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Abstract

Purpose—We prospectively evaluated the association between adiposity and risk of lower
urinary tract symptoms (LUTS) incidence and progression in the Health Professionals Follow-up
Study (HPFS).

Materials and Methods—~Participants reported their current height and weight and their weight
at age 21 at baseline, a year later their waist and hip circumferences, and then every two years
their weight. Periodically, participants completed the International Prostate Symptom Score
(IPSS) survey and reported surgery or medication use for LUTS. We used Cox proportional
hazards regression to estimate the multivariable-adjusted association between adiposity and LUTS
incidence and progression. The incidence analytic cohort (n=18,055) were men without LUTS at
baseline. Men entered the progression analytic cohort (n=6,461) when they first experienced
LUTS.

Results—Risk of LUTS (n=4,088) increased with increasing body mass index (BMI =35 vs 23-
<25 kg/m?2: HR=1.61; 95% CI 1.31-1.99, p-trend<0.0001), waist circumference (>42 vs <33 in:
HR=1.39, 95% CI 1.19-1.63, p-trend<0.0001), and weight gain from age 21 (=50 Ibs vs stable
weight: HR=1.31, 95% CI 1.17-1.46, p-trend=<0.0001). Risk of LUTS progression (n=1,691)
increased with BMI (235 vs 23-<25 kg/m?Z: HR=1.44, 95% CI 1.04-2.00, p-trend=<0.0001),
weight gain from 21 years of age (=50 Ibs vs stable weight: HR=1.35, 95% CI 1.14-1.60, p-
trend=<0.0001), and waist circumference (>42 vs <33 in: HR=1.32, 95% CI 0.95-1.85, p-
trend=0.005).

Conclusions—Men with higher total and abdominal adiposity or who gained weight were more
likely to develop LUTS or experience progressive LUTS. Our findings support that obesity may
be an important target for LUTS prevention and intervention.
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Introduction

Methods

Lower urinary tract symptoms (LUTS), often secondary to benign prostatic hyperplasia
(BPH), are a health concern for older men. As many as 31% of men 50 and older may suffer
from moderate to severe LUTS 1. Effective treatments for LUTS, including medication use
and surgery, are available. However, these treatments are expensive and contribute to the
growing cost of healthcare in the United States 2. Lifestyle factors play an important role in
the etiology of LUTS 3; therefore, one cost-effective strategy for addressing LUTS may be
to intervene on modifiable lifestyle factors before treatment becomes necessary. The 2008
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) Prostate
Strategic Plan stated, “The search for and study of primary prevention for benign prostate
disease, such as male LUTS, is an important priority for the future.”, and indicated that a
research priority was to, “Develop specific clinical trial concepts, including...behavioral and
lifestyle interventions...” #. One highly modifiable lifestyle factor that is ripe for
intervention is obesity.

Few studies have prospectively examined the obesity and LUTS incidence or progression.
Three prospective studies found that higher body mass index (BMI) was associated with
increased incidence of LUTS 57, and one also found that a higher waist to hip ratio was
similarly associated with an increased risk of LUTS °. Another prospective study recently
reported that higher BMI was associated with an increase of =3 points in LUTS symptom
score 8. Two other prospective studies found no association between BMI and risk of LUTS,
but did not adjust for any possible confounding factors, including age % 1°. Only one study
has prospectively examined obesity and progression of symptomatic LUTS to a worsened
state, finding no association 11, These previous studies were all relatively small (largest
n=7,318) and had relatively short follow-up times (longest = 7 years). We undertook a
prospective analysis examining LUTS incidence and progression in a large cohort of US
men followed for over 16 years.

Study Design and Population

We conducted a prospective analysis in the Health Professionals Follow-up Study (HPFS), a
cohort of 51,529 US men aged 40-75 years at baseline in 1986. At baseline, participants
completed a mailed questionnaire that included information including birth date, race,
medical, lifestyle, and diet information. Exposure and outcome information has been
updated every two years, and dietary information has been updated every four years. Deaths
are reported by family members or the postal system, or are discovered by searching the
National Death Index. As of 2008, 94% of eligible men responded to the biennial survey.
This study was approved by Institutional Review Boards at the Harvard School of Public
Health and the Johns Hopkins Bloomberg School of Public Health; all participants provided
written informed consent.
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Assessment of Obesity

In 1986, participants were asked to report their current height and weight and their weight at
age 21, and their current weight on every questionnaire thereafter. A supplemental
questionnaire was mailed in 1987 to obtain additional exposure information, including waist
and hip circumference measurements. Participants were asked to use a tape measure
included in the mailing to measure their waist at the umbilicus and their hips at the largest
circumference between waist and thighs. Waist and hip circumference were collected again
in the same manner on the 1996 questionnaire. We modeled adiposity in several different
ways (categorizations are shown in Tables 2-3): 1) time-dependent current BMI, 2) time-
dependent 2-year lagged BMI (i.e. the BMI measurement from 2 years prior was applied to
each time period), 3) time-dependent cumulative average BMI, 4) BMI at age 21, 5) time-
dependent waist circumference, 5) time-dependent hip circumference, and 6) time-
dependent waist to hip ratio. We further examined the association between time-dependent
current weight change since age 21 and risk of LUTS. Lagged BMI and BMI at age 21 were
examined to address whether there might be a latency or induction period between BMI and
risk of LUTS. We categorized current, 2-year lagged, and cumulative average BMI using the
World Health Organization classification with additional cutpoints with slight modifications
to accommodate the distribution of BMI in our cohort.

Assessment of LUTS Incidence and Progression

The assessment of LUTS in the HPFS is discussed in detail elsewherel2 Every two years
since 1988, HPFS participants were asked, “have you had any of the following
professionally diagnosed conditions?”, one of which was “Prostatic enlargement, surgically
treated (e.g. TURP)”. Participants who responded “yes” to this question were defined as
having had surgery for LUTS. On each questionnaire, participants were asked to report
medications that they took regularly (2+/week) during the previous 2-year period by
responding “yes” or “no” to a provided a list of classes of medications. Beginning in 1996
this list included “Finasteride (Proscar, Propecia)” and “Alpha-blocker for BPH (i.e. Hytrin,
Minipress)”. Men who responded “yes” to either of these questions were defined as having
used medications to treat LUTS. The American Urological Association Symptom Index 13,
now called the International Prostate Symptom Score (IPSS), was assessed in 1992, 1994,
1998, 2000, and 2008 as described previously 14: the possible number of points ranged from
0 to 35.

We defined two separate analytic cohorts for incidence and progression. Men diagnosed
with prostate cancer were excluded. The incidence analytic cohort consisted of 18,055 men
who returned the 1992 survey, did not have a cancer diagnosis in 1992 or earlier, returned a
valid food frequency questionnaire in 1986, had not had surgery to treat LUTS in 1992 or
earlier, had an IPSS of 0-7 in 1992, and were not missing any of the anthropometric
measures. We used two definitions of incident LUTS: 1) a less stringent definition of
“modest or worse LUTS” defined as IPSS of =8 or surgery or medication use (n=7,792) and
2) a more stringent definition of “moderate or worse LUTS” defined as IPSS of =15 or
surgery or medication use (n=4,088). Surgery or medication use was included as a “case” for
both definitions of LUTS incidence regardless of reported IPSS score because these
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interventions likely improve the score making it an unreliable measure of underlying
disease; it is assumed that LUTS requiring treatment were severe.

For analyses of progression, men entered the analytic cohort when they first experienced an
IPSS of 8 to 14, but did not have a cancer diagnosis then or earlier, returned a valid food
frequency questionnaire in 1986, had not had surgery or used medications to treat LUTS,
and were not missing any of the anthropometric measures. The progression analytic cohort
consisted of 6,461 men. We used two definitions of LUTS progression: 1) a less stringent
definition of “moderate or worse LUTS” defined as IPSS of =15 or surgery or medication
use (n=1,680), and 2) a more stringent definition of “severe LUTS” defined as IPSS of =20
or surgery or medication use (n=1,691). LUTS requiring either medication or surgery were
assumed to be severe and, therefore, use of these treatments was a qualifying criterion for
both definitions of LUTS progression. For both LUTS incidence and progression we focused
on the results for the more stringent definition because the less stringent definition may
reflect a different constellation of underlying biologic factors.

Statistical Analysis

Results

We used Cox proportional hazards regression to estimate the hazard ratio (HR) and 95%
confidence interval (CI) of LUTS incidence or progression. All models were adjusted for
age (years). Multivariable models were further adjusted for factors known or hypothesized
to be associated with both adiposity and LUTS including vigorous physical activity
(quintiles of MET-hours/week); dietary intake of total energy, polyunsaturated fatty acids,
fruit, vegetables, red meat, and alcohol (all in quintiles); use of supplemental vitamin E
(none, <100, 100-250, >250-500, >500 IU/day) and selenium (none, <80, 80-130, >130-
250, >250 1U/day); and aspirin use. The linear trend across categories was assessed by
entering into the multivariable model an ordinal variable and assessing its significance using
the Wald test.

Table 1 shows the age-adjusted baseline characteristics of the incidence analytic cohort by
BMI. Men with higher BMI tended to have a larger waist circumference, were more likely to
have smoked cigarettes in the 10 years prior to baseline, were less active, and were more
likely to use aspirin, have high blood pressure, or a history of type 2 diabetes (Table 1).

LUTS Incidence

After adjustment for age, there was a statistically significantly increased risk of incident
modest or worse LUTS (IPSS =8) with increasing adiposity as measured by BMI, waist
circumference, hip circumference, waist to hip ratio, and with increasing weight gain from
age 21 (Table 2). These associations were only very slightly changed with multivariable
adjustment and were stronger for incident moderate or worse LUTS (IPSS =15) than for
incident modest or worse LUTS (data not shown). A similar positive association was
observed when BMI was lagged by 2 years (lagged BMI >35 vs. 23-<25 kg/m?: moderate or
worse LUTS HR=1.63, 95% Cl=1.33-2.01, p-trend<0.0001), and when cumulative average
BMI was examined (cumulative average BMI >35 vs. 23-25 kg/m?2: moderate or worse
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LUTS HR=1.61, 95% CI=1.25-2.09, p-trend<0.0001). There was a weaker, but still
positive association between BMI at age 21 and risk of incident LUTS after multivariable
adjustment (BMI at age 21 =25 vs. <21 kg/m?: moderate or worse LUTS HR=1.13, 95%
Cl=1.03-1.23, p-trend=0.02). All findings were unchanged when men using diuretic
medications or type 2 diabetics were excluded. The association with measures of adiposity
was similar for incidence of both obstructive symptoms (incomplete emptying, hesitancy,
weak stream and intermittency) and irritative symptoms (frequency, urgency, and nocturia)
(data not shown).

LUTS Progression

After adjustment for age, there was a statistically significantly increased risk of progression
to severe LUTS (IPSS >20) with higher BMI and greater weight gain from age 21. We also
observed a suggestion of an increased risk of progression to severe LUTS with higher waist
circumference, and higher hip circumference although there was no association with waist to
hip ratio (Table 3). Examination of joint categories of waist and hip circumference
supported that either higher waist or higher hip circumference was associated with
progression, but the risk was not higher for those with large measurements for both (data not
shown). The positive findings were slightly stronger after multivariable adjustment.
Although the HRs comparing the top category to the referent category were not statistically
significant for the association between waist circumference or hip circumference and risk of
progression to severe LUTS, the trend across categories was significant for both waist and
hip circumference (p-trend=0.005 and 0.02, respectively, Table 3). These findings were
similar, but not as strong for progression to modest or worse LUTS (IPSS >15) (data not
shown). There was a similar positive association when BMI was lagged by 2 years (lagged
BMI >35 vs. 23-<25 kg/m?: severe LUTS HR=1.27, 95% C1=0.91-1.79, p-trend<0.0001),
and when cumulative average BMI was examined (cumulative average BMI >35 vs. 23-<25
kg/m?2: severe LUTS HR=1.55, 95% CI=1.05-2.28, p-trend<0.0001). However, we
observed no association between BMI at age 21 and progression to severe LUTS after
multivariable adjustment (data not shown). All findings were unchanged when men who
used diuretic medications or men with type 2 diabetes were excluded.

Discussion

In this large, prospective study of US men, we found that higher total or abdominal
adiposity, as well as adult weight gain, are associated with increased LUTS incidence and
progression. The patterns of association were similar using both less stringent and more
stringent definitions of the outcome. These results are consistent with the few previous
multivariable-adjusted, prospective studies on this topic, which found an increased risk of
LUTS incidence with higher BMI or waist circumference. However, to our knowledge, this
is the first study to report an increased risk of progression of symptomatic LUTS to a
worsened state with higher total or abdominal adiposity, with the one previous prospective
study finding no association. These findings suggest that obesity may be an important target
for preventing the development or worsening of LUTS.
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Data from the National Health and Nutrition Examination Survey indicate that in 2010,
35.5% of adult men (i.e. >20 years old) were obese (i.e. had a BMI =30 kg/m?2) and 73.9%
were overweight or obese (i.e. had a BMI =25 kg/m?), and that these prevalences were even
higher among older men 13, Thus, assuming the association we observed between BMI and
risk of LUTS is causal, nearly 20% of severe LUTS cases in the United States could be
prevented if men maintained a normal body weight. Because adiposity is modifiable, this
makes it an extremely attractive target for prevention and, perhaps, treatment of LUTS.

Although the biologic mechanisms underlying the role of obesity in LUTS are not clear,
several pathways are hypothesized to play a role. Men who are obese have been shown in
several studies to have larger prostates, which may increase LUTS symptoms, particularly
obstructive symptoms. Due to the aromatization of testosterone to estrogen in adipose tissue,
obese men have an increased estrogen to testosterone ratio, which may play a role in
prostate tissue hyperplasia 16. One recent study showed that obese men have increased
prostate volumes over time compared with normal weight men 17. Finally, there is some
suggestion that obesity may be linked to increased sympathetic nervous system activity,
which increases smooth muscle contraction in the prostate leading to increased irritative
LUTS symptoms 16,

Strengths of our study include the prospective design, very large sample size, our ability to
examine multiple different measures of adiposity at different points throughout adulthood,
and our ability to control for multiple potential confounding factors. One possible limitation
is that our anthropometric measures are self-reported. However, a validation study in the
HPFS showed that the correlation between self-reported and technician-measured waist, hip,
and weight measurements was quite high (0.94, 0.87, and 0.97, respectively) 18, In addition,
it is unlikely that the extent of any misclassification would be different between the men
who subsequently became cases and those who did not in our cohort. Thus, any
measurement error would bias our findings toward the null; the true association between
measures of adiposity and LUTS may be stronger than that which we report. Our findings do
not directly address whether weight loss in adult life may prevent the onset of LUTS or
improve LUTS symptoms. However, the associations we observed between BMI and LUTS
were weaker when BMI at age 21 was examined vs. current adult BMI, suggesting that
one’s current adiposity may have the most influence on LUTS symptoms. This would imply
that weight loss may be effective strategy for prevention of or treatment for LUTS, but
clinical trials examining this directly and replication in other populations, particularly in
individuals of other race/ethnicities, are warranted.

Conclusions

In this large, prospective study of US men, obesity and weight gain during adult life were
associated with an increased risk of development or worsening of LUTS. These findings
suggest that, in addition to a myriad of well-established health benefits, maintaining a
healthy body weight may also prevent LUTS in older men. Clinical trials are warranted to
establish whether weight loss may be an effective strategy for treatment of LUTS.
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