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— ABSTRACT

Background: Physicians diagnose and treat sus-
pected hypogonadism in older men by ex-
trapolating from the defined clinical entity of
hypogonadism found in younger men. We con-
ducted a systematic review to estimate the
accuracy of clinical symptoms and signs for pre-
dicting low testosterone among aging men.

Methods: We searched the MEDLINE and
Embase databases (January 1966 to July 2014)
for studies that compared clinical features
with a measurement of serum testosterone in
men. Three of the authors independently
reviewed articles for inclusion, assessed qual-
ity and extracted data.

Results: Among 6053 articles identified, 40 met
the inclusion criteria. The prevalence of low tes-
tosterone ranged between 2% and 77%.
Threshold testosterone levels used for reference
standards also varied substantially. The sum-
mary likelihood ratio associated with decreased

libido was 1.6 (95% confidence interval [CI] 1.3-
1.9), and the likelihood ratio for absence of this
finding was 0.72 (95% ClI 0.58-0.85). The likeli-
hood ratio associated with the presence of
erectile dysfunction was 1.5 (95% Cl 1.3-1.8)
and with absence of erectile dysfunction was
0.83 (95% Cl 0.76-0.91). Of the multiple-item
instruments, the ANDROTEST showed both the
most favourable positive likelihood ratio (range
1.9-2.2) and the most favourable negative like-
lihood ratio (range 0.37-0.49).

Interpretation: We found weak correlation
between signs, symptoms and testosterone
levels, uncertainty about what threshold tes-
tosterone levels should be considered low for
aging men and wide variation in estimated
prevalence of the condition. It is therefore dif-
ficult to extrapolate the method of diagnos-
ing pathologic hypogonadism in younger men
to clinical decisions regarding age-related tes-
tosterone decline in aging men.

ale hypogonadism is defined as the
M presence of low serum testosterone

and spermatozoa levels, accompanied
by clinical signs and symptoms.' The Endocrine
Society divides the symptoms and signs of
androgen deficiency into 2 groups, based on
expert consensus.! The first group, which is con-
sidered more specific, includes incomplete or
delayed sexual development; eunuchoidism;
reduced sexual desire (libido); erectile dysfunc-
tion; gynecomastia; decreased axillary, facial
and pubic hair; small testes (i.e., volume
< 5 mL); infertility: low-trauma fracture; low
bone mineral density; and hot flushes.! The sec-
ond group includes less specific signs and symp-
toms, such as decreased energy and motivation,
depressed mood, poor concentration and mem-
ory, sleep disturbance, mild anemia, reduced
muscle bulk and strength, increased body fat or
body mass index, and diminished physical per-
formance.! Similar definitions have recently
been developed by the Canadian Men’s Health
Foundation Multidisciplinary Guidelines Task
Force on Testosterone Deficiency.?
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In young men, hypogonadism is more com-
monly characterized by signs and symptoms from
the first group, such as reduced libido and erectile
dysfunction. This condition is most often caused
by testicular or pituitary pathology, including
hyperprolactinemia, pituitary or hypothalamic dis-
orders, testicular disease, radiation exposure or
genetic diseases such as Klinefelter syndrome.?
Testosterone replacement is indicated in these
cases of “classic hypogonadism,” as it ameliorates
the clinical symptoms.*

In contrast, although these entities exist in
older men too, they are less frequent causes of
low testosterone than age-related changes. There
is evidence that testosterone levels decline with
age in all men, regardless of symptoms, at an
estimated rate of 1%-3% per year.>¢ One study
found that serum testosterone levels were below
the normal range in 20% of men in their 60s and
in close to 50% of men in their 80s.” However,
the prevalence of symptomatic low testosterone
(hypogonadism) is estimated by some to be
much lower in this population, at about 2%.%
Given the high prevalence of low testosterone
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and more limited correlation with symptoms in
aging men, it is uncertain to what extent this rep-
resents a physiologic or pathologic event.®’
Moreover, symptoms typically associated with
low testosterone are less specific in older men
and may be caused by other comorbidities. For
example, erectile dysfunction can be the result of
vascular insufficiency, neurologic impairment,
psychogenic causes or substance use.’ Condi-
tions such as diabetes mellitus and atherosclero-
sis are more common in older men, with up to
40% of men over 50 years of age having evi-
dence of vascular insufficiency as the primary
cause of their erectile dysfunction.!” Low libido
similarly can result from psychiatric or medical
conditions that are more common in older men."!

Currently, many clinicians diagnose hypo-
gonadism in older men on the basis of low
serum testosterone levels, with or without
symptoms, largely on the assumption that this
is a pathologic condition requiring treatment.
The purpose of this study was to systematically
review the available literature to estimate the
accuracy and operating characteristics of signs
and symptoms for predicting low testosterone
in aging men.

Methods

Literature search and quality assessment

Using MEDLINE and Embase (January 1966 to
July 2014), 3 of the authors (A.C.M., AN.C.L.,
A.K.) retrieved articles on patient history or
physical examination findings used in the diag-
nosis of hypogonadism in aging men. Medical
Subject Headings and keywords included
“hypogonadism,” “androgen deficiency” and
relevant terms for various signs and symptoms
of male hypogonadism (see Appendix 1, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.150262/-/DC1). This search was supple-
mented with a manual review of the bibliog-
raphies of the identified articles, as well as
additional articles that have been used to
develop recent guidelines on treatment of male
hypogonadism. We included studies that com-
pared clinical findings with a measurement of
testosterone (total, bioavailable or free), with a
defined range of normal testosterone values.
We excluded review articles, as well as those
that were nonclinical in context, that focused on
therapy for hypogonadism, that had no raw data
available for calculations of likelihood ratios or
that were limited to specific disease conditions.

Reference standard for low testosterone
The reference standard for diagnosing low testos-
terone is 2 values for morning serum total, free or
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bioavailable testosterone below a defined normal
limit, determined with an accurate and reliable
assay.! The free or bioavailable testosterone
measure is preferred for cases in which altera-
tions in sex hormone binding globulin are sus-
pected; for example, obesity, diabetes and gluco-
corticoids may lower this protein, whereas
cirrhosis, HIV and anticonvulsants may increase
it.! There is no universally accepted threshold
value for low serum testosterone in older men.
Testosterone thresholds vary greatly across
studies, with many studies not stating how their
threshold values were determined. We therefore
based the reference standard for low serum tes-
tosterone on study-specific thresholds. When
available, the bioavailable testosterone measure-
ment was the preferred basis for diagnosis
because it is considered by many to be most
accurate.'? If bioavailable testosterone was
unavailable, we used total testosterone, and if
neither of these was available we used free testos-
terone. Although free testosterone measured by
equilibrium dialysis is considered highly accur-
ate, calculated free testosterone values vary
depending on the formula used,!® and analogue
methods of measurement are recognized as hav-
ing poor accuracy.'

Data extraction and analysis

Three authors (A.C.M., AN.C.L., A.K.) in-
dependently reviewed the selected articles for in-
clusion and quality. The potential for bias in all
studies was assessed using the Quality Assess-
ment of Diagnostic Accuracy tool (Appendix 2,
available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.150262/-/DC1), adapted to the
topic of hypogonadism.'>!® Two of the authors
(A.CM., AN.C.L.) independently extracted the
data from each of the selected studies and com-
pared the electronic tables of results for any dis-
crepancies, which were resolved by discussion. A
third author (G.T.) reviewed the results from each
study to ensure internal consistency.

We used the extracted data to calculate sensi-
tivity, specificity and likelihood ratios associated
with signs, symptoms or combinations thereof.”
Additionally, for each study, we calculated the
kappa values measuring agreement between low
testosterone and the clinical variables examined.
We considered signs and symptoms with a posi-
tive likelihood ratio greater than 2.0 or a nega-
tive likelihood ratio less than 0.5 to be clinically
useful.'® For clinical variables that were exam-
ined in only 2 studies, we reported the range. For
findings from 3 or more studies, we derived the
summary sensitivity, specificity, likelihood ratios
and 95% confidence intervals (CIs) using the
DerSimonian and Laird random-effects
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approach.!” We used the usual method for ratios
of proportions to estimate variances of log-
likelihood ratios and used their reciprocals as
study weights; we pooled sensitivity and speci-
ficity on the logit scale. We assessed heterogene-
ity between multiple studies examining the same
clinical variable with the I* statistic and used a
test of heterogeneity based on Cochran’s Q sta-
tistic.? Where findings were reported in 4 or
more studies, we also calculated summary meas-
ures of diagnostic accuracy from a bivariable
model?""? using the mada package of R (Meta-
analysis of diagnostic accuracy, R package, ver-
sion 0.5.7/r79). Where there were 8 or more
studies, we used bivariable meta-regression to
assess the dependence of diagnostic accuracy on
the mean age of men in the study. All analyses
were performed using R version 3.1.

Results

In total, 6053 articles were identified by the
search strategy, of which 40 met the inclusion
criteria and were included in the analysis (Fig-
ure 1 and Appendices 3 and 4, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj. 150262
/-/DC1). Overall, these articles accounted for a
total of 37 565 patients. In the 27 studies that
reported mean age, the range was 43 to 82 years.
Seven of the studies included men under age
40 years, but in all of these, the mean age was
over 40. According to the Quality Assessment of
Diagnostic Accuracy system, the most frequent
causes of suspected bias were lack of justification
for the cut-off used to define hypogonadism, use
of nonconsecutive patients and lack of explana-
tion for patients withdrawn from studies (Table 1).

Prevalence of low testosterone

The prevalence of low testosterone differed
widely among the studies, ranging between
2%% and 77%.* Testosterone thresholds and
approaches to measuring testosterone also var-
ied considerably across the studies (total testos-
terone, 29 studies, range 200—433 ng/dL [6.9-15
nmol/L]; bioavailable testosterone, 9 studies,
range 69.4-198.4 ng/dL [2.4-6.9 nmol/L]; free
testosterone, 4 studies, range 4.6—7.0 ng/dL
[0.16-0.24 nmol/L]) (see Appendices 3 and 4
for details).?>%° Whereas some researchers
assumed a normal distribution of testosterone
values to define their threshold level, others
used the cut-off values provided by the manu-
facturer of the testosterone kit. Some investiga-
tors relied on testosterone thresholds proposed
by consensus guideline statements, whereas oth-
ers provided no reasoning as to why they
selected a specific threshold value.

Accuracy of signs and symptoms

Of the 40 studies included in this review, 26 exam-
ined individual signs and symptoms and their rela-
tion to low testosterone in aging men (Table 2).
We did not evaluate “classic” signs, such as tes-
ticular volume and gynecomastia, because of a
lack of adequate data in the included studies. The
description of how each sign and symptom was
defined can be found in Appendix 3.

The positive likelihood ratio was less than 2.0
for all tests, except for the following: hot flushes
(positive likelihood ratio 2.0); decreased pubic hair
(2.4); inability to complete chair stands, defined as
the ability to stand from a seated position at least
5 times without support from the arms of a chair
(2.4); and inability to perform Nottingham power
rigs, which involves a device used to measure leg
extension power (2.1). No negative likelihood ratio
was lower than 0.5, except for decreased vigour
(negative likelihood ratio 0.32). The specific test
characteristics of each sign and symptom are pre-
sented in Appendix 5 (available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.150262/-/DC1).
For most studies, the test characteristics were close
to the line of identity on the receiver operating
characteristic curve, which is the diagonal line
where sensitivity equals the complement of speci-
ficity (i.e., 1 — specificity), indicating that these
clinical features added little change to the diagnos-
tic probability of low testosterone (Figure 2). The
agreement between low testosterone and individ-
ual signs and symptoms was weak, with only 3 of
the 70 kappa values being larger than 0.3 and only
one having an upper 95% CI above 0.5 (Figure 3).
Additionally, we created forest plots of the sensi-
tivity and specificity of each individual sign and
symptom (Appendix 6, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.150262/-/DC1).

Accuracy of multiple-item instruments

Of the 40 included studies, 16 measured the ac-
curacy of prespecified questionnaires of signs and
symptoms to identify low testosterone (Table 2).
Five instruments to identify low testosterone in
older men have been studied. The ANDROTEST
appears to have both the most favourable positive
likelihood ratio (range 1.9-2.2) and negative like-
lihood ratio (range 0.37-0.49), but not all instru-
ments have undergone head-to-head comparisons
to determine which is the most accurate. Their
specific test characteristics can be found in
Appendix 7 (available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.150262/-/DC1). In addi-
tion, we created forest plots of the sensitivity and
specificity of the multiple-item instruments
(Appendix 6). None of the multiple-item instru-
ments had clinically useful (as defined in this
paper) positive or negative likelihood ratios.
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Bivariable models and meta-regression

For all variables, summary estimates of sensitivity
and specificity from bivariable models were within
0.015 of values from univariable models. Similarly,
values of likelihood ratios from the 2 approaches

were within 0.1 of each other. Age was not a statis-
tically significant predictor of sensitivity or speci-
ficity in any of the bivariable meta-regression mod-
els for Androgen Deficiency in Aging Males
(ADAM) score, erectile dysfunction or libido.

through literature search
n = 6053

Potentially relevant articles identified

Y

> Excluded n =5795

Not human

Not exclusively males
Age <30 yr

Not clinical

Therapy

Not relevant

Review

No cut-off or correlation
Duplicates

Full-text articles reviewed
n =258

A 4

—> Excluded n=218

Insufficient data n =152

Population age below target n =18
Testosterone threshold not clarified n =14
Preselected population n =10

Receiving testosterone therapy n=1
Review article n=7

Not relevant n=6

Duplicates n =10

Sexual function

e Libido n=10

e Erectile dysfunction n =11
Activity

e Physical activity n=5

e Bending n=1

e Walking n=2

e Narrowwalk n=1

e Chairstands n=1

e Powerrigs n=1

e Gripstrength n=1

Mood

e Depression n=2

e Loss of vigour n=1

e Concentration n=1
Signs of low testosterone
Sleep n=3

Hot flushes n =1

Axillary hair n=1

Pubic hair n=1

Elevated body mass index n =7
Composite scores

e ADAM n=9

AMS n=5

ANDROTEST n =1 (2 samples)
ANDROX n =1 (2 samples)
MMAS n=2

Included in quantitative synthesis n =40

Figure 1: Literature search and study selection. ADAM = Androgen Deficiency in Aging Males, AMS = Aging
Males’ Symptoms, MMAS = Massachusetts Male Aging Study.
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Table 1: Assessment of bias for included studies

Quality Assessment of Diagnostic Accuracy tool item*

Study 1 2 3 3 4 5 6 7 8 9 10 11 12 13 14

Studies with individual variables
Zitzmann et al., 2006* +
Ansong et al., 1999% -
Fillo et al., 2012% -
Mulligan et al., 20062 +
Shi et al., 20147 -
Hintikka et al., 2009%¢ -
Khaw et al., 2007%° -
Orwoll et al., 20063° -
Ponholzer et al., 20053! -
Araujo et al., 200732 -
Clapauch et al., 20083 -
Ghazi et al., 20123 -
Paick et al., 20073° -
Muezzinogu et al., 20073 -
Liu et al., 20093’ -
Arrabal-Polo et al., 201238 -
Tajar et al., 2010% -
Kratzik et al., 20074° -
Hall et al., 2008*' -
Acar et al., 20042 -
Drinka et al., 1993% -
Hyde et al., 20124 -
Maggio et al., 20114 -
Travison et al., 20064 -
Rhoden et al., 20024 -
Allan et al., 200648 - + o+

Studies with combination of variables
Kratzik et al., 2005%° - o+ o+

Fillo et al., 2012% -
Chu et al., 2008*° -
Tancredi et al., 2004° -
Blumel et al., 200952 -
Chen et al., 20133 -

Martinez-Jabaloyas et al., -
20074

Morley et al., 2000 -
Goel et al., 2009°¢ -
Chueh et al., 20127 -
Clapauch et al., 200833 -
Smith et al., 2000°® -
Rabah et al., 2009>° -
Corona et al., 2006%° +
Zengerling et al., 2012% -
Araujo et al., 200452 -

+ +

+

e e o B B e o I S o I A e A e N A A I E e R e

R I T I T I o e e e e e I B e e A e A S T S

I

I o e e S S S I I S S S S S S S I S S S S I S
0+ F o+ A+ A+ F + F
R e I S S S I S S S S S S S I S S S S I S
R I e S S e e S S S I S S S S S T S S S
R I e S S e e S S S I S S S S S T S S S
R I e S S e e S S S I S S S S S T S S S
L T S T o e A e A e A e e N S R N e N
R I T S S e e S I S I S S S S S S I S S S S I S
L T S T o e A e A e A e e N S R N e N
e L L e R e L R L T T o I o S i S

+

+ [+ |+ [+ |+ |+
++ 4+ + o+ +

+ 0+ 4+ + + o+ o+
+ 0+ 4+ + + o+ o+
++ 4+ o+ o+ o+
+ 0+ 4+ + + o+ o+
+ 0+ 4+ + + + o+
+ 0+ 4+ + + + o+
+ 0+ 4+ + + + o+
+ 0+ 4+ + o+ +
+ 0+ 4+ + + + o+
+ 0+ 4+ + o+ +
+ |+ 4+ + + +

I

+ 0+ + |+

+ o+ o+
I
+ 0+ o+ o+ o+

R o I T I S A S
+ o+ o+ o+ o+ o+
+ 0+ + o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+
+ 4+ |+ |+
I

+

Note: + = bias assessment adequately addressed; — = bias assessment inadequately addressed.
*A detailed description of the tool items is provided in Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.150262/-/DC1.
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Our review of 40 studies showed weak associa-
tions between signs and symptoms and serum tes-
tosterone levels in aging men. The unimpressive
positive likelihood ratios may be because many
symptoms and signs of low testosterone are non-
specific — the result of other comorbid conditions
that commonly occur in older men. In addition,

RESEARCH

Interpretation

weak negative likelihood ratios may be because a
high proportion of older men — many of whom
are asymptomatic — have lower levels of testos-
terone than the currently proposed thresholds
derived from younger men. The true threshold
below which serum testosterone is abnormal may
be lower in older men, and thresholds at which dif-
ferent signs and symptoms occur may also vary.*
This review raises the following important ques-

Table 2: Diagnostic accuracy of symptoms, signs and composite measures for hypogonadism*

No. of studies Sensitivity Specificity Positive LR Negative LR
Finding (no. of patients)t (95% Cl) (95% Cl) (95% ClI) (95% ClI)
Symptoms
Hot flushes 1 (434) 0.35 (0.25-0.46) 0.83 (0.79-0.87) 2.0 (1.4-3.0) 0.79 (0.66-0.93)
Decreased 1 (434) 0.54 (0.46-0.62) 0.70 (0.64-0.75) 1.8 (1.4-2.3) 0.66 (0.54-0.80)
concentration
Erectile dysfunction 11 (6918) 0.52 (0.39-0.65) 0.67 (0.50-0.80) 1.5 (1.3-1.8) 0.83 (0.76-0.91)
?=74% P> =44%
Depression 2 (550) 0.26-0.54 0.69-0.91 1.7-2.8 0.66-0.82
Limited walking 2 (5712) 0.11-0.23 0.88-0.93 1.7-2.0 0.87-0.95
Decreased libido 10 (8676) 0.51 (0.35-0.67) 0.68 (0.54-0.79) 1.6 (1.3-1.9) 0.72 (0.58-0.85)
P=72% 1>=83%
Inability to bend 1 (3120) 0.09 (0.06-0.12) 0.94 (0.93-0.95) 1.5 (1.1-2.1) 0.97 (0.94-1.0)
Decreased vigour 1 (434) 0.88 (0.84-0.91) 0.38 (0.30-0.46) 1.4 (1.2-1.6) 0.32 (0.22-0.46)
Decreased physical 5 (7971) 0.36 (0.26-0.48) 0.74 (0.65-0.82) 1.4 (1.3-1.6) 0.85 (0.79-0.91)
activity ?2=10% 1>=36%
Impaired sleep 3 (2971) 0.25 (0.12-0.49) 0.78 (0.66-0.87) 1.1 (0.63-2.1) 0.94 (0.75-1.2)
12=92% 12=92%
Signs
Decreased pubic hair 1 (99) 0.63 (0.28-0.87) 0.74 (0.64-0.82) 2.4 (1.3-4.5) 0.51 (0.21-1.3)
Inability to complete 1 (2587) 0.05 (0.04-0.07) 0.98 (0.97-0.98) 2.4 (1.5-3.8) 0.97 (0.95-0.99)
chair stands
Inability to perform 1 (2587) 0.03 (0.02-0.04) 0.99 (0.98-0.99) 2.1 (1.1-3.9) 0.99 (0.97-1.0)
power rigs
Decreased axillary 1 (100) 0.50 (0.20-0.80) 0.73 (0.63-0.81) 1.8 (0.85-4.0) 0.69 (0.34-1.4)
hair
Elevated BMI 7 (6517) 0.50 (0.34-0.66) 0.71 (0.62-0.80) 1.8 (1.6-1.9) 0.71 (0.62-0.83)
?=0% > =85%
Impaired balance 1 (2587) 0.13 (0.11-0.16) 0.93 (0.91-0.94) 1.8 (1.4-2.3) 0.94 (0.91-0.97)
Decreased grip 1 (2587) 0.02 (0.01-0.04) 0.98 (0.97-0.98) 1.0 (0.56-1.8) 1.00 (0.99-1.0)
strength
Combinations of findings
ANDROTEST 2 (879 0.68-0.76 0.65-0.66 1.9-2.2 0.37-0.49
ANDROX (1387) 0.48-0.70 0.64-0.74 1.8-2.0 0.47-0.70
ADAM 9 (8327) 0.84 (0.81-0.87) 0.29 (0.22-0.38) 1.2 (1.0-1.4) 0.57 (0.37-0.85)
>=93% 1> =86%
MMAS 2 (3330) 0.53-0.71 0.53-0.59 1.3-1.5 0.55-0.79
AMS 5 (1853) 0.74 (0.57-0.85) 0.49 (0.28-0.69) 1.5 (0.94-2.4) 0.59 (0.27-1.1)
?=93% 1> =89%

Note: ADAM = Androgen Deficiency in Aging Males, AMS = Aging Males’ Symptoms, BMI = body mass index, Cl = confidence interval, /> = heterogeneity, LR =

likelihood ratio, MMAS = Massachusetts Male Aging Study.

*For the results from individual studies, see Appendices 5 and 7, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.150262/-/DC1.
tFor variables with 4 or more studies, a bivariable model was used; for variables with 3 studies, a univariable model was used; and for variables with 2 studies, a

range is displayed.
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tion: In the face of a low correlation between symp-
toms and biochemical testosterone levels, how
should low testosterone in older men be defined
and interpreted? To answer this question, we first
require rigorously performed studies comparing the
signs and symptoms of hypogonadism in aging
men to the results of standardized testosterone
assays to determine whether a correlation exists.
Next, we need to determine the threshold testoster-
one level that discriminates those with the syn-
drome from those without. Third, we need rigor-
ously performed large-scale trials to determine the
benefits and risks of testosterone replacement in
men categorized as having testosterone deficiency.
Because the likelihood ratios of the clinical
findings were mostly between 0.5 and 2.0, the
estimate of prevalence becomes the main deter-
minant of post-test probability. In other words,
the post-test probability is not altered from the
pretest probability in any meaningful way. This
highlights the importance of generating better
information on the actual prevalence of clin-

ically significant low testosterone in older men.
A high-quality study by Wu and associates®
could not be included in the present study because
published raw data necessary for the calculation of
sensitivity, specificity and likelihood ratios were
lacking. That study of 3369 older men suggested
that, compared with the absence of any symptoms,
combined symptoms of poor morning erection,
low sexual desire and erectile dysfunction were
associated with a modest odds ratio of 1.7 (95% CI
1.1-2.6) for androgen deficiency, based on a
serum total testosterone of less than 11 nmol/L
(317 ng/dL) in men between the ages of 40 and 79
years.® Similar to our findings, Wu and associates®
noted a “weak overall association between symp-
toms and testosterone levels in this population.”
They also stated that there was “substantial overlap
between late-onset hypogonadism and nonspecific
symptoms of aging.” They concluded that apply-
ing their criteria could “guard against the excessive
diagnosis of hypogonadism and curb the injudi-
cious use of testosterone therapy in older men.”

1.01 O BMmI
Signs of low T: pubic hair
. 0o 0 o o O Signs of low T: axillary hair
0 ® O.'O Signs of low T: hot flushes
0.87 (0) \ O Signs of low T: sleep
¢ ° o O  Mood: concentration
o o° o Mood : loss of vigour
g O  Mood: depression
E’ 0.67 Q ° o (o) Activity: grip strength
-E (o] (o) o Activity: power rigs
2 ° o P Activity: chair stands
a 0.4 ° O Activity: narrow walk
' ° Activity: walking
©) : O Activity: bending
. 0° O  Activity
0.2 O° o Sex fn: erectile dysfunction
o) o O Sex fn: libido
Q O Combination: ANDROTEST
v O Combination: MMAS
0.07 .~ Combination: ANDROX
T T T T T T T
0.0 02 04 06 08 10 o Comb!nat!on. AMS
1 - specificity O Combination: ADAM

Figure 2: Receiver operating characteristics of individual findings. The figure has a point for each of the individual reported sensitivities
and specificities for the studies included in the review. Findings for combinations are plotted in greys and black, for sexual function in
red and orange, for activities in greens, for mood in browns, for signs of low testosterone in blues and for body mass index in purple.
The area of each circle is proportional to the sample size used to calculate the findings. The diagonal line shows where sensitivity equals
the complement of specificity (i.e., 1 - specificity), which indicates that a clinical feature added little change to the diagnostic probability
of low testosterone. The particular sign or symptom for any point can be located by referring to Figure 3, which uses the same colour
coding. ADAM = Androgen Deficiency in Aging Males, AMS = Aging Males’ Symptoms, BMI = body mass index, MMAS = Massachusetts
Male Aging Study, Sex fn = sexual function, T = testosterone.
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The diagnosis of low testosterone in older
men is complicated by controversies surrounding
the potential benefits and harms of testosterone
replacement therapy. A joint US Food and Drug
Administration advisory committee recently

stated that “both safety and efficacy of testoster-
one replacement in older men has not been estab-
lished.”®* It recommended that a potential signal
regarding cardiovascular risk be included in
labelling and that “the use of testosterone
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Figure 3: Display of kappa values for each study. For each finding, the square shows the estimated kappa value between the 2 dichoto-
mous variables “low testosterone” and “positive sign or symptom”; horizontal lines show the 95% confidence intervals, and the area of
each square is proportional to the estimated variance of the kappa value. Each sign or symptom is plotted in a different colour, with simi-
lar signs and symptoms sharing the same colour family (see Figure 2). ADAM = Androgen Deficiency in Aging Males, AMS = Aging Males’
Symptoms, BMI = body mass index, ED = erectile dysfunction, MMAS = Massachusetts Male Aging Study, T = testosterone.
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replacement should exclude men with age-related
testosterone decline.”®

The recently published Testosterone Trials con-
sisted of 3 trials that examined the effects of testos-
terone therapy in symptomatic men 65 years of age
and older with total testosterone levels less than
275 ng/dL (9.54 nmol/L).% These trials showed
modest improvements in measures of sexual func-
tion, although these effects declined over time.
Small improvements in mood, depressive symp-
toms and walking distance were also reported. As
noted in the accompanying editorial,’ the clinical
significance of these treatment responses remains
unclear, and no benefits for overall vitality were
noted. In addition, the sample sizes were too small
to determine potential risks of testosterone therapy
in this population.%> These findings further support
the lack of clarity regarding how to define and treat
low testosterone in older men.

Limitations

This review had several important limitations.
First, the studies included in the review used dif-
ferent assays for measuring testosterone and dif-
ferent thresholds for defining abnormal values.
Recognizing the substantial variability among
testosterone assays, the US Centers for Disease
Control and Prevention is leading the Hormone
Standardization Project, which will help to stan-
dardize testosterone measurement in the United
States.’” Second, many of the studies had modest
sample sizes and used nonconsecutive patients,
which limits the quality of their data. Third,
there were no data on the accuracy of physical
findings such as gynecomastia (no studies) and
testicular size (one study,’® which was ultimately
excluded because raw data were unavailable).
Fourth, many of the studies had heterogeneous
definitions for terms relating to signs and symp-
toms, such as libido, which can be difficult to
quantify objectively. Fifth, many of the studies
assessed in this paper did not examine patients
with other major comorbidities.

Conclusion

This systematic review, based on all relevant
existing data, highlights the current lack of clarity
regarding the definition and management of age-
related declines in testosterone levels. Weak cor-
relations between signs, symptoms and testoster-
one levels, uncertainty about what threshold
testosterone levels should be considered low for
aging men and wide variation in estimated preva-
lence of the condition make it difficult to extrapo-
late the method of diagnosing pathologic hypo-
gonadism in younger men to clinical decisions
regarding age-related testosterone decline in
aging men.
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