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Abstract

Aims: To describe levels of sexual desire across the menopausal transition (MT) and early postmenopause (PM),
including effects of age, MT-related factors, health, stress, symptoms (hot flash, sleep, mood), and social op-
portunity factors.
Methods: A subset of Seattle Midlife Women’s Health Study (SMWHS) participants who provided data during
the early reproductive, early and late menopausal transition stages, or postmenopause (n¼ 286), including
menstrual calendars for staging the MT, annual health reports between 1990 and 2005, and morning urine
samples assayed for estrone glucuronide (E1G), testosterone (T), and follicle-stimulating hormone (FSH) was
included. Multilevel modeling using the R program was used to test factors related to sexual desire.
Results: Women experienced a significant decrease in sexual desire during the late MT stage ( p< 0.01) and early
PM ( p< 0.0001). Those with higher urinary E1G and T reported significantly higher levels of sexual desire,
whereas those with higher FSH levels reported significantly lower sexual desire ( p< 0.0001, 0.06, and 0.0002,
respectively). Women using hormone therapy also reported higher sexual desire ( p¼ 0.02). Those reporting
higher perceived stress reported lower sexual desire ( p< 0.0001), but history of sexual abuse did not have a
significant effect. Those most troubled by symptoms of hot flashes, fatigue, depressed mood, anxiety, difficulty
getting to sleep, early morning awakening, and awakening during the night also reported significantly lower
sexual desire ( p range from <0.03 to 0.0001), but there was no effect of vaginal dryness. Women with better
perceived health reported higher sexual desire ( p< 0.0001), and those reporting more exercise and more alcohol
intake also reported greater sexual desire ( p< 0.0001). Having a partner was associated with lower sexual desire.
Conclusions: Clinicians working with women traversing the MT should be aware that promoting healthy sexual
functioning among midlife women requires consideration of their changing biology as well as ongoing life
challenges.

Introduction

Recent efforts to understand sexual response from
women’s perspectives have yielded new models of

women’s sexual desire, redefined as interest in sexual ex-
pression.1 This contrasts with earlier definitions of sexual
desire focused on an urge for sexual activity produced by the
activation of specific systems in the brain and experienced as a
specific sensation that motivates an individual to seek or re-
spond to sexual experience, now termed ‘‘libido.’’2 Basson
et al.3,4 propose that women’s sexual response occurs in a
circular fashion, with overlapping phases instead of a linear
progression through discrete phases, and that desire may
occur spontaneously or may follow subjective arousal in re-

sponse to sexual stimuli with an appropriate context instead
of being present initially and triggering sexual expression.3

Women’s awareness of sexual desire is not their most frequent
reason for initiating or accepting sexual activity,4 and genital
arousal does not correlate well with desire.3 Longitudinal
data from the Study of Women’s Health Across the Nation
(SWAN) indicated that 24% of postmenopausal women re-
ported they never felt and 41% infrequently felt sexual desire,
but the majority reported experiencing arousal (92%), and
only 13% rated sex as not very important.5 Thus, it is neces-
sary to study sexual desire by asking women to rate their
feelings of desire instead of using indirect measures.

To date, there is mixed evidence relating the menopausal
transition (MT) to sexual desire. Participants in early studies
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of sexuality and aging rarely attributed cessation of their
sexual activity to a loss of desire or interest. Although post-
menopausal women did note a lower level of interest in sex,
multiple factors were involved, including death of a spouse,
illness of a spouse, or their spouse’s inability to perform
sexual functions.6 In some studies, women who are in the MT
or postmenopause (PM) report lower sexual interest or desire
than do women who have not yet entered the MT,7–9 but in
other study populations, there is no difference.10–13

Reports from longitudinal studies of women followed
throughout the MP have contributed to a more thorough
understanding of factors associated with sexual desire during
the MT and early PM. Avis et al.14 found that postmenopausal
women in the Massachusetts Women’s Health Study reported
a reduction in sexual desire more frequently than did women
who had not yet begun the MT or were in the MT. Having had
surgery (type not specified) during the past year was associ-
ated with an increase in sexual desire, but experiencing psy-
chological symptoms, smoking, and having a partner were
associated with lower sexual desire.14 Although Dennerstein
et al.15 studied reports of libido measured as sexual thoughts
or fantasies in the last month, in contrast to sexual desire, they
found that women making a transition from the late repro-
ductive stage or early MT to late MT did not experience a
change in libido, but women changing from late MT to PM did
report a decrease in libido. The findings of these studies
suggest that factors related to the MT may influence sexual
desire.

Recently published evidence suggests that endocrine
markers of the MT, including estradiol (E2) and testoster-
one (T), and use of exogenous hormone therapy may influence
sexual desire.10,14,16,17 Avis et al.14 found that E2 levels were not
significantly related to sexual desire, but Dennerstein et al.15

reported marginal positive associations of E2 and T with sexual
desire, and Cawood and Bancroft16 reported neither E2 nor T
was associated. Santoro et al.17 found that T was associated
minimally with increased sexual desire. Despite the inverse
relationship between follicle-stimulating hormone (FSH) and
E2 levels during the MT, to date there are no reports of rela-
tionships between FSH levels and sexual desire.

In addition to the physical changes associated with the MT,
the context in which sexual desire occurs is influential. Per-
ceived life stress has the potential to distract women from
focusing on sexual desire, and a woman’s social roles and re-
sponsibilities may limit her opportunity to engage with a part-
ner in a situation conducive to sexual expression.7,11,14,18–20

Being married was associated with lower sexual desire com-
pared with being single, divorced, or widowed.14,18 Role re-
sponsibilities that are linked to stress among midlife women
include parenting as well as employment, and both may
compete for women’s time for sexual opportunity. Although
history of sexual abuse has been linked to stress arousal and
sexual dysfunction, it has not been studied in relation to
sexual desire in midlife women.

Women experiencing such symptoms as hot flashes, mood,
sleep disruption, fatigue, or vaginal dryness during the MT
may find their symptoms are not conducive to sexual desire.15

Health-related behaviors, such as smoking, ingesting alcohol,
and engaging in low levels of physical activity, have been
associated with lower sexual desire in some studies.5,14,18

Experiencing poor health, including such chronic conditions
that become more prevalent during the middle years as

diabetes, depression, and cardiovascular disease (coronary
artery disease),21–27 and medication use, including antihy-
pertensives and antidepressants (SSRIs) may also be associ-
ated with reduced sexual desire during the MT and early
PM.28–32

Bancroft et al.33 found that although lower sexual desire
increases with age, the proportion of women who are dis-
tressed about it decreases with age. These findings are con-
sistent with those from the large cross-sectional study,
Women’s International Study of Health and Sexuality
(WISHeS), in which women 50–70 years of age reported they
were less distressed by their low sexual desire than were
women 20–49 years of age.34,35

Given the recent reconceptualization of women’s sexual
response, it is important to examine the consequences of the
MT and aging for sexual desire, as well as the influence of
health, stress, social opportunities, and symptoms on sexual
desire. The purposes of this study were to:

1. Describe the level of sexual desire across the MT stages
and early PM and with age.

2. Explore the relative associations between sexual desire
and age, as they may be affected by MT factors (MT
stage, urinary estrone glucuronide [E1G], FSH, T, hor-
mone therapy use), health-related factors (perceived
health, smoking, alcohol intake, engaging in physical
activity=exercising), social opportunity factors (being in
a relationship with a partner, being a parent, being
employed, years of education), stress-related factors
(perceived stress, history of sexual abuse), and symp-
toms (hot flashes, depressed mood, anxiety, sleep dis-
ruption, fatigue, vaginal dryness).

Materials and Methods

Design

The data for these analyses are from a longitudinal study of
the MT, the Seattle Midlife Women’s Health Study (SMWHS).
Women entered the cohort between 1990 and early 1992 when
most were not yet in the MT or were in the early stages of the
transition to menopause. After completing an initial in-person
interview (n¼ 508) administered by a trained registered nurse
interviewer, participants (n¼ 367) began providing data an-
nually by questionnaire, menstrual calendar, and health
diary. Also in 1990, women began contributing data in a
health diary that included a symptom checklist as well as
indicators of health behaviors and stress. Data were obtained
from 3 days of diary ratings from those closest to days 5, 6,
and 7 of the menstrual cycle and coinciding with first morning
voided urine specimens women provided 8–12 times per year
for endocrine assays (from late 1996 through 2000) and then
quarterly for 2001–2005. These data were in addition to an
annual health questionnaire and menstrual calendars.

Sample

Eligible participants (n¼ 286) were those who contributed
ratings of sexual desire from the health diaries beginning in
1990 and were in the late reproductive stage, early or late MT
stages, or early PM during the course of the study. The
number of women providing data and the number of obser-
vations for each of the stages were: late reproductive (n¼ 195,
2642 observations), early MT (n¼ 169, 1942 observations), late
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MT (n¼ 103, 1059 observations), early PM (n¼ 65, 974 ob-
servations). Once they began the longitudinal component of
the study, over 90% of eligible women participated each year.
Women were eligible for participation if they had menstru-
ated within the past 3 months before recruitment and had at
least one ovary. Women using hormones were included, but
their data were excluded from analyses reported here unless
hormone therapy was included in the model being tested.
They became ineligible once they attained 5 years PM or had a
bilateral oophorectomy or induced menopause.

Women whose data were available for analysis and were
eligible for inclusion were midlife women with a mean age of
41.4 (SD¼ 4.3) years at the beginning of the study, 15.9 years of
education (SD¼ 2.8), and a median family income of $38,800
(SD¼ $15,000). Most (87%) of the eligible participants were
currently employed, 71% were married or partnered, 22% were
divorced or separated or widowed, and 7% were never mar-
ried or partnered. Eligible women described themselves as
follows: 7% African American, 9% Asian American, 82%
Caucasian. As seen in Table 1, women who were included in
these analyses compared with those who were ineligible were
similar with respect to employment status, marital status, age,
and education. They differed significantly by income and eth-
nicity: those who were included in the analyses had higher
incomes and were more likely to be Caucasian.

Measures

The measures used for this study included sexual desire,
age, MT-related factors (MT stage, urinary E1G, FSH, and T;
hormone therapy use), stress-related factors (perceived stress,
history of sexual abuse), symptoms (hot flashes, depressed
mood, anxiety, sleep disruption, fatigue, vaginal dryness),
social opportunity factors (having a partner, being a parent or
employed, years of education), and health-related factors
(perceived health, using alcohol, smoking, exercising).

Sexual desire. Sexual desire was assessed in the diary by
asking women to respond to the item: Rate how much you felt

sexual desire: 0¼not at all, 1¼minimally, 2¼mildly,
3¼moderately, and 4¼very much. The reference period for
sexual desire ratings was the past 24 hours. Because sexual
desire is a state, an estimate for a 24-hour period was optimal.

Menopausal transition-related factors. MT-related fac-
tors included MT stage, urinary E1G, T, FSH, and hormone
therapy use. Hormone therapy use did not include oral con-
traceptives or progestin alone. Using menstrual calendar data,
women not taking any hormones were classified according to
stages of reproductive aging: late reproductive, early MT, late
MT, or early PM, based on staging criteria developed by
Mitchell et al.36 The names of stages match those re-
commended at the Stages of Reproductive Aging Workshop
(STRAW).37 The time before the onset of persistent menstrual
irregularity during midlife was labeled the late reproductive
stage when cycles were regular. Early stage was defined as
persistent irregularity of>6 days absolute difference between
any two consecutive menstrual cycles during the calendar
year, with no skipped periods. Late transition stage was de-
fined as persistent skipping of one or more menstrual periods.
A skipped period was defined as double the modal cycle
length or more for the calendar year. In the absence of a modal
cycle length, a population-based cycle length of 29 days was
used. Persistence meant the event, irregular cycle or skipped
period, occurred one or more times in the subsequent
12 months. Final menstrual period (FMP) was identified ret-
rospectively after 1 year of amenorrhea without any known
explanation. The date of the FMP is synonymous with the
term menopause. Early PM was within 5 years of the FMP.
The criteria for staging the MT using these definitions have
been described in detail elsewhere and have been validated in
the ReSTAGE Study.38 Women who were using hormone
therapy at recruitment were excluded from the study. Those
using hormone therapy in any period could not be assigned
an MT stage because their bleeding or lack of bleeding pre-
vented assigning an MT stage, applying the staging rules that
were developed for women experiencing a natural meno-
pause.

Table 1. Sample Characteristics of Eligible and Ineligible Women in the Mixed Effects

Modeling Analyses of Sexual Desire at Start of Study, 1990–1991

Characteristic Eligible women (n¼ 286) Mean (SD) Ineligible women (n¼ 222) Mean (SD) p valuea

Age, years 41.4 (4.3) 42.1 (5.0) 0.09
Years of education 15.9 (2.8) 15.4 (3.1) 0.07
Family income $38,800 ($15,000) $35,600 ($17,400) 0.02

n (%) n (%) p valueb

Currently employed 0.53
Yes 249 (87.1) 189 (85.1)
No 37 (12.9) 33 (14.9

Race=ethnicity <0.0001
African American 20 (7.0) 38 (17.1)
Asian=Pacific Islander 26 (9.1) 17 (7.7)
Caucasian 235 (82.2) 156 (70.3)
Other (Hispanic, mixed) 5 (1.7) 11 (4.9)

Marital status 0.31
Married=partnered 203 (71.0) 145 (65.3)
Divorced=widowed=not partnered 63 (22.0) 62 (27.9)
Never married=partnered 20 (7.0) 15 (6.8)

aIndependent t test.
bChi-square test.
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Urinary assays. Urinary assays were performed in our
laboratories using a first-voided morning urine specimen
provided on day 6 of the menstrual cycle, if menstrual periods
were identifiable. For women with no bleeding or spotting or
extremely erratic flow, a consistent date each month was used.
Women abstained from smoking, caffeine use, and exercise
before the urine collection. Urine samples were preserved
with sodium ethylenediamine tetraacectic acid and sodium
metabisulfite and frozen at �708C. All specimens, standards,
and controls were tested in duplicate, and those with a coef-
ficient of variance >15% were repeated. A Bio-Rad Quanti-
tative Urine control (Bio-Rad, Hercules, CA) and a pooled
in-house urine control were included in all assays, and a
member of the standard curve was repeated after every ten
unknowns to monitor assay performance. In general, all
samples from a calendar year were assayed during the next
calendar year, and multiple samples from each participant
were assayed in the same batch during each year. All endo-
crine concentrations were corrected for variations in urine
concentration by expressing the hormone level concentration
ratio in the same urine specimen.

Urinary E1G was selected to assess estrogens because it is
stable, can be reliably measured without special preparation,
and is highly correlated with serum E2 levels.39–44 Urinary
E1G was measured by a competitive enzyme immunoassay
(EIA) that cross-reacts 83% with E1G and <10% with free E1,
estrone sulfate, estriol glucuronide, E2, and estriol.41 The assay
is described in detail elsewhere.41 The lower limit of detection
for the assay was 3.1 nmol=L. Average recovery from a urine
matrix of low, medium, and high E1G standard doses was
101%.41 Intra-assay and interassay coefficients of variation
(CV) were 2.1% and 9.6%, respectively, for an external (Bio-
Rad) urine control (mean concentration 2.1 ng=mL) and 2.8%
and 14.5%, respectively, for an internal urine control (mean
concentration 1.59 ng=mL) (determined using the method of
Robard45 from 20 randomly selected plates).

Urinary FSH was assayed using Diagnostic Products Cor-
poration (DPC, Los Angeles, CA) Double Antibody FSH Kit,
using a radioimmunoassay (RIA) designed for the quantita-
tive measurement of FSH in serum and urine. The procedure
is described in detail elsewhere.46 The reporting range for
urine FSH was 2.0–100 mIU=mL; the minimum detectable
concentration was 1.6 mIU. The interassay variation was
7.1%, and the intra-assay variation was 3.7% (n¼ 205).

Urinary creatinine was assayed in urine specimens using
the method of Jaffe.47 The interassay variation (run to run)
was 6.7%, and the intra-assay variation was 3.1% (n¼ 405).
Urinary T levels were assayed using the Siemens Total Tes-
tosterone Kit (Siemens, Deerfield, IL), a solid-phase RIA using
a testosterone-specific antibody immobilized to the wall of a
polypropylene tube. The assay is described in detail else-
where.46 The interassay variation was 12.38% (n¼ 791), and
the intra-assay variation was 8.75%.

Health-related factors. Health-related factors included
perceived health, smoking, using alcohol, and exercising.
Perceived health was measured in the diary from the begin-
ning of the study using the question: How healthy did you feel
today? Women rated their perceived health from 1 (not at all)
to 6 (extremely, a lot).

Women were asked to indicate in the daily health diary
whether or not they smoked (coded as 0 for no and 1 for yes),

the amount of alcohol drunk, and the amount they exercised.
Exercise was determined using the question: How many total
minutes of nonwork-related exercise did you do today?
This includes walking, running, biking, swimming, aerobics,
sports, work out, gardening, and yard work.

Medication use was coded from the health diaries and in-
cluded medications that fell into categories, such as andro-
gens, antidepressants, hormonal preparations, SERMS,
sedatives, and antipsychotics. These variables were used to
exclude data points from the analyses where medication use
would be likely to confound the relationship being tested. Use
was coded 1 for yes or 0 for no for each time point.

Stress-related factors. Stress-related factors included
perceived stress and history of sexual abuse. Perceived stress
was assessed in the diary with a question: How stressful was
your day? Women rated their responses from 0 (not at all) to 6
(extremely, a lot). Brantley et al.48 found that a global stress
rating and the sum of stress ratings across multiple dimen-
sions correlated significantly (r¼ 0.35, p< 0.01). Sexual abuse
history was assessed by asking: Have you ever been sexually
assaulted, abused, or molested? These data were obtained in
1999–2002 in the annual health update questionnaire. Also,
beginning in 1996 and through the end of the study, we asked:
During the past year, did you experience any sexual abuse or
sexual assault? A cumulative variable was created to repre-
sent any history of sexual abuse or assault and coded as 1 for
yes and 0 for no.

Social opportunity factors. Social opportunity factors
were assessed annually in the health report and included
whether the woman had a partner, was employed, and was a
parent, with each variable coded as 1 for yes and 0 for no. In
addition, education was assessed annually as years of edu-
cation completed.

Symptoms. Hot flash severity was assessed several times
each year in the symptom diary, in which women rated their
symptoms from 0 (not present) to 4 (extreme). Depressed
mood (feeling sad or blue), anxiety, difficulty getting to sleep,
awakening during the night, early morning awakening, fa-
tigue, and vaginal dryness were assessed in a similar fashion.

Analyses

Mixed effects modeling using the R library49–53 was used to
investigate if age, MT stage, factors related to the MT, stress-
related factors, symptoms, social factors, and health-related
factors were significant predictors of sexual desire over time.
Age was centered at the group mean to enable interpretation
of the effect of age on sexual desire. Details of the analytic
models are provided in detail elsewhere.46

The initial series of models tested age alone as a predictor of
sexual desire. The first model postulated that overall levels of
sexual desire could differ from woman to woman (random
intercept), but the scores would change with age in a common
manner (fixed slope). The second model extended the first to
postulate that each woman has a different mean level of sex-
ual desire and rate of change (random intercept, random
slope). The best fitting model was assessed by using maxi-
mum likelihood estimation with Akaike Information Criter-
ion (AIC).53 When the best fitting model was found, we
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extended that model by adding covariates iteratively to test the
effect on sexual desire scores over time. The next step was to
determine the best model for each concept by adding all sig-
nificant covariates within each concept. Next, all covariates
that significantly improved the model fit to the data when
entered by concept were added simultaneously into a final
model. Finally, a reduced final model was considered using
only the significant variables from the final model. A p value of
0.05 was used as the criterion for significance. Different num-
bers of women and observations occurred with each variable
tested because the analysis required pairing of observations of
the outcome and predictor variables at each time point. For
example, in cases of medication use that could confound the
results, data were omitted from analyses for that occasion.

Results

Results in Table 2 describe all six model parameters. The
intercept (b1) is the initial or baseline mean value for sexual

desire at age 47.3 for this population and has significant vari-
ability ( p¼<0.0001). Age was centered at 47.3 years, the mean
for the women whose data were used in the following analyses,
to enhance interpretation of the effect of age on sexual desire.
When age effects on sexual desire were analyzed using a ran-
dom intercept, fixed slope model vs. a random intercept, ran-
dom slope model, the latter provided a significantly better fit to
the data (AIC 15393.33 vs. 15030.45, p¼<0.0001). When age
was considered alone using a random effects model, at age
47.3, the mean sexual desire level was 1.26, with a small but
significant increase of 0.02 per year (b2) (Table 2).

The slope (b2) is the mean increase or decrease in sexual
desire per year, and the covariate value (b3) is the mean in-
crease or decrease from the intercept in sexual desire with
each unit of change in the covariate. For example, the per-
ceived health response range is from 1 to 10. With perceived
health as a covariate with age in the equation, the mean sexual
desire level at age 47.3 for this population at the start of the
study (b1) was 0.42. Sexual desire increased by 0.02 units (b2)

Table 2. Random Effects Models for Sexual Desire with Age as Predictor (b2)
and with Individual Covariates (b3)a

Predictor

Mean valuesb (p values) Standard deviationsc Number

b1
b b2

b b3** s1*** s2*** se*** Women Observations

Age (47.3) 1.26 0.02 (0.04) – 0.87 0.09 0.69 286 6617
Health-related factors

Perceived health 0.42 (<0.0001) 0.02 (0.04) 0.21 (<0.0001) 0.860 0.093 0.674 286 6617
If smokes 1.28 (<0.0001) 0.01 (0.05) �0.16 (0.03) 0.87 0.09 0.69 286 6617
Amount of exercise 1.20 (<0.0001) 0.01 (0.05) 0.002 (<0.0001) 0.87 0.09 0.69 286 6617
Amount of alcohol 1.20 (<0.0001) 0.01 (0.05) 0.10 (<0.0001) 0.86 0.09 0.69 286 6617

Menopausal transition factors
MT stage 1.31 (<0.0001) 0.03 (0.0001) 0.87 0.08 0.69 286 6617

Early 0.02 (0.54)
Late �0.13 (0.01)
Early PM �0.42 (<0.0001)

Estrone glucuronide
(log10) (1.3)

1.55 (<0.0001) �0.03 (0.003) 0.21 (<0.0001) 0.92 0.09 0.62 130 4718

FSH (log10) (1.1) 1.54 (<0.0001) �0.03 (0.002) �0.06 (0.006) 0.93 0.09 0.62 130 4751
Testosterone (log10) (1.2) 1.52 (<0.0001) �0.04 (0.001) 0.15 (0.0002) 0.92 0.09 0.63 130 4754
HRT use 1.23 (<0.0001) 0.01 (0.10) 0.10 (0.02) 0.85 0.09 0.69 312 7566

Social opportunity factors
If partnered 1.34 (<0.0001) 0.02 (0.04) �0.12 (0.008) 0.87 0.09 0.69 286 6617
Years of education 0.77 (0.01) 0.02 (0.04) 0.03 (0.12) 0.87 0.09 0.69 286 6617
If parent 1.23 (<0.0001) 0.01 (0.04) 0.03 (0.72) 0.87 0.09 0.69 286 6617
Employment 1.28 (<0.0001) 0.02 (0.04) �0.02 (0.75) 0.87 0.09 0.69 286 6617

Stress-related factors
Perceived stress 1.50 (<0.0001) 0.01 (0.12) �0.10 (<0.0001) 0.88 0.09 0.69 286 6617
History of sexual abuse 1.23 (<0.0001) 0.02 (0.02) 0.21 (0.09) 0.89 0.09 0.69 231 6415

Symptoms
Hot flashes 1.27 (<0.0001) 0.02 (0.01) �0.05 (0.0002) 0.87 0.09 0.69 286 6612
Fatigue 1.46 (<0.0001) 0.02 (0.03) �0.17 (<0.0001) 0.88 0.09 0.68 286 6617
Depressed mood 1.34 (<0.0001) 0.02 (0.03) �0.20 (<0.0001) 0.90 0.10 0.66 286 5992
Anxiety 1.34 (<0.0001) 0.02 (0.02) �0.10 (<0.0001) 0.89 0.09 0.69 286 6458
Problem getting to sleep 1.31 (<0.0001) 0.02 (0.02) �0.13 (<0.0001) 0.89 0.09 0.69 286 6458
Awakening during

the night
1.30 (<0.0001) 0.02 (0.01) �0.06 (<0.0001) 0.88 0.09 0.69 286 6458

Early morning awakening 1.28 (<0.0001) 0.02 (0.02) �0.03 (0.03) 0.88 0.09 0.69 286 6458
Vaginal dryness 1.26 (<0.0001) 0.02 (0.03) �0.03 (0.20) 0.87 0.09 0.69 286 6617

aOccasions on which selected medications were used were omitted from the analyses. Androgen use occasions were excluded from all
analyses. Occasions when medications could affect symptoms, such as sleep, hot flashes, and mood, were excluded from these analyses.

bb1, b2, b3 are the fixed effects (group averages) for the intercept, slope, and covariate.
cs1, s2, se are the random effects (variability) for the intercept, slope and residual error.
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per year during the study, and for every 1 unit increase in
perceived health, sexual desire significantly increased by 0.21
units (b3).

As seen in Table 2, the health-related covariates all had a
significant effect on sexual desire when added individually.
Perceived postiive health predicted a significant increase in
sexual desire (b¼ 0.21, p¼<0.0001). Amount of exercise and
alcohol intake also predicted a significant increase in sexual
desire (b¼ 0.002 and 0.10, respectively, p¼<0.0001 for both),
and smoking status predicted a significant decrease in sexual
desire (b¼�0.16, p¼ 0.03).

MT-related covariates (MT stage, E2, FSH, T, and use of
hormone therapy) were analyzed with age as a covariate in
the model using a random effects model. For this population
of women, those in the late MT and early PM experienced
significantly lower sexual desire than those in the late repro-
ductive stage (b¼�0.13, p¼ 0.01for late MT; b¼�0.42,
p¼<0.0001 for early PM) (Table 2). As seen in Figure 1, being
in the early MT stage had little effect on sexual desire com-
pared with being in the late reproductive stage. The steepest
drop in sexual desire occurred between late MT stage and
early PM. The level of sexual desire decreased gradually with
years prior to the final menstrual period, with the steepest
drop from 3 years before FMP to 2 years after FMP (Fig. 2).

Of the endocrine factors studied with age as a covariate, E2

was positively related to sexual desire (b¼ 0.21, p¼<0.0001),
as was T (b¼ 0.15, p¼<0.0002). FSH was negatively related
to sexual desire (b¼�0.06, p¼ 0.006), and hormone therapy
use was positively related to sexual desire (b¼ 0.10, p¼ 0.02).

When social opportunity covariates were added to a model
with age as a covariate, having a partner was associated with
a decrease in sexual desire (b¼�0.12, p¼ 0.008). Other social
opportunity factors, including parenting, employment, and
years of education had no significant effect on sexual desire.

For the stress-related covariates when analyzed with age as
a covariate, women who reported greater perceived stress
experienced significantly lower levels of sexual desire
(b¼�0.10, p¼<0.0001). History of sexual abuse had no sig-
nificant effect on sexual desire.

Severity of symptoms women reported had a significant
negative effect on sexual desire. Among these, hot flashes
(b¼�0.05, p¼ 0.0002), anxiety (b¼�0.10, p¼<0.0001), dif-
ficulty getting to sleep (b¼�0.13, p¼<0.0001), awakening
during the night (b¼�0.06, p¼<0.0001), awakening early in
the morning (b¼�0.03, p¼ 0.03), fatigue (b¼�0.17,
p¼<0.0001), and depressed mood (b¼�0.20, p¼<0.0001)
were associated with lower sexual desire. Vaginal dryness
was not related to sexual desire.

When all significant covariates for all concepts were ana-
lyzed together in a final model, covariates with a significant
effect on sexual desire included age, E1, T, perceived health,
amount of alcohol intake, perceived stress, E1, depressed
mood, fatigue, and problem getting to sleep (Table 3). Of
these, age, perceived health, stress, depressed mood, and fa-
tigue had significant effects, with p< 0.0001. The effect of T
( p¼ 0.01) was considered marginal in this model.

Discussion

As women in the SMWHS cohort aged, their reported
levels of sexual desire decreased only slightly. MT factors,
health-related factors, stress, and symptoms had important
effects on desire, but social opportunity factors had limited
effects.

Sexual desire began to drop during the late MT stage and
continued to drop more markedly in the early PM. As estro-
gen and T levels dropped and FSH levels rose, sexual desire
decreased. Hormone therapy use was associated with slightly

FIG. 1. Sexual desire by menopausal transition stage.
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higher levels of sexual desire. Women who reported better
perceived health and those who reported lower perceived
stress levels, higher levels of exercise, and more use of alcohol
reported higher levels of sexual desire. Women who experi-
enced more severe symptoms, including hot flashes, fatigue,
depressed mood, anxiety, problems getting to sleep, early
morning awakening, and awakening during the night, re-
ported lower sexual desire, but there was not a significant

effect of vaginal dryness. None of the factors indexing social
opportunity, except having a partner and education, were
significantly related to sexual desire.

The most parsimonious model obtained by multivariate
analyses included age, which was negatively associated with
sexual desire, and both E1 and T, which were positively re-
lated to sexual desire. In addition, perceived health and al-
cohol intake were both positively associated with sexual
desire, and perceived stress, depressed mood, fatigue, and
problems getting to sleep were associated negatively with
sexual desire.

Our findings of a positive relationship between urinary E1G
and sexual desire are consistent with reports by others who
have assayed E2 levels in serum and identified a positive as-
sociation with sexual desire.10 In addition, the use of hormone
therapy was positively associated with sexual desire, sug-
gesting that both endogenous and exogenous estrogen sour-
ces may be important in promoting=supporting sexual desire.
Our finding of a positive relationship between urinary T levels
and sexual desire is consistent with the SWAN study results,17

as well as the findings of Gracia et al.54 of an association be-
tween fluctuating levels of T (vs. stable) and decreased libio-
do. The relationship of FSH to sexual desire we found in the
SMWHS cohort was not reported in prior studies. Although
FSH may not have a direct central effect on perception of
sexual desire, it may serve as a marker for decreasing E2 levels
during progression through the MT. Of note is that only E1G
and T were significant in the multivariate model and the
p value for T was much larger than that for E1G and consid-
ered marginally significant given the number of tests.

The relationship of sexual desire to the progression through
MT stages, particularly becoming postmenopausal, is con-
sistent with findings of other studies in which a decrease in
sexual desire was seen as women made the transition from the

FIG. 2. Sexual desire by years before and after final menstrual period.

Table 3. Final Random Effects Model for Sexual

Desire, with Age as Predictor and Other Significant

Covariates Entered Simultaneously
a

Coefficient
(b)

Standard
Error=

Standard
Deviation p value

Fixed effects
b1 intercept 1.18 0.11 <0.0001
b2 Age (�47.3) years �0.05 0.01 <0.0001
b3 E1G 0.14 0.04 <0.0001
b4 Testosterone 0.11 0.04 0.01
b5 Perceived health 0.16 0.01 <0.0001
b6 Alcohol drinks 0.06 0.02 0.0007
b7 Stress �0.05 0.01 <0.0001
b8 Depressed mood �0.13 0.02 <0.0001
b9 Fatigue �0.08 0.01 <0.0001
b10 Problems

going to sleep
�0.06 0.02 0.001

Random effects
b1 Intercept s1 0.10
b2 Age (�47.3) years s2 0.09
be residual se 0.56

an¼ 126; observations¼ 4086.
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late reproductive stage to the MT stages or early PM.14,15,55

Although there was no association between MT stages and
sexual desire in the SWAN baseline measures, few women
were in the late MT stage and none were in early PM at the
time of the measures.56 In our multivariate model, MT stages
did not have significant effects on sexual desire.

Experiencing symptoms of hot flashes, fatigue, depressed
mood, anxiety, and sleep problems were all associated with
reduced levels of sexual desire. Dennerstein et al.15 also found
that women most troubled by symptoms during the MT or
PM experienced lower sexual desire, as did Reed et al.57 In
particular, hot flashes, night sweats, disrupted or poor sleep,
and depressed mood were frequently reported correlates for
decreased sexual desire.54,57 Unlike studies of other popula-
tions, we found no relationship with vaginal dryness and
sexual desire.54,56,57 These findings may reflect our focus on
assessing sexual desire vs. libido. Other studies assessing
sexual desire include items referencing libido and, thus, may
be detecting perceptions of vaginal sensations of lubrication
and swelling, which may be influenced by symptoms such as
vaginal dryness. The important effects of symptoms were
underscored in the multivariate model, in which depressed
mood, fatigue, and problems getting to sleep were all signi-
ficant.

Stress-related factors, including higher perceived stress
levels, were associated with lower sexual desire, as seen in
other studies.18–20,56 This relationship is consistent with in-
ability to focus on oneself when the environmental demands
challenge safety and intimacy. Of interest is that history of
sexual abuse was not associated with sexual desire during
midlife, similar to that found in the SWAN cohort baseline
measures.56 Perceived stress was the only stress-related factor
that was significant in the multivariate model.

Having a partner was negatively associated with sexual
desire, consistent with results from the baseline assessment of
sexual desire in the SWAN cohort as negatively related to
being married, suggesting that relationship novelty may be a
factor in sustaining sexual desire.56,58 This explanation would
be consistent with results of a postal survey of Australian
women indicating that length of relationship was associated
with lower sexual desire.58

Aside from having a partner, social opportunity factors,
including role obligations (parent, employment), that may be
burdensome and education were unrelated to sexual desire, in
contrast to their effects on sexuality in other studies.15,18–20

Education may not have an apparent effect in the SMWHS
cohort, who were well-educated. Likewise, parenting and
employment effects may not have been significant given the
ages of adult children and the relatively high proportion of
employment in the cohort. None of the social factors was
significant in the multivariate model.

Health-related factors were significantly associated with
sexual desire. Women reporting more positive perceptions of
their health reported greater sexual desire, consistent with
findings in other studies.14 Women who engaged in physical
exercise and used alcohol also reported greater sexual desire,
consistent with results of other studies.12,14,19 Our finding of a
negative relationship between smoking and sexual desire has
not been reported previously and may be related to effects of
smoking on estrogen levels during the menopausal transition.
Only perceived health and alcohol use were significant in the
multivariate model.

Taken together, these findings show a profile of vulnera-
bility to reduced sexual desire associated with aging, lower
estrogen and T levels, poorer perceived health, lower alcohol
use, exposure to stress, and experience of depressed mood,
fatigue, and problems getting to sleep. Future attention to
both biological and psychosocial correlates of sexual desire,
including everyday stress and symptoms women may expe-
rience in conjunction with the MT, is warranted.

The limitations of this study include restriction of the sexual
desire ratings to days 5–7 of the menstrual cycle for cycling
women, during the early follicular phase. In addition, women
who were using hormone therapy at the beginning of the
study were excluded. Those who used hormone therapy later
during some observations were included in the analyses re-
ported there, but observations made during hormone therapy
use were omitted from the analyses except for the analysis of
their effects (Table 2). Finally, women who withdrew from the
study before completing the first 5 years of the PM reduced
the numbers of women providing data for these observations.
Future studies of sexual desire during the MT and PM will be
necessary in order to reveal a longer course of sexual desire as
women experience the late PM and age.
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