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Abstract
Purpose—The objectives of this study were to: 1) investigate the association between lower urinary
tract symptoms (LUTS) and chronic illnesses such as heart disease, diabetes, hypertension, and
depression in men and women, and 2) to determine whether a dose-response relationship exists in
the association between the severity and duration of urologic symptoms and major chronic illnesses.

Materials and Methods—The Boston Area Community Health (BACH) Survey used a multistage
stratified design to recruit a random sample of 5,503 adults age 30-79. Urologic symptoms comprising
the American Urological Association symptom index were included in the analysis.

Results—Statistically significant associations, consistent by gender, were observed between
depression and all urologic symptoms. Nocturia of any degree of severity or duration was associated
with heart disease among men and with diabetes among women. Among men, a dose-response
relationship was observed in the association of symptom severity and/or duration of urinary
intermittency and frequency with heart disease, and in the association of urinary urgency with
diabetes. Among women, a history of heart disease was associated with weak stream and straining,
while a history of hypertension was associated with urgency and weak stream.

Conclusions—Results indicate a dose-response relationship in the association of both severity and
duration of urologic symptoms with major chronic illnesses. An association between urinary
symptoms and depression was observed in both men and women. In contrast, the association between
LUTS and heart disease, diabetes, or hypertension varied by gender, suggesting different mechanisms
of association in men and women.
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Introduction
Lower urinary tract symptoms (LUTS) are common in both aging women and men and their
prevalence increases with age.1 There is evidence from both clinical and epidemiological
studies showing associations between LUTS and lifestyle risk factors and related comorbid
conditions such as heart disease, diabetes, and depression.2-6 Results of these studies support
the hypothesis that factors outside the urinary tract contribute to urologic symptoms – the so-
called “beyond the bladder” hypothesis.3 The contribution of individual symptoms, and
potential dose effects of increasing number and/or severity of urologic symptoms has not been
systematically investigated. Such a dose-response relationship between increased severity and
duration of urologic symptoms and increased odds of comorbid conditions would provide
additional evidence in support of the hypothesized link between LUTS and chronic illnesses.

Using data from the BACH survey, the purpose of this study was to investigate the association
between chronic illnesses (including heart disease, diabetes, hypertension, and depression) and
seven specific urologic symptoms (urgency, frequency, nocturia, incomplete emptying,
straining, weak stream, intermittency), comprising the American Urological Association
Symptom Index (AUA-SI), in a representative, population-based sample of men and women.
The objectives of this analysis were: 1) investigate the association between LUTS and chronic
illnesses in age-appropriate samples of men and women, and 2) to determine whether a dose-
response relationship exists in the association between severity and duration of urologic
symptoms and chronic illnesses.

Materials and Methods
Overall Design

The Boston Area Community Health (BACH) survey is a population-based epidemiologic
survey of a broad range of urologic symptoms and risk factors among randomly selected men
and women. Detailed methods have been described elsewhere.7 A multi-stage stratified design
was used to recruit approximately equal numbers of subjects according to age (30-39, 40-49,
50-59, 60-79), gender, and race/ethnicity (Black, Hispanic, and White). The BACH sample
was recruited from April 2002 through June 2005. Interviews were completed with 63.3% of
eligible subjects, in a total sample of 5503 adults (2301 men, 3202 women, 1767 Black, 1877
Hispanic, 1859 White respondents). All protocols and informed consent procedures were
approved by the New England Research Institutes Institutional Review Board.

Following written informed consent, data were obtained during a 2-hour in-person interview,
conducted by a trained (bilingual) phlebotomist/interviewer. Height, weight, hip and waist
circumference were measured along with self-reported information on medical and
reproductive history, major comorbidities, lifestyle and psychosocial factors, and symptoms
of urogynecological conditions.

Lower urinary tract symptoms (LUTS)
LUTS were assessed using the American Urological Symptom Index (AUA-SI), a clinically
validated measure of urological symptoms with a validated and reliable Spanish version.8, 9
The AUA-SI was categorized as 0-7 (none or mild symptoms), 8-19 (moderate symptoms) and
20-35 (severe) and also dichotomozied as <8 versus ≥8. Using a similar approach, frequency
of report was used as an indicator of severity of individual symptoms and grouped into two
categories, mild (symptom experienced rarely or sometimes) versus moderate or severe
(symptom experienced fairly often, usually, or almost always) and compared to the no symptom
group. Duration of each symptom was assessed as <3 months, 3 to 6 months, 6 to 12 months,
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1 to 5 yrs, and 6+ years. For purposes of this analysis, duration was categorized as <1 year
versus ≥1 year, with the no symptom group as the reference group.

Chronic illnesses
Four major comorbid conditions were considered in this analysis: heart disease, type 2 diabetes
(T2DM), hypertension, and depression. The presence of comorbidities was defined as a yes
response to “Have you ever been told by a health care provider that you have or had....”? Heart
disease was defined by self-report of myocardial infarction, angina, congestive heart failure,
coronary artery bypass, or angioplasty stent. Participants reporting five or more depressive
symptoms (out of 8) using the abbreviated Center for Epidemiological Studies – Depression
(CES-D) scale were considered to have clinically significant depression.10

Additional covariates
Age was categorized by decade: 30-39, 40-49, 50-59, 60-69, and 70-79 years. Self reported
race/ethnicity was defined as Black, Hispanic, or White. Body mass index (BMI) was
categorized as <25, 25-29, and 30+ kg/m2. Physical activity was measured using the Physical
Activity Scale for the Elderly (PASE) and was categorized as low (<100), medium (100-250),
and high (>250).11 Alcohol consumption was defined as alcoholic drinks consumed per day:
0, <1, 1-3, 3+ drinks per day. Smoking was defined as never smokers, former smokers, and
current smoker. The socioeconomic status (SES) index was calculated using a combination of
education and household income.12 SES was categorized as low (lower 25% of the distribution
of the SES index), middle (middle 50% of the distribution), and high (upper 25% of the
distribution).

Statistical analysis
Analyses were conducted separately for men and women. Odds ratios (OR) and 95%
confidence intervals (95% CI), estimated using multiple logistic regression, were used to assess
the association of urologic symptoms and chronic illnesses. Initially, severity and duration of
symptoms were combined into a five-level variable: no symptoms, mild symptoms with <1
year duration, mild symptoms with ≥1 year duration, severe symptoms with <1 year duration,
and severe symptoms with ≥1 year duration. However, this approach was not feasible due to
small cell sizes in the cross-tabulation of this five-level variable with chronic illnesses by
gender. Therefore, results from separate models for severity (severe and mild symptoms
compared to the no symptom group) and duration (<1 year and ≥1 year duration compared to
the no symptom group) are presented, in addition to the subject group expected to be at highest
risk, i.e. participants reporting severe symptoms for ≥1 year.

A multiple imputation technique was used to obtain plausible values for missing data.13 The
proportion of participants with missing data was 0.6% (30 participants) for the AUA-SI, 1.1%
(60 subjects) for comorbid conditions and depressive symptoms, 0.9% (37 subjects) for
lifestyle variables, and 6.1% for SES, with a combined rate of 8.0% (442 participants) for
missing at least one of these variable. Twenty-five multiple imputations were performed
separately by gender and race/ethnicity using all relevant variables. To be representative of the
city of Boston, observations were weighted inversely proportional to their probability of
selection. Weights were 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).

Results
Characteristics of the 2,301 men and 3,202 women and prevalence of the four chronic illnesses
are presented in Table 1. Prevalence of heart disease was slightly higher among men (10.2%)
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compared to women (7.9%) (χ2 p-value = 0.051), while the prevalence of T2DM and
hypertension did not differ by gender. In contrast, the prevalence of depression was
significantly higher among women (20.1%) compared to men (14.0%) (χ2 p-value for
comparison by gender <0.001). Obesity (BMI≥30 kg/m2) was more common among women
(38.1% versus 32.7%, χ2 p-value <0.001), while reports of any alcohol consumption were
higher among men (72.5%) compared to women (58.3%) (χ2 p-value <0.001). A statistically
significant, positive association was observed between severity and duration for all seven
LUTS symptoms among both men and women (Figure 1). The proportion of men and women
reporting symptom duration ≥1 year was consistenly higher among those with severe symptoms
compared to those with mild symptoms.

The relationship between LUTS, assessed by the AUA-SI, and chronic illnesses is presented
in Table 2. A statistically significant association between LUTS and both heart disease and
depression was consistent by gender with a trend in increasing ORs with increased severity of
the AUA-SI. A similar trend was observed between the odds of diabetes and the AUA-SI among
men but was not observed among women. While no association was observed between LUTS
and hypertension in men, a significant trend in increased odds with higher AUA-SI was
observed among women.

The association observed between the AUA-SI and depression was confirmed when
investigating each symptom individually (Table 3). A dose-response pattern of increased odds
of depression with increased severity, but not duration, of each of the symptoms was consistent
by gender. Although the magnitude of the ORs for severe symptoms were somewhat higher
among men (ORs 2.3 to 7.3) compared to women (ORs 1.6 to 4.2), the associations were
significant in both genders. In contrast, the pattern of associations between LUTS and heart
disease, T2DM, and hypertension varied by gender (Table 4). Among men, nocturia of any
degree of severity (mild or severe) or an increased duration of nocturia (≥1 year) were
significantly associated with increased odds of heart disease. This pattern was especially
evident in the highest risk group (severe symptoms for ≥1 year), with an almost two-fold
increase in the odds of heart disease (OR=1.88, 95%CI: 1.00, 3.51). Increased odds of heart
disease was also observed with increased severity and duration of urinary frequency (OR=2.15,
95%CI: 1.13, 4.12) and intermittency (OR=3.17. 95%CI: 1.31. 7.67). Among women,
increased severity of weak stream or urgency were significantly associated with two- to three-
fold increase increased odds of heart disease. While neither increased severity or duration of
straining were significantly associated with heart disease individually, women reporting both
of these symptoms were at three-fold increased odds of heart disease (OR=2.98, 95%CI: 1.23,
7.21).

Among men, a two-fold increase in the odds of T2DM was observed with increased severity
or duration of urgency with a similar effect for men reporting severe symptoms for ≥1 year
(OR=2.40, 95%CI: 1.13, 5.09). Mild intermittency of any duration was associated with a two-
to three-fold increase in the odds of T2DM in men. Among women, nocturia of any degree of
severity or duration was significantly associated with a two-fold increase in the odds of T2DM.
Additionally, increased duration of intermittency was associated with a two-fold increase in
the odds of T2DM in women.

Among men, increased odds of hypertension was observed with increased severity of nocturia
(OR=1.76, 95%CI: 1.14, 2.71) but not with increased duration. Among women, an almost two-
fold increase in the odds of hypertension was observed for symptoms of severe straining or
increased duration of straining symptoms. In addition, increased odds of hypertension was
observed among women with increased duration and severity of symptoms of weak stream
(OR=1.98, 95%CI: 1.12, 3.51) or urgency (OR=1.99, 95%CI: 1.21, 3.27). Further adjustment
for SES in all analyses did not alter observed results.
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Discussion
Results from the BACH study show a dose-response pattern overall in the association between
severity and duration of lower urinary tract symptoms and chronic illnesses. The association
between LUTS and depression was significant in both men and women. In contrast, the pattern
of associations of urologic symptoms with heart disease, diabetes, and hypertension varied by
gender.

The association of LUTS with risk factors commonly linked to cardiovascular disease has been
previously reported. Findings from the NHANES study have shown an inverse relationship
between LUTS and increased physical activity, while a positive association was found with
heavy smoking (≥50 pack-years) and markers of the metabolic syndrome.5, 14 In contrast, most
studies report a weak or no association between LUTS and BMI.4, 5 Results from the Flint
Men's Health Study (FMHS) have shown a relationship between LUTS and a history of diabetes
as well as heart disease.4 Data from the Olmsted County Study (OCS) show that presence of
diabetes in men is associated with progression of LUTS.2 The impact of LUTS on quality of
life has been demonstrated,15 and an association of depressed mood and LUTS has been
reported by the Health Professionals Follow-up Study (HPFS).6

Previous analyses of data from the BACH study have suggested that factors outside the urinary
tract contribute to LUTS.3 Results from the present study provide further evidence supporting
this hypothesis. Among the likely candidate mechanisms are down-regulation of nitric oxide
synthase (NOS),16 autonomic dysregulation or increased adrenergic tone,17 or iatrogenic
medication effects due to the use of multiple medications.18 With recent evidence suggesting
a role for the L-arginine-nitric oxide (NO)-cyclic guanosine monophosphate (cGMP) pathway
in depression,19 the NO-cGMP interaction in endothelial cell dysfunction, erectile dysfunction,
and depression has an internal consistency that makes this of particular interest as an
explanatory mechanism. Potential explanations of the association of heart disease diabetes, or
hypertension with a different set of urologic symptoms in men and women include the
anatomical differences of the male and female urinary tracts which may result in different
physiological responses to common neural (e.g., sympathetic hyperactivity) or vascular (e.g.,
endothelial dysfunction) correlates of comorbid conditions, and possibly gender differences in
interpretation and response to some of the AUA-SI questions. Although the temporal sequence
of causality or specific mechanisms of action cannot be assessed by means of cross-sectional
data alone, the novel finding that increased severity and duration of urologic symptoms are
indicative of increased odds of chronic illnesses supports the hypothesized association between
LUTS and conditions outside the urinary tract.

Several potential limitations of this study should be noted. The BACH study is a cross-sectional
survey and a temporal sequence between LUTS and onset of chronic illnesses cannot be
established at present. Although history of chronic illnesses was assessed by self-report with
the potential for reporting and/or recall bias, previous research has demonstrated the reliability
and validity of self-report for heart disease, diabetes, and hypertension.20 Observed
associations could be influenced by treatment history which has not been factored into this
analysis. A full analysis of the influence of medication use on LUTS is beyond the scope of
this paper and is the focus of a separate analysis. Strengths of the BACH study include a
community-based random sample across a wide age range (30-79), inclusion of large numbers
of minority participants representative of Black and Hispanic populations, and a wide range
of covariates including sociodemographic, lifestyle, and health variables, which can be
adjusted for in the analysis. The BACH study was limited geographically to the Boston area.
However, comparison of sociodemographic and health-related variables from BACH with
other large regional (Boston Behavioral Risk Factor Surveillance System) and national

Kupelian et al. Page 5

J Urol. Author manuscript; available in PMC 2009 October 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(National Health Interview Survey) surveys have shown that the BACH estimates are
comparable to national trends on key health related variables.

Conclusions
In summary, the results of this study indicate that severity and duration of urologic symptoms,
among both men and women, are important factors in the association of these symptoms with
major chronic illnesses. The association between urologic symptoms and the presence of
clinically significant depression was evident in both men and women. Despite variations by
gender in the association of specific urologic symptoms with heart disease, diabetes, and
hypertension, the overall pattern observed was an increase in the magnitude of these
associations with increased severity and duration of urologic symptoms. These finding provide
further evidence of common underlying factors for urologic conditions, and chronic conditions
including cardiovascular disease, diabetes, and depression.
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Figure 1.
Symptom severity is associated with duration of symptoms among both men and women. The
proportion reporting symptom duration of ≥1 year is significantly higher among those with
severe symptoms compared to those with mild symptoms (all χ2 p-values <0.05 for comparison
by symptom severity).
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Table1

Characteristics of the analysis sample overall and by gender. N (weighted percentages)

Overall Men Women

Age 30-39 1407 (35.2) 615 (37.2) 792 (33.5)
40-49 1498 (25.1) 659 (25.8) 839 (24.4)
50-59 1287 (18.1) 510 (17.8) 777 (18.4)
60-69 845 (13.3) 329 (11.3) 516 (15.1)
70-79 466 ( 8.2) 188 ( 7.8) 278 ( 8.6)

Race/ethnicity White 1859 (59.2) 835 (61.9) 1024 (56.8)
Black 1767 (27.6) 700 (25.1) 1067 (29.9)
Hispanic 1877 (13.2) 766 (13.0) 1111 (13.3)

Socioeconomic Status (SES) Low 2568 (27.8) 970 (24.3) 1598 (31.0)
Middle 2149 (47.0) 953 (49.0) 1197 (45.1)
High 786 (25.2) 378 (26.7) 408 (23.9)

Body Mass Index (kg/m2) <25.0 1348 (30.1) 595 (26.6) 753 (33.3)
25.0-29.9 1876 (34.3) 904 (40.7) 972 (28.6)
≥30 2277 (35.5) 800 (32.7) 1476 (38.1)

Physical Activity (PASE) Low (<100) 1885 (27.3) 694 (26.8) 1191 (27.8)
Moderate (200-250) 2645 (50.7) 1069 (47.4) 1576 (53.6)
High(>250) 971 (22.0) 537 (25.8) 434 (18.5)

Smoking Never 2667 (47.8) 963 (45.1) 1703 (50.2)
Former 1438 (27.9) 662 (28.7) 776 (27.2)
Current 1397 (24.3) 675 (26.2) 721 (22.6)

Alcohol consumption (drinks per day)None 2460 (34.9) 799 (27.5) 1660 (41.7)
<1/day 2024 (41.2) 815 (38.9) 1209 (43.2)
1-2.9/day 701 (18.2) 433 (24.0) 268 (12.9)
≥3/day 316 ( 5.7) 252 ( 9.6) 64 ( 2.2)

Heart disease 551 ( 9.0) 248 (10.2) 303 ( 7.9)
Type 2 diabetes 609 ( 7.9) 247 ( 8.0) 362 ( 7.8)
Hypertension 1860 (27.3) 735 (26.2) 1125 (28.3)
Depression 1221 (17.2) 391 (14.0) 830 (20.1)
AUA-SI* 0-7 (Mild) 4383 (81.3) 1860 (81.3) 2523 (81.4)

8-19 (Moderate) 988 (17.1) 395 (17.3) 593 (16.8)
20-35 (Severe) 132 ( 1.6) 46 ( 1.4) 86 ( 1.8)

*
American Urological Association Symptom Index
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