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The normal variants of growth like constitutional growth delay and familial short  stature constituited 

of about 28 among 50 patients. The pathological causes were seen 

in 22 among 50 patients.The p value is 0.603 which is insignificant 

 

13.  Comparison Of Age Vs Etiology 
Age group Const + Familial Other patho p value 

13 - 15 (38) 18 20 0.947 NS 

16 - 18 (12) 11 1 0.025 SIG 

In  age group of 13-15 yrs of age  group the  p  value is 0.047  between normal variants of growth and 

pathological causes  which is non significant .Between the age group of 16-18 yrs  the  p  value is 0.025 between 

pathological and normal variants of growth which is significant. 

 

14. Comparison Of Sex Vs Etiology In Our Study Population 
Pathological causes Const + Familial Other patho p value 

MALE (30) 15 15 0.823 NS 

FEMALE (20) 13 7 0.409  NS 

The  p value between normal variants and pathological causes in males in our study population  is 

0.823 and among females is 0.409  which is not significant.  

 

VI. Discussion 
Gender Distribution In The Observed Population: 

 In our study male constituted about 60% (n=30) and female 40% (n=20). 

The male to female ratio is 1.5:1 .This shows that the short stature is more common in male population than 

female population .This finding is consistent with study done in Medical College of Wisconsin,   “The 

Evaluation and Follow-up of Children Referred to Paediatric Endocrinologists for Short Stature”  done by David 

Wyatt et al 

 

Age distribution in observed population of short stature  

In our study among 50 patients, 76% (n=38) of patients were in the range of 13-15 years, 24 % (n=12) 

of patients are between 15 - 18 years. It shows that incidence of of patients presenting with short stature is more 

during 13 to 15 years. 

 

Height distribution in boys among the study population 

In our study population of 30 the observed height of the boys ranges  from l35cm to 170 cm 23.3% (n = 

7) had height less than 145 cm, 53.3% (n=16) had  height ranging from  145 to 155 cm, 20%  (n=6 ) had height 

ranging from 155 -165  cm.  3.33% (n= 1) had height more than 165 cm. Majority of patient presented with 

height ranging from 145 cm to 155 cm. 

 

Height distribution of girls in the study 
In our study population of 20 the observed height among girls ranges  from 140 cm to 168 cm. 

-5% (n= 1) the height was less than 145cm 

-60% (n= 12) patients had height ranging from 145-150cm 

-35% (n= 7) patients the observed height ranges from 150-160 cm 

Majority of the study population in girls had height ranging from 145- 150 cm   

 

Pubertal staging –Tanner for boys observed in our study population   

50% (n=50) were observed to have Stage – I of Tanners staging which is  prepubertal.34% (n=10) were 

observed to have Stage –II , 13% ( n=4%) were  observed in  Stage III  and 3% ( n=1) was observed in Stage –

IV of Tanner staging 

 This finding is consistent with study done in Medical College of Wisconsin   ̎ The Evaluation and 

Follow-up of Children Referred to Paediatric Endocrinologists for Short Stature ̎  done by Katrina et al where 

73% were in prepubertal staging among the study population. 

 

Tanner’s Pubertal staging observed in female patient of study population 

Among the girls in study population 15% ( n= 3) belongs to STAGE-I  40% (N =8) were observed in 

STAGE-II  30% (N=6) were observed in STAGE-III  15% (n =3) in STAGE-IV of Tanners pubertal staging. 

 

Distribution of bone age in the study population 
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 In our study population, majority of patients 76%  ( n=38)  had delayed bone age for chronological age 

in 27 out of 30 boys and 11 out of 20  and 24% (n =  

 

12) were found to have normal bone age for chronological age. 

 

Growth hormone level an its correlation in thestudy population 
In our study population 60% ( n=30) had normal levels of GH  ,  10%  (N=5) had elevated levels of GH 

and 30% ( n=15) were found to have decreased levels of GH. 

Majority of patients had normal levels of growth hormone. This  finding is consistent with  study 

conducted in   2,500  children  in  Bai Jerbai Wadia Hospital ,  Bombay, India where GH deficiency is the most 

common cause of short stature of about in  This finding is also consistent with  study conducted in Department 

of Endocrinology, Sher-i-Kashmir Institute of Medical Sciences, GH deficiency was the commonest cause of 

short stature of about 22.8% of cases. 

 

Distribution of TSH levels in study population 

In our study population 84% (n=42) had normal levels of TSH, 14% (N=14) had elevated levels of 

TSH (hypothyroidism) and  2% (n=1)  had decreased levels of TSH due to panhypopituitarism. Majority of 

patients had normal levels of TSH. This finding is consistent with study conducted in Department of 

Endocrinology, Sher-i-Kashmir Institute of Medical Sciences, Primary hypothyroidism  -7.8%  

 

Etiological distribution among the study population 

Majority of patients about 56% (n=28) belongs to normal variants of short stature-like constitutional 

growth delay and familial short stature. Endocrine disorders like GH Deficiency was seen in 16% (n=8) and 

hypothyroidism in 12% (n=6). 12% (n= 6) patients presented with malnutrition. 2% of patients presented with  

diabetes mellitus. This finding is consistent with study conducted by Mehboob Sultan et al in Department of 

Paediatrics, Military Hospital, Rawalpindi and Combined  Military Hospital, Multan during September 2004 to 

January 2007. Two hundred  and fourteen children (140 boys and 74 girls), with age  02 to 15 years presenting  

withs hort stature were studied and majority of patients had  CGD, FSS or  combination of both, 46.7%  and  

non-endocrinological causes constituted of about15.9%. 

 

Comparison Of Pathological Causes With Age 

In our study population of 13- 15 yrs   18 out of 38 had normal variants of growth and 20 had 

pathological cause for short stature and the  p  value is 0.947 which is not significant.The patients belonging to 

16-18yrs of age 11 out of 12 had normal variants of growth and only 1 patient had pathological cause  and the  p 

value is 0.025 which is significant. 

 

Comparison Of Pathological Causes And Normal Variants Of Growth: 

The normal variants of growth like constitutional growth delay and  familial short stature constituted of 

about 28 among 50 patients. The pathological causes were seen in 22 among 50 patients. The p value is 0.603 

which is insignificant. This finding is consistent with study conducted by Mehboob Sultan et al in Department 

of  Paediatrics, Military Hospital, Rawalpindi and Combined Military Hospital, Multan during September 2004 

to January 2007. Two hundred and fourteen children (140 boys and 74 girls), with age  02 to 15 years presenting 

with short stature were studied and majority of patients had  CGD, FSS or combination of both, 46.7% and non 

endocrinological causes constituited of about 15.9% . 

 

Comparison Of Age Vs Etiology 

In age group of 13-15 yrs of age group the p value is 0.047 between normal variants of growth and 

pathological causes  which is non-significant .  Between the age group of 16-18 yrs the  p  value is 0.025 

between pathological and normal variants of growth which is significant. 

 

Comparison Of Sex Vs Etiology In Our Study Population 

The p value between normal variants and pathological causes in males in our study population is 0.823 

and among females is 0.409  which is not significant. This study is consistent with study conducted by  

ShaukatMahmood Qureshi Department of Paediatrics, Military Hospital, Rawalpindi and Combined Military  

Hospital,Multan 

 

Conclusion 
 Short stature is more common in boys rather than girls. 

 In our study short stature was more common in age group of 13-15 yrs. 
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 Majority of boys presented with height less than 5
th

 percentile. Most of the  

girls in this study had height in the range of 145- 150 cm between 5
th

 to 10
th   

percentile  

 In this study most of the boys with short stature were found to be in  Prepubertal stage of Tanners Pubertal 

Staging. The girls in this study were  found to be in prepubertal and pubertal stage of Tanners 

 Bone age was found to be delayed in majority of patients in our study. 

 In our study the most common cause for short stature was found to be the  normal variants comprising of 

constituitional growth delay and familial short  stature rather than endocrinological causes. 

 The constitutional growth delay and familial short stature was  more common  in older children whereas 

both endocrinological and non-endocrinological  causes were almost found equal in younger patients. 

 

Limitations 
1. Only a small number of population was taken into study. 

2. In this study Growth hormone axis studies, karyotyping and genetic studies were  

not done. 

3. IGF-1 levels, GHBP levels were not done to diagnose or follow up these patients. 

 

Bibliography 
[1]. Etchevers HC, Vincent C, Le Douarin NM, Couly GF. The cephalic neural crest provides pericytes and smooth muscle cells to all 

blood vessels of the face and forebrain. Development 2001; 128:10591068. 

[2]. Takuma N, Sheng HZ, Furuta Y, et al. Formation of Rathke's pouch requires dual induction from the diencephalon. Development 

1998; 125:48354840. 
[3]. Gleiberman AS, Fedtsova NG, Rosenfeld MG. Tissue interactions in the induction of anterior pituitary: role of the ventral 

diencephalon, mesenchyme, and notochord. Dev Biol 1999; 213:340353. 

[4]. Sheng HZ, Westphal H. Early steps in pituitary organogenesis. Trends Genet 1999; 15:236240. 
[5]. Dasen JS, O'Connell SM, Flynn SE, et al. Reciprocal interactions of Pit1 and GATA2 mediate signaling gradient- induced 

determination of pituitary cell types. Cell 1999; 97:587598. 

[6]. Andersen B, Rosenfeld MG. POU domain factors in the neuroendocrine system: lessons from developmental biology provide 
insights into human disease. Endocr Rev 2001; 22:235. 

[7]. Treier M, Gleiberman AS, O'Connell SM, et al. Multistep signaling requirements for pituitary organogenesis in vivo. Genes Dev 

1998; 12:16911704. 
[8]. Asa SL, Kovacs K, Laszlo FA, et al. Human fetal adenohypophysis: histologic and immunocytochemical analysis. 

Neuroendocrinology 1986; 43:308316. 
[9]. Dubois PM, Hemming FJ. Fetal development and regulation of pituitary cell types. J Electron Microsc Tech 1991; 19:220. 

[10]. Sheng HZ, Zhadanov AB, Mosinger B Jr, et al. Specification of pituitary cell lineages by the LIM homeobox gene Lhx3. Science 

1996; 272:10041007. 
[11]. Martin D, Camper S. Genetic regulation of forebrain and pituitary development. In Rappaport R, Anselem S (eds). Hypothalamic-

Pituitary Development: Genetic and Clinical Aspects, vol 4. Basel, Karger, 2001, p 1. 

[12]. Muscatelli F, Strom TM, Walker AP, et al. Mutations in the DAX-1 gene give rise to both X-linked adrenal hypoplasia congenita 
and hypogonadotropic hypogonadism. Nature 1994; 372:672676. 

[13]. Tabarin A, Achermann JC, Recan D, et al. A novel mutation in DAX1 causes delayed-onset adrenal insufficiency and incomplete 

hypogonadotropic hypogonadism. J Clin Invest 2000; 105:321328. 
[14]. Lamolet B, Pulichino AM, Lamonerie T, et al. A pituitary cell-restricted T box factor, Tpit, activates POMC transcription in 

cooperation with Pitx homeoproteins. Cell 2001; 104:849859. 

[15]. Stanfield JP. The blood supply of the human pituitary gland. J Anat 1960; 94:257273. 
[16]. Bergland RM, Page RB. Pituitary-brain vascular relations: a new paradigm. Science 1979; 204:1824. 

[17]. Tanner JM, Davies SWD. Clinical longitudinal standards for height and height velocity for North American children. J Pediatr 

1985; 107:317. 
[18]. Tanner JM, Whitehouse RH, Takaishi M. Standards from birth to maturity for height, weight, height velocity, and weight velocity: 

British children, 1965 (part II). Arch Dis Child 1966; 41:613635. 

[19]. Tanner JM, Whitehouse RH, Hughes PCR, Carter BS. Relative importance of growth hormone and sex steroids for growth at 
puberty of trunk length, limb length, and muscle width in growth hormone-deficient children. J Pediatr 1976; 89:10001010. 

[20]. Tanner JM. Auxology. In Kappy MS, Blizzard RM, Migeon CJ (eds). The Diagnosis and Treatment of Endocrine Disorders. 

Springfield, Ill, Charles C. Thomas, 1994, pp 137192. 
[21]. Link K, Blizzard RM, Evans WS, et al. The effect of androgens on the pulsatile release and twenty-four-hour mean concentration of 

growth hormone in peripubertal males. J Clin Endocrinol Metab 1986; 62:159164. 

[22]. Karlberg J, Engstrom I, Karlberg P, Fryer JG. Analysis of linear growth using a mathematical model: I. From birth to three years. 
Acta Paediatr Scand 1987; 76:478488. 

[23]. Karlberg J, Fryer JG, Engstrom I, Karlberg P. Analysis of linear growth using a mathematical model: II. From 3 to 21 years. Acta 

Paediatr Scand 1987; 337(Suppl):1229. 
[24]. Cameron N. The methods of auxological anthropometry. In Falkner F, Tanner JM (eds). Human Growth: A Comprehensive 

Treatise. New York, Plenum, 1986, pp 3590. 

[25]. Tanner JM. Normal growth and techniques of growth assessment. Clin Endocrinol Metab 1986; 15:411. 
[26]. Underwood LE, Van Wyk JJ. Normal and aberrant growth. In Wilson JD, Foster DW (eds). Williams Textbook of Endocrinology. 

Philadelphia, WB Saunders, 1991, pp 10791138. 

[27]. Whitehouse RH, Tanner JM, Healy MJR. Diurnal variation in stature of sitting height in 12- to 14-year-old boys. Ann Hum Biol 
1974; 1:103106. 

[28]. Marshall WA. Evaluation of growth rate in height over periods of less than one year. Arch Dis Child 1971; 46:414420. 

[29]. National Center for Health Statistics: NCHS Growth Charts, 1976. Monthly Vital Statistics Report, No. 3, Suppl. Rockville, Md, 
Health Resources Administration, 1976, pp 761120. 



Clinical, Hormonal And Radiological Profile Of Short Stature In… 

DOI: 10.9790/0853-151002101108                                          www.iosrjournals.org                              108 | Page 

[30]. Lyon AL, Preece MA, Grant DB. Growth curve for girls with Turner syndrome. Arch Dis Child 1985; 60:932935. 

[31]. Horton WA, Rotter JI, Rimoin DL, et al. Standard growth curves for achondroplasia. J Pediatr 1978; 93:435438. 
[32]. Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for children with Down syndrome: 1 month to 18 years of age. Pediatrics 

1988; 81:102110. 

[33]. Bayer LM, Bayley L. Growth Diagnosis. Chicago, University of Chicago Press, 1959, pp 1226. 
[34]. de Luca F, Baron J. Skeletal maturation. Endocrinologist 1999; 9:286293. 

[35]. Rubin K. Pubertal development and bone. Curr Opin Endocrinol Diab 2000; 7:6570. 

[36]. Soyka L, Fairfield WP, Klibanski A. Hormonal determinants and disorders of peak bone mass in children. J Clin Endocrinol Metab 
2000; 85:39513963. 

[37]. Grumbach MM, Auchus RJ. Estrogen: consequences and implications of human mutations in synthesis and action. J Clin 

Endocrinol Metab 1999; 84:46774694. 
[38]. Greulich WW, Pyle SI. Radiographic Atlas of Skeletal Development of the Hand and Wrist. Stanford, Stanford University Press, 

1959. 

[39]. Tanner JM, Whitehouse RH, Cameron N, et al. Assessment of Skeletal Maturity and Prediction of Adult Height (TW2 Method). 
New York, Academic Press, 1983. 

[40]. Tanner JM, Whitehouse RH, Marshall WA, Carter BS. Prediction of adult height from height, bone age, and occurrence of 

menarche at ages 416 with allowance for midparent height. Arch Dis Child 1975; 50:1426. 
[41]. Roche AF, Wainer H, Thissen D. The RWT method for the prediction of adult stature. Pediatrics 1975; 56:10261033. 

[42]. Tanner JM, Goldstein H, Whitehouse RH. Standards for children's height at ages 29 years allowing for height of parents. Arch Dis 

Child 1970; 45:755762. 
[43]. Lewis UJ, Singh RNP, Tutwiler GH, et al. Human growth hormone: a complex of proteins. Recent Prog Horm Res 1980; 

36:477508. 

[44]. Baumann G. Heterogeneity of growth hormone. In Bercu B (ed). Basic and Clinical Aspects of Growth Hormone. New York, 
Plenum, 1988, pp 1331. 

[45]. Holl RW, Thorner MO, Leong DA. Intracellular calcium concentration and growth hormone secretion in individual somatotropes: 

effects of growth hormonereleasing factor and somatostatin. Endocrinology 1988; 122:29272932. 
[46]. Frohman LA. Neurotransmitters as regulators of endocrine function. In Krieger DT, Hughes JC (eds). Neuroendocrinology. 

Sunderland, Mass, Sinauer Associates, 1980 

[47]. Veldhuis JD, Liem AY, South S, et al. Differential impact of age, sex steroid hormones, and obesity on basal versus pulsatile 
growth hormone secretion in men as assessed in an ultrasensitive chemiluminescence assay. J Clin Endocrinol Metab 1995; 

80:32093222. 

[48]. Veldhuis JD, Carlson ML, Johnson ML. The pituitary gland secretes in bursts: appraising the nature of glandular secretory impulses 
by simultaneous multiple-parameter deconvolution of plasma  hormone concentrations. Proc Natl Acad Sci USA 1987; 

84:76867690. 

[49]. Iranmanesh A, Grisso B, Veldhuis JD. Low basal and persistent pulsatile growth hormone secretion are revealed in normal and 
hyposomatotropic men studied with a new ultrasensitive chemiluminescence assay. J Clin Endocrinol Metab 1994; 78:526535. 

[50]. Chapman IM, Hartman ML, Straume M, et al. Enhanced sensitivity growth hormone chemiluminescence assay reveals lower post-
glucose nadir GH concentrations in men than women. J Clin Endocrinol Metab 1994; 78:13121319. 

[51]. Grumbach MM, Gluckman PD. The human fetal hypothalamic and pituitary gland: the maturation of neuroendocrine mechanisms 

controlling secretion of fetal pituitary growth hormone, prolactin, gonadotropin, adrenocorticotropin-related peptides, and 
thyrotropin. In Tulchinsky D, Little AB (eds). Maternal and Fetal Endocrinology. Philadelphia, WB Saunders, 1994, pp 193261. 

[52]. Kaplan SL, Grumbach MM, Aubert ML. The ontogenesis of pituitary hormones and hypothalamic factors in the human fetus: 

maturation of central nervous system regulation of anterior pituitaryfunction. Recent Prog Horm Res 1976; 32:161243. 
[53]. Hindmarsh P, Brook C, Radeck C, Nicolaides K. Hormonal levels in the human fetus between 14 and 22 weeks' gestation. Early 

Hum Dev 1987; 15:253254. 

[54]. Martha PM, Rogol AD, Veldhuis JD, et al. Alterations in the pulsatile properties of circulating growth hormone concentrations 
during puberty in boys. J Clin Endocrinol Metab 1989; 69:563570 

[55]. Martha PM Jr, Gorman KM, Blizzard RM, et al. Endogenous growth hormone secretion and clearance rates in normal boys, as 

determined by deconvolution analysis: relationship to age, pubertalstatus, and body mass. J Clin Endocrinol Metab 1992; 
74:336344. 

[56]. Martha PM Jr, Rogol AD, Blizzard RM, et al. Growth hormonebinding protein activity is inversely related to 24-hour growth 

hormone release in normal boys. J Clin Endocrinol Metab 1991;73:175181. 
[57]. Baumann G, Shaw MA, Amburn K. Circulating growth hormonebinding proteins. J Endocrinol Invest 1994; 17:6781. 

[58]. Martha PM Jr, Reiter EO. Pubertal growth and growth hormone secretion. Endocrinol Metab Clin North Am 1991; 20:165182. 

[59]. Deller JJ, Plunket DC, Forsham PH. Growth hormone studies in growth retardation: therapeutic response to administration of 
androgen. Calif Med 1966; 104:359. 

 


