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In 1990–2002, the authors conducted a population-based cohort study of 2,447 Caucasian men in Olmsted
County, Minnesota, to determine whether daily users of nonsteroidal antiinflammatory drugs (NSAIDs) were
at lower risk than nondaily NSAID users of developing benign prostatic hyperplasia. Participants completed
validated questionnaires during a home visit, including information about daily NSAID use. A random subset of
634 men also participated in a clinical evaluation including transrectal ultrasonography and assessment of serum
prostate-specific antigen levels. Examinations and questionnaires were repeated biennially through 2002.
Benign prostatic hyperplasia measures included development of moderate/severe urinary symptoms (American
Urological Association Symptom Index score >7), low maximum urinary flow rate (<12 ml/second), prostate
volume >30 ml, or prostate-specific antigen level >1.4 ng/ml. After adjustment for age, daily NSAID use was
inversely associated with onset of moderate/severe urinary symptoms (hazard ratio (HR) ¼ 0.73, 95% confi-
dence interval (CI): 0.64, 0.82), low maximum flow rate (HR ¼ 0.51, 95% CI: 0.43, 0.61), increased prostate
volume (HR ¼ 0.53, 95% CI: 0.41, 0.68), and elevated prostate-specific antigen level (HR ¼ 0.52, 95% CI: 0.40,
0.68). In age-specific analyses, inverse associations between NSAID use and urinary measures tended to be
stronger in the oldest age groups, although this interaction was statistically significant for only obstructive
symptoms and treatment. Results suggest that NSAID use may prevent or delay development of benign prostatic
hyperplasia.

anti-inflammatory agents, non-steroidal; cohort studies; data collection; men; prostate-specific antigen;
prostatic hyperplasia; questionnaires

Abbreviations: AUASI, American Urological Association Symptom Index; BPH, benign prostatic hyperplasia; CI, confidence
interval; HR, hazard ratio; NSAIDs, nonsteroidal antiinflammatory drugs; PSA, prostate-specific antigen.

Benign prostatic hyperplasia (BPH) is one of the most
common diseases affecting aging men. In a study of men
residing in Olmsted County, Minnesota, 26 percent of those
aged 40–49 years experienced moderate to severe lower
urinary tract symptoms, and this proportion increased to

45 percent among those aged 70–79 years (1). As the US
population ages, the number of affected men is expected to
rise substantially, and, by 2030, more than 11 million men
are expected to meet American Health Care Policy and Re-
search guidelines for discussing BPH treatment options (2).
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BPH therefore causes substantial morbidity among aging
men, accounting for more than $1 billion in direct health
care expenditures in 2000 (3).

Pathologically, BPH is defined by cellular proliferation in
the prostate gland. As the prostate gland increases in volume,
it may impinge on the urethra and limit urinary flow. In-
creased urinary resistance in the urethra may also cause blad-
der wall changes that result in bladder detruser dysfunction,
which may also be responsible for development of lower
urinary tract symptoms (3). However, there is not a perfect
correlation between increased prostate size and the severity
and bother of lower urinary tract symptoms, because it is
possible for men to experience substantial urinary symptoms
even without a detectably enlarged prostate gland (4). Be-
cause the correlation is not perfect between increase in pros-
tate size and presence of bothersome symptoms, BPH is
typically diagnosed clinically by using a constellation of non-
invasive measures, including onset of lower urinary tract
symptoms, increased prostate size, and decreased urinary flow
rates in the absence of other obvious causes (3, 5). Addition-
ally, we have previously found that prostate-specific antigen
(PSA) levels may serve as a biochemical marker of prostate
volume in the absence of prostate cancer (6, 7).

The biologic mechanisms leading to the development of
BPH have not been completely elucidated; however, both
chronic and acute inflammation have been frequently noted
in prostate biopsy sections and in tissue obtained during
prostatic resection for treatment of BPH (8–12). Inflamma-
tion may therefore lead to the development of BPH or, al-
ternatively, arise as the result of BPH disease progression. If
inflammation plays an important role in the development or
worsening of BPH, antiinflammatory agents may offer use-
ful adjunct medical therapies for treatment of this syndrome.

Although study results are not completely consistent, ac-
cumulating evidence suggests that use of nonsteroidal anti-
inflammatory drugs (NSAIDs) may be associated with
a decreased risk of prostate cancer (13–16). The precise
pathways by which NSAIDs may function to reduce pros-
tate cancer risk have not been elucidated, but NSAIDs may
inhibit proliferation and induce apoptosis in hyperplastic
cells (17). A similar mechanism of reduced proliferation
and increased apoptosis might therefore also decrease the
development of BPH. Few data are available, however, ex-
amining the association between NSAID use and BPH.
Meigs et al. (18) found no association between aspirin use
and subsequent positive responses on questions related to
BPH among men participating in the Massachusetts Male
Aging Study. Kang et al. (19) found a 10–20 percent in-
creased odds of nocturia, physician-diagnosed BPH, or
transurethral prostatectomy among men using aspirin or
ibuprofen and participating in the Prostate, Lung, Colorec-
tal, and Ovarian screening trial. These studies, however,
were limited by relatively nonspecific measures of BPH
and a lack of incidence data on BPH development.

Given the association between BPH and inflammation,
studies suggesting a beneficial effect of NSAID use on pros-
tate cancer, and the paucity of data related to NSAID use
and BPH, we examined the question of whether NSAID
users would be at a lower risk than non-NSAID users of
developing BPH in a population-based cohort of aging men.

MATERIALS AND METHODS

Study population

Our study population consisted of men enrolled in the
Olmsted County Study of Urinary Symptoms and Health
Status among Men. This long-term cohort study of men re-
siding in Olmsted County, Minnesota, is one of the most
comprehensive studies of urinary health to date in an un-
selected population (5). Details of the study are available in
previous publications (20, 21).

Briefly, the cohort was assembled by identifying a strati-
fied random sample of all male Olmsted County residents
40–79 years of age on January 1, 1990, using the resources
of the Rochester Epidemiology Project (22). Men with a pre-
vious history of prostatectomy, prostate cancer, or other
urologic conditions (bladder cancer or surgery, other blad-
der disorders, or urethral surgery or strictures) were ex-
cluded, leaving 3,874 eligible men. Of these men, 2,115
(55 percent) agreed to participate in an in-home interview,
which included verbal questions about family history of
urologic disease and medication use and measurement of
peak urinary flow rates with a portable urometer. Par-
ticipants also completed a self-administered questionnaire
regarding lower urinary tract symptom severity (a modifica-
tion of the American Urological Association Symptom In-
dex (AUASI)). The AUASI has been previously validated
for assessing urologic symptom severity, has excellent test-
retest reliability, is able to discriminate between men with
BPH and controls, and is sensitive to changes in symptom
severity (23). An item about the frequency of physician
visits (excluding hospitalizations) in the previous year was
also included in the baseline questionnaires.

A random sample of men who participated in the in-home
portion of the study were also invited to participate in a de-
tailed clinical examination including determination of PSA
levels, a digital rectal examination, and a transrectal sono-
graphic examination of the prostate; 475 (88 percent) of the
537 men who were contacted participated in this portion of
the study. For this study, transrectal sonographic measures
of prostate volume were used in all analyses reported. All
measures were taken by a single technician throughout the
study period, and coefficients of variation for this procedure
were �5 percent.

Examinations and questionnaires were repeated bienni-
ally through 2002. In addition, to replace men who either
died or dropped out of the study during the follow-up period,
additional men were randomly sampled from the commu-
nity and were invited to participate during the first 4 years of
the study. Questionnaire and in-home information was
therefore available for 2,447 men, and in-depth information
(including PSA level and prostate volume) was available for
634. Finally, all men in the study were passively followed
through their community medical records for the occurrence
of urologic events.

Ascertainment of NSAID use

At the initial visit, study participants were asked (by struc-
tured interview) to report all prescribed and over-the-counter
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medications that were used on a daily basis. The dosage,
unit of administration, starting date, and directions for use of
each medication were recorded when such information was
available. When possible, medication information was re-
corded directly from the label of the bottle. Medication use
was then reassessed by questionnaire during the fifth bien-
nial follow-up period (round 6). Participants who reported
daily NSAID use at baseline were considered ‘‘exposed.’’

Measures of BPH

Longitudinal BPH measures included development over
time of moderate to severe urinary symptoms, as assessed
by the AUASI. Scores between 8 and 19 on this index
are considered ‘‘moderate,’’ whereas scores �20 are consid-
ered ‘‘severe.’’ For this study, these two categories were
combined in the analyses, and scores >7 were considered
moderate/severe symptoms (23). Other outcomes examined
were time to a low maximum urinary flow rate (<12
ml/second), a prostate volume >30 ml (enlarged prostate),
or a serum PSA level >1.4 ng/ml (the upper 25th percentile
for this cohort at baseline). These variables have been shown
to be modestly correlated, with cross-sectional correlation
coefficients ranging from 0.19 for the correlation between
prostate volume and AUASI to �0.35 for the correlation
between AUASI and maximum urinary flow rate (24). In
addition, subsets of symptom types were examined, includ-
ing development of moderate to severe irritative symptoms
(Irritative Symptom Index score >3) and moderate to severe
obstructive symptoms (Obstructive Symptom Index score
>4). Risk of treatment (surgery or BPH medications, in-
cluding self-treatment with herbal medications thought to
improve prostate health) and acute urinary retention were
also examined as endpoints.

Analyses

The men were followed up from the start of the study
until the first occurrence of a BPH event (as described
above) or the last study visit. The medical records of men
added later to the cohort were abstracted back to January 1,
1990. Therefore, the initial date for all men in the analyses
was January 1, 1990. Observations for men who developed
prostate cancer (n¼ 149) or bladder cancer, had a procedure
or surgery to treat an enlarged prostate, began medications
for treatment of BPH, died, or were lost to follow-up were
censored at the date of these events. Because each BPH
measure (moderate/severe symptoms, low maximum flow
rate, enlarged prostate, etc.) reflects an aspect of BPH, time
to event for each of these variables was first considered
separately as an individual outcome and then examined to-
gether. Therefore, hazard ratios and 95 percent confidence
intervals were first estimated separately for each BPH event
by using Cox proportional hazards models. A second anal-
ysis was performed in which time to the first of any BPH
event, time to the second of at least any two BPH events, and
time to the third of any three BPH events were examined as
outcomes. Because of the observed strong confounding of
NSAID use by age, results were age adjusted by using age as

a continuous variable. Results were also adjusted for other
potential confounders, including the frequency of baseline
physician visits and the presence of diabetes, hypertension,
or coronary heart disease.

To assess the potential effect modification of the associ-
ation between NSAID use and BPH outcomes by age, the
results were stratified according to age-decade at the start of
the study, and interaction-term p values were calculated.
Additionally, hazard ratios and 95 percent confidence inter-
vals were estimated by using Cox proportional hazards
models to assess associations of duration, type, and dose
of NSAIDs with BPH outcomes.

Finally, to estimate associations of NSAID use with in-
creases or decreases in AUASI scores, maximum flow rate,
PSA, and prostate volume over time, a least-squares regres-
sion line was estimated for each man by regressing the
measurement on time from baseline (25, 26). An estimate
of annual change in AUASI, maximum flow rate, PSA, and
prostate volume (intercept and slope) was obtained for each
man with two or more observations before prostatic treat-
ment or diagnosis of prostate cancer or death/dropout. The
distribution of slopes was determined for the entire study
cohort and was stratified by age at baseline. Because of
skewed distributions, a log transformation was applied to
maximum flow rate, PSA level, and prostate volume mea-
surements before analysis. A line plot portraying the aver-
age annual change in each BPH measure over time, stratified
by baseline 10-year age groups, was generated based on the
least-squares slope measurements.

Bivariate and multivariable logistic regression analyses
were used to assess the association between NSAID use
and a rapid increase in AUASI, a rapid increase in prostate
volume, a rapid decline in maximum flow rate, and a rapid
increase in PSA level. Cutoffs of the 80th percentiles for
a rapid increase (AUASI, volume, and PSA) and the 20th
percentile for a rapid decline (maximum urinary flow rate)
were examined. Mixed-effect regression models were used
to corroborate our estimates of slope. No associations were
observed between NSAID use and annual change in these
measures (data not shown). All analyses were performed by
using SAS version 8.2 software (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

Overall, 796 (33 percent) of the men in our study reported
using NSAIDs daily at the time of study enrollment. Of the
men who participated in the in-clinic portion of the study,
201 (32 percent) reported daily NSAID use. The majority of
NSAID users (80 percent) took aspirin daily. Of this group,
45 (7 percent) men took a low-dose aspirin. Other NSAIDs
used included ibuprofen, naproxen, and diclofenac sodium.
NSAID users were older than non-NSAID users: 20 percent
of men 40–49 years of age took daily NSAIDs, whereas 57
percent of men aged 70 years or older took an NSAID daily
(table 1). After we adjusted for age, NSAID users were also
more likely to have visited a physician more than once in the
year prior to enrollment (table 1) but less likely to have
moderate/severe urinary symptoms, a decreased maximum
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flow rate, increased prostate volume, or elevated PSA level
compared with non-NSAID users (table 1).

After adjustment for age, NSAID use was significantly
inversely associated with onset of moderate/severe urinary
symptoms (hazard ratio (HR) ¼ 0.73, 95 percent confidence
interval (CI): 0.64, 0.82), onset of low maximum flow rate
(HR ¼ 0.51, 95 percent CI: 0.43, 0.61), increased prostate
volume (HR ¼ 0.53, 95 percent CI: 0.41, 0.68), elevated
serum PSA level (HR ¼ 0.52, 95 percent CI: 0.40, 0.68), and
treatment for BPH (HR ¼ 0.79, 95 percent CI: 0.65, 0.95)
(table 2). NSAID use was not associated with development
of acute urinary retention. Further adjustment for baseline
physician visits, diabetes, hypertension, and coronary heart
disease slightly increased the strength of the associations
observed in the age-adjusted analyses (table 2).

Age-specific associations between NSAID use and devel-
opment of urinary outcomes were also examined. A statis-
tically significant interaction between age and NSAID use
was observed for the obstructive symptom score (p ¼ 0.03)
and treatment outcomes (p ¼ 0.0001); NSAID use was as-
sociated with a decrease in each of these outcomes for men
in the oldest age group but not in the youngest age group
(table 3).

We next examined associations between NSAID use and
time to the first of any urologic outcome, time to the second
of at least any two urologic outcomes, and time to the third
of at least three urologic outcomes. NSAID use was associ-

ated with a decreased risk of developing any urologic end-
point (HR ¼ 0.71, 95 percent CI: 0.63, 0.79), at least two
urologic endpoints (HR ¼ 0.69, 95 percent CI: 0.59, 0.80),
and at least three urologic endpoints (HR ¼ 0.60, 95 percent
CI: 0.47, 0.76), suggesting that the inverse association be-
tween NSAID use and BPH outcomes was consistent re-
gardless of how strictly BPH endpoints were defined.

We also examined associations between NSAID use and
each of our outcome measures by repeating the analysis
using data for a subset of those men who reported NSAID
use at baseline and at the round 6 follow-up (approximately
12 years following initial enrollment) to determine whether
long-term NSAID use was more strongly associated with
urologic outcomes compared with shorter-term NSAID use.
Our results were virtually identical to those obtained by
examining only baseline daily use of NSAIDs (table 4). Ad-
ditionally, we examined the subsets of men who reported
using only aspirin or using only another NSAID, and we
found similar results for both aspirin and nonaspirin users
(table 5). Finally, we examined associations of using low-
dose aspirin (�85 mg/day) and using a higher dose (>85
mg/day) with the BPH outcomes. Results were generally
not statistically significant for men who took low-dose
aspirin (except for AUASI scores); however, point estimates
were of a similar magnitude and in the same direction
as associations observed for using higher-dose aspirin
(table 6).

TABLE 1. Characteristics of male NSAID* users and non-NSAID users in Olmsted County, Minnesota,

1990–2002

Characteristic
NSAID use Non-NSAID use

Chi-square
p value

Age-adjusted
chi-square
p valueNo. % No. %

Age (years)

40–49 229 20.03 914 79.97 <0.0001

50–59 204 34.00 396 66.00

60–69 218 48.66 230 51.34

�70 145 56.64 111 43.36

More than one physician
visit per year (at baseline) 420 40.31 622 59.69 <0.0001 <0.0001

BPH* medication or herbal
medication use 166 40.79 241 59.21 <0.0001 0.10

AUASI* score >7 356 24.02 1,126 75.98 0.83 0.01

Irritative symptom score >3 357 22.01 1,265 77.99 0.12 0.0001

Obstructive symptom score >4 406 25.39 1,193 74.61 0.69 0.01

Nocturia symptom score >1 288 27.51 759 72.49 0.27 0.004

Maximum urinary flow
rate <12 ml/second 183 25.07 547 74.93 0.02 <0.0001

Prostate volume >30 mly 78 22.48 269 77.52 0.21 0.001

PSA* level >1.4 ng/mly 74 23.95 235 76.05 0.16 0.002

Treatment (surgery or
medications) 190 35.45 346 64.55 0.03 0.33

Acute urinary retention 54 42.19 74 57.81 0.01 0.94

* NSAID, nonsteroidal antiinflammatory drug; BPH, benign prostatic hyperplasia; AUASI, American Urological

Association Symptom Index; PSA, prostate-specific antigen.

yData reflect only those 631 men who participated in the in-clinic examinations.
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Finally, we examined the association between NSAID use
and large changes over time in AUASI score, maximum flow
rate, prostate volume, and PSA levels. After we adjusted for
age and urinary variable status at baseline, NSAID use was
associated with a decrease in large changes in prostate vol-
ume and maximum flow rate; however, these results were
not statistically significant (table 7).

DISCUSSION

These data suggest that daily use of NSAIDs is associated
with a decreased risk of developing moderate to severe uro-
logic symptoms, a low maximum urinary flow rate, a high
prostate volume, and an elevated PSA level. Specifically,
NSAID use was associated with an approximately 35 percent

TABLE 3. Associations between NSAID* use and risk of urologic outcomes, stratified by age, for men in

Olmsted County, Minnesota, 1990–2002

BPH* outcome

Results stratified by age (years)y

40–49 50–59 60–69 �70

Hazard
ratio

95% CI*
Hazard
ratio

95% CI
Hazard
ratio

95% CI
Hazard
ratio

95% CI

AUASI* score >7 0.87 0.69, 1.09 0.81 0.64, 1.03 0.61 0.48, 0.77 0.62 0.46, 0.84

Irritative symptom
score >3 0.73 0.58, 0.91 0.77 0.60, 0.97 0.69 0.55, 0.86 0.63 0.47, 0.85

Obstructive symptom
score >4z 0.93 0.76, 1.13 0.85 0.68, 1.06 0.68 0.54, 0.85 0.56 0.41, 0.75

Nocturia symptom
score >1 0.80 0.59, 1.08 0.82 0.62, 1.08 0.62 0.49, 0.79 0.60 0.44, 0.83

Maximum urinary flow
rate <12 ml/second 0.56 0.38, 0.83 0.39 0.26, 0.58 0.62 0.46, 0.84 0.46 0.33, 0.64

Prostate volume >30 ml 0.61 0.37, 1.01 0.54 0.32, 0.92 0.51 0.32, 0.81 0.41 0.23, 0.76

PSA* level >1.4 ng/ml 0.47 0.27, 0.83 0.61 0.36, 1.03 0.49 0.30, 0.80 0.51 0.28, 0.93

Treatment (surgery or
medications)z 1.42 0.97, 2.08 0.87 0.63, 1.21 0.67 0.49, 0.92 0.44 0.28, 0.70

Acute urinary retention 1.53 0.67, 3.49 1.06 0.42, 2.70 0.64 0.34, 1.21 1.01 0.54, 1.89

* NSAID, nonsteroidal antiinflammatory drug; BPH, benign prostatic hyperplasia; CI, confidence interval; AUASI,

American Urological Association Symptom Index; PSA, prostate-specific antigen.

y Data in this table are age stratified but also age adjusted (using continuous age) within each age stratum.

z Statistically significant (p < 0.05) interaction term p value.

TABLE 2. Associations between NSAID* use and risk of urologic outcomes for men in Olmsted County, Minnesota, 1990–2002

BPH* outcome

Non-NSAID use NSAID use
Age-adjusted
hazard ratio

95% CI*
Multivariable-adjusted

hazard ratioy
95% CINo. of

events
No. of

person-years
No. of
events

No. of
person-years

AUASI* score >7 1,126 10,341 356 3,511 0.73 0.64, 0.82 0.64 0.56, 0.73

Irritative symptom
score >3 1,265 9,588 357 3,061 0.72 0.64, 0.81 0.63 0.55, 0.72

Obstructive symptom
score >4 1,193 9,561 406 3,410 0.77 0.68, 0.86 0.70 0.61, 0.79

Nocturia symptom
score >1 759 12,753 288 4,583 0.72 0.62, 0.82 0.59 0.51, 0.69

Maximum urinary flow
rate <12 ml/second 547 6,600 183 2,902 0.51 0.43, 0.61 0.46 0.39, 0.56

Prostate volume >30 ml 269 2,456 78 901 0.53 0.41, 0.68 0.46 0.34, 0.60

PSA* level >1.4 ng/ml 235 2,713 74 1,123 0.52 0.40, 0.68 0.48 0.36, 0.64

Treatment (surgery or
medications) 346 15,024 190 7,102 0.79 0.65, 0.95 0.80 0.66, 0.98

Acute urinary retention 74 15,521 54 7,404 0.94 0.65, 1.35 0.93 0.62, 1.37

* NSAID, nonsteroidal antiinflammatory drug; BPH, benign prostatic hyperplasia; CI, confidence interval; AUASI, American Urological

Association Symptom Index; PSA, prostate-specific antigen.

y Adjusted for age, baseline number of physician visits, diabetes, hypertension, and coronary heart disease.
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reduction in the risk of developing moderate to severe uri-
nary symptoms, after adjusting for potential confounders.
The overall decrease in urinary symptoms did not appear
to be due to a decrease in any one type of symptom, because
NSAIDs were associated with decreases in irritative, obstruc-
tive, and nocturia symptom scores. In addition, the men in
this study also experienced a reduction of approximately 50

percent in their risk of developing a decreased maximum
flow rate, a large prostate volume, and an elevated PSA
level, as well as a reduction of 20 percent in treatment for
BPH. The decreased risk of developing these urologic out-
comes was consistent whether the endpoints were examined
singly or were combined, and it remained consistent regard-
less of whether the NSAID used was aspirin or nonaspirin.

TABLE 5. Hazard ratios and 95% confidence intervals for men who reported aspirin use only at baseline and those who reported

nonaspirin NSAID* use and urologic outcomes, Olmsted County, Minnesota, 1990–2002

Event

Non-NSAID use Aspirin use Nonaspirin NSAID use

No. of
events

No. of
person-years

No. of
events

No. of
person-years

Multivariable adjustedy No. of
events

No. of
person-years

Multivariable adjustedy

Hazard ratio 95% CI* Hazard ratio 95% CI

AUASI* score >7 1,126 10,341 277 2,778 0.60 0.52, 0.70 79 733 0.72 0.57, 0.91

Irritative symptom
score >3 1,265 9,588 281 2,425 0.61 0.52, 0.70 76 636 0.71 0.56, 0.90

Obstructive symptom
score >4 1,193 9,561 309 2,648 0.66 0.57, 0.76 97 761 0.75 0.61, 0.94

Nocturia symptom
score >1 759 12,753 226 3,626 0.55 0.47, 0.65 62 957 0.69 0.52, 0.90

Maximum urinary flow
rate <12 ml/second 547 6,600 145 2,278 0.44 0.36, 0.54 38 624 0.55 0.39, 0.77

Prostate volume >30 ml 269 2,456 69 735 0.47 0.34, 0.63 9 166 0.43 0.22, 0.84

PSA* level >1.4 ng/ml 235 2,713 64 896 0.47 0.35, 0.64 10 227 0.55 0.29, 1.04

Treatment (surgery or
medications) 346 15,024 153 5,606 0.83 0.67, 1.02 37 1,496 0.69 0.48, 0.99

Acute urinary retention 74 15,521 43 5,925 0.86 0.56, 1.32 11 1,482 1.02 0.53, 1.99

* NSAID, nonsteroidal antiinflammatory drug; CI, confidence interval; AUASI, American Urological Association Symptom Index; PSA, prostate-

specific antigen.

y Adjusted for continuous age, baseline number of physician visits, diabetes, hypertension, and coronary heart disease.

TABLE 4. Hazard ratios and 95% confidence intervals for men who reported NSAID* use only at baseline and those who reported

NSAID use at both baseline and round 6 (long-term users of NSAIDs), Olmsted County, Minnesota, 1990–2002

Event

Non-NSAID use Baseline NSAID use NSAID use at both baseline and round 6

No. of
events

No. of
person-years

No. of
events

No. of
person-years

Multivariable adjustedy No. of
events

No. of
person-years

Multivariable adjustedy

Hazard ratio 95% CI* Hazard ratio 95% CI

AUASI* score >7 1,126 10,341 195 1,830 0.61 0.52, 0.72 161 1,680 0.64 0.53, 0.77

Irritative symptom
score >3 1,265 9,588 203 1,617 0.63 0.54, 0.74 154 1,444 0.61 0.51, 0.73

Obstructive symptom
score >4 1,193 9,561 225 1,754 0.69 0.59, 0.80 181 1,656 0.68 0.57, 0.81

Nocturia symptom
score >1 759 12,753 156 2,316 0.58 0.48, 0.70 132 2,267 0.57 0.46, 0.70

Maximum urinary flow
rate <12 ml/second 547 6,600 116 1,438 0.55 0.44, 0.68 67 1,463 0.35 0.27, 0.46

Prostate volume >30 ml 269 2,456 38 438 0.38 0.26, 0.56 40 463 0.54 0.38, 0.78

PSA* level >1.4 ng/ml 235 2,713 35 493 0.46 0.32, 0.67 39 630 0.51 0.35, 0.73

Treatment (surgery or
medications) 346 15,024 102 3,741 0.76 0.60, 0.97 88 3,361 0.82 0.63, 1.07

Acute urinary retention 74 15,521 39 3,756 1.14 0.74, 1.77 15 3,651 0.58 0.32, 1.08

* NSAID, nonsteroidal antiinflammatory drug; CI, confidence interval; AUASI, American Urological Association Symptom Index; PSA, prostate-

specific antigen.

y Adjusted for continuous age, baseline number of physician visits, diabetes, hypertension, and coronary heart disease.
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Overall, men in the older age groups tended to have
greater decreased risks of each of the outcomes examined
compared with men in the younger age groups, although the
interaction between age and NSAID use was significant for
only the obstructive symptoms and treatment for BPH out-
comes. Older men are more likely in general to have other
medical conditions that require daily NSAID treatment
(such as arthritis or heart disease). These men may therefore
have been exposed to a longer duration of NSAID use com-
pared with the younger men in our study and may thus have

received more benefit from this use. In addition, older men
are more likely than younger men to develop lower urinary
tract problems; therefore, we may have been able to detect
associations with increased precision in older men com-
pared with younger men.

Decreased associations between NSAID use and urologic
outcomes were consistent whether data for long-term or
shorter-term NSAID users were examined. Additionally, as-
pirin use was generally associated with a larger decrease in
risk of outcomes compared with other NSAID use; however,
men who used other NSAIDs also experienced a generally
decreased risk of urologic outcomes as well.

Limited dose data were available; however, after we ex-
amined associations between aspirin dose and outcomes,
low-dose aspirin also appeared to be associated with a re-
duced risk of outcomes, although many of the results were
not statistically significant. Because only 45 men reported
using low-dose aspirin, the lack of significance is not sur-
prising, but the protective point estimates suggest that even
low-dose aspirin may reduce the risk of urologic outcomes.

Although we observed a decreased risk of ever devel-
oping a BPH outcome among daily NSAID users, we did
not observe statistically significant associations between
NSAID use and substantial increases or decreases in specific
measures of BPH. However, each of these measures of BPH
varied considerably within individuals. In addition, each of
these measurements fluctuated substantially within men
over time. Therefore, it is possible that associations between
NSAID use and changes in these outcomes may exist but
may not have been found in these analyses given the con-
siderable noise in each of these measures.

The overall decrease in risk we observed between NSAID
use and urologic outcomes is consistent with previous stud-
ies that have found an inverse association between NSAID

TABLE 7. Association between NSAID* use and progression

of lower urinary tract outcomes for men in Olmsted County,

Minnesota, 1990–2002

Variable Odds ratioy 95% CI*

AUASI* score slope �80th percentile 1.00 Reference

AUASI score slope >80th percentile 1.18 0.94, 1.48

PSA* slope �80th percentile 1.00 Reference

PSA slope >80th percentile 1.01 0.64, 1.60

Maximum urinary flow rate slope �20th
percentile 1.00 Reference

Maximum urinary flow rate slope <20th
percentile 0.64 0.39, 1.03

Prostate volume slope �80th
percentile 1.00 Reference

Prostate volume slope >80th
percentile 0.67 0.41, 1.09

* NSAID, nonsteroidal antiinflammatory drug; CI, confidence in-

terval; AUASI, American Urological Association Symptom Index;

PSA, prostate-specific antigen.

y Adjusted for age and urinary variable status at baseline.

TABLE 6. Multivariable-adjusted hazard ratios for the associations between different doses of aspirin and BPH* outcomes for men in

Olmsted County, Minnesota, 1990–2002

BPH outcome

Non-NSAID* use �85 mg/day >85 mg/day

No. of
events

No. of
person-years

No. of
events

No. of
person-years

Multivariable adjustedy No. of
events

No. of
person-years

Multivariable adjustedy

Hazard ratio 95% CI* Hazard ratio 95% CI

AUASI* score >7 1,126 10,341 98 1,297 0.45 0.28, 0.73 259 2,576 0.72 0.60, 0.86

Irritative symptom
score >3 1,265 9,588 86 1,137 0.46 0.27, 0.78 266 2,288 0.79 0.67, 0.93

Obstructive symptom
score >4 1,193 9,561 117 1,210 0.53 0.34, 0.84 289 2,466 0.74 0.63, 0.87

Nocturia symptom
score >1 759 12,753 79 1,698 0.47 0.28, 0.77 209 3,369 0.70 0.57, 0.85

Maximum urinary flow
rate <12 ml/second 547 6,600 56 1,066 0.55 0.31, 1.00 133 2,156 0.52 0.41, 0.66

Prostate volume >30 ml 269 2,456 30 333 0.49 0.18, 1.34 65 687 0.46 0.32, 0.68

PSA* level >1.4 ng/ml 235 2,713 30 455 0.66 0.27, 1.63 59 843 0.49 0.33, 0.72

Treatment (surgery or
medications) 346 15,024 61 2,545 0.57 0.29, 1.12 144 5,199 0.89 0.69, 1.15

Acute urinary retention 74 15,521 15 2,673 0.55 0.16, 1.86 40 5,518 1.10 0.67, 1.78

* BPH, benign prostatic hyperplasia; NSAID, nonsteroidal antiinflammatory drug; CI, confidence interval; AUASI, American Urological

Association Symptom Index; PSA, prostate-specific antigen.

y Adjusted for continuous age, baseline number of physician visits, diabetes, hypertension, and coronary heart disease.
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use and risk of prostate cancer (13–16). The protective as-
sociation between NSAID use and decreased risk of pros-
tate cancer has been postulated to be due to the ability of
NSAIDs to inhibit cyclooxygenase-2, resulting in a decrease
in prostaglandin synthesis (17). Other investigators have also
described the ability of specific NSAIDs to inhibit androgen
receptor expression and activity in human prostate cancer
cell lines (27, 28). Decreased prostaglandin synthesis and
inhibition of the prostate androgen receptors may result in
decreased growth of the prostate and a subsequent reduction
in development of lower urinary tract outcomes. In addition,
NSAIDs have been associated with increased apoptosis via
both cyclooxygenase-2–dependent and –independent path-
ways (17). Because decreased apoptosis may be associated
with development of BPH (29), NSAIDs may also decrease
development of BPH outcomes by increasing apoptosis in
prostatic cells. Alternatively, NSAID use may affect other
components of the genitourinary system unrelated strictly to
prostate volume. For example, Di Silverio et al. (30) dem-
onstrated that men who took the cyclooxygenase-2 inhibitor
rofecoxib in conjunction with finasteride experienced faster
relief of BPH symptoms compared with men who took fi-
nasteride alone, suggesting that an inflammatory component
is related to development of BPH symptoms.

The results of this study do differ from those reported by
Meigs et al. (18) and Kang et al. (19), however, who pre-
viously found no and a slightly increased odds of BPH out-
comes, respectively, among men who used aspirin. Our
study may differ from that of Meigs et al. because the num-
ber of men using aspirin in the Massachusetts Male Aging
Study was quite small (n ¼ 18), resulting in relatively low
power to detect an association with urologic outcomes if
associations exist (18). Kang et al. relied on self-report of
both aspirin use and BPH outcomes, allowing for the pos-
sibility that men with perceived urinary problems might be
higher users of medical care and therefore also more likely
to report use of aspirin for another condition (19). Addition-
ally, in both of these studies, prevalent rather than incident
BPH outcomes were examined, BPH outcomes were less
specific than those used in our study, and it is not clear
how frequency of aspirin use was defined. Such differences
between these studies and ours may account for these dis-
crepancies in study results. For example, daily use of aspirin
may be necessary to see an improvement in urinary symp-
toms, and including less than daily users in this category
might dilute such an association.

Strengths of our study include the population-based set-
ting in which it was conducted, which ensured that the men
represented the full BPH disease spectrum. In contrast,
clinic-based studies of BPH tend to focus on men with more
severe BPH symptoms who seek care from urologic special-
ists. Urologic specialists primarily examine and treat men
with substantial urologic problems. Therefore, an associa-
tion between NSAID use and urologic symptoms could eas-
ily be missed in studies examining populations skewed
toward severely affected men, because representation of
nondiseased men would be limited. In addition, this well-
established cohort of men made it possible for us to examine
them for longitudinal development of BPH outcomes over
a 12-year period. Finally, aspirin use in this population was

similar to that observed in previous Midwest population-
based studies, suggesting that our results may be generaliz-
able to other populations with similar characteristics. In our
study, 635 (26 percent) of the men used a daily aspirin,
while an additional 7 percent used another daily NSAID.
This proportion of men using a daily aspirin is slightly
higher than the 19.5 percent prevalence of daily aspirin
use observed in Wisconsin residents 45 years of age or older
in 1991 but was very similar to the 25 percent prevalence in
Michigan residents of the same age in 1994 (31).

Potential limitations of our study include our inability to
examine changes in NSAID use over time because only
those data on NSAID use at baseline and at the round 6
follow-up periods were available. In addition, we were not
able to examine a dose-response relation between duration
of NSAID use and development of BPH measures because it
was not possible to determine the start date for NSAID use,
changes in NSAID dose, and cumulative NSAID dose for
most of the men in the study, precluding our ability to ex-
amine associations of recency of NSAID use and cumulative
dose with urologic outcomes.

It is also possible that our study results are due to the ef-
fects of an uncontrolled confounder. For example, the men
in our study might have been more likely to make frequent
physician visits and receive a diagnosis of, and treatment
for, BPH, as well as a suggestion to use daily NSAIDs to
prevent other health problems. After adjustment for age, our
data did not suggest that men who took daily NSAIDs were
more likely to also receive BPH medications (table 1). How-
ever, our data did indicate that men who took NSAIDs
were more likely to visit the physician more than once in
the year prior to recruitment (table 1). After adjustment for
more frequent visits, diabetes, hypertension, and coronary
heart disease, our results actually became slightly stronger
(table 2).

Although further studies are necessary to determine
whether NSAID use truly decreases the development of
BPH, and the mechanisms by which this decrease might
occur, these data suggest that NSAID use may prevent, de-
lay, or retard hyperplastic and/or inflammatory processes in
the prostate, resulting in a decreased incidence of BPH.
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