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SEXUAL DYSFUNCTION, PRIMARILY

low libido, is common among
women, with prevalences of
8% to 50% previously re-

ported.1-3 The prevalence appears to
increase with age from the third
decade3 as well as after oophorec-
tomy.4 Although multiple psychoso-
cial and health factors contribute to
low sexual desire and arousal,5 it has
been proposed that endogenous
androgen levels are significant inde-
pendent determinants of sexual behav-
ior in women.6,7 Most studies support
a therapeutic benefit of testosterone
for women experiencing hypoactive
sexual desire disorder, and there is
increasing use of testosterone for this
purpose.8-10 It is widely believed that a
low serum free testosterone level is the
diagnostic marker for the cluster of
symptoms described as characterizing
“female androgen insufficiency”6

based on therapeutic trials8-11 and
expert opinion.6,7,12 However, evidence
that a low serum testosterone level
distinguishes women with low sexual
function from others, and that andro-
gen deficiency syndrome can be
defined biochemically, is lacking.
Therefore, we have investigated
whether low self-reported sexual func-
tion, assessed using the validated
Profile of Female Sexual Function
(PFSF)13,14 in women aged 18 to 75
years randomly recruited from the
community, is associated with low
serum androgen levels.

METHODS
Study Sample
Women were recruited by the random
selection method using an electoral
roll database for Victoria, Australia. In
Australia, where voting is compul-
sory, every adult is registered on this
roll. The city of Melbourne includes
26.25 electoral areas and rural Victo-
ria includes 10.75 electoral areas.
Each electoral area was divided into
sampling points of approximately
equal numbers of 25 000 each. Mel-
bourne had 105 sampling points and

rural Victoria had 43 sampling points.
Starting addresses were selected at
random from the electoral roll for
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Context It has been proposed that low sexual desire and sexual dysfunction are as-
sociated with low blood testosterone levels in women. However, evidence to support
this is lacking.

Objective To determine whether women with low self-reported sexual desire and
sexual satisfaction are more likely to have low serum androgen levels than women
without self-reported low sexual desire and sexual satisfaction.

Design, Setting, and Participants A community-based, cross-sectional study of
1423 women aged 18 to 75 years, who were randomly recruited via the electoral roll
in Victoria, Australia, from April 2002 to August 2003. Women were excluded from
the analysis if they took psychiatric medication, had abnormal thyroid function, docu-
mented polycystic ovarian syndrome, or were younger than 45 years and using oral
contraception.

Main Outcome Measures Domain scores of the Profile of Female Sexual Func-
tion (PFSF) and serum levels of total and free testosterone, androstenedione, and de-
hydroepiandrosterone sulfate.

Results A total of 1021 individuals were included in the final analysis. No clinically sig-
nificant relationships between having a low score for any PFSF domain and having a low
serum total or free testosterone or androstenedione level was demonstrated. A low domain
score for sexual responsiveness for women aged 45 years or older was associated with
higher odds of having a serum dehydroepiandrosterone sulfate level below the 10th per-
centile for this age group (odds ratio [OR], 3.90; 95% confidence interval [CI], 1.54-
9.81; P=.004). For women aged 18 to 44 years, having a low domain score for sexual
desire (OR, 3.86; 95% CI, 1.27-11.67; P=.02), sexual arousal (OR, 6.39; 95% CI, 2.30-
17.73; P�.001), and sexual responsiveness (OR, 6.59; 95% CI, 2.37-18.34; P�.001) was
associated with having a dehydroepiandrosterone sulfate level below the 10th percentile.

Conclusions No single androgen level is predictive of low female sexual function,
and the majority of women with low dehydroepiandrosterone sulfate levels did not
have low sexual function.
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each of the sampling points. Inter-
views were conducted in person on
Saturdays and Sundays between 9:00
AM and 4:00 PM. Eight interviews
were conducted per sampling point
and only 1 eligible person was re-
cruited per household.

Women were contacted by tele-
phone. Women who were between the
ages of 18 and 75 years were invited to
participate in the study. Women were
excluded during telephone screening if
they were pregnant or less than 6 weeks
postpartum or if they had experienced
any of the following in the preceding
3 months: an acute psychiatric illness;
acute renal, liver, cardiovascular dis-
ease, or any other acute major illness
that would impair overall health and
well-being; gynecological surgery; ac-
tive malignancy or cancer treatment, ex-
cluding nonmelanotic skin cancer.

We further excluded from this analy-
sis women who had potentially con-
founding conditions including cur-
rent use of antidepressants, psychiatric
medications, or epilepsy medication,
abnormal thyroid function (abnormal
thyroid stimulating hormone plus ab-
normal free thyroxine), polycystic ovar-
ian syndrome, and use of the oral con-
traceptive pill among women younger
than 45 years. Polycystic ovarian syn-
drome was identified on the basis of
combinations of menstrual history, ra-
tio of luteinizing hormone to follicle-
stimulating hormone higher than 2, cal-
culated free androgen index higher than
4.5, and sex hormone binding globu-
lin lower than 30 nmol/L.

Women provided fasting morning
blood samples on the day they com-
pleted and returned their question-
naires. Premenopausal women had
blood drawn after cycle day 8 and
before menstruation to avoid the early
follicular phase testosterone nadir.
We did not differentiate between mid-
follicular and the luteal phase days
because the variation across these
parts of the cycle in free and total tes-
tosterone is minimal.15

This study was approved by the
Southern Health Human Research and
Ethics Committee, Clayton, Australia.

All participants provided written in-
formed consent.

Measurement of Sexual Health
by the PFSF

The PFSF is a psychometrically vali-
dated instrument developed specifi-
cally for the measurement of low
sexual desire and related symptoms. It
consists of the 7 domains of desire,
arousal, orgasm, pleasure, sexual con-
cerns, responsiveness, and self image
and has no total score.13,14 We selected
the PFSF because it was developed
based on input from women in the
community to ensure its relevancy
and accuracy for symptoms, feelings,
behaviors, and attitudes. The valida-
tion of this questionnaire involved
premenopausal and postmenopausal
Australian women, with specific
attention to the linguistic validity in
Australian women.13

Biochemical Measurements

Fasting serum samples were stored at
−80°C until assayed. Total testosterone
wasmeasuredbyahighly sensitivedirect
manual radioimmunoassay (Biosource
Europe SA, Nivelles, Belgium) in the
laboratory of Mayne Health Dorevitch
Pathology (Melbourne, Australia) using
antibody-coated tubes and 500 µL of
iodine-labeled T tracer. For 100 partici-
pants,between-batchcoefficientsofvaria-
tion were 12.8% at 4.89 ng/dL (0.17
nmol/L),9.7%at17.58ng/dL(0.61nmol/
L), 8.8% at 51.01 ng/dL (1.77 nmol/L),
and 7.1% at 331.41 ng/dL (11.5 nmol/
L).For20participants,within-batchcoef-
ficients of variation were 10.5%, 5.3%,
4.2%, and 4.7% at the same concentra-
tions, respectively. Samples with values
below 5.76 ng/dL (0.2 nmol/L) (3.1% of
all samples) were reported as less than
5.76 ng/dL, but for statistical analysis we
assigned these samples a value of 2.88
ng/dL (0.1 nmol/L) because all calcula-
tions were performed using Système
International units. We reassessed the
performance of this assay against a vali-
dated and widely published radioimmu-
noassay following organic solvent (ra-
tio of solution of 3 parts ethylacetate to
2 parts hexane) extraction and celite col-

umn chromatography16-18 and were sat-
isfied with a high level of consistency
betweenassays.Freetestosteronewascal-
culated using the Sodergard equation as
previously described.19 Dehydroepi-
androsterone sulfate (DHEAS) and sex
hormone binding globulin were mea-
sured using a solid-phase, 2-site chemi-
luminescent enzyme immunometric
assay with the Immulite 2000 auto-
mated analyzer (Diagnostic Products
Corporation, Los Angeles, Calif). The
intra-assay and interassay coefficients of
variationforsexhormonebindingglobu-
lin are 6.5% and 8.7%, respectively; the
detection limit is0.2nmol/L.ForDHEAS
level, the intra-assay coefficient of varia-
tion is between 6.8% and 9.5% and the
interassay coefficient of variation is
between 9.2% and 12.7%. Androstene-
dione was measured by direct radio-
immunoassay (DSL Inc, Webster, Tex).
Follicle-stimulating hormone, thyroid-
stimulating hormone, luteinizing hor-
mone, and prolactin were measured
using the Vitros ECI machine (Johnson
& Johnson, Clinical Diagnostics Divi-
sion, Rochester, NY).

Sample Size

Other community-based studies sug-
gest a prevalence of self-reported
sexual dysfunction among women
ranging from 8% to 50%.1-3 Therefore,
we powered this study with a conser-
vative estimate that 10% of the study
population would report low sexual
function and that women with low
sexual function would be twice as
likely to have a low androgen level
(defined as less than the 10th percen-
tile) than other women. Based on
these assumptions our estimated
required sample size was 1100
(�=.05; 1−�=.80). The distribution
of the domain of sexual concerns dif-
fered from the other domains with
more than 20% of women in each age
group reporting the maximum score.
Therefore, we excluded the domain of
sexual concerns from our analysis.

The proportion of women report-
ing a zero score (from a possible range
of 0-100) for sexual satisfaction var-
ied for the domains of the PFSF from
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2.7% for responsiveness to 12.8% for
sexual arousal.

Statistical Analysis
The number of women who answered
the questions varied slightly. The PFSF
domain scores were not normally dis-
tributed. Because the pattern of self-
reported sexual satisfaction differed ac-
cording to age, data analyses were
stratified by age (�45 years vs �45
years). The decline in testosterone is
greatest between the third and fifth de-
cades,20 does not change during meno-
pause,21 and changes very little with age
in postmenopausal women,22 provid-
ing additional support for this approach.

For all the PFSF domains among
older women, the proportion of women
reporting a score of zero (of a possible
100) determined the “low” sexual sat-
isfaction score (between 4% and 17%
for each domain). For younger women,
less than 4.8% reported zero for 2 of the
PFSF domains. Hence, to provide con-
sistency and avoid overdiagnosing low
sexual function, we set a level of 5% for
the category of low in the other 4 do-
mains for younger women.

Receiver Operating
Characteristic Curves

We looked at the relationships be-
tween the dichotomous variable (low
vs not low sexual function) and the se-
ries of continuous variables, which were
the androgen levels. Receiver operat-
ing characteristic (ROC) curves were
used to compare the relationship be-
tween sensitivity and specificity for dif-
ferent cutoff levels for each of the an-
drogens. Whether each androgen was
useful for discriminating between in-
dividuals with and without low sexual
function for each PFSF domain was es-
tablished by testing whether the area
under each ROC curve was signifi-
cantly different from 0.50.23

For each of the androgens, where the
area under the ROC curve was highly
statistically significantly different from
0.50 (P�.01), the table of coordinate
points for the ROC curve was used to
identify a cutoff point that would best
differentiate those women with low

sexual function from those without low
sexual function. The cutoff points were
used to generate contingency tables and
to calculate odds ratios.

RESULTS
Of a total of 18 021 women, 15 621 were
successfully contacted. Of these, 8807
women declined to participate. Of those
who wished to participate, 2853 were
excluded because their age category was
already full and 224 were excluded
based on the exclusion criteria. How-
ever, only 1423 of the 3737 who had
stated they wished to participate at-
tended their study visit. Of the 1423
women recruited to the study, 199 were
excluded (FIGURE). Of the remaining
1224 women, 1147 answered at least
1 PFSF domain. Of these, 126 younger
women were excluded on the basis of

oral contraceptive use, leaving a total
of 1021 in the analysis. The character-
istics of the study population appear in
TABLE 1.

The ROC curves provided no evi-
dence for total or free testosterone being
useful for discriminating between indi-
viduals with or without low sexual func-
tion for a PFSF domain for younger or
older women (TABLE 2 and TABLE 3). In
contrast, the areas under the ROC curves
for DHEAS levels were highly signifi-
cantly different from 0.50 (P�.01) for
older women in relation to the domains
of arousal, responsiveness, and plea-
sure, and for younger women, for de-
sire, arousal, and responsiveness. For
older women, the area under the ROC
curve for androstenedione and plea-
sure was also highly significantly differ-
ent from 0.50.

Figure. Recruitment of Study Participants

1021 Included in Analysis

1224 Enrolled in Study

1423 Recruited to Study

6814 Willing to Participate

15 621 Successfully Contacted

18 021 Women Identified

1147 Answered at Least 1 Domain of 
Profile of Female Sexual Function

199 Excluded
18 Had Polycystic Ovarian Syndrome

163 Receiving Psychiatric Medication (Including 17
With Abnormal Thyroid Function)

18 Had Abnormal Thyroid Function (Not Receiving
Psychiatric Medication)

161 Receiving Antidepressant Medication
2 Other

5391 Excluded
2853 Age Category Full
224 Met Exclusion Criteria

2314 Did Not Attend Study Visit

126 Excluded (Age <45 y and Taking Oral Contraception)

8807 Declined Participation
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For some of these highly significant
associations in older women for
domains where 16.5% or 17.7% of
women reported a zero score (DHEAS
levels and the domains of arousal and
pleasure; androstenedione and plea-
sure), although a serum androgen level
cutoff was identified from the coordi-
nate table of the ROC curve, the cutoff
resulted in at least 30% of women being
classified as having a low DHEAS level
or androstenedione level.

In contrast, for the domain of sexual
responsiveness in older women, the re-
porting of a zero score by 4.1% was as-
sociated with a DHEAS level of less than
294.8 ng/mL (0.8 µmol/L), which was
below the 10th percentile for this age

group. The odds ratio for having a
DHEAS level below 294.8 ng/mL (0.8
µmol/L) in older women with low
sexual responsiveness compared
with those without was 3.90 (95%
confidence interval [CI], 1.54-9.81;
TABLE 4).

For younger women, the best cutoff
suggested by the ROC curve for each
of the domains desire, arousal, and re-
sponsiveness was a DHEAS level be-
low 773.8 ng/mL (2.1 µmol/L), which
corresponded to the 10th percentile for
this age group. The odds ratio for hav-
ing a DHEAS level below 773.8 ng/mL
(2.1 µmol/L) in younger women and
being below the fifth percentile for the
PFSF domains of desire were 3.86 (95%
CI, 1.27-11.67); arousal, 6.39 (95% CI,
2.30-17.73); and responsiveness, 6.59
(95% CI, 2.37-18.34) compared with
women who were above the fifth per-
centile for these domains (Table 4).

COMMENT
Multiple factors influence sexual be-
havior. The aim of this study was to ex-
plore whether women with low self-
reported sexual well-being are more
likely to have low serum androgen lev-
els than women without self-reported
low sexual well-being.

The PFSF, although validated, had
not previously been applied to a large
population of women so we were un-
able to anticipate the pattern of re-
sponse. The pattern of response deter-
mined the definition of low sexual
function for older women, that is, the
reporting of a zero score, and pro-

vided a justifiable cutoff of 5% for the
category of low sexual function in
younger women.

We found no evidence of associa-
tions between low scores for any of the
sexual domains evaluated and low se-
rum total and free testosterone levels.
In contrast, we observed significant as-
sociations between low sexual desire,
arousal, and responsiveness in younger
women and low responsiveness in older
women and low serum DHEAS level
relative to age.

In light of the complexity of sexual
function, it is not surprising that the
areas under the ROC curves that
achieved statistical significance for
DHEAS level were not greatly differ-
ent from 0.50. Exploration of cutoffs
identified from the ROC curves sug-
gested that the likelihood of finding a
clinically useful association between
women identified as having a low sexual
function and a low androgen level was
greatest when the proportion of women
with low sexual function was small
(�fifth percentile) and the normal
range for the serum androgen level was
relatively large, such as the DHEAS level
among young women.22

The main strengths of this study are
that we used a validated instrument that
demonstrates good discrimination be-
tween different levels of self-reported
sexual function in younger and older
women13 to evaluate sexual function, a
sensitive radioimmunoassay for the mea-
surement of testosterone, and a com-
munity-based population of women
from across our state. A potential weak-

Table 1. Characteristics of Study
Population*

No. (%) of Women

Recruited
to Study

(n = 1423)

Provided PFSF
Response

and Included
in Study

(n = 1021)

Age, y
18-24 73 (5.1) 34 (3.3)
25-34 196 (13.8) 111 (10.9)
35-44 282 (19.8) 198 (19.4)
45-54 322 (22.6) 276 (27.0)
55-64 280 (19.7) 209 (20.5)
65-75 270 (19.0) 193 (18.9)

Weight, mean
(SD), kg

73.4 (17.0) 73.3 (17.3)

BMI, mean
(SD)†

27.8 (6.5) 27.8 (6.6)

Nonsmoker 1204 (84.6) 877 (85.9)
Current smoker 219 (15.4) 144 (14.1)
Abbreviations: BMI: body mass index; PFSF, Profile of Fe-

male Sexual Function.
*Values are expressed as number (percentage) unless oth-

erwise indicated.
†Calculated as weight in kilograms divided by the square

of height in meters.

Table 2. Profile of Female Sexual Function Domain Scores for Women Aged 45 to 75 Years*

Desire Arousal Responsiveness Pleasure Orgasm Self-image

No./Total (%) of participants with 0 domain score 55/637 (8.6) 113/638 (17.7) 24/589 (4.1) 103/623 (16.5) 78/609 (12.8) 26/646 (4.0)

DHEAS AUROC 0.51 0.62 0.66 0.58 0.57 0.47

P value .90 .001 .007 .008 .04 .65

Androstenedione AUROC 0.57 0.56 0.57 0.59 0.55 0.41

P value .10 .06 .24 .004 .13 .12

Testosterone AUROC
Total 0.54 0.56 0.57 0.52 0.54 0.41

P value .38 .06 .23 .60 .22 .12

Free 0.54 0.56 0.59 0.50 0.56 0.43

P value .34 .04 .13 .96 .08 .21
Abbreviations: AUROC, area under the receiver operating characteristic curve; DHEAS, dehydroepiandrosterone sulfate.
*P values indicate whether the AUROC is different from 0.50 for each Profile of Female Sexual Function domain.
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ness is that despite our study popula-
tion being recruited by a random pro-
cess based on the electoral roll, only 9.1%
of those contacted actually partici-
pated, indicating that selection pres-
sures were operating, as in any volun-
tary research project. Specific barriers to
participation were the requirements to
provide a fasting blood sample, which
for participants from regional Victoria,
constituting one third of our study popu-
lation, involved travel to a collection cen-
ter, and for young women, timing of col-
lection according to their menstrual
cycle. The approach we took was to
minimize bias. The alternative ap-
proach would have been to recruit a con-
venience sample, which may have
achieved a higher participation rate.
However in doing so, we would have
risked recruiting a biased sample.

A concern might also be that a single
serum testosterone level does not re-
flect serum testosterone over time.
Apart from the diurnal variation in
testosterone, there is no reason why se-
rum testosterone should vary signifi-
cantly over days to weeks in postmeno-
pausal women. For premenopausal
women, small variations across the mid-
follicular and luteal phases would not
have affected classification with re-
spect to the lowest 10th percentile. Fur-
thermore, in practice, clinical assess-
ment will usually be made on a single
serum sample. Therefore, we believe a
single early morning serum sample pro-

vided a practical classification of women
for the purpose of this study.

The hormone we identified as being
associated with low self-reported sexual
function is DHEAS and not free testos-
terone. This is most likely due to differ-
ing circulating levels of these steroids and
the complexity of androgen metabo-
lism. DHEA is the most abundant sex ste-
roid in women24 and circulating DHEA
and its sulfate, DHEAS, provide a large
precursor reservoir for the intracellular
production of both estrogens and andro-
gens.25-27 Traditionally, circulating hor-

mone levels have been used as the main
indicators of tissue exposure. However,
intracrinology plays a pivotal role in an-
drogen metabolism, such that the ac-
tive androgens exert their effects in the
same cells in which they are synthe-
sized, without release into the pericel-
lular compartment.28 DHEA and DHEAS
are converted in extragonadal target tis-
sues, such as the brain, bone, and adi-
pose, either to androstenedione or tes-
tosterone that may then be aromatized
to estrone or estradiol or converted by
5�-reductase to dihydrotestosterone in

Table 3. Profile of Female Sexual Function Domain Scores for Women Aged 18 to 44 Years*

Desire† Arousal‡ Responsiveness§ Pleasure � Orgasm � Self-Image¶

No./Total (%) of participants with low domain score 17/335 (5.1) 18/338 (5.3) 18/336 (5.4) 16/336 (4.8) 16/334 (4.8) 14/339 (4.1)

DHEAS AUROC 0.68 0.68 0.72 0.54 0.56 0.62

P value .01 .01 .002 .61 .42 .13

Androstenedione AUROC 0.58 0.61 0.66 0.58 0.56 0.60

P value .25 .12 .02 .28 .41 .19

Testosterone AUROC
Total 0.58 0.56 0.64 0.54 0.55 0.60

P value .30 .36 .05 .58 .47 .23

Free 0.59 0.56 0.61 0.50 0.53 0.44

P value .22 .37 .12 .99 .70 .48
Abbreviations: AUROC, area under the receiver operating characteristic curve; DHEAS, dehydroepiandrosterone sulfate.
*P values indicate whether the AUROC is different from 0.50 for each Profile of Female Sexual Function domain. The cutoff for the lowest score is 5%.
†Lowest 5 of 46 possible scores.
‡Lowest 2 of 16 possible scores.
§Lowest 7 of 36 possible scores.
�Score of 0.
¶Lowest 3 of 21 possible scores.

Table 4. Relationship Between Low Dehydroepiandrosterone Sulfate Level and Profile of
Female Sexual Function Domain Scores*

No. (%) of Women

OR (95% CI) P Value
DHEAS �294.8

ng/mL (0.8 µmol/L)
DHEAS �294.8

ng/mL (0.8 µmol/L)

Responsiveness
0 (4.1%) 7 (29.2) 17 (70.8)

3.90 (1.54-9.81) .004
�0 54 (9.6) 511 (90.4)

DHEAS �773.8
ng/mL (2.1 µmol/L)

DHEAS �773.8
ng/mL (2.1 µmol/L)

Desire†
Lowest 5.1% 5 (29.4) 12 (70.6)

3.86 (1.27-11.67) .02
Not low 31 (9.7) 287 (90.3)

Arousal†
Lowest 5.3% 7 (38.9) 11 (61.1)

6.39 (2.30-17.73) �.001
Not low 29 (9.1) 291 (90.9)

Responsiveness†
Lowest 5.4% 7 (38.3) 11 (61.2)

6.59 (2.37-18.34) �.001
Not low 28 (8.8) 290 (91.2)

Abbreviations: CI, confidence interval; DHEAS, dehydroepiandrosterone sulfate; OR, odds ratio.
*The DHEAS cutoff of 294.8 ng/mL applies to women �45 years; the cutoff of 773.8 ng/mL applies to women 18 to

44 years.
†For women aged 18 to 44 years, low desire, arousal, and responsiveness were indicated by being in the cutoff clos-

est to the fifth percentile.
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the same cells.25,29 Thus androgenic ef-
fects vary according to individual varia-
tions in the amount and activity of the
enzymes 5�-reductase and aromatase,
and individual differences in the andro-
gen-receptor response. With substan-
tial androgen production and metabo-
lism being intracrine, measurement of
serum testosterone does not provide a
specific measure of androgen tissue ex-
posure or action.

In addition to demonstrating that the
measurement of testosterone is not use-
ful for the diagnosis of the proposed fe-
male androgen insufficiency syn-
drome,6 our findings also do not
support a diagnostically useful role for
the measurement of DHEAS. This is be-
cause despite the increased likelihood
that women with low sexual function
have a low DHEAS level, the majority
of women with a low DHEAS level did
not report low sexual function.

Our results are not in conflict with
testosterone being used pharmacologi-
cally to treat hypoactive sexual desire
disorder,9,10 nor do they provide sup-
port for efficacy of DHEA therapy.
Rather, our data, taken together with
what is already known about the intra-
crine physiology, suggest that sex ste-
roids influence female sexual func-
tion, but that there is no serum
androgen level that defines female an-
drogen insufficiency. The measure-
ment of serum testosterone, free tes-
tosterone, or DHEAS in individuals
presenting with low sexual function is
not informative and levels of these hor-
mones should not be used for the pur-
pose of diagnosing androgen insuffi-
ciency in women.
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