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Table 1 Comparison of parameters among three groups of men (subjects-1), divided according to ADH?2 genotype. Right columns

indicate P-values of statistical differences between two groups

Variables Men P-value

ADH genotype 2/2 1/2 1/1 2/2 vs. 12 2/2 vs. 1]1 1/2 vs. 1/1
Subjects-1 n= 689 378 59

Age (years) 59.5+0.4 58.9+0.6 58.0+1.4 ns. .S. ns.
Height (cm) 164.4+0.2 164.7+0.3 164.6 +0.8 n.s. n.s. n.s.
BMI 23.0+0.1 22.8+0.1 229404 n.s. n.s. n.s.
Smoking (%) 61/39 63/37 63/37 n.s. n.s. n.s.
Alcohol (g/day) 28.8::1.4 29.5+1.9 445+4.8 n.s. 0.0049** 0.0102%*
Drinkers (%) 67.0 67.1 85.5 (P<0.0175)

AST (TU/ 26.6+0.7 26.6+0.9 33.6+2.3 n.s. 0.0038%* 0.0049%*
ALT (IU/)) 27.1£0.9 26.8+1.2 34.3+3.0 n.s. 0.02* 0.02*
y-GTP (IU/]) 58.2+3.1 57.3£4.1 80.3£10.5 n.s. 0.04* 0.04*
Diabetics (%) 13.3 133 13.6 n.s. n.s. n.s.

AST 2/241/2 vs. 1/1, P<0.0033; ALT 2/2£1/2 vs. 1/1, P<0.02; y-GTP 2/2£1/2 vs. 1/1, P<0.04; drinkers 2/2 £ 1/2 vs. 1/1, P<0.005;

alcohol 2/2+1/2 vs. 1/1, P<0.005
*P<0.05
**p<0.01

Statistical analysis

Data are presented as means=SE. The statistical sig-
nificance of any difference in mean values and frequen-
cies was determined with the Student’s r-test or the
Tukey—Kramer test. We used a one-way analysis of
variance to test for overall differences among multiple
groups, and the Fisher LSD post hoc test to identify
which group differences accounted for the significant P-
value. The significance of deviation from Hardy-Wein-
berg equilibrium was analyzed using the chi-square test.
A P-value of <0.05 was considered statistically signifi-
cant.

Resuits

Influence of ADH?2 genotypes on drinking behavior
and liver function

Among the 2,232 subjects, 1,355 (men 689, women 666)
had the ADH2*2/2 genotype, 759 (men 378, women 381)
had the ADH2*2/1 genotype, and 118 (men 59,

Fig. 1a,b Correlation of ADH2 a b
genotype with alcohol drinking _
behavior. a Percentage of 100+
drinkers in three groups based
on ADH?2 genotype. Values in
parentheses indicate the total
number of subjects (white bars
men, gray bars women, and
black bars total subjects). b
Average amounts of alcohol
consumed per day. Subjects in
the ADH2*1/1 group drink
more alcohol than those in the
ADH2*2/2 and ADH2*1/2
groups
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women 59) had the ADH2*1/1 genotype. The ADH2*2/
2, ADH2*2/1, and ADH2*1/1 genotypes were in Hardy—
Weinberg equilibrium. There was no gender difference.

First, we compared the percentage of drinkers
dependent upon ADH2 genotype. The percentage of
drinkers was significantly higher in both men and
women in the ADH2*1/]1 group, showing overall dif-
ferences among the groups (Table 1 and Fig. 1a). The
difference was statistically significant according to
the Fisher LSD post hoc test in men (P<0.0175),
women (P<0.0166), and total subjects-1 (P <0.0033)
(Table 1). Moreover, amounts of alcohol consumed
were much higher in the ADH2*]/1 group than the other
ADH? groups in men and total subjects-1 (P<0.01 in
ADH2*2/2vs. ADH2*1]1 and P<0.05in ADH2*1/2 vs.
ADH2*%1[/1) (Tables i, 3 and Fig. Ib). On the other
hand, no significant difference in alcohol consumption
among ADH?2*1/1 and the other groups was found in
women, probably because much less alcohol was con-
sumed by women than men (Table 2 and Fig. 1b). For
smoking (percentage of non-smokers to smokers), there
was no difference according 4DH2 genotype in men and
in women.

P<0.01
- P<0.05 l

Al

L P<0.01
| P0gs

|

10 1

o,

ADH2 212
{689)

Alcohol consumption per day (g/day) &

1
9

vz
378)

1
(59

12
3718

209



34

Table 2 Comparison of parameters among three groups of women (in subjects-1), divided according to the three ADH2 genotypes. Right
columns indicate P-value of statistical difference between each two group

Variables Women P-value

ADH genotype 2/2 1/2 1/1 2/2 vs. 1/2 2/2 vs. 1/1 1/2 vs. 1/1
Subjects-1 n= 666 381 59

Age (years) 59.4+0.4 59.1+£0.6 60.0+1.4 n.s. n.s. n.s.
Height (cm) 151.3+0.2 151.1£0.3 151.1+0.8 n.s. n.s. n.s.
BMI 23.0+0.1 22.7+£0.2 23.1+0.4 n.s. n.s. n.s.
Smoking (%) 93/7 93/7 92/8 ns. n.s. ns.
Alcohol (g/day) 5.2+0.6 54408 6.4::2.0 n.s. n.s. n.s.
Drinkers (%) 229 25.5 39.7 <0.0166

AST (IU/1) 24.5+£0.6 23.5+0.7 23.3+1.8 n.s. n.s. n.s.
ALT (1U/]) 21.2+0.8 20.1+1.0 18.9+2.5 n.s. n.s. n.s.
y-GTP (IU/]) 279+1.1 28.5+1.4 29.4+3.6 n.s. n.s. n.s.
Diabetics (%) 9.16 10.5 6.78 n.s. n.s. n.s.

Drinkers 2/2+1/2 vs. 1/1, P<0.01

Next, we compared blood parameters of liver func-
tion, namely AST, ALT, and y-GTP activities. In men,
levels were significantly higher in the ADH2*1/1 group
than the other two ADH2 groups (Table 1, AST,;
P<0.01 in ADH2*2/2 vs. ADH2*]/] and P<0.01 in
ADH2*]|2 vs. ADH2*]]1. ALT; P<0.05 in ADH2*2/2
vs. ADH2*1/1 and P<0.05in ADH2¥1/2vs. ADH2¥1/1.
y-GTP; P<0.05 in ADH2*2/2 vs. ADH2*1/l and
P<0.05 in ADH2*1/2 vs. ADH2*1/I), indicating that
more alcohol intake in the ADH2*I/1 group causes
damage to the liver. On the other hand, no significant
difference was found in women (Table 2); nevertheless
the ADH2*1/1 group consumed more alcohol than the
other groups, probably because women drink less than
men.

In subjects-1, the percentage of those with diabetes
was compared among the three ADH2 genotypic
groups. However, there was no statistical difference
in the prevalence of diabetes among the three groups
(men; ADH2%*2/2:13.3%, ADH2*1/2:13.3%, and
ADH2*]/1:13.6%, women; ADH2%2/2:9.2%, ADH2*1/
2:10.5%, and ADH2*]1/1:6.8%, total subjects-1;

ADH2*2/2:11.2%, ADH2*1/2:11.9%, and ADH2*1/
1:10.2%) (Tables 1, 2, 3).

Influence of 4ADH2 genotype on fasting insulin
concentration

We tried to clarify the correlation of insulin concentra-
tion with ADH2 genotype. To exclude the effect of
medication, subjects were limited to those (subjects-2)
not treated with insulin therapy and/or with oral medi-
cations for diabetes. Although habits or behaviors gen-
erally depend upon genetic factors, we would like to
distinguish the genetic effects from the secondary results
of alcohol consumption. Since the frequency of drinking
and the amountsof alcohol consumed were the same in
the ADH2*1/2 and ADH2*2/2 groups (Fig. 1 and Ta-
bles 1, 2, 3), we compared fasting insulin concentrations
between these two groups. Insulin levels were lower in
the ADH2*1/2 than ADH2*2/2 group in total subjects-2
(P<0.02). In men, insulin levels were lower in the
ADH2*1/2 than ADH2*2/2 group (P<0.05), while in

Table 3 Comparison of parameters among three groups of total subjects-1 divided according to ADH2 genotype. Right columns indicate

P-values of statistical differences between two groups

Variables Total (men + women) P-value

ADH genotype 2/2 1/2 1/1 2/2vs. 1/2 2/2 vs. 1/1 /2 vs. 1/1
Subjects-1 n= 1,352 756 118

Age (years) 59.4+0.3 59.0+0.4 59.0+£1.0 n.s. n.s. n.s.
Height (cm) 158.2+0.2 158.1+0.3 156.8+£0.8 n.s. ns. n.s.
BMI 23.0+0.1 22.7+0.1 23.1+£0.3 n.s. n.s. n.s.
Smoking (%) 77/23 78/22 78/22 n.s. n.s. n.s.
Alcohol (g/day) 17.2+0.9 17.6+1.1 249428 n.s. 0.0089%* 0.0158**
Drinkers (%) 454 45.6 62.0 <0.0033

AST (TU/l) 25.6+0.4 25.0+0.6 28.3+1.4 n.s. n.s. 0.0383**
ALT (U 24.2+0.6 23.4+0.8 26.5+2.0 n.s. n.s. n.s.
y-GTP (IU/) 433+1.7 429423 54457 n.s. n.s. n.s.
Diabetics (%) 11.2% 11.9% 10.2% n.s. n.s. n.s.

Drinkers 2/2£1/2 vs. 1/1, P<0.001; alcohol 2/2+1/2 vs. 1/1, P<0.01

*P<0.05
P <0.01
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Fig. 2 Correlation of ADH2 genotype with fasting insulin concen-
tration in subject-2 group. Fasting insulin concentration (uU/ml): a
significant difference was found between ADH2*2/2 and ADH2*1/
2 in men (8.56+£0.24 vs. 7.77+032, P<0.05), and between
ADH2*2{2 and ADH2*1/2 in total subjects-2 (8.44=£0.15 vs.
7.84+0.20, P<0.02). A significant difference was found between
ADH2*1{2 and ADH2*1/l in total subjects-2 (7.84+0.20 vs.
8.92+0.50, P<0.05)

women, the ADH2*]/2 group tended to have lower
insulin concentrations (Fig. 2 and Table 4). This sug-
gests that the ADH2*] allele has a lowering effect on the
concentration of insulin.

Next, we compared the concentration of insulin be-
tween ADH2*1/2 and ADH2*1/1. The concentration
tended to be higher in the ADH2*I/]1 group than the
ADH?2*1/2 group in men, women and total subjects-2,
but a significant difference was only found in total
subjects-2  (insulin, ADH2*1/2: 7.84+0.20 yU/ml,
ADH?2*1/I: 8.92+0.50 uU/ml, P<0.05, Table 3 and
Fig. 2). Because the ADH2*]/I group is small, the dif-
ference may have become statistically insignificant in
men or in women.

In subjects-2, while the difference was statistically
insignificant, the average level of HbAlc tended to be
lower in the ADH2*1/2 group than the ADH2*I/I or
ADH2*2/2 group (Fig. 3 and Table 4). For instance, in
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total subjects-2, HbA lc was 5.20+0.02%, 5.17+£0.02%,
and 5.23+0.05%, respectively, in the ADH2*2/2,
ADH2*1)2, and ADHZ2*I/1 groups. Therefore, low
insulin levels in the 4ADH2*1/2 group seem to parallel
low HbA Ic levels, showing a U-shaped relationship with
ADH?2 genotype as in Figs. 2 and 3.

Discussion

By examining the correlation between ADH2 genotype
and drinking behavior, we confirmed the previous
observation that ADH2 genotype influences the amount
of alcohol consumed in a Japanese population (Higuchi
et al 1996). In addition to alcohol consumption and
percentage of drinkers, men from the ADH2*1/1 group
had the highest levels of AST, ALT, and y-GTP, sug-
gesting that they drink so much alcohol that their livers
become damaged. This coincides with the observation of
Tanaka et al (1996), supporting the idea that ADH2
polymorphisms play an important role in alcoholic liver
diseases.

In terms of the mechanism involved, since carriers of
ADH2*1/1 have less enzymatic activity for ethanol than
carriers of ADH2*2/1 or ADH2*2/2, the slow rate of
ethanol clearance could damage the liver, but this is
unlikely because ethanol is less toxic than acetaldehyde,
Alternatively, it is possible that the slow rate of ethanol
clearance protects the subjects from the uncomfortable
feeling caused by acetaldehyde, thereby causing them to
drink too much alcohol and leading to liver damage.

Interestingly, concentrations of insulin were higher in
the ADH2*1/1 than the ADH2*1/2 group. Onishi et al
(2003) reported that excess alcohol intake can induce
insulin resistance with enhanced PI3-kinase activation.
Therefore, in the ADH2*1/I group, excess alcohol in-
take may cause insulin resistance, resulting in hyperin-
sulinemia. Otherwise, some liver dysfunction caused by
excess alcohol intake may cause a high glucose output
from liver, thereby inducing hyperinsulinemia.

Table 4 Comparison of glucose-insulin axis parameters among three groups of subjects-2 divided according to the three ADH2 genotypes

Variables P-value

ADH genotype 2/2 1/2 1/1 2/2vs. 1/2 2/2 vs. 1/1 1/2 vs. 1/1
Men n= 640 346 57

FPG (mg/dl) 103.3+£0.7 102.6+0.9 103.3+£2.2 n.s. n.s. n.s.
HbAlc (%) 5.2440.02 5.22+0.03 5.27+0.08 n.s. n.s. n.s.
Insulin (xU/ml) 8.46+0.22 7.69+0.31 8.47+0.75 0.0452* n.s. n.s.
Women n= 623 354 57

FPG (mg/dl) 98.6£0.6 99.34+0.8 99.2+2.1 n.s. n.s. ns.
HbAlc (%) 5.15+0.02 5.11+£0.03 5.17+£0.06 ns. ns. ns.
Insulin (uU/ml) 8.42+0.19 8.00+£0.26 9.364+0.65 n.s. n.s. n.s.
Total n= 1,263 700 114

FPG (mg/dl) 101.0+0.46 101.0+0.6 101.2+1.5 n.s. n.s. n.s.
HbAlc (%) 5.20£0.02 5.1740.02 5.23+0.05 ns. ns. n.s.
Insulin (uU/ml) 8.44£0.15 7.84+0.20 8.92+0.50 0.018* ns. 0.045*
*P<0.05

**P<0.01
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Fig. 3 Correlation of ADH2 genotype with HbAlc level in subject-
2. A significant difference was not found between the three groups.
However, the HbAlc level showed a U-shaped relationship as if
correlated to the insulin level

Next, we tried to focus on the ADH2’s genetic effects
on the insulin—glucose axis. Because alcohol produces
complicated effects, it is generally difficult to distinguish
the genetic effects from the influence of alcohol drinking
behavior. Interestingly, alcohol consumption or per-
centage of drinkers did not differ between the ADH2*1/2
and ADH2*2/2 groups (Tables 1, 2, 3 and Fig. la, b).
This enabled us to compare the insulin concentration,
dependent upon the difference in ADH2 activity itself,
based on the ADHZ2 polymorphism, almost indepen-
dently from alcohol intake. Among subjects-2, we found
that fasting insulin concentrations were signifi-
cantly lower in the men and total subjects-2 with the
ADH2*][2 genotype than those with the ADH2*2/2
genotype (Table 4 and Fig. 2). A similar trend was seen
in women, suggesting that this trend is reproducible
irrespective of gender.

Thus, this study suggests that ADH2* [ has a biphasic
effect on the insulin concentration, a lowering effect with
ADH2*1/2, and a raising effect with ADH2*1/l on
excess alcohol intake. Interestingly, the average levels
of HbAlc in subjects-2 tended to be lower in the
ADH?2*1/2 group than the ADH2*I/]1 or ADH2*2/2
groups. These two parameters seem to exhibit a
U-shaped relationship (Figs. 2, 3). In nondiabetic
subjects, a low insulin concentration together with a low
HbAlc level usually coincides with low insulin resis-
tance. Therefore, the above relationship suggests that
light-to-moderate drinkers with the ADH2*] allele are
likely to have reduced insulin resistance. Interestingly,
this coincides with numerous other observations (Coni-
grave et al 2001; Hu et al 2001; Tsumura et al 1999) in
terms of the notion that light drinking could benefit
glucose tolerance.

Alcohol dehydrogenase catalyzed the first step in the
metabolism of ethanol but has a wide range of sub-
strates, including both aliphatic and aromatic alcohols,
aldehydes, sterols, and w-hydroxy fatty acids. We pre-
viously reported that, in the same population study, the
ADH2*] allele is associated with increased levels of

LDL-cholesterol and high blood pressure, and an
increased risk of cerebral infarction (Suzuki et al 2004).
The concentration of insulin or resistance to insulin
could be affected by sex hormones, sex hormone-binding
globulin or obesity (Falkner et al 1999; Collison et al
2000). Therefore, as another possibility, the interaction
of the ADH2*] allele with several hormones associated
with sex or lipids may decrease the insulin resistance in
target tissues (Harada et al 1998).

However, in this study, the prevalence of diabetes
did not differ among the three ADH2 genotypes in
subjects-1. Therefore, the effect of ADH2 genotype on
insulin resistance may be so mild or complex that it did
not influence the prevalence of diabetes in the commu-
nity-dwelling Japanese population. Alternatively, since
all of the subjects whose FPG levels were higher than
110 mg/dl were not confirmed by the oral glucose tol-
erance test, if the subjects who had postprandial
hyperglycemia had been included in subject-1, the result
could have been different. To clarify this, a further study
will be needed.

1t is well known that drinking behavior is influenced
more by ALDH?2 (aldehyde dehydrogenase 2) genotype
than ADH2 genotype (Higuchi et al 1996). However,
although a similar investigation was performed on the
correlation between ALDH?2 genotypes and their phe-
notype, no genetic effect of ALDH2 was found in
insulin—glucose axis and liver dysfunction (Ohsawa et al
2003). Thus, amounts of alcohol consumed would not
simply depend upon insulin level.

In conclusion, this is the first paper to propose an effect
of ADH?2 genotype on insulin concentrations in the Jap-
anese. The effect seems small, although it was statistically
significant due to the large number of subjects. The effect
is possibly too small to have a significant bearing on the
prevalence of diabetes. However, this finding provides
several insights into the complex relationship between
alcohol metabolism, genetic background, change in
alcohol drinking behavior, the insulin—glucose axis, and
the prevalence of diabetes and liver dysfunction.
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Original Article

Serum total and free testosterone level of Japanese men:
a population-based study

Abstracts

Key words

KIKUO OKAMURA, FUJIKO ANDO AND HIROSHI SHIMOKATA
Dwvision of Urology, Department of Surgery and Intensive Care, and Department of
Epidemiology, National Center for Geriatrics and Gerontology, Japan

Background: There has never been a large scale population-based study of serum levels of total
testosterone (TT) and free testosterone (FT) in Japanese men.

Methods: We determined serum levels of TT and FT of 1120 Japanese men aged 40-79 years using
radioimmunoassay (RIA), as a part of a population-based longitudinal study of aging. Of these, sex
hormone binding protein (SHBG) was also measured by RIA in 471 men. For the latter group, the
calculated free testosterone (cFT) was determined by a formula using serum level of albumin, TT
and SHBG.

Results: The meant2 8D of TT, FT and cFT were 513 £326 ng/dL. (187-839 ng/dlL),
1324£7.8) pg/ml. (5.4-21.0 pg/ml) and 77.0%43.4 pg/mL (33.6-120.4 pg/mL), respectively.
While TT did not relate to age, FT and cFT decreased with age. FT in the 4049 years age group
was 15.1 8.4 pg/mL (6.7-23.5 pg/mL), in the 50-59 years age group was 13.9 + 6.8 pg/mL (7.1-
20.7 pg/mL}, in the 60-69 years age group was 12.0 6.6 pg/mL (5.4-18.6 pg/mL) and in the 70~
79 years age group was 11.5+7.0 pg/mL (4.5-18.5 pg/mlL). FT significantly correlated with ¢FT
(Spearman’s r = 0.803). The correspondence rates were 92.3% at the mean ~1 SD and 98.7% at the
mean —2 SD level.

Conclusions: We determined the mean and standard deviation of TT, FT and ¢FT in Japanese men
aged 40 years or older. It is supposed that FT determined by RIA would be useful for diagnosing
partial androgen deficiency of aging males.

elderly men, Japanese, population-based study, radioimmunoassay, testosterone.

Introduction

Partial androgen deficiency in aging males (PADAM)
has recently been drawing great attention as populations
age rtapidly in developed countries.'” PADAM is
defined as a biochemical syndrome associated with
advancing age and characterized by a deficiency in
serum androgen levels with or without a decreased
genomic sensitivity to androgens.*

Therefore, it is apparently essential to measure serum
testosterone (T) levels for diagnosing PADAM.* Total
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testosterone (TT) is the sum of free testosterone (FT),
albumin-bound testosterone and sex hormone binding
globulin (SHBG)-bound testosterone. Since only FT
and albumin-bound T are bioavailable, serum TT level
might not reflect the exact gonadal function. As the
serum SHBG level increases with aging, it is probable
that elderly men with a normal serum TT level might
have PADAM.

The International Society for the Study of the Aging
Male (ISSAM) described the methods for calculating
FT and bioavailable T using serum levels of albumin,
TT and SHBG.*® ISSAM suggested the lower reference
value of TT and calculated FT (cFT) as 11 nmol/L
(3173 ng/dLy  and  0.255nmol/l.  (73.5 pg/mL),
respectively.

In Japan, SHBG measurement is uncommon because
it is not approved under the medical care system. At



present, radioimmunoassay is the only available mea-
surement for FT. In this population-based study, we
present the serum levels of TT, FT and ¢FT of Japanese
men aged 40 years or older.

Materials and methods

This study is just one part of the National Institute for
Longevity Sciences - Longitudinal Study of Aging
(NILS-LSA). The general protocol has been reported
elsewhere.’ In summary, 2267 (94.5%) of 2400 resi-
dents randomly chosen in cooperation with the local
administration of Obu city (population: 70 000) and
Higashiura town (40 000) gave written informed con-
sent and participated in the NILS-1.SA between Novem-
ber 1997 and April 2000. The numbers of subjects in the
4049 years. 50-59 years. 60-69 years and 70-79 years
age groups were intended to be equal.

Blood samples were taken between 08:00 and
09:00 hours, separated immediately by centrifugation at

2000 g for 15 min, and sera were frozen and stored in a

deep freezer (—80°C). They were transferred to the lab-
oratory (SRL Inc., Tokyo, Japan) for TT, FT, and SHBG
measurement,” TT and FT were measured using com-
mercial kits from Diagnostic Products Corporation (Los
Angeles, CA, USA). The interassay coefficients of vari-
ation (CV) were less than 15% for both kits, according
to the commercial information.

This study included 1139 men. After excluding
men whose serum levels of TT and/or FT were not
determined, we examined the distributions and aver-
ages of serum TT and FT levels according to age. In
471 men in this study, SHBG was also measured by
radioimimunoassay using the commercial kit (Diagnos-
tic Products Corporation, Los Angeles, USA). The CV
was less than 8.5%, according to the commercial
information.

The ¢FT was calculated from serum levels of albu-
min, TT and SHBG, using the following formula of
Vermeulen et al.**

¢FT (mol/L) = {~b + V(b* — 4ac)}/2a
cFT (pg/mL) = ¢FT (mol/L) x 28.84/10
Where

a=10°x {0.52174 x Alb(mg/dL) + 1}

b =10° x {SHBG(nmol/L)/10° — TT(ng/dL)/
28.84 X 10° + 0.52174 x Alb(mg/dL) + 1}

c=—10 x TT (ng/dL)/(28.84 x 10°)

The relationship between FT and cFT was
investigated.
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The data are presented as mean + 2 standard devia-
tion (8D). For statistics, r-test, Mann—Whitney test,
Spearman test and ANOVA in SPSS Version 12.0 (SPSS,
Cary, NC, USA) were used. P-values less than 0.05 were
considered statistically significant.

Results

- Of 1139 men, TT and/or FT were not measured in 19

(1.7%). Serum TT and FT levels were determined in
1120 men (59.2 £ 11.0 years old): 287 in their forties,
278 in their fifties, 276 in their sixties, and 279 in their
seventies,

The meant+2 SD of serum TT level was
513 £326 ng/dL. (187-839 ng/dL). Figure ! demon-
strates the distribution of serum TT level. Serum TT
level did not decrease with increasing age.

The meanx2 SD of serum FT level was
13.2+7.8 pg/mL (5.4-21.0 pg/mL). Figure 2 demon-
strates the distribution of serum FT level. Serum FT
levels gradually decreased with increasing age. How-
ever, there was no significant difference between those
in their sixties and in their seventies.

The mean £2 SD of serum ¢ET level in 471 men was
77.0 £43.4 pg/mL (33.6-120.4 pg/mL). Figure 3 dem-
onstrates the distribution of serum cFT level (127 men
in their forties, 121 in their fifties, 102 in their sixties
and 121 in their seventies). There was a gradual
decrease in ¢FT according to age, but the difference
between men in their sixties and in their seventies did
not reach statistical significance either.

Figure 4 shows the relationship between FT and cFT.
The lines represent the mean—2 SD and the mean
----- 18D of FT and cFT. Table 1 shows the correspon-

%)
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— 500 £294 ngAll

50-59 years-old (278)

31247328 ng/al

60-69 years-old (276}

499 k320 ng/di

076 years-old 279y 20

. 7345 1 356 ag/d o fre—

100 200 300 400 500 600 P00 BOD 98¢ 1000 1100 1209 1300
ingfdl;

Serum total wstosterone level

Fig.1 Relationship between serum total testosterone
level and age. *f = 0.006; **P = (.005.
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Table 1 Correspondence between free testosterone and calculated free testosterone at the mean ~1 SD and the mean -2 SD

level

Mean —1 SD level

cFT (pg/ml.) FT (pg/mlL.)

Mean —2 SD level

¢FT (pg/ml.) FT (pg/mL)

<9.0 29.0 Total <4.5 24.5 Total
<55.4 46 19 63 <337 5 4 9
2554 13 391 406 =337 2 460 462
Total 61 410 471 Total 7 464 471
(i3] tagimis
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™ ISEESdpgml 44
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. i
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ippfmlt

Senwm free esmsterons level

Fig.2 Relationship between serum free testosterone
level and age. *P = 0.001; **P < 0.001.
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Fig.3 Relationship between calculated free festosterone
level and age. *P < 0.001.

dence between FT and cFT, using the limitation values
of the mean —2 SD and the mean —1 SD. The correspon-
dence rates were 92.3% ([46 + 391}/471) in the former
and 98.7% ([5 + 4601/471) i the latter range.
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Fig. 4 Relationship between free testosterone (FT) and
calculated free testosterone (cFT). y =3.8341x+24.919;
Spearman’s p= 0.803, P < 0.001. tmean = 1 SD level: ¢FT
554 pg/ml, FI 93 pg/ml fmeanz2SD level: cFT
33.7 pg/ml, FT 5.4 pg/ml.

Discussion

We did not use the term ‘reference ranges’ in this study
because we did not follow the formal procedures to
determine reference ranges as proposed by NCCLS:
National Committee for Clinical Laboratory Standards.”
This study did not attempt to determine the reference
ranges of TT, FT, and cFT, and therefore a certain num-
ber of people with PADAM might have been included
in this study.’ Unfortunately, NILS-LSA did not include
any questionnaires for sexual problems such as the
International Index of Erectile Function.'’ Several rea-
sons to avoid identifying the men with PADAM made
us decide to only describe the average and standard
deviation in this study.

Recently, the reference ranges of FT or TT in Japa-
nese men have been reported by Iwamoto et al."! While
the number of men aged 50 years or more in their study
was smaller than ours, they reported reference ranges of
FT or TT of men aged 2039 years.

In this study, serum TT levels were equal among
men in their forties and sixties, although the serum TT



level in men in their seventies was unexpectedly higher
than those in their forties and sixties. The precise
causes were unknown, but it is possible that, of the
oldest men, only those with a good ability for daily
living and of good cognitive ability could participate
the NILS-LSA. Serum TT level did not decline with
age, as Iwamoto er al. pointed out.!! The range (mean
-2 5D to mean +2 SD) of TT in our study was 187
839 ng/dL, while Iwamoto ef al. indicated 201-750 ng/
dL.

Although equilibrium dialysis is thought to be the
best method for FT, ISSAM recommended c¢FT as a
standard diagnostic indicator for PADAM because of
the cost and time-consuming techniques of equilibrium
dialysis.**** ISSAM also described that the values of
FT using radioimmuonoassay were much lower than
that of ¢FT. In fact, serum FT levels appeared to be one-
fitth to one-sixth of those of ¢FT in this study. Matsuda
et al. reported that FT values were approximately one-
eighth of ¢FT valnes,' Interestingly, FT in their report
seemed to be lower than in our report. This might have
been caused by differences in the populations: randomly
selected community-dwelling men versus patients visit-
ing an ‘andropause’ clinic.

As shown in Figure 4, there was a significantly pos-
itive relationship between FT and ¢FT. Supposing that
the lower reference value of hypogonadism is the
mean —2 SD or —1 SD for ¢FT in men aged 40 or older,
correspondence rates were 92.3% in the former level
and 98.7% for the latter. The false positive rates were
0.4% (2/462) for the former and 3.7% (15/406) for the
latter. and the false negative rates were 44.4% (4/9) and
29.2% (19/65), respectively. We believe that FT mea-
surement using RIA might be valid to diagnose
PADAM, although it is necessary to consider false neg-
ative cases. For patients who are suspected of having
PADAM, multiple examinations of FT should be
mandatory.

FT and ¢FT decreased with aging as anticipated. In
this study, the FT range was 6.7-23.5 pg/mL among
men in their forties, 7.1-20.7 pg/mL in the fifties, 5.4~

seventies. Iwamoto et al. demonstrated a higher mean
—2 8D (7.7 pg/mL) of FT in the forties than our subjects
but abmost identical mean -2 SD level in their fifties to
seventies."

We suspected that the cutoff values of TT, FT and
¢FT in Japanese men might be from the mean -2 SD to
the mean—1 SD: 187-350 ng/dL, 5.4-9.3 pg/mL and
33,7-55.4 pg/mL, respectively. It was thought that
73.5 pg/imL of ¢FT suggested by ISSAM might be
higher than estimated in Japanese men. Iwamoto ef al.
proposed 70% (10.9 pg/mL) for FT and 80% (12.4 pg/
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ml.) of the value of YAM: Young Adult Mean for the
androgen replacement therapy (ART)." When these val-
ues are applied to our study, the former and latter values
might indicate that 301 (27%) and 483 (43%) men are
candidates for ART, respectively.

In summary, we demonstrated serum TT and FT [ev-
els of 1120 Japansse men aged 40 or older. Further-
more, we determined ¢FT from albumin, TT and SHBG
in 471 men, FT and ¢FT decreased with aging and there
was a good correlation between FT and ¢FT. We believe
that FT determined by RIA would be useful for diag-
nosing PADAM.
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