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Evidence to substantiate recommendations for restriction of caffeinated or acidic beverages as self-management

for lower urinary tract symptoms (LUTS) is limited. We examined longitudinal and acute associations between bever-

age intake and LUTS in the Boston Area Community Health (BACH) cohort (n = 4,145) between 2002 and 2010.

Multivariable models tested associations between baseline intakes and progression of LUTS at 5-year follow-up,

between follow-up intakes and International Prostate Symptom Scores at follow-up, and between 5-year intake

changes and LUTS progression. Greater coffee or total caffeine intake at baseline increased the odds of LUTS pro-

gression in men (coffee: >2 cups/day vs. none, odds ratio = 2.09, 95% confidence interval: 1.29, 3.40, P-trend = 0.01;

caffeine: P-trend < 0.001), particularly storage symptoms. Women who increased coffee intake by at least 2 servings/

day during follow-up (compared with categories of decreased or unchanged intakes) had 64% higher odds of progres-

sion of urgency (P = 0.003). Women with recently increased soda intake, particularly caffeinated diet soda, had

higher symptom scores, urgency, and LUTS progression. Citrus juice intake was associated with 50% lower odds of

LUTS progression in men (P = 0.02). Findings support recommendations to limit caffeinated beverage intake for

LUTS, and in men, they suggest benefits of citrus juice consumption. Further clinical research is warranted, particu-

larly of the precise role of sodas containing artificial sweeteners in bladder sensations and urological function.

beverages; bladder outlet obstruction; carbonated beverages; coffee; lower urinary tract symptoms; urinary

bladder, overactive

Abbreviations: BACH, Boston Area Community Health; CI, confidence interval; FFQ, food frequency questionnaire; IPSS, Interna-

tional Prostate Symptom Score; LUTS, lower urinary tract symptoms; OR, odds ratio.

Lower urinary tract symptoms (LUTS) are prevalent in
approximately 1 of 5 adults, and it is estimated that they will
affect 2.3 billion persons worldwide by the year 2018 (1–4).
LUTS include storage problems such as urgency, frequency,
or nocturia and voiding problems such as weak or hesitant
urinary stream or failure to empty the bladder completely.
LUTS are strongly associated with diminished health-related
quality of life, mental health, and work productivity (1, 5, 6).
Although pharmacological treatments are available, behav-
ioral modifications are primary treatment strategies to help
manage symptoms.

Dietary advice for LUTS management often includes
avoidance of certain types of foods or beverages that can

irritate the bladder. In particular, suggestions to avoid caffein-
ated, carbonated, or acidic beverages are common (7, 8). It is
plausible that these components of beverages have direct
effects on the bladder and systemic effects that could contrib-
ute to LUTS, both soon after consumption and over the long
term with habitual intake. In experiments in rodents, caffeine,
artificial sweeteners, and ascorbic and citric acids (often used
as preservatives in carbonated beverages) increased bladder
pressure and detrusor muscle contraction (9–11).

Nevertheless, scientific evidence specifying the roles of
certain beverages in LUTS development among men and
women is limited. Most clinical studies included small
numbers of subjects. For example, in a study of 12 men and
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women with overactive bladder symptoms, caffeine intake
at a moderate dose of 4.5 mg/kg promoted urgency and fre-
quency (12). In a crossover trial of 20 nonsymptomatic adults,
artificially sweetened carbonated beverages led to urgency
symptoms, regardless of caffeine content; however, the vol-
ume of fluid consumed was not considered in the study (13).
To analyze these associations in larger populations, observa-
tional epidemiologic studies are useful. In an epidemiologic
study in the United Kingdom, carbonated beverage intake was
associated with 1-year onset of urgency symptoms in women
but not men. There were no associations for coffee, tea, or
fruit juice in either sex (14, 15).
Prospective studies are generally preferred to help estab-

lish temporal relationships between exposures and outcomes
because cross-sectional associations could be due to reverse
causation (i.e., LUTS cause changes in beverage intake behav-
iors). However, LUTS remission is common (2, 16, 17), and
the temporal relationship between certain exposures, such as
beverage intake, and LUTS onset might be brief. That is,
LUTS could occur shortly after consumption, and it is pos-
sible that a proximate association would be missed in a longi-
tudinal study.
The objective of this analysis was to examine relation-

ships between beverage consumption and LUTS in a
population-based sample of men and women. The Boston
Area Community Health Survey (BACH) had the distinct
advantage of conducting a qualitative substudy alongside
quantitative data collection, with participants asked to openly
discuss their management strategies for urological symp-
toms. Many participants mentioned generally altering intake
of fluids to help manage symptoms. However, they did not
consistentlyalter relative intakes of specific beverages, includ-
ing coffee, soda, or juice (18). Thus, BACH is a unique
resource to examine whether caffeinated, carbonated, and
other beverages contribute to LUTS over and above total
fluid intake. In this article, we use the quantitative BACH
survey data to separately examine longitudinal and acute rela-
tionships between beverage intakes and LUTS, by analyzing
1) average beverage consumption over the year before base-
line and progression of LUTS approximately 5 years later,
2) recent beverage intakes and the presence of LUTS during
the follow-up interview, and 3) changes in intake levels and
LUTS progression between baseline and follow-up.

MATERIALS ANDMETHODS

BACH is a prospective cohort study designed to assess
the prevalence and determinants of urological symptoms. A
random stratified cluster sample design was used to recruit
Boston residents, 30–79 years of age, from 3 racial/ethnic
groups. Study design details have been published (19). Par-
ticipants provided written informed consent. The New
England Research Institutes’ Institutional Review Board
approved the study.
Of the 5,502 participants (2,301 men, 3,201 women) who

completed in-person interviews at baseline (2002–2005),
4,145 (1,610 men; 2,534 women) completed follow-up assess-
ment approximately 5 years later (2006–2010). The mean
(standard deviation) time to follow-up was 4.8 (0.6) years.
Of those lost to follow-up, 348 were ineligible (deceased,

incarcerated, or medically incapable), 350 refused, 655 were
not reached, and 5 had incomplete follow-up data. Those
lost to follow-up were more likely to be Hispanic, more than
70 years old, and male and to have lower socioeconomic
status, but there were no significant differences in LUTS
presence.
To separately evaluate longitudinal and acute associations

between beverage intake and LUTS, 3 distinct analyses were
conducted among participants who completed follow-up.
Table 1 describes the beverage intake measures, operational
definitions of LUTS, and sample sizes for each analysis.
In analysis of acute (i.e., temporally proximate) associa-

tions, the BACH follow-up interview assessment of bever-
ages was used, rather than the follow-up food frequency
questionnaire (FFQ), because the interview assessed recent
intake and captured the caffeinated/noncaffeinated status of
coffee, tea, and soda. However, the interview did not iden-
tify artificially sweetened sodas or juice variety. Thus, we
obtained information on 100% citrus juice and soda type
(diet vs. nondiet) from the follow-up FFQ. Additional analy-
ses of soda were restricted to participants who had reported
drinking diet and nondiet varieties; a 5-level exposure variable
was created, which combined information on diet/nondiet and
caffeinated/noncaffeinated sodas, with nondrinkers of soda
used as the reference group.
Analyses of intake changes were secondary analyses, con-

ducted by using the BACH interview assessments of recent
consumption of coffee and soda only. Caffeinated content of
coffee and soda was not assessed in the baseline interview;
therefore, individual responses to caffeinated and decaffeinated/
noncaffeinated coffee and soda at follow-up were summed
to calculate changes in total intakes.

Measurement of LUTS

During the in-home interviews, LUTS were assessed by
the International Prostate Symptom Score (IPSS) (20–22).
The IPSS was originally developed and validated for benign
prostatic hyperplasia in men (20) but has been validated (23)
and repeatedly shown to capture LUTS in women (1, 21,
24–26). Total IPSS ranges from 0 to 35; the presence of
moderate to severe total LUTS is identified by IPSS ≥8. The
total score consists of subscores for the voiding symptoms
of incomplete bladder emptying, intermittency, weak urinary
stream, and hesitancy and for the storage symptoms of fre-
quency, urgency, and nocturia. Because nocturia can be dis-
tinct in etiology from other storage symptoms and can be
directly affected by stimulatory effects of caffeine, our anal-
ysis of the IPSS storage subscore excluded nocturia, thereby
focusing on daytime frequency and urgency. Urgency was
of particular interest because it is a hallmark storage symptom
and might be less influenced by volume or timing of fluid
intake than are nocturia or frequency symptoms (27).

Statistical analysis

Logistic regression was used to calculate odds ratios and
95% confidence intervals for dichotomous outcomes of pro-
gression (yes/no). Generalized linear models were used to
obtain β (standard error) estimates for continuous symptom
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scores. For each aim, separate multivariable models were
created to analyze the association between intake of each
beverage type and LUTS outcome by sex. For inclusion in
the models, we considered the following variables, which

are suspected or established risk factors for LUTS or are cor-
related to LUTS: age; total energy intake; total nonalcoholic
fluid intake; alcohol intake; waist circumference; physical
activity; race/ethnicity; diabetes; urinary tract infections;

Table 1. Approach Used to Assess Longitudinal and Acute Associations Between Intake of Beverage Types and LUTS in Analysis of the Boston

Area Community Health Survey, 2002–2010

Association
Examined

Longitudinal
(After ∼5 Years)

Acute
(Cross-Sectional)

Intake Changes
(Longitudinal)a

Study time points
(years) used

Baseline (2002–2005) and follow-up
(2006–2010)

Follow-up (2006–2010) Baseline (2002–2005) and follow-up
(2006–2010)

Beverage intake
assessment

Baseline Follow-up Change from baseline to follow-up

Time reference Usual beverage intake over the previous
year

Average daily intake in previous
7 days

Average daily intake in previous
7 days

Measurement
tool

Self-administered validated food
frequency questionnaireb (46, 47)

In-person interview In-person interview

Question format “Howmany glasses of these beverages do
you drink per day or per week?”

“Think about the past 7 days. How
many servings of [item] did you
drink each day? A serving is one
8 oz. glass or cup.”

“Think about the past 7 days. How
many servings of [item] did you
drink each day? A serving is one
8 oz. glass or cup.”

Response
format

Categorical responses to “How often”
(ranging from “never or less than once
per month” to “2+ per day”) and “How
much,” (ranging from 1 to ≥5, with a
serving size of glass used for juice,
bottles or cans for soda, and cup for tea/
coffee)

Open numeric field Open numeric field

Operationalized
measure

Servings per day

LUTS assessment Baseline and follow-up Follow-up Baseline and follow-up

Measurement
tools

○ IPSS (20, 22, 23)

○ Urgency assessment included the relevant IPSS item (difficulty postponing urination) and additional questions on
having had a strong urge or pressure to urinate immediately, with little or no warning, at least several times in the past
week (48)

Operationalized
measures

Progression of LUTS from baseline to
follow-up (yes/no), defined as IPSS
increase of:

Continuous IPSS at follow-up
for:

Progression of LUTS from baseline
to follow-up (yes/no), defined as
IPSS increase of:

1. ≥3 points for total score (44)

2. ≥2 points for voiding subscore

3. ≥2 points for storage (daytime
frequency, urgency, or both) subscore

4. ≥2 points for urgency symptoms

1. Total score

2. Voiding subscore

3. Storage (daytime frequency,
urgency, or both) subscore

4. Urgency present at follow-up
(yes/no)

1. ≥3 points for total score (44)

2. ≥2 points for voiding subscore

3. ≥2 points for storage (daytime
frequency, urgency, or both)
subscore

4. ≥2 points for urgency symptoms

Exclusions from
analysis

1. Did not complete the baseline food
frequency questionnaire

2. Not eligible for progression because of
severely high baseline symptom score
(e.g., for LUTS, IPSS ≥33)

None 1. Not eligible for progression
because of severely high baseline
symptom score (e.g., for LUTS,
IPSS ≥33)

Sample sizes
available for
analysis

Men 1,101 1,610 1,608

Women 1,727 2,534 2,532

Abbreviations: IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms.
a Analyses were conducted as secondary analyses only for total coffee and total soda, because the questions for other or more specific

beverage types were not available or comparable between baseline and follow-up, in either the in-person interview or the food frequency

questionnaire.
b In addition to usual beverage intake, the baseline food frequency questionnaire was used to derive total caffeine intake from chocolate,

coffee, green/black/iced tea, and cola.
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cigarette smoking; bladder surgery; vitamin C supplement use;
and use of diuretic, α-blocking (men only), 5-α reductase–
inhibiting (men only), antispasmodic, anticholinergic, or tri-
cyclic antidepressant medications. In models for women, we
also considered surgery for urinary incontinence and meno-
pausal status. Final multivariable models were created with
consideration of variables’ statistical significance and their
effects on estimates of the association for the beverage of
interest. Multiple imputation methods were used to impute
values for variables with missing values, except variables
derived from the FFQ. All statistical tests were 2 sided at
α = 0.05 and were conducted in SUDAAN v.10.0.1 (RTI
International, Research Triangle Park, North Carolina) or
R v.2.14.2 (R Foundation for Statistical Computing, Vienna,
Austria; http://www.R-project.org) with Zelig v3.5.5 (http://
CRAN.R-project.org/package=Zelig).

RESULTS

At baseline, drinkers of more than 2 servings/day of cola
were more likely to have diabetes and a larger waist circum-
ference and be non-Hispanic black, whereas coffee drinkers
were more commonly white (Table 2). Among the subsample
who reported whether they typically drank diet or nondiet
soda, 64.6% of men and 54.8% of women drank nondiet
sodas.
The prevalence and progression of LUTS at 5-year

follow-up were similar by sex (Table 3) and baseline FFQ
completion status. Progression of LUTSoccurred among 23%
of participants, with a mean 6.1-point (standard error, 0.2)
increase in IPSS. Storage symptoms were most common,
particularly nocturia (34% of participants), frequency (21%),
and urgency (15%).

Longitudinal associations (baseline beverage intakes

and LUTS progression)

Among women, baseline beverage intakes were generally
not associated with progression in total IPSS, voiding, or fre-
quency/urgency scores at follow-up (Table 4). However, pro-
gression of urgency symptoms was more likely for women
drinking more than 2 cups/day of coffee versus none (adjusted
odds ratio (OR) = 1.53, 95% confidence interval (CI): 1.02,
2.29). Women drinking 0.1–1 cup/day of diet cola-type sodas
had 1.29 times the odds of reporting LUTS, particularly
voiding symptoms, but the findings were marginally statisti-
cally significant (P = 0.048 LUTS, P = 0.053 voiding), and
there was no association with greater intake levels.
Men who consumed more than 2 cups/day of coffee were

more likely to develop progression in LUTS (adjusted
OR = 2.09, 95% CI: 1.29, 3.40, P = 0.003), particularly stor-
age symptoms. There were no associations with caffeinated
tea or diet cola. Men who drank more than 1 cup/day of
regular, nondiet cola had 1.75 times the odds of developing
progression in voiding symptoms. The total amount of caf-
feine ingested per day from foods and beverages was signifi-
cantly associated with LUTS progression in men (Figure 1)
but not in women (data not shown).

Among men only, greater citrus juice consumption was
associated with decreased odds of LUTS progression (P-
trend = 0.06). Men who drank more than 1 cup/day of citrus
juice were less likely to have LUTS progression (OR = 0.50,
95% CI: 0.28, 0.88, P = 0.02), particularly frequency/
urgency symptoms, than were nondrinkers.

Acute associations (beverage intakes and LUTS at

follow-up)

Total fluid intake in the previous week was associated
with IPSS at follow-up. After adjustment for total fluids and
other confounders, intake of more than 2 cups/day of coffee
or caffeinated tea in the previous week was associated with
worse voiding or total symptom scores in men but not in
women (Figure 2). For example, the multivariable-adjusted
storage symptoms score for men who recently drank more
than 2 cups/day of caffeinated tea was 0.7 (95% CI: 0.2, 1.2)
points higher than that of men who drank no caffeinated tea
(P = 0.008). Results were similar for total coffee when sepa-
rated into caffeinated or decaffeinated categories (not shown);
decaffeinated herbal tea was not analyzed given qualitative
evidence that some men drank herbal tea because of their
urological symptoms (18). When all caffeinated beverages
(coffee, tea, soda) were summed, men who drank more than
2 cups/day in the previous week were also more likely to
report urgency symptoms (adjusted OR = 2.06, 95% CI:
1.23, 3.43).
Although coffee was not associated with the IPSS in

women, women who drank more than 2 cups/day of coffee
or caffeinated soda in the previous week were more likely to
have urgency symptoms (coffee: OR = 1.54, 95% CI: 1.08,
2.18; soda: OR = 1.50, 95% CI: 1.01, 2.21). Soda was asso-
ciated with IPSS (Figure 2) regardless of caffeine content. In
exploratory analysis, caffeinated diet soda had the strongest
associations with LUTS, particularly storage symptoms
(e.g., for >1 cup/day vs. none: storage score β = 0.6, 95% CI:
0.1, 1.1; total IPSS β = 1.2, 95% CI: 0.1, 2.3), as compared
with caffeinated nondiet (β = 0.1, 95% CI: −0.3, 0.5), noncaf-
feinated diet, or noncaffeinated nondiet soda. When women
were classified into one type of diet/caffeine soda combina-
tion and compared with nondrinkers of soda, those drinking
more than 1 cup/day of caffeinated diet soda in the previous
week were the only group with a statistically significantly
higher storage score (β = 0.4, 95% CI: 0.1, 0.7). Among men,
associations were slightly stronger for noncaffeinated regular
(nondiet) soda than for other diet/caffeine combinations of
soda (not shown).
Total juice intake was not associated with LUTS. How-

ever, 1 cup/day of citrus juice was associated with lower
IPSS for both men and women (β = −0.6, men P = 0.06,
women P = 0.03).

Longitudinal changes in beverage intake and LUTS

progression

Compared with those who did not change their coffee
intake or changed it by 1 serving/day, men and women who
increasedcoffee consumptionbyat least 2 servings/daybetween
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Table 2. Characteristics of Men andWomen in the Longitudinal Analysis Boston Area Community Health Survey

Subsample, Overall and by Consumption of Coffee, Cola, and Citrus Juice at Baseline (2002–2005)

Characteristic Overall

Average No. of 8-oz. Servings/Day

Coffee
All Cola-Type

Soda
Orange/Grapefruit

Juice

0 >2.0 0 >2.0 0 >1.0

Men

No. of participants 1,101 285 165 262 102 150 146

Mean age, years 49.9 49.3 52.5 52.1 46.1 50.9 48.6

Mean waist
circumference, cm

97.7 98.5 99.6 95.6 104.0 98.2 97.5

Physical activity, %

Low 30 35 27 29 26 37 27

Medium 46 44 53 48 48 45 45

High 24 21 20 23 27 18 28

Cigarette smoking, %

Never 39 51 23 42 33 29 48

Past 31 25 31 32 29 31 25

Current 30 25 46 26 38 40 27

Diabetes, % 12 12 13 9 19 17 8

Alcoholic drinks/day, %

None 32 36 35 32 45 30 37

0.1–0.9 37 37 34 37 32 37 38

≥1 31 27 32 31 23 33 25

Race/ethnicity, %

Black 28 37 12 29 39 22 36

Hispanic 26 19 19 24 22 25 28

White 47 44 69 47 39 53 36

Women

No. of participants 1,727 461 196 537 115 372 142

Mean age, years 51.3 49.8 53.0 52.6 48.7 52.9 51.0

Mean waist
circumference, cm

92.7 92.6 93.5 88.5 98.7 93.7 93.0

Physical activity, %

Low 33 31 41 32 37 38 37

Medium 51 54 46 51 53 47 55

High 16 15 13 17 10 16 9

Cigarette smoking, %

Never 51 58 34 50 42 40 58

Past 28 27 31 32 21 37 23

Current 21 16 35 17 37 23 19

Diabetes, % 12 11 12 9 17 14 10

Alcoholic drinks/day, %

None 47 50 51 43 55 46 57

0.1–0.9 41 40 37 45 31 43 30

≥1 12 10 13 13 14 11 13

Race/ethnicity, %

Black 32 43 15 26 44 27 39

Hispanic 26 19 26 25 22 18 39

White 41 38 59 49 34 55 22
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baseline and follow-up had 60%–80% higher odds of pro-
gression of storage symptoms (Table 5). Progression of
urgency specifically (data not shown) was also associated
with increased coffee intake of at least 2 servings/day in
women (OR = 1.42, 95% CI: 1.03, 1.98, P = 0.04) and men
(OR = 1.56, 95% CI: 1.04, 2.35, P = 0.03). Of note, for
men, higher odds of storage or voiding progression were also
observed with decreased coffee intake. However, this trend
did not appear for urgency progression; only increased intake
(described above), not decreased intake (OR = 1.06, 95% CI:
0.70, 1.60, P = 0.8) was associated with urgency progression.
Women who increased soda consumption by at least 2
servings/day had 60% higher odds of LUTS progression.

DISCUSSION

In this observational study, coffee and caffeine intake were
associated with LUTS progression, greater symptom scores,
and urgency in men. In women, increases in coffee con-
sumption between baseline and follow-up were associated
with progression of urgency symptoms, although baseline
coffee intake itself was not. Women who drank more soda at
follow-up, particularly caffeinated diet soda, or increased their
soda intake over time, were more likely to report a variety of
LUTS or progression of symptoms. Consumption of orange
or grapefruit juice was associated with protection from LUTS
progression in men.
A strength of this study was the use of various measures

to examine longitudinal relationships with habitual beverage
intake and changes in intake levels, as well as short-term
relationships between recent beverage intakes and recent
symptoms. LUTS can be a seemingly constant problem in
some persons, but most studies, including BACH, show
remission and progression in symptoms over time (2, 16,
17). Thus, analyses of LUTS as a chronic condition, using
longitudinal data with long time spans between assessment
measures, might miss acute associations that exist in a tempo-
rally brief causal pathway. Certain lifestyle behaviors (e.g.,
physical activity, smoking) and medical factors (e.g., depres-
sion) could contribute to LUTS over the long term (28, 29).

Other factors can lead to LUTS relatively quickly, through
immediate effects on nervous system activity (30) or as chemi-
cal irritants to the bladder. It is plausible that components of
beverages have both direct effects on the bladder and systemic
effects that contribute to LUTS. Thus, our multimode analy-
ses provided different yet complementary information.
The finding that total fluid intake was associated with

LUTS acutely, but not longitudinally, is evidence of the
validity of our analysis of proximate associations. There is
little reason to believe that long-term average fluid intake
levels lead to pathophysiological changes causing LUTS.
However, drinking large amounts of fluids acutely causes
greater frequency, urgency, and voiding volumes (18, 31),
as we observed. Given that reverse causation is possible in a
cross-sectional analysis, we considered results of the BACH
qualitative interviews and did not analyze beverage types
that participants mentioned while discussing symptom man-
agement: herbal tea (participants generally increased con-
sumption to improve health) and water (some increased
water intake to improve health, whereas others decreased
intake to avoid frequent urination) (18). Overall, the nature of
the acute associations observed in the present analysis does
not implicate reverse causation. One exception is noncaffein-
ated soda consumption among men, which was associated
with LUTS acutely, whereas caffeinated soda consumption
was not. It is possible that men with LUTS chose noncaffein-
ated soda to avoid caffeine.
Interestingly, in BACH qualitative interviews, participants

with LUTS generally did not mention avoidance of caffeine.
Similarly, in a small study in the United Kingdom, men with
LUTS were unaware of caffeine’s possible effects and con-
sumed large amounts of caffeinated drinks; only 13% of
men with LUTS believed caffeine affected their symptoms
(32). Caffeine has long been anecdotally implicated in con-
tributing to LUTS, but data supporting the link have been
limited. Our results are consistent with the findings of small
clinical studies in which caffeine intake led to detrusor insta-
bility, urgency, and frequency (12, 33). Caffeine could act
by directly stimulating the detrusor muscle via increased
sympathetic nervous activity, increased production of nitric
oxide, or diuretic effects (34–37).

Table 3. Presence and Progression of LUTS at Follow-up (2006–2010) in the Boston Area Community Health Survey

Men Women

IPSS (Sub)
Score,

Mean (SE)

Moderate to
Severe LUTS
Present, %

Change in
IPSS,a

Mean (SE)
Progression,a %

IPSS (Sub)
Score,

Mean (SE)

Moderate to
Severe LUTS
Present, %

Change in
IPSS,a

Mean (SE)
Progression,a %

LUTS (total
IPSS)

4.7 (0.1) 20.9 0.4 (0.1) 22.5 4.9 (0.1) 22.0 0.0 (0.1) 22.7

Voiding
(subscore)

1.8 (0.1) 14.1 0.1 (0.1) 20.0 1.5 (0.1) 10.8 0.0 (0.1) 15.4

Storage
(frequency/
urgency
subscore)

1.7 (0.1) 25.1 0.0 (0.1) 18.9 2.0 (0.1) 31.5 0.0 (0.1) 23.2

Abbreviations: IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms; SE, standard error.
a Among those with baseline food frequency questionnaire data available.
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It should be noted that our analysis of recent intake
showed similar findings for caffeinated and decaffeinated
coffee, even after adjustment for total fluid intake and other

confounding factors. Changes in total coffee intake also
showed similar associations between increased or decreased
intakes and LUTS (with the exception of urgency symptoms,

Table 4. Baseline (2002–2005) Beverage Intake and Progression of LUTS, Voiding, and Daytime Storage (Frequency and/or Urgency)

Symptoms at 5-Year Follow-Up (2006–2010) in the Boston Area Community Health Survey: Multivariable-Adjusted Odds Ratios and 95%

Confidence Intervalsa

Beverage Type and
Quantity (No. of 8-oz.

Servings/day)

Men Women

LUTS
(Total IPSS)
(n = 1,100)

Voiding
Symptoms
(n = 1,099)

Storage
Symptoms
(n = 1,086)

LUTS
(Total IPSS)
(n = 1,725)

Voiding
Symptoms
(n = 1,724)

Storage
Symptoms
(n = 1,678)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Coffee
(caffeinated)

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–2.0 1.41 0.98, 2.04 0.99 0.68, 1.42 1.34 0.91, 1.98 1.09 0.83, 1.45 1.14 0.82, 1.59 0.96 0.73, 1.27

>2.0 2.09 1.29, 3.40** 1.17 0.71, 1.93 1.72 1.01, 2.94* 0.94 0.61, 1.43 1.12 0.69, 1.83 1.01 0.66, 1.53

Tea (caffeinated
black or
green)

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–1.0 1.31 0.95, 1.81 1.21 0.86, 1.71 1.27 0.90, 1.81 1.08 0.83, 1.40 0.94 0.69, 1.27 0.90 0.69, 1.17

>1.0 1.34 0.81, 2.20 1.41 0.84, 2.35 1.24 0.72, 2.11 0.67 0.45, 1.01 0.64 0.40, 1.02 0.78 0.53, 1.15

Total cola-type
carbonated
sodas

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–1.0 1.01 0.71, 1.46 1.14 0.77, 1.69 0.85 0.58, 1.26 1.18 0.90, 1.54 1.24 0.90, 1.70 0.89 0.68, 1.17

>1.0 1.12 0.71, 1.76 1.36 0.83, 2.22 1.24 0.77, 2.01 1.29 0.89, 1.86 1.17 0.76, 1.80 1.09 0.75, 1.57

Nondiet cola-type
carbonated
sodas

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–1.0 0.98 0.70, 1.36 1.00 0.70, 1.42 0.99 0.69, 1.41 1.02 0.79, 1.32 1.17 0.88, 1.57 0.93 0.72, 1.20

>1.0 1.26 0.75, 2.12 1.75 1.04, 2.96* 1.31 0.77, 2.23 1.00 0.62, 1.62 0.94 0.54, 1.66 0.91 0.56, 1.48

Diet cola-type
carbonated
sodas

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–1.0 1.07 0.77, 1.48 1.21 0.85, 1.71 0.94 0.66, 1.34 1.29 1.00, 1.67* 1.35 1.00, 1.82 1.04 0.80, 1.36

>1.0 1.18 0.69, 2.03 1.36 0.77, 2.43 1.17 0.65, 2.09 1.02 0.61, 1.69 1.33 0.75, 2.37 1.08 0.65, 1.79

Citrus juice

None 1.00 1.00 1.00 1.00 1.00 1.00

0.1–1.0 0.67 0.44, 1.00* 0.80 0.52, 1.23 0.64 0.41, 0.99* 1.13 0.85, 1.51 1.22 0.87, 1.71 1.05 0.79, 1.41

>1.0 0.50 0.28, 0.88* 0.77 0.42, 1.40 0.51 0.28, 0.94* 1.16 0.72, 1.87 1.40 0.81, 2.39 1.03 0.64, 1.66

Total nonalcoholic
fluids

<8.0 1.00 1.00 1.00 1.00 1.00 1.00

8.0–10.9 0.94 0.65, 1.38 1.18 0.80, 1.74 0.79 0.53, 1.18 0.80 0.60, 1.08 1.06 0.75, 1.50 0.84 0.63, 1.14

11.0–12.9 0.94 0.61, 1.45 1.05 0.66, 1.66 0.75 0.46, 1.21 0.89 0.64, 1.23 0.93 0.62, 1.39 0.84 0.60, 1.17

>13.0 1.14 0.74, 1.77 1.26 0.80, 1.97 1.00 0.62, 1.61 0.87 0.61, 1.24 1.16 0.77, 1.73 0.95 0.67, 1.35

Abbreviations: CI, confidence interval; IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms; OR, odds ratio.

*P < 0.05; ** P < 0.01.
a From multivariable logistic regression models adjusted for age, total energy intake (kcal/day), physical activity level (low, medium, high), and

race/ethnicity. Models for women additionally included smoking status (never, former, current) and, for storage symptoms, history of urinary tract

infection.
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which were associated only with increased total coffee
intake). In a clinical crossover trial that substituted decaffein-
ated for caffeinated coffee, no difference in detrusor overac-
tivity was found (31). It is possible that other components of
coffee also contribute to LUTS (in one small trial, decaffein-
ated coffee increased sympathetic nervous activity in nonha-
bitual drinkers), but most studies have attributed such effects
to caffeine (37, 38).
Our finding that carbonated sodas were associated with

urgency and worse symptom scores in women is consistent
with a prior epidemiologic study of 1-year incidence of
urgency symptoms in women in the United Kingdom.
Dallosso et al. (14) found that those who drank soda at least
once per day, versus those who drank soda less than once
per week, were 70% more likely to develop urgency than
were nondrinkers, but specific types of sodas were not
assessed; thus the reason for the association was unclear.
Carbonated beverages (i.e., sodas, soft drinks) commonly
have various components suspected to contribute to LUTS:
caffeine, artificial sweeteners or high levels of sugar, color-
ants, and preservatives (e.g., citric acid) (10, 11). Our data,
which showed the strongest associations for caffeinated diet
sodas, support findings from a small clinical crossover trial
that caffeine and artificial sweeteners together could contrib-
ute to LUTS in women (13). In experiments in rodents, low
concentrations of artificial sweeteners increased detrusor
muscle contraction via modulation of L-type calcium chan-
nels (10). Similar results were found for low levels of ascor-
bic acid and citric acid, common soda preservatives (11).
Given small effect sizes, the authors noted that ascorbic
or citric acids alone are unlikely to have effects on normal

bladder contraction; however, when combined with artificial
sweeteners and other constituents of popular sodas, the con-
tractile response was considerably greater (11).
Citrus juice was of particular interest in our analysis

because of the contrasting possibilities of adverse acidic effects
on the bladder and beneficial effects on systemic inflamma-
tion and oxidative stress (39, 40). Orange juice is a primary
dietary source of vitamin C and contains various beneficial
compounds. Analyses of baseline BACH data showed that
high doses of supplemental vitamin C were associated with
greater odds of LUTS, but similar associations were not
found for vitamin C from dietary sources such as juice (41,
42). Orange juice reduces inflammation and oxidative stress
and improves endothelial function (39, 40). These effects
could help prevent benign prostatic hyperplasia, a common
cause of LUTS in men. Thus, a systemic pathway toward
improved health and prevention of LUTSwith habitual intake
over time is consistent with our longitudinal findings in
men, which were not apparent in women.
Acute associations for citrus juice and LUTS were

observed in both men and women, but these were generally
weaker and statistically significant only for moderate citrus
juice intake. The sample size for citrus juice analysis was
limited to those who returned the follow-up FFQ, which
lowered power and could result in nonresponse bias, as well
as residual confounding by healthy lifestyle (43).
Limitations of this study include possible nonresponse

bias to the FFQ or follow-up and confounding by unmeasured
factors that are associated with beverage intakes and LUTS.
Although the FFQ and interview provided complementary
information, the baseline FFQ was limited by lack of data

Figure 1. Baseline (2002–2005) caffeine intake and progression of lower urinary tract symptoms (LUTS) at 5-year follow-up (2006–2010) among
men from the Boston Area Community Health Survey: multivariable-adjusted log odds ratios with 95% confidence intervals (bar set at reference
value of 1.0). Quartiles of average daily caffeine intake were as follows: first quartile, 0–48.0 mg; second quartile, 48.1–163.9 mg; third quartile,
164.0–339.9 mg; and fourth quartile, ≥340.0 mg. IPSS, International Prostate Symptom Score.
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on noncola sodas (e.g., lemon-lime, ginger ale), and the
BACH interview did not assess artificially sweetened sodas.
Thus, comparing results of the longitudinal and proximate
analyses is difficult. Furthermore, differences in the format
of questions asked at baseline and follow-up limited analy-
ses of changes in beverage intake to total coffee or total
soda.

The focus of our longitudinal analysis was on progression
of symptoms for clinical relevance; however, many partici-
pants reported symptom remission, which was not specifi-
cally taken into account. Our definition of progression was
based on a clinical study of patient-reported outcomes, where
a 3-point change in IPSS was perceived by men as a global
worsening of their condition (44). Thresholds for meaning-
ful IPSS changes have not been established in women,
although prior studies support the use of the same threshold,
given similar scores and associations with quality of life

(25, 26). Additional research, particularly studies with clini-
cal assessments repeatedly measured over follow-up, is
needed to verify our findings.

In summary, the present study adds evidence that not only
the volume but also the types of beverages consumed can be
associated with urological symptoms. A novel finding was
that benefits of orange and grapefruit juice could extend to
LUTS, particularly for men. Thus, more rigorous evidence
is needed to substantiate recommendations to limit intake of
acidic beverages that are generally healthful and commonly
enjoyed, such as 100% orange juice. Although coffee has
been associated with benefits for other health outcomes (45),
our data support recommendations to limit caffeinated bev-
erage intake for LUTS. Further clinical research is warranted
on sodas containing various artificial flavorings, sweeteners,
and preservatives, to determine their precise role in bladder
sensations and urological function.

Figure 2. Recent beverage intakes (category of servings/day) and International Prostate Symptom Scores at follow-up (2006–2010) in 1,610
men (•) and 2,534 women (○) in the Boston Area Community Health Survey. β estimates and 95% confidence intervals are shown for A) total
International Prostate Symptom Score, B) voiding symptoms subscore, and C) daytime storage (frequency, urgency, or both) subscore in
association with recent beverage consumption. Recent intake referred to the previous 7 days for all beverages except citrus (orange or grapefruit)
juice, for which intake was estimated from the subsample of respondents with follow-up food frequency questionnaire data (982 men; 1,623
women). For specific beverage types, the reference group was nondrinkers of that beverage. For total fluids, the reference group was drinkers of
≤7 servings/day of all beverages. Values were obtained from generalized linear multivariable models with adjustment for age, race/ethnicity, total
fluid intake, urinary tract infection, antispasmodic or anticholinergic medication use, physical activity, and waist circumference.
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Table 5. Changes in Coffee or Soda Intake and Progression of LUTS, Voiding, and Daytime Storage Symptoms (Frequency, Urgency, or Both) Between Baseline (2002–2005) and 5-Year

Follow-up (2006–2010) in the Boston Area Community Health Survey: Multivariable-Adjusted Odds Ratios and 95% Confidence Intervalsa

Beverage Intake: Change
by 2 or More 8-oz.
Servings/dayb

Men Women

No.

LUTS
(Total IPSS)

Voiding
Symptoms

Storage
Symptoms n

LUTS
(Total IPSS)

Voiding
Symptoms

Storage
Symptoms

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Coffee (total)

No 1,291 1.00 1.00 1.00 2,099 1.00 1.00 1.00

Decreased intake 166 1.29 0.89, 1.86 1.79 1.23, 2.59** 1.51 1.03, 2.22* 231 0.91 0.66, 1.27 1.21 0.86, 1.72 1.05 0.75, 1.46

Increased intake 151 1.61 1.10, 2.34** 1.55 1.03, 2.33* 1.80 1.22, 2.67** 203 1.32 0.95, 1.82 1.18 0.81, 1.72 1.64 1.18, 2.27**

Soda (total)

No 1,167 1.00 1.00 1.00 1,948 1.00 1.00 1.00

Decreased intake 266 1.09 0.80, 1.51 1.21 0.86, 1.69 0.94 0.67, 1.33 349 0.93 0.70, 1.23 1.13 0.83, 1.54 1.17 0.89, 1.54

Increased intake 175 1.37 0.95, 1.96 1.19 0.80, 1.76 1.02 0.68, 1.51 236 1.59 1.18, 2.15** 1.58 1.13, 2.22** 1.40 1.02, 1.91*

Abbreviations: CI, confidence interval; IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms; OR, odds ratio.

* P < 0.05; **P ≤ 0.01.
a From multivariable logistic regression models adjusted for age, physical activity level (low, medium, high), and race/ethnicity. Models for women additionally included smoking status

(never, former, current) and, for storage symptoms, history of urinary tract infection. Analyses of changes in beverage consumption were conducted only for total coffee and total soda,

because the question wording for other beverage types or subclasses was not available or did not allow comparable measures between baseline and follow-up. The number in each category

of beverage intake change refers to the number in the analysis of LUTS (IPSS total score).
b The reference group includes participants who reported no change or change by 1 serving/day (increase or decrease).
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