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Abstract
Objectives—The objectives of this study were: 1) to determine whether there is an association
between C-reactive protein (CRP) levels and lower urinary tract symptoms (LUTS) as assessed by
the American Urological Association Symptom Index (AUA-SI) among both men and women, 2)
to determine the association of CRP levels with individual urologic symptoms comprising the
AUA-SI among both men and women.

Methods—The Boston Area Community Health (BACH) Survey used a multistage stratified
design to recruit a random sample of 5,502 adults age 30–79. Blood samples were obtained on
3,752 participants. Analyses were conducted on 1,898 men and 1,854 women with complete data
on C-Reactive Protein (CRP) levels. Overall LUTS was defined as an AUA-SI≥8 (moderate to
severe LUTS). Urologic symptoms comprising the AUA-SI were included in the analysis as
reports of fairly often to almost always vs. non/rarely/a few times.

Results—A statistically significant association was observed between CRP levels and overall
LUTS among both men and women. The pattern of associations between individual symptoms and
CRP levels varied by gender. Nocturia and straining were associated with higher CRP levels
among men, while incomplete emptying and weak stream were associated with higher CRP levels
among women.

Conclusions—This study demonstrates an association between CRP levels and LUTS in both
men and women. The dose-response relationship between increased CRP levels and increased
odds of LUTS supports the hypothesized role of inflammatory processes in the etiology of LUTS.
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Introduction
Symptoms of storage, voiding, and post-voiding dysfunction, usually referred to as lower
urinary tract symptoms (LUTS), are common in both aging women and men.1,2 LUTS can
be caused by a number of pathologic conditions including benign prostatic hyperplasia
(BPH) or overactive bladder.3 As inflammation is often present in prostate biopsy
specimens, it has been hypothesized that chronic inflammation may be associated with
BPH.4–7 However, few studies have investigated the association of LUTS and inflammatory
markers. Data on men 60 years and older from the third National Health and Nutrition
Examination Survey (NHANES III), have shown that men with C-reactive protein (CRP)
levels above the detection limit were more likely to report three or four symptoms (nocturia,
incomplete emptying, hesitancy, weak stream) than men with undetectable CRP levels.8 A
recent report using longitudinal data from the Olmsted County Study (OCS) reported an
association of CRP levels with worsening of storage (irritative) symptoms in men
(frequency, urgency and nocturia) and peak urinary flow, but not with overall symptom
scores, voiding (obstructive) symptoms (incomplete emptying, intermittency, weak stream,
and straining), and prostate specific antigen levels.9 To our knowledge, the association
between LUTS and inflammatory markers has not been examined previously in women, nor
have potential covariates in men been adequately investigated.

Using data from the Boston Area Community health (BACH) survey, the purpose of this
study was to investigate the association between CRP levels and LUTS in a population-
representative sample of both men and women. The objectives of this study are: 1) to
determine whether there is an association between CRP levels and overall LUTS assessed
using the American Urological Association Symptom Index (AUA-SI) among both men and
women, and 2) to determine the association of CRP levels and individual urologic symptoms
comprising the AUA-SI among both men and women.

Materials and Methods
Overall Design

The BACH survey is a population-based epidemiologic survey of a broad range of urologic
symptoms and risk factors in a randomly selected sample. Detailed methods have been
described elsewhere.10 A multi-stage stratified design was used to recruit approximately
equal numbers of subjects according to age, gender, and race/ethnicity (Black, Hispanic, and
White). The BACH sample was recruited from April 2002 through June 2005. Interviews
were completed with 63.3% of eligible subjects, resulting in a total sample of 5,502 adults
(2,301 men, 3,201 women) after written informed consent was obtained. All protocols and
informed consent procedures were approved by the New England Research Institutes'
Institutional Review Board.

Data collection
Data were obtained during a 2-hour in-person interview, conducted by a trained (bilingual)
phlebotomist/interviewer, in the subject's home. A venous blood sample (20 ml) was
obtained and height, weight, hip and waist circumference were measured along with self-
reported information on medical and reproductive history, major comorbidities, lifestyle and
psychosocial factors, and symptoms of urogynecological conditions. Medication use in the
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past month was collected using a combination of drug inventory and self-report with a
prompt by indication.

Lower Urinary Tract Symptoms (LUTS)
LUTS were assessed using the American Urological Symptom Index (AUA-SI), a clinically
validated measure of urological symptoms in men.11,12 The scale is widely used in
epidemiologic studies and clinical trials of LUTS, and has a validated and reliable US
Spanish version.1,2,13–17 Although to our knowledge there are no validation studies of the
AUA-SI in women, studies conducted among both healthy individuals and patients with
voiding difficulties have shown that women often report LUTS and have AUA-SI scores
similar to those of age-matched men.18,19 The AUA-SI was used both as a continuous
variable and categorized into two groups as none or mild symptoms (AUA-SI<8) versus
moderate or severe symptoms (AUA-SI≥8). Using a similar approach, individual symptoms
were used both as continuous (coded 0–5 from never to almost always) and dichotomized as
severe (fairly often/usually/almost always) vs. none or mild symptoms (no symptoms/rarely/
a few times). Nocturia was defined as having to get up to urinate at night fairly often or
more frequently, and/or having to get up to urinate more than once nightly.

C-Reactive Protein (CRP)
The concentration of CRP was determined using an immunoturbidimetric assay on the
Hitachi 917 analyzer (Roche Diagnostics - Indianapolis, IN), using reagents and calibrators
from DiaSorin (Stillwater, MN). In this assay, an antigen-antibody reaction occurs between
CRP in the sample and an anti-CRP antibody that has been sensitized to latex particles, and
agglutination results. This antigen-antibody complex causes an increase in light scattering,
which is detected spectrophotometrically, with the magnitude of the change being
proportional to the concentration of CRP in the sample. Assays were performed at the
Children's Hospital Medical Center Research Laboratories, Boston, MA, with a reported a
sensitivity of 0.03 mg/l. The coefficients of variation at concentrations of 0.91, 3.07 and
13.38 mg/L are 2.81, 1.61 and 1.1%, respectively.

Covariates
Self-reported race/ethnicity was defined as Black, Hispanic, or White. Body mass index
(BMI) was categorized as <25.0, 25.0–29.9, and ≥30.0 kg/m2. Physical activity was
measured using the Physical Activity Scale for the Elderly (PASE) and was categorized as
low (<100), medium (100–250), and high (>250).20 Alcohol consumption was defined as
alcoholic drinks including beer, wine and hard liquor consumed per day: 0, <1, 1–2.9, ≥3
drinks per day. Smoking was defined as never smokers (smoked <100 cigarettes lifetime and
not currently smoking), former smokers (smoked ≥100 cigarettes lifetime and currently non-
smoker), and current smoker (smoked ≥100 cigarettes and currently a smoker). The
socioeconomic status (SES) index was calculated using a combination of education and
household income.21 SES was categorized as low (lower 25% of the distribution of the SES
index), middle (middle 50% of the distribution), and high (upper 25% of the distribution).
The presence of comorbidities (heart disease, type 2 diabetes, hypertension) was defined as a
yes response to “Have you ever been told by a health care provider that you have or
had….”? Heart disease was defined by self-report of myocardial infarction, angina,
congestive heart failure, coronary artery bypass, or angioplasty stent. Participants reporting
five or more depressive symptoms (out of 8) using the abbreviated Center for
Epidemiological Studies – Depression (CES-D) scale were considered to have clinically
significant depression.22 Medication use included in the analysis include use of anti-
inflammatory and other medications that could affect CRP levels (both prescription and over
the counter),23 and prescription medications for LUTS (Table 1).
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Statistical analysis
As the distribution of CRP levels was skewed, natural log transformations of CRP levels
were used. Log(CRP) levels were analyzed as a continuous variable. Additionally, CRP
levels were categorized into three groups: <1 mg/l (low cardiovascular risk), 1–3 mg/l
(moderate cardiovascular risk), >3 mg/l (high cardiovascular risk). Multivariate logistic
regression models were used to assess the association between CRP and LUTS and to adjust
for potential confounders. Odds ratios (OR) and 95% confidence intervals (95%CI) were
estimated to describe the magnitude of the association. Age, race/ethnicity, and anti-
inflammatory and LUTS medication use were always included in the models by default.
Other covariates were included in the model if they were potential confounders of the CRP
and LUTS association. Analyses were repeated using the AUA-SI and individual symptoms
as continuous dependent variables in multivariate linear regression analyses. Of the 2,301
male participants, blood samples were obtained for 1,899 (82.5%) men and 1,858 (58.0%)
women. CRP levels were obtained for 1,898 men and 1,854 women. The proportion of
participants with missing data was 0.4% (16 subjects) for the AUA-SI, 0.9% (33 subjects)
for comorbid conditions and depressive symptoms, 1.0% (37 subjects) for lifestyle variables
(physical activity, alcohol consumptions, cigarette smoking), and 4.7% (178 subjects) for the
SES index. Overall, 6.7% participants had missing data on at least one of these variables. A
multiple imputation technique was used to obtain plausible values for missing data.24 To be
representative of the city of Boston, observations were weighted inversely proportional to
their probability of selection.25 Weights were post-stratified to the Boston population
according to the 2000 census. Analyses were conducted in version 9.1 of SAS (SAS
Institute, Cary, NC, USA) and version 9.0.1 of SUDAAN (Research Triangle Institute,
Research Triangle Park, NC, USA).

Results
Characteristics of the analysis sample are presented in Table 2. Overall prevalence of
obesity was over 30% and was higher in women (39%) compared to men (33.7%). Women
had higher CRP levels compared to men (3.50 vs. 2.67 mg/l). This pattern is consistent with
previous reports from population based studies.26,27 The increase in the prevalence of LUTS
(overall and individual symptoms) by CRP levels and by gender is shown in Figure 2.
Overall, there is an increase in prevalence of LUTS with increasing CRP with a comparable
pattern in men and women.

Among men, a statistically significant association was observed between overall LUTS
(AUA-SI≥8) and CRP levels (adjusted OR for log(CRP) levels was 1.21 (95%CI:1.04, 1.39)
(Table 3). In unadjusted analyses, statistically significant associations were observed
between elevated CRP levels and incomplete emptying, straining, urgency, and nocturia.
The association of CRP levels with incomplete emptying and urgency was attenuated in
multivariate analyses and was not statistically significant. In contrast, the association of CRP
levels with straining (adjusted OR for log(CRP) levels of 1.71, 95%CI:1.22, 2.39) and
nocturia (adjusted OR for log(CRP) levels of 1.36, 95%CI:1.15, 1.59) remained statistically
significant. Similar to results in men, a statistically significant association was observed
between overall LUTS (AUA-S≥8I) and CRP levels (adjusted OR for log(CRP) levels of
1.16, 95%CI:1.00, 1.34). Statistically significant association in multivariate analyses were
observed between CRP levels and both incomplete emptying (adjusted OR for log(CRP)
levels of 1.27, 95%CI:1.03, 1.58) and weak stream (adjusted OR for log(CRP) levels of
1.40, 95%CI:1.10, 1.77). In unadjusted analyses, statistically significant associations were
observed for both urgency and nocturia with CRP levels. However, the magnitude of these
associations were attenuated substantially and were statistically non-significant in
multivariate analyses. No associations were observed between CRP levels and intermittency,
straining, and frequency. Repeating analyses using the AUA-SI and individual symptom
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reports as continuous variables, the same pattern of associations was observed (data not
shown).

The association of CRP levels with both the composite voiding and storage symptom scores
was similar among men and women, and was attenuated in multivariate analyses (Table 4).
Analyses were repeated using cutoff values of 4 and 5 for storage and voiding scores
respectively. Statistically significant results were observed between the categorized voiding
score and CRP levels among women only.

Results for overall LUTS (AUA-SI≥8) by the three race/ethnic groups, (White, Black,
Hispanic) show consistent results among White (adjusted OR for log(CRP) of 1.23, 95%CI:
1.07, 1.41) and Black participants (adjusted OR for log(CRP) of 1.25, 95%CI:1.02, 1.53)
after adjusting for age, gender, heart disease, diabetes, depression, and LUTS and anti-
inflammatory medication use. However, this association was not observed among Hispanics
(adjusted OR for log(CRP) of 0.97, 95%CI:0.78, 1.21), when adjusting for potential
confounders.

Comment
Results from the BACH study demonstrate a similar prevalence of LUTS in both men and
women, consistent with previous reports. Unique to this study is a significant association
between serum levels of CRP and LUTS in both men and women. A dose-response
relationship was observed between CRP levels and LUTS. Increased levels of CRP were
associated with increased odds of moderate to severe LUTS (AUA-SI≥8), a result that was
consistent by gender and in both unadjusted and adjusted multivariate models. This finding
provides strong confirmation of the observed association, relatively monotonic in both
genders, between CRP levels and overall LUTS. These results were consistent by race/
ethnic groups among White and Black participants, but were attenuated among Hispanics
potentially due to a slightly lower prevalence of LUTS and younger age distribution. The
pattern of association of individual urologic symptoms with CRP levels however, varied by
gender. In men, a positive association was observed between CRP levels and both nocturia
and straining, while in women, CRP levels were associated with incomplete emptying and
weak stream.

Few studies have examined the potential role of chronic inflammation in the etiology of
LUTS. Chronic inflammation has been hypothesized to play a role in the pathogenesis and
progression of BPH.5 Evidence of chronic inflammation in BPH has been reported
previously;4,6 however, the association between CRP levels and LUTS was investigated in
only one study previously using data from NHANES III.8 Results of this study conducted in
2,337 men 60 years and older show a statistically nonsignificant increase in the odds of
reporting three or four symptoms (OR=1.47, 95%CI:0.87, 2.50) among men with detectable
CRP levels. However, this study has a number of limitations: only 4 of the 7 symptoms
comprising the AUA-SI were available for analysis, the sample was restricted to men over
60 years old, and the more variable general CRP test instead of high-sensitivity CRP test
was used. A recent report from the OCS investigating the association of CRP levels with
longitudinal change in urologic measures among 2,447 men age 40–79 reported an
association of high CRP levels with declining peak urinary flow rates and worsening storage
symptoms, but not with worsening AUA-SI, voiding score, or prostate specific antigen
levels.9 The finding from the BACH study of a significant relationship between overall
AUA-SI and CRP is in marked contrast to the OCS report.

Results from the present study show a statistically significant and robust association
between CRP and overall LUTS (AUA-SI≥8) with adjusted ORs of 1.20 (95%CI:1.03, 1.39)
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per log(CRP) levels among men, and 1.16 (95%CI:1.00, 1.35) per log(CRP) levels among
women. This similar quantitative relationship between overall LUTS as measured by the
AUA-SI in men and women is noteworthy, in that traditionally, LUTS have been ascribed to
prostate problems in men, and bladder symptoms in women. However, the mechanisms of
LUTS have been poorly understood in both men and women, and perhaps this observed
relationship between these common symptoms and a systemic inflammatory marker is a clue
to a novel, as yet undefined universal mechanism of LUTS in both men and women.
Alternatively, as the patterns of associations of individual symptoms with CRP levels are
somewhat different for men and women, perhaps the similar quantitative association of
overall LUTS with CRP in both genders is coincidental.

The pattern of associations of individual symptoms with CRP levels observed was different
for men and women with nocturia and straining associated with CRP levels in men, while
incomplete emptying and weak stream are associated with CRP levels in women. When
examining the relationship of CRP levels with the pattern of individual symptoms, men and
women's CRP values center more towards voiding symptoms, while the storage components
tended to washout with adjustment (urgency (male and female), nocturia (female)).
Paradoxically, women's CRP was more associated with voiding than storage symptoms,
while men's CRP was significantly associated with both a single storage and voiding
symptom (straining and nocturia respectively). The centering of female LUTS to voiding
symptoms may represent inflammatory changes in the bladder, detrusor, bladder outlet or
the nervous system serving one or more of these locations.

The potential role of inflammatory factors as a causal factor in LUTS among men has an
intrinsic appeal, given the recent focus on inflammation in the prostate as a potential
initiating event for prostate growth and urinary symptoms in men.28 It is possible that the
influence of inflammatory factors on LUTS may relate in part to an effect on bladder
function, resulting in both storage and voiding symptoms. In this scenario, voiding
symptoms may result from reduced bladder function, rather than increased outlet
resistance.29

It is interesting to hypothesize that these female related associations may represent loss of
bladder function secondary to bladder inflammation at the detrusor or bladder outlet
locations. The combination of voiding and storage symptoms noted in males suggests an
additional location of inflammatory effects other than the bladder as proposed in females.
The obvious suspect would be the prostate. If inflammatory infiltrates were involved in
prostate tissue, then afferent neural feedback may well result in male storage symptoms.
Such inflammatory cell infiltrates were actually noted in the REDUCE trial at baseline
biopsy, where more severe inflammation was associated with higher AUA-SI scores.7

Strengths of the BACH study include a community-based random sample across a wide age
range (30–79), inclusion of large numbers of minority participants representative of Black
and Hispanic populations, and a wide range of covariates including sociodemographic,
lifestyle, and health variables, which can be adjusted for in the analysis. Although history of
comorbid conditions was assessed by self-report with the potential for reporting and/or
recall bias, previous research has demonstrated the reliability and validity of self-report for
heart disease, diabetes, and hypertension.30 Although the effect of LUTS and anti
inflammatory medications are controlled for in the present analysis, the effect of the
treatment of comorbid conditions, which could have further attenuated CRP levels, are not
accounted for in this analysis. A full analysis of the potential influence of medication use in
general on LUTS is beyond the scope of this paper. The BACH study was limited
geographically to the Boston area. However, comparison of sociodemographic and health-
related variables from BACH with other large regional (Boston Behavioral Risk Factor
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Surveillance System) and national (National Health Interview Survey) surveys have shown
that BACH estimates are comparable to national trends on key health related variables.
Moreover, estimates of the strength of the association between CRP levels and LUTS that
were statistically significant in bivariate analyses all attenuated to some degree in
multivariate analyses, though the relationship with overall LUTS and a number of individual
symptoms remained statistically significant after adjusting for potential confounders.
Although BACH measured demographics, medications and comorbidities in detail, residual
confounding in this observational study cannot be excluded as the explanation for these
associations.

Conclusions
In summary, the results of this study demonstrate an association between CRP levels and
LUTS in both men and women. The pattern of associations between specific symptoms and
CRP levels varied by gender. Nocturia and straining were associated with CRP levels among
men, while incomplete emptying and weak stream were associated with CRP levels among
women. The dose-response relationship between increased CRP levels and increased odds of
LUTS supports the hypothesized role of inflammatory processes in the etiology of LUTS.
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Figure 1.
Prevalence of lower urinary tract symptoms (AUA-SI≥8) and individual symptoms
(occurring fairly often to almost always) by CRP levels (<1 mg/l, 1–3 mg/l, >3 mg/l) among
men and women.

Kupelian et al. Page 10

Urology. Author manuscript; available in PMC 2013 January 22.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Kupelian et al. Page 11

Table 1

Anti-inflammatory and LUTS medications included in the analysis.

LUTS medications

Medications for overactive bladder, urinary incontinece *

Oxybutinin

Tolterodine Tartrate

Detrol

Propantheline

Hyoscyamine Sulfate

Medications for painful bladder syndrome

Pentosan polysulfate sodium

Amitryptiline

Imipramine

Hydroxyzine

Medications for BPH **

Doxasozin

Terazosin

Prazosin

Alfuzosin

Tamsulosin

Finasteride

Anti-inflammatory and other medications that could affect CRP levels

Blood form & coagulant/anti-platelet agent (clopidogrel, ticlopidine)

Cardiovascular/antilipemics/hmg-coa reductase inhibitors (statins)

Non-statin anti-cholesterol drugs

Beta-blockers

Calcium channel blockers

Select ACE inhibitors (captopril, ramipril, fosinopril)

Rosiglitazone, pioglitazone

Angiotensin II receptor agonists:

Losartan

Valsartan

Irbesartan

Olmesartan

Candesartan

Telmisartan

Aspirin

Naproxen

Ibuprofen

*
No reported use of darifenacin, trospium, or solifenacin in BACH

**
No reported use of dutasteride in BACH
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Table 2

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

Overall N=3,752 Men N=1,898 Women N=1,854

Age 30–39 956 (35.3) 512 (37.2) 444 (33.6)

40–49 1036 (25.1) 553 (25.8) 484 (24.4)

50–59 910 (18.1) 436 (17.8) 474 (18.3)

60–69 563 (14.0) 260 (12.2) 303 (15.7)

70–79 287 (7.5) 137 (7.0) 150 (8.0)

Race White 1413 (59.4) 710 (61.9) 703 (57.0)

Black 1119 (27.5) 537 (25.1) 582 (29.8)

Hispanic 1220 (13.1) 651 (13.0) 569 (13.2)

Socioeconomic Low 1621 (26.6) 784 (23.9) 837 (29.2)

Status Middle 1539 (47.5) 787 (48.9) 751 (46.3)

High 593 (25.8) 327 (27.2) 266 (24.6)

Body Mass Index (kg/m2) <25.0 947 (30.7) 495 (26.8) 452 (34.3)

25.0–29.9 1278 (32.8) 740 (39.5) 538 (26.7)

≥30.0 1528 (36.5) 664 (33.7) 864 (39.0)

Physical Low <100) 1181 (25.5) 534 (25.5) 646 (25,4)

Activity (PASE) Moderate (200–250) 1819 (51.0) 899 (48.2) 920 (53.6)

High(>250) 752 (24.5) 465 (26.3) 287 (21.0)

Smoking Never 1760 (48.1) 815 (45.6) 1702 (50.2)

Former 1022 (28.2) 541 (28.9) 776 (27.2)

Current 970 (23.7) 542 (25.6) 721 (22.6)

Alcohol Consumption (drinks per day) None 1550 (34.1) 636 (26.2) 915 (41.3)

<1/day 1410 (41.5) 694 (40.2) 716 (42.7)

1–2.9/day 541 (18.6) 362 (24.4) 179 (13.2)

≥3/day 250 (5.8) 206 (9.2) 44 (2.8)

Heart disease 370 (9.0) 182 (9.6) 188 (8.6)

Type 2 diabetes 395 (7.8) 188 (8.1) 208 (7.6)

Hypertension 1228 (27.3) 587 (26.4) 641 (28.1)

Depression 803 (17.5) 317 (14.0) 486 (20.7)

Medication use Anti-inflammatory 2001 (57.5) 884 (52.6) 1117 (61.8)

LUTS medications 195 (4.1) 113 (4.4) 82 (3.8)

CRP mg/l Mean (SE*) 3.10 (0.20) 2.67 (0.27) 3.50 (0.22)

Median 1.26 1.08 1.49

25th, 75th percentiles 0.53, 3.05 0.47, 2.51 0.60, 3.85

CRP <1 mg/l 1401 (42.1) 843 (47.3) 558 (37.3)

1–3 mg/l 1235 (32.4) 655 (32.9) 580 (32.0)

>3 mg/l 1116 (25.5) 580 (19.8) 716 (30.7)

Log[CRP(mg/l)] Mean (SE*) 0.29 (0.04) 0.11 (0.05) 0.45 (0.05)

Median 0.23 0.08 0.40
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Overall N=3,752 Men N=1,898 Women N=1,854

25th, 75th percentiles −0.64, 1.12 −0.76, 0.92 −0.51, 1.35

*
Standard error
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