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Abstract OBJECTIVE: The dihydrotestosterone:testosterone ratio seems to be an important 
factor in the expression of androgenic activity, especially in the prostate and 
pilosebaceous unit. Whereas the decline of testosterone (T) in aging men is well 
known, controversial data can be found in literature concerning the age depen-
dence of dihydrotestosterone (DHT) levels. Data from the database of the Institute 
of Endocrinology served as the basis for the definition of the life span curve for 
the ratio dihydrotestosterone : testosterone.
METHODS: The results of testosterone and dihydrotestosterone obtained immuno-
assays from 10 251 male patients were used in the construction of the curve.
RESULTS: The data show that after a peak of DHT:T in infancy and a subsequent 
decrease in puberty, the ratio of both androgens remains practically without 
change from approx. 20 years of age till old age.
CONCLUSION: High DHT:T ratio in infancy decreases at puberty and throughout 
the entire reproductive period of life this ration remains practically constant.

IntroDuctIon

For some androgen-dependent functions, testos-
terone is a pro-hormone, peripherally converted 
to 5α-dihydrotestosterone (DHT) by the action of 
5α-reductases type 1 and type 2. Dihydrotestoster-
one, the most physiologically potent endogenous 
androgen, cannot be aromatized into estrogen 
and in males plays a key role in many physiolog-
ical and pathological events. A natural model of 
DHT deprivation is the Imperato-McGinley syn-
drome, in which mutations in type 2 isoenzyme of 
steroid 5α-reductase cause male pseudohermaph-
roditism. The affected 46XY individuals have ele-
vated plasma testosterone levels, decreased levels 
of DHT and elevated testosterone/DHT ratios. 
They have ambiguous external genitalia at birth 
so that they are believed to be girls and are often 

raised as such. Virilization occurs at puberty along 
with the increase of testosterone production and 
frequently with a gender role change. The prostate 
in adulthood is small and rudimentary, and facial 
and body hair is absent or decreased and balding 
is also absent. Partial deficiency of 5α-reductase is 
related to the development of micropenis, which 
can in some cases be corrected by dihydrotestoster-
one treatment. In normal individuals, higher local 
concentrations of dihydrotestosterone play a key 
role in the development of benign prostate hyper-
plasia and probably also of prostate carcinoma 
[8,11,15,18,29,] and also in androgenic alope-
cia [2], hirsutism and acne. Until now, the physi-
ological effects of DHT on rat bone growth zone 
chondrocytes, spermatogenesis, especially on mat-
uration of spermatozoa in epididymis, on sexual 
brain differentiation and its action as neuroactive 
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steroid or association of its higher levels with homo-
sexuality is not well understood in detail and deserves 
further study [28]. Recent preclinical data indicate that 
the subsequent 3α-reduction of DHT produces steroid 
metabolites with rapid non-genomic effects on brain 
function and behavior, primarily via an enhancement 
of γ-aminobutyric acid (GABA)-ergic inhibitory neu-
rotransmission. Consistent with their ability to enhance 
the action of GABA at GABA(A) receptors, these neu-
roactive steroid derivatives possess anticonvulsant, anti-
depressant and anxiolytic effects in addition to altering 
aspects of sexual- and alcohol-related behaviors [7]. In 
the brain of laboratory animals, DHT played a central 
role in this respect [30].

It is widely believed that benign prostate hyperplasia 
(BPH) is associated with aging. In addition, the inci-
dence androgenic alopecia increases with aging. There 
is general consensus that aging is also associated with a 
decrease in the concentration of circulating testoster-
one in the prevailing part of male population [3]. On 
the other hand, some limited and confusing data con-
cerning age dependence of DHT concentrations can 
be found in literature. While some authors report no 
change [12, 17, 24], others report a decrease [4,9,10] or 
even an increase [6] in the concentrations of circulating 
DHT. As some authors suggest, testosterone could even 
exert protective effects to the action of dihydrotestos-
terone, especially in the prostate. The question there-
fore arises whether or not a correlation exists between 
dihydrotestosterone to testosterone ratio and aging.

AIM of tHe StuDy

The goal of our study was to determine the serum levels 
of testosterone and dihydrotestosterone as a function 
of age in a population of Czech men consisting of out-
patients of the Institute of Endocrinology and to find 
whether changes in the ratio of DHT to testosterone are 
connected to the periods in which clinical symptoms of 
relative DHT excess appear, such as balding or prostate 
disorders.

SubjectS

We examined the relevant data from 1994–2007 from 
the database of the Institute of Endocrinology which 
included 10251 men, treated as out-patients. From the 
cohort, data was recorded for 3076 men on the serum 
concentration of both DHT and testosterone. Men 
treated with testosterone or 5α-reductase inhibitors, 
which evidently influence the ratio of the investigated 
steroids, were excluded. We did not define any other 
exclusion criteria, as our aim was to include a cohort 
of patients as similar as possible to the spectrum of the 
clients of our Institute, which cares mainly for patients 
with thyroid diseases, diabetes and other metabolic dis-
orders and obesity. As concerns the ethnic origin of the 
men, all of them were Caucasian (white). 

Blood samples were obtained from the cubital vein, 
between the hours of 8–10 A.M. and the serum sam-
ples were then stored at –20oC until analyzed in the 
laboratory.

LAborAtory MetHoDS

Testosterone: Testosterone levels were determined as 
described elsewhere [13]. Radioimmunoassay was 
carried out after diethyl-ether extraction using rabbit 
polyclonal antiserum against testosterone-3-CMO:BSA 
and radioiodine labeled testosterone-tyrosin methyles-
ter as a tracer [14]. Intra-assay and inter-assay coeffi-
cients of variation for the method were 8.2% and 10.7%, 
respectively.

Dihydrotestosterone (17β-hydroxy-5α-androstan-3-
one): Radioimmunoassay of dihydrotestosterone after 
diethyl-ether extraction after KMnO4-oxidation of 
cross-reacting 4-en-3-oxosteroids was carried out using 
rabbit antiserum against dihydrotestosterone-3-CMO:
BSA and [3H]dihydrotestosterone as a tracer (Amer-
sham, UK) [13]. Intra-assay and inter-assay coeffi-
cients of variation for the method were 8.7% and 12.1%, 
respectively.

StAtIStIcAL AnALySIS

A polynomial regression was used in the assessment 
of age dependence of the steroids and DHT to testos-
terone ratio. The optimum degree of polynomial was 
determined using a mean square error of prediction 
and a correlation coefficient of polynomial regression 
adjusted to degrees of freedom. The quality of the poly-
nomial fit was checked using a lack of fit test. In addi-
tion, age dependence was evaluated using one-way 
ANOVA followed by least significant difference multiple 
comparisons. Respecting the skewed data distribution 
in all dependent variables, the data were transformed 
by a power transformation to obtain symmetry in the 
distribution of studentized residuals in regression and 
ANOVA [19]. In both methods, the non-homogeneities 
were detected using an approach as described elsewhere 
[20,21] and the computations were performed from the 
data without non-homogeneities never representing 
more than 5% of the data.

reSuLtS

The course of testosterone and dihydrotestosterone con-
centrations with age is shown in the Fig. 1 and 2 and the 
course of the ratio of DHT to testosterone in Fig 3. The 
changes in testosterone in regards to age are generally in 
agreement with other data on testosterone decline with 
age [5,16]. A slight but significant increase was obvi-
ous in the age groups 45–50 and 50–55 years, i.e. at the 
age of evolving andropause. Other authors also have 
described a similar increase of testosterone serum lev-
els in analogical age group [1]. DHT showed a similar 
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course, with a less pronounced increase before andro-
pause. The curve of DHT to testosterone ratio showed 
higher values, i.e. prevailing DHT over testosterone in 
childhood but practically constant course from adult-
hood to senescence. However in the oldest subjects it 
indicated a decrease, which was observed in a selected 
population with signs of longevity.

DIScuSSIon

In contrast to the well-known decline of testosterone 
concentrations over the life span of men, there are con-
fusing data about the age dependence of dihydrotestos-
terone levels. Some authors report a decline in DHT 
levels [4,9,10] but others observed no significant change 
[12,17,24] in aging men. Longitudinal results from the 
Massachusetts male aging study reported increasing 
DHT concentration in aged men [6]. This phenome-
non could be linked to substantial change of DHT:tes-
tosterone ratio in old age. Our results, obtained from a 
representative group of the Middle-European popula-
tion, show a DHT to testosterone ratio, which is almost 
constant.

In mammalian species the course of DHT to tes-
tosterone ratio is far from uniform. In fallow deer [26] 
during the annual cycle individual T and DHT profiles 
showed opposite relationships, in crab-eating macaque 

Fig. 1. The course of testosterone serum concentrations over 
the life span of Czech men. F =  F-ratio of variability =  factor or 
interaction to the unexplained variability. 

Fig. 1
The course of testosterone serum concentrations  over the life span of Czech men. 
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Fig. 2 
The course of dihydrotestosterone serum concentrations over the life span of Czech men. 
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Fig.3
Age-dependent course of DHT:testosterone ratio in 3076 men. 
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Fig. 2. The course of dihydrotestosterone serum concentrations 
over the life span of Czech men. F =  F-ratio of variability =  factor or 
interaction to the unexplained variability. 

Fig.3. Age-dependent course of DHT:testosterone ratio in 3076 
men. F =  F-ratio of variability =  factor or interaction to the 
unexplained variability. 
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testosterone values continued to increase, reaching 
adult values at about 5–6 years of age, whereas DHT 
levels tended to stabilize from 4–5 years [22]. In rats 
testosterone was low (less than 1 ng/ml) until the 42nd 
day of life; adult levels (3–4 ng/ml) were attained at the 
62nd day and declined gradually with advanced age. 5α-
Dihydrotestosterone (DHT) did not change markedly 
(90–160 pg/ml) from prepubertal to advanced age [27]. 
Serum DHT of elephants reflected testosterone lev-
els, except that the striking elevation of testosterone in 
Asian elephant bulls during musth was not paralleled 
by equal increases in DHT levels [25].

The DHT to testosterone ratio might be of impor-
tance in local functions, for which testosterone is sup-
posed as weaker androgen protective to DHT action, 
as in the case of prostate proliferation or of the pilo-
sebaceous gland. Recently, statistical analysis of the 
results of Vandepute et al. [31] indicated that DHT, but 
not testosterone, was independently negatively asso-
ciated with different measures of fat mass and insulin 
resistance (P<0.001) in humans. Conversely, in cas-
trated mice DHT treatment resulted in obesity, associ-
ated with reduced energy expenditure and fat oxidation 
[23]. However, DHT did not affect food consumption 
or locomotor activity. Nevertheless, it should be empha-
sized hat the circulating levels of both androgens need 
not necessarily express their local proportions in tissues 
or at the active sites of hormone action.
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