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Abstract

Introduction: Caffeine has long been vilified as a cause for urinary urgency
incontinence (UUI) along with other potential bladder irritants such as
carbonation, alcohol, and acidic juices. The objective of this study was to
assess the fluid intake behavior of people with urgency, UUI, and those with
lower urinary tract symptoms (LUTS) without UUI or urgency to assess if they
avoided certain potential bladder irritants or had different fluid intake. We
hypothesized that patients with UUI would avoid caffeine as a self-
management method more so than these other two groups.

Methods: Treatment-seeking men and women with LUTS in the Symptoms of
Lower Urinary Tract Dysfunction Research Network (LURN) Observational
Cohort study completed a baseline 3-day voiding and intake diary. “Complete”
diaries had 3 days of data and no missing intake or voided volumes. Beverages
with any caffeine, alcohol, carbonation, or acidic juice were identified and the
total volume was recorded as well as the type of beverage containing caffeine
to calculate the daily caffeine dose.

Results: Four hundred and ninety-one participants (277 men and 214 women)
with a median age of 63 had complete diaries. Urinary urgency was more prevalent
in women than men (79% vs. 55%, p<0.0001) as was UUI (84% vs. 47%,
p <0.0001). Total fluid intake over 3 days was lower among the urgency group
versus the nonurgency group (median [interquartile range] 5.2 [4.0-6.8] L vs. 5.7
[4.3-7.0] L, p=0.028) and the UUI group compared to the urgency without
incontinence group were less likely to consume alcohol (26% vs. 37%, p = 0.04).
After adjusting for sex, BMI, age, and total intake volume, UUI participants
had 54% lower odds of consuming any caffeine (odds ratio=0.46, 95%
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1 | INTRODUCTION

Caffeine and other dietary irritants have long been
blamed as the cause of urinary urgency, frequency, and
urgency incontinence. Providers have been giving the
same advice to patients for decades, recommending fluid
reduction, avoidance of alcohol, carbonated beverages,
acidic drinks, and caffeinated beverages as a means of
treating these wurinary symptoms. However, it is
unknown if this advice is effective in reducing lower
urinary tract symptoms (LUTS). In addition, it is not
clear whether all individuals are similarly sensitive to the
urinary effects of these fluid choices or if there is an
acceptable amount of consumption that does not affect
LUTS for some. There is also the added burden to
patients who may perceive themselves as failing behav-
ioral therapy if they cannot comply with these instruc-
tions, resulting in discontinuation of care. Our prior
systematic review of the literature on the impact of
consumed substances on LUTS revealed mostly observa-
tional data of variable quality." Fluid intake and caffeine
were implicated in worsening frequency and urgency and
modest alcohol intake was associated with a decrease in
the diagnosis of benign prostatic hyperplasia. Hence,
these beverages were specifically included in this analysis
along with carbonated beverages and acidic juices since
these are often included in patient instructions to
improve LUTS.”

The Symptoms of Lower Urinary Tract Dysfunction
Research Network (LURN) Observational Cohort study
participants completed a 3-day voiding and fluid type/
volume diary providing substantial, real-world data on
beverage consumption. We hypothesized that many patients

confidence interval = 0.22-0.96, p =0.04) than those without incontinence,
but among those that did consume caffeine, no difference in the volume of
caffeinated beverages or milligrams of caffeine consumed was detected
between those with UUI and those with urgency without incontinence. No
difference in carbonation or acidic juice intake was detected between groups.
Conclusions: Individuals with urgency consume a lower volume of fluid than
those without urgency. UUI participants more often abstain from caffeine, but
among those that consume caffeine, the dose is similar to those without UUL
One explanation for these results is that only a subset of individuals with
urgency or UUI are caffeine sensitive.

caffeine, fluid intake, urgency, urgency incontinence, voiding diary

would avoid caffeine and alcohol to control their symptoms
as well as decreasing fluid intake since all participants were
treatment-seeking and had received care from a urologist or
urogynecologist before study entry.

2 | METHODS AND MATERIALS

2.1 | Study design and population

The LURN completed a 1-year prospective observational
study that enrolled men and women seeking treatments
for LUTS at six US tertiary care sites. The LURN study
design has been previously reported.’ Briefly, partici-
pants were required to be at least 18 years old and
present to a LURN physician with at least one LUTS
reported at moderate or greater severity, as assessed by
the LUTS Tool using a 1-month recall period.*

2.2 | Measures

The following data were collected during each partici-
pant's baseline study visit; demographic and medical
history, including comorbidities, medication, and treat-
ment history; a variety of patient-reported symptoms;
and physical exam data. This study used the LUTS Tool
questionnaire, which is a 44-item questionnaire assessing
severity and bother of LUTS over the previous week to
classify participants into urgency and urinary urgency
incontinence (UUI) categories. Participants were classi-
fied as having urgency if they reported “sometimes” or
greater in response to “having a feeling of a sudden rush
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to urinate.” Patients were further classified as having
UUI if they also reported “sometimes” or greater in
response to “leaking with a sudden rush to urinate.”

Bladder diaries, using a modified version of the
International Consultation on Incontinence Questionnaire
(ICIQ), were also collected from all participants as part of
their baseline visit.” Participants were instructed to record
beverage intake and voided volume over a course of 3 days.
They also were instructed to include the timing of the
intakes and voids, the type and volumes of beverages
consumed, any bladder sensations at the time of voiding
(e.g., none, normal, urgency), pad changes, and any
incontinence episodes (“stress” or “urge” or “unknown”).
Reports were also made on the time participants went to bed
and woke up for the day. An assessment of the feasibility,
reliability, and quality of these bladder diaries has been
previously reported.®

A systematic review of all beverage data was performed
by LURN investigators, to identify potentially irritating
beverages (PIBs). Beverages reported on participant bladder
diaries were classified into categories of caffeinated, alco-
holic, carbonated, and acidic beverages. The first two were
included due to reports in prior publications, and the latter
two because they are often included in patient instructions to
improve LUTS.” Beverages noted as having caffeine were
reviewed and estimates of caffeine levels were recorded.
Beverages noted as having alcohol were reviewed and
estimates of the total alcohol intake, in standard drinks
(12 oz beer, 50z wine, 1.5 0z liquor are all classified as one
standard drink) were recorded. Beverage consumption was
coded as any use across the 3-day diary, in addition to total
volumes consumed across the 3 days, and total amount
of caffeine and irritating beverages consumed across the
3 days.”

2.3 | Statistical methods

Data are reported as median and interquartile range
(IQR) for continuous measures, and frequencies and
percentages for categorical data. Statistical comparisons
were made between urgency and nonurgency and UUI
and urgency with no incontinence groups using the
Wilcoxon Rank Sum test for continuous measures or
x° test for categorical measures.

Logistic regression models were used to test associations
between group membership and the use of any caffeine,
alcohol, carbonation, or acidic beverages. Linear regression
models were used to assess differences between urgency
groups and UUI groups for the volume of PIBs consumed
and milligrams of caffeine consumed across the 3-day
diaries. Unadjusted and multivariable models were fitted,
with the latter adjusting for participant sex, BMI, age, and

Hoarpurolosy WILEY

total intake volume across the 3 days. All statistical analyses
were completed using SAS 9.4.

3 | RESULTS

The LURN Observational Cohort Study enrolled 1064
participants (519 men and 545 women). Among these
participants, 162 did not complete a bladder diary.
Among the 902 diaries that were submitted, 106 were
excluded as unusable due to large amounts of missing
data. An additional 295 diaries were deemed incomplete
due to missing intake or voided volumes. An additional
11 participants were excluded from the urgency analyses
for missing urgency data and 41 were excluded from the
UUI analyses for missing either urgency or UUI data.
This resulted in a total of 491 participants being included
in analyses reporting on differences across urgency
groups and 315 participants being included in analyses
reporting on differences across UUI groups (Figure 1).

3.1 | Urgency versus nonurgency
comparisons

Four hundred and ninety-one participants (277 men and
214 women) were included in the urgency analyses. The

I Initial Sample (n=1064) |

—t{ No diary submitted (n=162)

[ Diaries submitted (n=902) I

Unusable diaries (n=106)*

* Void and intake data on less than 3 days (n=57)
*  Missing >40% voided volumes (n=48)

*  Missing >40% intake volumes (n=4)

I Usable diaries (n=796)

Unusable but not complete diaries (n=294)*
Missing <40% voided volumes (n=258)
*  Missing <40% intake volumes (n=58)

—p] o

I Complete diaries (n=502)

Diaries with missing PRO data (n=41)*
» * Missing Urgency Questions (n=11)
* Missing Urgency Incontinence Questions (n=41)

Complete diaries with Urgency data (n=491)
Complete diaries with Urgency Incontinence data, among
those with reported urgency (n=315) I

*Missing data and volumes are not mutually exclusive

FIGURE 1 STROBE diagram of participant inclusion



CAMERON ET AL.

216_|_Wl LEY_U i urology

urgency group (n=321) in comparison with the non-
urgency group (n=170) had a higher proportion of
females (52% vs. 27%, p < 0.0001), a slightly higher BMI
(median 29 vs. 28, p =0.042), but was similar in age and
race distributions. Total fluid intake over 3 days was
lower among the urgency group compared to the
nonurgency group (5.2 vs. 5.7L, p=0.028) as was the
frequency of alcohol consumption (30% vs. 43%,
p =0.004) (Table 1).

After adjusting for sex, BMI, age, and total intake
volume, urgency patients had a trend toward 32% lower odds
of consuming any alcohol (odds ratio [OR] [95% confidence
interval (CI)] = 0.68 (0.45, 1.03), p = 0.07), but among those
that did consume alcohol, no difference was detected in
the volume of alcohol consumed or the number of standard
alcoholic drinks consumed (0.7 vs. 0.6, p=0.57 and 3.6
drinks vs. 4.0 drinks, p = 0.98 across 3-day diary, in urgency
vs. nonurgency participants, respectively). In adjusted
models, there was no difference detected between these

groups in the consumption of any caffeine, carbonation, or
acidic beverage consumption (Figure 2, Supporting Informa-
tion: Table 1).

3.2 | UUI versus urgency without
incontinence comparison

Three hundred and fifteen participants (150 men and 165
women) were included in the UUI analysis. The UUI
group (n = 210) in comparison with the urgency without
incontinence group (n =105) also had a higher propor-
tion of females (66% vs. 24%, p <0.0001) and a higher
BMI (median 30 vs. 27, p <0.0001), but was similar in
age and race distributions. The frequency of alcohol
consumption was lower among the UUI group compared
to the urgency without incontinence group (26% vs. 37%,
p=0.04) and total volume intake trended toward lower
(5.0 vs. 5.5L, p=0.09) (Table 1).

TABLE 1 Demographics, potential bladder irritants, and fluid intake on 3-day intake and voiding diary
Urgency No urgency UUl uu

N (%) or median [IQR] N=321 N=170 p Value N=210 N=105 p Value
Gender <0.001 <0.001

Males 153 (48%) 124 (73%) 71 (34%) 79 (75%)

Females 168 (52%) 46 (27%) 139 (66%) 26 (24%)
Age 63 [53-70] 63 [52-70] 0.778 63 [52-70] 63 [53-70] 0.975
BMI 29 [26-34] 28 [25-31] 0.042 30 [26-35] 27 [25-31] 0.003
Race 0.136 0.086

Black 35 (11%) 10 (6%) 29 (14%) 6 (6%)

White 262 (82%) 143 (84%) 166 (79%) 89 (85%)

Other race 24 (7%) 17 (10%) 15 (7%) 10 (10%)
Any caffeine® 260 (81%) 142 (84%) 0446 166 (79%) 92 (88%) 0.063
Any alcohol? 95 (30%) 72 (43%) 0.004 54 (26%) 39 (37%) 0.036
Any carbonation® 181 (57%) 95 (56%) 0941 116 (55%) 60 (57%) 0.748
Any acidic juice® 64 (20%) 31 (18%) 0.660 45 (21%) 18 (17%) 0.370
Caffeine volume (L)*° 1.7 [0.9-2.4] 1.6 [1.0-2.3] 0.548 1.6 [0.9-2.6] 1.7 [1.0-2.3] 0.577
Alcohol volume (L)*® 0.7 [0.4-1.3] 0.6 [0.3-1.4] 0.570 0.5 [0.4-1.1] 0.9 [0.5-1.5] 0.030
Carbonation volume (L)® 1.1 [0.4-1.8] 0.9 [0.5-1.8] 0.631 1.0 [0.4-1.8] 1.1 [0.5-1.8] 0.766
Acidic juice volume (L)*° 0.5 [0.2-0.8] 0.4 [0.3-0.7] 0.750  0.5[0.2-0.8] 0.5 [0.2-0.7] 0.636
Total intake volume (L)* 5.2 [4.0-6.8] 5.7 [4.3-7.0] 0.028 5.0 [4.0-6.4] 5.5 [3.8-7.1] 0.091
Total amount of caffeine (mg)™® 400 [250-600] 400 [250-600]  0.567 400 [250-600] 425 [220-650]  0.666
Total amount of alcohol (standard drinks)*® 3.6 [1.5-6.5] 4.0 [1.7-7.8] 0.979 3.5 [2.0-6.0] 5.8 [2.0-8.3] 0.178

Abbreviations: IQR, interquartile range; UU, urinary urgency; UUI, urinary urgency incontinence.

#Across 3 days of completed bladder diaries.
®Among those consuming that type of beverage.
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FIGURE 2 Urgency comparison for
potentially irritating beverages Caffeine
Caffeine*
Alcohol
Alcohol*
Carbonation
Carbonation*
Acidic Juice
Acidic Juice*

Lower Probability of Consumption for Urgency
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Higher Probability of Consumption for Urgency

05 1 15
Odds Ratio with 95% Confidence Interval

* Models adjusted for Age, Gender, BMI and Total Fluid Intake

FIGURE 3 Urgency incontinence
comparison for potentially irritating beverages Caffeine
Caffeine*
Alcohol
Alcohol*
Carbonation
Carbonation*
Acidic Juice
Acidic Juice*

Lower Probability of Consumption for UUI

Higher Probability of Consumption for UUI

05 1 15 2 25
Odds Ratio with 95% Confidence Interval

* Models adjusted for Age, Gender, BMI and Total Fluid Intake

After adjusting for sex, BMI, age, and total intake
volume, UUI participants had 54% lower odds of
consuming any caffeine (OR [95% CI]=0.46 (0.22,
0.96), p=0.04), but among those that did consume
caffeine, no difference was detected in the volume of
caffeinated beverages consumed (1.6 vs. 1.7L across
3 days in UUI vs. urgency without incontinence
participants respectively, p =0.58). There was also no
difference detected in the milligrams of caffeine con-
sumed (400 vs. 425 mg across 3 days in UUI vs. non-UUI
participants respectively, p =0.62). Similar trends were
reported for alcohol consumption, but the results were
not statistically significant. No difference was found in
the intake of carbonated beverages or acidic beverage
consumption across either the unadjusted or adjusted
models (Figure 3, Supporting Information: Table 2).

4 | DISCUSSION

Among a large group of participants with various LUTS,
those with urgency consumed a smaller volume of fluids
daily compared to those without urgency. Those with
urgency were more likely to abstain from alcohol
consumption and those with UUI were more likely to
abstain from caffeine, but in both cases, among those that
did consume alcohol or caffeine, the daily consumption

was no different between groups. After adjusting for total
fluid volume intake, there were no differences in
consumption between bladder symptom groups seen for
carbonated beverages or acidic beverages suggesting
these are not bladder irritants in a LUTS population
without substantial bladder pain.

The benefits of increased water intake are sometimes
exaggerated in the lay press and even by some health care
providers. The literature is quite clear that other than for
patients with urinary stone disease, there are no health
benefits of overhydration and that patients with over-
active bladder syndrome (OAB) have symptoms worsen
when excess fluid is consumed.® In this study, these
patients have likely noted worsening of their symptoms
and have reduced their fluid intake accordingly to have
more urinary symptom control. A person's daily volume
of consumed fluids is an obvious predictor of the number
of voids per day given that an individual's bladder
volume is finite. This has been consistently seen in
several studies on manipulating daily fluid intake.
Decreasing daily fluid intake in a randomized trial
including 30 women with urodynamic proven detrusor
overactivity and OAB significantly reduced frequency,
urgency, and incontinence.’ In another OAB study of 67
men and women, decreasing fluid intake by 25% had a
substantial impact on urgency, frequency, and nocturia,
but greater reduction was not achievable by these
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patients even for only 4 days.'® Other studies have also
found it was very difficult to get people to eliminate PIBs
from their diet.'' In this study, the reduction in fluid
intake for patients with UUI or urgency compared to
those without these symptoms was modest with
500-233 ml less consumed fluids per day and was likely
reduced over time which is likely why this was
achievable. Advising to reduce fluid intake, particularly
in those patients who overconsume fluids would be
beneficial.

The results in this study that total mean caffeine
intake was not different between those patients with UUI
or urgency and those without was surprising, but closer
analysis of the data revealed that a substantial number of
patients with UUI abstain from caffeine completely. The
results in randomized trials and other observational
studies have yielded conflicting results with respect to
caffeine. In some randomized trials, there was no change
in symptoms when caffeinated beverages were replaced
with decaffeinated substitutes, others have noted earlier
urgency on urodynamics after consuming caffeinated
water compared to the same study performed after
drinking plain water.”'?

In the Boston Area Community Health (BACH)
Cohort (n=4144) from 2002 to 2010, beverage intake
was not associated with American Urological Association
Symptom Index (AUASI) total score progression, but
urgency alone was more likely to increase in those
women drinking two or more cups of coffee a day
compared to those who abstained, with a similar trend in
men with all storage symptoms progressing in coffee
drinkers. Total caffeine daily dose from all sources did
not predict progression in women but did so in men."?

In a study of 203 female university students, those
with at least one episode of urgency per day consumed
half a serving more of coffee per day and one more
serving of bladder irritants daily than those without. The
incontinence rate in this young population was only
1.4%. There was no difference in total caffeine intake or
total fluid intake between the OAB and non-OAB groups,
and these were not a care seeking population. In
addition, caffeine reduction may not have been deemed
useful by these women to only improve minor urgency.'*
Advice for a trial without caffeine for patients with
urgency or UUTI to assess if their symptoms are sensitive
to caffeine or not with the information that they can
return to caffeine consumption if they do not respond
would be beneficial.

Alcohol intake showed a similar trend to caffeine in
that the total volume of alcohol consumed was not
different between the patients with urgency compared to
those without, but patients with urgency were more
likely to completely abstain from alcohol. The data on

alcohol intake and urgency and UUI are mixed in the
literature. In the BACH Survey, intake amounts and
symptoms were inconsistent with only a few groups
having statistically significant associations between alco-
hol intake and OAB.">'® One interview study noted an
increased odds of having urgency and frequency among
current consumers of alcohol compared to nondrinkers,
but other studies have not found any association with
alcohol intake and UULM® A trial without alcohol
consumption would potentially be beneficial to assess the
effects on urgency.

The intake of artificial sweeteners, citrus beverages,
and carbonated beverages that were not caffeinated was
not different between groups. There is sparse evidence in
the literature that these have little to no impact on
bladder symptoms and may actually be beneficial.'* Of
note, the LURN participants did not have interstitial
cystitis/bladder pain syndrome as this was an exclusion
criterion for the study and may only be an irritant in this
specific condition. Advising patients with urgency and
UUI to abstain from these beverages does not appear to
be warranted. Advice for all patients with UUI or
urgency, particularly those who overconsume fluids,
should be to modestly reduce fluid intake. These same
patients can undertake a trial of caffeine and alcohol
avoidance and assess the benefit to their urinary
symptoms since perhaps not all will be sensitive to these
particular beverages.

This study has some limitations. This was an
observational study of care-seeking LUTS patients who
all have access to bladder information from many sources
including their medical provider, the lay press, family,
and friends as well as any possible research they have
undertaken into their condition. It is unknown if changes
in fluid/irritant intake were undertaken as a result of
the clinical visit or may have been a lifestyle change
made before study entry. Also, given the observational
nature of the study, it is unknown if these patients would
be more symptomatic if they reintroduced fluids,
caffeine, and alcohol or if they are simply avoiding the
beverages based on the advice given. Also, some people
avoid caffeine because of other health issues such as
gastrointestinal upset, nervousness, sleeplessness, or
cardiac irritability which may have nothing to do with
their bladder but were not assessed in this study.

Although caffeine intake tends to be daily, alcohol
intake is often more sporadic occurring at different
volumes on weekends versus weekdays, hence a 3-day
voiding diary may not have reflected a person average
intake. Alcohol is not typically contained in food, but
caffeine is, and this study did not account for solid food
intake of caffeine. Caffeine intake in the US population is
however estimated to be 98% derived from fluids and not
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food sources.'” The comparison groups for urgency and
urgency incontinence patients were other participants
who had LUTS hence there is not a control group
without LUTS. Our conclusions are also based on the
assumption that people may alter their behavior based on
suggestion for fluid intake from providers, but if they
tried a change and it had no effect, they would go back to
their regular consumption.

5 | CONCLUSION

In a large cohort of patients with LUTS, those with
urgency consume a lower volume of fluids daily
compared to those without urgency. Patients with
urgency were more likely to abstain from alcohol, but
among those that did consume alcohol, the volume was
not different than those who did not have urgency.
Patients with UUI are more likely to completely avoid
caffeine than those without UUI, but those that did
consume caffeine did not alter the amount consumed.
Possible theories for this finding that deserve future
study are that only a certain subset of people with UUI
are caffeine sensitive.
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