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IS IT POSSIBLE TO IMPROVE ELDERLY MALE BLADDER
FUNCTION BY HAVING THEM DRINK MORE WATER? A
RANDOMIZED TRIAL OF EFFECTS OF INCREASED FLUID

INTAKE/URINE OUTPUT ON MALE LOWER URINARY TRACT
FUNCTION

MARK SPIGT, ONNO VAN SCHAYCK, PAUL KNIPSCHILD, KLAAS WESTERTERP,
CEES VAN DE BEEK, PHILIP VAN KERREBROECK, JOHAN PEL, RON VAN MASTRIGT,

AND ANDRÉ KNOTTNERUS

ABSTRACT
bjectives. Several animal studies have shown that bladder performance improves as a result of diuresis.
hether increased urine output also has beneficial effects on elderly male bladder function and lower urinary

ract symptoms is unknown.
ethods. We performed a randomized placebo-controlled trial of 141 men, 55 to 75 years of age, with
oderate lower urinary tract symptoms. The experimental group drank 1.5 L of extra water daily. The

ontrol group consumed one tablespoon of placebo syrup daily. After 6 months, we evaluated bladder
ontractility, voided volumes, and the severity of lower urinary tract symptoms. The actual increase in water
onsumption was measured using the deuterium urine dilution method.
esults. Water consumption in the intervention group increased by 359 mL (95% confidence interval [CI]
71 to 548) per 24 hours compared with the control group. At 6 months, no statistically significant effect
as found in the maximal flow rate (0.9 mL/s, 95% CI �0.4 to 2.2) compared with placebo. A statistically
ignificant effect was found for bladder pressure (20 cm H2O, 95% CI 6 to 34) and bladder wall stress (1.9
/cm2, 95% CI 0.3 to 3.5). In addition, it showed that the experimental group had greater maximal (44 mL, 95%
I �1 to 90) and average (26 mL, 95% CI 1 to 51) voided volumes per urination. The subjective effect parameters

mproved in both groups, but no statistically significant differences were found between the two groups.
onclusions. It seems possible to improve some aspects of male bladder function by drinking more water.
owever, the effects are too small to be clinically relevant. UROLOGY 68: 1031–1036, 2006. © 2006
lsevier Inc.
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he aim of our research was to test a possible
preventive intervention for lower urinary tract

ymptoms (LUTS) in elderly men. LUTS are
resent in approximately 20% to 30% of the elderly
ale population.1 Because of the high prevalence
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LL RIGHTS RESERVED
nd the associated costs, the prevention of these
ymptoms is of great importance from a health pol-
cy perspective.2

Several animal studies have shown that bladder
erformance can be improved by increasing the
rine output.3,4 It is assumed that this is an adap-
ive response to an increased physiologic load. This
esponse is essentially different from the patho-
ogic adaptation observed in the case of bladder
utlet obstruction.5 In the latter, after an initial
daptation, a marked increase in bladder mass and
decrease in both compliance (flexibility) and

ontractility occur.5 In the case of increased diure-
is, the animal bladder mass is also increased, but
he compliance and contractility improve.3,4
The animal study findings made us wonder

0090-4295/06/$32.00
doi:10.1016/j.urology.2006.07.010 1031
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hether it would be possible to improve the func-
ion of the human urinary tract by increasing the
rine output.6 In humans, an increased urine out-
ut can be achieved by increasing the fluid intake.
n a previously published uncontrolled study, we
bserved a gradual improvement in the maximal
rinary flow rate and maximal and average voided
olumes after 2 months of increased fluid intake.7
hese preliminary findings seemed to support our
ypothesis.
The next step was to study the long-term effects

n a controlled study. We report on a randomized
lacebo controlled trial in which we studied the
ffects of increased fluid intake on elderly male
ower urinary tract function and LUTS.

MATERIAL AND METHODS

ARTICIPANTS
The study population was recruited using 21 general prac-

FIGURE 1. Trial profile.
ices. Figure 1 shows the trial profile of this study. The general m

032
ractitioners invited their total male population between 55
nd 75 years of age to participate. A screening questionnaire,
ontaining the International Prostate Symptom Score (IPSS;
ange 0 to 35),8 questions on comorbidity, and a 24-hour
rink diary, together with the informed consent documents,
ere enclosed with the doctor’s invitation. A total of 1911 men
ave informed consent and were screened for moderate LUTS
IPSS 8 to 19). The main exclusion criteria were the presence
f mild (IPSS 0 to 7) or severe (IPSS 20 to 35) LUTS and a
elf-reported fluid intake greater than 2 L/day. The other ex-
lusion criteria were the presence of diabetes, Parkinson’s dis-
ase, or renal disease; previous surgery of the lower urinary
ract; a history of prostate or bladder carcinoma; and the use of
iuretics, medication for LUTS, or tricyclic antidepressive
gents. We excluded 1673 men on the basis of these criteria.
he remaining 238 men were invited for an intake visit and a
aseline assessment. At this point, participants were excluded
f no baseline assessment was possible (eg, inability to urinate
n the presence of the assessor), if prostate cancer was diag-
osed (prostate-specific antigen level greater than 4.0 �g/L

ollowed by biopsy to confirm the presence of carcinoma), or
f they had a serum sodium level less than 130 mmol/L.

ANDOMIZATION AND INTERVENTIONS
A person, who was otherwise not involved in the execution

f the study and had no access to the baseline data, generated
he random allocation sequence with a computerized random-
umber generator and randomly assigned the participants to
wo groups. A person, who was not involved in the effect
easurements, instructed the men in the intervention group

o drink 1.5 L of water daily, in addition to their normally
onsumed beverages, for a 6-month period. They were advised
o divide this amount into three portions of 0.5 L spread
hroughout the day. To improve the adherence to the inter-
ention, they were supplied with 0.5-L glasses. The control
roup received a placebo intervention in the form of placebo
yrup (one tablespoon [8 mL]) each day during dinner, also
or a 6-month period.

The participants were not given any information on the
pecific goal of the interventions to accomplish blinding of the
ature of the interventions and the hypothesis of this study. A
etailed description of the methodologic and ethical aspects of
his trial has been previously published.9 The ethical review
ommittee of the University Hospital Maastricht/University of
aastricht approved the research protocol and the informed

onsent procedure.
All parameters were recorded at baseline and at 6 months

immediately after termination of the intervention period).

BJECTIVE EFFECT PARAMETERS
The objective measurements were conducted at the Maas-

richt University Hospital, Department of Urology. Seven par-
icipants were scheduled for each session, which lasted ap-
roximately 4 to 5 hours. We asked them to drink a lot of
ater during each session so that they would produce enough
rine to void four times.
The maximal urinary flow rate (Qmax) was assessed two

imes by measuring the voided volume per unit of time with a
antec flow meter.10 We calculated the mean of the measure-
ents if both recorded voidings were valid (ie, voided volume

reater than 150 mL); otherwise only the valid measurement
as included in the final analysis. Isovolumetric bladder pres-

ure was assessed two times using the condom catheter meth-
d.11–13 In this procedure, the patient voids through a modi-
ed incontinence condom that is connected by way of a
easurement unit to three tubes. Next, voiding is interrupted

y closing the tubes, and the pressure inside the condom is

easured. This pressure represents the isovolumetric bladder

UROLOGY 68 (5), 2006
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ressure. The maximal value attained in the two measure-
ents was included in the analysis. Bladder wall thickness was

ssessed by ultrasonography by measuring the thickness of the
nterior bladder wall.14,15 The measurements were performed
wo times using a Hitachi EUB 6000 with a 3.5-MHz probe.
he thickness of the anterior bladder wall was measured at

hree points with the transducer suprapubically placed in the
agittal plane with each subject in supine position. We then
alculated the mean of these three observations for each mea-
urement and subsequently the mean of the two mean values.
he measured thickness was not corrected for bladder vol-
me.15

In addition, we measured the volume of the bladder before
he measurement of the isovolumetric bladder pressure using
he same ultrasound equipment. By combining the isovolu-
etric bladder pressure, bladder volume, and bladder wall

hickness, the maximally generated bladder wall stress was
alculated according to the method described by Bross et al.16

he postvoid residual urine volume was also assessed by ul-
rasound after each measurement of the Qmax. A mean of the
wo measurements was calculated. In addition to these mea-
urements performed in the hospital, we calculated the maxi-
al and average voided volume per urination from a 24-hour

requency volume chart.17

UBJECTIVE EFFECT PARAMETERS
The global perceived benefit of the intervention was mea-

ured with the question: “How did your urinary condition
hange since treatment initiation?” (7-point scale: 0 � much
orse to 6 � much better). The scores were recoded into a
-point scale indicating worsening (score 0 to 2), no change
score 3), and improvement (score 4 to 6) of urinary tract
unction. Patients answered the IPSS questionnaire8 and qual-
ty-of-life question (range 0 to 6) to assess symptom severity
nd bother.

SSESSMENTS OF COVARIATES
We classified the subjects into obstructed and nonob-

tructed patients by combining the Qmax with the isovolu-
etric bladder pressure using the following strategy: Qmax

ess than 4.5 mL/s indicated obstructed; Qmax greater than
3.8 mL/s indicated nonobstructed; and Qmax 4.5 to 13.8
L/s indicated obstructed if the measured bladder pressure
as greater than 36.4 � 5.8 � Qmax. This method has been
escribed by Pel et al.18 Obstruction was used as a stratifica-
ion factor in the randomization procedure. In addition, we
easured the prostate size using a 6.5-MHz rectal probe.

SSESSMENT OF ADHERENCE
We measured the adherence to the experimental interven-

ion with deuterium-labelled water. The deuterium method is
onsidered the reference standard for measuring water turn-
ver in humans.19,20 After ingestion, deuterium mixes with
he total body water and is eliminated at a rate dependent on
he rate of water turnover. Therefore, by plotting the deute-
ium concentration in the urine against time, we were able to
etermine the total water turnover per 24 hours. The experi-
ental and control groups followed the deuterium protocol

or 2 weeks before the baseline assessment in the hospital and
uring the final 2 weeks of the intervention period.

AMPLE SIZE
With an assumed standard deviation (SD) of 5.2 (derived

rom el Din et al.21), we needed 68 patients per group to detect
clinically worthwhile effect of 2.5 mL/s on Qmax (0.9 power,
lpha � 0.05, two-sided). With this sample size, we were able

o detect a difference of 1.5 points on the IPSS (assumed SD a

ROLOGY 68 (5), 2006
.221). A total of 141 participants were enrolled in the study
Fig. 1). Three subjects were ineligible because they had a
aseline IPSS score greater than the maximum of 19 points
score of 20, 21, and 22). They were, therefore, excluded from
he final statistical analysis.

TATISTICAL ANALYSIS
For the estimation of the treatment effect, we performed
ultiple linear regression analyses (analysis of covariance) in
hich the follow-up measurement was used as the outcome
ariable, the intervention type as the predictive variable, and
he baseline score of that outcome variable, prostate size, and
ge as covariates.22,23 The randomization code was revealed to
he researchers after the first main statistical analyses were
erformed. We used an intent-to-treat analysis and the Statis-
ical Package for Social Sciences (SPSS, Chicago, Ill). As a per
rotocol analysis, the analysis was subsequently done without
he subjects in the experimental intervention group who had
ot increased their water turnover greater than the median
intervention group) level. In addition, we studied the linear
elationship between the effect measures and actual increase
n water turnover (linear regression analysis). We determined
he 95% confidence intervals, and a two-tailed P value less
han 0.05 was considered statistically significant.

RESULTS

BJECTIVE EFFECTS

The effects of the experimental intervention on
he bladder are shown in Table I. At 6 months, no
tatistically significant effect of increased water in-
ake was found on Qmax compared with placebo,
ut the intervention group scored better on two
ther measures of bladder contractility—bladder
ressure and bladder wall stress. No statistically
ignificant effect was found on bladder wall thick-
ess or postvoid residual urine volume.
In terms of the storage function of the bladder, it

howed that the experimental group had greater
aximal, as well as average, voided volumes per
rination at 6 months; the effect on the average
oided volume was statistically significant.

UBJECTIVE EFFECTS

At 6 months, 7 men (10%) in the experimental
roup reported a worsening and 42 men (61%)
eported an improvement of their urinary func-
ion compared with 5 (7%) and 34 (49%) in the
ontrol group (chi-square P � 0.2; data not
hown in Table I). Both groups had a lower total
PSS and IPSS quality of life score at 6 months.
he mean irritative score decreased significantly
ore in the placebo group and the obstructive

ymptoms changed insignificantly in favor of the
xperimental group.

REATMENT ADHERENCE

The 24-hour water turnover in the experimental
roup increased by 1030 � 586 mL from 3034 �
31 mL at baseline (data not shown). The water
urnover in the control group was 2950 � 498 mL

t baseline and was 672 � 443 mL greater at 6

1033
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onths. The effect of the experimental interven-
ion compared with the placebo was 359 mL (95%
onfidence interval 171 to 548).

ER PROTOCOL ANALYSIS

Excluding the participants from the experimen-
al group who had a water turnover of less than the
edian score of 955 mL did not increase the effects

effect of water on Qmax, 0.7 � 0.9 mL/s; on blad-
er pressure, 15 � 9 cm H2O; on IPSS, 0.8 � 0.9).
n addition, it showed that changes in the Qmax,
sovolumetric bladder pressure, and IPSS could not
e predicted by changes in water turnover (coeffi-
ients for 1-L increase in water turnover: Qmax,
.0 � 0.7 mL/s, bladder pressure, �1.4 � 7.6 cm

TABLE I. Changes in effect parameters

ariable

bjective effect parameters
Maximal urine flow rate (mL/s)

Baseline
6 mo

Isovolumetric bladder pressure (cm H2O)
Baseline
6 mo

Bladder wall thickness (mm)
Baseline
6 mo

Bladder wall stress (N/cm2)
Baseline
6 mo

Postvoid residual urine volume (mL)
Baseline
6 mo

Maximal voided volume per urination (mL)
Baseline
6 mo

Average voided volume per urination (mL)
Baseline
6 mo

ubjective effect parameters
Symptoms (IPSS; 0–35)

Baseline
6 mo

Irritative symptoms (IPSS items 2, 4, 7; 0–15)
Baseline
6 mo

Obstructive symptoms (IPSS items 1, 3, 5, 6; 0–20)
Baseline
6 mo

IPSS Quality of Life (0–6)
Baseline
6 mo

EY: CI � confidence interval; IPSS � International Prostate Symptom Score (lowe
ata presented as mean, with SD in parentheses.
Estimated effect (effect size) was determined with regression analysis in which w
2O; IPSS �0.09 � 0.7). o

034
NALYSIS OF EFFECT MODIFICATION OF AGE AND

BSTRUCTION

The interaction terms for obstruction and age were
ot statistically significant for all outcome measures,

ndicating that the effect of the intervention was not
ignificantly different for the obstructed versus non-
bstructed participants or for the older versus
ounger participants (data not shown). In addition,
o clinically relevant differences between the age and
bstruction subgroups were observed in the stratified
nalyses for the effects on Qmax, bladder pressure,
nd IPSS (data not shown).

COMMENT

The results of animal studies formed the basis of

een increased water intake and control
ntrol

� 69)
Water

(n � 69)
Effect of Water*

(95% CI) P Value

5 (6.8) 15.8 (5.6)
3 (6.5) 15.8 (5.4) 0.9 (�0.4 to 2.2) 0.2

4 (45) 128 (53)
0 (40) 131 (58) 20 (6–34) 0.007

9 (0.3) 1.9 (0.3)
1 (0.3) 2.1 (0.3) 0.03 (�0.1 to 0.1) 0.6

8 (5.5) 13.4 (5.8)
5 (4.7) 12.9 (5.7) 1.9 (0.3–3.5) 0.02

8 (113) 134 (107)
9 (123) 143 (117) �5 (�39 to 29) 0.8

1 (117) 345 (132)
7 (135) 381 (138) 44 (�1 to 90) 0.05

8 (78) 205 (75)
6 (87) 226 (65) 26 (1–51) 0.04

4 (3.1) 12.2 (3.3)
2 (4.3) 11.1 (4.2) 0.5 (�0.9 to 2.0) 0.5

7 (2.8) 6.0 (2.6)
4 (2.5) 5.8 (2.5) 1.3 (0.6–2.1) �0.001

7 (2.8) 6.2 (2.8)
8 (3.4) 5.2 (2.6) �0.7 (�1.7 to 0.2) 0.139

9 (1.0) 2.6 (1.0)
5 (1.2) 2.3 (0.9) 0.1 (�0.2 to 0.4) 0.6

s indicate more favorable score).

ted for differences in baseline score, prostate size, and age.
betw
Co
(n

17.
16.

12
11

1.
2.

13.
11.

16
16

35
33

21
20

13.
11.

5.
4.

7.
6.

2.
2.

r score
ur hypothesis that the human bladder could fa-
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orably adapt to increased loading. There was no
eason to assume that animal-like effects would not
e possible in humans. In addition to these animal
tudies, the results of an uncontrolled study of 44
lderly men showed positive effects and therefore
eemed to confirm our ideas.7 In this trial, 6
onths after we gave the advice to increase the

aily fluid intake by 1.5 L, we found some statisti-
ally significant, but modest, effects on bladder
unction. No important effects were found on the
ubjective effect parameters.
It has been shown that many urologists (69%)
se lifestyle interventions in the treatment of
UTS.24 Such advice may include fluid restric-
ion, caffeine or alcohol avoidance, rescheduling
edication such as diuretics, retraining of “bad”

oiding habits, and many other instructions.24

owever, at present, these instructions seem to
e based on clinical experience or findings from
tiologic studies, because we found no random-
zed trials in which the effects of self-manage-

ent as an intervention for men with LUTS were
nvestigated. Only one study was found that

ade an attempt to construct a self-management
rogram.25 Because LUTS is more of a func-
ional, than an anatomic, disorder, we believe
hat self-management interventions should be
nvestigated more often.

An important limitation of our study was the
elatively poor contrast between the two study
roups. This may partly explain the relatively
mall effects. In the animal studies, using diuret-
cs, a 200% to 300% increase in urine output was
chieved.3,4 In our study, we accomplished a
ontrast of approximately 10% at the end of the
tudy. This contrast might have been larger if the
utch summer of 2003 had not been the second
armest summer in the past 100 years. The hot

ummer increased the water turnover in the con-
rol group, reducing the contrast between the
wo groups.
Despite the poor contrast, we observed some

tatistically significant effects. It seems, there-
ore, that the bladder responded; although the
bserved effects were not clinically relevant. Fu-
ure studies on the adaptive capability of the
ladder must put much effort in achieving a
ore profound contrast. Another approach that
ight improve the adaptability of the bladder is

o improve the bladder blood flow. The reduced
ascularization and innervation of the elderly
ladder26,27 probably impairs the adaptive capac-
ty. Some evidence has suggested that alpha-
lockers28 and aspirin29 improve bladder blood
ow. These agents might be used in combination
ith increased urine output to improve the
daptive capability of the bladder. t

ROLOGY 68 (5), 2006
CONCLUSIONS

It seems possible to improve elderly male bladder
unction by increased physiologic loading, but the

ethod we used to increase the urine output (ie, to
rink 1.5 L of water) produced effects that were too
mall. Future research should focus on finding
ays to achieve a large increase in urine output
ithout compromising the feasibility of the inter-
ention.
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he effect measurements, Loek Wouters for performing the
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