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Reliability of Salivary Testosterone Measurements: A Multicenter Evaluation

James M. Dabbs Jr. ,110 Ben C. Campbell,2 Brian A. Gladue,3 A. Rees Midgley,4 Miguel A. Navarro,5 Graham F. 
Read,6 Elizabeth J. Susman,7 Leon M. J. W. Swinkels,8 and Carol M. Worthman9

I

The reliability of salivary testosterone assays was evalu
ated by nine laboratories in four countries. Each labora

tory used its own RIA procedures to assay samples from 
a set of 100 male and 100 female subjects. Agreement 
among the laboratories on mean scores was within the 
range reported by Read (Ann N Y Acad Sci 1993;694: 

161-76). Overall agreement on individual scores, as 
indicated by the intraclass correlation coefficient com

puted within subjects across laboratories, was r = 0.87 

for men and r ~ 0.78 for women. Mean agreement 
between each laboratory and the combined set of all 

other laboratories (via Fisher’s Z-transformation) was r ~  

0.61 for men and r = 0.58 for women. We take these 
latter values to be the best estimates of the average 
reliability of laboratories In their ordering of individual 
samples.

Indexing Terms: radioimmunoassay/interlaboratory comparison/ 

sex-related differences

The ease  of sam ple  collection h a s  led  to a  grow ing 
num ber of s tu d ie s  invo lv ing  sa liv a ry  te s to s te ro n e  m e a 
su rem en ts (1). Subjects w ill p a r tic ip a te  read ily , a n d  
research  can  be ca rried  o u t in  d iverse  se ttin g s  an d  
populations. S a liv a ry  m e a su re s  a re  less w ell know n 
th a n  se ru m  m easu res , how ever, a n d  re se a rc h e rs  an d  
review ers h av e  been  skep tica l abo u t th e ir  use. S a liv ary

Subjects and Methods

Saliva sam ples were collected from  100 m ale  an d  100 
female undergraduates a t Georgia S ta te  U n iv ersity , 
following a  protocol approved by th e  In s titu tio n a l R e 
view Board. Each subject chewed a s tick  of su g ar-free  
gum to stim u la te  the flow of saliva an d  deposited  15—20 
mL into  a  20-mL polyethylene vial. T he sa liv a  w as 
centrifuged to remove debris, an d  1.5-mL volum es from  
each subject were pipetted in to  n in e  se p a ra te  v ia ls , 
producing a to tal of 1800 sam ples. S e ts  of 100 m en ’s 
and 100 wom en’s samples were frozen a n d  sh ip p ed  on 
frozen C 0 2 to each of nine p a rtic ip a tin g  lab o ra to rie s  
(associated w ith the authors of th e  p re se n t p ap er). 
Table 1 shows characteristics of th e  R IA  p rocedure  a t  
each laboratory. The references include rep resen ta tive  
publications from the authors at these laboratories (6-17).

All n ine laboratories assayed th e  m en ’s sam ples, a n d  
six of th em  assayed the women’s sam ples. L ab o ra to ries  
2, 3, and  7 chose not to assay w om en’s sam ples because  
they h ad  no experience assaying th em  or needed  la rg e r  
sam ple volumes. Of the resu lting  1500 assays, 13 w ere  
not com pleted for various reasons. Before s ta tis tic a l 
analysis, a log transform ation w as app lied  to  no rm alize  
the testosterone distributions. Six scores w ere d is 
carded because they fell >3 SD above th e  m ean s for 
th e ir laboratories. The procedure for d isca rd in g  o u tli 
ers w as perform ed once, using m eans an d  SDs for th e  
log-transform ed data  from each labora to ry . L o g -tran s 
formed scores were used in all s ta tis tic a l ana ly ses, b u t  
m eans an d  variances are reported  below  in  u n t r a n s 
formed raw  score units, because re a d e rs  a re  m ore  
fam iliar w ith  raw  score un its and  find  th e m  e a s ie r  to

Table 1. General assay procedures at each laboratory.

Labo rat o ry

1 12151 f rom  I CN ( Cost a  M e sa ,  CA) ,  e t h e r  e x t r a c t io n ,

ch a r co a l sep ara t io n .

2 1251 co a t ed - t u b e  a n t ib o d y  k it  f r o m  D ia g n o s t ic

Pr o d u c t s  Co rp .  ( Los A n g e le s ,  CA ) ,  n o  e x t r a c t io n .

3  12!5I co a t e d - t u b e  an t ib o d y  k it  f r om  D ia g n o s t ic

Pr o d u c t s Co rp . ,  no e x t r a c t io n .

4  ia5 l k it  f rom  Fa rm o s D ia g n o s t ic a  ( Tu rku ,  Fin lan d ) ,

e t h e r - e t h y lace t a t e  e x t r a c t io n ,  a n d  p o ly e t h y le n e

g ly co l sep ara t io n .

5 3H f rom  Am e r sh am  ( Bu ck s,  UK) ,  e t h e r  e x t r a c t io n ,

ch a r co a l sep a ra t io n .

6  1S5\ k it  f rom  I CN, no e x t r a c t io n .

7  3H f rom  Am e r sh am ,  e t h e r  e x t r a c t io n ,  f o l lo w e d  b y

p ap e r  ch r om a t o g r ap h y ,  c h a r c o a l  se p a r a t io n .

8  185l m od if ied  co a t e d - t u b e  k it  f r o m  D ia g n o s t ic

Pr o d u c t s  Co rp . ,  d o u b le  e t h e r  e x t r a c t io n .

9  105l m od if ied  k it  f rom  B in a x  (S. Po r t la n d ,  ME) ,  e t h e r

ex t ract io n ,  2 n d  a n t ib o d y  se p a r a t io n .
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Table 2. Testosterone measurements at each
laboratory

Men Women

>ratory Mean (SD), pmol/L CV, % Mean (SD), pmol/L CV, %

1 370 (133)bC! 3.8 55 (20)n 6.3

2 357 (167)b 8.5 — —

3 410(191 )d 8.1 — ---

4 240 (95) 4.7 89 (21) 5.1

5 272 (99) --- 75 (25) ---

6 309 (111)a 2.8 101 (47) 6.9

7 393 (181 )cd 6.3 --- ---

8 324 (129)n 8.6 55 (24)° 12.9

9 382 (142)cd 3.9 48 (28) 8.5

M e a su r em en t s  are  b a se d  on  9 4 - 1 0 0  c a se s  each ,  SD  re f e r s t o  v a r ia t io n  

a c r o ss  su b j e c t s  in e a ch  assay .  CV  re fe r s t o  v a r ia t io n  b e t w een  p a ir s  o f  sam p le  

d u p l ica t e s  w it h in  e a ch  assay ,  Su p e r sc r ip t  le t t e r s in d ica t e  r e su lt s  o f  st a t is t ica l 

c o m p a r iso n s  am o n g  m ean s.  M e a n s w it h in  e a ch  se x  t h a t  d o  n o t  sh a r e  a 

com m o n  su p e r sc r ip t  a r e  s ig n if ica n t ly  d if f e r en t  f r om  each  o t h e r  ( N eum an -  

Keu ls  t est ,  P < 0 .05 ) .
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in te rp re t. M en’s and  w om en’s scores w ere analyzed 
separa te ly , because th e  two d istrib u tio ns do not over 
lap, and  because th re e  laboratories did not a ssay  w om 
en ’s sam ples. In  addition , m any  in vestig a to rs  w an t 
se p a ra te  in fo rm ation  on w om en’s sam ples, because 
sa liv ary  te s to s te ro n e  from  w om en is com m only be 
lieved to be especially  difficult to  assay.

Results

T he s tu d y  exam ined  two com ponents of th e  agree 
m en t am ong lab o ra to ries  in  assay ing  sa liv ary  te s to s 
terone. One com ponent is a t th e  group level, reflecting 
ag reem en t on group m eans and variances. T he o ther is 
a t th e  in d iv idu a l level, reflecting  ag reem en t in  th e  
o rdering  of ind iv idua l sam ples.

Agreement on Group Means and Variances

M ean te s to s te ro n e  concen tration  across a ll subjects, 
w here  each  su b jec t’s concen tration  w as defined  as th e  
m ean  of h is  or h e r  scores across all labora to ries, w as 
342 pm ol/L (SD = 97) for m en and  71 pm ol/L (SD = 23) 
for w om en. T able 2 show s sam ple m eans, SDs am ong 
subjects, and  CVs betw een  assay  dup lica tes a t  each 
laboratory . R epeated -m easu res analyses of variance 
ind icated  sign ifican t m ean  differences am ong th e  lab 
o ra to ries (for m en, F  (8, 696) = 26.35, P  < 0 .001; for
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Fig .  1. B o x  p lo t s  s h o w in g  d is t r ib u t io n  o f  m e n ’s an d  w o m e n ’s a ssa y  

s c o r e s  a t  n in e  la b o r a t o r ie s .

Lines in boxes m a r k  2 5 t h ,  5 0 t h ,  a n d  75 t h  p e r cen t iles;  lines outside boxes m ark  

10 t h  an d  9 0 t h  p e r ce n t i le s ;  circles m a r k  5 t h  an d  95 th  p e r cen t iles.  Lab o ra t o r ie s 

a r e  o r d e r e d  t h e  sam e  w a y  in  t h e  u p p e r  an d  low er  f ig u res.  Tw o  o u t l ie r s f rom  

la b o r a t o r y  1 an d  o n e  o u t l ie r  e a ch  f r om  lab o r a t o r ie s 4, 5, 8, an d  9 a re  d r o p p ed  

f r om  t h e  d a t a .

wom en, F  (5, 480) = 79.98, P  <0.001). D ifferences su b jec t’s m ean , re la tiv e  to the  m ean differences am ong
am ong pa irs  of m eans w ere te s ted  by using  th e  New- In tra c la ss  correlation coefficients w ere r « i w

m an -K eu ls  procedure; th e  re su lts  are  ind ica ted  by 0.87 for m en an d  r  =  0.78 for women.
su p ersc rip ts  in  T able 2. Fig. 1 shows th e  d is trib u tio n  of 
m en’s and  w om en’s scores a t  each laborato ry .

Agreement on Ordering of Individual Samples

T he in tra c la ss  correla tion  coefficient reflects the  
com bined re liab ility  of assays a t  all laboratories. For 
p rac tica l purposes, i t  is m ore useful for a w orking 
in v es tig a to r to  know  th e  re liab ility  of an  ind iv idual

O verall re liab ility  in  th e  o rdering  of ind iv idual sam - labo ra to ry , r a th e r  th a n  th e  re liab ility  of all laborato-
«

pies w as ev a lu a ted  by using  th e  in trac la ss  co rre la tion  rie s  com bined. T ab le  3 provides one view of th is  infor- 
coefficient, ad ju sted  to  rem ove m ean  labo ra to ry  differ- m atio n , show ing p ro d u c t-m o m en t correlations am ong 
ences. This coefficient w as com puted to ind icate  agree- all p a irs  of lab o ra to rie s , w ith  m en’s d a ta  above th e  
m en t w ith in  subjects across laboratories. A h igh  value  d iag on al an d  w om en’s d a ta  below. The m ean  correla-
would ind icate  th a t  scores from  each from tio n  betw een  p a irs  o f laborato ries (com puted v ia  F ish-
d ifferen t labo ra to ries  w ere tig h tly  c lustered  a ro u n d  th e  e r’s ^ - tra n s fo rm a tio n )  w as r  = 0.44 for m en  an d  r
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Table 3. Correlations among laboratories.
L a b o r a t o r y 1 2 3 4 5 6 7 8 9

1 0.61 0 .5 2 0 .4 3 0 .24 0 .42 0 .5 9 0 .4 5 0 .5 4

2 -- 0 .6 4 0 .3 6 0 .19 0 .32 0 .5 3 0 .4 7 0 .3 4

3 -- 0 .37 0 .26 0 .52 0 .4 7 0 .4 2 0 .4 6

4 0 .39 -- -- 0 .23 0.41 0 .3 5 0 .2 6 0.21

5 0 .42 0 .39 0 .36 0 .2 9 0 .6 4 0 .3 7

6 0 .4 4 0 .2 6 0 .28 0 .4 0 0 .45 0.51

7 -- -- -- -- -- 0 .56 0 .6 4

8 0 .4 0 -- -- 0 .3 3 0 .44 0 .38 0 .5 4

9 0 .7 4 0 .3 9 0.61 0 .37 0 .42

Co r re la t io n s a re  b a sed  on  9 3 - 1 0 0  c a se s  each ;  v a lu es a b o v e  t h e d ia g o n a l are  b a sed  o n  m a le  su b j e c t s;  v a lu es b e low  t h e  d iag o n a l a re  b a se d  on f em ale  su b j e c t s .

0.46 for women. Inspection  of Table 3 suggests th a t  th e re  w ere sta tistically  significant differences am ong
sim ilar in  th e ir  in tercorre- th e  laboratories. Given th a t RIA resu lts  are  notoriously

sensitive to  changes in  reagen ts and  operating  proce- 
Table 3 com pares ind iv idual laboratories w ith  each dures betw een assay batches w ith in  th e  sam e labora-

la tions.

other; our nex t step w as to  com pare each labora to ry  
w ith th e  m ean  of all th e  o ther laboratories combined. 
In  the  absence of an ex terna l s tan dard , such as m ass 
spectroscopy, our best estim ate  of a  subject’s tru e  
testosterone score comes from  th e  com bined scores of 
all laboratories together, in  w hich random  errors a t 
tribu tab le  to individual laboratories ten d  to cancel out. 
Table 4 shows p roduct-m om ent correlations betw een 
scores from  each single labora to ry  an d  m ean  scores 
from all o ther laboratories combined. D ifferences
among correlations w ere te s te d  w ith  F ish e r’s Z -tran s-

■ i

formation; th e  resu lts  are  ind icated  by sup erscrip ts  in  
Table 4. F or m en, th e  two low est laboratories differed 
significantly from th e  four h ighest. For wom en, th e  two 
lowest laboratories differed significantly  from  th e  two 
highest. A veraged across all laboratories (via F ish e r’s
Z-transform ation), th e  m ean  correlation  betw een a

f

single laboratory  and th e  combined se t of all o ther

tory , differences among laboratories a re  not su rp rising . 
P resum ab ly  there  would also be differences am ong 
labo ra to ries  in  th e  resu lts  of serum  testo sterone  as 
says, b u t w e have been unable to find  published in fo r 
m ation  on th is  topic.

T he laboratories agreed m ore on th e  relative o rd e r 
in g  of individual scores th a n  on group m eans, as 
ind icated  by fewer significant differences am ong the  
correlations in  Table 4 th an  am ong th e  m ean scores in 
Table 2. In  exam ining the raw  d a ta  we did not find  any 
subject who scored high in  one laborato ry  and low  in 
ano ther. Table 4 shows th a t th e  re liab ility  of lab o ra to 
r ie s  was sim ilar for m en’s and  w om en’s scores. Al
though  som e investigators have been skeptical ab o u t 
th e  feasib ility  of m easuring  women’s sa livary  te s to s te r 
one, th e  p resen t findings indicate th a t  one could 
equally  w ell use m en or wom en in  study ing  correla-

laboratories was r  = 0.60 for m en an d  r  = 0.61 for tions betw een salivary  testosterone and  other vari- 
women. These values provide the  best estim ate  of th e  ables, as long as all assays a re  perform ed in the  sam e  
average re liab ility  of th e  laboratories in  assay ing  m en ’s laboratory .
and w om en’s sam ples.

Discussion

E ach  laborato ry  followed its  custom ary assay proce 
dures, and  th e re  is no obvious explanation  for d isag ree 
m en ts  betw een pairs of laboratories in  Table 3. We

Laboratory ag reem en t on group m eans and vari- w ould expect less error in  assays th a t  involve ex trac- 
anees w as in  th e  ran g e  repo rted  by R ead (18), a lthough  tio n  and chrom atography th a n  in  d irec t assays. H ow 

ever, Table 3 suggests th a t  w hether or no t a labo ra to ry  
u ses ex traction  m akes little  difference, and  because 
only one laboratory  used chrom atography, we do not 
know  w hether laboratories using  chrom atography 
w ould agree b e tte r w ith  each other. C onsistency am ong 
th e  laboratories in  th e ir  m ean values w as h igher th a n  
in  earlie r comparisons reported  by B axendale and 
Jam es  (19). This suggests th a t  investigators have im 
proved th e ir  techniques over the  y ears  as they have 
gained experience w ith  salivary  assays. This p o in t is 
supported  by d a ta  we collected from  a com m ercial 
laboratory . The laboratory  h ad  a good rep u ta tio n  fo r  its 
w ork  in  assay ing  steroid horm ones, b u t it did no t have 
experience in  assaying w om en’s sa liv a ry  testosterone.

w ith in  each  se x  t h at  d o  n o t  sh a r e  a  com m on  su p e r sc r ip t  are  s ig n if ican t ly  I t  failed to  detect testosterone in  any  of our w om en’s
sam ples, a n d  th e  correlation betw een its  m en’s a ssay

Table 4. Correlation between each laboratory and

mean scores from other laboratories.

La b o r a t o r y M e n W om e n

1 0 .6 7 b 0 . 7 1 b

2 0 .6 2 ab - - -

3 0 . 6 6 b --

4 0 .4 5 a 0 .4 4 a

5 0 .4 5 a 0 .5 9 ab

6 0 .6 0 ab 0 .4 8 a

7 0 .6 8 b - - -

8 0 . 6 7 b 0 .5 2 ab

9 0 .6 4 ab 0 .6 9 b

Mean 0.61 0 .5 8

Co r re la t io n s are  b a sed  on  9 4 - 1 0 0  ca se s  each .  Co r r e la t io n  co e f f ic ie n t s

d if feren t  f r om  each  o t h e r  ( Fish e r ’s  Z - t r a n sf o rm a t io n  t est ,  P < 0 .05) .
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scores and  m ean  m en ’s scores from our n ine laborato 
ries w as only r = 0.23.

C u rre n t assays of m en ’s and  w om en’s salivary  tes-

erime, and misbehavior among 692 male prison inmates. Person

Individ  D iff 1995;18:627-33.
8. G ladue BA, B oechler M, M cCaul KD. H orm onal response to 
com petition in  h u m an  m ales. Aggr Behav 1989;15:409-22.

t o s t e r o n e  c o n c e n t r a t i o n s  a r e  r e l i a b l e  e n o u g h  to  b e  9. Lopez-Calbet JA , N avarro  MA, B arbany  JR , G arcia  M J, Bon-
q u i t e  u s a b l e  fo r  r e s e a r c h  p u r p o s e s .  A s  t h e  s t a t e  o f  t h e  n in  MR, Valero J . S alivary  stero id  changes and physical perfor

m ance in highly tra in ed  cyclists. In t J  Sports Med 1993;14:111-7,
10. N avarro  MA, V illabona CM, Blanco A, Gomez JM , Bonnin 
MR, Soler J . S alivary  excretory  p a tte rn  of testo ste rone  in  substi-

a r t  sh arp en s and  technical im provem ents become m ore 
w idespread , we can expect increases in  re liab ility  to
lead  to th e  es tab lish m en t of generally  accepted labora- tu tiv e  th e rap y  w ith  te s to s te ro n e  enan tha te . F ertil S teril 1994;61:

to ry  s tan d ard s . This will fu r th e r  enhance th e  useful-
ness of sa livary  assays in  s tud ies  req u irin g  noninva- 
sive techn iques or rep ea ted  sam pling from subjects.
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