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Summary-Plasma bioavailable and total testosterone (T), gonadotropins (FSH, LH) and 
prolactin (PRL) were determined in 70 ambulatory men subdivided into 3 groups according 
to age: group I (n = 22; age 20-35 yr), group II (n = 22; age: 3650 yr) and group III (n = 26; 
age 51-70 yr). Bioavailable T levels declined significantly with age (r = -0.42; P < 0.01) while 
those of%otal T decreased less significantly (r = -0.28; P < 0.05). In addition, the decrease 
of bioavailable T occurred earlier. FSH was shown to increase with age (r = 0.41; P < 0.01) 
whereas LH and PRL were not found to change significantly. Bioavailable T was correlated 
with total T (r = 0.25; P < 0.05) and inversely correlated with FSH (r = -0.26; P < 0.05). No 
correlation could be demonstrated between LH and either bioavailable or total T. In view of 
the age-related increase of sex hormone binding globulin, a fact generally observed in the 
literature, bioavailable T may be considered a more reliable index than total T for the 
evaluation of T production. Thus it may be concluded that the early decrease of bioavailable 
T in ambulatory men not known to have any pathology or any medication altering testicular 
function corresponds in fact to age-related decline of T secretion by the testes. 

INTRODUCTION 

The influence of age on gonadal function in man 
has been extensively studied and currently available 
data suggest a progressive impairment of Leydig 
cell function with increasing age. Indeed, though 
the existence of a hyperpiasia [ 1,2] or an attrition [3] 
of Leydig cells in elderly men is still debated, the 
capacity of these cells to synthesise [4,5] and to 
secrete androgens [6], and their responsiveness 
to choriogonadotropin (hCG) administration [7-131 
were found to decline with advancing age. How- 
ever, conflicting data were obtained regarding 
peripheral plasma levels of total testosterone (T), 
corresponding to protein-bound plus unbound frac- 
tions. Indeed, they were shown either to diminish 
[4,5,8-10,12,14-321 or to remain unchanged with 
advancing age [7, 11, 13,33-371. Conversely, the un- 
bound fraction was demonstrated to decrease more 
constantly and even more significantly [9, 14, 16, 
17,20,21,24,26-28,30,34,38-40] yet some authors 
reported no age-related decrease of this fraction 
[l I, 341. Recently, it was found that the fraction of 
circulating T which may exert its effects in the target 
cells was not only confined to that not bound to 
plasma proteins but also to that bound to serum 
albumin [41]. Indeed the sum of free plus albumin- 
bound T, called non-SHBG bound or bioavailable T, 
was demonstrated to be the best index to evaluate 
androgen activity [42]. In addition, it was shown to 
decrease in elderly men in comparison with young 
men [20,31,43]. Since these studies concerned a lim- 
ited number of subjects, particularly in the elderly 

group, it seemed worthy to evaluate plasma bioavail- 
able T in large series of subjects aged between 20 and 
70 yr. Total T as well as gonadotropins and prolactin 
were also determined and the interrelationships 
among these parameters were studied. 

EXPERIMENTAL 

Subjects 

Seventy men with an age range of 20-70 yr were 
studied. All were ambulatory, non-obese, without 
any known endocrine, hepatic or renal disease and 
without any medication known to alter testicular 
function. Though most of the patients below 50-yr of 
age were complaining of infertility, their sperm anal- 
ysis was normal. The subjects above 50-yr of age had 
potency problems. 

According to age, the subjects were divided into 
three groups: group I (range: 20-35 yr; n = 22), group 
II (range: 3650 yr; n = 22) and group III (range: 
51-70 yr; n = 26). 

Because of circannual and circadian rhythms of 
plasma T in men [44] blood samples were collected 
on EDTA between the end of September and the 
end of November at 8-10 a.m. Plasma was separated 
after centrifugation and kept frozen at -20°C until 
analyzed. 

Methocis 

Determination of non-SHBG bound testosterone 

Bioavailable T was determined according to a 
modification of the technique of Tremblay and 
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Table I. Evaluation of the precision 

Inter-assay variability Inter-assay variability 
Mean Mean 

n (naiml) SD cv (%) n (n&l) SD cv (%) 
Bioavailable testosterone II 0.95 0.07 7.4 7 0.55 0.05 9.8 

12 I .80 0.12 6.7 
9 2.20 0.12 5.5 7 2.45 0.14 5.1 

Total testosterone 5 I .08 0.05 4.6 30 I .02 0.10 9.8 
5 2.18 0.18 8.3 30 2.10 0.20 9.5 
5 5.50 0.42 7.6 30 4.70 0.50 10.6 
5 10.20 0.88 8.7 

Dube[45] with the previously described products and 
reagents [46]. To 0.5 ml aliquot of plasma was added 
dropwise 0.5 ml of cold saturated solution of ammo- 
nium sulfate. The precipitated SHBG-bound T was 
separated by centrifugation and an aliquot of 0.2 ml 
of the supematant was extracted with 2 ml hexane/ 
chloroform (4: 1, v/v). The aqueous phase was then 
frozen and the solvent transferred to a clean tube and 
evaporated to dryness under a stream of nitrogen. 
The residue was redissolved with 1 ml ethanol. Dupli- 
cate 0.1 ml aliquots were pipetted for RIA which was 
performed with an 1251-labelled tracer as already 
described for saliva T [46] except that the antiserum 
was used at l/50,000 dilution. Separation of the 
bound and unbound fractions was performed with 
dextran-coated charcoal. 

Concerning the specificity, the antiserum obtained 
in rabbits injected with testosterone-3(0-carboxy- 
methyl)oxime-bovine serum albumin displayed signi- 
ficant cross-reaction particularly with 5-dihydro- 
testosterone (DHT) (51.4%) [46]. However, this 
interference in bioavailable T assay can be considered 
as negligible since in men approximately 60% of 
circulating DHT is bound to SHBG [47] and thus are 
precipitated simultaneously with the protein by 
ammonium sulfate at 50% saturation. in fact, when 
bioavailable T was assayed (n = 20) either directly or 
after Celite microcolumn chromatography [48], the 
calculated regression line between the levels obtained 
with the direct technique (Y) and those yielded by the 
chromatographic technique (x) was: Y = (1.009 + 
0.062)x + (0.063 + 0.164). The slope and the inter- 
cept with the ordinate axis were not significantly 
different from 1 and 0 respectively. Intra- and inter- 
assay variabilities were evaluated at different levels 
and the results shown on Table 1 proved that the 
technique was highly reproducible. 

Determination of total testosterone 

Plasma total T was radioimmunoassayed with a 
non-chromatographic technique including an extrac- 
tion step only. Plasma was extracted with the same 
solvent mixture as that used for the extraction of 
bioavailable T. 

Chromatography was omitted since the results 
obtained with the direct technique were comparable 
to those yielded when plasma extracts were submitted 
to chromatography on Celite microcolumns [48]. The 

equation of the calculated regression lines between 
the results obtained without chromatography (Y) and 
those with chromatography (x) was: Y = (0.995 f 
0.038)x + (0.283 f 0.192). Thus the slope and the 
intercept with the ordinate axis of the regression line 
were not significantly different from 1 and 0 respec- 
tively. Intra- and interassay variabilities at different 
levels are shown on Table 1. 

Determination of gonadotropins and prolactin 

FSH, LH and prolactin (PRL) were determined by 
immuno-radiometric assays (BioMBrieux, Marcy- 
l’Etoile, France). Intra- and interassay variabilities 
were-for FSH: 2.8 and 7.5% respectively at the level 
2.3 mIU/ml and 2.4 and 3.0% respectively at the level 
10.4mIU/ml; for LH: 6.3 and 7.7% respectively at 
the level 2.1 mIU/ml and 2.6 and 9.1% respectively 
at the level 10.7 mIU/ml; for PRL: 2.8 and 8.6% 
respectively at the level 6.7 ng/ml and 1.8 and 9.7% 
respectively at the level 20 ng/ml. 

The normal range (5th and 95th percentiles) in 
adult men with normal sperm counts and aged 
between 20 and 50 yr is-FSH: 1 .O-5.0 mIU/ml; LH: 
0.8-4.0 mIU/ml; prolactin: 1-15 ng/ml. 

Statistical analysis 

Results were expressed as the arithmetic mean + 
SD. After checking that the data were sampled from 
gaussian population, by the Kolmogorov-Smirnov 
test, the group means were compared, by analysis of 
variance and Student’s t-test. When the variation 
could be hypothesized to be unidirectional, one-tailed 
tests were applied for group comparisons. 

RESULTS 

Variations of plasma levels with age 

Plasma total and bioavailable T, FSH and LH 
levels for each individual are shown in relation to age 
in Fig. 1. Table 2 shows the same data with means for 
the three age groups. 

Concerning total T, the slope of the regression line: 
[y = (0.028 f 0.011)x + (7.508 + 0.539)] was statisti- 
cally significant but total T decreases mildly with age 
(r = -0.28; P < 0.05) (Table 3). In comparison with 
group I, the means of groups II and III were signifi- 
cantly lower (P < 0.05 and P < 0.01 respectively). No 
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Fig. 1. Plasma levels of bioavailable testosterone, total testosterone, FSH and LH in men of various ages. 
The solid line is drawn from least squares linear regression. 

significant difference could be demonstrated between 
groups II and III. 

By contrast, bioavailable T declines more signi- 
ficantly with age (r = -0.42; P c 0.01) (Table 3) 
and the slope of the regression line, [y = (-0.021 + 
0.005)x + (2.781 f 0.255)], was significantly different 
from 0 (P < 0.001). As shown in Table 3, the mean 
level of group I was not different from that of group 
II but significantly higher than that of group III 
(P < 0.01). Similarly, the mean of group II was 
higher than that of group III (P < 0.01). 

Concerning FSH levels a significant increase with 
age was demonstrated (r = 0.41; P < 0.01) and the 
slope of the regression line, [y = (0.061 + 0.017)x 
+ (0.832 + 0.783)], was significantly different from 0 
(P < 0.001). No difference could be demonstrated 
between the mean levels of groups I and II while that 
of group III was significantly higher than those of the 
groups I and II (P < 0.01 and P < 0.001 respectively) 
(Table 3). 

Conversely, the slope of the regression line 
calculated between LH levels and age was not signi- 

Table 2. Plasma levels (mean f SD) of total testosterone (Total T), bioavailable testosterone 
(Bio. T), FSH, LH and prolactin (PRL) in three groups of men of different ages 

Age Total T Bio. T FSH PRL 
Group (Y0 n (ngiml) (ngiml) (mIU/ml) (mk:ml) (ngiml) 

I 20-35 22 6.9 f I .4’ 2.1 f 0.7 2.9 * 1.2 2.9 + 1.3 5.6 f 3.0 
(4.1-9.9y (l&3.7) (0.6-3.6) (I .5-5.0) (2.0-l I .O) 

II 3650 22 5.9 f I.2 2.0 + 0.6 3.0 * 1.5 2.4& I.1 5.7 + 2.6 
(4.2-8.2) (0.8-3.2) (0.8-5.0) (0.2-5.6) (2.0-I 1.0) 

III 51-70 26 6.0 k 1.3 I.5 + 0.6 4.6 k 2.5 3.2 f 2.1 4.8 + 2.0 
(4.0-9.0) (0.3-2.9) (2.1-10.0) (0.2-8.4) ~1.0-10.0~ 

“Mean i SD; %ange 

Table 3. Correlation matrix of plasma total testosterone (Total T), bio- 
available testosterone (Bio T). FSH. LH and orolactin (PRL) levels 

Age 
Total T 
Bio. T 
FSH 
LH 

Total T Bio. T FSH LH PRL 

-0.28** -0.42’ 0.41’ 0.143 -0.16’ 
0.25’. - O.OEP 0.04’ 0.13’ 

-0.26” - 0.09” 0.2oa 
0.70’ - 0.08” 

0.04” 

*P < 0.01; l *f < 0.05; ‘Not significant. 



ficantly different from 0: [v = (0.016 f 0.014)x + recommended because of the pulsatile pattern of 
(2.175 _+ 0.646)] and the means of the 3 groups were plasma T in man, is unpractical and uncomfortable 
not statistically different. for the patient. 

Similarly, PRL levels were not found to change 
throughout the period studied. The regression line 
was: y = (-0.028 +0.021)x + (6.598 f 1.013) and 
the slope was not significantly different from 0. The 
means of the 3 groups were similar. 

Interrelationships between the studied parameters 

The mean plasma levels of bioavailable T found in 
the men of group I and II (below 50-yr of age) are 
similar to those observed by other authors in the 
same age-matched healthy subjects [20,41,43,49]. 
This finding is consistent with the data of Corker 
et a/.[541 concerning plasma total T levels in men 
attending a sub-fertility clinic. 

Plasma bioavailable T levels were correlated with 
those of total T (r = 0.25; P < 0.05) and inversely 
correlated with FSH concentrations (r = -0.26; 
P < 0.05) (Table 3). Besides, a positive and highly 
significant correlation was found between FSH and 
LH levels (r = 0.70, P < 0.01). It is noteworthy 
that LH was correlated neither with total nor with 
bioavailable T. Prolactin was not correlated with any 
of the parameters studied. 

However, the present results found in men below 
50 years of age are 3-fold higher than Tenover 
et a/.[311 data. In fact, while the same methodology 
was generally used, selective precipitation of SHBG 
with ammonium sulfate at a final concentration of 
50% [41,43,49], Tenover et a/.[311 calculated non- 
SHBG bound T from the molar concentration of 
total T and SHBG. Bartsch[20] has also obtained 
non-SHBG bound T fraction by calculation, yet his 
data agreed with the present results. 

DISCUSSION 

As already shown by O’Connor et a1.[49], the 
supernatant obtained after precipitation of SHBG 
with a 50% saturated ammonium sulfate solution 
corresponds to the fraction of T bound to transcortin, 
that bound to albumin and the free fraction. The 
technique described here does not include a prelimi- 
nary equilibration of the plasma sample with 
labelled T [41,42,45,49-5 11. In this step which may 
last up to 2 h [51], highly pure tritiated T has to be 
used so that regular chromatographic purification 
with high resolution systems has to be performed [51]. 
In fact, traces of non-binding impurities in the tracer 
may induce important errors [38]. Moreover, in these 
methods using tritiated T a percentage is calculated 
and the amount of non-SHBG bound T is obtained 
by referring to total T whereas in the present highly 
sensitive technique bioavailable T could be deter- 
mined directly in the supernatant obtained after 
selective precipitation of the SHBG-bound fraction 
and centrifugation. 

In the subjects of the third group (above 50-yr 
of age) bioavailable T levels are lower than the 
data of Bartsch[ZO] in age-matched men yet they are 
rather similar to the findings observed in above 65-yr 
old subjects [20,43]. 

Plasma bioavailable T levels were shown to decline 
with advancing age and this is consistent with the 
data displaying a significant decrease between elderly 
and young men [20,31,43]. However, the decrease 
was found to be significant only after 66-yr of age 
by Bartsch[20] while in this study it was found to 
occur much earlier, namely in the fifties. A similar 
progressive decline of free T was also reported 
[9, 16, 17,21, 24,26-28. 30,35, 38-401 yet the corre- 
lation coefficient reported by Vermeulen et a/.[381 
between apparent free T index and age, r = -0.55, 
appears to be a little higher than that, r = -0.42, 
found here between bioavailable T and age. This 
variance might be due to the large age range (up to 
85 yr) studied by these authors. 

Because SHBG affinity is higher at low tempera- 
tures Loric et a/.[511 performed the ammonium 
sulfate precipitation step at 37°C. In other studies, 
the temperature at which this step was carried out 
was not reported [41,45,49,50] yet Cumming and 
Wa11[42] added cold ammonium sulfate to the plasma 
sample refrigerated by crushed ice. It is noteworthy 
that the data reported by Loric et a/.[511 in normal 
women did not seem to be different from those found 
by Cumming and Wa11[42]. In any case, SHBG 
precipitation as well as the subsequent centrifugation 
are much more controllable at low temperature. 

Such a decline of plasma free T was not, however, 
always observed [ 11, 341. Similarly, salivary T which 
is considered as a good reflection of plasma unbound 
T fraction [55] was comparable in young and old 
subjects [36]. Thus it seems that there is no consensus 
concerning age-related changes of free T and this has 
also been observed for total T. These discrepancies 
were thought to be related to the time of blood 
sampling and indeed loss or alteration of the circa- 
dian rhythm of serum T was demonstrated to occur 
in elderly men [27, 30, 56-591 so that the difference 
between young and old men was significant in the 
morning and not in the afternoon. Physical fitness, 
sexual activity, health status as well as environmental 
factors were also claimed to account for these con- 
flicting results [37]. Other factors such as the high 
inter-individual variability and the age range of the 
studied subjects might also be implicated. In fact, 
subjects over 70-yr old were either not included or 
renresented a limited number in several studies 

In this study single blood samples were collected 
because the result of T determination obtained from 
a single sample was shown to be as good as the mean 
obtained from three samples taken at 15- [52] or 
30-min intervals [21]. Moreover, the application 
of the multiple-sampling procedure [53], which was --r--------- 
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[1 1, 13,201 while the decrease of T becomes signifi- 
cant after the seventh decade [16,27,30]. In this study 
where men over 70 yr were not included mean total 
T levels were found to decrease significantly between 
group I and II and to remain rather unchanged 
thereafter. This finding might be accounted for by the 
rather elevated levels observed in group I in compari- 
son with our previous data [46,60]. The decrease with 
age was rather slight and the value of the correlation 
coefficient between total T and age was lower than 
that observed between age and bioavailable T. It was 
very similar to that reported by others [21,22]. 

In any case, total T plasma levels cannot reflect 
reliably Leydig cell secretion capacity in elderly sub- 
jects since there is a concomitant age-related reduc- 
tion of the production rate and of the metabolic 
clearance rate of testosterone [14, 171. The decrease 
of the clearance rate might be related to SHBG 
increase (15, 17,25,26,28,34,35,61] but whether the 
latter is the consequence of increased estrogen pro- 
duction is still debated since plasma estradiol was 
reported either to increase [9, 15, 17,22,40,61] or 
to remain unchanged [1 1, 12, 16,24-27, 30,34,63] or 
even to decrease [7] with age. 

In contrast, the decrease of plasma free and 
bioavailable T reflects not only the decrease of testic- 
ular production but also the increase of SHBG. 
Indeed, when both total and free T were determined 
concomitantly, the decline of the latter was more 
significant than that of the former [16,26-28,30,40] 
and occurred earlier [ 16,27, 301. This is consistent 
with our findings. 

Bioavailable as well as total T were significantly 
correlated with FSH and this agrees with Rubens et 
a/.[91 and Davidson et aZ.[26] data. Moreover, it is 
noteworthy that the correlation coefficient demon- 
strated here was similar to that reported by Davidson 
et a1.[26]. Conversely the fact that neither bioavail- 
able nor total T were correlated with LH does not 
agree with literature data [9, 16,261. This variance 
might be due to the non-significant change of LH 
levels in relation to age at least until 70 yr while 42 
out of 220 subjects studied by Davidson et a/.[261 
were above 70-yr old. Indeed according to their data, 
LH levels disclose a steep rise only after 70-yr of age 
and this is consistent with other findings [16, 17,641. 
Conversely, no age-dependent change of LH was 
observed according to either single plasma levels [33] 
or 24-hr mean plasma concentrations [24]. 

Finally the finding of a weak correlation between 
bioavailable and total T is in variance with the data 
showing a close parallelism between free and total T 
levels [21,24]. The reason of this discrepancy does not 
appear to be clear. 

In conclusion, though there is no consensus con- 
cerning the age-related change of either total or free 
plasma T levels, the increase of SHBG with advanc- 
ing age seems to be generally accepted. In these 
conditions the decrease of T production in senescence 
would be blunted if it is evaluated throueh total T 

determination. This drawback is circumvented with 
bioavailable T determination which appears to be the 
best index to evaluate androgenicity. Indeed this 
study has shown that bioavailable T declined more 
significantly with age than did mean total T levels and 
that this decrease occurred earlier. 
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