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Abstract
Purpose—Obesity and physical activity (PA) have been posited as modifiable risk factors to
delay lower urinary tract symptom (LUTS) progression. This purpose of this study was to
determine the independent associations between PA and obesity with LUTS at follow-up among
white and African American men.

Materials and Methods—Male participants aged 40–79 were identified from the Southern
Community Cohort Study, a prospective cohort based in the southeastern U.S. Baseline data
collection included a validated PA questionnaire, height and weight, health history, and other
information. We excluded participants with a history of or medication use for benign prostatic
hyperplasia or prostate cancer. Participants (n=7318, 60% African American) completed the
International Prostate Symptom Score (IPSS) approximately 5 years after baseline. An IPSS score
greater than 8 or 20 were classified as having moderate or severe LUTS, respectively, at follow-
up. Multivariable logistic regression was used to assess the relationships between obesity, PA and
LUTS.

Results—Moderate to severe LUTS severity at follow-up was significantly associated with a
BMI of 35 or more (OR=1.38, 95%CI: 1.17–1.63). Similarly, the lowest categories of PA were
associated with severe LUTS onset in men with a normal BMI (OR=1.38, 95%CI: 1.05–1.82).
These associations were independent of race.

Conclusions—Severe obesity is associated with increased risk of LUTS at follow-up, while
physical inactivity may permit LUTS progression among normal weight men, regardless of race.
These variables should be considered in future research into modifiable risk factors for LUTS.
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Lower urinary tract symptoms (LUTS) such as decreased force of stream, straining,
hesitancy, intermittency, incomplete emptying, dysuria, frequency, nocturia and urgency are
among the most common conditions among older men.1 Risk factors for LUTS such as age
and race2 are not modifiable, and the wide range of non-prostatic etiologies of LUTS limit
the effectiveness of drugs such as finasteride or tamsulosin. As such, researchers have begun
to search for modifiable risk factors, including lifestyle factors, associated with the
development of LUTS in hopes of identifying behavioral or adjuvant care approaches to
prevent or inhibit LUTS progression.

Obesity is one of the more common comorbidities associated with LUTS. Several prior
prospective cohort studies have found that BMI, waist circumference (WC), the waist-hip
ratio (WHR), or diabetes were associated with more frequent or severe LUTS, 3–5, although
others have not.6 Similarly, physical activity was inversely associated with LUTS in several
studies7–10, but not others.6, 11 Given the weight of the evidence, it is reasonable to postulate
that interventions aimed at reducing obesity or increasing physical activity may reduce
LUTS severity. Furthermore, if lifestyle factors such as obesity and physical activity
influence LUTS through their effect on steroid hormones, as has been suggested,12 the
association between LUTS and obesity or physical activity may also differ with race. To this
end, further investigation of the relationship between these potentially modifiable risk
factors and LUTS requires studies with adequate minority representation.

The goal of this study was to determine the independent associations between physical
activity or obesity (as measured by body-mass index (BMI) with LUTS at follow-up among
white and African American men. To achieve this goal, we used data from the Southern
Community Cohort Study (SCCS), a large community-based prospective cohort of
approximately 86,000 adults, more than two-thirds of whom are African-American,
recruited in 12 southern states and followed for an average of nearly 5 years.13

METHODS
SCCS overall study design

A detailed description of the Southern Community Cohort Study (SCCS) has been published
previously.13 Briefly, the SCCS is a prospective cohort study designed to study the etiology
of several cancers, as well as to elucidate causes of disparities in cancer incidence and
mortality across racial and urban/rural groups. The SCCS was approved by IRBs at
Vanderbilt University and Meharry Medical College. SCCS enrollment strategies included
in-person recruitment from 71 community health centers (CHCs) and a mass-mailing
campaign throughout the southeastern United States. To be eligible, participants must have
been between 40 and 79 years of age; English-speaking; and not under treatment for cancer
within the past year (with the exception of non-melanoma skin cancer).

Data Collection
At the time of enrollment in SCCS, participants completed a baseline survey that focused on
demographics, anthropometrics, income, a validated food frequency and physical activity
survey,14, 15 disease histories, medications, and a wide range of other potential cancer risk
factors. Physical activity assessment included 16 items assessing time spent in sports,
household, occupational, and daily living activities. Responses to these 16 items were
converted to MET equivalents based on the compendium developed by Ainsworth.15

Information on physical activity and BMI were only collected at baseline. Participants were
specifically queried at baseline as to whether they had a history of BPH, an enlarged prostate
or prostate cancer.
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At an average of approximately five years after their enrollment (range 1.4 to 7.6 years),
participants completed a follow-up survey. Men were asked if they had been diagnosed with
or received treatment for BPH or prostate cancer since baseline. They also completed the
International Prostate Symptom Score (IPSS) to ascertain the presence and severity of
LUTS. The IPSS is a validated and reliable questionnaire that is considered the gold
standard for assessment of LUTS in men.16 Responses to the 7 IPSS items are summed, and
increasing IPSS scores are used to categorize patient symptoms as having none/mild (0 to 7),
moderate (8 to 19), or severe (20 to 35) LUTS.17

Inclusion criteria
All male participants who completed a baseline and follow-up survey were initially
considered eligible for the current study. Because the analysis was focused on LUTS at
follow-up, we excluded, at baseline, any participants who reported a history of prostate
cancer or prostatic enlargement or who had reported treatment (medications or surgery) for
BPH. We also excluded participants who reported prostate cancer at follow-up or were
identified as having prostate cancer from cancer registries or those who partially completed
the IPSS at follow-up if they could not be definitively assigned to one of the three LUTS
categories.

Defining LUTS at follow-up
Participants who reported an IPSS score of 8 or higher on the follow-up survey were
considered to have clinically relevant LUTS. In addition, participants who had IPSS scores
of less than 8 at follow-up but reported the initiation of medical or surgical treatment for
BPH during the follow-up period were considered to have LUTS at follow-up.

Independent variables
Obesity was determined using baseline assessment of body-mass index (BMI) derived from
patient report of height and weight at enrollment. BMI was treated as a categorical variable
with 5 levels: <18.5 kg/m2 (underweight), 18.5–24.99 kg/m2 (normal and treated as referent
category in statistical analyses), 25–29.99 kg/m2 (overweight), 30–34.99 kg/m2 (obese) and
≥35 kg/m2 (severely obese). Physical activity was initially expressed as total MET hours per
day. To enhance the clinical interpretability of this measure, total MET hours of physical
activity per day for the cohort were converted to quartiles, with the highest (most active)
quartile being treated as the referent category in statistical analysis. Participant age at
baseline and length of follow-up were treated as linear variables in the analysis, while health
insurance, annual income, highest level of education achieved, race and source of
recruitment (CHC vs mass mailing) were all treated as categorical variables in statistical
modeling.

Statistical analysis
Descriptive statistics were initially generated for the entire cohort and then by racial group.
Multivariable logistic regression was then used to calculate odds ratios (OR) and 95 percent
confidence intervals (95% CI) that assessed the independent association of obesity and
physical activity with clinically relevant LUTS at follow-up in the study cohort while
controlling for age, length of follow-up, source of recruitment, health insurance, annual
income, education and race. To study the interaction between the effect of physical activity
and obesity on LUTS at follow-up, we then performed a subgroup analysis in which we
created a series of multivariate logistic regression models with each model including only
men in a particular BMI category. The dependent variable for each of these models was
LUTS at follow-up, while the independent variables included physical activity and the other
co-variates described above. Finally, we created a multinomial (polychotomous) logistic
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regression model in which the dependent variable was incident LUTS categorized as either
moderate (IPSS: 8–19) or severe (IPSS 20 or higher or treatment for LUTS/BPH). All
analyses were conducted using Statistical Analysis System (SAS, version 9.2) software.

RESULTS
The final study cohort consisted of 7318 participants, as depicted in Figure 1. Among these,
2570 were white, 4383 were African-American men, and 365 reported their race as other
than white or African-American. Roughly a third of the cohort was obese (BMI>30), and the
mean total MET-hours/day of exercise was 24 (table 1). Importantly, 42% of the participants
reported moderate/severe LUTS with an IPSS score of greater than 8 or initiation for
treatment for BPH at follow-up (table 2). Among the 3042 participants reporting LUTS at
follow-up, 63 reported having undergone surgery for BPH (17 white, 39 African-American
and 7 other racial groups), 446 reporting initiating medical therapy (158 white, 272 African-
American and 16 other) and 2875 reported IPSS scores greater than 7 (902 white, 1855
African-American and 118 other).

The associations between obesity, physical activity, and LUTS at follow-up are summarized
in Table 3. Compared to men with a BMI of 18.5–24.9 kg/m2, a BMI of 35 or more was
significantly associated with a 38% increased risk of incident LUTS (OR=1.38, 95% CI:
1.17–1.63). Furthermore, severe obesity was significantly associated with LUTS onset
within white and African-American men. Overweight (BMI=25.0–29.9) was also
significantly associated with LUTS among white men, although a test for interaction
between race and BMI was not significant (p=0.41). A similar analysis on physical activity
and LUTS (Table 3) found a marginally significant increased risk in LUTS associated only
with the lowest physical activity level among all participants (OR=1.16, 95%CI: 1.00–1.34),
whites (OR=1.26, 95%CI:0.96–1.64), and African-Americans (OR=1.11, 95%CI:0.93–
1.33). These patterns and associations did not substantially change using models that
additionally controlled for BMI or physical activity.

We used multinomial logistic regression to determine if physical activity and/or obesity
were associated with moderate LUTS or severe LUTS at follow-up. As shown in table 3, a
BMI of 35 or was significantly with moderate LUTS and severe LUTS, with a stronger
association for severe LUTS (OR=1.44, 95%CI: 1.15–1.81). Furthermore, participants in the
lowest physical activity category were significantly more likely to report severe LUTS
(OR=1.38, 95%CI:1.12–1.69).

To separate the relationships between BMI and physical activity, we explored the
association of physical activity and LUTS within defined categories of BMI (Table 4).
Physical activity was not significantly associated with LUTS among overweight, obese or
severely obese men. However, the lowest level of physical activity was significantly
associated with incident LUTS (OR=1.38 95% CI: 1.05–1.82) among men with a normal
BMI (18.5–24.9 kg/m2).

DISCUSSION
Primary prevention of LUTS by modifying potential risk factors is a laudable goal that could
ultimately lessen the economic and public health burden of this common condition.18 Data
from the SCCS indicate that severely obese participants were significantly more likely to
report LUTS at follow-up after controlling for physical activity and other sociodemographic
variables. The association between severe obesity and LUTS was noted in both white and
African-American participants.
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A number of previous epidemiological studies report greater LUTS severity associated with
obesity. For example, a cross-sectional analysis from the National Health and Nutrition
Examination Survey (NHANES)5 reported LUTS severity tended to increase with a BMI of
25 or higher after age 60 years. Not surprisingly, larger waist circumference was also
associated with increased risk of LUTS, consistent with earlier findings from the Health
Professionals Follow-up Study.19 In contrast, other studies have failed to document a
relationship between obesity and LUTS20–22. Reasons for heterogeneous results from prior
studies are unclear, but may involve different methods of measuring LUTS onset, or
differences in risk factor profiles across different populations. Additionally, we found an
association only with a BMI > 35, particularly for the most severe LUTS, and studies within
leaner populations or more moderate LUTS severity may not be adequately powered to
identify this association. The racial diversity of the SCCS cohort may also explain why the
current study differs from prior studies that have failed to show a relationship between
obesity and LUTS.

Similar to obesity, the literature addressing physical activity and LUTS is also inconsistent.
Parsons and Kashefi10 performed a systematic review and meta-analysis on this topic using
11 observational studies that included 43,083 participants. Eight studies noted an inverse
relationship between physical activity and LUTS, while two showed no relationship and 1
was equivocal. After pooling the data, the ORs for LUTS were 0.70, 0.74 and 0.74 for the
light, moderate and heavy physical activity groups, respectively, compared to the sedentary
group. This is remarkably similar to our findings in that the greatest risk of LUTS was in the
sedentary group. Our study has the advantage, however, of having clear and consistent
definitions of physical activity, being ethnically diverse and controlling for obesity. We
found that the potential benefit of increased physical activity may not be applicable to all
men at risk for LUTS, but rather only those with normal BMI. Among these men (with BMI
18.5–24.9), a rise in LUTS risk was seen only for those in the lowest, and not middle,
quartiles of physical activity, suggesting that even modest gains in physical activity such as
walking may provide a benefit for the most physically inactive. These data thus provide a
basis for more personalized behavioral strategies to maximize the benefits on LUTS
reduction across men at risk for progression. Further studies are needed to determine if
physical inactivity could be a potentially modifiable risk factor for LUTS in normal weight
men.

The underlying physiological mechanisms that explain the relationship between obesity or
physical activity with LUTS are unclear. Adiopose tissue expresses aromatase, responsible
for the conversion of androgens to estrogens, suggesting obesity may mediate LUTS through
alterations in sex steroid levels.12 Adipocytes also mediates the release of cytokines that
affect the inflammatory response, and some have hypothesized that obesity or another
component of the metabolic syndrome mediates LUTS through an increase in systemic
inflammation or oxidative stress.1223 Not only is inflammation been found to be associated
with surgical specimens of BPH,24 but the degree and severity of inflammation correlates
with prostate enlargement.25 Physical activity, by contrast, was associated with LUTS
severity among normal weight men, suggesting a mechanism independent of body adiposity.
Improved insulin sensitivity may be one relevant mechanism26, but clearly additional
research is needed to better understand the physiologic mechanism of the relationship
between obesity, physical activity, and LUTS.

While our study has numerous strengths, including the use of a large racially and
socioeconomically diverse cohort, prospective data collection, and the use of validated and
reliable surveys to assess physical activity and LUTS, its limitations should be noted.
Specifically, the analysis was limited by the lack of IPSS scores at baseline. Although we
excluded men who had a history of prostate cancer, reported having been told that they had
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BPH and/or an “enlarged prostate,” or were receiving treatment for LUTS/BPH at baseline,
it is likely that some of the participants in the study had LUTS at baseline and this could
potentially be related to baseline BMI or physical activity. The risk of undetected LUTS at
baseline may also be more pronounced among patients who started medical therapy or
underwent surgery for BPH during the study period. As such, it is likely that the rate of
LUTS at follow-up in the study cohort may be somewhat greater than the true rate of
incident LUTS among participants. Furthermore, given the lack of baseline IPSS scores, the
results from the multinomial regression model should be interpreted with caution, as I-PSS
scores are known to vary over time and men may drift into and out of symptom strata.17

Acknowledging this, it is highly unlikely that the rate of LUTS underreporting at baseline is
associated with either obesity or physical activity and, therefore, the estimates of relative
risk, which are the key findings of the study, should not be biased by this limitation.

In summary, results from the SCCS indicate that severe obesity and low levels of physical
activity among non-obese men are associated with increased risk of LUTS. While further
research is needed, obesity may be a modifiable LUTS risk factor regardless of race/
ethnicity while increasing physical activity may reduce LUTS severity among normal
weight men.
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PA physical activity

LUTS lower urinary tract symptoms

IPSS International Prostate Symptom Score

BMI Body-Mass Index

SCCS Southern Community Cohort Study

CHC Community Health Center
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OR odds ratio
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Figure 1.
Development of the study cohort
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Table 1

Characteristics of the study population, stratified by race.

White (n=2570) Black (n=4383) All (n=7318)

Mean (sd) Mean (sd) p-value Mean (sd)

Age (years; mean (s.d.)) 54.9 (8.4) 50.7 (7.7) <0.0001 52.3 (8.2)

Physical Activity

 Total activity (MET-hrs/day) 22.5 (19.1) 25.0 (22.1) <0.0001 24.0 (21.0)

 Moderate and vigorous sports (MET-hrs/day) 1.8 (3.1) 1.5 (3.0) <0.0001 1.7 (3.0)

 Total work activity (MET-hrs/day) 20.7 (18.6) 23.5 (21.3) <0.0001 22.4 (20.3)

 Total sitting time (hrs/day) 9.5 (4.7) 9.8 (5.3) 0.03 9.7 (5.1)

% % %

Body mass index (kg/m2) <0.0001

 <18.5 1% 1% 1%

 18.5–24.99 24% 30% 28%

 25–29.99 40% 35% 37%

 30–34.99 22% 20% 21%

 35+ 12% 13% 13%

 Unknown 1% 1% 1%

IPSS score at follow-up <0.0001

 Mild or no symptoms (0–7) 63% 55% 58%

 Moderate symptoms (8–19) 24% 29% 27%

 Severe symptoms (20–35) 13% 16% 15%

Education completed <0.0001

 <9 years 6% 7% 6%

 9–11 years 9% 20% 16%

 High school or equivalent 29% 41% 36%

 Some or junior college 20% 20% 20%

 College graduate 37% 12% 21%

 Unknown 0% 0% 1%

Total household income <0.0001

 <$15,000 per year 27% 53% 42%

 $15,000 – $24,999 13% 23% 19%

 $25,000 – $49,999 19% 14% 16%

 $50,000+ 39% 9% 21%

 Unknown 2% 1% 2%

Health insurance <0.0001

 Medicare 23% 18% 20%

 Medicaid 5% 12% 9%

 Military 6% 5% 5%
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White (n=2570) Black (n=4383) All (n=7318)

Mean (sd) Mean (sd) p-value Mean (sd)

 Private 42% 22% 30%

 Other 1% 2% 1%

 None 22% 41% 33%

 Unknown 1% 1% 1%

% enrolled at a CHC 45% 86% <0.0001 70%
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Table 2

LUTS at follow-up outcome stratified by various sociodemographic and clinical factors.

Category No LUTS at Follow-up LUTS at Follow-up p value

Total 4276 (58%) 3042 (42%) -

Race <0.0001

 White 1617 (63%) 953 (37%)

 African-American 2421 (55%) 1962 (45%)

 Other 238 (65%) 127 (35%)

Body mass index (kg/m2) 0.0004

 <18.5 40 (55%) 33 (45%)

 18.5–24.99 1209 (59%) 837 (41%)

 25–29.99 1584 (59%) 1107 (41%)

 30–34.99 920 (61%) 592 (39%)

 35+ 488 (52%) 454 (48%)

 Unknown 35 (65%) 19 (35%)

Education completed <0.0001

 <9 years 223 (47%) 247 (53%)

 9–11 years 553 (49%) 581 (51%)

 High school or equivalent 1516 (58%) 1116 (42%)

 Some or junior college 854 (60%) 573 (40%)

 College graduate 1059 (68%) 494 (32%)

 Unknown 71 (70%) 31 (30%)

Total household income <0.0001

 <$15,000 per year 1569 (50%) 1541 (50%)

 $15,000 – $24,999 765 (55%) 618 (45%)

 $25,000 – $49,999 776 (65%) 413 (35%)

 $50,000+ 1087 (72%) 421 (28%)

 Unknown 79 (62%) 49 (38%)

Health insurance <0.0001

 Medicare 746 (51%) 717 (49%)

 Medicaid 329 (49%) 340 (51%)

 Military 249 (62%) 151 (38%)

 Private 1520 (69%) 673 (31%)

 Other 57 (56%) 44 (44%)

 None 1344 (55%) 1085 (45%)

 Unknown 31 (49%) 32 (51%)

Enrolled at a CHC <0.0001

 no 1545 (70%) 674 (30%)

 yes 2731 (54%) 2368 (46%)
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