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Increased fluid intake to prevent urinary tract
infections:

systematic review and meta-analysis

Abstract

Background

Approximately 15% of community-prescribed
antibiotics are used in treating urinary tract
infections (UTIs). Increase in antibiotic resistance
necessitates considering alternatives.

Aim

To assess the impact of increased fluid intake

in individuals at risk for UTls, for impact on UTI
recurrence (primary outcome), antimicrobial use,
and UTI symptoms [secondary outcomes).

Design and setting
A systematic review.

Method

The authors searched PubMed, Cochrane
CENTRAL, EMBASE, two trial registries, and
conducted forward and backward citation
searches of included studies in January 2019.
Randomised controlled trials of individuals

at risk for UTls were included; comparisons
with antimicrobials were excluded. Different
time-points (<6 months and 12 months) were
compared for the primary outcome. Risk of bias
was assessed using Cochrane Risk of Bias tool.
Meta-analyses were undertaken where >3 studies
reported the same outcome.

Results

Eight studies were included; seven were meta-
analysed. There was a statistically non-significant
reduction in the number of patients with any
UTl recurrence in the increased fluid intake
group compared with control after 12 months
(odds ratio [OR] 0.39, 95% confidence interval
[C1=0.15t0 1.03, P=0.06); reduction was
significant at <6 months (OR 0.13, 95% Cl = 0.07
to 0.25, P<0.001). Excluding studies with low
volume of fluid (<200 ml) significantly favoured
increased fluid intake (OR 0.25, 95% Cl = 0.11 to
0.59, P=0.001). Increased fluid intake reduced
the overall rate of all recurrent UTls (rate ratio
[RR]0.46, 95% Cl = 0.40 to 0.54, P<0.001); there
was no difference in antimicrobial use (OR 0.52,
95% Cl =0.25 to 1.07, P=0.08). Paucity of data
precluded meta-analysing symptoms.

Conclusion

Given the minimal potential for harm, patients
with recurrent UTls could be advised to drink
more fluids to reduce recurrent UTls. Further
research is warranted to establish the optimal
volume and type of increased fluid.
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INTRODUCTION

Urinary tract infections (UTIs] are very
common, with 50-60% of females
experiencing a UTI at least once in their
lifetime,” and approximately 15% of all
community-prescribed antibiotics are
used to treat UTls. They impose significant
clinical and financial burdens. In the US,
for example, uncomplicated UTls are
responsible for >7 million physician visits
annually, and the cost of the antibiotics
alone is approximately 1.6 billion USD every
year.? The widespread increase in antibiotic
resistance means that antibiotic use should
be reduced.?

There is increasing interest in effective
non-antibiotic  alternative treatments
for infections. Candidates for alternative
treatments of UTls include non-steroidal
anti-inflammatory drugs (NSAIDs),“® and
drinking more fluids. The rationale for the
latter derives from the observation that
dehydration appears to increase the risk of
UTI. Both animal models and observational
studies suggest better hydration may
reduce risk, though the mechanisms are
unclear?

Arecent 12-month randomised controlled
trial (RCT)” assessed the impact of
increasing usual fluid intake by an additional
1.5 L of water daily (in the water group), and
comparing it with no additional fluid intake
(control group) in 140 females with recurrent
UTls. The trial showed that drinking an
extra 1.5 L of water daily reduced recurrent
UTls. The present authors searched for, but
did not find, systematic reviews examining
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the impact of increased fluids on recurrent
UTls; one non-systematic review that
focused on the mechanisms by which low
fluid intake may impact UTls was identified.®
Therefore, the present systematic review
was undertaken to test whether the finding
of the RCT was supported by other trials.

METHOD
Inclusion criteria
According to an a priori protocol, the
authors included RCTs of individuals at risk
for UTls (as defined by each individual trial's
inclusion criteria), of any age and sex, who
were ambulatory, that is, non-catheterised.
RCTs of interventions involving increased
fluids, for example, water, D-mannose
dissolved in fluid, or juice, were included.
RCTs were excluded if the controls used
antimicrobials, or cranberry in non-liquid
form (tablet, powder, supplement, or fruit).
The primary outcome was UTls, and
secondary outcomes were antimicrobial
use, and UTI symptoms, for example,
burning, dysuria, urgency, frequency, and
nocturia.

Searches to identify studies

A search strategy was developed by
conducting a word frequency analysis on
an initial set of seven potentially relevant
articles using the Systematic Review
Accelerator (SRA] — Word Frequency
Analyser’ to determine key terms. These
were expanded to create an initial search in
PubMed using a combination of keywords
and subject terms [(MeSH terms), for
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How this fits in

GPs often advise patients with urinary
tract infections (UTIs) to drink more

fluids but until now there has been no
systematic evaluation of the evidence to
support this advice. A meta-analysis of
seven studies suggests that increased
fluids decrease the number of patients
with UTls (significantly at <6 months, non-
significantly at 12 months) and the overall
rate of recurrent UTls. Given the minimal
potential for harm, patients with recurrent
UTls could be advised to drink more fluids
to reduce UTls but evidence is needed to
establish the optimal volume of additional
fluid intake and type of fluid.

example, ‘Urinary Tract Infections” AND
‘Prevention” AND ‘Intervention” AND
‘Recurrence’ AND ‘Randomized controlled
trial NOT ‘Catheters’ NOT ‘Cranberry’. This
was combined with a ‘PICO (participants,
interventions, comparisons, and outcomes)
in title" screening technique, which was
modified for use in this search.’

The search strategy was converted using
the Polyglot Search Translator (PST)"" to
rerun in Cochrane CENTRAL and EMBASE
(see Supplementary Box S1 for details of
the search strategy). All database searches
were run on 21 January 2019. No language
or date restrictions were applied. However,
publications that were published in full, or
as abstract only, for example, conference
abstracts, were only included if there was
a corresponding clinical trial registry record
containing additional information.

The database search was converted to
search for ongoing trials in two clinical
trial registries: ClinicalTrials.gov and the
World Health Organization’s International
Clinical Trials Registry Platform (ICTRP) on
24 January 2019.

A backwards and forwards citation
search of the included studies was also
undertaken using the Scopus database on
24 January 2019.

Study selection and screening

The identified citations were first screened
in RobotSearch, an automated screening
tool, to identify RCTs." Two authors then
independently screened the remaining
tittes and abstracts for inclusion against
the inclusion criteria. One author retrieved
full texts and then a further two authors
screened the full texts for inclusion. Any
disagreements were resolved by discussion,
or reference to a third author. The selection
process was recorded in sufficient detail

to complete a Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA] flow diagram (Figure 1) and a list
of excluded (full-text) studies with reasons
for exclusion (see Supplementary Box S2 for
list of excluded studies).

Data extraction

A data extraction form for study
characteristics and outcome data was
used, which was piloted on two studies
in the review. Two authors extracted the
following data from the included studies:

e methods: study authors, location, design,
duration;

e participants: N, age (mean or median;
range), sex, number of previous UTI
episodes;

e interventions and comparators: type of
fluid, dose, volume, frequency of intake,
for example, per day, duration; and

® outcomes:
outcomes.

primary and secondary

Assessment of risk of bias in included
studies

Two authors independently assessed
the risk of bias for each included study
using the criteria outlined in the Cochrane
Handbook,' assisted by RobotReviewer, an
automated tool for assessing the risk of
bias.™ All disagreements were resolved by
discussion or by referring to a third author.
The following domains were assessed:

e random sequence generation;

¢ allocation concealment;

e blinding of participants and personnel;
e blinding of outcome assessment;

e incomplete outcome data;

e selective outcome reporting; and

e other bias (focusing on potential biases
owing to funding or conflict of interest).

Each potential source of bias was
graded as low, high, or unclear, and each
judgement was supported by a quote from
the relevant trial.

Measurement of effect and data synthesis
Review Manager 5 was used to calculate
the treatment effect. Odds ratios (ORs) or
rate ratios (RRs) for dichotomous outcomes
were used: OR for results reporting the
number of patients with an event, and RR
for results reporting the number of events
only. Meta-analyses were only undertaken
when meaningful (when >3 studies or
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Figure 1. PRISMA study flow diagram.
PRISMA = preferred reporting items for systematic
reviews and meta-analysis.

comparisons reported the same outcome);
anticipating considerable heterogeneity, the
authors used a random effects model.

The patient was used as the unit of
analysis, where possible. Investigators or
study sponsors were contacted to provide
missing data in two cases: to clarify the units
reported” and the content of educational
training.'

Assessment of heterogeneity and
reporting biases

The authors used the /? statistic to measure
heterogeneity among the included trials. A
funnel plot was not created as <10 trials
were included.

Subgroup and sensitivity analyses

The authors had planned to compare
interventions focused on drinking more
alone compared to drinking more plus
any other intervention, but there were
insufficient data for the analysis. Different

time-points (<6 months and 12 months)
were compared for the primary outcome
and number of patients with UTls. A
sensitivity analysis by including versus
excluding studies at high risk of bias was
planned; however, owing to a low number
of included studies it was not conducted.

Patient and public involvement

Neither patients nor the public were directly
involved in the conduct or writing of this
review.

RESULTS

The search identified 1081 publications,
supplemented with 613 references from
forward and backward citation searches,
totalling 1694 articles. Removing duplicates
left 1381, which were screened by title
and abstract, excluding 1333, to leave 48
that were screened in full text, excluding a
further 40 (see Supplementary Box S2 for
details of excluded studies). A total of eight
RCTs that met the inclusion criteria were
included and seven were meta-analysed
(Figure 1.

All of the included trials took place in
Europe, with an exception of one study in the
US." The trials ranged in size from 60 to 236
participants. Nearly all trials included 100%
females, with the exception of a crossover
trial that took place in nursing homes that
included 68% females.'

Of the eight included trials, one trial was
not meta-analysed. The trial was a four-
arm trial, comparing the intake of: 4 oz of
cranberry juice, 8 oz of cranberry juice, 4 oz
of placebo, and 8 oz of placebo. The trial
reported its results for combined cranberry
groups (8 0z and 4 oz amalgamated), and
for the combined placebo groups (8 0z and
4 0z amalgamated); it did not report data on
the impact of increased fluid intake."”

Overall, the seven meta-analysable
studies were mostly of low or unclear risk
of bias. However, six had a high risk of bias
from inadequate blinding of participants and
personnel (Figure 2), one from inadequate
blinding of outcome data, and another bias
from potential conflict of interest: a bottled-
water company was involved in funding the
trial and its conduct (Table 1).

The primary outcome was the number
of people with UTls at <6 or 12 months [(set
a priori and documented in the protocol).
Heterogeneitywas high; /2 = 77% (P= 0.002).
A difference between increased fluid intake
and control was found, with an OR of 0.39
(95% confidence interval [Cl] = 0.15 to 1.03,
P=0.06). Data were sufficient to subgroup
the studies by those reporting the outcome
at <6 months, and those reporting the
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Figure 2. Risk of bias graph: authors’ judgements about
each risk of bias item presented as percentages across

Random sequence generation (selection bias) _:

all included studies.

Figure 3. Number of patients with UTls in increased
fluid intake versus control group (all volumes)].
Cl = confidence interval. M-H = Mantel-Haenszel.

Allocation concealment (selection bias) -:

Blinding of participants and personnel [performance bias) _
Blinding of outcome assessment (detection bias) -:
Incomplete outcome data (attrition bias) _:

Selective reporting (reporting bias) _

Other

0% 25% 50% 75% 100%

- Low risk of bias D Unclear risk of bias - High risk of bias

outcome at 12 months. In the subgroup of
RCTs reporting this outcome at <6 months
there were two relevant trials with low
heterogeneity (/2=7%, OR 0.13, 95%
Cl=0.07 to 0.25, P<0.001); at 12 months
there were two trials (three comparisons)
with 289 participants, and no heterogeneity
(OR 0.72, 95% Cl=039to 135 P=0.31).
The test for subgroup differences was
statistically significant (P<0.001) (Figure 3].

Overall heterogeneity was explored by
excluding the arm of one trial in which
intervention participants drank less than a
single glass (200 ml)."” This left four studies
with a total of 460 participants: important
levels of heterogeneity remained (/% = 58%,
P=0.07), but there was a larger difference
between increased fluid intake and control
(OR 0.25, 95% Cl=0.11 to 0.59, P=0.001)
(Figure 4).

Six RCTs, some with multiple arms,
reported the total number of events, that
is, UTls, in each group. They had important
levels of heterogeneity (/2=95%, P<0.001);
increased fluids reduced the rate of UTls

Increased fluid

intake Control 0dds ratio

compared with controls, with an RR of 0.46
(95% Cl = 0.40 to 0.54, P<0.001) (Figure 5).

A secondary outcome was antimicrobial
use: three trials, with five comparisons,
reported this (370 participants). There
was no clear difference between the two
treatments (OR 0.52, 95% Cl =0.25 to 1.07,
P=0.08) and no heterogeneity (Figure 6).

[t was not possible to meta-analyse the
secondary outcome, UTI symptoms, owing
to paucity of data and heterogeneity in
reporting.

DISCUSSION

Summary

The seven meta-analysed RCTs suggest
that increased fluid intake leads to a
statistically significant reduction in the
number of people with recurrent UTls at
<6 months, but not a statistically significant
reduction overall at 12 months. There was
also a significant decrease in the total
number of UTls. There was a comparable
reduction, not statistically significant,
from the subset of RCTs measuring

0dds ratio

Study or subgroup Events Total Events Total Weight, % M-H random (95% ClI) M-H random (95% Cl)

1.1.2, =6 months

Temiz et al, 2018 (1000-2000 ml water) 3 20 8 20 16.3 0.26 (0.06 to 1.21) ——

Kranjéec et al, 2014?° (200 ml D-mannose) 15 103 62 102 23.8 0.11 (0.06 to 0.22) —

Subtotal (95% CI) 123 122 40.1 0.13 (0.07 to 0.25) -

Total events 18 70

Heterogeneity: T2 = 0.03; %2 = 1.07; df = 1 (P = 0.30); I = 7%

Test for overall effect: Z=5.95 (P<0.00001)

1.1.3, 12 months

Hooton et al, 20187 (1500 ml water) 64 70 66 70 18.1 0.65 (0.17 to 2.40) —_—T

Kontiokari et al, 2001" (250 ml cranberry liquid) 12 50 10 25 20.7 0.47 (0.17 to 1.33) ———

Kontiokari et al, 2001 (100 ml probiotic) 21 49 10 25 21.1 1.13 (0.42 to 3.00) -

Subtotal (95% CI) 169 120 59.9 0.72(0.39 to 1.35)

Total events 97 86

Heterogeneity: T2 = 0.00; 2 = 1.46; df = 2 (P=0.48); I?=0%

Test for overall effect: Z=1.02 (P=0.31)

Total (95% Cl) 292 242 100.0  0.39(0.15to0 1.03) .

Total events 115 156

Heterogeneity: T2= 0.93; 2 = 17.54; df = 4 (P=0.002); I> = 77% + + + +

Test for overall effect: Z=1.90 (P=0.06) 0.01 0.1 1 10 100

Test for subgroup differences: y2 = 13.44. df = 1 (P = 0.0002); I = 92.6% Fav?lur: !n:r:ased Favours control
uid intake
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Table 1. Characteristics of included studies

Participants
randomised, n; Mean UTIs Intervention volume; Comparator volume; Duration of
Study lead author, mean age, Participants in past frequency; duration frequency; duration follow-up,
year, country RCT type years; female,%  analysed (ITT),n 12 months, n (additives) (additives) months
De Leo, 2017, ltaly™ Two arm, 150; 48; 100 Intervention: 100 8.6 250 ml;? daily during n/a; 3 months 3
parallel Comparator: 50 first 10 days of the
month; 3 months
Ferrara, 2009, Italy?' Three arm, 84;7.5; 100 Intervention: 28 >1°0 250 ml; daily; Comparator 1: 100 ml; 6
parallel Comparator 1: 27 6 months 5 days a month;
Comparator 2: 29 6 months
Comparator 2:
not reported;
6 months
Handeland, 2014, Two arm, 236; 85; 67.8 Intervention: 110 0.2¢ 233 ml;*9daily; 3 months 89 ml;" daily; 3 months 6
Norway'® Crossover, Comparator: 126 then then
cluster RCT 156 mi;" daily; 3 months 78 ml;? daily; 3 months
Hooton, 2018, Two arm, 140;35.7; 100 Intervention: 70 33 1500 m;'daily; No intervention; 12
Bulgaria’ parallel Comparator: 70 12 months 12 months
Kontiokari, 2001, Three arm, 150; 30; 100 Intervention: 50 6 250 ml;cdaily; 6 months ~ Comparator 1: 12
Finland'” parallel Comparator 1: 50! 100 mldrink;? 5 days
Comparator 2: 50 a month; 12 months
Comparator 2:
no intervention (control)
Kranjéec, 2014, Three arm, 205;149; 100 Intervention: 103 2m 200 ml water;" daily; No intervention; 6
Croatia® parallel” Comparator: 102 6 months 6 months
Temiz, 2018, Turkey'® Three arm, 60; 64;31.7 Intervention: 20 68.3%° Recommended 2-3 L Comparator 1: One 3
parallel Comparator 1: 20 of water a day (which capsule;? twice
Comparator 2: 20 translates to 1-2 L a day; 3 months
above baseline, given Comparator 2:
estimates of baseline no intervention;
consumption of approx. 3 months
1.1 L (Hooton 2018)”
Stapleton, 2012, Fourarm, 186; 25; 100 Intervention 1: 63 1.95 Intervention 1:9"4 oz Comparator 1:°4 0z 6
US [not meta-analysed  parallel Intervention 2: 62 (~120 mU); daily; [~120 mU); daily,
as groups Comparator 1: 31 6 months 6 months
amalgamated in Comparator 2: 30 Intervention 2: 8 oz Comparator 2: 8 oz
analyses)'” (~240 mU); daily; (~240 ml); daily;
6 months 6 months

20ne glass of water with one Kistinox Forte sachet containing cranberry, propolis extract, and D-mannose. ®Inclusion criteria specified that history of >1 UTI required. “Cranberry

Juice contained 7.5 g of cranberry concentrate and 1.7 g of lingonberry concentrate in 50 ml of water; the families were allowed to add 200 ml of unsweetened water to the 50 ml of

concentrate. *Lactobacillus GG drink containing 4 x 10"7 CFU of Lactobacillus GG/100 ml. ¢ Three-month baseline period. 'All four arms were offered 300 ml fluid (chokeberry juice

versus placebo) but consumed varying amounts; fluid volume consumed reported. 9Placebo drink matching the black chokeberry juice as closely as possible in terms of colour,

taste. "Chokeberry juice from concentrate.'In addition to usual water consumption./One omitted due to antibiotic prophylaxis. “Antibiotic arm (nitrofurantoin] excluded from analysis.

!In total, 308 participants when antibiotic arm included. " Median episodes reported in past 6 months. "With 2 g D-mannose. °Percentage of participants with UTI history; patients

were included in study if they had undergone ileal conduit diversion. *One capsule contains 400 mg cranberry with 18% proanthocyanidins (9 mg). Juice contained 27% cranberry

Juice and sucralose (Splenda). "Study reported all outcomes as intervention (4 0z and 8 oz cranberry juice] versus comparator (4 0z and 8 oz placebo drink). *Placebo drink of similar

colour and taste to intervention but did not contain cranberry juice. ITT = intention to treat. n/a = not applicable. RCT = randomised controlled trial. UTI = urinary tract infection.

antimicrobial use; however, these results
should be interpreted with caution because
of the considerable clinical and statistical
heterogeneity.

Strengths and limitations

There are several limitations to this review.
First, the impact of increased fluids is
confounded by other components, for
example, educational components in some

of the studies; in the study by Temiz et al'"®
patients in the intervention group received a
brochure with information about UTls and
how to prevent them. Second, incomplete
reporting of both the intervention details,
and numerical results, limited the authors’
ability to incorporate all results of all studies
in the analysis, despite helpful clarifications
from several authors. Third, for the RR
analysis (Figure 5), a statistical assumption
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Increased fluid

intake Control 0dds ratio Odds ratio
Study or subgroup Events Total Events Total Weight, % M-H random (95% CI) M-H random (95% CI)
Temiz et al, 2018 (1000-2000 ml water) 3 20 8 20 18.4 0.26 (0.06 to 1.21) e —
Hooton et al, 20187 (1500 ml water) 64 70 66 70 21.6 0.65 (0.17 to 2.40) _—
Kontiokari et al, 2001"? (250 ml cranberry liquid) 8 50 9 25 25.2 0.34(0.11 to 1.03) |
Kranjéec et al, 2014?° (200 ml D-mannose) 15 103 62 102 34.8 0.11 (0.06 to 0.22) ——
Total (95% CI) 243 217  100.0  0.25(0.11 to 0.59) .
Total events 90 145
Heterogeneity: T2= 0.42; 2= 7.06; df =3 (P=0.07); /> =58% ¥ t t i
Test for overall effect: Z=3.19 (P = 0.001) 0.01 0.1 1 10 100
Favours increased Favours control
fluid intake
Figure 4. Number of patients with UTIs [events) in increased fluid intake versus control group [studies with increased fluid intake =200 ml only).
Cl = confidence interval. M-H = Mantel-Haenszel.
RR1V, Odds ratio
Study or subgroup Log, RR SE Weight, % fixed (95% CI) M-H random (95% ClI)
Temiz et al, 2018 (1000-2000 ml water) -0.98082925 0.6770032 1.4 0.38(0.10 to 1.41) =
Hooton et al, 20187 (1500 ml water) -0.66574821 0.11678458 46.5 0.51 (0.41 to 0.65) =
De Leo et al, 2017 (250 ml water) -3.03495299 0.20939473 14.5 0.05 (0.03 to 0.07) R
Ferrara et al, 2009%° (250 ml cranberry liquid) -1.2445662 0.55777335 2.0 0.29 (0.10 to 0.86)
Kontiokari et al, 2001" (250 ml cranberry liquid) -0.59306372 0.31662379 6.3 0.55 (0.30 to 1.03) —
Handeland et al, 2014 (period 3: 156 ml juice; 0.82894872 0.27386128 8.5 2.29 (1.34 t0 3.92) ——
78 ml placebo)
Ferrara et al, 2009?' (100 ml probiotic) -0.41836851 0.44946658 381 0.66 (0.27 to 1.59) -1
Kontiokari et al, 2001 (100 ml probiotic) 0.04617819 0.27977242 8.1 1.05 (0.61 to 1.81) -1
Handeland et al, 2014 (period 2: 89 ml juice; -0.03736147 0.25638401 9.6 0.96 (0.58 to 1.59) -1
233 ml placebo)
Total (95% CI) 100.0 0.46 (0.40 to 0.54) ¢
Heterogeneity: %= 170.31 to df = 8 (P <0.00001); /> = 95% + + + +
Test for overall effect: Z=9.64 (P <0.00001) 0.01 0.1 1 10 100
Favours increased Favours control
fluid intake
Figure 5. Number of UTls [events] in increased fluid intake versus control group [all volumes).
Cl = confidence interval. IV = inverse variance. M-H = Mantel-Haenszel. RR = rate ratio. SE = standard error:
Increased fluid
intake Control 0dds ratio 0dds ratio
Study or subgroup Events Total Events Total Weight, % M-H random (95% ClI) M-H random (95% CI)
Hooton et al, 20187 (1500 ml water) 64 70 66 70 28.4  0.65(0.17 to 2.40) -_—
Ferrara et al, 2009?' (250 ml cranberry liquid) 1 27 4 14 25.5 0.10 (0.01 to 0.97)
Kontiokari et al, 2001"? (250 ml cranberry liquid) 1 50 2 25 13.1 0.23 (0.02 to 2.72)
Ferrara et al, 2009?' (100 ml probiotic) 5 26 4 14 21.1 0.60(0.13 to 2.71) —_—
Kontiokari et al, 2001" (100 ml probiotic) 5 49 2 25 11.9 1.31(0.24 to 7.27)
Total (95% Cl) 222 148 100.0 0.52 (0.25 to 1.07) D o
Total events 76 78
Heterogeneity: %2 = 3.70; df = 4 (P = 0.45); I>= 0% I 4 i |
Test for overall effect: Z=1.77 (P = 0.08) 0.01 0.1 1 10 100
Favours increased Favours control
fluid intake

Figure 6. Number of patients with antimicrobial use in

was made that the risk of an event was

increased fluid intake versus control group.

constant across participants and over time:
Cl = confidence interval. M-H = Mantel-Haenszel.

if this assumption is false then clustering
effects might increase the variance and
widen the confidence limits, though it is
unlikely torenderthe results non-significant,
as the upper confidence limit for the RR
was 0.54. The study populations varied,
with some studies including participants
with current UTI symptoms,” and others
excluding them;” the number of prior UTI

episodes among included participants also
varied considerably, from >1?"to >3.7 Finally,
one difference between the protocol and the
systematic review is reported: the authors
had initially intended to exclude studies
including cranberry juice comparison, as
the impact of cranberry intake in various
forms has been systematically reviewed
previously.?? However, as studies including
increased intake of other juices were
included in the present study, the PICO was
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amended to include studies of increased
cranberry juice intake as well, which
resulted in inclusion of one study (whose
data were not meta-analysable),”” and an
inclusion of the cranberry study arm in two
previously included three-armed trials, both
of which compared cranberry juice with
probiotics (in fluid) and with control.'%?!

Comparison with existing literature

Any previous systematic reviews on
increased fluids in recurrent UTI could not
be identified; however, the present findings
are consistent with the results of the RCTs
that found that drinking >1 L/day reduced
recurrence of UTL7® The other six RCTs
used considerably less additional fluid,
often little more than ~200 ml/day.’>'"-!
The reporting of extra fluid drunk was
insufficient to allow a reliable examination
of a dose-response relationship, though

removing the trial with the lowest fluid
doses (100 ml/day) strengthened the effect
size.

Implications for research and practice
Given the minimal potential for harm of
increased fluid intake, this review suggests
considering clinically adopting its results
and advising patients with recurrent UTls
to drink more to reduce recurrent UTls.
However, further research is warranted
to confirm the results, and examine the
optimal dose, volume of fluid, and the
influence of different types of fluid. Future
research on the effects of substances such
as cranberry, chokeberry, and D-mannose
needs to consider the impact of drinking
more, which should be matched in at least
one control group, which few trials have
done.
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