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non-obese peers.4 Obesity may also predict
a greater rate of decline in serum TT with
ageing.5,6

In Australia, 25.5% of men aged 55–64
years and 19.9% of men aged 65–74 years
are obese, as defined by body mass index
(BMI: ratio of body weight in kilograms to
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ABSTRACT

Objective:  To determine the influence of obesity on the diagnosis of age-related 
androgen deficiency (AD) in symptomatic men according to current Australian 
guidelines.
Design, setting and participants:  A community-based cohort of healthy ageing men 
with symptoms suggestive of AD was studied between May 2001 and February 2003. 

were classified as obese or non-obese according to body mass index (BMI) or waist 
mference (WC).
 outcome measure:  Diagnosis of AD according to Endocrine Society of Australia 
) guidelines.
lts:  223 men aged 54–86 years with mean BMI 27.3 ±0.2 kg/m2 (range 20.5–36.2 kg/
ere recruited; 99 men were obese (BMI �30.0 kg/m2 or WC � 102 cm) and 124 
were non-obese. Obese men had lower total testosterone (TT) (12.7 ±0.4 v 

15.0 ±0.4 nmol/L); P < 0.001) and calculated free testosterone (275.7 ±7.8 v 
299.3 ±7.4 pmol/L); P = 0.03) levels than non-obese men. TT levels < 8 nmol/L were 
recorded in 12% of obese men and 1% of non-obese men. Applying the ESA guidelines 
for the diagnosis of age-related AD, 15 obese men (15%) and 4 non-obese men (3%) 
were classified as being eligible for androgen therapy supported by the Pharmaceutical 
Benefits Scheme (PBS); the relative risk in obese men was 1.92 (95% CI, 1.44–2.55; 
P < 0.001).
Conclusion:  Obesity is an important determinant of serum TT levels in ageing men. 
Almost one in seven obese men but only one in 30 non-obese men in our study were 
eligible for PBS-supported androgen therapy according to Australian guidelines. 
Although obese men are more likely to have biochemical hypoandrogenism, the clinical 
implications of this remain uncertain. Studies of testosterone therapy in this group of 
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ageing men are needed to determine whether androgen replacement is beneficial.
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 n after reaching 40 years of age,

n experience a fall in serum total
tosterone (TT) levels of about

0.8%–1.6% per year.1-3 The magnitude of
this decline is influenced by factors includ-
ing chronic illness and obesity; obese men
have TT levels up to 25% lower than their

height in metres squared) � 30 kg/m2; this
represents a 2.5-fold increase over the past
20 years.7 More than one in three men aged
55 years or older has a waist circumference
(WC) in the obese range (� 102 cm) — a
50% increase since 1989.8 This rise in obes-
ity is likely to be an important factor con-
tributing to the reported increase in
prevalence of androgen deficiency (AD) in
ageing men.9

Testosterone supplementation is increas-
ingly used by ageing men,10-12 with candi-
date selection usual ly  based on a
combination of symptoms suggestive of AD
and the determination of serum TT,12-14 as
neither is consistently reliable in isolation.
However, there is no consensus as to the
level of TT below which treatment is war-
ranted.10,12-14 International recommenda-
tions support the notion that TT levels less
than 8 nmol/L require substitution and that
levels above 12 nmol/L do not.15 The Endo-
crine Society of Australia (ESA) guidelines,
adopted by the Pharmaceutical Benefits
Scheme for subsidy of testosterone prescrip-
tion in men aged 40 years and older, require,
in the absence of demonstrable testicular or
pituitary disease, documentation of a TT
level less than 8 nmol/L or TT levels 8–
15 nmol/L with luteinising hormone (LH)
level greater than 1.5 times the upper limit of
the eugonadal reference range for young
men (as an indicator of primary testicular
failure) on two separate morning samples.16

Despite the recognised association
between obesity and serum TT levels, there
are no data regarding the effect of obesity on
the likelihood of a biochemical diagnosis of
AD in symptomatic ageing men.

We report on the relationship between
adiposity and TT in symptomatic ageing
men, and assess the effect of obesity on the
application of threshold TT values in the
diagnosis of age-related AD according to
current Australian guidelines.

METHODS

Subjects
Men aged 55 years and older were recruited
by community advertisement. Participants
were non-smokers in good general health,
but with symptoms consistent with AD in
each of the categories of mood and cogni-
tion (eg, low mood, lethargy), body compo-
sition (eg, diminished muscle mass or
strength), and sexual dysfunction (eg, poor
libido, decline in sexual performance).

Men were excluded via telephone screen-
ing if they reported excessive alcohol intake,

malignancy, serious chronic medical illness
(including diabetes mellitus and sleep
apnoea), prostate cancer or clinically signifi-
cant benign prostate disease, use of testoster-
one therapy in the previous 12 months, or
use of medications known to affect testoster-
one levels. Men were also excluded if they
reported Class II or III obesity (BMI � 35 kg/
m2),17 because of the recognised association
with hypogonadotrophic hypogonadism.18

Subjects had height, weight and WC meas-
ured by the same research nurse, and two
morning blood samples were collected (on
separate days between 7:00 am and
10:30 am) to determine TT, sex hormone
binding globulin (SHBG) and LH levels. The
mean of the two values was used. If the TT
levels differed by more than 100%, a third
sample was taken (n = 5) and the mean of the
three values calculated. Oestradiol was meas-
ured on a single sample only. The interval
between sample collections was 3–14 days.
JA • Volume 185 Number 8 • 16 October 2006



R ESEARCH
The Southern Health Human Research
Ethics Committee approved the project and
all subjects gave signed consent. Subjects
were recruited between May 2001 and Feb-
ruary 2003.

Assay details
TT was measured by immunoassay using a
Chiron Diagnostic ACS: 180 automated
chemiluminescence system (Chiron Corpo-
ration, East Walpole, Mass, USA) (interassay
coefficient of variation [CV], 7.9% at
8 nmol/L; reference range [RR], 8–28 nmol/
L). SHBG was determined on an IMMULITE
Analyzer (CV, 7.9%) and oestradiol was
assayed by radioimmunoassay (CV, 14.5%)
(Diagnostics Product Corporation, Los
Angeles, Calif, USA). The calculated free
testosterone (calc FT) was determined using
the Vermeulen equation.19 LH was meas-
ured on an AxSym (Abbott Diagnostics,
Abbott Park, Ill, USA) (CV, 6.4%).

Anthropometry
Height was determined by a stadiometer
calibrated to 0.1 cm, and weight was meas-
ured to 0.1 kg to calculate BMI.17 WC was
measured at the midpoint between the cos-
tal margin and iliac crest.17 For the purposes
of this study, men were considered obese if
they had either a BMI � 30.0 kg/m2 or WC
� 102 cm.17,20

Statistical analysis
Statistical calculations were performed using
GraphPad InStat version 3.05 and Prism 4
for Windows (GraphPad Software, San
Diego, Calif, USA). For analysis purposes,

men were classified according to the pres-
ence or absence of obesity. Statistical analy-
ses for comparison of groups were
performed using an unpaired t test; and a
Mann–Whitney test was applied to LH val-
ues as the data were not normally distrib-
uted. Relative risks for low TT and calc FT
were determined by Fisher’s exact test. Sig-
nificance was set at P < 0.05. Results are
expressed as mean ± SEM; for LH, the data
are expressed as median (interquartile range
[IQR]).

RESULTS

We recruited 223 men (222 white, one
Asian) with mean age 63.4 ±0.5 years
(range, 54–86 years) and mean BMI
27.3 ±0.2 kg/m2 (range, 20.5–36.2 kg/m2).
Four men had a measured BMI � 35.0 kg/
m2 (range, 35.5–36.2 kg/m2) despite self-
reporting a BMI < 35.0 kg/m2; these subjects
were included in the analysis. Mean WC was
99.8 ±0.7 cm (range, 77–125 cm). There
was no correlation between TT levels and
age across the group (data not shown).

Ninety-nine men were obese (BMI
� 30.0 kg/m2 or WC � 102 cm) and 124
men were non-obese (Box 1). Obese men
had lower  mean TT (12 .7 ± 0 .4 v
15.0 ±0.4 nmol/L; P < 0.001) and mean
SHBG (34.8 ±1.4 v 40.2 ±1.3 nmol/L; P =
0.005) levels than non-obese men. Mean
calc FT levels were also lower in the obese
men (275.7 ±7.8 v 299.3 ±7.4 pmol/L; P =
0.03). Median LH (4.4 [IQR, 3.4–6.7 IU/L] v
5.3 [IQR, 3.7–6.5 IU/L]; P = 0.21) and mean
oestradiol (40.3 ±1.8 v 38.9 ±1.6 pmol/L; P =
0.46) levels were not different.

Of the obese men, 12% had a mean TT
level < 8 nmol/L, compared with 1% of non-
obese men (Box 2); the relative risk for
mean TT < 8 nmol/L in the obese men was
2.23 (95% CI, 1.78–2.79; P = 0.0003).
Mean TT levels < 12.0 nmol/L were recorded
in 44% of obese men and 28% of non-obese
men; the relative risk for TT < 12 nmol/L in
obese men was 1.46 (95% CI, 1.10–1.94;
P = 0.02).

When the ESA guidelines16 for the diag-
nosis of age-related AD were applied to the
group, 15 obese men (15%) and four non-
obese men (3%) were classified as being
eligible for PBS-supported testosterone ther-
apy (Box 3); the relative risk in obese men
was 1.92 (95% CI, 1.44–2.55; P = 0.003).

Three of 11 obese men who had an initial
TT level < 8 nmol/L had a second level
� 8 nmol/L (range, 8.1–9.9 nmol/L). Five of
13 obese men who had a TT level < 8 nmol/
L on their second sample had had an initial
TT value � 8 nmol/L. Four non-obese men
had an initial TT level < 8 nmol/L, with
second samples recording levels of
6.0 nmol/L, 11.1 nmol/L, 14.7 nmol/L (third
sample, 15.2 nmol/L) and 17.4 nmol/L
(third sample, 13.0 nmol/L).

DISCUSSION
This is the first description of the effect of
obesity on serum testosterone levels in a
group of ageing men with symptoms sugges-
tive of AD, who are likely to reflect those
who may seek advice about the role of
testosterone therapy. These data confirm and
extend previous observations from epidemi-
ological studies.4,21 In this group of other-

1 Subject characteristics

Obese Non-obese P

Number 99 124

Age (years) 63.9 ± 0.6 63.1 ± 0.6 0.37

Height (cm) 176.7 ± 0.7 174.0 ± 0.6 0.003

Weight (kg) 94.5 ± 0.81 78.0 ± 0.8 < 0.001

Body mass index (kg/m2) 30.3 ± 0.2 25.8 ± 0.2 < 0.001

Waist circumference (cm) 107.7 ± 0.6 93.5 ± 0.5 < 0.001

Total testosterone (nmol/L) 12.7 ± 0.4 15.0 ± 0.4 < 0.001

Sex hormone binding globulin (nmol/L) 34.8 ± 1.4 40.2 ± 1.3 0.005

Calculated free testosterone (pmol/L) 275.7 ± 7.8 299.3 ± 7.4 0.03

Luteinising hormone (IU/L) 4.4 (3.4–6.7) 5.3 (3.7–6.5) 0.21

Oestradiol (pmol/L) 40.3 ± 1.8 38.9 ± 1.6 0.46

Results are expressed as mean ± SEM. Luteinising hormone data are expressed as median (interquartile 
range). Men were classified as obese if they had either a body mass index � 30.0 kg/m2 or waist 
circumference � 102 cm. ◆

2 Distribution of mean total 
testosterone levels

Men were classified as obese if they had either a 
body mass index � 30.0 kg/m2 or waist 
circumference � 102 cm. ◆
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wise healthy but symptomatic men aged 54–
86 years, mild obesity (defined by BMI or
WC) was associated with a 15% reduction
in TT levels.

The requirement for symptoms of AD was
included to encourage involvement of men
likely to present to health professionals to
discuss male ageing or testosterone treat-
ment. Although not directly comparable, the
phenotype of our volunteers is likely to be
similar to that referred to as “LOH: Late
Onset Hypogonadism” — the “clinical and
biochemical syndrome” described by oth-
ers.15 We excluded men who reported mod-
erate or severe obesity because of the known
association with hypogonadotrophic hypo-
gonadism.18,21

It has been suggested that lower TT levels
in obese men reflect the effect of obesity per
se or the effect of the accompanying insulin
resistance, both of which suppress SHBG
levels, and that indices of bioavailable or
free testosterone levels remain normal in
mild to moderate obesity.21,22 SHBG levels
were predictably lower in the obese men,
but, in contrast to previous reports,21,22 calc
FT levels were also significantly lower. The
failure to observe a reciprocal rise in serum
LH levels suggests the possibility that mild
obesity is associated with a degree of hypog-
onadotrophic hypogonadism; this has previ-
ously been described in massive obesity.18

Alternatively, the lower TT and calc FT
levels in the obese men may not necessarily
reflect deficient androgen action, including
at the hypothalamo-pituitary level. This
uncertainty regarding the true androgen
state of mildly obese men underscores the
importance of a comprehensive clinical
assessment for features of AD before the
measurement of biochemical androgen pro-
files, and highlights the potential pitfalls of
screening based only on testosterone levels.
Furthermore, it questions the reflex assump-
tion that low to normal TT levels, and even
calc FT levels, necessarily indicate testoster-
one therapy in the absence of strong and
specific features of AD; resolution of the

place of testosterone therapy will rely on
clinical research targeting this group.

Applying the ESA guidelines,16 AD was
determined to exist in one in seven men
aged 55 years or older who were generally
or abdominally obese (but with a BMI not
exceeding 35 kg/m2) and with symptoms
consistent with AD, in contrast to only one
in 33 non-obese men of similar age, yet with
the same symptom profile.

Our data also support the requirement for
confirmation of low TT levels for the diagnosis
of AD. Week-to-week variability in TT levels is
well documented,23 and in our cohort, three
out of 11 obese men and three out of four non-
obese men with initial TT <8nmol/L would
have been reclassified on retesting.

The threshold level of TT for confirmation
of the clinical suspicion of AD is uncertain.
Expert opinion suggests that a TT level
below 6.9 nmol/L warrants treatment12,14 —
this would apply to 5% of our obese men
but only 1% of our non-obese men. Recent
guidelines also advise that TT levels
< 8 nmol/L or free testosterone levels
< 180 pmol/L are supportive of androgen
deficiency;15 12% (TT) and 7% (calc FT) of
obese men and 1% (TT) and 5% (calc FT) of
non-obese men met these criteria. The US
Institute of Medicine recommendation for
studies of testosterone therapy in ageing
men suggests inclusion of subjects with
baseline TT < 10.4 nmol/L;10 by this crite-
rion, only 11% of non-obese men but 30%
of obese men in our study would be eligible.

Underscoring consideration of any bio-
chemical assessment is an understanding of
the differing performance characteristics of
commercial TT assay platforms — across
seven common platforms, the lower refer-
ence value varies between 7.2 and
12.6 nmol/L.24 Although our samples were
analysed with a single assay platform, it is
important to recognise that the numerical
values are applicable only to that assay.

Consideration was given to the possibility
that we may have preferentially recruited
obese men. The 1999–2000 Australian Dia-

betes, Obesity and Lifestyle Study (Aus-
Diab),7 which was ongoing at the time of
our study, determined that 26% of Austral-
ian men aged 55–64 years are obese.7 Our
data were consistent with this, documenting
a 22% incidence of obesity in men of com-
parable age.

Our study confirms that obesity is an
important determinant of serum TT levels in
symptomatic ageing men, with almost one
in seven obese men eligible for PBS-sup-
ported testosterone therapy. As obesity prev-
alence rates increase,17 it is expected that the
number of ageing men with TT values fall-
ing within a range consistent with AD will
rise in parallel. Whether these men have a
true hypoandrogenic state, or whether the
lower TT levels are an artefact of obesity,
remains unclear, and careful clinical assess-
ment is needed. With the strong association
between obesity and cardiovascular risk,
and the emerging observational evidence
linking low TT levels with an increase in
cardiovascular disease,25 studies of the
effects of testosterone therapy in these men
are clearly warranted.
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3 Incidence of androgen deficiency according to guidelines of the 
Endocrine Society of Australia16

Obese (n = 99) Non-obese (n = 124)

Two TT levels < 8 nmol/L 8 1

Two TT levels 8–15 nmol/L
and LH > 1.5 � upper limit for healthy young men*

7 3

TT = total testosterone. * Luteinising hormone (LH): mean of two morning samples. Upper limit for normal 
range for healthy young men = 6 IU/L. ◆
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