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Abstract

Objective—In addition to being prevalent and bothersome, urologic and sexual symptoms may be
related to chronic medical illnesses. We investigate the relationship between ten urologic and sexual
symptoms and four major illnesses (type Il diabetes, cardiac disease, hypertension, and depression).

Methods—We analyze data from the Boston Area Community Health (BACH) Survey, a
community-based epidemiologic study of urologic symptoms and risk factors. BACH used a two-
stage stratified cluster sampling design to recruit 5,506 adults aged 30-79 (2,301 men, 3,205 women;
1,770 Black, 1,877 Hispanic, and 1,859 White respondents).

Results—In bivariate analyses, most urologic and sexual symptoms are associated with type I1
diabetes, cardiac disease, hypertension, and depression. However, in multivariate models adjusting
for all four illnesses, gender, race/ethnicity, age, alcohol intake, smoking, physical activity, and body
mass index there were fewer significant associations. We found that all urologic symptoms were
significantly related to at least one illness, with depression increasing the odds of all urologic and
sexual symptoms studied.

Conclusions— Urinary tract specialists may need to give greater weight to consideration of factors
outside the urinary tract that may be contributing to urologic symptoms. It remains unknown whether
treatment of medical and psychological illnesses can result in meaningful improvement in urologic
symptoms, or conversely, whether urinary tract symptoms can provide valuable insight into an
individual’s overall health status.

Keywords

epidemiology; diabetes; hypertension; cardiac disease; depression; lower urinary tract symptoms;
painful bladder syndrome; urinary incontinence; prostatitis; overactive bladder; frequency; urgency;
nocturia; erectile dysfunction; female sexual dysfunction

Corresponding author: Dr. Carol L. Link, New England Research Institutes, 9 Galen Street, Watertown, MA 02472, USA, Telephone:
(1) 617-923-7747, Fax: (1) 617-926-8246, clink@neriscience.com.

Take-home message

Urological and sexual symptoms are significantly associated with depression, and to a lesser extent with cardiac disease, type Il diabetes,
and hypertension. Providers may need to look beyond the bladder and lower urinary tract to understand and/or treat presenting symptoms.
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1. Introduction

Decades of clinical practice and scientific enquiry suggest that abnormalities of the lower
urinary tract and prostate can give rise to urologic symptoms that include lower urinary tract
symptoms and sexual dysfunction in men and women. Urinary symptoms are also known to
be influenced by many medical and lifestyle factors. For example, even patients with an entirely
normal lower urinary tract may experience urinary frequency and nocturia after taking a
diuretic medication, and medical illnesses that are linked with polyuria can be expected to give
rise to some level of lower urinary tract symptoms or to exacerbate existing symptoms [1,2].

Less obvious, but perhaps of clinical importance, are possible links between urologic symptoms
and disorders that affect sympathetic/parasympathetic balance, endothelial pathways, or
metabolic pathways involved in signal transduction and neurotransmission [3]. Such a
relationship is exemplified by the suggested link between erectile dysfunction (ED) and
cardiovascular disease [4-6], and by the recently highlighted relationship between ED and
lower urinary tract symptoms [7,8]. ED is increasingly considered a sentinel symptom of
cardiovascular risk in men [9]. Though the results of several studies are somewhat conflicting,
there is some evidence that links lower urinary tract symptoms to chronic medical illnesses
[10,11]. Broadly, the topic of whether there are also links between common urologic symptoms
and medical and psychological illness remains understudied. Our objective is to determine
whether there is an association between urologic and sexual symptoms and medical and
psychological illness in a large, cross-sectional study of American adults. We want to contrast
the association with organic and psychological illness.

2. Methods

2.1 Urologic

The Boston Area Community Health (BACH) survey is a community-based epidemiologic
survey of a broad range of urologic symptoms and risk factors conducted from 2002—2005.
BACH uses a cross-sectional random sample, not a convenience sample. Detailed methods are
given in a separate paper [12]. In brief, BACH used a two-stage stratified cluster sample design
to recruit 5506 adults aged 30-79 in three racial/ethnic groups from the city of Boston (2301
men, 3205 women, 1770 Black, 1877 Hispanic, 1859 White respondents). Information about
urologic symptoms, co-morbidities, lifestyle, anthropometrics, and psycho-social attributes
were collected via an interviewer-administered questionnaire, while respondents used a self-
administered questionnaire to answer questions about sexual function and abuse. All protocols
and informed consent procedures were approved by New England Research Institutes’
Institutional review Board. Signed informed consent was obtained prior to commencing the
interview.

and Sexual Symptoms

Using validated instruments in widespread use, we obtained information on ten urologic or
sexual symptoms. Lower urinary tract symptoms (LUTS) was defined by an American
Urological Association Symptom Index score of eight or greater [13]. This symptom scale is
identical to the International Prostate Symptom Score (IPSS) (without the quality of life
question)[14]. Painful bladder syndrome (PBS) was considered to be present if the respondent
had its cardinal symptoms [15] of pain increasing as the bladder fills and/or pain relieved by
urination (fairly often, usually, almost always) lasting for at least three months. Urinary
incontinence (UI) was said to be present if the respondent reported involuntary loss of urine at
least weekly [16]. Prostatitis was said to be present if the respondent reported perineal and/or
ejaculatory pain and had a chronic prostatitis symptom index (CPSI) score of four or greater
[17,18]. Frequency was considered to be present if respondents reported urinating more
frequently than every two hours or had frequent urination during the day (fairly often, usually,
almost always), or those who reported urinating eight or more times per day. Urgency was
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considered to be present if respondents reported having difficulty postponing urination or had
a strong urge to urinate (fairly often, usually, almost always) in the last month, or those who
experienced a strong urge to urinate in the last seven days (four or more times). Nocturia was
considered to be present if the respondent got up to urinate more than once at night (fairly
often, usually, almost always) or reported two or more urinations at night after falling asleep.
Note that one of the two or three symptoms for frequency, urgency, and nocturia are contained
in the AUA Symptom Index/IPSS. The source(s) of the other questions are given in [19]. We
have found that the different questions for frequency, urgency, and nocturia may not give
similar responses, therefore we have constructed composite measures which do not necessarily
match the International Continence Society definitions [20]. Overactive bladder (OAB) was
considered to be present if a respondent had frequency and urgency as defined above [21].
OAB was further characterized as OAB-wet if the respondent also reported leaking urine when
they had the strong feeling of needing to empty the bladder, but couldn’t get to the toilet soon
enough, or as OAB-dry otherwise. No urodynamic testing was performed. Erectile
dysfunction (ED) was considered to be present if the respondent scored 16 or below on the
abridged International Index of Erectile Function (11EF-5) [22]. Female sexual dysfunction
(FSD) was considered to be present if the respondent scored 26.2 or less on a modified Female
Sexual Function Index scale [23]. For FSD, we only considered women reporting sexual
activity with a partner during the prior month as many of the questions were not asked of
sexually inactive women.

There were four co-morbid ilinesses considered. Respondents were asked if they had ever been
told by a health care provider that they have or had the following medical conditions: 1) type
Il diabetes, 2) cardiac disease (including myocardial infarction, angina, congestive heart
failure, coronary artery bypass or angioplasty stent), or 3) hypertension. A fourth psychological
condition (depression) was also considered: respondents reporting five or more depressive
symptoms based on the abbreviated eight question Center for Epidemiologic Studies-
Depression (CES-D) scale [24] were considered to be depressed.

Additional covariates considered included age (30-39, 40-49, 50-59, 60-69, 70-79), race/
ethnicity (Black, Hispanic, White), gender (men, women), alcohol consumption (0, <1, 1-3, 3
+ drinks per day), smoking (never, current, previous), physical activity as measured by the
Physical Activity Scale for the Elderly (PASE) [25] divided into three categories: <100, 100-
250, 250+ with the 250+ category indicating the highest level of activity and body mass index
(BMI) calculated as measured weight in kilograms divided by measured height in meters
squared categorized as <25, 25-29, 30+ kg/m2.

To examine the relationships between urologic symptoms and co-morbid illnesses/conditions,
chi-square tests for the association between the two were performed overall and by gender. To
assess the joint effect of these conditions we fit multiple logistic regression models overall and
by gender including the four illnesses, as well as age, (gender), race/ethnicity, alcohol
consumption, smoking, physical activity, and body mass index. Missing values were replaced
by plausible values using multiple imputation [26]. To be representative of the city of Boston,
observations were weighted inversely proportional to their probability of selection [27].
Weights were further post-stratified to the Boston population according to the 2000 census.
Analyses were conducted in version 9.1 of SAS (SAS Institute, Cary, NC, USA) and version
9.0.1 of SUDAAN (Research Triangle Institute, Research Triangle Park, NC, USA).

In total, 5506 people (2301 men, 3205 women, 1770 Black, 1877 Hispanic, 1859 White
respondents) completed the BACH survey. Table 1 details demographic characteristics of the
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analytic sample and prevalences of the co-morbidities, covariates, and urologic conditions
overall and by gender. Figure 1 summarizes the bivariate associations of the urologic and sexual
symptoms with the four illnesses. It is clear that most symptoms are significantly more
prevalent in the presence of any of the illnesses than when the conditions are not present. For
example, 35.4 percent of respondents with Type 11 diabetes also have LUTS, whereas only
17.2 percent of respondents without Type 11 diabetes also have LUTS (p<.0001). We note that
all urologic and sexual symptoms studied are significantly associated with depression, while
some other associations such as PBS and prostatitis with hypertension are non-existent. The
relative strength of each association can be noted, such as the effect of cardiac disease is greater
than the effect of depression on the prevalence of ED.

After adjusting for age (the prevalence of Type Il diabetes, cardiac disease, and hypertension
increase with age — data not shown), gender, race/ethnicity, and covariates, the associations of
urologic and sexual symptoms with these illnesses are less significant, (Figure 2). Frequency
(p=.0368), urgency in men (p=.0420), and nocturia in women (p=.0023) remain significantly
associated with type Il diabetes. LUTS (p=.0098), Ul (p=.0118), PBS (p=.0001), urgency in
women (p=.0140), OAB in women (p=.0050), OAB wet (p=.0022), and ED in men (p=.0042)
remain significantly associated with cardiac disease. Nocturia in men (p=.0218) remains
significantly associated with hypertension. All urologic and sexual symptoms studied remain
significantly associated with depression (p values range from .01 to <.0001).

To determine if the effect of a given illness is the same in both genders, we considered the
interaction of the illness and gender. The significant interactions (the confidence interval for
one gender does not include the point estimate for the other gender) include diabetes and gender
for frequency, and depression and gender for LUTS, Ul, frequency, and nocturia. It is
interesting to note that the odds ratios for each non-gender specific urologic symptom with
depression are higher in men (some significantly higher) than in women.

There were some significant two-way interactions between the medical illnesses that
apparently increase the risk of urologic symptoms to a degree greater than that which arises
when the illness occurred alone. We found (data not shown) that (a) women with both type Il
diabetes and cardiac disease had odds of Ul that were greater than the products of the individual
odds, and (b) respondents with both cardiac disease and hypertension had odds of frequency
and urgency, that were greater than the product of the individual odds.

Table 2 summarizes the multivariate results. In summary, only depression is consistently
associated with all the urologic and sexual symptoms considered after adjusting for other co-
morbid illnesses and in the presence of other covariates including age, race/ethnicity, gender,
alcohol consumption, smoking, physical activity and body mass index. To a lesser extent,
cardiac disease is also associated with many urologic symptoms even after adjusting for other
co-morbid illnesses and other covariates.

4. Discussion

Using cross-sectional data from a large sample (n=5506) of adults from Boston, we examined
the relationship between urologic and sexual symptoms and four illnesses (three medical and
one psychological). After adjusting for covariates (age, gender, race/ethnicity, alcohol
consumption, smoking, physical activity, and BMI), we found that all urologic symptoms
studied were significantly associated with depression. We also found that several urologic
symptoms were related to cardiac disease and diabetes, while only nocturia in men was related
to hypertension. Some of these relationships have been previously noted, but several of our
findings are novel, possibly revealed because of the unique design of the BACH survey, which
asked about many urologic and sexual symptoms instead of one at a time. Our results add to
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the growing literature that suggests underlying medical and psychological illnesses contribute
to or are reflected in urologic symptoms. Our analysis cannot clarify whether the association
of medical illness and urologic symptoms may arise because those urologic symptoms have
brought a patient to medical attention, during which other medical illnesses were diagnosed
i.e. those with more urologic symptoms become more likely to carry medical diagnoses.

Our findings with respect to the relationship between Ul, OAB and illness are consistent with
those other researchers who found a link with diabetes [28-30], with depression [31], and with
general poor health [30]. In contrast, our finding of an association of cardiac disease and Ul,
LUTS, PBS, urgency, OAB, and OAB wet has not been previously reported. The
pathophysiology of this association is unexplored, but common sense suggests that the fluid
shifts associated with congestive heart failure may exacerbate urinary symptoms, and
vasculopathy that affects the heart may similarly affect the bladder. Other studies of the
relationship between LUTS and medical illnesses have usually focused on men, and have found
varying relationship with aging, hypertension, dyslipidemia, and general poor health [10,11,
32-36] but were not positioned to explore an association with cardiac disease.

Also novel is the finding that all of these urologic and sexual symptoms are associated with
depression. Prior studies have noted that depression approximately double the odds of ED
[37-39] and depression is certainly known to be linked with incontinence [40,41] but the
directionality of the association of urologic and sexual symptoms with depression has not been
explored in those analyses. Until we have more information about this relationship, we cannot
simply assume that depression has arisen because urologic symptoms are present. For example,
it is plausible that the same neurotransmitter abnormalities that lead to depression are causing
urologic symptoms. This possibility is supported by the recent success of duloxetine, an
antidepressant that is also used for treatment of incontinence in Europe [42]. Other
antidepressants have been used to treat voiding disorders [43]. It has also been shown that the
treatment of OAB improves depression scores [44].

Our finding that ED is associated with cardiac disease is consistent with findings from the
Massachusetts Male Aging Study [4] and others [5,6,37,45-48] which find that the odds of ED
are approximately doubled in the presence of cardiovascular disease and its risk factors include
hypertension, insulin resistance, smoking, diabetes, lack of exercise and hyperlipidemia. ED
is increasingly viewed as a manifestation of endothelial dysfunction and a potential harbinger
of cardiovascular end points [46] including angina pectoris and myocardial infarction [45,
491, and is understood to have important pathophysiologic, pharmacologic and clinical
implications. Importantly, a recent randomized controlled trial [50] demonstrated that lifestyle
modification is of moderate clinical benefit in ED (about a third of 110 obese men with
moderate ED in an exercise group recovered normal erectile function during a two-year study
period). Derby and colleagues have also shown that reductions in smoking, obesity and alcohol
consumption and increases in physical activity are associated with lower incidence of ED
[51].

The notion that urologic symptoms relate only to urologic structures is overly simplistic. Our
findings may explain some of the lack of response to usual urologic therapies in some patients
with urologic symptoms, since an associated or underlying contributory medical or
psychological condition may remain unrecognized and untreated. The clinical importance of
our findings is this: clinicians should remain sensitive to the possibility that co-morbidities
may be partially or even entirely responsible for urologic symptoms. When planning treatment
in the setting of type Il diabetes, cardiac disease, hypertension, and depression, it may be
reasonable to delay empiric treatment of urologic symptoms until formal testing (e.g. with
urodynamics, ultrasound or biopsy) and, possibly, correction of associated medical conditions,
confirms symptoms are of lower urinary tract origin. Even after the nature of these relationships
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are clarified, clinicians should employ a global, collaborative medical approach to treatment
plans for patients with urologic symptoms.

We recommend that just as ED is increasingly considered a sentinel sign of certain medical
illnesses, so too should other common urologic symptoms be viewed as possible sentinel
symptoms for major illness. Further research is needed however, to determine whether the
relationship between other urologic symptoms and medical and psychological iliness will have
the same clinical utility as the suggested relationship between ED and cardiovascular risk.
Beyond that, we will also need information about whether treatment of the associated
conditions improves urologic symptoms. The current study was not positioned to comment on
this possibility. We do hope that our planned longitudinal studies will provide further clinical
guidance on this topic.

5. Conclusion

We have shown that urologic and sexual symptoms are associated with depression, and to a
lesser extent with cardiac disease, type Il diabetes, and hypertension. With the recognition that
urologic symptoms are related to major diseases, clinical providers may need to give greater
weight to consideration of contributory factors that lie outside the urinary tract. It remains
unknown whether treatment of medical and psychological illnesses can result in meaningful
improvement in urologic symptoms, or conversely, whether several urologic symptoms can
provide valuable insight into an individual’s overall health status. We may need to revise
current evaluation and treatment approaches for urologic symptoms [52] that tend to be focused
on the urinary tract, with relatively little attention to the contributions that co-morbid illnesses
may make to symptoms.
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FIGURE 1. THE CONSISTENT RELATIONSHIPS BETWEEN TEN UROLOGIC AND
SEXUAL SYMPTOMS AND FOUR ILLNESSES (TYPE 11 DIABETES, CARDIAC DISEASE,
HYPERTENSION AND DEPRESSION) BY GENDER

LEGEND: SQUARE (MEN), TRIANGLE (WOMEN), CIRCLE (OVERALL), BLACK
(GRAY) FIGURES INDICATE THAT A P VALUE FROM A CHI-SQUARE TEST OF
INDEPENDENCE IS LESS THAN (GREATER THAN) 0.05

EXPLANATION: The prevalence of twelve urologic symptoms is plotted as a function of the
presence or absence of four illnesses (type-11 diabetes, cardiac disease, hypertension,
depression). Each symptom’s estimates are given in two horizontal rows, the first row (marked
“No”) applying to subjects who do not exhibit the illness denoted in the relevant column
heading, and the second (marked “Yes”) applying to those subjects who do suffer from that
illness. Numeric values corresponding to the symptom prevalence estimates are given in the
horizontal axis presented at the bottom of each column. Estimates for men and women
combined are denoted by circular symbols, for women alone by triangles, and for men alone
by squares. For each urologic symptom/illness combination, the two estimates for men and
women combined are connected with a line segment, the length of which indicates the increase
in prevalence of the symptom that is associated with the presence of the illness. Where this
increase is statistically significant, the corresponding prevalence estimates are presented with
black symbols, while statistically insignificant associates are indicated by estimates presented
in grey. With the exception of the FSD/diabetes combination, each symptom is positively,
though not always significantly, associated with every illness, as evidenced by the fact that all
line segments (save that corresponding to the FSD/diabetes combination) exhibit a negative
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slope. That every symptom is significantly associated with depression, both within each gender

and overall, is indicated by the fact that all symbols in the last column of the figure are drawn
in black.
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FIGURE 2. ODDS RATIOS (WITH 95% CONFIDENCE INTERVALS) DEPICTING THE
ASSOCIATIONS BETWEEN TEN UROLOGIC AND SEXUAL SYMPTOMS AND FOUR
ILLNESSES (TYPE Il DIABETES, CARDIAC DISEASE, HYPERTENSION AND

DEPRESSION)

LEGEND: O (OVERALL), M (MEN), F (WOMEN). THE ODDS RATIOS ARE
ESTIMATED FROM A MULTIVARIATE MODEL INCLUDING TYPE Il

DIABETES,CARDIAC DISEASE, HYPERTENSION, DEPRESSION, AGE, RACE/

ETHNICITY, GENDER, ALCOHOL CONSUMPTION, SMOKING, PHYSICAL
ACTIVITY AND BODY MASS INDEX. NOTE THAT THE ODDS RATIO SCALE GOES
TO 25 FOR PBS ONLY.
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EXPLANATION: Point (squares) and 95% confidence interval (line segments) estimates for
the multiplicative increase in odds of subjects’ experiencing individual urologic symptoms that
is associated with the presence of specific illnesses. The illnesses are organized into columns
as indicated at the bottom of the figure. Estimates are given for men and women together (*“O”),
men only (“M”), and women subjects only (“F”). For each symptom, a horizontal line has been
drawn to indicate the location of a hypothetical odds ratio of 1.0, which would denote no
association between the relevant symptom and illness. Confidence intervals that do not cross
these horizontal axes indicate statistically significant evidence of association between
symptom and illness.
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DEMOGRAPHIC CHARACTERISTICS OF THE ANALYSIS SAMPLE AND PREVALENCES OF COVARIATES,

ILLNESSES, UROLOGIC AND SEXUAL SYMPTOMS BY GENDER. Figures represent weighted percents.
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Overall Men Women

Race/Ethnicity

Black 27.6 25.0 29.9

Hispanic 13.2 13.0 13.3

White 59.2 61.9 56.8
Age

30-39 35.2 37.2 33.5

40-49 25.1 25.8 24.4

50-59 18.1 17.8 18.4

60-69 13.3 11.3 15.1

70-79 8.2 7.8 8.6
Type 1l Diabetes 7.9 8.0 7.8
Cardiac disease 9.0 10.2 7.9
Hypertension 27.3 26.2 28.3
Depression 17.2 14.0 20.1
Alcoholic drinks per day

0 34.9 27.5 41.6

<1 41.2 38.9 43.3

1-3 18.2 24.0 12.9

3+ 5.7 9.6 2.2
Smoking status

never 44.6 38.9 49.8

former 27.9 28.9 27.1

current 274 32.2 23.1
Physical activity (PASE)

0-100 27.4 26.8 27.8

101-250 50.6 47.4 53.6

251+ 22.0 25.8 18.6
Body Mass Index (ka/m?)

<25 30.1 26.6 33.3

25-30 34.4 40.7 28.6

30+ 35.5 32.7 38.1
LUTS 18.7 18.7 18.6
Urinary Incontinence 8.0 5.3 10.4
Painful Bladder Syndrome 2.0 13 2.6
Prostatitis - 6.5 -
Frequency. 32.6 27.8 36.9
Urgency 11.9 9.3 14.2
Nocturia 28.4 25.3 31.3
Overactive Bladder 9.6 7.3 11.7
Overactive Bladder — Wet 4.9 2.8 6.8
Overactive Bladder — Dry 4.7 45 5.0
Erectile Dysfunction - 20.7 -
Female Sexual Dysfunction| - - 34.3
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TABLE 2
SUMMARY OF RESULTS OF THE ASSOCIATION OF UROLOGIC AND SEXUAL SYMPTOMS WITH FOUR ILNESSES
(TYPE Il DIABETES, CARDIAC DISEASE, HYPERTENSION, AND DEPRESSION).

Type Il Diabete_sl Cardiac Disease] Hypertension, Depression
LUTS X X
Ul X X
PBS X X
Prostatitis X (M)
Frequency X X
Urgency X (M) X (F) X
Nocturia X (F) X (M) X
OAB X (F) X
OAB — wet| X X
OAB —dry, X
ED X (M) X (M)
FSD X (F)

Note: An X indicates a significant association which may be modified by gender: (M) men only, (F) women only
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