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Summary

 

Objective

 

This study was to demonstrate that Sal-T is a reliable

biomarker of androgen status in the diagnosis of male hypogonadism.

 

Design

 

In order to validate the salivary testosterone assay (Sal-T),

its reproducibility, the agreement with serum free testosterone levels

(Free-T), the correlation with other circulating androgen markers

(bioavailable testosterone, total testosterone) and cut-off values were

defined.

 

Patients and methods

 

We studied 52 eugonadic (E) and 20

hypogonadic (Hy) men. Sal-T was assayed using an adapted radio-

immunoassay for serum testosterone. Sal-T concentrations were

compared in nine cases before and after citric acid stimulation of

salivary flow rate. Free-T and bioavailable testosterone (Bio-T) were

calculated by Vermeulen equation and SHBG were determined by

binding assay.

 

Results

 

Sal-T did not depend on salivary flow rate and morning

samples from 07·00 h to 09·00 h were stable. Agreement between

Sal-T and Free-T measurements was confirmed in all subjects.

Sal-T levels correlated positively with all circulating androgens,

showing the best correlation with Free-T in E (

 

r

 

 =

 

 

 

0·92) as well as

in Hy (

 

r

 

 =

 

 

 

0·97). A cut-off value of Sal-T 

 

≤

 

 0·195 n

 

m

 

 showed 100%

sensibility and specificity to rule out hypogonadism.

 

Conclusions

 

Our data showed that Sal-T is a reliable marker of

testosterone bioavailability. The results support the inclusion of

this biomarker as a noninvasive approach in the diagnosis of male

androgen deficiency.

(Received 3 April 2007; returned for revision 18 April 2007; finally 

 

revised 24 April 2007; accepted 25 April 2007)

 

Introduction

 

The use of saliva for monitoring testosterone levels in men has

improved greatly since the first report,

 

1

 

 although its clinical

application remains uncertain.

In healthy adult men, 44% of the circulating testosterone is bound

specifically to SHBG, 50% to albumin and 3·5% to cortisol binding

globulin, while only 2% to 3% is free testosterone (Free-T).

 

2

 

 Bio-

available testosterone (Bio-T) is the free circulating hormone plus

the albumin bound fraction that represents the physiologically active

testosterone having an extremely good correlation with Free-T.

 

3

 

Salivary testosterone (Sal-T) reflects the free fraction of plasma

testosterone able to diffuse passively across the salivary glands.

 

4

 

Experimental studies performed in rats showed that salivary testo-

sterone could be influenced by any testosterone gained or lost

through metabolic conversion within the acinar cells of salivary

glands.

 

5

 

 A highly significant correlation between salivary and Free-T

concentrations was described in healthy men

 

6–9

 

 suggesting that the

measurement of Sal-T may be a useful index of serum Free-T.

 

7,10

 

Recently, Morley 

 

et al

 

.

 

11

 

 described that Sal-T levels correlated well

with serum Bio-T and Free-T in adult men showing low levels of

Sal-T in subjects with symptoms of androgen deficiency. In addition

Goncharov 

 

et al

 

.

 

12

 

 reported that patients with confirmed androgen

insufficiency had lower morning Sal-T levels than eugonadic subjects.

However, Sal-T measurement is not yet included in the algorithm

for the study of male hypogonadism.

 

13

 

In order to define the accuracy of the Sal-T methodology the

following factors were taken into account: (1) independence of

testosterone levels from saliva flow rate that was only demonstrated

in the fraction of saliva drained from parotid glands;

 

7,14

 

 (2) using a

radioimmunoassay (RIA) that sustains the required specificity of the

gold standard method;

 

15

 

 (3) choosing early morning samples to

assess gonadal status as testosterone secretion in men exhibits a

diurnal rhythm;

 

16

 

 and (4) using calculated Free-T and Bio-T vali-

dated by Vermeulen 

 

et al

 

.

 

17

 

 that implies the need for measuring

albumin and SHBG concentrations.

 

3

 

The purpose of this study was to establish the reproducibility of

morning Sal-T samples, to validate Sal-T results against circulating

Free-T in eugonadic and hypogonadic subjects, and to determine the

cut-off of Sal-T and circulating testosterone values (Free-T, Bio-T, TT)

in already known hypogonadic patients.
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Subjects and methods

 

Studied population

 

This study included 52 eugonadic (E) men (aged 20–55 years; body

mass index, BMI 24·0 ± 3·0 kg/m

 

2

 

) and 20 hypogonadic (Hy)

patients (aged 25–70 years; BMI 23·0 ± 2·0 kg/m

 

2

 

). Primary and

secondary hypogonasdism was diagnosed in 7 eugonadic and 13

hypogonadic patients, respectively. Ten patients who had been

treated with testosterone enanthate (250 mg every 2–3 week i.m)

were evaluated 1 month after the last injection.

 

13

 

 A cut-off serum total

testosterone concentration less than 10·4 nM

 

13

 

 plus at least three

signs/symptoms suggestive of androgen deficiency (i.e. loss of libido,

erectile dysfunction, lethargy, inability to concentrate, sleep disturbance,

irritability and depressed mood) were defined as hypogonadism.

Healthy subjects were recruited from the staff of the University of

Buenos Aires and were not on medication at the time of the study.

The protocol was approved by the Human Research Ethics Committee

of the School of Medicine, University of Buenos Aires, Argentina,

and all subjects gave informed consent to participate in the study.

 

Salivary flow rate study

 

Whole saliva was collected from nine randomly selected healthy sub-

jects in fasting conditions, between 08·00 h and 09·00 h, through a

soft plastic catheter connected to a suction device, placed on the floor

of the mouth for 10 min during which initial (low) salivary flow rate

(ml/min) was calculated as described.

 

18

 

 Saliva production was then

stimulated with three filter paper disks of 18 mm diameter soaked

with citric acid (2%). The stimulated saliva was collected for 3 min

and the reflex (high) salivary flow rate was calculated. An aliquot of

the supernatants obtained by centrifugation of basal and stimulated

saliva samples was stored at –20 

 

°

 

C until determination of salivary

testosterone. On the next day, morning and evening saliva samples

were collected from these nine subjects. The subjects were instructed

not to brush their teeth and to rinse their mouths with tap water 2 h

before saliva collection in the evening (19·00–23·00 h) to eliminate

any possibility from food contamination.

 

Collection of saliva and serum samples

 

Between 07·00 h and 09·00 h, after overnight fasting and avoiding tooth

brushing, all subjects collected 3·5 ml of whole saliva by directly spit-

ting into polypropylene tubes, and simultaneous blood samples were

drawn. The supernatants of saliva and serum obtained after centri-

fugation (1000 

 

×

 

 

 

g

 

, 10 min) were kept at –20 

 

°

 

C for further analysis.

 

Salivary testosterone assay

 

Testosterone in saliva was determined using a 

 

125

 

I double antibody

test for the quantification of total testosterone in serum (DSL 4100,

Diagnostic System Laboratories Inc, Webster, TX) with the modifi-

cations described by Granger 

 

et al

 

.

 

19

 

 Our minor adaptation of the

technique consisted in increasing the antiserum volume from the

suggested 20 

 

μ

 

l to 50 

 

μ

 

l and adjusting all other reagents accordingly

(100 

 

μ

 

l of 

 

125

 

I labelled testosterone tracer and 1000 

 

μ

 

l of the precipitating

solution). The standard curve was prepared diluting standards pro-

vided with the kit in PBS 100-fold to give final concentrations

of 1·0 pg/ml, 2·5 pg/ml, 5·0 pg/ml, 25·0 pg/ml, 100·0 pg/ml and

250·0 pg/ml. DSL internal controls (levels I and II) were diluted in

PBS 10-fold to obtain values between 50·0 pg/ml and 500·0 pg/ml,

respectively. Aliquots of 200 

 

μ

 

l of saliva samples, standards and con-

trols were processed in duplicate following the steps and incubation

times specified by Granger 

 

et al

 

.

 

19

 

 The sensitivity of the assay, defined

as the quantity of unlabelled hormone required to inhibit the bind-

ing of tracer by an amount equal to 2 SD below the mean binding

observed in the absence of unlabelled hormone, was 1·0 pg/ml

(3·47 p

 

m

 

). Low and high DSL controls were also used to determine

the precision of the assay. The intra-assay and interassay coefficients

of variation (CVs) were < 6·8% and < 9·5%, respectively. Method

accuracy was determined by the addition of unlabelled testosterone

(10·0–200·0 pg/ml) to saliva samples from hypogonadic and nor-

mogonadic men (range 20·0–200·0 pg/ml). Recoveries ranged from

85% to 105% and the average was 97%. The relation between

expected and measured Sal-T levels did not significantly deviate over

the concentration range studied. The antibody cross-reacted 6·6%

with 5

 

α

 

-dihydrotestosterone, 1·8% with 11-oxotestosterone and

 

≤

 

 0·6% with other related compounds.

 

Serum testosterone assay

 

The total serum testosterone measurements of the samples were per-

formed using a RIA kit (DSL 4100, Diagnostic System Laboratories

Inc, Webster, TX) following the manufacturer’s guidelines. The

sensitivity of the assay was 0·08 ng/ml (0·28 n

 

m

 

). The intra and inter

CVs were less than 6·0% and 9·0%, respectively.

 

SHBG assay

 

SHBG measurement, expressed as maximal dihydrotestosterone

(DHT) binding capacity, was performed by a modification of

the Scatchard analysis

 

2

 

 using only one DHT concentration at

saturation.

 

20

 

 Briefly, 50 

 

μ

 

l of serum were incubated with 100 

 

μ

 

l of

0·625 m

 

m

 

 DHT, 100 

 

μ

 

l of 1·0 m

 

m

 

 cortisol (to prevent DHT binding

to CBG) and 100 

 

μ

 

l of 30 000 dpm 

 

3

 

H-DHT (s.a. 127 Ci/mmol) in

a final volume of 500 

 

μ

 

l. Free and bound fractions were separated

by adding 200 

 

μ

 

l of a charcoal–dextran suspension (6·25 mg/

ml : 0·62 mg/ml). Nonspecific binding was obtained by incubating

with 100 

 

μ

 

l of 5·0 m

 

m

 

 DHT. Maximum binding capacity was calculated

from the specific dpm bound.

 

Serum albumin

 

Albumin concentration was measured using a Technicon RA500

analyser (Technicon Instruments Corporation, New York, NY)

following the manufacturer’s recommended protocol.

 

Circulating free–testosterone and bioavailable 
testosterone concentrations

 

They were both calculated as described by Vermeulen

 

17

 

 using a second-

order equation based on SHBG, total testosterone and albumin
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concentrations (algorithms are available at http://www.issam.ch

 

3

 

).

All hypogonadic patients demonstrated SHBG (27·2 ± 10·6 n

 

m

 

) and

albumin (4·2 ± 0·21 g/dl) levels not different from those found in the

52 eugonadic subjects (30·9 ± 9·6 n

 

m

 

 and 4·3 ± 0·38 g/dl; 

 

P

 

 = 0·153).

 

Statistical analysis

 

Data are expressed as mean ± SD. Variance components and intra-

class correlations (ICC) were estimated by random-effects 

 

anova

 

model using the Statistical Package for the Social Sciences (SPSS 11·5,

SPSS Inc., Chicago, IL). The ICC is an index of reproducibility for

a test, ideal being close to 1·0 (close to100% of the observed variation

explained by between-individual variation). Bland–Altman analysis

based on evaluation of the difference between the methods (Sal-T

concentration – serum Free-T levels) against their mean [(Sal-T

concentration + Free-T levels / 2)] was used to assess the between-

assay difference. The limits of agreement (estimated by the mean

difference ± SD of the differences [

 

δ

 

]) and the percentages of outliers

were also calculated. When two methods are identical, the expectation

is that 95% of differences will be within 0 ± 1·96 

 

δ

 

.

 

21

 

 In order to

estimate the cut-off values, we used receiver operating characteristic

(ROC) analysis for all diagnostic settings, which were optimized for

sensitivity. Correlations between serum and saliva measurements

were calculated by Spearman rank order correlation test. 

 

P

 

 < 0·05

was considered statistically significant.

 

Results

 

Checking the influence of saliva flow rate and choosing 
the right sampling time to optimize Sal-T measurement

 

Individual Sal-T levels at baseline and after flow rate stimulation are

shown in Fig. 1.

Saliva flow rate (0·5 ± 0·07 ml/min) significantly increased after

citric acid stimulation (1·14 ± 0·25 ml/min, 

 

P

 

 = 0·0001), yet mean

Sal-T levels did not change (0·410 ± 0·208 n

 

m

 

 

 

vs.

 

 0·417 ± 0·194 n

 

m

 

,

 

P

 

 = 0·942). This observation means that Sal-T levels in whole saliva

are independent of saliva flow rate. Sal-T levels along the intervals

from 07·00 h to 09·00 h and between 19·00 h and 23·00 h did not

show significant differences (

 

P 

 

≥

 

 0·151 in both cases). Mean Sal-T

levels were higher in the morning than in the evening (Fig. 2

 

P

 

 = 0·0001). Thus we chose morning saliva samples (07·00–09·00 h)

to assess gonadal status.

 

Validation of salivary testosterone assay in eugonadic and 
hypogonadic subjects

 

Reproducibility.

 

Two morning saliva and serum samples simulta-

neously obtained in quick succession from 20 eugonadic (E) and

20 hypogonadic subjects (Hy) were used to assess Sal-T and Free-T,

respectively (Fig. 3). In E, Sal-T and Free-T levels obtained from the

fisrt sample (0·453 ± 0·19 n

 

m

 

 and 0·428 ± 0·135 n

 

m

 

, respectively)

did not differ from the second (0·464 ± 0·194 n

 

m

 

 and 0·444 ±

0·154 n

 

m

 

, respectively; 

 

P

 

 

 

≥

 

 0·700). The calculated ICC of SAL-T and

Free-T were 0·99 and 0·95, respectively (this means that 99% and

95% variation is explained by between-subjects variation and 5% or

less by within-subjects variation). In Hy, first and second values of

Sal-T (0·117 ± 0·056 n

 

m

 

 and 0·111 ± 0·055 n

 

m

 

, respectively) and

serum Free-T (0·139 ± 0·065 n

 

m

 

 and 0·139 ± 0·059 n

 

m

 

, respectively)

were not different (

 

P 

 

> 0·700). The ICC was 0·91 for both (Sal-T

and Free-T), showing a high reproducibility (less than 10% within-

subject variation).

 

Agreement between Sal-T and circulating Free-T.

 

Simultaneous

morning saliva and serum samples for Sal-T and Free-T determina-

tions were obtained from 52 eugonadic subjects (E) and 20 Hy

Fig. 1 Whole saliva testosterone concentrations (Sal-T) at baseline and after 
citric stimulation in eugonadic subjects.

Fig. 2 Morning and evening salivary testosterone concentrations (Sal-T) in 
nine eugonadic subjects. Data are expressed as mean ± SD. Mean morning 
vs. mean evening levels *P = 0·0001.

http://www.issam.ch
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patients (Fig. 5). In E, the concentration ranges for Sal-T and

Free-T were 0·200–0·729 n

 

m

 

 and 0·230–0·686 n

 

m

 

, respectively;

while in Hy they were 0·019–0·195 n

 

m

 

 and 0·023–0·229 n

 

m

 

, respec-

tively. In E and Hy the standardized kurtosis for Sal-T and Free-T

were –1·09 and –0 78, and –0·80 and –0·57, respectively. As all stand-

ardized kurtosis were within the range [–2, +2], Sal-T and Free-T

from E and Hy subjects demonstrated a normal distribution. This

condition allowed us to apply Bland–Altman analysis to define agree-

ment between methods. Bland–Altman plot (Fig. 4) showed that

97·3% of the differences were within 0·009 ± 1·96 

 

×

 

 0·0903 (mean ±

1·96 of the differences), suggesting that both methods agree (because

most of the observations lie within the 95% limits of agreement).

Moreover, a positive and significant correlation (

 

r

 

 =

 

 

 

0·97, 

 

P

 

 = 0·0001)

was found between Sal-T and Free-T levels (Fig. 6).

 

Testosterone cut-offs. Range percentiles for serum TT, Bio-T, Free-T

and Sal-T from morning samples obtained in E and Hy subjects are

represented in Table 1. Mean TT (17·98 ± 5·4 nm), Bio-T (9·48 ±

3·17 nm), Free-T (0·402 ± 0·125 nm) and Sal-T (0·423 ± 0·157 nm)

were significantly higher in E than Hy (6·32 ± 2·53 nm, 3·15 ±

1·50 nm, 0·139 ± 0·065 nm and 0·115 ± 0·05 nm, respectively; P =

0·0001). The quality of the different tests for the biochemical diagnosis

of hypogonadism was estimated by ROC analysis and expressed as

AUCROC (Table 2). Estimating the cut-off values of TT, Bio-T, FreeT

and Sal-T by ROC, optimized for sensitivity, we found a test specific

cut-off of 10·1 nm, 5·3 nm, 0·229 nm and 0·195 nm appropriate to

Fig. 3 (a) Morning salivary testosterone and (b) free 
testosterone levels in samples obtained twice in quick 
succession from eugonadic and hypogonadic 
subjects.

Fig. 4 Plotting differences (Sal-T – Free-T) against average of Sal-T and 
Free-T according to Bland and Altman.21 Horizontal unbroken line indicates 
calculated mean. Broken line indicates 95% limits of agreement 
(mean ± 1·96 SD).

Table 1. Range percentiles for serum and salivary testosterone in eugonadic 
and hypogonadic subjects

Range percentiles*

1% 5% 10% 25% 75% 90% 95% 99%

Eugonadic group

TT(nm) 10·40 11·00 11·80 13·17 21·50 26·00 37·00 33·00

Bio-T (nm) 5·41 5·44 5·82 6·99 11·70 14·30 16·00 17·10

Free-T (nm) 0·23 0·25 0·27 0·30 0·50 0·58 0·66 0·69

Sal-T (nm) 0·20 0·21 0·23 0·29 0·52 0·70 0·70 0·73

Hypogonadic group

TT (nm) 1·74 1·82 1·98 4·80 8·10 9·45 10·05 10·10

Bio-T (nm) 0·48 0·53 0·68 2·15 3·99 5·04 5·17 5·30

Free-T (nm) 0·02 0·02 0·03 0·10 0·17 0·22 0·23 0·23

Sal-T (nm) 0·02 0·02 0·02 0·07 0·16 0·19 0·19 0·20

*Data were obtained from morning samples (07·00–09·00 h) from 52 
eugonadic and 20 hypogonadic subjects.
TT, serum total testosterone; Bio-T, serum bioavailable testosterone defined 
by Vermeulen; Free-T, serum free testosterone calculated as Vermeulen 
equation; Sal-T, salivary testosterone.
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distinguish between hypogonadic patients and eugonadic subjects,

with a sensitivity and specificity of 100%.

Correlation between Sal-T and serum testosterone concentrations.

Sal-T correlates positively and significantly with TT(r = 0·74),

Bio-T (r = 0·72) and Free-T (r = 0·92) in E as in Hy patients

(r = 0·76, r = 0·86 and r = 0·97, respectively; P = 0·0001 in all the

cases).

Discussion

The present study demonstrates that morning Sal-T levels are useful

to differentiate hypogonadic from eugonadic patients. Sal-T is in-

dependent of salivary flow rate and morning samples (from 07·00

to 09·00 h) are stable. Agreement between Sal-T and Free-T measure-

ments was confirmed in E and Hy subjects. The best correlation was

found between Sal-T and Free-T in both E and Hy subjects (r = 0·92

and r = 0·97, respectively). Clear cut-off values estimated for Sal-T

as well as for serum Free-T, Bio-T and TT showed 100% of sensibility

and specificity to rule out hypogonadism. These data suggest that

either Sal-T, Free-T or Bio-T are reliable markers of testosterone

bioavailability in subjects with normal levels of circulating binding

proteins.

We describe a direct assay for Sal-T, employing a commercial RIA

initially developed for serum T. This assay uses a small volume of

whole saliva and takes minimal sample processing. Participants

should avoid tooth brushing 2 h before collection because micro-

injury to the oral mucosa provokes a significant rise in Sal-T levels

Fig. 5 (a) Simultaneous morning salivary 
testosterone and (b) serum free testosterone levels 
in samples from 52 eugonadic and 20 hypogonadic 
subjects.

Table 2. Comparison of the different test performances applied to define the 
hypogonadic status through testosterone levels

Test

Sensitivity 

[% (95% CI)]

Specificity 

[% (95% CI)]

AUCROC 

(95% CI)

TT (≤ 10·1 nm) 100 (83–100) 100 (93·1–100) 1 (0·95–1·00)

Bio-T (≤ 5·3 nm) 100 (83–100) 100 (93·1–100) 1 (0·95–1·00)

Free-T (≤ 0·229 nm) 100 (83–100) 100 (93·1–100) 1 (0·95–1·00)

Sal-T (≤ 0·195 nm) 100 (83–100) 100 (93·1–100) 1 (0·95–1·00)

TT, serum total testosterone; Bio-T, serum bioavailable testosterone 
calculated from Vermeulen equation; Free-T, serum free testosterone 
calculated from Vermeulen equation; Sal-T, salivary free testosterone; 
and CI, confidence interval.
TT, Bio-T, Free-T and Sal-T showed similar diagnostic performance in the 
screening of hypogonadism (the AUCROC were not significantly different). 
The cut-off values are estimated by ROC analysis and optimized for 
sensitivity. Eugonadic subjects (N = 52, aged 20–55 years) were used as 
negative control group; hypogonadic patients (N = 20) were used as positive 
group (samples were obtained at 07·00–09·00 h).

Fig. 6 Significant correlation (P = 0·0001) between salivary testosterone 
(Sal-T) and serum free-testosterone (Free-T) levels was observed in 72 male 
subjects.
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until 45 min after this manoeuvre.22,23 The detection limit of the

assay was 1 pg/ml in agreement with others.19,24 To our knowledge

this is the first report that verifies the independence of testosterone

concentrations in whole saliva from saliva flow rate, allowing the

assessment of Sal-T in patients with flow rates either as low as

0·40 ml/min or as high as 1·6 ml/min. Saliva was collected by

directly spitting into polypropylene tubes because, as previously

described,25,26 cotton from collecting devices (e.g. Salivette) interfere

with testosterone results.

Salivary steroids reflect the circadian rhythm found in serum.

In eugonadic subjects, we detected higher Sal-T concentrations in

the morning than in the evening, in accordance with previously

reported data.1,27 Sal-T samples obtained between 07·00 h and

09·00 h showed low intra subject variability, suggesting that saliva

collection during this period is appropriate for clinical testing, as

circulating testosterone. In addition, high stability of Sal-T was

demonstrated along repetitive sampling overtime.12

Differences in SHBG concentrations influence the results of

calculated fractions of testosterone. It should be noted that some

commercial SHBG assays are calibrated on the basis of SHBG mass

which lead to important differences related to the number of steroid

binding sites in the SHBG homodimers and therefore against the

measurement of binding capacity.3,28 Our measurements also

depend on SHBG (binding assay) and TT assay characteristics.

Sal-T levels agree with Free-T concentrations in eugonadic and

hypogonadic subjects, based on the diffusion of nonprotein bound

steroids into peripheral tissues and their secretions.14 By contrast,

reported data showed discrepancies while comparing Sal-T and

Free-T concentrations using different methodologies.12,29

Sal-T measurement with a cut-off value of 0·195 nm seems to be

as good as Free-T (≤ 0·229 nm), Bio-T (≤ 5·3 nm) or TT (≤ 10·1 nm)

to discriminate hypogonadic from eugonadic subjects. Interestingly,

our Free-T and Bio-T cut-off values are close to those recently proposed

by the Endocrine Society Clinical Guidelines.13

Sal-T-testing is harmless and useful for screening outpatients.

Our results support the inclusion of this biomarker as an additional

noninvasive approach in the diagnosis of male androgen deficiency.
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