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BACKGROUND: Lower urinary tract symptoms (LUTS),
often secondary to benign prostatic hyperplasia, are a
common problem for older men. Lifestyle factors, includ-
ing physical activity and sedentariness, may be important
LUTS risk factors and suitable targets for intervention.
OBJECTIVE: To determine whether physical activity and
sedentariness are associated with LUTS incidence and
progression.
DESIGN: The Health Professionals Follow-up Study is a
prospective cohort of men that began in 1986. Follow-up
for LUTS is complete through 2008.
PARTICIPANTS:Menaged40–75 years at enrollment and
members of health professions.
MAIN MEASURES: Total weekly metabolic equivalent of
task (MET)-hour scores were calculated and were catego-
rized (< 9, 9 to < 21, 21 to < 42, 42 to < 63, ≥ 63 MET-
hours/week). Participants reported their average time/
week spent sitting watching television as a measure of
sedentariness, which was categorized (< 1, 1–3, 4–10,
11–29,≥ 30 h/week). Participants completed the Interna-
tional Prostate SymptomScore survey and reported treat-
ments for LUTS periodically. Cox proportional hazards
regression was used to estimate multivariable-adjusted
hazard ratios (HR) of physical activity and television
watching with LUTS incidence and progression.
KEY RESULTS: After multivariable adjustment, includ-
ing for bodymass index (BMI),menwith the highest phys-
ical activity were 19% (HR =0.81, 95% CI = 0.74–0.89; p
trend < 0.0001) less likely to develop incident moderate or
worse LUTS than men in the lowest category. Men who
watched television ≥ 30 h/week were 24% (HR = 1.24,
95% CI = 1.05–1.45; p trend = 0.004) more likely to devel-
op incident moderate or worse LUTS than men who
watched < 1 h/week. These associations persisted after
mutual adjustment. We observed no associations with
LUTS progression.
CONCLUSIONS: In this large prospective study, more ac-
tivity and less sedentariness were associated with lower
risk of incident LUTS independent of one another and

BMI. Physical inactivity and sedentariness were not asso-
ciated with LUTS worsening. Increasing physical activity
and reducing sedentarinessmaybe strategies for prevent-
ing LUTS in addition to their well-established benefits for
other diseases.
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INTRODUCTION

Lower urinary tract symptoms (LUTS), often secondary to
benign prostatic hyperplasia (BPH), are an important health
problem for older men. About 50–70% of men over age 50
may suffer from LUTS.1 Although effective LUTS medica-
tions and surgeries exist, treatments are expensive and, given
the large number of men affected, contribute to growing
healthcare costs.2, 3 Lifestyle factors, including physical activ-
ity and sedentary behavior, may be LUTS risk factors1 and
could be intervention targets.
Although a few randomized trials have evaluated phys-

ical activity as a LUTS intervention, a Cochrane system-
atic review of six studies on this topic rated quality of
existing evidence as very low, concluding that additional
high-quality research is necessary.4 Some observational
evidence suggests that physical activity may prevent
LUTS, but most studies were not prospective with inci-
dent cases. A 2008 meta-analysis of 11 studies concluded
that physical activity was associated with decreased LUTS
risk,5 but only 2 studies evaluated physical activity mea-
sured in men without LUTS in association with subse-
quent risk of incident LUTS. One of the largest included
studies, conducted in the Health Professionals Follow-up
Study (HPFS) cohort and published in 1998, investigated
physical activity in relation to prevalent BPH/LUTS.6

Since publication of the 2008 meta-analysis, several addi-
tional studies have been published,7–16 but only three
were prospective.13–15 All of these found that physical
activity is inversely associated with LUTS incidence,
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although one only investigated nocturia.13 Only one study
has examined physical activity and the progression of
existing LUTS to a worsened state, finding no associa-
tion.17 Further, only one examined sedentary behavior in
relation to LUTS incidence, finding that prolonged sitting
time was associated with increased risk.15

We undertook a prospective analysis examining both phys-
ical activity and sedentary behavior in relation to LUTS inci-
dence and progression in a large cohort of middle-aged and
older US men.

METHODS

Study Design and Population

This prospective analysis was conducted in the HPFS. This
cohort of 51,529 US men began in 1986, enrolling men aged
40–75 years (Supplemental Methods). This study was ap-
proved by Institutional Review Boards at the Harvard TC
Chan School of Public Health and Johns Hopkins Bloomberg
School of Public Health. All participants provided written
informed consent.

Assessment of Physical Activity and Sedentary
Behavior

Beginning in 1990, and every 2 years thereafter, participants
were asked to report average time per week (in 13 response
categories ranging from “none” to “40+ hours/week”) spent
participating in a list of physical activities (Supplemental
Methods). Participants also reported usual walking speed
(brisk, average, or easy) and the number of flights of stairs
climbed per day. For each activity, weekly energy expenditure
was calculated by multiplying usual intensity for each exercise
in metabolic equivalent of task (MET)18 by median of the
category of hours per week reported. Total weekly MET-hour
scores were then calculated by summing these scores across all
activities. Total weekly scores were categorized into 5 catego-
ries (< 9, 9 to < 21, 21 to < 42, 42 to < 63, ≥ 63 MET-hours/
week), which were chosen in multiples of 3 MET-hours/week
(equivalent to 1 h/week of walking at average pace), as de-
scribed previously.19

The primary sedentary behavior exposure was time spent
sitting watching television. This has been shown to be the
surrogate of sedentariness most strongly associated with ad-
verse health outcomes previously in HPFS.20, 21 On every
questionnaire beginning in 1990, participants reported average
time spent sitting watching television each week (13 response
categories ranging from “none” to “40+ hours/week”). Re-
sponse categories were collapsed into 5 (< 1, 1–3, 4–10, 11–
29, ≥ 30 h/week) for analysis.
For joint categories of physical activity and sedentary be-

havior, we collapsed sedentary behavior into categories of <
30 and ≥ 30 h/week as we observed in our main analyses that

this appeared to be a meaningful cutpoint. Statistical interac-
tion was evaluated using the likelihood ratio test.

Assessment of LUTS Incidence and Progression

Details of the assessment of LUTS in the HPFS are
provided in Supplemental Methods. Briefly, every 2 years
since 1988, HPFS participants were asked about health
conditions and medication use, including surgery for pros-
tatic enlargement and use of finasteride and alpha-blockers
for BPH.22 The International Prostate Symptom Score
(IPSS)23 was assessed in 1992, 1994, 1998, 2000, and
2008.24 In addition to total IPSS, we examined irritative
(frequency, urgency, and nocturia) and obstructive (incom-
plete emptying, intermittency, weak stream, and hesitan-
cy) symptoms separately.
Two analytic cohorts were defined for incidence and pro-

gression. Men diagnosed with any cancer at baseline (n =
4516) were excluded from both cohorts. The incidence cohort
included 25,725 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 physical activity or television watching
information. We defined LUTS incidence into two ways: (1)
modest or worse LUTS, i.e., “modest” defined as IPSS of ≥
8 or surgery or medication use (n = 10,845) and (2) moderate
or worse LUTS, i.e., “moderate” defined as IPSS of ≥ 15 or
surgery or medication use (n = 5713). Surgery or medication
use was included as a “case” for both definitions of LUTS
incidence regardless of reported IPSS because these interven-
tions likely improve the score making it an unreliable measure
of underlying condition; we assumed that LUTS requiring
treatment were severe. Men were censored at the time of
diagnosis if they developed prostate cancer during follow-up
(n = 1639).
For progression, men entered the analytic cohort when

they first reported an IPSS of 8 to 14 but did not have
cancer then or earlier, returned a valid FFQ in 1986, had
not had surgery or used medications for LUTS, and were
not missing physical activity or television watching infor-
mation. The progression cohort included 9019 men. We
defined LUTS progression into two ways: (1) moderate or
worse LUTS, i.e., “moderate”, defined as IPSS of ≥ 15 or
surgery or medication use (n = 3162) and (2) severe
LUTS, i.e., “severe” defined as IPSS of ≥ 20 or surgery
or medication use (n = 2325). LUTS requiring either med-
ication or surgery were assumed to be severe and, there-
fore, 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 broader constellation of underly-
ing pathologies or contributors to LUTS. As previously
reported, the age-standardized incidence and progression
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rates in HPFS are as follows: per 1000 person-years,
LUTS incidence moderate = 18.5, modest = 40.5, LUTS
progression to severe = 44.9 to moderate = 63.0.22

Statistical Analysis

We used Cox proportional hazards regression to estimate
hazard ratios (HR) and 95% confidence intervals (CI) of
LUTS incidence and progression. Physical activity and
television watching were modeled as time-dependent var-
iables (simple updating). All models were adjusted for age
(years). Multivariable models were further adjusted for
factors known or hypothesized to be associated with phys-
ical activity or sedentary behavior and LUTS: body mass
index (BMI); smoking history; dietary intake of total
energy, polyunsaturated fatty acids, fruit, vegetables, red
meat, and alcohol; use of supplemental vitamin E and
selenium; and aspirin use. For physical activity, linear
trend across categories was assessed by entering into the
model continuous weekly MET-hour score variable and
assessing its significance using the Wald test. For televi-
sion watching, the linear trend was assessed by creating a
variable assigning to each category median hours per
week for that category and entering that variable into the
model and assessing its significance using the Wald test.
We conducted sensitivity analyses examining baseline

physical activity and television watching to assess whether
past exposure might be differently associated with LUTS
incidence or progression than recent exposure. We conducted
sensitivity analyses updating exposures as a cumulative aver-
age to minimize random within-person variation and to better

represent an individual’s long-term average physical activity
or television watching.
We conducted analyses of both physical activity and televi-

sion watching stratified by BMI (< 25 versus ≥ 25 kg/m2).
Statistical interaction was evaluated using the likelihood ratio
test.

RESULTS

Age-standardized characteristics of the analytic cohort by
categories of baseline total physical activity are shown in
Table 1. Men who were more physically active had lower
BMI; were less likely to have smoked in the 10 years prior
to baseline; consumed more total energy, dietary beta-caro-
tene, lutein, fruits, vegetables, and cruciferous vegetables;
were more likely to use vitamin E and selenium supplements;
and were less likely to report high blood pressure or diabetes
(Table 1). In the incidence cohort, 91.8% of participants were
White and 0.7% were African American; in the progression
cohort, 91.7% were White and 0.8% were African American.

LUTS Incidence

After adjustment for age, men with the highest total physical
activity were statistically significantly less likely to develop
incident modest (IPSS ≥ 8) or moderate (IPSS ≥ 15) LUTS
compared with men in the lowest category (≥ 63 versus < 9
MET-hour/week: modest HR = 0.90, 95% CI = 0.84–0.95, p
trend < 0.0001; moderate HR = 0.80, 95% CI = 0.74–0.87, p
trend < 0.0001; Table 2). Results were nearly identical after

Table 1 Age-Standardized Baseline Characteristics by Total Physical Activity, HPFS

Total physical activity (MET-hour/week)

0–8.9 (n =
5488)

9.0–20.9 (n =
5692)

21.0–41.9 (n =
6708)

42.0–62.9 (n =
3797)

≥ 63 (n =
4042)

Age in 1992 (years) 57.9 (9.3) 57.2 (8.8) 56.8 (8.9) 57.2 (9.0) 57.4 (8.9)
BMI (kg/m2) 26.5 (4.0) 25.9 (3.3) 25.6 (3.2) 25.3 (3.0) 25.1 (3.0)
Cigarette smoking in the 10 years before 1992
(%)

25 21 18 18 17

Intakes in 1990
Energy (kcal/day) 1888 (550) 1929 (536) 1950 (544) 1996 (557) 2086 (577)
Dietary lycopene (μg/day) 7244 (4746) 7303 (4422) 7390 (4360) 7535 (4394) 7727 (4616)
Dietary beta-carotene (μg/day) 4368 (2836) 4541 (2587) 4845 (2782) 4950 (2731) 5370 (3413)
Dietary lutein (μg/day) 3022 (1992) 3145 (1909) 3363 (2065) 3453 (2161) 3695 (2310)
Dietary vitamin C (mg/day) 151 (69) 157 (65) 164 (68) 168 (68) 177 (74)
Polyunsaturated fatty acids (g/day) 13.1 (3.5) 13.2 (3.3) 13.1 (3.3) 13.1 (3.4) 12.9 (3.4)
Supplemental vitamin E (IU/day) 23.4 (72.6) 34.4 (79.1) 34.5 (76.3) 33.8 (75.5) 38.3 (80.4)
Supplemental selenium (μg/day) 9.6 (33.8) 10.7 (35.3) 10.8 (36.2) 11.4 (38.0) 12.3 (38.2)
Fruit (servings†/day) 2.0 (1.4) 2.2 (1.3) 2.4 (1.4) 2.5 (1.5) 2.8 (1.7)
Vegetables (servings†/day) 3.2 (1.8) 3.4 (1.7) 3.6 (1.8) 3.7 (1.9) 4.1 (2.2)
Cruciferous vegetables (servings†/day) 0.4 (0.4) 0.5 (0.4) 0.5 (0.4) 0.5 (0.4) 0.6 (0.4)
Alcohol (g/day) 10.7 (15.1) 11.0 (14.4) 10.9 (13.5) 11.5 (13.5) 11.3 (13.6)
Red meat (servings†/day) 0.6 (0.4) 0.6 (0.4) 0.6 (0.4) 0.6 (0.4) 0.6 (0.5)

Regular use of aspirin in 1992 (%) 32 35 35 34 34
History of high blood pressure by 1992 (%) 30 27 26 23 22
History of type 2 diabetes mellitus by 1992 (%) 5 4 3 3 3

*Values are means (SD) or percentages and are standardized to the age distribution of the study population
†One-half cup of fruit or vegetables equals one serving; 4–6 oz of red meat equals one serving
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multivariable adjustment, including for BMI (≥ 63 versus < 9
MET-hour/week: modest HR = 0.90, 95% CI = 0.84–0.96, p
trend < 0.0001; moderate HR = 0.81, 95% CI = 0.74–0.89, p
trend < 0.0001; Table 2; further adjusted for waist, moderate
HR = 0.82, 95% CI = 0.75–0.90, p trend = 0.0002). Results
were similar when baseline or cumulative updated physical
activity was used (≥ 63 versus < 9 MET-hour/week: at
baseline—modest HR = 0.86, 95 CI = 0.80–0.92, p trend <
0.0001 and moderate HR = 0.82, 95% CI = 0.75–0.90, p
trend = 0.006; cumulative updated—modest HR = 0.80, 95%
CI = 0.74–0.87, p trend < 0.0001 and moderate HR = 0.77,
95% CI = 0.69–0.86, p trend < 0.0001).
After adjustment for age, men who watched the most tele-

vision had a statistically significantly increased risk of modest
(IPSS ≥ 8) and moderate (IPSS ≥ 15) LUTS compared with
men who watched the least television (≥ 30 versus < 1 h/week:
modest HR = 1.32, 95% CI = 1.17–1.50, p trend < 0.0001 and
moderate HR = 1.27, 95% CI = 1.08–1.49, p trend = 0.001;
Table 2). Results were nearly identical after multivariable
adjustment (≥ 30 versus < 1 h/week: modest HR = 1.28, 95%
CI = 1.13–1.45, p trend < 0.0001 and moderate HR = 1.24,
95% CI = 1.05–1.45, p trend = 0.004; Table 2; further adjusted
for waist, moderate HR = 1.23, 95%CI = 1.05–1.44, p trend =

0.006). Results were consistent when baseline or cumulative
updated sedentary time was used (≥ 30 versus < 1 h/week:
baseline—modest HR = 1.21, 95% CI = 1.04–1.41, p trend <
0.0001 and moderate HR = 1.13, 95% CI = 0.93–1.37, p
trend = 0.06; cumulative updated—modest HR = 1.29, 95%
CI = 1.05–1.59, p trend < 0.0001 and moderate HR = 1.21,
95% CI = 0.88–1.67, p trend = 0.0004).
Associations of physical activity and television watching with

irritative and obstructive LUTS were similar to LUTS overall
(Supplementary Table 1). Findings were unchanged when men
with diabetes (≥ 63 versus < 9 MET-hour/week: moderate HR=
0.80, 95% CI = 0.73–0.88, p trend < 0.0001; ≥ 30 versus < 1 h
television/week: moderate HR= 1.25, 95% CI = 1.06–1.48, p
trend = 0.002), diuretics users (≥ 63 versus < 9 MET-hour/week:
moderate HR= 0.82, 95% CI = 0.75–0.91, p trend = 0.0006; ≥
30 versus < 1 h television/week: moderate HR= 1.29, 95% CI =
1.07–1.54, p trend = 0.005), or anti-depressant medications users
(≥ 63 versus < 9 MET-hour/week: moderate HR= 0.82, 95%
CI = 0.75–0.90, p trend = 0.0001; ≥ 30 versus < 1 h television/
week: moderate HR = 1.24, 95% CI = 1.05–1.46, p trend =
0.005) were excluded.
Associations for physical activity (inverse) and television

watching (positive) with LUTS were independent of each

Table 2 Association of Physical Activity and Television Watching with Incidence of LUTS, Health Professionals Follow-up Study, 1992–2008

No. of cases No. of person-years HR (95% CI)* HR (95% CI)† HR (95% CI)‡

Incident modest or worse LUTS (IPSS ≥ 8)
Total physical activity (MET-hour/week)
0–8.9 2253 55,057 1.0 (ref) 1.0 (ref) 1.0 (ref)
9.0–20.9 2339 55,587 1.02 (0.96–1.08) 1.01 (0.96–1.07) 1.01 (0.95–1.07)
21.0–41.9 2812 68,333 0.98 (0.93–1.04) 0.98 (0.92–1.03) 0.97 (0.92–1.03)
42.0–62.9 1612 39,579 0.94 (0.88–1.00) 0.93 (0.87–1.00) 0.92 (0.86–0.99)
≥ 63 1819 44,975 0.90 (0.84–0.95) 0.90 (0.84–0.96) 0.89 (0.83–0.94)
p trend < 0.0001 < 0.0001 < 0.0001

Television watching (hours/week)
< 1 953 24,350 1.0 (ref) 1.0 (ref) 1.0 (ref)
1–3 2051 52,988 0.99 (0.92–1.07) 0.98 (0.90–1.06) 0.98 (0.91–1.06)
4–10 3909 100,712 1.02 (0.95–1.09) 1.00 (0.93–1.07) 1.01 (0.94–1.09)
11–29 3583 80,140 1.10 (1.02–1.18) 1.07 (0.99–1.15) 1.08 (1.01–1.16)
≥ 30 339 5341 1.32 (1.17–1.50) 1.28 (1.13–1.45) 1.29 (1.14–1.47)
p trend < 0.0001 < 0.0001 < 0.0001

Incident moderate or worse LUTS (IPSS ≥ 15)
Total physical activity (MET-hour/week)
0–8.9 1305 63,447 1.0 (ref) 1.0 (ref) 1.0 (ref)
9.0–20.9 1178 63,349 0.92 (0.85–0.99) 0.92 (0.85–0.99) 0.92 (0.85–0.99)
21.0–41.9 1445 77,940 0.88 (0.82–0.95) 0.89 (0.82–0.96) 0.88 (0.82–0.96)
42.0–62.9 820 45,267 0.83 (0.76–0.90) 0.83 (0.76–0.91) 0.83 (0.76–0.91)
≥ 63 962 51,314 0.80 (0.74–0.87) 0.81 (0.74–0.89) 0.81 (0.74–0.88)
p trend < 0.0001 < 0.0001 < 0.0001

Television watching (hours/week)
< 1 542 27,448 1.0 (ref) 1.0 (ref) 1.0 (ref)
1–3 1078 60,028 0.91 (0.82–1.01) 0.89 (0.80–0.99) 0.90 (0.81–1.00)
4–10 2025 114,084 0.94 (0.86–1.04) 0.93 (0.84–1.02) 0.95 (0.86–1.05)
11–29 1850 93,209 0.96 (0.87–1.06) 0.94 (0.85–1.03) 0.97 (0.88–1.07)
≥ 30 215 6547 1.27 (1.08–1.49) 1.24 (1.05–1.45) 1.27 (1.08–1.48)
p trend 0.001 0.004 0.0007

*Adjusted for age
†Adjusted for age; smoking in the past 10 years; BMI (< 21, 21 to < 23, 23 to < 25, 25 to < 27.5, 27.5 to < 30, ≥ 30 kg/m2); intake of total energy,
polyunsaturated fatty acids, fruit, vegetables, red meat, and alcohol (all in quintiles); supplemental vitamin E (none, < 100, 100–250, > 250–500, >
500 IU/day); supplemental selenium (none, < 80, 80–130, > 130–250, > 250 IU/day); and use of aspirin
‡Adjusted for age; smoking in the past 10 years; BMI (< 21, 21 to < 23, 23 to < 25, 25 to < 27.5, 27.5 to < 30, ≥ 30 kg/m2); intake of total energy,
polyunsaturated fatty acids, fruit, vegetables, red meat, and alcohol (all in quintiles); supplemental vitamin E (none, < 100, 100–250, > 250–500, >
500 IU/day); supplemental selenium (none, < 80, 80–130, > 130–250, > 250 IU/day); and use of aspirin. Mutually adjusted for television watching and
total physical activity
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other as mutual adjustment did not alter these findings
(Table 2). When we examined joint categories of physical
activity and television watching, we observed that, particularly
for moderate LUTS, compared to those who were least active
and watched the most television, those who were most active
and watched the least television had the lowest LUTS risk
(Fig. 1). Within each category of television watching, there
was a strong inverse association with increasing activity; we
also observed a modest association with increased television
watching within categories of activity (Fig. 1). There was no
evidence of statistical interaction between physical activity
and sedentary behavior (p interaction: modest = 0.39, moder-
ate = 0.76).]–>
Examining vigorous physical activity separately, it was

inversely associated with incidence of both modest (IPSS
≥ 8) and moderate (IPSS ≥ 15) LUTS, but the association
was not as strong as for total physical activity
(Supplementary Table 2). We also examined whether
walking was associated with LUTS and found that there
was a modest trend toward decreasing risk of incident
LUTS, particularly for moderate (IPSS ≥ 15) LUTS, with
increased walking (Supplementary Table 2). For incidence
of moderate LUTS, for which we saw the clearest evi-
dence for a benefit of physical activity, we examined brisk
walking, jogging, and biking separately and did not ob-
serve any statistically significant associations (brisk wak-
ing vs. none: > 0 to < 1.5 h/week, HR = 1.04, 95% CI =
0.95–1.13; ≥ 1.5 h/week, HR = 0.96, 95% CI = 0.90–1.02).

We observed no differences in the association between
physical activity and incident LUTS between those were and
were not obese (Supplementary Table 3). We observed no
statistical interaction with age.

LUTS Progression

We observed no association between either physical activity or
television watching and progression to moderate (IPSS ≥ 15)
or severe (IPSS ≥ 20) LUTS (Table 3). Findings were un-
changed when men with diabetes (≥ 63 versus < 9 MET-
hour/week: severe HR = 0.93, 95% CI = 0.80–1.08, p trend =
0.85; ≥ 30 versus < 1 h television watching/week: severe
HR = 1.15, 95% CI = 0.88–1.50, p trend = 0.61) or diuretic
medication users (≥ 63 versus < 9 MET-hour/week: severe
HR = 0.92, 95% CI = 0.78–1.07, p trend = 0.94; ≥ 30 versus
< 1 h television watching/week: severe HR = 1.20, 95% CI =
0.90–1.60, p trend = 0.99) were excluded. When combined
effects of physical activity and television watching were con-
sidered, no pattern of association was observed for LUTS
progression (p interaction: moderate = 0.24, severe = 0.48).

DISCUSSION

In this large prospective study, we observed that more total
physical activity and less television watching were indepen-
dently associated with lower LUTS risk. Vigorous physical
activity was less strongly associated with LUTS than total
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Figure 1 Association of joint categories of total physical activity and television watching with incidence of moderate or worse (IPSS ≥ 15) LUTS,
Health Professionals Follow-up Study, 1992–2008.
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activity, whereas a lower intensity physical activity, walking,
was associated with lower LUTS risk, likely due to lower
participation in vigorous versus lower intensity activity in this
cohort. Our findings suggest that higher total MET-hours/
week of activity, which can be achieved through increased
duration or intensity, are associated with a lower LUTS risk.
We observed increasing benefit across categories of increasing
total physical activity with greatest benefit observed for men
doing ≥ 63MET-hours/week of activity, equivalent to walking
3+ hours/day at a moderate pace. Current physical activity
guidelines recommend that adults do 150 min/week of mod-
erate activity or 75 min/week of vigorous activity,25 equating
to approximately 10 MET-hours/week and falling within our
second category of exposure. This suggests that meeting these
guidelines will provide modest protection against moderate
LUTS, but no protection for modest LUTS; exceeding these
guidelines provided the most benefit.
In contrast to LUTS risk, we observed no association be-

tween physical activity or sedentary behavior and LUTS pro-
gression. Our results for both LUTS incidence and progression
were very similar when we used baseline and cumulative
updated measures, rather than simple updated. This is likely
because activity patterns among the men in our study

generally did not change markedly over time, making each
of these approaches to defining exposure similar to one
another.
Our findings are consistent with previous prospective stud-

ies that have found an inverse association between physical
activity and LUTS risk.5, 12–15 In our previous HPFS study,
total physical activity was inversely associated with prevalent
LUTS, with walking, their most common activity, also being
inversely associated with LUTS.6 Our current findings for
incident LUTS are very similar to our prior findings for
prevalent LUTS. In addition, our null finding for physical
activity and LUTS progression is consistent with the one
previous study on this topic.17 In the HPFS study of prevalent
LUTS, we reported a positive association between sedentary
time and LUTS,6 which we now observed in the present
analysis for incident LUTS. Our results are also consistent
with those from a recently published study in a Korean pop-
ulation that found that physical activity (inverse) and seden-
tary time (positive) were both related to LUTS incidence
independently.15

Several biologic mechanisms exist by which physical ac-
tivity and sedentary behavior may influence LUTS risk. One
mechanism is their influence on weight gain, although we

Table 3 Association of Physical Activity and Television Watching with Progression of LUTS, Health Professionals Follow-up Study

No. of cases No. of person-years HR (95% CI)* HR (95% CI)† HR (95% CI)‡

Progression to moderate or worse LUTS (IPSS ≥ 15)
Total physical activity (MET-hour/week)
0–8.9 704 10,571 1.0 (ref) 1.0 (ref) 1.0 (ref)
9.0–20.9 649 9789 0.97 (0.87–1.09) 0.97 (0.87–1.09) 0.98 (0.88–1.09)
21.0–41.9 812 12,014 0.98 (0.88–1.08) 0.98 (0.88–1.09) 0.99 (0.89–1.10)
42.0–62.9 471 7174 0.94 (0.84–1.06) 0.94 (0.83–1.06) 0.95 (0.84–1.07)
≥ 63 526 7745 0.95 (0.85–1.07) 0.95 (0.84–1.07) 0.96 (0.85–1.08)
p trend 0.85 0.87 0.94

Television watching (hours/week)
< 1 267 3867 1.0 (ref) 1.0 (ref) 1.0 (ref)
1–3 575 8745 0.91 (0.79–1.06) 0.90 (0.78–1.05) 0.90 (0.78–1.05)
4–10 1127 16,841 0.95 (0.83–1.09) 0.95 (0.83–1.09) 0.96 (0.83–1.09)
11–29 1063 16,280 0.89 (0.78–1.02) 0.89 (0.77–1.02) 0.90 (0.78–1.03)
≥ 30 130 1558 1.04 (0.84–1.29) 1.04 (0.84–1.30) 1.05 (0.84–1.30)
p trend 0.78 0.83 0.91

Progression to severe or worse LUTS (IPSS ≥ 20)
Total physical activity (MET-hour/week)
0–8.9 526 11,040 1.0 (ref) 1.0 (ref) 1.0 (ref)
9.0–20.9 474 10,198 0.97 (0.85–1.10) 0.97 (0.85–1.10) 0.97 (0.85–1.10)
21.0–41.9 595 12,563 0.95 (0.85–1.07) 0.96 (0.85–1.09) 0.97 (0.85–1.09)
42.0–62.9 343 7429 0.93 (0.81–1.07) 0.93 (0.81–1.07) 0.94 (0.81–1.08)
≥ 63 387 8141 0.91 (0.79–1.04) 0.92 (0.80–1.06) 0.93 (0.80–1.07)
p trend 0.43 0.62 0.67

Television watching (hours/week)
< 1 180 4044 1.0 (ref) 1.0 (ref) 1.0 (ref)
1–3 434 9134 1.01 (0.85–1.21) 0.99 (0.83–1.18) 0.99 (0.83–1.19)
4–10 837 17,532 1.05 (0.89–1.23) 1.03 (0.88–1.22) 1.04 (0.88–1.23)
11–29 774 117,001 0.95 (0.80–1.11) 0.94 (0.79–1.10) 0.95 (0.80–1.12)
≥ 30 100 1661 1.14 (0.88–1.46) 1.14 (0.88–1.46) 1.14 (0.89–1.47)
p trend 0.51 0.63 0.72

*Adjusted for age
†Adjusted for age; smoking in the past 10 years; BMI (< 21, 21 to < 23, 23 to < 25, 25 to < 27.5, 27.5 to < 30, ≥ 30 kg/m2); intake of total energy,
polyunsaturated fatty acids, fruit, vegetables, red meat, and alcohol (all in quintiles); supplemental vitamin E (none, < 100, 100–250, > 250–500, >
500 IU/day); supplemental selenium (none, < 80, 80–130, > 130–250, > 250 IU/day); and use of aspirin
‡Adjusted for age; smoking in the past 10 years; BMI (< 21, 21 to < 23, 23 to < 25, 25 to < 27.5, 27.5 to < 30, ≥ 30 kg/m2); intake of total energy,
polyunsaturated fatty acids, fruit, vegetables, red meat, and alcohol (all in quintiles); supplemental vitamin E (none, < 100, 100–250, > 250–500, >
500 IU/day); supplemental selenium (none, < 80, 80–130, > 130–250, > 250 IU/day); and use of aspirin. Mutually adjusted for television watching and
total physical activity
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found physical activity and television watching were associ-
ated with LUTS risk independent of BMI, and in both
overweight/obese and normal weight men. However, BMI
may not adequately control for visceral adiposity. Physical
activity can result in meaningful reductions in visceral fat with
accompanying improvements in metabolic status, without dra-
matically changing overall BMI.26 Thus, we cannot rule out an
influence of physical activity and sedentary behavior on
weight gain as the mechanism by which they may be influ-
encing LUTS. Another mechanism is their effects on testos-
terone levels,27 which may in turn affect prostate tissue hyper-
plasia.28 Endothelial and vascular dysfunction may lead to
LUTS, and dysfunctions in these pathways can be improved
by increasing physical activity and decreasing sedentariness.27

Finally, physical activity and sedentary behavior influence
systemic inflammation, which is also related to LUTS.27, 29

Studies of the biologic mechanisms of physical activity and
sedentary behavior have demonstrated that, while they influ-
ence similar biologic pathways, their activities are not merely
complementary and their biologic actions differ from one
another.27 Our results support this paradigm and suggest that
either increasing physical activity or reducing sedentary time
may have beneficial effects on LUTS risk, and that doing both
may have the largest impact.
Strengths of our study include the prospective design, meas-

ures of physical activity and television watching every 2 years,
very large sample size, and control for multiple potential
confounding factors. One possible limitation is that our meas-
ures of physical activity and television watching are self-
reported. However, due to our prospective design, any mis-
classification due to self-report is most likely to be non-differ-
ential, which would tend to bias findings toward the null.
Thus, the true associations may be stronger than those we
report here. Another possible limitation is that we studied
subjective measures of pathologies underlying LUTS. How-
ever, LUTS are what men experience and, thus, should be the
basis for the development of preventive lifestyle strategies. In
addition, findings persisted after excluding men with diabetes
or who were using diuretic medications, which can cause
symptoms similar to LUTS.

CONCLUSIONS

In this large, prospective study, more total physical activity
and less television watching were associated with a lower
LUTS risk independent of one another and BMI. Physical
activity and sedentary behavior were not associated with
LUTS progression. Increasing physical activity and reducing
sedentariness may be strategies for LUTS primary prevention
in addition to their well-established benefits for other diseases.
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