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Hormones, mood, sexuality, and the
menopausal transition
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Objective: To determine the extent of changes in women'’s sexual functioning and well-being during the
menopausal transition and the relationship to hormonal changes.

Design: Prospective observational study.

Setting: Population-based sample assessed at home.

Patient(s): 438 Australian-born women 45-55 of years who were still menstruating at baseline. Of these, 226
were studied for effects of hormones on sexual functioning.

Main Outcome Measure(s): Short Personal Experiences Questionnaire (SPEQ) and Affectometer 2 scores
and annual blood sampling.

Result(s): From the early to late menopausal transition, the percentage of women with SPEQ scores
indicating sexual dysfunction increased from 42% to 88%. Mood scores did not change significantly. In the
early menopausal transition, women with low total SPEQ scores had lower estradiol level but similar androgen
levels to those with higher scores. Decreasing SPEQ scores correlated with decreasing estradiol level but no

Received October 16,
2001; revised and
accepted January 17,
2001.

Supported by the National
Health and Medical
Research Council of
Australia and the Victorian
Health Promotion
Foundation. During 2001,

the research program
received unrestricted
educational grants from
ANZ Trustees, Eli Lilly
(Australia) Proprietary
Limited, and Pharmacia
and Upjohn (Australia).
Prince Henry’s Institute of
Medical Research received
grants from Organon
Proprietary Limited for
hormone assays.
Presented at the Androgen
Insufficiency Conference,
Princeton, New Jersey,
June 29, 2001.

Reprint requests: Lorraine
Dennerstein, M.D., Office
for Gender and Health, 6th
Floor, Charles Connibere
Building, Royal Melbourne
Hospital, Parkville, Victoria
3050, Australia (FAX: 61-3-
9347-4127; E-mail: Idenn@
unimelb.edu.au).

2 Office for Gender and
Health, Department of
Psychiatry, University of
Melbourne.

® Swinburne University of
Technology.

¢ Prince Henry’s Institute of
Medical Research, Monash
Medical Centre.

0015-0282/02/$22.00
PIl S0015-0282(02)03001-7

A2

with androgen levels. Hormone levels were not related to mood scores.

Conclusion(s): Female sexual functioning declines with the natural menopausal transition. This decline
relates more to decreasing estradiol levels than to androgen levels. (Fertit QG0R;77(Suppl 4):S42-8.
©2002 by American Society for Reproductive Medicine.)
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The relative contribution of androgens and in these hormones occur. Studies of hormone
estrogen to female sexual functioning is con-levels in women across the lifespan have been
troversial. Low libido, decreased well-being, somewhat limited by their design: Most were
blunted motivation, and fatigue are listed as cross-sectional and based on relatively small
major features of the proposed syndrome ofconvenience or clinic samples with inherent
female androgen deficiency (1, 2). However, biases. A notable exceptions is a study of the
defining and elucidating this syndrome hasmenopausal transition that used a population-
been problematic (3). First, the symptoms arebased longitudinal design (5).

vague and difficult to operationalize, and all |, addition. no comprehensive study has
can occur in other syndromes, such as majolheen done of a single cohort across the life
depressive disorder. In addition, there is nocycle. It has also been difficult to synthesize the
levels. This lack reflects difficulties with assays assays with Varying Sensitivity, particu|ar|y for

and insufficient studies eStab”Shing the normalthe lower end of the range, are used at different
ranges of androgen levels in different life clinics (3).

phases. Thus, no cut-off level for a normal

range of testosterone has been agreed on (4). What can be. concluded from the data in
women thus far is that testosterone levels reach

What is known from studies of androgen an apparent peak in the early reproductive
levels in women of different ages and at dif- years (third decade of life) and then decrease
ferent endocrine phases of life is that pro- with age. Women in their forties have approx-
nounced age-related and phase-related changasately half the level of circulating total tes-



tosterone as that of women in their twenties (6). The rate of
the age-related decrease in total testosterone then seems to
slow and is not specifically related to menopause (5). Dehy-
droepiandrosterone sulfate (DHEAS) shows similar changes
to those described for testosterone but has an even more
pronounced age-related decrease after the early reproductive
years that continues through to later life (7, 8). Diurnal and
menstrual cycle-linked changes in testosterone and andro-
stenedione also occur (9). Testosterone (and androstenedi-
one) levels are highest in the morning before 10:00 am (10)
and in the middle third of the menstrual cycle (11), although
one small study (12) found that the midcycle ovarian in-
crease in free testosterone level did not occur in older men-
struating women (43—47 years of age).

If there is a clinical syndrome caused by androgen defi-
ciency, observational studies should demonstrate lower lev-
els of androgens, particularly free testosterone, among
women with low levels of sexual functioning or diminished
well-being. Methodologic problems, including the sensitiv-
ity of assays, lack of validated measures of sexua function-
ing, and the use of very small convenience samples (12, 13),
limit the interpretation of previous studies. Some studies
used daily ratings of sexual behavior (14, 15). Another major
problem has been the lack of measurement of other con-
founding variables, which may vary along with androgens
and may account for sexual behavior, which is the study end
point. Thus, the finding of increased female sexual activity at
midcycle, which correlates with increased free testosterone
and androstenedione (15), may reflect the androgen increase
in midcycle but may also reflect the midcycle estradiol peak.
Because these studies measure associations, it is also possi-
ble that increased sexual activity during midcycle may in-
crease testosterone levels.

Despite these limitations, most of these small observa-
tional studies (15-17) concur in finding a correlation be-
tween free and, in some cases, total testosterone levels and
aspects of female sexual functioning, including frequency of
sexual activities and female sexual interest or desire. In a
study of 83 women, Floter et a. (18) found that on the
questionnaire they used to assess sexual functioning, andro-
stenedione correlated more strongly with sexual factors.
Kaplan and Owett (13) compared 11 women with low an-
drogen levels after chemotherapy or bilateral oophorectomy
with 11 women in a similar hypoestrogenic state who had
normal androgen levels. They found that all 11 women with
low testosterone levels had markedly reduced sexual desire
or fantasy, orgasm, and globa sexua symptoms. Women
with low testosterone levels were aso significantly more
likely to have decreased orgasm and global symptoms than
were the control group of hypoestrogenic women.

Studies have aso had contradictory findings and some
seeming paradoxes. Eriksson et a. (19) found higher serum
levels of free testosterone throughout the menstrual cycle in
11 women with premenstrual irritability and dysphoria com-

FERTILITY & STERILITY®

pared with 11 controls, suggesting a dysphoric effect of
testosterone. Bachmann et al. (20), Cutler et al. (21), Schre-
iner-Engel et al. (22), Bancroft et al. (23), and Cawood and
Bancroft (24) failed to find an association between androgen
levels and sexual functioning. The last study did, however,
find an association between DHEA and well-being.

Thus, while some small observational studies suggest a
link between androgens and sexual functioning in women,
there is no body of substantial evidence based on large
samples and validated questionnaires to confirm these find-
ings.

We previously found no significant change in positive
(25) or negative mood scores (26) but did observe significant
changes in female sexual functioning associated with the
menopausal transition (27). As women passed through the
menopausal transition, total scores on the Short Persona
Experiences Questionnaire (SPEQ) and scores for the cate-
gories of sexual responsivity, frequency of sexua activities,
libido, and feelings toward the partner decreased signifi-
cantly. A significant increase occurred in Vaginal Dyspareu-
nia and Partner’s Problems (Figs. 1 and 2) (27).

We have also used longitudinal analysis to elucidate the
timing of changes in estradiol, FSH (28), and the free tes-
tosterone index (5) associated with the menopausal transi-
tion. No significant changein total testosterone or in DHEAS
occurred with the menopausal transition, although aging
itself had a significant effect on DHEAS levels (5).

We performed a longitudinal population-based cohort of
Australian-born middle-aged women that used validated rat-
ing scales to determine whether androgen and estrogen lev-
els are related to female sexual functioning and mood.

MATERIALS AND METHODS

The Melbourne Women’'s Midlife Health Project is a
prospective, population-based study of Australian-born
women who were assessed annually for 8 years as they
passed through the menopausal transition (27).

Participants

The study began in 1991 with population sampling by
random telephone digital dialing and baseline telephone in-
terview of 2001 Australian-born women 45-55 years of age
who lived in Melbourne (71% response rate) (29). All
women at baseline who had experienced menses in the
previous 3 months and were not taking the oral contraceptive
pill or hormone therapy were invited to participate in a
longitudinal study. Fifty-six percent of eligible women chose
to participate (n=438). Volunteers for the longitudinal study
were more likely than nonparticipants to report better self-
rated health, paid employment, more than 12 years of edu-
cation, having ever had a Papanicolaou smear, exercising at
least once a week, and having undergone dilatation and
curettage (30).
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Change in total score on the Short Personal Experiences Questionnaire (SPEQ). Data are means; the bar indicates confidence

intervals. | = change from early to late menopausal transition; Il = change from late menopausal transition to postmenopause
27).
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The retention rate by year 8 of follow-up was 88%.
Women were excluded from analyses if they dropped out,
had surgical menopause during the study, took oral contra-
ceptives or hormones during any study year, or did not
complete the sexuality measure or blood sampling on the
designated days. The sample available for repeated-measures
linear regression was 226 participants.

M easurements and Procedures

The study was approved by the Human Research Ethics
Committee of the University of Melbourne, and the proce-
dures followed were in accordance with the ethical standards
of the National Health and Medical Research Council. All
participants provided written informed consent for their par-
ticipation in the study.

The Personal Experiences Questionnaire (PEQ) was
based on the McCoy Female Sexuality Questionnaire (31),
with modifications described elsewhere (32, 33). Women
complete this questionnaire in their own homes. A field-
worker hands the questionnaire to each woman annually at
the time of interview. The woman completes the question-
naire and hands it back to the fieldworker. Thus, only one
Personal Experiences Questionnaire is completed each year.
Items are meaned within each SPEQ factor, and atotal score
is calculated as the sum of SPEQ Factor 2 (sexual respon-
sivity), SPEQ Factor 3 (frequency of sexua activities), and
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SPEQ Factor 4 (libido). On the basis of a clinical evaluative
study of the SPEQ, an SPEQ total score of 7 or less is
considered to indicate sexual dysfunction (36).

Mood scores were derived by using the Affectometer 2
(34), which was administered at annual interviews by the
fieldworker. The Affectometer 2 has positive and negative
mood subscales. Each scale contains 10 adjectives, and the
score is the mean of the responses. In the current scale,
women were asked whether they had felt the way they felt
now most of the time, often, sometimes, or hardly ever (35).
This differs from the system used by Kammann and Flett
(34), who described five possible responses to each question.
However, distributional characteristics and the degree of
intercorrelation among the scores in our study were similar
to those previously published (34, 35). The negative mood
subscale correlates 0.83 with the Beck Depression Inventory
(short form). Kammann and Flett (34) reported high reliabil-
ity (o« value, 0.95).

Once ayear, fasting morning blood samples for hormone
radioimmunoassays were obtained between days 4 and 8 of
the menstrual cycle from women who were still cycling or
after 3 months of amenorrhea (30).

In year 1, FSH was measured by radioimmunoassay
(RIA), as described elsewhere (30). In years 2 and 3, the
automated Microparticulate Enzyme Immunoassay (Abbott
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Changes in domains on the Short Personal Experiences Questionnaire (SPEQ). Data are means; the bar indicates confidence

intervals. | = change from early to late menopausal transition; Il = change from late perimenopause to postmenopause (27).
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Diagnostics IMX Analyser; Abbott Laboratories, Abbott
Park, IL) was used, and from year 4 onward, the TOSOH
AlA1200 automated Enzyme Immunoassay (Abbott Labo-
ratories) was used. Correlation coefficients were 0.98 for
FSH measured by the IMX system and RIA and 0.99 for
FSH measured by the TOSOH system and the IMX system.

Estradiol was measured by using a double-antibody RIA
kit purchased from Diagnostic Products Corp. (Diagnostics
Product Corporation, Los Angeles, CA) Women younger
than 39 years of age sampled between the fourth and seventh
days of the cycle had serum FSH levels of 2.2-8.3 IU/L and
estradiol levels of 150-500 pmol/L. Postmenopausa women
had serum FSH levels > 22 [U/L. The free estradiol index
was calculated asthe ratio of measured estradiol to measured
sex hormone-binding globulin (SHBG) X 100.

Serum testosterone was measured by using double-anti-
body RIA, after sample extraction and polyethylene glycol—
enhanced separation of bound from free ligand with 1°I-
iodinated testosterone as tracer. The between-assay
coefficient of variation at a testosterone level of 2 nmol/L
was 12%. The norma range for serum testosterone in
healthy cycling women using this assay is 1.0-2.8 nmol/L at
our laboratory. For year 8, testosterone was measured on the
ACS180 (Bayer Corporation, Tarrytown, NY) system by
using commercial reagents and calibrators from Bayer. The
detection limit of this automated chemiluminescent enzyme
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immunoassay was 0.3 nmol/L. On the basis of the correla-
tion between results from this assay and the RIA, values
obtained by using the ACS180 system were increased by
10% for the purposes of our study. The free testosterone
index was calculated as the ratio of the measured testoster-
one to measured SHBG X 100. “Normal” values are quoted
by the laboratory (Monash Medical Centre) as less than 4.1.

Sex hormone-binding globulin and DHEAS were mea-
sured with an automated chemiluminescent enzyme immu-
noassay (DPC) using the Immulite Automated Analyser (Im-
mulite; Diagnostics Product Corporation, Los Angeles, CA).
The reference range for SHBG at the Monash Medical Cen-
treis 18 to 114 nmol/L, based on the in-house DPC reference
range for nonpregnant women.

Menopausal status was determined by a change in men-
strual status, which was asked at each annual interview in
women who were not taking hormone therapy. Women who
had menstruated in the previous 3 months were considered to
have early menopausal transition. Women who reported at
least 3 months of amenorrhea but less than 12 months of
amenorrhea were considered to have late menopausal tran-
sition. Women were considered postmenopausal if they had
had amenorrheafor at least 12 months. Fieldworkers verified
reports of 3 or more months of amenorrhea from prospec-
tively kept daily menstrual diaries.
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Hormone levels in the early menopausal transition at year
1.

SPEQ SPEQ
total score <7  total score > 7

Substance (n = 63) (n = 86) P value
Testosterone (nmol/L) 142 143 .94
DHEAS (nmol/L) 220 223 .90
SHBG (nmol/L) 72.7 75.4 .65
Free testosterone index 195 1.89 .68
Estradiol (pmol/L) 2225 298.2 .052
Free estradiol index 305.9 395.3 .080

Note: DHEAS = dehydroepiandrosterone sulfate; SHBG = sex hormone—
binding ; SPEQ = Short Personal Experiences Questionnaire.

Dennerstein. Hormones, mood, sexuality, and menopause. Fertil Seril 2002.

Statistical Analysis

On the basis of evaluation of the SPEQ involving women
with and without sexual dysfunction, an SPEQ total score
=7 was considered to indicate sexual dysfunction (36). This
test has a sensitivity and specificity of 79% (36). Total SPEQ
scores were then calculated for menstruating women (early
menopausal transition) in the first year of the longitudinal
study and compared with SPEQ total scores for women who
had reached postmenopausal status by year 8 of longitudinal
follow-up. Total and domain scores on the SPEQ for each
phase and years are given, along with corresponding hor-
mone levels; the Student t-test was used for comparisons.

Repeated-measures linear regression was used to model
total and domain scores on the SPEQ and mood scores as
linear functions of age, log of free testosterone index and log
of free estradiol index.

RESULTS

At baseline, the women had a mean (+SD) age of 48.5 +
2.3 years. Thirty-seven percent had more than 12 years of
education. The median parity was 3 (range, 0 to 9). Eighty-
six percent of women were married or living with a partner
inyear 1, and 81% were married or living with a partner by
year 8.

Year 1

The mean age of early menopausal transition women in
year 1 was 49.1 = 2.25 years. Of these women, 63 (42%)
had atotal SPEQ score = 7 and 86 had scores > 7. Table 1
shows mean hormone levels in these women. The mean age
of early menopausal transition women in year 1 was 49.1 +
2.25 years.

Year 8

The mean age of women who were postmenopausal at
year 8 was 57.1 = 2.35 years. Of these women, 137 (88%)
had SPEQ scores = 7. Hormone levels did not differ be-
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tween women with scores = 7 and those with scores > 7 at
year 8, but most estradiol levels were below the level of
sensitivity of the assay (20 pmol/L).

Relationship of Changes in Hormone Levels
to Changes in Sexual Functioning and M ood

Repeated-measures linear regression found that age
(B=-.2, P=.000), log estradiol (B=.13, P=.01),and log
free estradiol index (B=.12, P=.014) significantly affected
total SPEQ score. Of the domain scores, sexua responsivity
was affected by age (B=—.07, P=.000) and log estradiol
(B=.04, P=.052); frequency of sexua activities was af-
fected by age only (B=-.05, P=.000), and libido was
affected by age (B=—.45, P=.000), log estradiol (B=.087,
P=.001), and log free estradiol index (B=.08, P=.001). No
aspect of sexua functioning correlated with any of the an-
drogens measured (total testosterone, free testosterone index,
and DHEAS).

Neither positive or negative mood correlated with any of
the hormones measured. In contrast, positive mood increased
with age (B=.01, P=.042) and negative mood decreased
with age (B=-.009, P=.012).

DISCUSSION

Our study shows the extent of the change in sexual
functioning associated with the menopausal transition. For-
ty-two percent of women in the early menopausal transition
(at year 1 of follow-up) had SPEQ scores indicating sexua
dysfunction, compared with 88% of postmenopausal women
(at year 8 of follow-up). The decline in sexual functioning
with the menopausal transition was also evident in a study
based on menopausal phase without reference to year of
study (27). This earlier study included control groups so that
changes due to aging could be separated from those due to
menopausal transition. Only the domain of sexual respon-
sivity showed a decline with both aging and the menopausal
transition.

Decreasing androgen levels do not explain the dramatic
decline in sexual functioning after menopause. As described
elsewhere, the amount of bioavailable testosterone increases
as women become postmenopausal because of the decrease
in SHBG level (5).

We were able to examine only changes in sexua func-
tioning during the menopausal transition. Because women
were already older than 45 years of age at study entry, we
could not examine changes in sexua functioning before the
menopausal transition.

Nevertheless, androgen levels in these middle-aged
women were aready low. At the time that the assay was
established, there was no diagnostic interest in low testos-
terone levels, and testosterone assays with the necessary
sensitivity and precision to reliably define the lower end of
the norma range in women are lacking. It is therefore
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possible that assay insensitivity has contributed to the diffi-
culty in establishing a correlation between androgens and
sexua functioning.

Our study shows a relationship between low SPEQ scores
in sexual functioning and low estradiol levels and between
decline in estradiol and decline in sexua functioning (P=.05).
This analysis is limited by the floor effect in the estradiol
assay and the statistical method used, which is not sophisti-
cated enough to adequately define al aspects of change in
estradiol level.

No direct relationship was found between mood scores
and hormone levelsin the early or late menopausal transition
phases or between changing mood levels and changing hor-
mone levels. In a previous analysis, we also found no direct
effect of hormones or menopausal status on mood but did
find that the menopausal transition has an indirect effect on
negative mood scores, with increased vulnerability to stres-
sors occurring at this time (26).

The current study involved only white women born in
Australia. Most studies of hormones in middle-aged women
have been done on Caucasian women in Australia, Europe,
North America, and Scandinavia; thus, little information is
available on differences by ethnicity. Recent findings from
the Study of Women’s Health Across the Nation, an obser-
vational study of middle-aged U.S. women of African,
white, Chinese, Hispanic, and Japanese ethnicities, suggest
that ethnic differences do exist. Further studies are urgently
needed.

The evidence from double-blind, placebo-controlled clin-
ical trials suggests androgens affect sexual functioning and
mood. Most of these studies have been done in oophorecto-
mized women, who have lost the important contribution of
ovarian production to the total androgen pool and ovarian
production of estrogens and progesterone. The incremental
improvement of adding androgen to estrogen replacement
has been assessed (37-39). These studies have found testos-
terone to have significant positive incremental effects over
that of estrogen alone on mood and on aspects of sexual
functioning. It was not clear whether testosterone acts phys-
iologically or as a pharmacologic agent with a pronounced
psychotropic effect. Whereas earlier trials used doses that
were often above physiologic levels, later trials used lower
doses of hormones similar to the upper end of laboratory
ranges (40).

There have been relatively few negative trials, suggesting
that whatever the effect of testosterone physiologically on
mood and female sexuality, testosterone administration can
have a powerful pharmacological effect. In a study of 280
healthy men and women 60—79 years of age, Baulieu and
associates (41) found that daily administration of 50 mg of
DHEA improved libido, skin status, and bone turnover in
older women.

A randomized double-blind clinical trial also showed
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Hormone levels in Postmenopause at year 8.

SPEQ SPEQ
total score< 7  total score > 7
Substance (n = 137) (n = 19) P vaue
Testosterone (hmol/L) 1.05 1.05 .99
DHEAS (umol/L) 1.75 2.07 19
SHBG (nmol/L) 407 418 77
Free testosterone index 252 252 .99
Estradiol (pmol/L) 274 29.1 .69
Free estradiol index 67.3 69.5 .88

Note: DHEAS = dehydroepiandrosterene sulfate; SHBG = sex hormone—
binding globulin; SPEQ = Short Personal Experience Questionnaire.

Dennerstein. Hormones, mood, sexuality, and menopause. Fertil Seril 2002.

significant positive effects of estrogen on mood and sexual-
ity. A 12-month study was done in which 49 oophorecto-
mized women received 3 months each of daily ethinyl es-
tradiol, 0.05 wm; levonorgestrel, 250 wm; ethinyl estradiol
plus norgestrel; and placebo in random order. No androgen
comparison was included in the study design, but powerful
effects of ethinyl estradiol on mood (42) and sexuality (43)
were shown.

CONCLUSIONS

Sexual functioning declines with the menopausal transi-
tion. Endogenous androgen levels do not seem to explain this
decline, whereas estradiol has a significant relationship to
declining sexual function. We previously showed the pow-
erful effects of nonhormonal factors on sexual functioningin
middle-aged women (44). Management of the middle-aged
woman with sexual dissatisfaction must take all factors—
psychological, physical (including hormonal), and relation-
al—into account.
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