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Abstract
Objective—Diabetes mellitus is an established risk factor for sexual dysfunction in men, but its
effect on female sexual function is poorly understood. We examined the relationship of diabetes to
sexual function in middle-aged and older women.

Methods—Sexual function was examined in a cross-sectional cohort of ethnically-diverse
women aged 40 to 80 years using self-administered questionnaires. Multivariable regression
models compared self-reported sexual desire, frequency of sexual activity, overall sexual
satisfaction, and specific sexual problems (difficulty with lubrication, arousal, orgasm, or pain)
among insulin-treated diabetic, noninsulin-treated diabetic, and nondiabetic women. Additional
models assessed relationships between diabetic end-organ complications (heart disease, stroke,
renal dysfunction, and peripheral neuropathy) and sexual function.

Results—Among the 2,270 participants, mean±SD age was 55±9.2 years, 1,006 (44.4%) were
non-Latina white, 486 (21.4%) had diabetes, and 139 (6.1%) were taking insulin. Compared to
19.3% of non-diabetic women, 34.9% of insulin-treated diabetic women (adjusted
OR[95%CI]=2.04[1.32–3.15] and 26.0% of non-insulin-treated diabetic women (adjusted
OR[95%CI]=1.42[1.03–1.94]) reported low overall sexual satisfaction. Among sexually active
women, insulin-treated diabetic women were more likely to report problems with lubrication
(OR[95%CI]=2.37[1.35–4.16]) and orgasm (OR[95%CI]=1.80[1.01–3.20]) than nondiabetic
women. Among all diabetic women, end-organ complications such as heart disease, stroke, renal
dysfunction, and peripheral neuropathy were associated with decreased sexual function in at least
one domain.

Conclusions—Compared to nondiabetic women, diabetic women are more likely to report low
overall sexual satisfaction. Insulin-treated diabetic women also appear at higher risk for problems
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such as difficulty with lubrication and orgasm. Prevention of end-organ complications may be
important in preserving sexual activity and function in diabetic women.

INTRODUCTION
Diabetes mellitus is a common chronic condition in the United States, with an estimated
lifetime risk of 32.8% in men and 38.5% in women (1). Among men, diabetes is a
recognized risk factor for sexual dysfunction, with prior research documenting an over
threefold increased risk of erectile dysfunction in diabetic versus nondiabetic men (2).
Among women, the effect of diabetes on sexual function is poorly understood, with very
little research examining whether rates of sexual activity or sexual dysfunction differ in
diabetic versus nondiabetic women or identifying risk factors for sexual dysfunction in
diabetic women (3).

Diabetes has the potential to affect sexual function in women through a variety of
mechanisms, including vascular changes in the urogenital tissues affecting genital
lubrication and neuropathy-mediated alterations in genital arousal response. Women’s
interest in, satisfaction with, and ability to participate in sexual activity may be influenced
globally by the effect of diabetes on their overall health, physical and mental functioning,
and interpersonal relationships (4). Additionally, sexual function may be adversely affected
by diabetes medications or other health interventions directed at monitoring or treating this
chronic disease (5,6).

To examine the relationship of diabetes to sexual function in middle-aged and older women,
we evaluated sexual activity, desire, satisfaction, and problems in a racially/ethnically-
diverse, population-based cohort of 2,270 women aged 40 to 80 years, including 486 women
with diabetes. Among diabetic women, we also examined associations between diabetic
medication use, end-organ complications, and other markers of disease severity to sexual
activity and function.

MATERIALS AND METHODS
Study Population

We conducted an ancillary study to the Reproductive Risks of Incontinence Study at Kaiser
2 (RRISK2), a cross-sectional cohort study of risk factors for urinary tract dysfunction in
middle-aged and older women. Between January, 2003, and January, 2008, women were
recruited from Kaiser Permanente Northern California (KPNC), an integrated health care
delivery system serving approximately 25% to 30% of the northern California population.
To be eligible for this cohort, women had to be between the ages of 40 and 80 years, to have
been enrolled in Kaiser since age 24, and to have had at least half their childbirths at a
Kaiser facility, but were not required to have any symptoms or history of genitourinary
dysfunction (7). Women of non-white race/ethnicity were recruited to achieve a target race/
ethnicity composition of 20% African-American, 20% Latina, 20% Asian, and 40% non-
Latina white.

To achieve a diabetes prevalence of at least 20% in the overall cohort, women were also
oversampled from the Northern California Kaiser Permanente Diabetes Registry, a database
of KPNC patients that is updated annually through active surveillance of pharmacy,
laboratory, and medical records. Prior studies have indicated that the registry has a
sensitivity of 96% and a false-positive rate of 2% (8). Women who self-reported as having
diabetes but were not listed in the diabetes registry were still classified as being diabetic if
they met the following criteria normally used for registry inclusion: 1) use of a diabetes
glycemic control medication, or 2) fasting blood sugar of 126 mg/dL or greater in the KPNC
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database. Although autoantibody data were not collected systematically to provide a
definitive determination of type 1 versus type 2 diabetes, only 7 participants (less than 2% of
all diabetic women) reported that they were diagnosed with diabetes before the age of 30
and started on insulin at the time of diagnosis, suggesting that the vast majority of
participants had type 2 diabetes. The final RRISK2 cohort consisted of 2,270 women aged
40 to 80 years, including 486 with diabetes.

Data Collection
Demographic characteristics, medical and gynecological history, medication use, and health-
related habits were assessed in all participants using self-administered questionnaires as well
as in-person interviews conducted either at a KPNC clinic or in participants’ homes. Height
and weight were measured by trained personnel at study visits for calculation of body mass
index (BMI). Diabetic participants were also asked to contribute blood samples for
measurement of serum creatinine and hemoglobin A1c (HbA1c).

Among participants with diabetes, specific diabetic end-organ complications were identified
using questionnaire measures, physical examination, and/or laboratory studies. Specifically,
heart disease and stroke were assessed by asking women, “Has a doctor, nurse, or other
health care provider ever told you that you have any of the following conditions: 1) Heart
attack (MI), angina, or other heart disease? 2) Stroke?” Peripheral neuropathy was assessed
using the validated Michigan Neuropathy Screening Instrument (MNSI) instrument, which
incorporates both self-reported symptom data and interviewer-administered physical
examination of the lower extremities (foot inspection, vibration sensation, reflex testing, and
monofilament testing); scores of 2 or greater are indicative of peripheral neuropathy (9).
Renal function was examined by estimating glomerular filtration rate (GFR) from serum
creatinine levels and participant age and weight using the Cockcroft-Gault equation;
participants with a GFR <90 were considered to have at least stage 1 renal dysfunction.

Sexual activity and function were assessed using structured-item measures (see the
Appendix at http://links.lww.com/xxx) derived from the validated Female Sexual Function
Index (FSFI) (10) and previously administered in other large women’s health studies
(11,12,13). To ensure confidentiality, participants completed questions in private and
submitted them to study personnel in sealed envelopes at their study visit. For this study,
sexual activity was defined inclusively as “any activity that is arousing to you, including
masturbation.” Women were first asked to indicate whether they had had any sexual activity
in the past 3 months, and, if so, the frequency of that activity.

Participants’ sexual desire or interest, overall sexual satisfaction, and sexual problems were
assessed through structured FSFI items that were adapted to assess sexual function in the 3
months before each visit. Women’s level of sexual desire and overall sexual satisfaction
were assessed in all participants regardless of sexual activity, whereas specific sexual
problems (i.e., low level of arousal, difficulty with lubrication, difficulty achieving orgasm,
and pain/discomfort during vaginal intercourse) were assessed only among women who
reported some sexual activity in the past 3 months. To assess women’s perception of the
effect of their physical health on sexual function, all participants were additionally asked
“how much has your physical health limited your sexual activity?” with response options
ranging from “not at all” to “extremely.”

Statistical Analyses
For the purposes of analysis, participants were categorized into one of three diabetes status
groups based on whether they had diabetes, and, if so, whether they were using insulin: (1)
insulin-treated diabetic women, (2) non-insulin-treated diabetic women, and (3) non-diabetic
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women. These categories were chosen a priori based on the recognition that insulin use is a
widely-recognized indicator of diabetes severity and also represents a higher level of disease
management burden that can interfere with day-to-day functioning and quality of life.
Differences in the demographic and clinical characteristics of participants in these three
categories were examined using chi-square tests for categorical variables and analysis of
covariance for continuous variables. Next, we described the distribution of less than monthly
sexual activity, less than moderate sexual desire, and less than moderate sexual satisfaction
among women in each diabetes status category. Among women reporting at least some
sexual activity in the past 3 months, the prevalence of specific sexual problems such as low
or very low arousal, at least moderate difficulty with lubrication, at least moderate difficulty
with orgasm, or at least moderate pain with vaginal intercourse were also examined among
women in each diabetes status category. Differences in the distribution of these sexual
function outcomes among women in different diabetes status categories were examined
using chi-square tests.

Our initial multivariable logistic regression models compared sexual function outcomes
among: (1) insulin-treated diabetic versus nondiabetic women, and (2) noninsulin-treated
diabetic versus nondiabetic women, adjusting for a core set of other factors with potential to
influence sexual function (i.e., age, race/ethnicity, marital/relationship status, menopausal
status, history of sex with men or women, body mass index, hysterectomy and
oophorectomy, selective serotonin reuptake inhibitor [SSRI] use, and estrogen use.) While
models examining frequency of sexual activity, desire, and satisfaction included all women,
models examining specific sexual problems were confined to sexually active women, and
additionally controlled for frequency of sexual activity.

Subsequent analyses used multivariable logistic regression to examine independent
associations between diabetes-related end-organ complications and sexual function
outcomes in all diabetic participants, again controlling for potential confounders. Sexual
activity, desire, and satisfaction outcomes were examined in all diabetic participants, while
specific problems with lubrication, arousal, orgasm, or pain were examined in sexually
active diabetic women only. Finally, multivariable logistic regression models were
developed to examine relationships between HbA1c and sexual function outcomes, adjusting
for potential confounders. In these analyses, women with HbA1c levels 6.0 to 6.9, 7 to 7.9,
and ≥8.0 were compared to women with levels < 6.0 as the reference group. All analyses
were performed using SAS statistical software Version 9.1 (SAS Institute, NC). All study
procedures were approved the institutional review boards of both the University of
California San Francisco and the Kaiser Foundation Research Institute.

RESULTS
Of the 2,270 participants, 139 (6.1%) were insulin-treated diabetic, 347 (15.3%) were non-
insulin-treated diabetic, and 1,784 (78.6%) were non-diabetic women (Table 1). Mean
(±SD) age was 55 (±9.2) years, 1,006 (44.4%) were non-Latina white, 443 (19.5%) were
African-American, 401 (17.7%) were Latina, 401 (17.7%) were Asian, and 18 (0.8%) were
Native American. Age, race/ethnicity, marital/relationship status, parity, oophorectomy
history, oral glycemic medication use, SSRI and estrogen use, alcohol use, and BMI differed
significantly by diabetes status (Table 1). Of the diabetic participants, insulin-treated women
tended to have more heart disease and peripheral neuropathy as well as higher HbA1c levels
compared to non-insulin-treated women.

Overall, 63.7% of participants reported some sexual activity in the past 3 months. Of the 807
women who reported no sexual activity in the past 3 months, 271 (33.6%) indicated that lack
of a partner and 224 (27.7%) indicated that partner health problems contributed to their
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sexual inactivity. The proportion of sexually inactive women reporting partner-related issues
did not differ by diabetes status (P for heterogeneity > .05).

Insulin-treated diabetic women were less likely to report at least monthly sexual activity
compared to either non-insulin-treated diabetic women or non-diabetic women (Table 2).
Insulin-treated diabetic women were also more likely to report low sexual desire and
satisfaction compared to non-insulin-treated diabetic women or non-diabetic women.
Among sexually active participants, problems with lubrication were also more common in
insulin-treated diabetic women compared to non-diabetic women (Table 2).

In multivariable analysis adjusting for age, race, marital/relationship status, history of sex
with men, women or both, parity, menopausal status, BMI, hysterectomy, oophorectomy,
SSRI use, and estrogen use, the odds of reporting low overall sexual satisfaction were over
two-fold higher in insulin treated diabetic women, and over 40% higher in non-insulin
treated diabetic women, compared to non-diabetic women (Table 3). However, no
significant differences in sexual desire or frequency of sexual activity by diabetes status
were observed.

Among sexually active women, insulin-treated diabetic women were also more than twice as
likely to report difficulty with lubrication and 80% more likely to report difficulty achieving
orgasm compared to non-diabetic women, after adjusting for the same demographic and
clinical factors (Table 3). No significant associations between diabetes status and other types
of sexual problems (difficulty with arousal or pain/discomfort during intercourse) were
detected in multivariable analyses.

When asked if their physical health limited their sexual activity, insulin-treated diabetic
women were more likely than non-diabetic women to report that their health limited their
sexual activity “quite a bit” or “extremely,” in multivariable analysis (OR[95%CI] =
2.29[1.49–3.51]). However, non-insulin-treated diabetic women were not substantially more
likely than non-diabetic women to feel that their health limited their sexual activity
(OR[95% CI]= 1.29 [0.92–1.78]).

Among all diabetic women (n = 486), the most common diabetic end-organ complication
was peripheral neuropathy as measured by MNSI score (60.9%), followed by renal
dysfunction (39.5%), heart disease (13.4%), and stroke (6.4%). In multivariable analyses,
diabetic women were more likely to report less than monthly sexual activity if they had heart
disease, renal dysfunction, or peripheral neuropathy (Table 4). Diabetic women with a
history of stroke were more likely to report low overall sexual satisfaction than those
without a stroke history. Diabetic women with peripheral neuropathy were also more likely
to report less than monthly sexual activity, lower sexual desire, and limitation of sexual
activity by physical health, compared to those without neuropathy. Among sexually active
diabetic women, no significant associations between specific diabetic end-organ
complications and sexual problems such as difficulty with arousal, lubrication, orgasm, or
pain with intercourse were observed in adjusted models (Table 4). There were also no
significant associations between number of years since diabetes diagnosis and sexual
function, after adjustment for end-organ complications (P > .05 for all).

Of the diabetic participants, 62 (13.0%) had a HbA1c level less than 6.0%, 159 (33.4%) had
a HbA1c level of 6.0% to 6.9%, 135 (28.4%) had a HbA1c level of 7.0% to 7.9%, and 120
(25.2%) had a HbA1c level of 8.0% or higher. In multivariable analyses, diabetic women
with a HbA1c level of 8.0% or higher were less likely to report low sexual satisfaction (OR
[95%CI] = 0.36 [0.16–0.80]), compared to diabetic women with a HbA1c level less than
6.0%. No other associations between HbA1c and sexual function were detected.
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DISCUSSION
In this cohort of ethnically-diverse middle-aged and older women, diabetic and non-diabetic
women reported similar levels of sexual desire and frequency of sexual activity, after
adjustment for other demographic and clinical factors. However, both insulin-treated and
non-insulin-treated diabetic women were significantly more likely to report low overall
sexual satisfaction compared to non-diabetic women, and problems with lubrication and
orgasm were more common among insulin-treated diabetic women compared to non-
diabetic women. These findings suggest that while many diabetic women are interested and
engaged in sexual activity, diabetes is associated with a markedly decreased sexual quality
of life in women, either through complications of the disease itself or through utilization of
treatments.

Our study also found that diabetic women with end-organ complications such as peripheral
neuropathy, renal dysfunction, stroke and heart disease were more likely to report decreased
sexual activity or lower sexual satisfaction than diabetic women without these
complications. These findings suggest that diabetic end-organ complications may play an
important role in decreasing women’s sexual quality of life, and that raise the possibility that
prevention of diabetic complications may be helpful in preventing sexual dysfunction in
women with diabetes.

To date, there has been very limited study of the effect of diabetes on female sexual
function, with prior research tending to rely upon small numbers of participants
(14,15,16,17), lack non-diabetic controls (16), use unidimensional measures of sexual
function (16,18), or focus on referral or other narrow populations (15,16,17,18,20,21,22).
While a few previous studies have pointed to worse overall sexual function among diabetic
women (15,19,21),our study underlines the importance of distinguishing between different
aspects of female sexual function when evaluating the burden of this disease. Based on this
research, diabetes and its complications appear to have a much greater impact on sexual
problems such as lubrication and orgasm as opposed to sexual desire or subjective arousal.
Furthermore, our study indicates that the adverse effects of diabetes on sexual function may
be concentrated in women taking insulin, an apparently high-risk group for developing
sexual problems.

One unexpected finding was that diabetic women with HbA1c levels of 8.0% or greater in
this cohort tended to report higher overall sexual satisfaction compared to those with lower
HbA1c, independent of clinical characteristics such as BMI, medication use, or duration of
diabetes. One possible explanation for this finding is that it reflects unmeasured differences
in attitudes, expectations, or approaches to sexual activity among diabetic women with
better versus worse glycemic control. Diabetic women who were less motivated or interested
in checking and controlling their blood sugars may have placed more priority on sexual
activity and/or function in their daily lives, resulting in higher reports of sexual satisfaction.
Alternatively, diabetic women with worse glycemic control may have had lower
expectations about sexual activity in the setting of their poorly controlled disease, with the
paradoxical result that they retained a stronger subjective sense of sexual satisfaction in spite
of experiencing the same sexual difficulties. Differences in impulse control and other
unmeasured personality factors could also have influenced both glycemic control and sexual
satisfaction in diabetic participants.

This study benefits from a large and ethnically-diverse sample of women, multidimensional
measures of sexual function and problems, and assessment of a large number of disease-
specific factors with the potential to influence sexual function, including laboratory data on
HbA1c level and kidney function. However, several limitations to this research should be
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recognized. First, this was a cross-sectional study, and we were unable to examine
longitudinal change in sexual activity and function over time or provide definitive evidence
of causal relationships. Future studies should address whether poor diabetes control over
time or de novo incidence of diabetic complications is associated with progression of sexual
dysfunction in diabetic women. Second, although our measures were derived from
previously validated questionnaires and have been used successfully in other women’s
health studies, they were adapted for the purposes of this research without being re-
subjected to detailed psychometric testing. Additionally, the majority of diabetic participants
were believed to have type 2 diabetes, which is consistent with national statistics showing
that the vast majority of adult diabetic patients have type 2 diabetes, especially in older
populations. This may limit the generalizability of our findings to women with type 1
diabetes. Lastly, some diabetic complications (heart disease, stroke) were assessed
exclusively by self-report, and validation through clinical evaluation may be helpful to
confirm these findings. Additionally, our power to detect associations between some
diabetic complications (e.g., stroke) and sexual function outcomes was partly limited by the
relatively small number of events.

Several previous studies have suggested that psychological factors such as depression play a
role in sexual dysfunction among diabetic women (15,19,21,23,24,25). Because detailed
depression measures were not administered in our cohort, our study did not assess
depression as a mediator of the impact of diabetes on female sexual function. However, our
multivariable models did adjust for SSRI medication use, given their known propensity to
worse sexual function, and found that relationships between diabetes and sexual function
were independent of SSRI therapy.

In summary, in this large cohort of ethnically-diverse women, we found that diabetic women
did not differ significantly from non-diabetic women with regard to interest and engagement
in sexual activity, but did report lower levels of sexual satisfaction and more problems with
lubrication and orgasm during sex, particularly if they were taking insulin. End-organ
complications such as heart disease, stroke, neuropathy, and renal dysfunction were
associated with decreased sexual activity or decreased sexual satisfaction among diabetic
women. Based on this research, clinicians may want to consider actively assessing for sexual
problems in diabetic women, particularly those taking insulin, and counsel diabetic women
that prevention of end-organ complications may be important in preserving their sexual
function.
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