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Background & objectives: After menopause in women, loss of bone density increases rapidly with estrogen 
deficiency. Evidence has revealed that this deficiency may be directly correlated with growth hormone 
(GH) level declining with age. The present study was designed to evaluate the age dependant patterns of 
GH, insulin-like growth factor-1 (IGF1-1) and insulin-like growth factor binding protein-3 (IGFBP-3) 
endogenous secretion in postmenopausal women. 
Methods: During this prospective study in a 12-month period, 150 postmenopausal women were enrolled 
who were referred to the densitometry unit of bone research centre of Tabriz University of Medical 
Sciences for assessing bone mineral density. Serum levels of basal and clonidine stimulated GH were 
measured using radioimmunoassay while IGF-1 and IGFBP-3 were measured by ELISA. Post stimulation 
over 3 to 6 fold increase in GH over the baseline level was considered normal response and less increase 
was considered abnormal. 
Results: There were no significant differences in the mean levels of GH0, GH60 and GH90 in different 
age groups of postmenopausal women. No significant difference in the mean IGFBP-3 and IGF-1 levels 
was seen in different age groups of postmenopausal women. The number of postmenopausal women with 
abnormal response to stimulation by clonidine in 61-70 and > 70 yr age groups was higher than in other 
groups (P<0.05). 
Interpretation & conclusions: Despite the higher rate of abnormal response to stimulation by clonidine 
in women aged more than 60 yr, the current study showed no significant correlation between age, and 
the basal and stimulated GH secretion rate and serum levels of IGF-1 and IGFBP-3 in postmenopausal 
women.
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	 During menopausal period, gradual loss of 
function occurs in hormone secretion and metabolism. 
The periodic secretion of estrogen and progesterone 
by ovaries decreases, and finally, ovaries lose their 
periodic activity1-3. Most of the postmenopausal women 
sustain some symptoms which are related to estrogen 
insufficiency independent of insulin-like growth 
factor-1 (IGF-1) and insulin-like growth factor binding 
protein-3 (IGFBP-3) levels. These symptoms might not 
be directly associated with estrogen insufficiency, but 
might be multi-factorial or related to senile process4,5. 
These symptoms vary from short-term simple irritations 
to long-term serious problems. Before menopause, the 
reduction rate of bone mineral mass is less than 1 per 
cent but it reaches to 5 per cent per year after this period. 
According to the previous reports, this reduction might 
be related to a gradual decrease of growth hormone 
(GH), which is age-dependent6-8. Menopause causes 
a cascade of events in the physiology of body which 
is not well recognized, so investigating the relation 
between GH, IGF-I and IGFBP-3 in post menopausal 
women may clarify this process.

	 The present study was designed to evaluate the 
pattern of GH, IGF1-1 and IGFBP-3 endogenous 
secretion in postmenopausal women, based on women’s 
age.

Material & Methods

	 The present prospective study was conducted at 
Tabriz Sina Medical-Educational Center, Tabriz, Iran, 
from February 2008 to February 2009. One hundred 
and fifty postmenopausal women fulfilling the inclusion 
criteria were enrolled consecutively into the study 
from 1243 women who referred for bone densitometry 
during this period.

	 Women were included based on densitometry 
results and World Health Organization’s criteria9,10. 
To study age dependant patterns of GH, IGF-1 and 
IGFBP-3, women were divided into ≤50, 51-60, 61-70, 
and ≥71 yr old groups.

	 All participants signed a written consent, and the 
study protocol was approved by the Ethics Committee 
of Tabriz University of Medical Sciences (TUMS), 
Iran.

	 Age, weight, and height were measured and formal 
physical examination was performed. Demographic 
details and information on nutritional condition and 
medical history were collected from these women. 
These women had their menopause at least two years 

before and had not used any kind of estrogen derived 
products for the last six months. These women were 
healthy, did not smoke, were not alcohol consumer 
or in any medical procedure, and had normal renal, 
hepatic and thyroidal functions. 

	 Women who had a positive history of drug use 
with effects on bone mineral density (BMD), GH, 
IGF-I, or IGFBP3, were excluded. These drugs 
include corticosteroids, heparin, levothyroxine, 
lithium, anticonvulsants, long acting growth hormone 
releasing hormone (GHRH) analogues, cyclosporine, 
chemotherapeutic agents, aluminum containing 
antacids, (continuous use for over 1 year) and estrogen 
(as medications affecting BMD); levodopa, clonidine, 
bromocriptine, propranolol, H2 receptor antagonists, 
and cholinergic agonists (as GH stimulating agents); 
somatostatin, phentolamine, yohimbine, phenothiazines, 
cyproheptadine, methysergide, isoproterenol and 
glucocorticoids (as GH suppressing agents). 

	 Venous blood samples (5 ml) were obtained 
following an overnight fasting state and were collected 
in empty sterile tubes, and immediately stored in ice 
at 4°C. The serum was separated and was divided in 
two parts. One part was stored as such and another was 
stored in EDTA microtube at -25 oC until analysis.

	 The basal fasting levels of GH, IGF-1 and IGFBP-3 
level were measured in all enrolled subjects. Clonidine 
stimulation test was carried out after consumption of 
0.04 μg/kg clonidine and measuring repeated GH levels 
at 60 and 90 min. Post stimulation 3 to 6 fold increase 
over base-line level in GH was considered normal 
response and less than 3 fold increase was considered 
abnormal11. 

	 GH was measured by radioimmunoassay 
method12 (Kavoshyar TM, Iran). The inter- and intra-
observational coefficients of variation were 2.8 and 
4.2 per cent, respectively. IGF-I and IGFBP-3 were 
measured by ELISA (Biosource TM, Belgium). 
Intra- and inter-assay coefficients for variations of 
the measurements were 5.5-10.1 and 6.2-9.7 per cent, 
respectively. All laboratory studies were performed at 
the Plasma Medical Laboratory, Tabriz, Iran.

Statistical analysis: Statistical analysis was performed 
by SPSS software package version 16.0 for windows 
(SPSS Inc., Chicago, USA). Quantitative data are 
presented as mean ± standard deviation, while 
qualitative data are given as frequency and per 
cent. Normal distribution of data was tested using 
Kolmogorov-Smirnov test. Since height, weight, 
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GH-90, IGF-1 and IGFBP-3 levels distributions were 
normal, one way ANOVA test was used to compare 
groups. However, repeated measurements of ANOVA 
was used to compare the basal GH (GH-0) and GH-
60 levels in difference groups. Linear correlations 
were evaluated by Pearson’s correlation coefficient 
and linear regression model. P value less than 0.05 was 
considered significant. 

Results

	 The women had mean age 57.7±7.5 yr, mean weight 
73.6±11.3 kg. The mean and mean height 1.58±0.05m. 
BMI was 29.5±19.8 kg/m2 (range 49.8 – 41.6). In this 
study, 75 women (50%) were 50-60 yr old. According 
to the WHO classification, only 25 women (17%) 
had normal weight and BMI (18-24.9 kg/m2)13. Mean 
height, weight and BMI in different age groups were 
not significantly (Table I). 

	 GH concentration increased post stimulation 
at 60 and 90 min (P<0.05), but the increase was not 
significant between groups (Table II).

	 Pearson’s correlation coefficient failed to show 
any significant correlation between IGF1 and IGF 
BP3 with age (r=0.09, P=0.25 and r=0.21, P=0.21, 
respectively). Mean IGF1 and IGF BP3 concentrations 
in >70 yr age group were the highest among other 
age groups. Comparison of mean IGF1 and IGF BP3 
concentrations in different age groups did not show 
significant difference (Table III). 

	 In order to control the confounding factors,  
variables which were significantly related to patients’ 
age were entered into linear regression model. After 
controlling effect of confounding factors, linear 
regression model indicated that patients’ age as a 
predicting factor did not correlate with IGF1 and 
IGFBP3. There was no significant correlation between 
IGF level in different age groups according to the 
stratified analysis.

	 In group ≤ 50 yr, 43 per cent of responses of 
growth hormone to the stimulation by clonidine were 
abnormal and 56 per cent were normal. In 51-60 yr age 
group 53 per cent women had abnormal responses. In 

Table I. Height, weight and BMI of women in different age groups

 Age (yr) N Height (m)  Weight (kg) BMI (kg/m2)

Less than ≤50 30 1.59 ± 0.04 75.77 ± 9.48 29.67 ± 3.64
(1.51 -1.70) (58-92) (22.50-38.79)

51-60 75 1.58 ± 0.05 73.65 ± 11.35 29.43 ± 4.26
(1.40 -1.75) (40-105) (20.41-41.62)

61-70 35 1.56 ± 0.04 71.17 ± 12.07 28.93 ± 4.63
(1.45-1.68) (52-95) (20.31-38.14)

>70 10 1.55 ± 0.04 74.80 ± 12.53 30.85 ± 5.09
(1.50-1.65) (47-92) (19.82-19.82)

Values are mean ± SD (rangle)

Table II. Grows hormone concentration changes in base of age groups
GH (ng/ml)

Age (yr) N GH0 GH60 GH90
≤ 50 30 3.54 ± 0.63 6.91 ± 0.75 9.34 ± 0.92

51-60 75 3.42 ± 0.35 6.81 ± 0.52 7.98 ± 0.50
61-70 35 4.93 ± 0.57 8.51 ± 0.67 8.85 ± 0.73
>70 10 2.98 ± 0.82 6.13 ± 1.45 6.60 ± 1.04
P value 0.038 0.02 0.031
Values are given as mean ±SD
GH0, GH at base line; GH60, GH at 60 min post stimulation; GH90, GH at 90 min post stimulation
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61-70 yr age group 74 per cent women had abnormal 
responses, while in women aged more than 70 yr, 60 
per cent of responses were abnormal. Frequency of 
abnormal GH responses after stimulating by clonidine 
in 61-70 yr old group and group of >70 yr old, was 
significantly higher than in other groups (P<0.05). 

Discussion

	 The results of the present study did not show 
a significant relationship between age, the basal 
stimulated GH secretion rate, and the serum levels 
of IGF-1 and IGFBP-3 in postmenopausal women. 
However, the frequency of abnormal response to 
stimulation by clonidine was higher in women aged 
61-70 yr and older than 70 yr. 

	 The relation of bone density with the levels of 
GH, IGF-1 and IGFBP-3 has been reported earlier14,15. 
Changes occurred in body structures with ageing. GH 
secretary rate was inversely correlated with age. Various 
studies14,15 have shown that the reduction in adults bone 
mineral content correlated with GH deficiency. At the 
same time prescription of this hormone reverses the 
trend16-18. Estrogen plays an important role in regulating 
the GH secretion. It has been reported that these steroid 
hormones have various effects on the ratios of GH and 
IGF-1 and depends on the administering pathways of 
estrogens that probably affect the secretion of hepatic 
IGF-119.

	 Prescription of oral estrogens to postmenopausal 
women decreases IGF-1 and increases GH level but 
transdermal prescription increases level of IGF-1 
without significant changes in the level of GH20,21. 
Sexual steroid hormones may be an important  
biological signal for the onset of puberty and the 
changes in GH situation and body fat distribution22,23.

	 In this study, the number of abnormal responses 
to clonidine stimulation in 61-70 and over 70 yr old 
groups was significantly more than in patients who 

were in 51-60 and under 50 yr age groups. It may be 
possible that the level of GH secretion is reduced by 
ageing as shown in other studies24.

	 In this study, we compared the levels of IGF-1 
and IGFBP-3 in postmenopausal women. There was 
no significant difference between the mean levels of 
these two variables in various age groups. Karasik  
et al25 achieved similar results in his study. Martini  
et al24 showed no significant correlation between serum 
IGFBP-3 levels in postmenopausal women. Several 
studies showed that the IGF-1 and IGFBP-3 levels 
decreased significantly with age26-28.

	 In the present study, there was no significant 
difference between the mean levels of GH 0 (basal 
GH), GH-60 (GH level 60 min after stimulation with 
clonidine), GH 90 (GH level 90 min after stimulation 
with clonidine), IGF-1 (insulin-like growth factor-1), 
and IGFBP-3 (insulin-like growth factor binding 
protein) in postmenopausal women of various age 
groups. The reason for the different results of this study 
in comparison with other studies was the less number 
of patients over 70 yr old. 

	 In conclusion, the present study showed no 
significant correlation between age, and the bosal and 
clonidine stimulated GH secretion rate and serum levels 
of IGF-1 and IGF BP-3 in postmenopausal women. 
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