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Introduction 

Growth hormone (GH) is secreted episodically, with low or undetectable daytime levels, while peak 
secretions occur during the early hours of the night following onset of deep sleep\,2. Results from 
physiological assessments of 12 or 24 hour integrated or spontaneous GH secretion in children or adults 
have shown that the GH secretion rate is age related, being highest during the periods of puberty and 
adolescence3-6. Rose et at? reported that GH spontaneous output in boys and girls differed significantly 
according to their pubertal development, whilst others8,9 reported no sex difference in GH secretion. 
Similarly, in adults, spontaneous GH secretion has been shown to decline with age. 

During provocative or suppression tests of GH secretion, the basal fasting level is also an important 
reference value besides the cut-off GH value used to distinguish GH-deficiency or GH-excess. The 
availability of various methods of determining serum GH concentration has, however, resulted in a 
number of problems, as these values can vary according to the type of assay used12,13, causing discordant 
interpretations of results among centres14• 
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Fig 1: Sex dependent fasting GH levels of boys (D) and girls (D) in different Tanner stages 
(according to scrotum/breast development. Boxes and vertical bars represent inter
quartile ranges and 95% confidence limits respectively. 

In this study, we used our own in-house enzyme-linked immunoabsorbent assay (ELISA) to measure 
fasting CH levels in a group of normal subjects, and examined the possible effect of gender, pubertal 
development and age of subjects on these levels. 

Materials and Methods 

Subjects 

A total oB77 clinically normal, healthy subjects were studied. The children were classified a=rding to their pubertal 
Tanner stage; Tanner stage! (43 males and 31 f=ales, mean age 9 .l±l. 7 years and S.5±I.5 years respectively), Tanner 
stage II (7 males and 13 females, mean age 1O.S±1.2 years and 1O.9±1.0 respectively), Tanner stage III (9 males and 16 
f=ales, mean age 13.2±1.l years and 12.l±1.6 years respectively), Tanner stage N (9 males and 17 females, mean age 
13.9±1.0 years and 14.6±2.4 years respectively) and Tanner stage V (14 males and 4 females, mean age 15 .5±1. 7 years 
and 16.2±1. 7 years respectively). There were also adults aged 20 years (27 males and 27 females) and aged 21 to SI years 
(S4 males and 76 females). Informed consent was obtained from subjects, aswell as from parents in the case of children. 

Protocol 

After an overnight 10 to 12 hour fast, about 5 ml of blood was obtained from the forearm vein between S am and 9 
am. Subjects were rested for at least 30 minutes prior to blood collection. Sera were aliquoted a=rdingly and 
immediately stored at -20DC until assayed. The heights and weights of the children were also recorded. 

Hormone assay 

Samples were assayed in duplicate by an in-house CH ELISN5 using 96-well microtitre plate coated with 
rabbit polyclonal anti-CH. Cross-reaction of our polyclonal anti-CH with prolactin or human placental 
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Fig 2: Sex dependent fasting GH levels in adult males (D) and females (.6). Boxes and 
vertical bars represent inter-quartile ranges and 95% confidence limits respectively. 

lactogen was only 0.2%. Monoclonal anti-CH was purchased from Chemicon, while HRP-Iabelled anti
mouse was obtained from Biorad. CH reference standard was 1.5. 80/505. All undetectable levels were 
taken to be equal to 0.4 mIU IL, the detection limit of the assay. Intra-assay GOefficient of variations (CVs) 
at concentrations 3.4 mIUlL, 1l.8 mIU/L, 19.1 mIU/L and 55.7 mIU/L were 6.2%,4.8%,5.3% and 
7.9% respectively. All samples from a particular group were analysed in a single assay. 

Data analysis 

All assay results were analysed using the LKB-W ALLAC RIACALC programme. Comparisons between 
groups were made by non-parametric analyses, namely Kruskal Wallis and Wilcoxon rank sum tests using 
the Statistical Analysis System (SAS) software. Correlations between fasting CH levels and heights were 
assessed by Spearman's rank correlation. Statistical significance was accepted at p<0.05. 

Results 

The median, inter-quartile ranges and 95% confidence limits of fasting CH levels measured in children 
(at different Tanner stages) is graphically presented in Fig 1. Significant sex difference in fasting CH levels 
was found only in the prepubertal group. Prepubertal boys had significantly lower fasting CH (me
dian=4.0 mIU/L, inter-quartile range=2.1-6.2 mIU/L, n=43, p<0.05) than females (median=7.1mIU/L, 
inter-quartile range=2.5-13.2 mIU/L, n=31). However, sex difference was no longer significant in the 
pubertal and adult groups (Figs 1 and 2 respectively). 

To study the effects of age on fasting CH levels within the same sex, data were analysed according to the 
pubertal status of the subjects; prepubertals (Tanner I), pubertal (Tanner II, HI and IV) and adults (21 
to 44 and 44 to 81 years old) (Fig 3). Fasting CH levels were highly correlated to age (p<O.OO1). For both 
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Fig 3: Age-dependent fasting GH levels in males (D) and females (L.) at prepuberty (TI)I 
puberty (TII-IV)I young adults (Y A) and old adults (OA). Vertical bars represent inter
quartile ranges. 
** p<O.OO 1 11 vs respective TIt-IV. 
* p=O.02 TI vs respective TIt-IV. 
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Fig 4: Correlation of fasting GH levels with heights in children of Tanner stages I to IV. 
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sexes, fasting CH peaked during the pubertal period (p=O.OOOl and p=0.02 versus respective pubertal boys 
and girls) and subsequently declined with age, being lowest in adults aged 45 years and above (p=O.OOOl 
versus prepubertals; p=O.002 and p=0.03 versus young adult males and females respectively). Table I 
summarises the median and 95% confidence limits of fasting CH levels established in this study for 
prepubertal and pubertal children, and 2 age groups of adults. Regression analysis showed that the fasting 
CH levels in children of Tanner I to IV correlated weakly but significantly with heights (r=0.304, 
p<O.OOl) (Fig 4). 

Table I 
Median and 95% confidence limits of fasting GH levels in normal subjects 

No. Median Fasting GH (mIU/L) 

Prepubertal 

Male 

Female 

Pubertal 

Tanner 11 - IV 

Tanner V 

Adult 

21 - 44 years 

45 - 81 years 

ap=O.02 vs prepubertal males. 
bp<O.01 vs Tanner V group. 

43 4.0 

31 7.1 

71 9.8 

18 3.6 

115 1.2 

50 0.4 

'p<O.001 vs prepubertal and young adults (21 - 44 years). 
dp<O.O 1 vs old adults (45 • 81 years) 

Discussion 

95% confidence limit 

0.5 - 13.2 

1.3 - 17.6° 

1.4 - 44.0b,c 

0.5 - 25.6 

0.4 - 18.2d 

0.4 - 4.0 

Despite the limitations of measurement of CH levels in single fasting samples, we have been able to 
demonstrate that females in Tanner stage I had significantly higher fasting CH levels than Tanner
matched males. This finding is in agreement with several previous studies on spontaneous CH secretion 
in children7 and adults16-18• Elevated fasting CH levels in prepubertal girls are probably due to estrogen, 
as proposed by Ho et a/19• However, this sex difference was not observed in the pubertal children and adults. 
As shown by Miller et al8 and Martha et apo, CH secretion is enhanced by increased androgen production 
with advancing pubertal development. 

Our study has shown that fasting CH levels are age dependent. Contrary to the findings by Thompson 
et apl, and Butenandt et a/22, in which there was no difference in integrated growth hormone levels in boys 
at different pubertal stages, our study showed that fasting CH levels in children increased with pubertal 
development and were highest at Tanner stages I, II and IV. These levels then declined and remained low 
in adults. Similar observations have been reported by a number of investigators in which measurements 
of 12 or 24 hour integrated or spontaneous CH secretion were performed3-6,1O,1l. Despite our single 
sampling method, we could also show that the fasting CH levels correlated significantly to the heights of 
the children. This is comparable to the report by Albertsson-Wikland et a1 9, who had carried out a more 
laborious study of measuring 24 hour CH secretion. 
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Clinical diagnostic usefulness of fasting GH level measurement still needs careful evaluation. Our 
observations have clearly demonstrated that the normalcy of a basal GH result should be interpreted with 
caution, taking into account the sex or pubertal development if the patient is a child, or age if the patient 
is an adult. As suggested by Whitehead et al'l3, since therds physiological difference in GH secretion 
between age groups, it would be more appropriate that the criteria used for the diagnosis of GH deficiency 
in adults be different from that used for children. 

1. Honda Y, Takahashi 1<, Takahashi S et aL Growth hormone 
secretion during nocturnal sleep in normal subjects. J Clin 
Endocrinol Metab 1969;29 : 20-9. 

2. Sassin JF, Parker C, Mace]W, Gotlin RW, Johnson LC, Rossman 
LG. Human growth hormone release: relation to slow-wave sleep 
and slow-wakiog cycles. Science 1969;165 : 513-5. 

3. Finklestein]W, Roffwarg HP, Boyar RM, Kream J, Hellman L. 
Age-related changes in the twenty-four hour spontaneous secretion 
of growth hormone. J Clin Endocrinol Metab 1972;35 : 665-70. 

4. PlotnickLP, ThompsonRG, KowarskiA, LacerdaLD,Migeonq, 
Blizzard RM. Circadian variation of intergrated concentration of 
growth hormone in children and adults. J Clin Endocrinol Metab 
1975;40 : 240-7. 

5. Zadik Z, Chalew SA, McCarter RJ, Meistas M, Kowarski AA. 
The influence of age on the 24-hour integrated concentration of 
growth hormone in normal individuals. J Clin Endocrinol 
Metab 1985;60 : 513-6. 

6. MaurusN, BlizzardRM, LinkK,JohnsonML, RogolAD, Veldhuis 
VD. Augmentation of growth hormone secretion during puberty: 
evidence for a pulse amplitude-modulated phenomenon. J Clin 
Endocrinol Metab 1987;64: 596-601. 

7. Rose SR, Minicchi G, Barnes KM et aL Spontaneous growth 
hormone secretion increases during puberty in normal girls and 
boys. J Clin Endocrinol Metab 1991;73 : 428-35. 

8. Miller JD, Tannenbaum GS, ColleE, Guyda HJ. Daytime pulsatile 
growth hormone secretion during childhood and adolescence. J 
Clin Endocrinol Metab 1982;55(5) : 989-93. 

9. Albensson-Wikland K, Rosberg S. Analyses of 24-hour growth 
hormone profiles in children: relation to growth. J Clin Endocrinol 
Metab 1988;67: 493-500. 

10. Rudman 0, Kutner MH, Rogers CM, Lubin MF, Fleming GA, 
Bain RP. Impaired growth hormone secretion in the adult popula
tion: relation to age and adiposity. J Clin Invest 1981;67: 1361-9. 

11. Ho KY, Weissberger AJ. Secretoty panerns of growth hormone 
according to sex and age. Horm Res 1990;33(SuppI4) : 7-11. 

12. Reiter EO, Morris AB, MacGillivray MH, Weber D. Variable 
estimates of serum growth hormone concentrations by different 
radioassays system. J Clin Endocrinol Metab 1988;66: 68-71. 

302 

13. Celniker AS, Chen AB, Wen RM Jr, Sherman BM. Variability in 
quantitation of circulating growth hormone using commercial 
immunoassays. J Clin Endocrinol Metab 1989;68 : 469-76. 

14. Banfi GM, Marinalle M, Casari E, Murone M, Bonini P. 
Isotopic and nonisotopic assays for measuring somatotropin 
compared: re-evaluation of cutoff value in provocative tests. 
Clin Chem 1991;37(2) : 273-6. 

15. Ng ML, Goh KH, Wan Nazaimoon WM, Thean ETT, Khalid 
BAK. Non-isotopic in-house ELISA as alternative to RIAI 
IRMA for measurement of pituitaty peptide hormones. IAEN 
WHO International Symposium on RIA and related proce
dures. Perspectives in Developing Countries, 26-30 Aug 1991, 
Vienna, Austria. IAEA-SM-324/24: 109. 

16. Frantz AG, Rabkin MT. Effects of estrogen and sex difference on 
secretion of human growth hormone. J Clin Endocrinol Metab 
1965;25: 1470-80. 

17. Unger RH, EisentrautAM, Madison lL, Siperstein MD. Fasting levels 
of growth hormone in men and women. Nature 1965;205 : 804-5. 

18. Stolar MW, Bauman G. Secretoty patterns of growth hormone 
during basal periods in man. Metabolism 1986;35(9) : 883-8. 

19. Ho KY, Evans WS, BlizzardRM etaL Effects of sex and age on the 
24-hour profile of growtb hormone secretion in man: importance 
of endogenous estra4iol concentrations. J Clin Endocrinol Metab 
1987;64: 51-8. 

20. Manba PM Jr, Rogol AD, Veldhuis JD, Kerrigan JR, Goodman 
DW, Blizzard RM. Alterations in the pulsatile properries of circu
lating growth hormone concentrations during puberty in boys. J 
Clin Endocrinol Metab 1989;69 : 563-70. 

21. Thompson RG, Rodriguez A, Kowarski A, Migeon q, Blizzard 
RM. Intergrated concentration of growth hormone correlated with 
plasma testosterone and bone age in preadolescent and adolescent 
males. J Clin Endocrinol Metab 1972;35 : 334-7. 

22. ButenandtO, Eder R, Wohlfarth 1<, Bidlinmaier F, Knon D.Mean 
24-hour growth. hormone and testosterone concentrations in rela
tion to pubenal growth spun in boys with normal or delayed 
puberty. Eur J Pediatr 1976;122 : 85-92. 

23. Whitehead BM, Aiken B, Lewis S, Sheridan B, Hadden OR. 
Physiological growth hormone secretion in adult growth hormone 
deficiency: comparison with normal controls. Clin Endocrinol 
1991;34: 371-6. 

Med J Malaysia Vol 48 No 3 Sept 1993 


