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GnRH-LH-Testosterone Axis

The aging of the hypothalamic gonadotropin re-
leasing hormone (GnRH) pituitary-testicular axis has 
been amply documented by a large body of studies of 
serum total testosterone and free testosterone (FT)35 
(Table 5). The stimulator of testosterone production, 
luteinizing hormone (LH), increases with advancing 
age at a rate of 1% over a period of 10 years in men 
40-70 years old. FSH during the same period increased 
by 3% yearly.16 In another study no correlation of LH 
with testosterone was found, suggesting an alteration 
in the normal feedback relationship of these hor-
mones. FSH increases at a higher rate of 3% yearly, 
probably due to a diminished inhibin feedback from 
the Sertoli cells of the aging testis.36

Large-scale cross-sectional and longitudinal studies 

have documented the great decrease of testosterone 
despite the increase of LH, indicating an anomaly 
in the strong forward and feedback relationship of 
these hormones. In a cross-sectional study of 300 
men aged 20 to 100 years grouped in decades, Ver-
meulin et al.37 found a decrease of mean serum free 
testosterone (FT) beginning in the decade of 35-45 
years and of testosterone starting in the decade of 
45-55 and progressing up to the last 85-100 years. 
Mean values of T at 75 years were approximately two 
thirds of those at the age of 20 years, whereas those 
of FT decreased by 50% during the same period. Sex 
hormone binding protein (SHBP) binding 45-50% 
of circulating testosterone started increasing in the 
decade of 35-45 years and continued to increase up 
to the last years of life.38 The proportion of healthy 
men having subnormal total testosterone (less than 

Table 4. Adrenal androgen changes in aged subjects

Authors N Age Studies Results 

Cumming DC et al
198234

90F ≥65yrs Cross-sectional 1st-7th day of cycle
DHEA-S 2.17±0.15μg/ml/L

Postmenopause 1.29±μgml/L

Ravaglia G et al 
198633

75 90 to older 
than 100yrs

Cross-sectional DHEA-S ng/ml
Men <40yrs 3110
Men 90-99yrs 551
Men ≥100yrs 404

Women <45yrs 2824
Women 90-94yrs 364
Women ≥100yrs 521

Salvini S et al
199231

543M Cross-sectional Mean DHEA-S 3.47μmol/L 
Current smokers

DHEA-S 4.27μmol/L
P=0.002

3% yearly decline of DHEA-S

Sulcova J et al 
199729

211F
110M

16-92yrs Cross-sectional At 21-25yrs
DHEA-S 8μmol/L

At 51-60yrs
2μmol/L

Nafziger AN et al 
199830

341F
273M

20-69yrs Longitudinal 5 years DHEA-S 5.6% 
DHEA 2% decline per year

Burger HG et al 
200055

172F Mean age 
at baseline
49.1±2.4yrs

Longitudinal 7 years DHEA-S
1.5% year decline

Orentreich JL et al
200232

97M 32-83yrs Longitudinal 13 years 67% DHEA-S decrease
13% no change
19% increase

Feldman et al 200216 1156M 40-70yrs Longitudinal 7-10 years DHEA and DHEA-S declined 2-3% yearly




