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SUMMARY

Diabetes impacts the function and structure of the lower urinary tract, including the bladder and prostate, which can lead to complica-
tions such as urinary incontinence, poor bladder emptying, sexual dysfunction, lower urinary tract symptoms (LUTS), and urinary tract
infection. Although urologic complications increase with age in the general population, urologic complications are even more common in
individuals with diabetes compared to those with normal glucose. It has been estimated that risk of urologic complications is increased
25% to 200% in men and about 50% to 200% in women among those with diabetes compared to those with normal glucose.

In men with diabetes, common urologic complications include LUTS and benign prostatic hyperplasia (BPH), a histological diagnosis
associated with growth of the prostate gland. LUTS, the most common clinical manifestation of BPH, occur more frequently among
men with diabetes compared to men with normal glucose. Similarly, men with diabetes more commonly have BPH. The interplay of
LUTS, BPH, and diabetes remains unclear.

Erectile dysfunction (ED) is also common in men with diabetes, with a prevalence estimated at 23%—90%. Although less studied,
type 1 diabetes appears to increase the risk of ED in a similar fashion as type 2 diabetes.

In women, sound epidemiologic evidence from several studies has linked type 1 and type 2 diabetes and urinary incontinence.
Prevalence of incontinence has been estimated to be about 50%-200% more common in women with type 2 diabetes than in women
with normal glucose. Data on the incidence of incontinence reflect a similar pattern. There is also evidence that women with prediabetes
are at higher risk for incontinence. Less research has been conducted on women with type 1 diabetes; however, incontinence also
appears to be more prevalent among women with type 1 diabetes compared with women without diabetes.

Health care providers should be alert for urologic complications among their patients with diabetes because these conditions are
common and often go unrecognized and, thus, undertreated. Future research is needed to identify mechanisms and effective treatment
and prevention strategies to decrease the psychosocial, medical, and economic costs of these chronic disorders in many men and
women with diabetes.

INTRODUCTION

This chapter focuses on the relation- symptoms (LUTS), benign prostatic hyper- evaluate and summarize the clinical and
ships between diabetes and common or plasia (BPH), and erectile dysfunction epidemiologic literature as described
otherwise significant urologic disorders. (ED) in men. Classification, pathophysi- above that pertains to diabetes and

The first sections examine associations ology, and data sources and limitations urinary incontinence and sexual dysfunc-
of diabetes with lower urinary tract are discussed. The remaining sections tion in women.
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LOWER URINARY TRACT SYMPTOMS IN MEN WITH DIABETES

In men, LUTS are common, age-related
complaints that are most often attributed
to the histologic enlargement of the pros-
tate, also known as BPH. BPH is the most
common benign neoplasm in American
men and, indeed, most often manifests
clinically as the progressive development
of LUTS, which are variably comprised of
obstructive voiding symptoms that include
urinary hesitancy, delay in initiating
micturition, intermittency, involuntary
interruption of voiding, weak urinary
stream, straining to void, sensation of
incomplete emptying, and terminal drib-
bling, as well as bladder storage symptoms
typically represented by urinary frequency,
nocturia, urgency, incontinence, and
bladder pain or dysuria (1). Similar urinary
symptoms also result from diabetes, and
accumulating evidence indicates that
diabetes may be associated with BPH.

DESCRIPTION, MEASUREMENT,
CLASSIFICATION

Although several pathologies may poten-
tially contribute to the generation of
BPH-associated LUTS, BPH may induce
bladder outlet obstruction by two general
mechanisms: static and dynamic. The
static mechanism involves hyperplastic
stromal and epithelial prostate growth,
which over time, compresses the prostatic
urethra. The dynamic mechanism entails
increased tone of prostate smooth muscle,
which is mediated by the alpha-1 adren-
ergic receptor. Stimulation of the alpha-1
receptors induces a contraction and
corresponding reduction in urethral lumen
diameter. Obstruction of the bladder
outlet induces two pathologic changes

in the structure of the bladder that may
produce LUTS. First, decreased bladder
compliance causes urinary frequency

and urgency. Second, decreased bladder
muscle contractility—resulting from
chronic tonicity as the bladder labors

to overcome increased urethral pres-
sures—may precipitate urinary hesitancy,
decreased force of stream, and high
residual volumes (2,3).

These relatively straightforward explana-

tions belie the complexity of diagnosing
and researching a disease that most often
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presents with highly subjective symp-
toms, has few robust objective markers,
and overlaps considerably with other
conditions that produce urinary symp-
toms. In fact, among men with diabetes,
similar urinary symptoms may also result
from bladder dysfunction due to dener-
vation and poor detrusor contractility
and/or detrusor overactivity resulting from
neuropathy, which increases hyperactivity
of the detrusor. The failure to differentiate
symptoms due to BPH from those due to
simple LUTS in diabetic men has contrib-
uted to the confusing evidence seen in the
literature (4).

The mainstay of LUTS measurement in
clinical practice, outcomes research, and
clinical trials is the American Urological
Association Symptom Index (AUASI),

a validated symptom index developed in
collaboration with the Patient Outcome
Research Team for Prostate Disease (5).
The AUASI is a standardized, validated,
seven-item, self-reported index of LUTS

in men that asks the respondent about

the severity of their LUTS over the last 4
weeks on a scale of 0-5. Men are typically
classified as having mild, moderate, or
severe symptoms based on their summed
AUASI scores, with mild symptom scores
in the range of 0—7, moderate symptoms
8-19, and severe symptom scores =20 (5).

DATA SOURCES, LIMITATIONS

The understanding of BPH/LUTS and
diabetes in men is based primarily on
national and regional datasets, which
include men with self-reported type 2
diabetes, as well as one randomized clinical
trial on type 1 diabetes (Tables 28.1-28.3).
While several international studies have
examined these associations and some
are discussed briefly, the majority of data
presented are from U.S. regional datasets
describing those with type 2 diabetes.

Given that obtaining participant report is
the most common method of measuring
LUTS in epidemiologic studies, several
methodologic issues concerning
self-reports should be considered, espe-
cially when comparing certain results
across studies, such as the collection
method, reference time period, and LUTS
case definition. Regarding the collection
method, data suggest that some partic-
ipants may respond differently to LUTS
items on a self-administered questionnaire
versus during a telephone or face-to-face
interview. Several studies have demon-
strated that the values of the AUASI differ
by mode of administration (6,7). Another
potential source of variability across
studies is the time period over which
participants are asked to recall symptoms.
Within a study, these variations may not

FIGURE 28.1. Hypothesized Mechanisms of Diabetes in the Pathogenesis of Benign
Prostatic Hyperplasia/Lower Urinary Tract Symptoms Among Men
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BPH, benign prostatic hyperplasia; IGF, insulin-like growth factor; LUTS, lower urinary tract symptoms.
SOURCE: Reference 4, copyright © 2009 Springer, reprinted with permission
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TABLE 28.1. National Study of Urologic Complications of Type 2 Diabetes Among Men: Benign Prostatic Hyperplasia/Lower Urinary Tract

Symptoms

STUDY, YEAR

STUDY
DESIGN;
REGION

STUDY
DESCRIPTION

SAMPLE

SIZE

TYPE 2

DIABETES
DIAGNOSIS

BPH/LUTS
DIAGNOSIS

(REF)

National Health and
Nutrition Examination
Surveys (NHANES),
1988-1994 (3)

Cross-
sectional;
United States

An ongoing program of nationally representative cross-sectional
studies conducted by the National Center for Health Statistics
to assess the health of noninstitutionalized civilians. For these

years of data, adults age =60 years, non-Hispanic blacks, Mexican

Americans, and low-income individuals are oversampled.

Variable

Self-report or

fasting glucose

level =126
mg/dL in this
analysis

Self-report
LUTS

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.
SOURCE: Reference is listed within the table.

TABLE 28.2. Regional Studies of Urologic Complications of Type 2 Diabetes Among Men: Benign Prostatic Hyperplasia/Lower Urinary Tract

Symptoms

STUDY, YEAR
(REF)

)%
DESIGN;
REGION(S)

STUDY
DESCRIPTION

SAMPLE

SIZE

TYPE 2
DIABETES
DIAGNOSIS

BPH/LUTS
DIAGNOSIS

Olmsted County
Study of Urinary
Symptoms and
Health Status

in Men (OCS),
1990-2002 (35)

Flint Men’s Health
Study (FMHS),
1996 (114)

Boston Area
Community Health
Survey (BACH),
2002-2005 (115)

Baltimore
Longitudinal Study
of Aging (BLSA),
1993-2002 (23)

Longitudinal; A study of the natural history of BPH/LUTS in a community-based 2,115
Olmsted sample of Caucasian men; male residents age 40—79 years were
County, randomly selected from Olmsted County, Minnesota. A validated
Minnesota self-administered male LUTS index (AUASI) consisting of seven
questions comprising seven symptoms. Clinical exam in a subset of
participants with uroflowmetry, transrectal ultrasound, and serum
measurement.
Cross- A study of the natural history of BPH/LUTS in a community-based 819
sectional; sample of African American men; male residents age 40—-79
Genesee years were randomly selected from Genesee County, Michigan. A
County, validated self-administered male LUTS index (AUASI) consisting
Michigan of seven questions comprising seven symptoms. Clinical exam in
a subset of participants with uroflowmetry, transrectal ultrasound,
and serum measurement.
Cross- A population-based survey, random sample of Boston-area 5,506
sectional; Caucasian, African American, and Hispanic residents age 30—79
Boston, years. A validated self-administered male LUTS index (AUASI)
Massachusetts  consisting of seven questions comprising seven symptoms.
Longitudinal; Community-based prospective cohort study of volunteers in 422
Baltimore, Baltimore, Maryland, age =20 years.
Maryland

Self-report

Self-report,
fasting
serum insulin
and glucose

Self-report

Self-report,
fasting
plasma
glucose

Self-report
LUTS, pros-
tate volume,
peak urinary
flow rates,
PSA concen-
trations

Self-report
LUTS, pros-
tate volume,
peak urinary
flow rates,
PSA concen-
trations

Self-report
LUTS

Self-report
LUTS, pros-
tate volume

AUASI, American Urological Association Symptom Index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms; PSA, prostate-specific antigen.
SOURCE: References are listed within the table.

TABLE 28.3. Randomized Clinical Trials With Data on Urologic Complications of Type 1 Diabetes Among Men: Benign Prostatic

Hyperplasia/Lower

STUDY, YEAR

Urinary Tract Symptoms

STUDY

TYPE1

DIABETES

BPH/LUTS

(REF)

Diabetes Control
and Complications
Trial/Epidemiology
of Diabetes
Interventions and
Complications
Study/Urologic
Complications of
Diabetes (DCCT/
EDIC/UroEDIC),
20102011 (26)

POPULATION

DCCT: RCT that enrolled 1,441
subjects with type 1 diabetes,
age 13-39 years, in 1983-1989;
trial terminated in 1993.

EDIC: In 1994, enrolled 1,375
subjects from DCCT for 20-year
observational study.

UroEDIC: In 2002—-2004 and 2010—
2011, enrolled men at the 10th and
17th EDIC study visits who agreed
to answer questions about LUTS.

RANDOMIZATION PRIMARY
GROUPS OUTCOME

DCCT: Intensive Diabetes

treatment complications

with insulin =3
times per day;
conventional
treatment with
1-2 insulin
injections per day.
UroEDIC:

Observational
study

SAMPLE
DURATION SIZE
DCCT: 550
mean
6.5 years
EDIC:
20 years

DIAGNOSIS

Insulin

dependence,
as evidenced

by deficient
C-peptide
secretion

DIAGNOSIS

Self-report
LUTS

BPH, benign prostatic hyperplasia; DCCT, Diabetes Control and Complications Trial; EDIC, Epidemiology of Diabetes Interventions and Complications Study; LUTS, lower urinary
tract symptoms; RCT, randomized controlled trial: UroEDIC, ancillary study of urologic complications in the DCCT/EDIC cohort.
SOURCE: Reference is listed within the table.
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threaten internal validity of risk factor
research. However, across studies, the
magnitude of odds ratios (OR) or relative
risks estimated for a given risk factor
could vary due to these methodologic
issues. In addition, certainly comparing
absolute prevalence or incidence rates of
LUTS across studies with different meth-
odologies could be challenging.

PATHOPHYSIOLOGY AND

DISEASE COURSE

Diabetes may potentially influence BPH
through several mechanisms (Figure 28.1)
(4). First, insulin may influence BPH risk
directly by increasing the transcription of
genes involved in sex hormone metab-
olism, thus influencing androgens and
estrogens, or indirectly through altered
hormone metabolism as a result of
obesity (3). Higher insulin is associated
with lower sex hormone binding glob-
ulin, which may increase the amount of
androgen/estrogen entering prostatic
cells, thereby increasing the risk of BPH.
Androgenic actions within the prostate
where androgens bind to the androgen
receptor and activate DNA synthesis and
cellular proliferation may increase the

risk of BPH. Finally, accumulating data
suggest that inflammation may play an
important role in the development of BPH
and the development and progression of
LUTS. While the mechanisms by which
inflammation may lead to prostatic growth
have not been elucidated, inflammatory
mediators may contribute to prostatic
epithelial and stromal cell growth both
directly, through growth induction via
cytokines that stimulate production of
prostatic growth factors, and indirectly,
through decreases in prostate cell death
via down regulation of prostate cell apop-
tosis (8). Moreover, glucose insensitivity is
a component of the metabolic syndrome.
The metabolic syndrome is associated
with systemic inflammation and oxidative
stress; histological BPH is usually asso-
ciated with inflammation, and the extent
and severity of the inflammation corre-
spond to the severity of the BPH (9,10,11).

Second, while the trophic effect of

increased insulin concentrations
secondary to insulin resistance might

28-4

induce an enlarged prostate, high insulin
levels may in turn increase sympathetic
nerve activity, which probably contributes
to an increase of prostate smooth muscle
tone (3). BPH patients with hyperinsulin-
emia might have increased sympathetic
nervous system activity because insulin
resistance is associated with sympa-
thetic activation, and higher sympathetic
nervous activity would likely contribute to
an increase of prostate smooth muscle
tone. Additionally, hyperglycemia itself
may play a role by increasing cystolic-free
calcium in smooth muscle cells, as

well as in neural tissue, thus leading to
sympathetic nervous system activation.
This would coincide with observations

of increased LUTS severity in men with
elevated postload glucose concentration,
as well as with a higher percentage

of glycosylated hemoglobin (Alc)
compared with men with lower levels of
glucose and Alc (12). Changes in insulin
and glucose metabolism are associated
with hypertension via stimulation of the
sympathetic nervous system activity; this
sympathetic activity is associated with
prostate size and LUTS (13).

Third, because of its structural similarity to
insulin-like growth factor (IGF), insulin can
bind to the IGF receptor in prostate cells,
possibly activating the receptor to induce
growth and proliferation. Alternatively,

as insulin levels increase, IGF-1 binding
protein declines, thus increasing the
bioavailability of IGF (3). Several studies
have observed various components of the
IGF axis to be associated with the risk of
BPH and LUTS (3,14,15,16).

PREVALENCE AND INCIDENCE OF
LUTS IN MEN WITH DIABETES
Diabetic cystopathy, a complication

of diabetes characterized by impaired
sensation of bladder fullness, increased
bladder capacity, and reduced bladder
contractility has been estimated to
occur in 25%—45% of both male and
female patients with diabetes; however,
significant variability in estimates exists
due to differences in case definition and
measurement. The prevalence of cystop-
athy in men increases with the duration
of diabetes (25% for 10 years, >50% for

45 years) (17). This dysfunction typically
involves autonomic neuropathy leading to
functional parasympathetic and possibly
sympathetic denervation of the detrusor.

While much of the epidemiologic litera-
ture supports the notion that diabetes
increases the occurrence of LUTS,
estimates of LUTS attributable to BPH

in men with diabetes are complicated by
several issues. First, LUTS have multiple
potential etiologies, including bladder
outlet obstruction, primary bladder func-
tional disorders (i.e., overactive bladder,
interstitial cystitis), behaviors (i.e., fluid
consumption), medications (i.e., diuretic
use), and other medical conditions

(i.e., sleep apnea), or a combination of
these factors. Second, diabetes may
precipitate urinary storage symptoms
through neurologic mechanisms that are
completely independent of any potential
links with BPH, as described. As such,
estimates of the prevalence of BPH/LUTS
in men with diabetes are somewhat
variable. In a combined analysis of two
population-based cohorts, 45.9% of

men with diabetes reported moderate

to severe LUTS compared to 33.6% of
men without diabetes (p=0.001). These
estimates in both men with and without
diabetes are greater than those reported
by other studies, which may reflect differ-
ences in the specificity of the definitions
of diabetes and older age of men in these
cohorts designed to examine the natural
history of BPH/LUTS. Nonetheless, the
data demonstrate the potential magnitude
of the frequency of BPH/LUTS in the male
diabetes population (Table 28.4).

ASSOCIATIONS BETWEEN
BPH/LUTS AND DIABETES

Diabetes and BPH

A preponderance of the epidemiologic
literature supports the concept that
diabetes is associated with objective
measures of BPH, most notably prostate
gland size. A series of cross-sectional
studies from Sweden demonstrated that
physician-diagnosed diabetes was signifi-
cantly associated with increased prostate
size consistent with BPH (18,19,20,21).
These authors observed that in patients
with LUTS, men with diabetes had a
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TABLE 28.4. Type 2 Diabetes and Prevalence of Benign Prostatic Hyperplasia/Lower Urinary Tract Symptoms Among Men

STUDY,

SAMPLE SIZE

YEAR (REF.)

Olmsted County Study of Urinary Symptoms and Health Status
in Men (OCS), 1990/Flint Men's Health Study (FMHS), 1996

Combined (24)
FMHS, 1996 (114)

Boston Area Community Health Survey (BACH), 2002—2005 (115)

(TOTAL; TYPE 2 DIABETES)

0CS: 2,115; 105
FMHS: 369; 65

708; 139
2,301; 247

AGE BPH/LUTS PREVALENCE (%)
(YEARS) Type 2 Diabetes No Type 2 Diabetes
40-79 459 33.6
40-79 44.6 28.7
Moderate: 6.1 6.0
Severe: 25.3

30-79

BPH, benign prostatic hyperplasia; FMHS, Flint Men's Health Study; LUTS, lower urinary tract symptoms; OCS, Olmsted County Study of Urinary Symptoms and Health Status in

Men.
SOURCE: References are listed within the table.

TABLE 28.5. Type 2 Diabetes and Risk of Benign Prostatic Hyperplasia/Lower Urinary Tract Symptoms Among Men

STUDY,

DURATION SAMPLE SIZE

YEAR (REF.)
Olmsted County Study of Urinary Symptoms

and Health Status in Men (OCS), 1990/Flint Men’s

Health Study (FMHS), 1996 Combined (24)
FMHS, 1996 (114)

Baltimore Longitudinal Study of Aging (BLSA),
1993-2002 (23)

Boston Area Community Health Survey (BACH),
2002-2005 (115)

OF FOLLOW-UP

Cross-sectional 0CS: 2,115; 105

FMHS: 369; 65
Cross-sectional 708; 139
8 years 422; 45
3years 1,899; 284

(TOTAL; TYPE 2 DIABETES)

AGE ADJUSTED ODDS RATIO
(YEARS)  (95% CONFIDENCE INTERVAL)*
40-79 1.28 (0.88-1.85)
40-79 1.95 (1.49-2.57)
27-84 2.80 (1.10-7.10)
2.60 (1.01-6.70)1
30-79 2.87 (1.56-5.31)

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. FMHS, Flint Men’s Health Study; OCS, Olmsted County Study of Urinary Symptoms

and Health Status in Men.
* Comparing diabetes versus no diabetes.

T Comparing elevated fasting glucose (>110 mg/dL) versus normal fasting glucose (<110 mg/dL).

SOURCE: References are listed within the table.

larger prostate gland than men without
diabetes, 78.0 mL versus 45.0 mL
(p=0.006), respectively (21). Furthermore,
they observed that men with fast-growing
prostate glands had a higher prevalence
of type 2 diabetes (p=0.02) (18). More
specifically, these and other studies also
observed significant associations between
increased insulin concentrations and pros-
tate volume. In a case-control study of
men with and without digital rectal exam-
and transrectal ultrasound-diagnosed
BPH, cases had significantly higher
fasting serum insulin and homeostatic
model assessment insulin resistance
levels than controls (22). In the Baltimore
Longitudinal Study of Aging (BLSA), men
with elevated fasting glucose, defined

as >110 mg/dL (>6.11 mmol/L), were
threefold more likely to have an enlarged
prostate (=40 cc) as measured by
magnetic resonance imaging; in men

with diabetes, defined as fasting glucose
levels =126 mg/dL (=6.99 mmol/L)

and/or history of treatment with insulin

or oral hypoglycemic agents, the risk was
increased twofold compared to men with
normal fasting glucose <110 mg/dL (23).
These findings suggest that BPH might be
a condition associated with insulin resis-
tance with secondary hyperinsulinemia

as a possible etiologic factor for prostate
enlargement.

Diabetes and LUTS

Several epidemiologic studies that have
examined the association between LUTS
and self-reported history of diabetes
suggest that LUTS may occur more
frequently among men with diabetes,
with an estimated 25% to 200% increased
risk of LUTS in men with diabetes. In a
cross-sectional evaluation of two popu-
lation-based cohorts, men with diabetes
were 1.28 (95% confidence interval [CI]
0.88-1.85) times more likely to report
moderate to severe LUTS compared

to their nondiabetic counterparts after

adjustment for age (Table 28.5) (24).
Similar findings were observed in a study
using National Health and Nutrition
Examination Survey (NHANES) data,
which demonstrated that a history of
diabetes was positively associated with
LUTS (OR 1.67, 95% CI 0.72-3.86) (3).

In the same study, the odds of LUTS
increased with increasing Alc (p=0.005).
In addition, in the BLSA, men with
elevated fasting glucose (>110 mg/dL)
were 2.6-fold and diabetic men (fasting
glucose levels =126 mg/dL and/or history
of treatment with insulin or oral hypogly-
cemic agents) were 2.8-fold more likely
to have LUTS than men without diabetes
(Table 28.5) (23). Finally, in a German
study, among 9,856 men with clinically
diagnosed BPH, the presence of diabetes
(13%) was associated with increased LUTS
severity (OR 1.05, 95% Cl 1.04-1.06),
which affected voiding more than
storage function (25). Patients with BPH
and diabetes had a significantly higher
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baseline AUASI and a significantly lower
maximal urinary flow rate (Qmax) than
those without diabetes (both p<0.001).
The authors hypothesized that diabetes
not only impairs detrusor function but
also may affect bladder outlet resis-
tance, which could occur by altering the
responsiveness of smooth muscle alpha-1
adrenergic receptors, which have an
important role in the regulation of bladder
outlet resistance.

In the Diabetes Control and Complications
Trial (DCCT) and its observational
follow-up, the Epidemiology of Diabetes
Interventions and Complications (EDIC)
study, randomization to intensive

versus conventional treatment for type

1 diabetes in the DCCT did not reduce

the risk of having moderate to severe
LUTS (OR 0.84, 95% CI 0.55—1.28) (26).
Several reasons may explain why this
study did not demonstrate an association
between glycemic control and LUTS. First,
the DCCT participants had had type 1
diabetes for a significant period of time,
such that the opportunity for glycemic
control to influence LUTS may have
passed. Second, glycemic control at the
time of LUTS assessment was comparable

in the treatment arms, so only effects that
persisted and reflected prior glycemic
exposure would have been found. Third,
diabetes and glycemic control may have
conflicting impacts on the prostate and
bladder, such that no effect was observed.
If diabetes slows down prostate growth
via its impact on testosterone and growth
factors, it might reduce the risk of LUTS
(via obstructive mechanism) and mask
beneficial effects of glycemic control on
bladder dysfunction. Fourth, these men
were relatively younger on average than
the population of males that typically
experience an increase in the frequency
of LUTS. Finally, management of diabetes
was very good among men assigned to
conventional treatment, which might have
affected the ability to detect an effect of
intensive treatment on LUTS (Table 28.3).

Studies that have incorporated more
objective measures of BPH, as well as
LUTS, as the outcomes have reported
mixed results. In the Massachusetts
Male Aging Study, men with diabetes
were 1.5 (95% ClI 0.8—2.7) times more
likely to be diagnosed with clinical BPH
(defined as BPH surgery or LUTS) (27),
whereas a decreased risk of BPH and

SEXUAL DYSFUNCTION IN MEN WITH DIABETES

increased risk of LUTS was observed
among diabetic men in the California
Men’s Health Study (26). Finally, in a
prospective cohort study examining the
influence of diabetes on the progression
of BPH markers, diabetic men reported

a larger increase in the AUASI score than
did nondiabetic men (28). However, there
were no differences in change of prostate
volume or prostate-specific antigen (PSA),
suggesting, perhaps, that the presence of
diabetes may be less directly associated
with prostate growth and more closely
associated with bladder dysfunction due
to the diabetes itself. As there is clinical
overlap between the presence of BPH
and LUTS, with LUTS being the primary
manifestation of BPH, the conditions

can be manifestations of different patho-
physiologic pathways mediated through
hormonal, environmental, genetic, neuro-
pathic, and (micro) vascular influences,
particularly in the diabetic patient (29).
While a substantial proportion of the
existing body of literature supports an
association between diabetes and LUTS,
the failure to differentiate LUTS from BPH
has contributed to some of the confusing
evidence observed in studies including
more specific measurements of BPH.

DESCRIPTION, MEASUREMENT,
CLASSIFICATION

Male sexual dysfunction can involve phys-
iological and psychological problems with
erections, ejaculation, libido, and orgasm.
The majority of available data on sexual
dysfunction in patients with diabetes
pertains to ED, the focus of this section.
The 2009 International Consultation on
Sexual Dysfunctions reached the following
consensus definition of ED: “ED is defined
as a man'’s consistent or recurrent inability
to attain and/or maintain penile erection
sufficient for sexual activity. A three-
month minimum duration of symptoms

is accepted for establishment of the diag-
nosis” (30).

The mainstay of sexual dysfunction
measurement in clinical practice,
outcomes research, and clinical trials is
the International Index of Erectile Function
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(EF) (31). The IIEF is a standardized,
validated, 15-item, self-reported measure
of sexual function in men that asks the
respondent about their sexual function over
the last 4 weeks (31). The IIEF assesses five
domains of male sexual function, including
desire, erectile function, orgasm, inter-

course satisfaction, and overall satisfaction.

Validated cutoff scores for the erectile
function domain of the original IIEF (IIEF-
EF) have been developed to stratify severity
of ED (32). The IIEF is considered the gold
standard for patient-based assessment of
male sexual function by the International
Society for Sexual Medicine (30). An abbre-
viated short form of the IIEF (Sexual Health
Inventory for Men or SHIM) consisting of
five questions is also available (33). Other
measures of erectile health, such as penile
ultrasound or penile tumescence testing,
are infrequently used in clinical practice
or epidemiologic research.

DATA SOURCES, LIMITATIONS

The majority of literature regarding ED in
men with diabetes comes from regional
datasets and national studies, with a
limited amount of data from clinical
trials (Tables 28.6—28.8).Some data
sources did not specify type of diabetes
(34,35,36,37,38,39), while others
included only type 1 (40) or type 2
diabetes (41). Studies are heterogeneous
in how they measure ED, with some using
validated domains of instruments, such
as the IIEF (36), and others asking global
single item questions about erectile
function (37), making study comparisons
difficult.

PATHOPHYSIOLOGY

AND DISEASE COURSE

The cause of diabetic ED is multifactorial
(42,43). Disease pathophysiology is
driven by vasculopathy, neuropathy,
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TABLE 28.6. National Studies of Urologic Complications of Type 2 Diabetes Among Men: Erectile Dysfunction

STUDY, STUDY STUDY SAMPLE

YEAR (REF.) DESIGN DESCRIPTION SIZE
National Health and Nutrition ~ Cross- The cohort (see Table 28.1) was assessed 2,126
Examination Surveys sectional for ED using a single question during a self-
(NHANES), 2001-2002 (37) paced, computer-assisted self-interview.
Health Professionals Longitudinal ~ Male health care professionals in the United 31,027
Follow-Up Study (HPFS), States followed at 2-year intervals with
1986-2000 (45) mailed questionnaires.
Male Attitudes Regarding Cross- Population-based, nationally representative 901
Sexual Health Survey sectional probability survey with oversampling of

(MARSH), 2001-2002 (38)

minority populations by telephone.

TYPE 2 DIABETES ED
DIAGNOSIS DIAGNOSIS

Self-report physician diagnosis, Self-report
use of diabetes medication,
8-hour fasting glucose >126 mg/dL,
or nonfasting glucose >200 mg/dL
Self-report Self-report
Self-report IIEF-5

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. ED, erectile dysfunction; lIEF-5, erectile function domain of the

International Index of Erectile Function.
SOURCE: References are listed within the table.

TABLE 28.7. Regional Studies of Urologic Complications of Type 2 Diabetes Among Men: Erectile Dysfunction

STUDY, STUDY DESIGN;
YEAR (REF.) REGION(S)
Olmsted County Study of Longitudinal;
Urinary Symptoms and Olmsted County,
Health Status in Men (OCS),  Minnesota

1990-1996 (35)

Boston Area Community
Health Survey (BACH),
2002-2005 (34)

Cross-sectional;
Boston,
Massachusetts

Massachusetts Male Aging
Study (MMAS), 1987-1997
(39) Massachusetts

Longitudinal; Boston
Metropolitan area,

STUDY
DESCRIPTION

A study of the natural history of sexual function in a
community-based sample of Caucasian men; male
residents age 40—79 years were randomly selected
from Olmsted County, Minnesota. A validated self-ad-

ministered male sexual function index consisting
of 11 questions comprising five sexual function
domains.

A population-based survey; random sample of
Boston-area Caucasian, African American, and

Hispanic residents age 30—79 years. Sexual dysfunc-

tion was assessed with the IIEF.

Prospective observational study that followed men,

age 40-69 years with 69 years follow-up. Self-

administered questionnaire on sexual activity. ltems

related to erectile function and a global subjective
self-assessment were obtained.

ED, erectile dysfunction; IIEF, International Index of Erectile Function.

SOURCE: References are listed within the table.

and an altered hormonal milieu (44).
Associated comorbid conditions, such

as aging, hypertension, cardiac disease,
obesity, and a lack of exercise, also
promote ED in men with diabetes (37).
Chronic iliness can produce psychological
and relationship difficulties that can
compound sexual problems (44).

Among men with ED, those with diabetes
may also have higher risk of more severe
sexual dysfunction (44). In an analysis of
men with ED who underwent extensive
clinical phenotyping from the Exploratory
Comprehensive Evaluation of Erectile
Dysfunction database, compared to men
without diabetes, men with diabetes
reported worse ED and intercourse

satisfaction at baseline, and ED had a
greater impact on their emotional health
(36). Data on men with longstanding type
1 diabetes from the DCCT/EDIC cohort
demonstrated that diabetes promotes

ED, orgasmic dysfunction, and decreased
libido. ED was present in 34%, orgasmic
dysfunction in 20%, and decreased libido
in 55%. Of sexual dysfunction compo-
nents, ED caused the most general bother
and likely had the greatest impact on
overall quality of life. When correlated with
overall sexual satisfaction, weighted kappa
statistics were highest for ED (0.84, 95%
C1 0.80—0.87) and lower for orgasmic
dysfunction (0.57, 95% CI 0.51-0.63) and
decreased libido (0.55, 95% Cl 0.48-0.63)
(40). Increasing duration of diabetes

SAMPLE TYPE 2 DIABETES ED
SIZE DIAGNOSIS DIAGNOSIS
2,115 Self-report Self-report
5,506 Self-report Self-report

847 Self-report Self-report

is positively associated with increased
risk of ED (45). In data from the Health
Professionals Follow-up Study (HPFS), of
men with diabetes who reported very
poor ability to have and maintain an
erection sufficient for intercourse, 19.7%
reported duration of diabetes of 0-5
years compared to 37.1% of patients
with diabetes >20 years (45). Men with
diabetes had increasingly greater risk of
ED with increased duration since diag-
nosis (p<0.0001).
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ASSOCIATION BETWEEN

SEXUAL DYSFUNCTION

AND DIABETES

Compared to men without diabetes, men
with diabetes have increased odds of
reporting ED in multiple studies from the
United States (Table 28.11) (34,35,37,38).
In adjusted models comparing men with
and without diabetes, having diabetes
increased the odds of reporting ED by
2.1-4.2 times (34,35,37,38). In the

Male Attitudes Regarding Sexual Health
survey, a total of 2,173 men participated
in a nationally representative probability
survey of the prevalence and correlates of
ED (38). In an adjusted model, men with
diabetes had a 2.1 (95% Cl 1.2—3.7) times

Urologic Diseases and Sexual Dysfunction in Diabetes

increased odds of reporting ED compared
with men without diabetes. In this cohort,
having diabetes increased the odds of
reporting ED more than other comorbid-
ities, including hypercholesterolemia (OR
0.9, 95% Cl 0.6-1.5), hypertension (OR
1.6, 95% CI 1.0-2.4), or ischemic heart

disease (OR 1.5, 95% CI 0.8—2.8). An anal-

ysis of the NHANES based on 2,126 male
participants in 2001-2002, showed that
men with diabetes had nearly three times
increased odds (OR 2.91, 95% CI 1.47—
5.73) of reporting ED compared to men
without diabetes (37). Similarly, in results
from the Boston Area Community Health
(BACH) survey, having diabetes increased
the odds of reporting ED 2.96 (95% ClI

TABLE 28.9. Diabetes and Prevalence of Erectile Dysfunction Among Men

STUDY,
YEAR (REF)

Health Professionals Follow-up Study (HPFS), 1986—2000 (45)

Olmsted County Study of Urinary Symptoms and Health Status in

Men (OCS), 1990-1996 (35)

Diabetes Control and Complications Trial/Epidemiology of Diabetes

SAMPLE SIZE
BY TYPE OF DIABETES

Total population: 31,027
Type 1 diabetes: 51
Type 2 diabetes: 2,057

Total population: 1,562
Diabetes, unknown type: 53

Type 1 diabetes: 571

Interventions and Complications Study/Urologic Complications of
Diabetes Ancillary Study of the DCCT/EDIC (DCCT/EDIC/UroEDIC),
DCCT 1983-1993, EDIC 1994-2014, UroEDIC 2003 (46)

ED, erectile dysfunction; NA, not applicable.
* Meanzstandard deviation

SOURCE: References are listed within the table.

TABLE 28.10. Type 2 Diabetes and Incidence of Erectile Dysfunction Among Men

STUDY,

DURATION

SAMPLE SIZE AGE

1.8-4.86) times (34). BACH included
2,301 men age 30—7/9 years, of whom
296 had diabetes. In a multivariate anal-
ysis of the Olmsted County Survey, men
with diabetes had a 4.2 (95% Cl 2.2—8.0)
times increased odds of reporting ED
compared to men without diabetes (35).

Data from clinical trials has informed
treatment recommendations for men
with diabetes and ED (Table 28.8)
(41,46,48,49). Two were ancillary studies
from larger randomized trials looking

at ED as a secondary outcome (41,46),
while the others were placebo controlled
randomized trials investigating the utility
of phosphodiesterase inhibitors in men

AGE ED PREVALENCE (%)
(YEARS) Diabetes No Diabetes
53-90 All diabetes: 45.8 24.1
Type 1: 61.8
Type 2:45.2
40-79 All diabetes: 50 12.5
44.6+6.6* Type 1: 23 NA

INCIDENCE PER 1,000 PERSON-YEARS

YEAR (REF)

Massachusetts Male Aging Study
(MMAS), 1987-1997 (39)

SOURCE: Reference is listed within the table.

OF FOLLOW-UP
8.8 years

(TOTAL; TYPE 2 DIABETES)
847,17

TABLE 28.11. Type 2 Diabetes and Risk of Erectile Dysfunction Among Men

STUDY, YEAR (REF)

STUDY
DESIGN

SAMPLE SIZE

(YEARS)
40-69

(TOTAL; TYPE 2 DIABETES)

(95% CONFIDENCE INTERVAL)

Diabetes: 50.7 (31.7-81.2)
No diabetes: 24.8 (21.4-28.7)

Male Attitudes Regarding Sexual Health Survey
(MARSH), 2001-2002 (38)

National Health and Nutrition Examination
Surveys (NHANES), 2001-2002 (37)

Olmsted County Survey of Urinary Symptoms
and Health Status in Men (OCS), 1990-1996 (35)

Boston Area Community Health Survey (BACH),
2002-2005 (34)

NR, not reported.
* Comparing diabetes versus no diabetes.

SOURCE: References are listed within the table.

Cross-sectional 2,173; NR
Cross-sectional 2,126; NR
Cross-sectional 1,562; 53
Cross-sectional 2,301; 296

AGE ADJUSTED ODDS RATIO
(YEARS)  (95% CONFIDENCE INTERVAL)*
40-270 2.1(1.2-3.7)

20-=70 291 (1.47-5.73)

40-79 4.2 (2.2-8.0)

30-79 2.96 (1.8-4.9)

28-9
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with diabetes (48,49). In an ancillary
study of the Action for Health in Diabetes
(Look AHEAD) cohort that examined ED
as an outcome, overweight men with
type 2 diabetes were randomly assigned
to either a diabetes support and educa-
tion group (control) or to an intensive
lifestyle intervention group (intervention)
that sought to reduce weight by 7% and
increase physical activity (41). The weight
loss intervention was mildly helpful in
maintaining erectile function but did not
appear to significantly improve it. From

baseline to one year, 8% of men who
underwent the intervention reported
worsening ED, 70% stayed the same, 22%
improved. In contrast, in the control group,
20% reported worsening, 57% stayed the
same, 23% improved (p=0.006). UroEDIC,
an ancillary study assessing the urologic
complications in the DCCT/EDIC cohort,
examined erectile function in men with
type 1 diabetes who had been assigned
to conventional versus intensive glycemic
therapy in the DCCT. Overalll, the risk of
ED was directly associated with mean Alc

LOWER URINARY TRACT SYMPTOMS IN WOMEN WITH DIABETES

levels during the trial. The authors contend
that the results support early implemen-
tation of intensive insulin therapy in young
men with type 1 diabetes. In addition to
weight loss and glycemic control, primary
treatment for ED in men with diabetes
may include medical management with
erectile aids. Both sildenafil and vardenafil,
phosphodiesterase inhibitors used to treat
erectile dysfunction, have been shown in
randomized trials to be efficacious and
well-tolerated for the treatment of ED in
men with diabetes (48,49).

In women, LUTS, which include urinary
incontinence (Ul), bladder storage symp-
toms, sensory symptoms, and voiding and
postmicturition symptoms, are increas-
ingly recognized in those with diabetes
(50). Bladder storage symptoms in

women include increased daytime urinary
frequency, nocturia, urgency, and overac-
tive bladder (OAB) syndrome (i.e., urinary
urgency, often accompanied by nocturia
and frequency, with or without urgency

Ul leakage, in the absence of urinary tract
infection or other obvious pathology) (50).
Sensory symptoms occur during bladder
filling and include increased, reduced, or
absent bladder sensation (50). Voiding
and postmicturition smptoms include
hesitancy, slow stream, intermittency,
straining to void, feeling of incomplete
bladder emptying, postmicturition leakage,
dysuria, and urinary retention (50). Overall,
Ul has received by far the greatest amount
of attention in the epidemiologic literature
on the urologic complications of diabetes
among women in the United States and is
the focus of this section.

DESCRIPTION, MEASUREMENT,
CLASSIFICATION

Ul is defined as involuntary loss of

urine (50). Several types of Ul, which

are thought to have different etiologies,
are generally distinguished in epidemi-
ologic research: stress Ul, defined as
involuntary loss of urine with physical
exertion, sneezing, or coughing; urgency
Ul, defined as involuntary loss of urine
associated with a strong, sudden desire to
void; and mixed Ul, defined as involuntary

28-10

loss of urine associated with both phys-
ical exertion, sneezing or coughing, and
a strong, sudden desire to void (50).
Generally, among younger women, stress
Ul is the most common type of incon-
tinence. However, with increasing age,
the ratio of stress to urgency Ul tends

to decrease, and mixed Ul becomes the
dominant Ul type (51).

Clinical diagnosis of Ul, and more broadly
LUTS, may be based on a variety of
factors, including the woman’s complaint,
observation of the symptom on examina-
tion, records of the symptom on bladder
diaries completed by the woman, perineal
pad weighing (for Ul), and urodynamic
testing (50). In large epidemiologic studies,
however, clinical testing to diagnose LUTS
is generally not practical. Yet, self-re-
ported LUTS have been found to have
moderate to high validity compared with
clinical diagnoses (52,53). In addition,
self-reported symptoms may have bene-
fits over clinical examination; for example,
Ul symptoms can vary over time and may
simply be absent on any given day despite
their occurence on other days. Validation
studies indicate that specific Ul types are
not reported as accurately as Ul overall,
although specificity generally is high (e.g.,
88%—96% specificity), with lower sensi-
tivity for self-reported stress and urgency
Ul (e.g., 56%—66% sensitivity) compared
with clinical diagnosis (54).

Methodologic issues associated with
self-reported LUTS are described in
the section above on LUTS in men with

diabetes. In addition to the previously
described issues (i.., varying collection
method and reference time period), it is
important to note that differences in the
wording of questions about Ul and Ul case
definitions (e.g., Ul episodes occurring at
least once per month versus at least once
per week) may contribute to variable find-
ings among studies. Again, while these
sources of variation may not threaten
internal validity of risk factor research
within a study, they should be considered
when comparing association measures or
absolute prevalence or incidence rates of
LUTS across studies.

DATA SOURCES, LIMITATIONS

The understanding of LUTS in women with
diabetes is based on national and regional
datasets, as well as randomized clinical
trials (Tables 28.12—28.14). Nonetheless,
the majority of data are from more
regional datasets, and limited information
is available on broader-based populations,
including minorities. Thus, the existing
data may or may not apply to specific
groups, such as African Americans,
Hispanics, or Asian Americans. In addition,
given the substantial resources required
to conduct prospective studies versus
cross-sectional studies, few studies have
collected prospective data on LUTS
among women with or without diabetes;
thus, relatively little is known regarding
the incidence and natural history of LUTS.

Another limitation of the U.S. literature
on diabetes and LUTS in women is the
minority of studies that have reported
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on LUTS other than Ul. Notable excep-
tions are the BACH survey and the
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Reproductive Risks of Incontinence Study
at Kaiser (RRISK), which have provided
information on a broad variety of LUTS in
U.S. women. In general, findings regarding
the relation of type 2 diabetes to broader
LUTS are somewhat weaker than those for
Ul alone, perhaps because LUTS repre-
sent a broader spectrum of conditions and
etiologies. For example, an analysis using
BACH survey data examined the relation
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between type 2 diabetes and LUTS overall,
defined as an AUASI score =8, as well as
syndrome, frequency, urgency, nocturia,
and OAB without urgency incontinence)

eight specific LUTS (Ul, painful bladder
OAB, OAB with urgency incontinence,
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for potential confounding factors, the odds
=0.002); but, type 2

among 3,205 women (55). After adjusting
of prevalent nocturia were significantly

higher among women with than without

type 2 diabetes (p

diabetes was not statistically significantly
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alence of Ul and frequency were observed
(55). In addition, 427 women with type 2
as Ul, daytime urinary frequency, nocturia,
or obstructive voiding) was slightly higher

among women with type 2 diabetes
spectrum of LUTS in women with diabetes

obstructive voiding. The unadjusted prev-
are needed.

other individual LUTS, although marginally
significant associations with greater prev-
diabetes in RRISK reported symptoms of
stress and urgency Ul, daytime urinary
frequency, nocturia, and obstructive
percentages were 20% for daytime urinary
frequency, 18% for nocturia, and 21% for
alence of any urinary symptom (defined
section, is the lack of attention to bother;

associated with LUTS overall or any of the
voiding (defined as reporting incomplete
emptying, intermittent stream, weak
stream, or abdominal straining about
half the time or more) (56). Prevalence
compared with women in RRISK without
diabetes (56% vs. 49%, p<0.001) (56).
Additional studies assessing the broad
literature, which is the focus of this
several epidemiologic studies have
inquired about bother associated with
symptoms (57,58,59,60), but most have

Another possible limitation in the Ul
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not. Although the 2010 International
Urogynecological Association/
International Continence Society defi-
nition of the symptom of Ul does not
require subjective assessment that the
incontinence is a bother or problem (50),
lack of information on bothersome Ul
could be considered a limitation, as itis a
significant predictor of care seeking and
quality-of-life impact (61,62). However,

it is important to note that, in addition

to severity of Ul symptoms, perception

of bother may be influenced by factors
such as level of education, overall health
status, presence of comorbid conditions,
and belief that Ul is a natural part of aging
(61,62). Thus, the value of assessing
bother related to LUTS likely depends on
the specific study question of interest.

For example, measurement of bother may
be less useful for epidemiologic studies
exploring etiologic hypotheses but may be
advantageous when approaching hypoth-
eses related to quality-of-life outcomes or
care seeking (63).

PATHOPHYSIOLOGY AND

DISEASE COURSE

The precise mechanisms underlying
urologic complications of diabetes are
not yet understood. However, several
mechanisms that might explain a link
between diabetes and LUTS have been
hypothesized, mainly based on data
from animal studies. These mechanisms

include diabetic neuropathy and microvas-

cular damage, leading to detrusor muscle
and urothelium dysfunction (29,64). For
example, over the long term, microvas-
cular and neuronal damage resulting from
diabetes may compromise innervation

of the lower urinary tract and detrusor
muscle, leading to the hallmark features
of diabetic cystopathy: decreased bladder
sensation, decreased detrusor muscle
function, increased bladder volume, and
overdistention (65). Indeed, evidence of
impaired detrusor muscle function was
observed among 427 women age 40-80
years with type 2 diabetes in the RRISK
(56). Specifically, among these women,
postvoid residual volume, an indicator of
bladder emptying adequacy, ranged from
0 to 824 mL, with a mean of 42.0 mL
(standard deviation 77.5 mL); 26% of the

28-14

women had a postvoid residual volume of
>50 mL, a level considered above normal
(56,66). In contrast, among 96 mainly
healthy women without significant LUTS,
age =45 years, postvoid residual volumes
were lower, ranging from 0 to 145 mL,
with a mean of 24 mL (standard deviation
28 mL); 15% had a postvoid residual
volume =50 mL (67). Although multiple
mechanisms can explain increased post-
void residual volume (e.g., bladder outlet
obstruction), these data suggest that
impaired detrusor muscle contractility
related to diabetic cystopathy is one
potential factor.

In addition, several hypotheses have been
proposed to explain increased involuntary
detrusor muscle contractions and OAB

in women with diabetes. For example,
experimental studies of rat bladder strips
suggest diabetes increases responsive-
ness of bladder tissue to electrical field
stimulation (64), possibly by promoting
changes in membrane lipid composition,
increasing neurotransmitter release,
increasing calcium-channel activity, or
enhancing calcium sensitivity (64). OAB
may also occur as a consequence of
multiple cerebral infarctions due to
diabetic cerebral vasculopathy (68). Finally,
the urothelium, a key sensory organ
necessary for proper bladder function, has
been shown in animal studies to increase
in thickness with longer diabetes duration
(29). Urothelial release of prostaglandins
appears to increase in proportion to the
increase in urothelium thickness, resulting
in increased sensitivity of the bladder
smooth muscle, a change which theoreti-
cally could promote detrusor overactivity
and OAB symptoms (64,65).

Data indicating higher prevalence of Ul
even in women at high risk for diabetes
(i.e., impaired fasting glucose), and

thus without apparent complications of
diabetes, suggest that other unknown
mechanisms undetrlie the development
of Ul. In addition, although diabetes has
been associated with increased Ul prev-
alence and incidence, it should be noted
that obesity is a strong risk factor for
both type 2 diabetes and Ul (29); many
epidemiologic study findings described in

this section were adjusted for body mass
index (BMI). Thus, the increase in Ul with
diabetes cannot be solely attributable to
independent effects of BMI.

PREVALENCE OF Ul IN WOMEN
WITH TYPE 2 DIABETES

Overall Ul

Estimates of the prevalence of weekly

Ul, a severity level generally considered
clinically significant, range from 24% to
49% in women with type 2 diabetes (Table
28.15). In general, after accounting for
potential confounding variables, including
BMI and/or waist circumference, odds
ratios for weekly Ul comparing women
with diabetes to those without diabetes
indicate modest increased odds (i.e.,
20%—50% higher) in those with diabetes,
although in the Study of Women'’s Health
Across the Nation (SWAN), the odds of
prevalent weekly Ul was 3.1 times higher
in women with diabetes (Table 28.16) (69).
In addition, an analysis of data from the
NHANES 2001-2002 indicated that the
prevalence of Ul is similar in women with
diabetes (35%) and women with impaired
fasting glucose (33%), defined as fasting
plasma glucose between 100 and 125
mg/dL (5.55—-6.94 mmol/L) (Table 28.15)
(57), and significantly higher than the prev-
alence of Ul in women without diabetes
(17%, p<0.001), even after adjusting for
BMI, suggesting that urologic complica-
tions should be evaluated in prediabetes
as well.

Less data are available on racial dispar-
ities in Ul among women with diabetes.
However, data from two studies indicate
that weekly Ul is more common in white
women with type 2 diabetes than in
African American or Asian American
women with type 2 diabetes (Table 28.17)
(70,71). A higher prevalence of Ul in white
women compared with African American
or Asian American women has also been
observed in studies of women without
diabetes (72,73,74,75,76,77,78,79).

Ul Type

Few studies have reported the preva-
lence of specific Ul types among women
with diabetes. Yet, existing data indicate
that urgency Ul is particularly increased
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TABLE 28.15. Type 2 Diabetes and Prevalence of Weekly Urinary Incontinence Among Women

STUDY, SAMPLE SIZE AGE U PREVALENCE (%)
YEAR (REF.) (TOTAL; TYPE 2 DIABETES) (YEARS)  Type 2 Diabetes  No Type 2 Diabetes

Group Health Cooperative of Puget Sound (GHC), 1998—-2000 (87) 1,017; 218 55-75 49 42
Action for Health in Diabetes (Look AHEAD), 2001-2004 (70) 2,994; 2,994 45-76 271 NA
National Health and Nutrition Examination Surveys (NHANES), 1,461; 246 (+164 IFG) =20 35.4 (IFG: 33.4) 16.8
2001-2002 (57)

Nurses’ Health Study (NHS), 1996-2000 (82) 81,845, 4,277 50-75 24.4 17.1
Reproductive Risk factors for Incontinence Study at Kaiser 2,270; 486 40-69 35.4 24.7

(Diabetes RRISK), 1999-2003 (59)

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. IFG, impaired fasting glucose, 100-125 mg/dL; NA, not applicable; Ul, urinary
incontinence.

SOURCE: References are listed within the table.

TABLE 28.16. Type 2 Diabetes and Odds of Prevalent Weekly Urinary Incontinence Among Women

STUDY, SAMPLE SIZE AGE ADJUSTED ODDS RATIO
YEAR (REF.) (TOTAL; TYPE 2 DIABETES) (YEARS) (95% CONFIDENCE INTERVAL)*
Boston Area Community Health Survey (BACH), 2002—-2005 (77) 3,205; NR 30-79 1.17 (0.73-1.88)
Group Health Cooperative of Puget Sound (GHC), 1998-2000 (87) 1,017; 218 55-75 1.5(0.8-2.5)
Nurses’ Health Study (NHS), 1996-2000 (82) 81,845; 4,277 50-75 1.28 (1.18-1.39)
Nurses’ Health Study Il (NHS 11), 2001 (79) 83,355; 5,539 37-54 1.18(1.10-1.26)
Study of Women’s Health Across the Nation (SWAN), 1995-1997 (69) 2,702; 126 42-52 3.10(1.43-6.74)

NR, not reported.
* Comparing diabetes versus no diabetes. All odds ratios were adjusted for body mass index and/or waist circumference in addition to other variables.

SOURCE: References are listed within the table.

TABLE 28.17. Type 2 Diabetes and Prevalence of Weekly Urinary Incontinence by Race/Ethnicity Among Women

URINARY INCONTINENCE PREVALENCE (%)

AGE Non-Hispanic African SEN Native American/
STUDY, YEAR (REF.) (YEARS) White American Hispanic American Alaska Native
Action for Health in Diabetes 45-74 315 NR 17.8 219 12.1 30.8
(Look AHEAD), 2001-2004 (70)
Nurses’ Health Study (NHS), 37-79 NR 30 (95% CI 29-31) 21 (95% Cl 16—26) NR 17 (95% Cl 10-24) NR
2000-2004,

NHS 11, 2001-2005 (71)

Cl, confidence interval; NR, not reported.
SOURCE: References are listed within the table.

TABLE 28.18. Type 2 Diabetes and Urinary Incontinence Prevalence by Incontinence Type Among Women

URINARY INCONTINENCE PREVALENCE (%)

STRESS URGENCY MIXED
STUDY, Type 2 No Type 2 Type 2 No Type 2 Type 2 No Type 2
YEAR (REF.) Diabetes IFG  Diabetes Diabetes IFG  Diabetes Diabetes Diabetes
Action for Health in Diabetes (Look AHEAD), 2001-2004*t (70) 13.2 NR NR 10.0 NR NR 21 NR
National Health and Nutrition Examination Surveys (NHANES), 30.2 31.2 144 26.4 24.6 7.7 NR NR
2001-2002* (57)
NHANES, 2001-20041 (58) 19.8 NR 25.0 10.5 NR 7.7 29.9 16.0

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. IFG, impaired fasting glucose, 100-125 mg/dL; NHANES, National Health and
Nutrition Examination Survey; NR, not reported.

* Urinary incontinence was defined as weekly leakage.

T All women in Look AHEAD had type 2 diabetes.

F Urinary incontinence was defined as any leakage.

SOURCE: References are listed within the table.
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among women with diabetes compared
to women without diabetes (Table 28.18).
For example, in the NHANES 2001-2002
(57), among women with diabetes or
impaired fasting glucose, the prevalence
of stress Ul was similar to the prevalence
of urgency Ul (30% vs. 26% for diabetes,
31% vs. 25% for impaired fasting glucose);
in contrast, among women with normal
glucose, stress Ul was 1.8 times more
common than urgency Ul (14% vs. 8%),
suggesting disproportionately more
urgency Ul associated with diabetes.
Although data are limited, several multi-
variable-adjusted analyses have confirmed
a higher prevalence of urgency Ul in
women with diabetes compared to those
without diabetes (Table 28.19) (69,80,81).

INCIDENCE OF Ul IN WOMEN

WITH TYPE 2 DIABETES

Information concerning the incidence of
Ul among women with diabetes in the
United States is sparse. Similar to data on
prevalent Ul, existing data suggest that Ul
incidence is higher among women with
diabetes versus those with normal glucose
levels. For example, in the Nurses’ Health
Study (NHS), which examined devel-
opment of weekly Ul over 4 years, the
incidence was 11% among women with
type 2 diabetes and was almost 40% lower,

at 7%, among women without diabetes
(82). Multivariable-adjusted relative risks
for incident Ul comparing diabetes to no

diabetes are comparable to those for prev-

alent Ul, with 20%—50% higher rates of
Ul development in women with diabetes
(Table 28.20). Although even fewer data
on diabetes and incident Ul type are
available, study findings also suggest that
women with diabetes develop urgency Ul
disproportionately (Table 28.20).

REMISSION AND IMPROVEMENT
OF Ul IN WOMEN WITH

TYPE 2 DIABETES

Although it is known that Ul can remit and
relapse (83,84), little is known regarding
changes in Ul frequency among women
with type 2 diabetes. Initial data suggest
that Ul improvement and remission may
be less common in women with type 2
diabetes compared with those without
diabetes (Table 28.21). For example,
among 390 women with weekly Ul in
RRISK, the odds of Ul improvement were
54% lower in women who developed type
2 diabetes during the 5-year follow-up
period compared with those who did not
develop diabetes (unadjusted OR 0.46,
95% Cl 0.15-1.40) (85). Ul improvement
or remission was also less common in
women with type 2 diabetes in both the

SWAN and Group Health Cooperative

of Puget Sound (GHC) (83,86), although
differences between women with and
without diabetes were smaller than in the
RRISK study (Table 28.21).

CHARACTERISTICS OF TYPE 2
DIABETES AND ODDS OF Ul IN
WOMEN

Studies have considered the odds of Ul in
relation to specific characteristics of type
2 diabetes, such as duration of diabetes,
glycemic control, type of treatment, and
presence of complications of diabetes
(Table 28.22). For example, those with
long duration of diabetes have been exam-
ined; existing data do not indicate a clear
increase in Ul prevalence in women with
longer duration of diabetes. In the NHS
and NHS 1I, the odds of prevalent Ul were
modestly increased in women with type

2 diabetes for >10 years versus <5 years
(adjusted OR 1.17, 95% CI 1.03-1.33) (71).
In contrast, in the GHC, the odds of prev-
alent Ul were similar in women with type
2 diabetes for <10 years (adjusted OR 1.4,
95% Cl 0.8-2.6) and those with type 2
diabetes for =10 years (adjusted OR 1.6,
95% Cl 0.7-3.4), compared with women
without diabetes (87).

TABLE 28.19. Type 2 Diabetes and Odds of Prevalent Urinary Incontinence by Incontinence Type Among Women

STUDY,

ADJUSTED ODDS RATIO (95% CONFIDENCE INTERVAL)*

Stress

YEAR (REF.)
Heart and Estrogen/progestin Replacement Study (HERS), 1993-1994 (80)

Study of Women’s Health Across the Nation (SWAN), 1995-1997 (69)

NR, not reported.

* Comparing type 2 diabetes versus no type 2 diabetes. All odds ratios were adjusted for body mass index.

SOURCE: References are listed within the table.

0.82 (0.58-1.14)
2.11 (1.09-4.09)

Urgency Mixed
1.49 (1.11-2.00) 1.32 (1.04-1.67)
3.62(1.45-9.01) NR

TABLE 28.20. Type 2 Diabetes and Risk of Incident Weekly Urinary Incontinence Among Women

STUDY,

YEAR (REF)
Nurses’ Health Study (NHS), 1996-2000 (82)
NHS, 2000-2002, NHS I, 2001-2003 (118)

Study of Women'’s Health Across the Nation
(SWAN), 1995-2002 (119)

DURATION SAMPLE SIZE
OF FOLLOW-UP (TOTAL; TYPE 2 DIABETES)
4 years 47.461; NR
2 years 71,650; 2,958
6 years 1,529; NR

NHS, Nurses’ Health Study; NR, not reported; Ul, urinary incontinence.
* Comparing type 2 diabetes versus no type 2 diabetes. All relative risks were adjusted for body mass index in addition to other variables.

SOURCE: References are listed within the table.
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AGE ADJUSTED RELATIVE RISK
(YEARS)  (95% CONFIDENCE INTERVAL)*
50-75 1.21 (1.02-1.43)
37-79 1.2 (1.0-1.3)
Stress Ul: 1.1 (0.9-1.4)
Urgency Ul: 1.4 (1.0-1.9)
Mixed Ul: 0.9 (0.7-1.3)
42-52 1.48 (1.06-2.07)
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TABLE 28.21. Type 2 Diabetes and Urinary Incontinence Improvement or Remission Among Women

RESULT

14% in type 2 diabetes;

16% in no type 2 diabetes

STUDY, DURATION SAMPLE
YEAR (REF.) OF FOLLOW-UP SIZE OUTCOME
Group Health Cooperative of 1 year 672 with any Ul Ul resolution Prevalence:
Puget Sound (GHC), 1998-2002 (83)
Reproductive Risk factors for 5 years 390 with at Decrease in Ul frequency
Incontinence Study at Kaiser (RRISK), least weekly Ul
1999-2008 (85) diabetes
Study of Women'’s Health Across 6 years 1,493 with at Decreasing Ul frequency
the Nation (SWAN), 1995-2002 (86) least monthly  from one annual visit to
ul the next diabetes*

Cl, confidence interval; OR, odds ratio; Ul, urinary incontinence.
* Odds ratio adjusted for baseline body mass index, gain in weight, and waist-to-hip ratio over follow-up, in addition to other variables.

SOURCE: References are listed within the table.

TABLE 28.22. Type 2 Diabetes Characteristics and Urinary Incontinence Among Women

SAMPLE SIZE
(TOTAL; TYPE 2

STUDY,

AGE TYPE 2 DIABETES Ul MODEL

Unadjusted OR 0.46 (95% CI 0.15-1.40)
comparing type 2 diabetes vs. no type 2

Adjusted OR 0.91 (95% Cl 0.77-1.07)
comparing type 2 diabetes vs. no type 2

ADJUSTED ODDS RATIO

YEAR (REF)

DIABETES) (YEARS) CHARACTERISTIC  OUTCOME COVARIATES

Group Health 1,017; 218 55-75 Duration Prevalent Age, education, urinary

Cooperative severe UI* tract infection in the

of Puget past year

Sound (GHC),

1998-2002 (87)

Nurses’ Health 81,845; 4,277 50-75 Duration Prevalent Age, BMI, hormone therapy

Study (NHS), weekly Ul use, hysterectomy, low

1996-2000 (82) functional status, parity,
race, smoking, stroke,
waist-hip ratio

NHS, 9,994; 9,994 37-79 Duration Prevalent Age, BMI, diabetes medi-

2000-2004, weekly Ul cation use, diuretic use,

NHS I, hormone therapy use,

2001-2005 (71) hysterectomy, parity, phys-
ical activity, race, smoking

Diabetes and 6,026; 6,026 30-75 Alc Prevalent Age, BMI, comorbidity

Aging Study, occasional Ul score, diabetes duration,

2005-2006 (63) diabetes treatment, educa-
tion, income, parity, race

GHC, 1,017; 218 55-75 Alc Prevalent Age, education, urinary

1998-2002 (87) severe Ul* tract infection in the
past year

GHC, 1,017, 218 55-75 Treatment Prevalent Age, education, urinary

1998-2002 (87) severe UI* tract infection in the past
year

Health, Aging, 1,584; 229 70-79 Treatment Prevalent Age, depressive symptoms,

and Body weekly lower extremity physical

Composition urgency Ul function

(Health ABC) Study,

1997-1998 (81)

NHS, 2000-2004, 9,994; 9,994 37-79 Treatment Prevalent Age, BMI, diabetes medi-

NHS 11, weekly Ul cation use, diuretic use,

2001-2005 (71) hormone therapy use,
hysterectomy, parity, phys-

ical activity, race, smoking

(95% CONFIDENCE INTERVAL)

Referent: no type 2 diabetes
<10 years: 1.4 (0.8-2.6)
=10 years: 1.6 (0.7-3.4)

Referent: no type 2 diabetes
<5 years: 1.13 (0.97-1.32)
5-10 years: 1.36 (1.17-1.57)
>10 years: 1.34 (1.18-1.53)

Referent: type 2 diabetes <5
years

5-10 years: 0.90 (0.79-1.03)
>10 years: 1.17 (1.03-1.33)

Referent: diabetes, Alc <6%
Alc 6%—6.9%: 1.04 (0.95-1.14)
Alc 7%-7.9%: 1.08 (0.99-1.19)
Alc 8%—-8.9%: 1.06 (0.96-1.18)
Alc =9%: 1.09 (0.98-1.21)

Referent: no type 2 diabetes
Alc <7.5%: 1.4 (0.7-2.6)

Alc 7.6%—8.5%: 1.2 (0.4-3.0)
Alc >8.5%: 1.2 (0.3-3.6)

Referent: no type 2 diabetes
Diet: 1.3 (0.5-2.8)

Oral medication: 1.5 (0.8-2.9)
Insulin: 1.7 (0.6-4.1)

Referent: no type 2 diabetes
No medication: 1.02
(0.51-2.04)

Oral medication: 1.78
(0.86-3.68)

Insulin: 3.50 (1.55-7.91)

Referent: type 2 diabetes,
no medication use

Oral medication: 0.98
(0.87-1.10)

Insulin: 1.03 (0.89-1.20)

28-17



DIABETES IN AMERICA, 3rd Edition

TABLE 28.22. Type 2 Diabetes Characteristics and Urinary Incontinence Among Women (continued)

TYPE 2 DIABETES Ul

MODEL

ADJUSTED ODDS RATIO

SAMPLE SIZE
STUDY, (TOTAL; TYPE 2 AGE
YEAR (REF.) DIABETES) (YEARS)

NHS, 47,461; NR 50-75
1996-2000 (82)
National Health 246; 246 >20
and Nutrition
Examination
Surveys
(NHANES),
2001-2002 (57)
GHC, 1,017; 218 55-75
1998-2002 (83)
GHC, 1,017; 218 55—75
1998-2002 (87)
Action for 2,994: 2,994 45-74
Health in
Diabetes
(Look AHEAD),
2001-2004 (70)
GHC, 1,017; 218 55—75
1998-2002 (87)
NHANES, 246; 246 =20

2001-2002 (57)

CHARACTERISTIC  OUTCOME

COVARIATES
Age, BMI, hormone therapy

functional status, parity,

Age, estrogen cream use,
lifetime number of urinary
tract infections, race, Ul at

(95% CONFIDENCE INTERVAL)

Referent: type 2 diabetes,
no microvascular complications
2.26(1.32-3.87)

Referent: type 2 diabetes,
no neuropathic pain
2.37 (1.27-4.42)

Referent: no type 2 diabetes
No: 0.8 (0.5-1.3)
Yes: 1.7 (1.0-3.1)

the previous visit, vaginal
discharge, vaginal dryness

Age, BMI, hysterectomy,

Referent: no type 2 diabetes
No: 1.4 (0.7-2.7)
Yes: 1.7 (0.9-3.2)

Referent: type 2 diabetes,
no retinopathy
0.40 (0.19-0.86)

Referent: no type 2 diabetes
No: 1.1 (0.6-2.0)
Yes: 1.9 (0.7-4.8)

Referent: type 2 diabetes,

Microvascular Incident
complications weekly Ul use, hysterectomy, low
over 4 years
race, smoking, stroke,
waist-hip ratio
Neuropathic pain Prevalent Age, albuminuria, BMI,
weekly Ul hysterectomy, parity
Peripheral Prevalent
neuropathy any Ul
Peripheral Prevalent Age, education, urinary
neuropathy severe UI* tract infection in the
past year
Diabetic Prevalent Age, asthma, diastolic
retinopathy weekly blood pressure, overall
urgency Ul health status, sleep
apnea, smoking, waist
circumference
Diabetic Prevalent Age, education, urinary
retinopathy severe UI* tract infection in the
past year
Albuminuriat Prevalent
weekly Ul

neuropathic pain, parity

no albuminuria
Microalbuminuria: 0.98
(0.36-2.71)
Macroalbuminuria: 3.82
(0.95-15.33)

Conversions for Alc values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; BMI, body mass index; GHC, Group Health Cooperative of
Puget Sound; NHANES, National Health and Nutrition Examination Survey; NHS, Nurses’ Health Study; UI, urinary incontinence.

* Severe Ul was defined as weekly Ul of amounts enough to moderately or completely wet underwear, wet outer clothes, or leak to the floor.

T Microalbuminuria was defined as urinary albumin-to-creatinine ratio of 30-300 mg/g. Macroalbuminuria was defined as albumin-to-creatinine ratio >300 mg/g.

SOURCE: References are listed within the table.

Poor glycemic control also has not been
found to be associated with the odds of
prevalent Ul (Table 28.22). In the Diabetes
and Aging Study, higher Alc was not asso-
ciated with prevalence of occasional Ul;
however, among women with Ul, higher
Alc was related to more limitations in daily
activities due to Ul (adjusted OR 1.67, 95%
Cl 1.09-2.57 comparing Alc =9% vs. <6%
[275 vs. <42 mmol/mol]) (63). The authors
suggested that this finding may simply
reflect a correlation between two indica-
tors of diabetes severity (i.e., glycemic
control and activity limitations), or it may
indicate an association of poor glycemic
control and glycosuria with exacerbation
of preexisting Ul (63). Longitudinal studies
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to evaluate whether changes in glycemic
control predict changes in Ul symptoms
have not been conducted.

Data on diabetes treatment suggest a
gradation of increasing Ul frequency from
no pharmaceutical treatment to insulin
treatment (Table 28.22) (81,87); while
treatment itself may be the causal factor
or simply an indicator of diabetes severity
and duration, these data suggest that
health care providers might need to be
more vigilant in assessing Ul symptoms in
patients receiving insulin treatment, since
they appear to be a particularly high-risk

group.

Several studies (57,82,83), but not all (87),
have found strong associations between
neuropathy or microvascular complica-
tions and the odds of Ul. Among women
with type 2 diabetes in the NHANES, the
odds of prevalent weekly Ul were over
twofold higher in those with neuropathic
pain (Table 28.22) (57). Existing data on
diabetic retinopathy and albuminuria are
too sparse to yield conclusions regarding
their associations with Ul.

Ul IN WOMEN WITH

TYPE 1 DIABETES

Urologic complications of type 1 diabetes
are understudied. All information about Ul
in type 1 diabetes among women in the
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TABLE 28.23. Prevalence of Urinary Incontinence in the Past 12 Months in Women With

Type 1 Diabetes, UroEDIC, 2004

INCONTINENCE PERCENT (N=550)

Frequency

None

Less than monthly
Monthly

Weekly

Daily

Type*

Any

Stress

Urgency

35
28
21
13
4

23
22
10

UroEDIC, ancillary study of urologic complications in the DCCT/EDIC cohort.
* Among women with incontinence during the previous 7 days.

SOURCE: Reference 88, copyright © 2009 Elsevier B.V., reprinted with permission

TABLE 28.24. Type 1 Diabetes and Odds of Prevalent Weekly Urinary Incontinence Among

Women

URINARY INCONTINENCE

OUTCOME

Weekly urinary incontinence

Type 1 diabetest 18.8

Normal glucosef 15.1

Weekly stress urinary incontinence

Type 1 diabetest 18.5
Normal glucoset 13.4

Weekly urgency urinary incontinence

Type 1 diabetest

Normal glucosef

ADJUSTED PREVALENCE

ADJUSTED ODDS RATIO
(95% CONFIDENCE INTERVAL)*

1.30(0.90-1.88)

Referent

1.47 (0.97-2.25)

Referent

2.05 (1.15-3.65)

Referent

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions.

* Prevalence and odds ratios were adjusted for age, body mass index, parity, hysterectomy, and current smoking.

T Data compare two study populations: women with type 1 diabetes examined by UroEDIC, an ancillary study of
urologic complications in the DCCT/EDIC cohort, 2004, and women with normal glucose from the National Health

and Nutrition Examination Surveys (NHANES) 2001-2002.

F Normal glucose was defined as fasting glucose <100 mg/dL.
SOURCE: Reference 60, copyright © 2009 Elsevier B.V., reprinted with permission

United States is derived from UroEDIC.
Among these study participants, the
prevalence of at least monthly Ul during
the past year was 38%, and the preva-
lence of weekly Ul was 17% (Table 28.23)
(88). The odds of prevalent weekly Ul
were 30% higher in women with type 1
diabetes in DCCT/UroEDIC compared with
women in the NHANES 2001-2002 with
fasting glucose <100 mg/dL, although
the association was not statistically signif-
icant (Table 28.24) (60). Similar to type

2 diabetes, the ratio of stress to urgency
Ul was lower among women with type 1
diabetes (18.5:8.8) than in women with

normal glucose levels (13.4:4.5), and
the odds of urgency Ul were particularly
elevated in women with type 1 diabetes
(60).

DIABETES TREATMENT

AND PREVENTION OF Ul

An analysis using data from the Diabetes
Prevention Program (DPP) demonstrated
the effectiveness of a low-fat diet and
moderate-intensity physical activity inter-
vention for decreasing type 2 diabetes
incidence, as well as Ul prevalence
among overweight and obese women at
risk of developing type 2 diabetes (89).

Specifically, Ul was measured at the
end-of-trial visit using a self-adminis-
tered questionnaire; the prevalence of
weekly Ul was significantly lower among
women in the lifestyle intervention group
compared with women in the groups
receiving metformin treatment or placebo
(38.3% vs. 48.1% vs. 45.7%, respectively,
p=0.001; adjusted OR 0.76, 95% CI 0.61—
0.95 comparing lifestyle intervention vs.
placebo groups) (89). In analyses by Ul
type, the lifestyle intervention appeared
to be associated with lower prevalence of
weekly stress Ul (adjusted OR 0.80, 95% ClI
0.64-1.01 comparing lifestyle intervention
vs. placebo groups), but not urgency Ul.
Almost all of the treatment effect was
attributable to weight loss. Additionally, in
a 6-year follow-up study of 1,778 women
from the DPP, the prevalence of weekly
Ul had increased across the lifestyle inter-
vention, metformin, and placebo groups
but remained lower in the lifestyle inter-
vention group (46.7% vs. 53.1% vs. 49.9%,
respectively, p=0.03), indicating that the
beneficial effects of the diet and exercise
intervention extended years beyond the
end of the trial (90). Overall, these data
suggest that weight loss and lifestyle
intervention may lower the risk of type 2
diabetes onset and promote remission of
stress Ul.

Similar to findings from the DPP in women
at risk of type 2 diabetes, data from the
Look AHEAD ftrial suggest that weight loss
may be an effective strategy to specifi-
cally prevent stress Ul in overweight and
obese women with type 2 diabetes (91).
After 1 year of follow-up, the incidence

of weekly stress Ul was lower in the
intensive lifestyle intervention compared
with the diabetes support and education
group (10.5% vs. 14.0%; adjusted OR
0.60, 95% CI 0.39-0.91). This effect was
explained mostly by differences in weight
loss between the two groups.

In the DCCT/UroEDIC study, randomization
to conventional versus intensive treatment
for type 1 diabetes in the DCCT (mean
follow-up 6.5 years) was not associated
with prevalence of weekly Ul assessed

10 years after the end of the trial (OR

1.24, 95% CI 0.79-1.96) (88). However,

28-19



DIABETES IN AMERICA, 3rd Edition

management of diabetes was very good
among women assigned to conventional
treatment, and both groups had similar
diabetes control during the decade
following the trial, which might have
affected the ability to detect an effect of
intensive type 1 diabetes treatment on UL.

Overall, clinical trial evidence on Ul
treatment and prevention in women with
type 1 or type 2 diabetes is scant. Further
research is needed on the efficacy and
safety of behavioral, pharmacological,
and surgical treatments for Ul in women
with diabetes (92). In addition, studies are

ASYMPTOMATIC BACTERIURIA AND SYMPTOMATIC
URINARY TRACT INFECTIONS IN WOMEN WITH DIABETES

needed to evaluate the effects of standard
diabetes treatment, standard Ul treatment,
and their combination on Ul prevalence
and incidence in women with diabetes or
prediabetes (92).

Urinary tract infections (UTls) are defined
by pathogenic invasion of the urinary tract
leading to inflammatory response of the
urothelium (93). Asymptomatic bacteriuria
(ASB) is the presence of bacteria in the
urine that does not cause any symptoms
(93). Although Escherichia coli is the

most frequent bacterial cause of UTI in
the general population of adult women
(93), many patients with diabetes are
infected with non-Escherichia coli species
(94,95). In addition, among women with
UTls, those with type 1 or type 2 diabetes
appear to have greater risk of infections
progressing to complications or severe
outcomes, such as abscess formation,
renal papillary necrosis, bacteremia,

and pyelonephritis, than those without
diabetes (29). Although results have

not been consistent, data from several
epidemiologic studies suggest that ASB
and symptomatic UTls are more common
in women with diabetes than in those
without diabetes (96,97,98,99,100).
However, many of these studies are not
prospective cohorts and did not adjust
for potential confounding factors, such as
frequency of sexual intercourse.

Risk factors for UTI in women with
diabetes are not well defined and may
vary by type of diabetes. Women with
both type 2 diabetes and ASB have an
increased risk of developing symptomatic
UTI compared with women with type 2
diabetes, but without ASB (94). Yet, a
randomized clinical trial observed no asso-
ciation of screening and treatment of ASB

SEXUAL DYSFUNCTION IN WOMEN WITH DIABETES

episodes over 3 years with occurrence of
symptomatic UTI in Canadian women with
type 1 or type 2 diabetes and ASB (101).
Also, similar to women without diabetes,
sexual activity has been identified as the
most important risk factor for UTI among
women with type 1 diabetes (94,100,102).
Thus, measures to prevent recurrent UTls
that have had success in women without
diabetes (e.g., continuous or postcoital
prophylaxis with low-dose antimicrobial
agents and intermittent self-treatment
with antimicrobials (103) might be consid-
ered for women with type 1 diabetes.
Trials to assess the effectiveness of these
strategies among women with type 1
diabetes have not been conducted.

Female sexual dysfunction describes

a departure from normal sensation
and/or function during sexual activity,
and includes dyspareunia, obstructed
intercourse, vaginal laxity, and decreased

sexual desire, arousal, or orgasm (50,104).

Few studies have focused on sexual
dysfunction in women with diabetes.
Among existing studies, the majority

are limited by small sample sizes, not
including control women without diabetes,
use of unidimensional measures of sexual
function, or focusing on clinic or other
nongeneralizable populations (105).

The RRISK 2 is one of the largest studies
to compare sexual functioning in women
with versus without diabetes. In this
cross-sectional study of 2,270 women
age 40—80 years, including 486 women
with diabetes, sexual functioning in

the past 3 months was assessed using
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TABLE 28.25. Type 2 Diabetes and Odds of Sexual Dysfunction Among Women

ADJUSTED ODDS RATIO (95% CONFIDENCE INTERVAL)*

Comparing Insulin-Treated
Type 2 Diabetes vs. No Diabetes  Type 2 Diabetes vs. No Diabetes

1.17 (0.79-1.72)

OUTCOME

Low sexual desiret

Low level of sexual arousalt
Difficulty with lubrication§
Difficulty with orgasm||

Pain or discomfort with intercourseq

1.19 (0.62-2.29)
2.37 (1.35-4.16)
1.80 (1.01-3.20)
1.52 (0.76-3.06)

Comparing Noninsulin-Treated

1.09 (0.85-1.42)
1.09 (0.67-1.67)
1.01 (0.65-1.58)
1.02 (0.65-1.58)
0.95 (0.56-1.62)

* Odds ratios adjusted for age; race or ethnicity; relationship status; history of sex with men, women, or both; parity;
menopause status; hysterectomy; oophorectomy; body mass index; selective serotonin reuptake inhibitor use;
and estrogen use. Low sexual desire was assessed in all participants regardless of sexual activity status, whereas
low sexual arousal, difficulty with lubrication, difficulty with orgasm, and pain or discomfort with intercourse were
assessed only in women reporting some sexual activity in the past 3 months.

T Women were considered to have low sexual desire if they reported that their level of sexual desire or interest was

low, very low, or none.

F Women were considered to have “low sexual arousal” if they reported their level of sexual arousal during sexual

activity was low, very low, or none.

§ Women were considered to have “difficulty with lubrication” if they reported it was difficult, very difficult, extremely
difficult, or impossible to become lubricated during sexual activity.

|| Women were considered to have “difficulty with orgasm” if they reported that it was difficult, very difficult,
extremely difficult, or impossible to reach orgasm during sexual stimulation or orgasm.

9 Women were considered to have pain or discomfort with intercourse if they reported their level of discomfort or
pain during or after vaginal penetration was moderate, high, or very high.

SOURCE: Reference 105, copyright © 2012 Wolters Kluwer Health, reprinted with permission



self-administered questionnaires with
items derived from the Female Sexual
Function Index (105,106). Among these
women, those with insulin-treated type

2 diabetes versus no diabetes had a
significantly higher prevalence of difficulty
with lubrication (34% vs. 19%, p=0.003)
and low sexual desire (62% vs. 53%,
p=0.04) (105). After adjusting for a variety
of potential confounding factors, women
with insulin-treated type 2 diabetes were
significantly more likely than women
without diabetes to report difficulty with
lubrication (OR 2.37, 95% Cl 1.35—4.16)
and difficulty with orgasm (OR 1.80, 95%
Cl 1.01-3.20) (Table 28.25). In addition,
there were nonstatistically significantly
elevated odds of pain or discomfort

with intercourse among women with
insulin-treated type 2 diabetes versus
women without diabetes (OR 1.52, 95% Cl
0.76-3.06) (Table 28.25) (105). Odds of
low sexual desire and low level of sexual
arousal were not significantly different
between women with insulin-treated type
2 diabetes or noninsulin-treated type 2
diabetes and women without diabetes
(Table 28.25). In contrast, other studies of
middle-aged and older women have not
observed associations between diabetes
and sexual dysfunction (107,108,109). For
example, among 1,550 women age 57-85
years, self-reported diabetes diagnosis

CONCLUSION
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was not associated with any self-reported
sexual problem lasting several months

or more during the past year, including
difficulty with lubrication (OR 0.94, 95% Cl
0.50-1.76) or pain during intercourse (OR
0.83, 95% Cl 0.44—-1.59) (107); however,
unlike in the RRISK 2 study, women with
more severe diabetes were not separately
examined.

Very little is known about sexual dysfunc-
tion among women with type 1 diabetes.
One study of 424 women with type 1

diabetes (mean age 43 years) in UroEDIC

found a 35% prevalence of sexual dysfunc-

tion, defined based on a cutoff score

of 22.75 on an abbreviated version of

the Female Sexual Function Index (110).
Common complaints among women
meeting the criteria for sexual dysfunction
were decreased desire (57%), problems
with orgasm (51%), inadequate lubrication
(47%), problems with sexual arousal (38%),
and pain during intercourse (21%) (110);
the study did not include a comparison
group of women without type 1 diabetes.

Several mechanisms, including psycho-
logical factors, diabetes complications,
and medication use, may explain a
higher prevalence of sexual dysfunction
in women with diabetes than those
without diabetes. Depression, a common

condition in adults with diabetes (111),
was found to be significantly associated
with decreased arousal (OR 2.47, 95% Cl
1.31-4.66) and inadequate lubrication
(OR 2.41, 95% Cl 1.33—4.37) in women
in UroEDIC with type 1 diabetes (110).
Moreover, antidepressant use may lead
to new onset or worsening of sexual
dysfunction (112). Complications of
diabetes, such as neurovascular dysfunc-
tion leading to suboptimal pelvic blood
flow and damage to large sensory fibers,
may also contribute to higher frequency
of decreased sexual arousal in women
with diabetes. In addition, vaginal infec-
tions and decreased vaginal lubrication,
which are more common in women with
than without diabetes, may contribute to
sexual pain. Sexual dysfunction may also
occur as an adverse effect of medications
used for conditions commonly comorbid
with diabetes, such as hypertension,

and high cholesterol (113). Although
nonpharmacologic and pharmacologic
treatment options for sexual dysfunction
are available (113), their effectiveness

or appropriateness specifically among
women with diabetes is largely unknown.
Clearly, much remains to be learned
regarding prevalence, prevention, and
treatment of sexual dysfunction among
women with diabetes.

Although urologic complications are common and major health problems in men and women with diabetes, data to define expected
prevalence, incidence, and risk factors, as well as interventions to reduce the risk of developing these complications, are limited. It is well
recognized that intensive glycemic control delays the onset and progression of microvascular complications in both type 1 and type 2
diabetes. If microvascular complications also damage the vascular and neurologic innervation of the urethral sphincter, bladder, and
corpora cavernosa, then intensive glycemic control may prevent or improve the severity of urologic complications.

In summary, future research is needed to identify the magnitude of onset and progression of urologic complications associated with
diabetes, elucidate mechanisms by which diabetes exerts its effects on these complications, and identify the most effective treatment
and prevention strategies for urologic complications associated with diabetes to reduce the psychosocial, medical, and economic costs
of these highly prevalent and chronic disorders affecting men and women.

28-21



DIABETES IN AMERICA, 3rd Edition

LIST OF ABBREVIATIONS
Alc.......... glycosylated hemoglobin HRS......... Health and Retirement Study
ASB......... asymptomatic bacteriuria IGF.......... insulin-like growth factor
AUASI ....... American Urological Association Symptom lEF ......... International Index of Erectile Function
Index Look AHEAD . .Action for Health in Diabetes
BACH........ Boston Area Community Health survey LUTS ........ lower urinary tract symptoms
BLSA........ Baltimore Longitudinal Study of Aging MARSH ...... Male Attitudes Regarding Sexual Health Survey
BMI......... body mass index MMAS ....... Massachusetts Male Aging Study
BPH......... benign prostatic hyperplasia NHANES ... .. National Health and Nutrition Examination
Cl........... confidence interval Survey
DCCT........ The Diabetes Control and Complications Trial NHS......... Nurses’ Health Study
DISTANCE . . . . Diabetes Study of Northern California OAB......... overactive bladder
DPP......... Diabetes Prevention Program OCS......... OIlmsted County Study of Urinary Symptoms
ED.......... erectile dysfunction and Health Status in Men
EDIC ........ Epidemiology of Diabetes Interventions and OR.......... odds ratio
Complications RRISK ....... Reproductive Risk factors for Incontinence
FMHS. ....... Flint Men’s Health Study Study at Kaiser
GHC......... Group Health Cooperative of Puget Sound SWAN ....... Study of Women'’s Health Across the Nation
Health ABC . . .Health, Aging, and Body Composition Study ul........... urinary incontinence
HERS........ Heart and Estrogen/progestin Replacement UroEDIC. ..... ancillary study of urologic complications in
Study the DCCT/EDIC cohort
HPFS........ Health Professionals Follow-Up Study utl.......... urinary tract infection
CONVERSIONS ACKNOWLEDGMENTS/ DUALITY OF INTEREST
FUNDING

Conversions for Alc and glucose
values are provided in Diabetes in
America Appendix 1 Conversions.

REFERENCES

Dr. Townsend was supported by a
grant funded by Pfizer entitled Risk
Factors for Incident Urgency Urinary
Incontinence in Black Women.

Dr. Brown was supported by a grant
funded by Pfizer for testing of a
questionnaire on incontinence in

the Bring Simple Urge Incontinence
Diagnosis and Treatment to Providers
(BRIDGES) Study.

Drs. Sarma, Townsend, Grodstein,
Breyer, and Brown reported no
conflicts of interest.

1. Barry MJ, Williford WO, Fowler FJ, Jr.,
Jones KM, Lepor H: Filling and voiding
symptoms in the American Urological
Association symptom index: the value
of their distinction in a Veterans Affairs
randomized trial of medical therapy in
men with a clinical diagnosis of benign
prostatic hyperplasia. J Urol 164:1559—
1564, 2000

2. BerrySJ, Coffey DS, Walsh PC, Ewing
LL: The development of human benign
prostatic hyperplasia with age. J Urol
132:474—-479, 1984

28-22

Rohrmann S, Smit E, Giovannucci E, Platz
EA: Association between markers of the
metabolic syndrome and lower urinary
tract symptoms in the Third National
Health and Nutrition Examination Survey
(NHANES IlI). Int J Obes 29:310-316,
2005

Sarma AV, Kellogg Parsons J: Diabetes
and benign prostatic hyperplasia:
emerging clinical connections. Curr Urol
Rep 10:267-275, 2009

5.

6.

Barry MJ, Fowler FJ, Jr., O'Leary MP,
Bruskewitz RC, Holtgrewe HL, Mebust
WK: Measuring disease-specific health
status in men with benign prostatic
hyperplasia. Measurement Committee of
The American Urological Association. Med
Care 33(4 Suppl):AS145—-AS155, 1995
Barry MJ, Fowler FJ, Chang Y, Liss CL,
Wilson H, Stek M Jr.: The American
Urological Association symptom index:
does mode of administration affect

its psychometric properties? J Urol
154:1056-1059, 1995


lspofford
Sticky Note
Marked set by lspofford

lspofford
Sticky Note
Marked set by lspofford


10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rhodes T, Girman CJ, Jacobsen SJ, Guess
HA, Hanson KA, Oesterling JE, Lieber
MM: Does the mode of questionnaire
administration affect the reporting of
urinary symptoms? Urology 46:341-345,
1995

St Sauver JL, Jacobson DJ, McGree ME,
Girman CJ, Lieber MM, Jacobsen SJ:
Longitudinal association between prosta-
titis and development of benign prostatic
hyperplasia. Urology 71:475-479, 2008
Furukawa S, Fujita T, Shimabukuro

M, Iwaki M, Yamada Y, Nakajima Y,
Nakayama O, Makishima M, Matsuda M,
Shimomura I: Increased oxidative stress
in obesity and its impact on metabolic
syndrome. J Clin Invest 114:1752-1761,
2004

Kramer G, Mitteregger D, Marberger M:

Is benign prostatic hyperplasia (BPH) an
immune inflammatory disease? Eur Urol
51:1202-1216, 2007

Sciarra A, Di Silviero F, Salciccia S,
Autran Gomez AM, Gentilucci A, Gentile
V: Inflammation and chronic prostatic
diseases: evidence for a link? Eur Urol
52:964-972, 2007

Rohrmann S, Platz EA, Giovannucci E:
Lifestyle and benign prostatic hyperplasia
in older men: what do we know? J Men’s
Health and Gender 2:230-235, 2005
McVary KT, Rademaker A, Lloyd GL, Gann
P: Autonomic nervous system overactivity
in men with lower urinary tract symptoms

secondary to benign prostatic hyperplasia.

J Urol 174:1327-1433, 2005

Cohen P, Peehl DM, Rosenfeld RG: The
IGF axis in the prostate. Horm Metab Res
26:81-84, 1994

Sarma AV, Jaffe CA, Schottenfeld D,
Dunn R, Montie JE, Cooney KA, Wei JT:
Insulin-like growth factor-1, insulin-like
growth factor binding protein-3, and body
mass index: clinical correlates of pros-
tate volume among black men. Urology
59:362-367, 2002

Sarma AV, Schottenfeld D: Prostate
cancer incidence, mortality, and survival
trends in the United States: 1981-2001.
Semin Urol Oncol 20:3-9, 2002
Frimodt-Moller C: Diabetic cystopathy:
epidemiology and related disorders.
Ann Intern Med 92:318-321, 1980
Hammarsten J, Hogstedt B: Clinical,
anthropometric, metabolic and insulin
profile of men with fast annual growth
rates of benign prostatic hyperplasia.
Blood Press 8:29-36, 1999
Hammarsten J, Hogstedt B:
Hyperinsulinaemia as a risk factor for
developing benign prostatic hyperplasia.
Eur Urol 39:151-158, 2001

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Urologic Diseases and Sexual Dysfunction in Diabetes

Hammarsten J, Hogstedt B:
Hyperinsulinaemia: A prospective risk
factor for lethal clinical prostate cancer.
Eur J Cancer 41:2887-2895, 2005
Hammarsten J, Hogstedt B, Holthuis

N, Mellstrom D: Components of the
metabolic syndrome-risk factors for

the development of benign prostatic
hyperplasia. Prostate Cancer Prostatic Dis
1:157-162, 1998

Nandeesha H, Koner BC, Dorairajan

LN, Sen SK: Hyperinsulinemia and
dyslipidemia in non-diabetic benign
prostatic hyperplasia. Clin Chim Acta
370:89-93, 2006

Parsons JK, Carter HB, Partin AW,
Windham BG, Metter EJ, Ferrucci L,
Landis P, Platz EA: Metabolic factors
associated with benign prostatic
hyperplasia. J Clin Endocrinol Metab
91:2562-2568, 2006

Sarma AV, Burke JP, Jacobson DJ,
McGree ME, St Sauver J, Girman CJ,
Lieber MM, Herman W, Macoska J,
Montie JE, Jacobsen SJ: Associations
between diabetes and clinical markers
of benign prostatic hyperplasia among
community-dwelling black and white men.
Diabetes Care 31:476—482, 2008
Michel MC, Mehlburger L, Schumacher H,
Bressel HU, Goepel M: Effect of diabetes
on lower urinary tract symptoms in

patients with benign prostatic hyperplasia.

J Urol 163:1725-1729, 2000

Van Den Eeden SK, Sarma AV, Rutledge
BN, Cleary PA, Kusek JW, Nyberg

LM, McVary KT, Wessells H: Effect of
intensive glycemic control and diabetes
complications on lower urinary tract
symptoms in men with type 1 diabetes:
Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions
and Complications (DCCT/EDIC) study.
Diabetes Care 32:664—670, 2009
Meigs JB, Mohr B, Barry MJ, Collins
MM, McKinlay JB: Risk factors for
clinical benign prostatic hyperplasia in a
community-based population of healthy
aging men. J Clin Epidemiol 54:935-944,
2001

Burke JP, Jacobson DJ, McGree ME,
Roberts RO, Girman CJ, Lieber MM,
Jacobsen SJ: Diabetes and benign
prostatic hyperplasia progression in
Olmsted County, Minnesota. Urology
67:22-25, 2006

Brown JS, Wessells H, Chancellor MB,
Howards SS, Stamm WE, Stapleton AE,
Steers WD, Van Den Eeden SK, McVary
KT: Urologic complications of diabetes.
Diabetes Care 28:177-185, 2005

30.

31

32.

33.

34.

35.

36.

37.

38.

Montorsi F, Adaikan G, Becher E, Giuliano
F, Khoury S, Lue TF, Sharlip I, Althof

SE, Andersson KE, Brock G, Broderick

G, Burnett A, Buvat J, Dean J, Donatucci
C, Eardley I, Fugl-Meyer KS, Goldstein

|, Hackett G, Hatzichristou D, Hellstrom
W, Incrocci L, Jackson G, Kadioglu A,
Levine L, Lewis RW, Maggi M, McCabe
M, McMahon CG, Montague D, Montorsi
P, Mulhall J, Pfaus J, Porst H, Ralph D,
Rosen R, Rowland D, Sadeghi-Nejad

H, Shabsigh R, Stief C, Vardi Y, Wallen

K, Wasserman M: Summary of the
recommendations on sexual dysfunctions
in men. J Sex Med 7:3572—-3588, 2010
Rosen RC, Riley A, Wagner G, Osterloh |H,
Kirkpatrick J, Mishra A: The international
index of erectile function (IIEF): a multi-
dimensional scale for assessment of
erectile dysfunction. Urology 49:822—830,
1997

Cappelleri JC, Rosen RC, Smith MD,
Mishra A, Osterloh IH: Diagnostic
evaluation of the erectile function domain
of the International Index of Erectile
Function. Urology 54:346-351, 1999
Rosen RC, Cappelleri JC, Smith MD,
Lipsky J, Pena BM: Development and
evaluation of an abridged, 5-item version
of the International Index of Erectile
Function (IIEF-5) as a diagnostic tool

for erectile dysfunction. Int J Impot Res
11:319-326, 1999

Kupelian V, Link CL, Rosen RC, McKinlay
JB: Socioeconomic status, not race/
ethnicity, contributes to variation in the
prevalence of erectile dysfunction: results
from the Boston Area Community Health
(BACH) Survey. J Sex Med 5:1325-1333,
2008

Burke JP, Jacobson DJ, McGree ME,
Nehra A, Roberts RO, Girman CJ, Lieber
MM, Jacobsen SJ: Diabetes and sexual
dysfunction: results from the Olmsted
County Study of urinary symptoms

and health status among men. J Urol
177:1438-1442, 2007

Penson DF, Latini DM, Lubeck DP, Wallace
KL, Henning JM, Lue TF: Do impotent
men with diabetes have more severe
erectile dysfunction and worse quality

of life than the general population of
impotent patients? Results from the
Exploratory Comprehensive Evaluatoin of
Erectile Dysfuntion (ExCEED) database.
Diabetes Care 26:1093-1099, 2003
Selvin E, Burnett AL, Platz EA: Prevalence
and risk factors for erectile dysfunction in
the US. Am J Med 120:151-157, 2007
Laumann EO, West S, Glasser D, Carson
C, Rosen R, Kang JH: Prevalence and
correlates of erectile dysfunction by race
and ethnicity among men aged 40 or

28-23



DIABETES IN AMERICA, 3rd Edition

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

older in the United States: from the male
attitudes regarding sexual health survey.
J Sex Med 4:57-65, 2007

Johannes CB, Araujo AB, Feldman HA,
Derby CA, Kleinman KP, McKinlay JB:
Incidence of erectile dysfunction in men
40 to 69 years old: longitudinal results
from the Massachusetts male aging study.
J Urol 163:460—-463, 2000

Penson DF, Wessells H, Cleary P, Rutledge
BN: Sexual dysfunction and symptom
impact in men with long-standing type 1
diabetes in the DCCT/EDIC cohort. J Sex
Med 6:1969-1978, 2009

Wing RR, Rosen RC, Fava JL, Bahnson

J, Brancati F, Gendrano lii IN, Kitabchi

A, Schneider SH, Wadden TA: Effects

of weight loss intervention on erectile
function in older men with type 2 diabetes
in the Look AHEAD trial. J Sex Med
7:156-165, 2010

Tamler R: Diabetes, obesity, and erectile
dysfunction. Gend Med 6(Suppl 1):4-16,
2009

Thorve VS, Kshirsagar AD, Vyawahare
NS, Joshi VS, Ingale KG, Mohite RJ:
Diabetes-induced erectile dysfunction:
epidemiology, pathophysiology and
management. J Diabetes Complications
25:129-136, 2011

Malavige LS, Levy JC: Erectile dysfunc-
tion in diabetes mellitus. J Sex Med
6:1232-1247, 2009

Bacon CG, Hu FB, Giovannucci E, Glasser
DB, Mittleman MA, Rimm EB: Association
of type and duration of diabetes with
erectile dysfunction in a large cohort of
men. Diabetes Care 25:1458-1463, 2002
Wessells H, Penson DF, Cleary P, Rutledge
BN, Lachin JM, McVary KT, Schade DS,
Sarma AV: Effect of intensive glycemic
therapy on erectile function in men with
type 1 diabetes. J Urol 185:1828-1834,
2011

McCulloch DK, Young RJ, Prescott RJ,
Campbell IW, Clarke BF: The natural
history of impotence in diabetic men.
Diabetologia 26:437-440, 1984
Goldstein |, Young JM, Fischer J,
Bangerter K, Segerson T, Taylor T:
Vardenafil, a new phosphodiesterase
type 5 inhibitor, in the treatment of
erectile dysfunction in men with diabetes:
a multicenter double-blind placebo-
controlled fixed-dose study. Diabetes Care
26:777-783, 2003

Rendell MS, Rajfer J, Wicker PA, Smith
MD: Sildenafil for treatment of erectile
dysfunction in men with diabetes: a
randomized controlled trial. JAMA
281:421-426, 1999

28-24

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Haylen BT, de Ridder D, Freeman RM,
Swift SE, Berghmans B, Lee J, Monga

A, Petri E, Rizk DE, Sand PK, Schaer

GN: An International Urogynecological
Association (IUGA)/International
Continence Society (ICS) joint report on
the terminology for female pelvic floor
dysfunction. Neurourol Urodyn 29:4-20,
2010

Thom D: Variation in estimates of

urinary incontinence prevalence in the
community: effects of differences in
definition, population characteristics, and
study type. J Am Geriatr Soc 46:473—-480,
1998

Diokno AC, Brown MB, Brock BM, Herzog
AR, Normolle DP: Clinical and cystometric
characteristics of continent and
incontinent noninstitutionalized elderly.

J Urol 140:567-571, 1988

Jackson S, Donovan J, Brookes S, Eckford
S, Swithinbank L, Abrams P: The Bristol
Female Lower Urinary Tract Symptoms
questionnaire: development and psycho-
metric testing. BrJ Urol 77:805-812,
1996

Sandvik H, Hunskaar S, Vanvik A, Bratt

H, Seim A, Hermstad R: Diagnostic clas-
sification of female urinary incontinence:
an epidemiological survey corrected for
validity. J Clin Epidemiol 48:339-343,
1995

Fitzgerald MP, Link CL, Litman HJ,
Travison TG, McKinlay JB: Beyond the
lower urinary tract: the association of
urologic and sexual symptoms with
common ilinesses. Eur Urol 52:407-415,
2007

Appa AA, Brown JS, Creasman J, Van Den
Eeden SK, Subak LL, Thom DH, Ferrara
A, Huang AJ: Clinical predictors and signif-
icance of postvoid residual volume in
women with diabetes. Diabetes Res Clin
Pract 101:164-169, 2013

Brown JS, Vittinghoff E, Lin F, Nyberg LM,
Kusek JW, Kanaya AM: Prevalence and
risk factors for urinary incontinence in
women with type 2 diabetes and impaired
fasting glucose: findings from the National
Health and Nutrition Examination Survey
(NHANES) 2001-2002. Diabetes Care
29:1307-1312, 2006

Dooley Y, Kenton K, Cao G, Luke A,
Durazo-Arvizu R, Kramer H, Brubaker L:
Urinary incontinence prevalence: results
from the National Health and Nutrition
Examination Survey. J Urol 179:656—661,
2008

Doshi AM, Van Den Eeden SK, Morrill

MY, Schembri M, Thom DH, Brown JS:
Women with diabetes: understanding
urinary incontinence and help seeking
behavior. J Urol 184:1402-1407, 2010

61.

62.

63.

65.

66.

67.

68.

609.

. Sarma AV, Kanaya AM, Nyberg LM, Kusek

JW, Vittinghoff E, Rutledge B, Cleary

PA, Gatcomb P, Brown JS: Urinary
incontinence among women with type

1 diabetes—how common is it? J Urol
181:1224-1230, 2009

Huang AJ, Brown JS, Kanaya AM,
Creasman JM, Ragins Al, Van Den Eeden
SK, Thom DH: Quality-of-life impact

and treatment of urinary incontinence

in ethnically diverse older women. Arch
Intern Med 166:2000—2006, 2006
Kinchen KS, Burgio K, Diokno AC, Fultz
NH, Bump R, Obenchain R: Factors
associated with women’s decisions to
seek treatment for urinary incontinence.
J Womens Health 12:687-698, 2003
Lee SJ, Karter AJ, Thai JN, Van Den
Eeden SK, Huang ES: Glycemic control
and urinary incontinence in women with
diabetes mellitus. J Womens Health
22:1049-1055, 2013

Yoshimura N, Chancellor MB, Andersson
KE, Christ GJ: Recent advances in
understanding the biology of diabetes-as-
sociated bladder complications and novel
therapy. BJU Int 95:733-738, 2005

Ho MH, Yip S, Bhatia NN: Lower urinary
tract dysfunctions in women with diabetes
mellitus. Curr Opin Obstet Gynecol
19:469-473, 2007

Fantl JA, Newman DK, Colling J: Urinary
Incontinence in Adults. Acute and Chronic
Management. Clinical Practice Guideline,
No. 2 1996 Update. Rockville, MD:

U.S. Department of Health and Human
Services, Public Health Service, Agency
for Health Care Policy and Research.
AHCPR Publication No. 96-0682. March
1996

Gehrich A, Stany MP, Fischer JR, Buller J,
Zahn CM: Establishing a mean postvoid
residual volume in asymptomatic peri-
menopausal and postmenopausal women.
Obstet Gynecol 110:827-832, 2007
Yamaguchi C, Sakakibara R, Uchiyama
T, Yamamoto T, Ito T, Liu Z, Awa Y,
Yamamoto K, Nomura F, Yamanishi T,
Hattori T: Overactive bladder in diabetes:
a peripheral or central mechanism?
Neurourol Urodyn 26:807-813, 2007
Waetjen LE, Liao S, Johnson WO,
Sampselle CM, Sternfield B, Harlow

SD, Gold EB: Factors associated

with prevalent and incident urinary
incontinence in a cohort of midlife
women: a longitudinal analysis of data:
study of women'’s health across the
nation. Am J Epidemiol 165:309-318,
2007



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Phelan S, Kanaya AM, Subak LL, Hogan
PE, Espeland MA, Wing RR, Burgio KL,
Dilillo V, Gorin AA, West DS, Brown JS:
Prevalence and risk factors for urinary
incontinence in overweight and obese
diabetic women: action for health in
diabetes (look ahead) study. Diabetes
Care 32:1391-1397, 2009

Devore EE, Townsend MK, Resnick NM,
Grodstein F: The epidemiology of urinary
incontinence in women with type 2
diabetes. J Urol 188:1816-1821, 2012
Thom DH, van den Eeden SK, Ragins

Al, Wassel-Fyr C, Vittinghof E, Subak LL,
Brown JS: Differences in prevalence of
urinary incontinence by race/ethnicity.

J Urol 175:259-264, 2006

Markland AD, Goode PS, Burgio KL,
Redden DT, Richter HE, Sawyer P, Allman
RM: Correlates of urinary, fecal, and dual
incontinence in older African-American
and white men and women. J Am Geriatr
Soc 56:285-290, 2008

Fultz NH, Herzog AR, Raghunathan

TE, Wallace RB, Diokno AC: Prevalence
and severity of urinary incontinence in
older African American and Caucasian
women. J Gerontol A Biol Sci Med Sci
54:M299-M303, 1999

Burgio KL, Matthews KA, Engel BT:
Prevalence, incidence and correlates of
urinary incontinence in healthy, middle-
aged women. J Urol 146:1255-1259, 1991
Sampselle CM, Harlow SD, Skurnick

J, Brubaker L, Bondarenko I: Urinary
incontinence predictors and life impact in

ethnically diverse perimenopausal women.

Obstet Gynecol 100:1230-1238, 2002
Tennstedt SL, Link CL, Steers WD,
McKinlay JB: Prevalence of and risk
factors for urine leakage in a racially and
ethnically diverse population of adults:
the Boston Area Community Health
(BACH) Survey. Am J Epidemiol 167:390—
399, 2008

Fenner DE, Trowbridge ER, Patel DA,
Fultz NH, Miller JM, Howard D, DeLancey
JO: Establishing the prevalence of
incontinence study: racial differences in
women'’s patterns of urinary incontinence.
J Urol 179:1455-1460, 2008

Danforth KN, Townsend MK, Lifford

K, Curhan GC, Resnick NM, Grodstein

F: Risk factors for urinary incontinence
among middle-aged women. Am J Obstet
Gynecol 194:339-345, 2006

Brown JS, Grady D, Ouslander JG, Herzog
AR, Varner RE, Posner SF: Prevalence of
urinary incontinence and associated risk
factors in postmenopausal women. Heart
& Estrogen/Progestin Replacement Study
(HERS) Research Group. Obstet Gynecol
94:66—70, 1999

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Urologic Diseases and Sexual Dysfunction in Diabetes

Jackson RA, Vittinghoff E, Kanaya

AM, Miles TP, Resnick HE, Kritchevsky
SB, Simonsick EM, Brown JS: Urinary
incontinence in elderly women: findings
from the Health, Aging, and Body
Composition Study. Obstet Gynecol
104:301-307, 2004

Lifford KL, Curhan GC, Hu FB, Barbieri RL,
Grodstein F: Type 2 diabetes mellitus and
risk of developing urinary incontinence. J
Am Geriatr Soc 53:1851-1857, 2005
Jackson SL, Scholes D, Boyko EJ,
Abraham L, Fihn SD: Predictors of urinary
incontinence in a prospective cohort of
postmenopausal women. Obstet Gynecol
108:855-862, 2006

Lifford KL, Townsend MK, Curhan

GC, Resnick NM, Grodstein F: The
epidemiology of urinary incontinence

in older women: incidence, progression,
and remission. J Am Geriatr Soc
56:1191-1198, 2008

Thom DH, Brown JS, Schembri M,
Ragins Al, Subak LL, Van Den Eeden

SK: Incidence of and risk factors for
change in urinary incontinence status

in a prospective cohort of middle-aged
and older women: the reproductive risk
of incontinence study in Kaiser. J Urol
184:1394-1401, 2010

Waetjen LE, Feng WY, Ye J, Johnson

WO, Greendale GA, Sampselle CM,
Sternfield B, Harlow SD, Gold EB:
Factors associated with worsening and
improving urinary incontinence across the
menopausal transition. Obstet Gynecol
111:667-677,2008

Jackson SL, Scholes D, Boyko EJ,
Abraham L, Fihn SD: Urinary incontinence
and diabetes in postmenopausal women.
Diabetes Care 28:1730-1738, 2005
Sarma AV, Kanaya A, Nyberg LM, Kusek
JW, Vittinghoff E, Rutledge B, Cleary

PA, Gatcomb P, Brown JS: Risk factors
for urinary incontinence among women
with type 1 diabetes: findings from the
epidemiology of diabetes interventions
and complications study. Urology
73:1203-1209, 2009

Brown JS, Wing R, Barrett-Connor E,
Nyberg LM, Kusek JW, Orchard TJ, Ma

Y, Vittinghoff E, Kanaya AM: Lifestyle
intervention is associated with lower
prevalence of urinary incontinence: the
Diabetes Prevention Program. Diabetes
Care 29:385-390, 2006

Phelan SK MY, Vittinghoff E, Barrett-
Connor E, Wing R, Nyberg LM, Kusek
JW, Orchard TJ, Crandall JP, Montez

MG, Brown JS: Long-term prevalence
and predictors of urinary incontinence

9l

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

among women in the Diabetes Prevention
Program Outcomes Study. Int J Urol
22:206-212, 2015.

Phelan S, Kanaya AM, Subak LL, Hogan
PE, Espeland MA, Wing RR, Burgio KL,
Dilillo V, Gorin AA, West DS, Brown JS:
Weight loss prevents urinary inconti-
nence in women with type 2 diabetes:
results from the Look AHEAD trial. J Urol
187:939-944, 2012

Phelan S, Grodstein F, Brown JS: Clinical
research in diabetes and urinary inconti-
nence: what we know and need to know.
J Urol 182(6 Suppl):S14-S17, 2009
Griebling TL: Urinary Tract Infection in
Women. In Urologic Diseases in America
M.S. Litwin, C.S. Saigal, Eds. Washington,
DC, US Department of Health and Human
Services, Public Health Service, National
Institutes of Health, National Institute

of Diabetes and Digestive and Kidney
Diseases, 2007, p. 587-619

Geerlings SE, Stolk RP, Camps MJ, Netten
PM, Collet TJ, Hoepelman Al: Risk factors
for symptomatic urinary tract infection

in women with diabetes. Diabetes Care
23:1737-1741, 2000

Hansen DS, Gottschau A, Kolmos HJ:
Epidemiology of Klebsiella bacteraemia:

a case control study using Escherichia
coli bacteraemia as control. J Hosp Infect
38:119-132, 1998

Stapleton A: Urinary tract infections

in patients with diabetes. Am J Med
113(Suppl 1A):80S—-84S, 2002

Renko M, Tapanainen P, Tossavainen P,
Pokka T, Uhari M: Meta-analysis of the
significance of asymptomatic bacteriuria
in diabetes. Diabetes Care 34:230-235,
2011

Boyko EJ, Fihn SD, Scholes D, Chen CL,
Normand EH, Yarbro P: Diabetes and the
risk of acute urinary tract infection among
postmenopausal women. Diabetes Care
25:1778-1783, 2002

Brown JS, Vittinghoff E, Kanaya AM,
Agarwal SK, Hulley S, Foxman B: Urinary
tract infections in postmenopausal
women: effect of hormone therapy

and risk factors. Obstet Gynecol
98:1045-1052, 2001

Czaja CA, Rutledge BN, Cleary PA, Chan
K, Stapleton AE, Stamm WE: Urinary tract
infections in women with type 1 diabetes
mellitus: survey of female participants in
the epidemiology of diabetes interven-
tions and complications study cohort.

J Urol 181:1129-1134, 2009

Harding GK, Zhanel GG, Nicolle LE,
Cheang M: Antimicrobial treatment in
diabetic women with asymptomatic
bacteriuria. N Engl J Med 347:1576-1583,
2002

28-25



DIABETES IN AMERICA, 3rd Edition

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

112.

28—

Hooton TM, Scholes D, Hughes JP, Winter
C, Roberts PL, Stapleton AE, Stergachis
A, Stamm WE: A prospective study of

risk factors for symptomatic urinary tract
infection in young women. N Engl J Med
335:468-474, 1996

Fihn SD: Clinical practice. Acute uncom-
plicated urinary tract infection in women.
N Engl J Med 349:259-266, 2003
Basson R, Berman J, Burnett A, Derogatis
L, Ferguson D, Fourcroy J, Goldstein I,
Graziottin A, Heiman J, Laan E, Leiblum
S, Padma-Nathan H, Rosen R, Segraves
K, Segraves RT, Shabsigh R, Sipski M,
Wagner G, Whipple B: Report of the
international consensus development
conference on female sexual dysfunction:
definitions and classifications. J Urol
163:888-893, 2000

Copeland KL, Brown JS, Creasman JM,
Van Den Eeden SK, Subak LL, Thom

DH, Ferrara A, Huang AJ: Diabetes
mellitus and sexual function in middle-
aged and older women. Obstet Gynecol
120:331-340, 2012

Rosen R, Brown C, Heiman J, Leiblum

S, Meston C, Shabsigh R, Ferguson

D, D’Agostino R Jr.: The Female Sexual
Function Index (FSFI): a multidimensional
self-report instrument for the assessment
of female sexual function. J Sex Marital
Ther 26:191-208, 2000

Lindau ST, Schumm LP, Laumann EO,
Levinson W, O'Muircheartaigh CA, Waite
LJ: A study of sexuality and health among
older adults in the United States. N Engl J
Med 357:762—774, 2007

Laumann EO, Glasser DB, Neves RC,
Moreira ED Jr.; GSSAB Investigators’
Group: A population-based survey of
sexual activity, sexual problems and
associated help-seeking behavior patterns
in mature adults in the United States of
America. Int J Impot Res 21:171-178,
2009

Wallner LP, Sarma AV, Kim C: Sexual func-
tioning among women with and without
diabetes in the Boston Area Community
Health Study. J Sex Med 7:881-887, 2010
Enzlin P, Rosen R, Wiegel M, Brown J,
Wessells H, Gatcomb P, Rutledge B, Chan
KL, Cleary PA: Sexual dysfunction in
women with type 1 diabetes: long-term
findings from the DCCT/EDIC study
cohort. Diabetes Care 32:780-785, 2009
Li C, Ford ES, Strine TW, Mokdad AH:
Prevalence of depression among U.S.
adults with diabetes: findings from the
2006 behavioral risk factor surveillance
system. Diabetes Care 31:105-107, 2008
Baldwin DS, Foong T: Antidepressant
drugs and sexual dysfunction. BrJ
Psychiatry 202:396-397, 2013

26

113.

114.

115.

116.

117.

118.

119.

Muniyappa R, Norton M, Dunn ME,
Banerji MA: Diabetes and female sexual
dysfunction: moving beyond “benign
neglect”. Curr Diab Rep 5:230-236, 2005
Joseph MA, Harlow SD, Wei JT, Sarma AV,
Dunn RL, Taylor JM, James SA, Cooney
KA, Doerr KM, Montie JE, Schottenfeld
D: Risk factors for lower urinary tract
symptoms in a population-based sample
of African-American men. Am J Epidemiol
157:906-914, 2003

Kupelian V, Rosen RC, Link CL, McVary KT,
Aiyer LP, Mollon P, Kaplan SA, McKinlay
JB: Association of urological symptoms
and chronic iliness in men and women:
contributions of symptom severity and
duration—results from the BACH Survey.
J Urol 181:694-700, 2009

Rosen RC, Wing RR, Schneider S,
Wadden TA, Foster GD, West DS, Kitabchi
AE, Brancati FL, Maschak-Carey BJ,
Bahnson JL, Lewis CE, Gendrano lii IN:
Erectile dysfunction in type 2 diabetic
men: relationship to exercise fitness and
cardiovascular risk factors in the Look
AHEAD trial. J Sex Med 6:1414-1422,
2009

Lewis CM, Schrader R, Many A, Mackay
M, Rogers RG: Diabetes and urinary
incontinence in 50- to 90-year-old women:
a cross-sectional population-based study.
Am J Obstet Gynecol 193:2154—-2158,
2005

Danforth KN, Townsend MK, Curhan GC,
Resnick NM, Grodstein F: Type 2 diabetes
mellitus and risk of stress, urge and mixed
urinary incontinence. J Urol 181:193-197,
2009

Waetjen LE, Ye J, Feng WY, Johnson WO,
Greendale GA, Sampselle CM, Sternfield
B, Harlow SD, Gold EB: Association
between menopausal transition stages
and developing urinary incontinence.
Obstet Gynecol 114:989-998, 2009



	CHAPTER 28: Urologic Diseases and Sexual Dysfunction in Diabetes
	Summary
	Introduction
	Lower Urinary Tract Symptoms in Men With Diabetes
	Description, Measurement, Classification
	Data Sources, Limitations
	Pathophysiology and Disease Course
	Prevalence and Incidence of LUTS in Men With Diabetes
	Associations Between BPH/LUTS and Diabetes

	Sexual Dysfunction in Men With Diabetes
	Description, Measurement, Classification
	Data Sources, Limitations
	Pathophysiology and Disease Course
	Prevalence of Sexual Dysfunction in Diabetes
	Incidence of Sexual Dysfunction in Diabetes
	Association Between Sexual Dysfunction and Diabetes

	Lower Urinary Tract Symptoms in Women With Diabetes
	Description, Measurement, Classification
	Data Sources, Limitations
	Pathophysiology and Disease Course
	Prevalence of UI in Women With Type 2 Diabetes
	Incidence of UI in Women With Type 2 Diabetes
	Remission and Improvement of UI in Women With Type 2 Diabetes
	Characteristics of Type 2 Diabetes and Odds of UI in Women
	UI in Women With Type 1 Diabetes
	Diabetes Treatment and Prevention of UI

	Asymptomatic Bacteriuria and Symptomatic Urinary Tract Infections in Women With Diabetes
	Sexual Dysfunction in Women With Diabetes
	Conclusion
	List of Abbreviations
	Conversions
	Acknowledgments/Funding
	Duality of Interest
	References




