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Age related variation of salivary testosterone values in healthy
Japanese males
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Abstract

Objective.  We examined age associated variation in salivary testosterone values among Japanese males as well as
anthropometric measurements.

Methods. Salivary samples were collected in pretreated sodium azide treated tubes. The first series: 15—79-year-old males
(n=99); two morning and two evening samples were collected at home for two days. The second series: 90-year-old males
(n=29); one morning sample was collected. Testosterone values were determined using an iodinel25-based radio-
immunoassay kit modified for saliva.

Results.  Results show 1) a significant decrease in salivary testosterone values from 20s to 40s and older, 2) no significant
decline after 40 through 90 years old, 3) no significant age-related differences in the degree of intraindividual diurnal
fluctuation across age groups of 40-70s, and 4) higher BMI is associated with the lower salivary testosterone among 40-70s.
Conclusions. These results suggest that neither a constant decrease of salivary testosterone values or markedly reduced
intraindividual fluctations are universal aspects of aging. Older males may maintain relatively high testosterone levels

compared to younger men and a relatively ‘robust’ neuroendocrinological system.
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Introduction

Age-related declines in serum total, free, and salivary
testosterone levels in western populations have been
reported by both cross-sectional and longitudinal
analyses [1-7]. However we now know there are signi-
ficant differences in aging patterns of male salivary
testosterone values between populations. Some
groups in developing countries exhibit significantly
lower salivary testosterone levels compared to indus-
trialized western populations as well as more attenu-
ated age related declines [7-12]. Campbell et al.
[11,12] reported some differences in aging patterns in
association with different life styles among male
Kenyan pastorals. Among Asian populations, patterns
of age related decline of male testosterone are variable
depending on the measure used (serum total testo-
sterone, serum free testosterone), and on the age
ranges in question [13-17].

Inter and intraindividual testosterone variation is
also associated with illness severity [2,18] and body
composition such as amount of skeletal muscle [19—
21], as well as adipose tissue deposition and distribu-
tion [22-26]. Males with depressive mood also tend

to show lower testosterone levels [27]. These results
suggest that the commonly reported decline of
testosterone values after the third decade of life
observed in western countries may not be caused by
aging per se. Instead, any association between testo-
sterone and age may be a result of various factors,
including energy availability and utilization during
maturation, body composition, as well as age-related
life style or illness [7,11,30,31].

Another aspect of male testosterone variation with
aging in western countries is loss of intraindividual
variation. Morning values tend to be lower, and thus
similar to evening values in older men. Bremner et al.
[32] reported that the difference in testosterone
levels between groups of young and older men was
significant only during the morning (4 am to 12 am).
Considering the marked variation in testosterone
values and aging patterns across populations, the
universality of deterioration of pulsatile endocrinolo-
gical activity with age may also need to be reexamined.

Japanese male life expectancy is 78.6 years old,
longer than most industrialized countries [33,34].
On the other hand, probably due to the spread of
westernized life styles, prostate cancer mortality has
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been rising dramatically, approaching the level of
western countries during the past 40 years in Japan
[35]. In light of the emerging data on population
variation in male testosterone, Japanese populations
present a germane set of circumstances that make
them of substantial interest to human biologists and
clinicians interested in senescence and reproductive
function. This study reports variation in salivary
testosterone values and the aging pattern of healthy
Japanese males. These results along with those from
other Asian populations provide useful information
for the better understanding of endocrinological
associations with senescence, and also speak to the
appropriate clinical applications of steroid hormones,
including the growing trend of androgen supplemen-
tation.

Methods

Subjects were healthy community living urban and
suburban Japanese males. Two series of sample
collection were conducted. Salivary samples were
collected according to the protocols of Lipson and
Ellison [36]. The subjects of the first series (15-79
years old, total n=99) provided two morning (AM)
and two evening (PM) saliva samples that were
collected at home over two days in pretreated sodium
azide treated tubes. The subjects of the second series
(90 years old, n=29) provided one morning sample
at our study site at Kakegawa City.

Collected saliva samples were analysed at the
Reproductive Ecology Laboratory within the Depart-
ment of Anthropology at Yale University. Testo-
sterone values were determined for each sample using
an iodinel25-based radioimmunoassay kit modified
for saliva, developed by the Reproductive Ecology
Laboratory at Harvard University (Catalogue #DSL-
4100, DSL Laboratories, Webster, TX, USA). Inter-
assay variation as determined by high and low quality
control pools were 17.2% and 22.7%, respectively.
Intra-assay variation was 3.9%. Blanks consistently
read below detection limits. Body mass index (BMI)
was determined using the standard formula of weight
(kg)/height (m)>.

The differences between groups were tested by
two-tailed t-test and Scheffe’s test after log-transfor-
mation of the salivary testosterone values. Associa-
tions between diurnal variation in testosterone and
related variables were conducted using linear regres-
sion. The Yale Committee for the Protection of
Human Subjects approved this investigation.

Results

First, the general aging pattern of salivary testoster-
one variation was analysed by comparing seven age
groups. The two AM and PM values were averaged
separately within each subject of the first sample
series (15-79 years old). Table I shows the basic
statistics of AM and PM salivary testosterone, as well
as BMI. The 20s group showed the highest average
testosterone value. There was a significant decline
between the AM testosterone values of 20s and 40s
onward (p < 0.01) (Figure 1). However, after 40s
there was no significant decrease through the 90s in
the AM testosterone values. Although there was
some decrease in PM testosterone values after 30s,
the difference was not significant.

While middle-aged and older Japanese males (40—
70s) did not show marked age-related decline in
testosterone values, this age group showed an asso-
ciation between BMI and salivary AM testosterone
values. The AM testosterone of the low-BMI
(<22.5) group was significantly higher than the
high-BMI (>25.5) group (Figure 2, p < 0.05).
There was no significant correlation between BMI
and AM-Tsal among 30s or younger groups.

Intraindividual diurnal fluctuation was represented
by the difference between the lowest and the highest
testosterone value among the four samples within
each subject. The averages of diurnal fluctuation were
higher for the young groups compared with those of
40 and older. However, because within group varia-
tion is so marked, the degree of fluctuation is
not significantly different between the age groups
(Table II). The correlation between the highest values
and the range of intraindividual fluctuation was high
(r=0.86) (Figure 3). Those with high morning

Table I. Sample number for each age group, average ages, and average testosterone values by age-group.

Age AM-Tsal (pmol/L)*1 PM-Tsal (pmol/L)*1 BMI

Age group (n) Mean + SD Mean + SD Mean + SD Mean + SD
15-19 (18) 16.6 + 0.86 348.6 + 141.3 150.6 + 88.8 21.5 + 4.47
20s (16) 229425 441.5 4 240.6%2 240.9 + 122.8*3 22.9 4+ 2.74
30s (12) 36.4+ 2.4 387.3 + 321.9 180.8 + 156.7 25.1 + 3.35
40 & 50s (18) 48.2 +5.5 273.5 4+ 170.4 179.2 4+ 137.0 24.4 4+ 3.81
60s (22) 64.5 + 8.0 237.5 + 178.6 129.4 + 86.5 24.3 + 2.39
70s (13) 72.14+3.5 223.7 4+ 173.3 113.1 £+ 75.8 24.4 4+ 3.53
90s (29) 90 227.4 + 152.7

AM-Tsal: morning salivary testosterone; PM-T'sal: evening salivary testosterone; BMI: Body Mass Index; SD: Standard Deviation. *1: Two
samples were averaged per individual. *2: After log transformation significantly different from 40 & 50s and older (p < 0.01, t-test and
Scheffe’s test). *3: After log transformation significantly different from 60s and 70s (p < 0.01, t-test; n.s. Scheffes test).
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Figure 1. Morning salivary testosterone values (AM-Tsal) in Japanese males. Averages by age group are shown with 95% error bars.

testosterone levels also showed wide fluctuations, a
pattern that was consistent through the 70s.

Discussion

Longitudinal studies with large sample numbers offer
richer data than cross sectional investigations of
endocrinological aging patterns within a population.
Yet, cross sectional studies such as the present
investigation, can still provide useful information
regarding age related variation patterns. In addition,
salivary steroid assessments allow for a painless and
noninvasive methodology that is especially conducive
to studies of older individuals. Salivary assessments
also provide a reflection of the unbound bioactive
fraction of steroids and are highly correlated with
serum measurements [37-39].

As in western populations, Japanese males in this
study group show a significant increase in salivary
testosterone from the late teens to 20s with a distinct
peak that is followed by significant decrease begin-
ning at age 30. This pattern is different from those of
the Ache of Paraguay, Nepalese, Central African, and
Kenyan pastoral males that do not show a distinct
peak during their 20s as is common among western
populations possibly due to energetic constraints
during fetal and adolescent development [7-12]. The
Japanese pattern between the teens and 30s can be
considered to be one that reflects a population that is
probably not energetically limited.

The aging pattern of older (>40s) Japanese males
also demonstrates a distinct feature. It has been a
common notion that testosterone declines after the
fifth decade even in healthy populations [3], although

a few studies show no significant age-related decrease
in serum total testosterone [14,15,40]. Western popu-
lations such as men from Boston, USA, exhibit a con-
stant decline of average salivary testosterone values
from their 20s through 70s [7]. Within the Japanese
males in this study, there is no continuous decline
with age after age 40 through 90s. Moreover, the rela-
tively high testosterone values of 90 year olds are
quite remarkable. The 90-year-old males in our study
were all ambulatory and were able to attend the
community centre study with little or no assistance,
suggesting that overall health robusticity has a likely
association with testosterone measured in saliva.
Jinrui et al. [16] reported that salivary testosterone
among Japanese males decreases significantly after
the age of 50. Judging from their figures, the decline
was especially evident between the 30s and older
groups, but was not marked among the 50, 60 and
70s age cohorts. Recent studies of healthy Japanese
[15] and Chinese [14] males showed that calculated
serum free testosterone but not serum total testoster-
one were significantly different between young (20—
30s) and older (40-70s) individuals. These results, as
well as those of the current study, which shows no
significant age-related decline in salivary testosterone
levels after middle age, perhaps reveal the possible
influence of greater sex hormone binding globulin
(SHBG) production or binding at older ages. Based
on the comparison between nomadic and settled
Turkana populations, Campbell et al. [12] suggested
that the population variation in aging pattern of
free serum and salivary testosterone may reflect
energy status through the effect of SHBG. The
differences between western countries and these
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Figure 2. Body Mass Index (BMI) and morning salivary testosterone values in 40-70s. Averages by BMI category is shown with 95% error
bars. Low BMI (n=17) <22.5; 22.5 < Medium BMI (n=18) <25.5; High BMI (n=18) >25.5. After log transformation, the T-sal of
Low-BMI group is significantly different from that of High-BMI group (p < 0.05, t-test).

Table II. Intraindividual fluctuation in salivary testosterone levels
by age-group.

T-intraindividual fluctuation

Age (n) Mean (pmol/L) SD

15-19 (18) 305.0* 169.6
20s (16) 314.1* 171.7
30s (12) 295.8* 265.8
40s & 50s (18) 232.8 151.1
60s (22) 222.3 165.3
70s (13) 200.0 155.4

*. After log transformation, significantly different from 70s by
t-test (0.05 > p > 0.01), n.s. Scheffe’s test.

Asian populations, however, are not likely to be due
to differences in energy availability and usage. The
Japanese data of this study support the notion that
the constant and significant decline in testosterone
after the age of 50 commonly reported in the clinical
literature, may not be universal. In addition to
comparisons between young and old male groups,
more analyses of age-related changes among middle
aged and elderly males within industrialized popula-
tions may be fruitful.

The relationship between BMI and salivary testo-
sterone values between 40-70s among Japanese males
provides further support to previous studies that
suggest an association between salivary testosterone

and body composition [11,12,41]. It should also be
noted that recent studies of serum total testosterone
among US and Norwegian populations showed that
waist circumference is a better predictor of serum
T levels than BMI [24,25]. Variation in salivary
testosterone values with age may not be sim-
ply viewed as an inevitable aging pattern per se
[7,11,30,31].

Decreases in the range of intraindividual testoster-
one fluctuation as a typical aging pattern were not
confirmed within our Japanese study group. Many
Japanese males in their 60s and 70s show not only
relatively high maximum values, but also maintain a
broad range of intraindividual fluctuation, similar to
those in their 40-50s. Diver et al. [42] found no
significant changes in diurnal rhythm of serum total,
free and bioavailable testosterone or of SHBG among
normal males in the UK. Future studies might
consider if testosterone fluctuation could be used as
an indicator of a ‘robust’ endocrine system in elderly
men.

The significance of androgens in older male
cognitive function as well as physical maintenance
such as bone density and muscle mass has been
widely reported [20,27,43-48]. Yet, the potential
merits of the clinical application of androgen
hormone treatment are still in question [49,50].
This may be due to experimental designs in which
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Figure 3. Intraindividual fluctuation and the maximum testosterone value (log value). Y = —0.293 + 1.043 = X; R>=0.862, p < 0.001.

results are largely affected by different sources of
variation, such as populations living under contrast-
ing lifestyle and environmental circumstances. Also,
we should not focus on absolute testosterone values
that may not fully reveal the complexity of neuroen-
docrine system function [6,51,52].

Although the Japanese are considered to be an
industrialized population in terms of energy avail-
ability and utilization, they demonstrate an aging
pattern that is distinct from other groups. Maintain-
ing relatively high and significantly fluctuating
testosterone values seems to be associated with long,
healthy, and active lives among Japanese males. How
they attain this pattern should be further investigated
by looking at the whole neuroendocrinological
system as well as their genetic basis and social
environment. In summation, the aging pattern of
endocrinological function varies among individuals
and between populations. Well designed research
programmes on such variation would be of consider-
able importance for the proper application of
hormone treatment therapy or the development of a
hormonally based male contraceptive.
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