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What Are “Normal” Testosterone Levels for Women?
To the editor

The ooessedtional study by Laughlin ¢t af. (1), comparing endoge
nous e homnones lewels with heesterectory and cophoredommy status,
chronological age, and wears snee menopause in oldsr women, rein-
fores the possible adwerse endomrine sequelae of sophorectoray in alder
warnen. Howeser, we question sorme aspedts of the data analypss and,
henos, the cliniml signifisance and interpretation of some of the mid
findin

Thegsinfa'enne from the manuscript is that, in women with indact
ovaries, there is an increass in total testosterone levels adter the time of
menopauss and with inoeasing age reaching premencpausl levels
conmitant with flling androstenedione levels, That testosterone
zhonld rize while androstenedione falls is inmongruons bemanss adrenal
androgen precirsor levels fall linearly with age (2) and, following the
rienopanss, peripheral conversion of and rostenedione benornes & major
sonrce of croulatingg testostarone (3). We would appreciate the suthors
propozing a hypothesis for this inoongraity.

The reason for admsting total testosterone and bioasmilable testos-
terone for body mass inde (EMID) in postmenopausl women is not
mustified. Bemuse weight maw wmoy significantly with increasing age and
wears sinoe mencpauss, and the authors suggest that sex hormmone
hinding slobulin conoentration s were inwersely related to BMI, one is left
to wonder if without adjustraent for Bll whether any wmriation oo
ourred. The anthors do not report & relationship hetwesn sither testos-
terone or androstenedione and B, makin g the need for theadpstment
most curonz, Adjustrent for B is not clinically informoatiee, bemnze
the absolute bioasmilable droulating lewvels are the wwlues of physiolog-
iml sgnificance intermns of dinect androgen action and s precursors for
eximgonadal estrogen biosynthesis in Hesues suchas bone, Indeed, was
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adifferen e seen for binasmilable testosterone not adjusted for B Moo
zex homaonebinding slabulin-bound testosterone indudes slburoin-
hound testosterane, which sy aomunt for up to 209 of totd testos-
terone (4). In wiew of the age of the subjects, if one is to adust for BT
surely one should also adjust for variations in serum albumin, Cantion
inadmsting for covariates in reporting dinical findin gz has recsntly besn
highlighted (B). Presentation of the unadjusted data from this stady
would be wery informatise,

The authors report an assay sensitivity of 007 nmol/L for testoster-
amne, however, standard EIA = for testosterone are notorionsly inasmmte
at thelower end of the female mnge. Weare surprised that such distind
differenioes were observable in wadues below 05 nracl /L. Furthermore,
the actual F14 used for messuring total testosterons iz not stated. The
ozt pronounoed differen e in total testosterons inorease was reporbed
to ooour betwesn the 6th and 7th demdes, wet for the 6th demde there
were only 29 women with intuct ovaries and seven after cophorectommsy.
Hence, we caution a 25% increase on a mean walue of less than 0.5
nrool/L in 5o few woren beooming a generalizable fact. Furthermors,
reporting of walnes admsted for Bl gives us little feel for what the
artnal norroal values were, and this is exmcerbated in Table 2 in which
wmlues were adusted for both age and Bl

A lthou gh ovarian stromal hypertrophy and hyperplasia may some-
tires parsist or dewelop after menopause, probably sscondary 4o ale
wated LH lewels and indivddual sensitivity, resulting in increased fes-
tosterone production (&), other ressarchers haswe not found this to bethe
general mle (7). That *. . lewels in women more than 70 w1 of ageor 20
T post menopauss were ontnpatable to premencopansl lewels” i ala
questicnable. In Fig. 3 in the article, the detted Ines indicate the mean
testostercne lewel for premencpansal woren as being betwesn 06-0.7
nrnol /L. Howewer, acording to Sinha-Hikim ¢t of. (3], who defined the
mnge of total and free testosterone leweals during the nomal menstrual
orede in healthy women, the mean testosterone level aooes the oyole was
1.0 £ 067 nrnol/L and the mesn free testosterone was 128 + BR2
procl/L. These levels were messured using an equilibrium dialyss
rsthod, and the sensitivity of the total testosterone asmy was increased
to 0002 nronl L. The results from that stady are sound snd hawve been
uzed as references in raany other studies. Furtherraore, thess testoster-
one lewelz are in agresment with thoze reported in other litemture (5, 100

If weamept the data of Sinha-Hikim et of. (3) 2= referenoe lewsls, then
the festesterons lewels in the "intkdt postmenopausal women" in the
study by Laughlin «f al. (1) are, in fact, low and do not actually
increase back to premenopausal levels (1.20 £ 0659 nmol /L), & though
in Fesults the authors state (referendng s 1997 paper) thess premenc-
pansal valnes as heing from the smme labormtory as used for this stady,
they are inoonsistent with the widely aoepted range. Were thess alsa
BlI adjusted? Either way, the comparizon is not meaningful. Of note,
theadual citation for the testosterons lewels for premenopansal wornen
in Fg. 3is that of an artide by 5. E. Bulun and E. B Simpson, & study
of lewels of aromatase ortodwome PAR) tmnsoripts in adiposs tissue of
women, The bicamilable wlues reported are ~10-fold greater than the
normal rangs for free testosterone. Reporting of free testosterone would
havse been far more meaningful.

The role of androgens in women iz heoormaing increasingly mors
renognized sand estblished . Certainly the useofandrogens, partiolarly
testozterone, has been shown o influence life aspedts, such as mood,
women's generml wall being and restoration of seoual desire. Howeser,
there iz limited data establishing nomoal androgen walues for women of
differing ages, to enable us to define those with "androgen deficiency.”
It is, therefore, necessary to highlight the inongmendes and shor-
comings of the paper by Langhlin et . (1), and the nesd for larger
prospective shudies 4o establish the wmriations in testosterane lewels in
warnen with age.

HSuzan Dawis and Jane Tren
The Jean Haile=s Foundation
Clagrton, Wictorna 3168, Australia
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Postoeenopausal Testosterone
To the aditor

Dirs. Dz and Tran raise important issues that can be sumomarized
to thres raain areas: 1) the effect of adjusting resalts for hody raass index
(EMIY ) the wmlidity of the testosterons measurements and theirrelation
to premenopansal lewels; and 3)a plansiblebiclo gical explanation for the
findin gz,

1) The effect of adiusting results for BMT

The relation betwesn hormone lewels and chronolagioal and meno-

usal age wasanalymed 1) withoutadjusting for mearates, ) admpsting
for B, and 2)adjusting for B, scking, ecerdse, and almhol on-
mrapton. In the intersst of conserving space, only the BhI-adjusted
results were presented. The assodation (or absent assocation) with age
did not differ in nnadpisted analyses, and the total and bioasmilable
testosterone levels were wirtually identical to the BlI-adjusted wmlues
shown in the figures. The minirnal irnpact of BRI on Moavmilable tes-
tosterome in this shidy may refledt the narrow mnge of BMI among the
Fancho Bemardo mhort #5% onfidence interval, 23.8- 2 5kg/m*), in
whaora B did not smry across age groups.

2) The voelidity of the fesfosterone mecsurements arnd their
relation to premenoponsal levels,

Totl testosterone lewvels were messured by a RIA deweloped in the
steroid research labomtoryof Sarnuel Yen, MDD, during the 1570 nsing
an antibody produced at the University of Californda-3an Disgo, An
irnportant feature of steroid hormone meamrerments in this bomtory
iz sample purifimton by solvwent exraction and celite colomn chrorme-
tography before RI4 . The testosterone assay sensitivityof 0.0F nmal/L
is mmparable with published walues (003005 nmal/L) for assas
using similar smple purification steps (1-2). Bemuse of the high sen-
sitivity and specificty of this rmethad, measured wmlues are lower than
direct sarum messurernents with coramercial kits. Howeswer, thetestos-
terome lewels in this study were smilar to levels in other large studies
of postmenopans] women using comparble assmy methods (1-3).

The authors also question the walidity of the testosterone leweal cited
for premenopansal wornen, Lewels for postraenopsusl wommen were
oo pared with a reently published wwlue (063 £ 0.23 nmol /L) from the
“en labamatory for 32 wornen sarapled in the early follioilar phase of the
menstrual cpcle @), 4 15729 study (B) using the same assmy repored 2
M-h mean level of 065 + 0.04 nraol /L for early follionlar phass wornen,
therefore, the assy S laboratory has good internal mnsistenoy. (The 1573
Tudd and Yen article cited by Davisand Tran used an earlier, less specific
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assay,) Although the sensitivity of the Sinha-Hikirn total testosterane
] igh, total testosterone levels were apparently messured
directly in the dialymte. Equilibrinr dialyzis would noteliminate aross-
reacting substances, which mayamount for higher (1,04 £ 0.76 nroal /L)
early follimlar phass testosterone levels with this assy corpared with
the Yen assay. In our wisw, steroid hormone assags may wield differing
results for a variety of reasons . Direct comparisons are walid only when
all sarn plesare risamured with thesame assmy techniques, as was the msze
in our paper.

Dirz. Dz and Tran cormectly point out that the finding of an increase
in testosterone levels with postmencpausl aging was, in large part,
bazed on lower lewels among only & intact wornen in the B0 to BSeor
age mnge. Az stated in the articls, “Slthough agespedfic lewels were
bazed on relatively few women for the youn gest decads, the smilarity
of hormone patterns after stratification by demde and by vears sinoe
mencpauzz supports the walidity of the agerelated assodations.”
Armong the intact woren, 128 were less than o0, 1.3 were M1-30, and
11% were more than 2 v menopausl, Testosterons lewels were 26%
higher araongintuot woren rote than X 3 postrosnopanse coraparsd
with intact women less than 2 v postmenopanse.

5) A plausible Biologieal explanation for the frdings.

The inrease in crmilating testosterone lewels with postrnenopansal
aging is likely to be ovarian in origin. Testosteronelevels did not increase
with age armong the oophorectorized wornen, and the metabolizra and
interconversion of andogens in women is not altered after menopause
15). Inrerent studies, ovarian wein testosterone levels were related to the
degree of sttomal hyperplasia in 18 postmenopaus] women (7) and
oorrelated positively with age in 52 wornen aged 42-658 yr () Post
menopansl ovanan androgen production is thou ght to be at least par-
tially gonadetropin driven. Gonadotropin receptors hawe been identi-
fied in the stroma of menopsusal ovares B, and peripheral stercid
lewels in postmenopansal women incresse after WG stimulation (100
and dedine after administration of lang-ading CnEHagonists (11, 12)
Thus, stimmlation by alevmted gonadotropine could acount for in-
creased ovaTian testosterone symthesis in older wonen, Although post-
menopanzl gonadotopin levels tend to decline with advancing age
(1), they remain well abowe premenopansal lewels. It iz possible that
prolonged esposire ta high gonadotropin stiralation may up-re gulate
ovarian responses to LH, To our knowledge, no published studies ad-
dress this possibility.

The absence of 3 postmenopausal increass in androstenedione lewels
with age similar to the inoeass in testosterone is not surprising, A=
shown in previous studies and confirmed in this one, the postmenc-
pausal ovary contributes 40% of ciroulating testosterone, but only 10-
158% of cdrmlating androstenedione. Thus, an incresse in owmrian an-
drostensdione production would be maszked by the many-fold grester
adrenal contribution.

Chr conclusion that testosterone levels retum to the premencpausal
range in older, intadt postroenopanssl wornen nesds clarifistion. The -
ternal fnnpublished) normoal laborm oy wslues for this assgane 077 £0.34,
1.02 % 048, and 023 + 0,33 nracl /L for the sarly follioular, mid-ogede, and
hitesl phases, respectively. Bemmuse testosterone lewels do not underas
oyelic changes in postmenopausd women, our remlts sugmest that older,
as well as pounger, postmencpansl worien are relatisely testosterane
deficient when mmpaoal with vounger cuoling wormen, with kel similar
1o the early follionlar phase. Wesppreciate thiz oppornity to espand and
darify our findings. Clearly, interpretation of cresssestional dath are sub-
ject o aror. Prospective studies are nesded to define with certainty the
pattern of changing testosterone lessls in older women.

Fail Langhlin and Elizabeth Barrett-Connoe
Department of Family and Preventive Medicine
Uhiversity of Califrenia—3an Diege

La Jalla, Califoenda $2093-0607
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