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Abstract

Background: The objective of this study was to identify (1) the importance of a number of potential factors
affecting the likelihood of sexual activity in perimenopausal women and (2) the likelihood of a number of
barriers to sexual activity.

Methods: A cohort of 780 women undergoing menopausal transition was surveyed annually for up to 7 years.
Data were collected on sexual activity and, if not sexually active, reasons for no sexual activity, as well as a
number of potential risk factors. Height and weight were measured at an annual clinic visit; serum hormone
concentrations were assayed using blood samples donated annually. Data were examined with logistic re-
gression models using the individual as a random effect, with subset analysis of nonsexually active women to
determine the likelihood of each barrier. All factors with univariate associations of p<0.1 were considered in
multivariate model building with stepwise addition.

Results: A total of 2440 woman-years were included in the analysis of sexual activity. The likelihood of sexual
activity increased for women living with a partner, with perceived quality of life, and with less frequent hot
flashes. Among 513 woman-years reporting no sexual activity, women living with a partner and women
reporting frequent fatigue were less likely to lack a sexual partner, but were more likely to have sexual
difficulties. Women with more physical work than average and women with higher serum estradiol levels were
less likely to have sexual difficulties.

Conclusions: The factors associated with sexual activity in menopausal women are complex, indicating that an
individualized approach to improving sexual activity is required.
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Introduction pausal transition. There is a need for longitudinal study of
sexual activity during the menopausal transition to identify
the importance of potential factors that are consistently as-
sociated with sexual activity and the barriers to it.

The objective of this study was to identify factors affecting
sexual activity during the menopausal transition. We capital-
ized on data available from a cohort study of midlife women
to analyze both the likelihood of being sexually active and
the reasons for not being sexually active, considering many
potential risk factors.

S EXUAL DYSFUNCTION IS a common problem as women age
and is a serious concern for perimenopausal women.'™ A
survey of perimenopausal women in Europe found that 79% of
participants agreed that it was very important to have a satis-
fying sex life.” One primary reason for increased reporting of
sexual dysfunction during menopause is the decrease in es-
trogen levels during the menopausal transition as deficiencies
in estrogen can lead to dry and painful sex." However, other
factors also play a role as sexual function is known to be
multifactorial and complex.'®

Most studies examining sexual activity in menopausal
women have been cross sectional*>’~'* and have been un- Data were used from a cohort study designed to evaluate
able to capture the dynamics of changes during the meno- the frequency and severity of hot flashes among women
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45-54 years of age residing in Baltimore and its surrounding
counties. All participants gave written informed consent ac-
cording to procedures approved by the University of Illinois
and Johns Hopkins University Institutional Review Boards.
The study design for the parent study is described in detail
elsewhere.'* Briefly, data were collected between 2006 and
2015. Women were recruited by mail and were included if
they were in the target age range, had intact ovaries and uteri,
and were pre- or perimenopausal. Exclusion criteria con-
sisted of pregnancy, a history of cancer, exogenous female
hormone or herbal/plant substance use, and no menstrual
periods within the past year.

Participants made a baseline clinic visit, which included
measurement of height and weight to calculate body—mass
index (BMI) and completion of a detailed 26-page baseline
survey, with self-reporting of menopause symptoms as sup-
ported by NIH.'® The survey included the question: Are you
sexually active? (Please note that sexual activity includes be-
haviors from self-stimulation or masturbation and foreplay/
arousal with partner to actual intercourse). Women responding
no were asked to mark as many options as apply to the sub-
question: “‘I am not sexually active because.” Options in re-
sponse to this were ‘T am too tired”’; ‘“My partner is too tired”’;
“I am not interested’’; ‘‘My partner is not interested’’; ‘I have
a physical problem that makes penetration difficult or un-
comfortable’; “My partner has a physical problem that makes
sexual relations difficult or uncomfortable’; I do not have a
partner at this time’’; and “‘Other (please describe).” Partici-
pants were then asked to come to the clinic annually to have
their height and weight measured and complete a brief ques-
tionnaire, which repeated all previous questions about sexual
activity and behavior in the previous year. Blood samples
were collected at each scheduled clinic visit and stored until
measurement of hormone levels as described below.

Menopausal status was defined as follows: premenopausal
women were those who experienced their last menstrual
period within the past 3 months and reported 11 or more
periods within the past year; perimenopausal women were
those who experienced (1) their last menstrual period within
the past year, but not within the past 3 months, or (2) their last
menstrual period within the past 3 months and experienced
10 or fewer periods within the past year; and postmenopausal
women were those women who had not experienced a
menstrual period within the past year. Follow-up was dis-
continued for women if they reported hormone therapy, an
oophorectomy, or a cancer diagnosis. At the year 4 visit,
follow-up was discontinued for women determined to be
postmenopausal. Recruitment and follow-up were completed
in late June 2015.

Serum samples extracted from the collected blood samples
were used to measure estradiol, progesterone, and testoster-
one levels in each sample using commercially available,
previously validated, enzyme-linked immunosorbent assay
(ELISA) kits (DRG, Springfield, New Jersey) as used in other
studies.'®'® The minimum detection limits and intra-assay
coefficients of variation were as follows: estradiol 7 pg/mL,
3.3% £0.17%; testosterone 0.04 ng/mL, 2.2% £0.56%; and
progesterone 0.1 ng/mL, 2.1% +0.65%. The average inter-
assay coefficient of variation for all assays was <5%. In the
case of values lower than the detection limits for the assay,
we used the limit of detection as the hormone value. Each
sample was measured in duplicate within the same assay.

SMITH ET AL.

Progesterone, testosterone, and estradiol levels were log-
transformed to meet normality assumptions.

Two sets of analyses were performed: the whole data set
was used to identify factors related to being sexually active,
and the subset of women who reported not being sexually
active were included in an analysis of factors related to reasons
for lack of sexual activity. The selected reasons for lack of
sexual activity were combined into three possible responses:
lack of a partner, partner having difficulties with sexual ac-
tivity (too tired, not interested, or a physical problem that
makes sexual relations difficult or uncomfortable), and having
difficulties with sexual activity herself (too tired, not inter-
ested, or a physical problem that makes penetration difficult or
uncomfortable). The other category was too heterogeneous
to allow for quantitative assessment within the scope of this
study. Analyses were conducted using logistic regression,
with a separate response for each woman-year (representing
one annual survey response from a woman) and individual
included as a random effect to account for nonindependence
between years.

A number of potential risk factors were considered, and
several factors had different potential formats. Hot flashes were
considered as a binary variable (yes/no to ‘“‘Have you experi-
enced hot flashes over the previous year?” and ‘“Have you
experienced hot flashes in the last 30 days?’’) as well as an
ordinal variable for frequency (none to daily) and severity (none
to severe). Smoking was considered as a categorical variable
(current, former, and never smokers) and as a linear variable
(packs per year). Alcohol consumption was considered as a
binary variable (at least 12 drinks in the last year or not) and as a
linear variable (for number of days drinking per month, number
of drinks per day drinking, and number of drinks per month).

BMI was included as a linear variable, as were current step
on the ladder of life (a measure of quality of life),'® number of
pregnancies, and log-transformed values for estradiol, pro-
gesterone, and testosterone. Menopause status (pre-, peri-, or
post-), race (white, black, or other), education (graduated
college or not), playing a sport (yes/no), and history of
pregnancy, hormone replacement therapy, herbal treatment
for menopause, and contraceptive use (yes/no) were included
only as categorical variables.

A number of variables (physicality of work, physicality of
leisure activity, income, health, severity of hot flashes, and
frequency of hot flashes, fatigue, depression, vaginal dis-
charge, vaginal dryness, incontinence, and irritability) were
measured on a Likert scale and so were considered in both
categorical and linear forms; if both forms of the variable were
significant in the univariate analysis and the categorical ver-
sion showed a clear linear trend, the linear version was used in
multivariate model building. Any categories with fewer than
10 individuals were collapsed with adjacent categories.

For each outcome, univariate models were fit for all po-
tential risk factors, with results reported using the Bonferroni
correction. Heatmaps of the Bonferroni-corrected p-values
were plotted using heatmap.2'” with dendrograms based on
Euclidean distance to demonstrate the strength of relation-
ships across outcomes. All risk factors with a p-value of <0.1
were considered in multivariate models with only main ef-
fects, and BIC-based backward selection was used to identify
the final models. All models were fitin R 3.0.3, 18 with logistic
regression models fit using Ime4."? Incomplete records were
removed from analysis when necessary.



SEXUAL ACTIVITY IN MENOPAUSE
Results

Figure 1 shows the number of women in each phase of the
study; 2440 woman-years were included in the analysis. As
the study terminated before all participants completed the full
follow-up, the sample size decreased over time. As the study
progressed, the response rate to the question, ““Are you sexu-
ally active?”” decreased. However, response rates to subques-
tions remained high (>90%) among women responding to the
question of sexual activity, with the exception of year 4, in
which the response rate to the question of having sexual diffi-
culties herself was only 41% of the women who were not
sexually active. Of the 513 woman-years, in which no sexual
activity was reported, 227 reported not having a partner,
170 reported having difficulties with sexual activity, and
98 reported their partner having difficulties with sexual activity,
whereas 193 woman-years did not provide a reason for lack of
sexual activity. Multiple responses were allowed and did occur.

The results of the univariate analyses for sexual activity
and for reasons to not be sexually active are shown in
Figure 2. Factors that were not significantly associated with
any outcome at the o=0.1 level (hot flashes, race, education,
incontinence, contraceptive use, number of pregnancies,
amount of alcohol/month, packs smoked/year, history of
herbal hot flash therapy use, history of hormone replacement
therapy use, testosterone levels, and the linear variable for
contraceptive use) were not included in the Figure. Risk
factors for lack of sexual activity included being unmarried,
low income, frequent fatigue, lower health status, lower
perceived quality of life, no alcohol consumption, higher
BMI, more frequent vaginal dryness, and higher frequency of
hot flashes. Marital status, vaginal dryness, and income were
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also significantly related to most reasons for not being sex-
ually active. Fatigue was also related to having sexual diffi-
culties, which included being too tired for sex.

In the multivariable analysis for sexual activity, frequency
of hot flashes, irritability, and vaginal dryness were consid-
ered as categorical variables due to their nonlinear response
in the univariate models. The final fitted model is shown in
Table 1. Married women were significantly more likely to be
sexually active than those not living with a partner. Single or
widowed women were less likely to be sexually active than
women who were divorced or separated. An increase in self-
perceived quality of life or serum estradiol increased the odds
of being sexually active. Women who had less frequent
(weekly) hot flashes were significantly more likely to be
sexually active than those who had daily hot flashes or those
who did not have hot flashes. Fatigue, income, and the
number of alcoholic drinks on an average day were included
in the final model, but none were significantly associated with
the likelihood of being sexually active.

In the multivariable analyses for reasons to not be sexually
active, the categories for heavier and much heavier work
physicality levels were merged due to low numbers in those
categories. Comparative work and leisure activity were con-
sidered as categorical variables based on nonlinear effects
observed in the univariate analysis. In the final models
(Table 2), married women were much less likely to lack a
partner and much more likely to report having sexual diffi-
culties themselves. Women whose work activity was report-
edly heavier than average were less likely to report having
difficulties with sexual activity. Women reporting more fre-
quent hot flashes were less likely to have a sexual partner and
somewhat more likely to report having difficulties with sexual
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FIG. 1. Flowchart of women enrolled in the study.
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Color Key

FIG. 2. p-Values from
univariate analyses for sex-
ual activity and reasons for
lack of sexual activity by
risk factor. Red values

are highly significant
(Bonferroni-corrected
p<0.01), yellow values

are moderately significant
(Bonferroni-corrected
p<0.05), green values

are borderline significant
(Bonferroni-corrected
p<0.1), gray values are
nonsignificant, but were
considered in multivariate
model building (p<0.1), and
white values are nonsignifi-
cant (p>0.1). Dendrograms
are based on Euclidean dis-
tance.

activity. The odds of reporting having sexual difficulties in-
creased significantly with an increase in fatigue and a decrease
in estradiol.

Discussion

This study identified a number of factors associated with
sexual activity during the menopausal transition. Women
with higher estradiol levels were more likely to be sexually
active and less likely to report that they had difficulties with
sexual activity. This finding suggests a hormonal link with
sexual function during menopause, which has been shown
previously.? Estrogens are known to reduce vaginal dryness’
and to reduce pain during sex.® No other hormones were
included in the final multivariate models.

Sexually active
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Women whose work is much heavier physically than
others their age were significantly less likely to have diffi-
culties with sexual activity. It is possible that physical exer-
tion may be protective for sexual dysfunction problems or
that both physical labor and sexual activity are more common
in women who are healthier overall. This relationship should
be considered in greater detail in future studies of sexual
function to clarify the mechanism underlying the association.

Sexual function is known to rely on both physical and
mental health. Many variables linked to mental health were
associated with being sexually active: depression, fatigue,
and irritability, as well as self-reported feeling of health
status. In the final fitted models, women who reported being
higher on the ladder of life were more likely to be sexually
active, while fatigue was associated with a nonsignificant
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TABLE 1. RESULTS OF THE FITTED MULTIVARIATE
MODEL FOR SEXUAL ACTIVITY

95%
Odds Confidence
Variable ratio® interval
Total annual family income 1.01 0.83-1.23
(1=<$20,000 to
4=%$100,000 or more)
Hot flash frequency (reference is daily)
Do not know 0.45 0.2-1.01
None 0.97 0.62-1.52
Monthly 1.20 0.71-2.04
Weekly 1.79 1.01-3.17
Step on the ladder of life 1.2 1.15-14
at present

Marital status (divorced or separated is reference)

Married or living with partner 3.10 2.02-4.74
Single 0.44 0.28-0.68
Widowed 0.38 0.16-0.91
Number of alcoholic drinks 0.91 0.81-1.02
on an average day
Log (estradiol) 1.19 0.99-1.43
Fatigue (O=never to 0.89 0.77-1.03

4=>5/week)

Values in bold are significant at the 0.05 level, and values in
italics are borderline significant at the 0.10 level.

“An odds ratio above 1 indicates an increase in the odds of being
sexually active.

decrease in the likelihood of sexual activity and a significant
increase in the probability that a woman listed problems with
herself as the reason for not being sexually active. It is un-
derstandable that women who are frequently tired, depressed,
or irritable are less likely to desire sexual activity, and mental
health score has been previously linked to sexual satisfac-
tion™'*?! and to other factors associated with sexuality.”*
Unlike mental health, few behavioral variables were associ-
ated with sexual activity in the final models. Previous studies
have found an association between alcohol use and testoster-
one,23 which could control libido, or with passion for a sexual

107

partner,® but those correlations were not significant in these data.
Further research should be conducted to determine if a moderate
to small amount of drinking also affects sexual outcomes on a
shorter time scale, rather than the annual reporting studied here.

Hot flashes are one of the most common menopausal symp-
toms, and this study found some association between hot flashes
and sexual activity when controlling for other variables. Our
final model for sexual activity included hot flash frequency, but
only weekly hot flashes were significantly different from other
frequencies. Previous studies have found that women experi-
encing hot flashes were less likely to have weekly sexual activity
than women not experiencing hot flashes.** As we were mea-
suring sexual activity as a whole in this study, not frequency of
sexual activity, we were unable to compare our results directly.

However, we did find that women whose hot flashes were
weekly rather than daily were more likely to be sexually active,
indicating that frequent hot flashes may inhibit sexual activity
or be related to a biological mechanism (such as hormone
levels) or a covariate (such as fatigue) that does. Likewise, hot
flash frequency was included in the models for likelihood of
not having a partner and of having sexual difficulties, with
more frequent hot flashes associated with a significant decrease
in the likelihood of lacking a partner and a borderline signifi-
cant increase in the likelihood of sexual difficulties. As women
with more frequent hot flashes were also more likely to have a
partner in these data, the implication is that the hot flashes are
inhibiting the women themselves.

Income was strongly associated with sexual activity and with
most reasons for not being sexually active in the univariate
models. As total annual family income increased, the likelihood
of being sexually active increased and the likelihood of no sexual
activity due to being too tired, not interested, or having a physical
problem decreased. The mechanism for this effect is not im-
mediately discernable, although the effect has been noted pre-
viously.7 However, increased income could lead to decreased
stress and allow women to focus on sex; income has previously
been linked to decreased depression score.” When controlling
for other factors, such as fatigue and perceived quality of life, the
relationship with income became nonsignificant.

This study found no variables significantly associated
with a partner having sexual difficulties in the final model,

TABLE 2. OpDS RATIOS (95% CONFIDENCE INTERVAL) FROM THE FITTED MULTIVARIATE
MODELS FOR REASONS TO NOT BE SEXUALLY ACTIVE

No partner Partner difficulties Self difficulties

Marital status (divorced or separated is reference)

Married or living with partner 1.65 x 10~° NA 11.5 (3.84-34.41)

(1.63 x 107°-1.68 x 10™°)

Single 1.19 (0.37-3.81) NA 0.54 (0.19-1.5)
Comparative physicality of work (average is reference)

Heavier NA 0 (0-142) 0.14 (0.03-0.8)

Lighter NA 0.95 (0.02-53) 0.87 (0.36-2.1)

Much lighter NA 0.52 (0-101) 1.12 (0.39-3.18)
Total annual family income (1=<$20,000 NA 6.12 (0.18-213) 0.95 (0.61-1.47)

to 4=%100,000 or more)
Hot flash frequency (O=never to 3 =daily)
Fatigue (O=never to 4=>5 times/week)
Log (estradiol)

0.71 (0.69-0.72)
NA
NA

1.36 (0.98-1.91)
1.57 (1.05-2.35)
0.54 (0.33-0.89)

NA
NA

Variable was not included in the final multivariable model. An odds ratio above 1 indicates the reason being more likely. Values in bold
are significant at the 0.05 level, and values in italics are borderline significant at the 0.10 level.

NA, not applicable.
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although several variables were significant in the univariate
model. Multicollinearity is possible as the final model in-
cluded income and physicality of work, which are correlated
in these data (results not shown). When splitting out the in-
dividual components of a partner’s sexual difficulties (too
tired, not interested, or a physical problem), increased income
was associated with a significant increase in all three,
whereas more physical work was associated with a significant
decrease only in the partner lacking interest.

Many variables in the study had no significant relation-
ship with any outcomes; these include most alcohol- and
pregnancy-related variables, race, education level, history of
using of herbal menopause therapies, testosterone levels, and
amount of smoking. Androgens in particular have been pro-
posed to play arole in sexual function during aging, although
both a trial of hormone replacement' and a cross-sectional
study'" found (as we did) that androgens did not increase
sexual activity. Education has previously been found to be
related to sexual function with equivocal results,7’8’12’13 but
in this study, it was not related to any outcomes.

Conclusions

This study found that sexual activity in the menopausal
transition is a complex topic. We found that some risk factors
are common across both sexual activity and the barriers to it,
but each outcome has a unique set of risk factors. Collec-
tively, this analysis of these data supports the multifactorial
view of sexual activity; therefore, we suggest that a patient-
centered approach is most likely to be effective in women
during the menopausal transition. Future research should
consider development of a method for designing patient-
centered risk profiles and interventions.
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