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ABSTRACT

Cranberry has been used traditionally to prevent urinary tract infections (UTIs), primarily among generally healthy women prone to recurrent
UTIs. Results from a number of published clinical studies have supported this beneﬁt; however, meta-analyses on cranberry and UTI prevention
have reported conﬂicting conclusions. This article explores the methodological differences that contributed to these disparate ﬁndings. Despite
similar research questions, the meta-analyses varied in the studies that were included, as well as the data that were extracted. In the 2 most
comprehensive systematic reviews, heterogeneity was handled differently, leading to an I2 of 65% in one and 43% in the other. Most notably, the
populations influencing the conclusions varied. In one analysis, populations with pathological/physiological conditions contributed 75.6% of the
total weight to the summary risk estimate (RR: 0.86; 95% CI: 0.71, 1.04); another weighted the evidence relatively equally across UTI populations
(RR: 0.62; 95% CI: 0.49, 0.80); and a third included only women with recurrent UTIs (RR: 0.53; 95% CI: 0.33, 0.83). Because women with recurrent UTIs
are the group to whom most recommendations regarding cranberry consumption is directed, inclusion of other groups in the efficacy
assessment could influence clinical practice quality. Therefore, conclusions on cranberry and UTIs should consider differences in results across
various populations studied when interpreting results from meta-analyses. Adv Nutr 2016;7:498–506.
Keywords:

cranberry, meta-analysis, systematic review, urinary tract infections, women

Introduction
Urinary tract infections (UTIs)6 are the second most common infection of any organ system and the most common
urological disease in the United States, with a total annual
cost of >$3.5 billion (1). UTIs occur across myriad populations, from individuals with bladder dysfunction (e.g., neuropathic bladder, bladder cancer, spinal cord injuries) to
normal, healthy women. Clinically, UTIs can be categorized
as complicated, which occur under conditions of bladder
dysfunction and during types of medical treatments such
as chemotherapy, and uncomplicated (2). Uncomplicated
UTIs typically affect individuals who are otherwise healthy
and have no physiological abnormalities. Among the generally healthy population, the risk of having an uncomplicated
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UTI is ;50 times higher in adult women than in adult men (3).
Approximately 50% of the general healthy female population
will experience $1 UTI during their lifetime (3, 4). Furthermore, 25–35% of women who experience a UTI will have $1 recurrent UTI (rUTI) episode within the subsequent year (4, 5).
Antibiotics, which are commonly prescribed for UTIs,
are efﬁcacious for treatment and have also been used for
prophylaxis of rUTIs (2, 3, 6). Repetitive use of antibiotics,
however, is recognized as a factor in the development of
multidrug resistance bacteria and recently is reported to affect the human commensal microbiota (7, 8). How to manage rUTIs without inducing multidrug resistance in women
is an important consideration in clinical practice (6, 7, 9).
Speciﬁcally, due to the common occurrence of rUTIs, recommendations to use diet and lifestyle approaches before
prophylactic antibiotics are advocated (6, 7). Thus, identiﬁcation of successful nonantibiotic strategies for the prevention
of rUTIs in generally healthy women is of high importance.
Cranberries have historically been associated with urinary tract health, particularly among women with rUTIs
(10–12). Results from several clinical studies have suggested
that cranberries may decrease rUTIs in healthy women
(11, 13–16). In addition, in vitro and ex vivo research has
ã2016 American Society for Nutrition. Adv Nutr 2016;7:498–506; doi:10.3945/an.115.011197.

suggested that cranberry-derived compounds such as A-type
proanthocyanidins and other polyphenols may interfere with
adhesion of bacteria (including multidrug-resistant Escherichia
coli) to epithelial cells of the urinary tract, attenuate the development of uropathogen reservoirs (i.e., in the gastrointestinal
tract and intracellular pods within the urothelium), and suppress inflammatory cascades (13, 17, 18). These observations
have indicated that cranberries may provide an option for prophylaxis in certain populations.
Cranberries and UTIs have been evaluated in evidencebased systematic reviews and meta-analyses, but instead of
providing clarity on the efﬁcacy of the cranberry for prevention of rUTIs, these systematic reviews have resulted in conﬂicting conclusions. Speciﬁcally, a meta-analysis by Wang
and colleagues published in 2012 concluded that “cranberry
products were associated with protective effects against UTIs
(RR: 0.62; 95% CI: 0.49, 0.80), particularly for women with
rUTIs (RR: 0.53; 95% CI: 0.33, 0.83)” (19). In contrast, a
meta-analysis by the Cochrane Collaboration, also published in 2012, concluded that “.cranberry juice is less effective than previously indicated..cranberry juice cannot
currently be recommended for the prevention of UTIs”
(20). It is interesting that the Cochrane analysis was an update of a 2008 report that resulted in a conclusion similar to
that derived by Wang et al., indicating a shift in the conclusions from this group (20, 21).
In theory, meta-analysis of results from randomized clinical trials examines the consistency of data across studies and is
considered to be the strongest level of evidence that guides relevant practice decisions (22). When divergent conclusions are
drawn from meta-analyses of a similar pool of original trials,
it becomes a challenge for clinicians and policymakers to
make the most appropriate or relevant recommendations to
the public and clinicians. The present review was conducted
to characterize the status of evidence-based assessments on
the use of cranberry and prevention of rUTIs in healthy
women. In addition, this review explores methodological differences that may be related to these conﬂicting ﬁndings.

Methods
A literature search was conducted to identify eligible systematic reviews and
meta-analyses to be included in this assessment (see Supplemental Data).
The identified meta-analyses from the literature search were selected for further detailed review. An evidence assessment was performed on the selected
reports that evaluated the efficacy of the cranberry for rUTI prevention in
women with rUTIs. The comparisons on methodologies included inclusion/
exclusion criteria, extracted data, and statistical methods. The influences of
specific studies on the overall conclusions were also explored.

Results
Identiﬁcation of literature
The literature search identiﬁed 83 records (Figure 1), and 9
systematic reviews met the inclusion criteria for the evidence
assessment (Table 1). Of these 9 reviews, 5 were systematic
reviews with meta-analyses: 3 were from the Cochrane Collaboration (20, 21, 28), the latest of which was published in
2012 as an update of previous publications; 2 others were by
Wang et al. (19) and Beerepoot et al. (27).

FIGURE 1 Flow diagram of literature search. UTI, urinary tract
infection.

Assessment of meta-analysis methods
Differences in selection of studies. Table 2 summarizes
studies and populations that were included in 3 Cochrane
systematic reviews (20, 21, 28), Wang et al. (19) and Beerepoot
et al. (27), to compare cranberry products to placebo/
control on UTI incidence. Overall, 21 studies were identified across all analyses; however, each analysis included
only a subset of 2–13 studies. Only 2 studies were included
in all analyses (Table 2), with another 5 studies included in
both the Jepson et al. (20) and Wang et al. (19) analyses
(Table 2).
The Jepson et al. (20) and Wang et al. (19) analyses had
the same research questions, similar overall inclusion criteria for study selection, and comparable statistical models
(Table 3). Surprisingly, studies included in these 2 metaanalyses were substantially different. It is notable that the
Jepson et al. meta-analysis (20) was published as an update
of the previous Cochrane analysis from 2008 (21), and yet
only 4 of the studies were in common between the 2 analyses. Of 6 studies that were in Jepson and Craig (21), but not
Jepson et al. (20), only 1 included women with rUTIs [because this was only a letter without additional data, it was
excluded from Jepson et al. (20)]. Wang et al. (19) included
5 studies in common with Jepson and Craig (21) for overall
risk estimates, only 2 of which were conducted in women
with rUTIs. The impact of the differences in the study
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TABLE 1

Summary of systematic reviews on cranberry and UTI reporting search strategy and results1

Citation (reference)

Dates covered

Search strategy2

Objective

Inclusion criteria

Conclusions related to
cranberry and UTI
prevention

3

Systematic reviews
Micali et al., 2014 (23) January 1994 to Terms: cranberry,
To present a broad
February 2011
Vaccinium macrocaroverview of evidence
pon, UTI, natural drugs,
on cranberry for the
cystitis, recurrent
treatment of UTIs,
cystitis, PACs, and
and to summarize
Escherichia coli;
the evidence supdatabases: Medline
porting its clinical
use
To evaluate the research
Wang, 2013 (24)
2006– 2011
Terms: UTI, Vaccinium
literature in which
macrocarpon, and
cranberry-based
female searched usproducts are used to
ing “OR” and “AND”
prevent or treat UTIs
as linkers; databases:
PubMed Cumulative
Index to Nursing and
Allied Health
Literature, Cochrane
Library
To assess the effecJepson and Craig,
Inception to
Terms: (1) Vaccinium,
tiveness of cran2007 (25)
December
cranberry, fruit beverberry or blueberry
2006
age, fruit drink, fruit
products in the
juice, beverage; (2)
prevention of
UTIs, cystitis, bacteriuria,
symptomatic UTIs in
pyelonephritis, urinary
susceptible
infection, or bacterial
populations
infection; databases:
Medline, Embase,
Cochrane Controlled
Trials Registry,
CENTRAL, and others
Systematic review and cost-effectiveness analysis
Eells et al., 2014 (26) 1966 to January Terms: (1) recurrent, urine To compare the
effectiveness, cost,
2012
or urinary; and (2)
and health-related
infectious or infection(s);
quality-of-life
databases: Medline,
outcomes associated
Embase, Cochrane
with commonly used
Library
strategies for
management of
rUTIs
Meta-analyses
Beerepoot et al.,
Published after
Terms: (1) prevention and To assess the effectiveness, tolerability,
2013 (27)
1984 to April 3,
control, prophylaxis;
and safety of
2013
with (2) urinary tract
nonantibiotic
infections, cystitis,
prophylaxis in
pyelonephritis, UTI;
adults with
databases: Medline,
recurrent urinary
Embase, Cochrane
tract infections
Library
To evaluate cranberryWang et al., 2012
Inception to
Terms: (1) cranberry,
containing products
(19)
November
Vaccinium macrocarfor the prevention
2011
pon, Vaccinium
of UTIs
oxycoccus, Vaccinium
microcarpum,
Vaccinium erythrocarpum, Vaccinium; with
(2) UTI, pyelonephritis,
cystitis, bacteriuria,
pyuria; databases:
Medline, Embase,
CENTRAL

Published in English

The cranberry efﬁcacy-to-safety
ratio strongly supports its use
in the prevention of rUTIs in
young and middle-aged
women; clinical use in other
groups remains controversial

Published in English;
Some evidence suggests
RCTs, comparative
that cranberry products,
studies, meta-analyses,
especially in juice or cocktail
controlled clinical
form, prevent infections in
trials; includes
some preliminary studies,
clinical outcomes;
but available evidence is
human females
limited

RCTs and quasi-RCTs; There is some evidence from 4
good quality RCTs that
cranberry products
cranberry juice may
vs. placebo, no
decrease the number of
treatment or any
symptomatic UTIs over a
other treatment;
12-mo period, particularly
studies in men,
in women with rUTIs; it’s
women, and
uncertain whether
children susceptible
cranberry is effective in
to UTIs; outcome:
other groups
incidence of UTIs

Published in English;
Daily cranberry pills are effeccomparative
tive at reducing UTIs and
clinical trial;
are cost effective; daily anplacebo/untreated
tibiotic use is more
control; human
effective than cranberry
study; nonpregnant
pills
female adults with
$3 UTIs/y; outcomes:
incidence of UTI
RCTs with parallel
Cranberry juice and tablets
design; adults with
reduce the occurrence of
recurrent UTIs;
UTIs vs. placebo
compared nonantibiotic prophylaxis to
placebo or no
treatment
RCTs; compared
Cranberry-containing
cranberry products
products are associated
vs. placebo/control;
with protective effects
outcome: incidence
against UTIs
of UTIs

(Continued)
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TABLE 1 (Continued )
Conclusions related to
cranberry and UTI
prevention
Cranberry juice is less effective
than previously indicated;
cranberry juice cannot
currently be recommended
for the prevention of UTIs

Citation (reference) Dates covered
Search strategy2
Objective
Inclusion criteria
RCTs and quasi-RCTs;
Jepson et al., 2012 July 2012; update Terms: (1) beverage, fruit To assess the effectiveness of crancomparison of
(20)
of Cochrane
beverage, fruit drink,
berry products in
cranberry products
2008 review
fruit juice, cranberry,
preventing UTIs in
vs. placebo, no
vaccinium macrocarsusceptible
intervention, or
pum, vaccinium
populations
other intervention;
oxycoccus, vaccinium
excluded studies on
vitis-idaea; (2) UTIs,
treatment of UTIs;
cystitis, bacteriuria,
excluded studies on
pyelonephritis, UTI,
UTIs not caused by
cystitis; (3) included
bacterial infection;
terms for non-English
outcomes:
language studies;
incidence of UTIs
databases: Medline,
Embase, clinical trial
registries4, etc.
Cranberry products signiﬁcantly
Jepson and Craig,
September 2007; Terms: (1) beverage,
RCTs or quasi-RCTs;
To assess the effecreduced the incidence of
2008 (21)
update of
cranberry, fruit
tiveness of crancranberry products
UTIs at 12 mo vs. placebo/
Cochrane
beverage, fruit drink,
for the prevention
berry in preventing
control; cranberry products
2004
fruit juice, vaccinium
of UTIs in all popuUTIs in susceptible
were more effective at remacrocarpum,
lations; studies men,
populations
ducing the incidence of UTIs
vaccinium oxycoccus,
women, or children
in women with rUTIs than in
vaccinium vitis-idaea;
susceptible to UTI;
elderly men and women or
(2) UTIs, cystitis,
excluded studies on
people requiring
bacteriuria, pyelonetreatment of UTIs;
catheterization
phritis, UTI, cystitis; (3)
excluded studies on
included terms for
UTIs not caused by
non-English language
bacterial infection;
studies; databases:
outcomes:
Medline, Embase, clinincidence of UTIs.
ical trial registries4, etc.
Jepson et al., 2004 Search conducted Terms: (1) beverage,
RCTs and quasi-RCTs; There is some evidence from 2
To assess the effecgood quality RCTs that
(28)
November
cranberry, fruit bevercranberry products
tiveness of crancranberry juice may de2003
age, fruit drink, fruit
vs. placebo, no
berry juice and
crease the number of
juice, vaccinium mactreatment or any
other cranberry
symptomatic UTIs over a
rocarpum, vaccinium
other treatment;
products in pre12-mo period in women;
oxycoccus, vaccinium
studies in men,
venting UTIs in suseffectiveness of cranberry in
vitis-idaea; (2) UTIs,
women, and
ceptible
other groups, such as chilcystitis, bacteriuria,
children susceptible
populations
dren and elderly men and
pyelonephritis, UTI,
to UTIs; outcome:
women, is not clear
cystitis; (3) included
incidence of UTIs
terms for non-English
language studies;
databases: Medline,
Embase, clinical trial
registries4, etc.
1

CENTRAL, Cochrane Central Registry of Controlled Trials; PAC, proanthocyanidin; RCT, randomized controlled trial; rUTI, recurrent urinary tract infection; UTI, urinary tract infection.
Does include noncranberry and non–UTI-related terms. Terms summarized for comparison of scope or search. See specific reports for full list of search terms.
Authors provided details on search strategy but not inclusion/exclusion criteria and results of the search strategy.
4
Clinical trial registries include Cochrane Controlled Trials Registry (CCTR), CENTRAL, clinitrials.gov, and the International Clinical Trials Register (ICTR).
2
3

selection can be seen by reviewing the contributing weight of
the studies (discussed below).

Differences in population characteristics. The overall conclusion on totality of evidence made by Jepson et al. (20)
(RR: 0.86; 95% CI: 0.71, 1.04) was heavily inﬂuenced by results from studies in populations with complicated UTIs
(cUTIs), particularly patients with neuropathic bladder, spinal cord injury, and radiotherapy. As shown in Table 4, people
with neuropathic bladder or spinal injuries and radiotherapy

patients contributed 30.3% of the total weight to the overall
RR estimate, whereas women with rUTIs contributed only
24.5% of the total weight. Although the analysis by Wang
et al. (19) included similarly diverse populations (except radiotherapy patients), the evidence was weighted relatively
equally across the populations as follows: cUTIs (40.9% of
the total weight), women with rUTIs (32.3% of the total
weight), and other populations including children, elderly,
and pregnant women (26.8% of the total weight) (Table 4).
The Wang et al. (19) report also addressed separate populations
Cranberries and UTIs 501

TABLE 2

Differences in selection of studies in 5 different analyses1

Citation (reference)
Avorn et al., 1994 (29)
Haverkorn and Mandigers, 1994 (30)
Foda et al., 1995 (31)
Walker et al., 1997 (32)
Schlager et al., 1999 (33)
Kontiokari et al., 2001 (34)
McGuinness et al., 2002 (35)
Stothers, 2002 (36)
Linsenmeyer et al., 2004 (37)
Waites et al., 2004 (38)
McMurdo et al., 2005 (39)
Lee et al., 2007 (40)
Hess et al., 2008 (41)
PACS Study, 2008 (42)
Wing et al., 2008 (43)
Ferrara et al., 2009 (44)
Essadi and Elmehashi, 2010 (45)
Salo et al., 2012 (46)
Barbosa-Cesnik et al., 2011 (47)
Sengupta et al., 2011 (48)
Cowan et al., 2012 (49)
Total studies included, n

Jepson
Jepson
Jepson
Wang
Beerepoot
et al.
and Craig
et al.
et al.
et al.
2004 (28) 2008 (21) 20122 (20) 2012 (19) 2013 (27)

Population
Elderly people (mean age: 78.5 y)
The elderly in a hospital (mean age: 81 y)
Children with neuropathic bladder
Women with recurrent UTIs
Participants with intermittent catheterization
Women with recurrent UTIs
People with neuropathic bladder
Women with recurrent UTIs
Patients with neurogenic bladder
People with neuropathic bladder
Elderly people
Patients with spinal cord injuries
People with neuropathic bladder/spinal injuries
Elderly people
Pregnant women
Children
Pregnant women
Children
Women with recurrent UTIs
Women with recurrent UTIs
Radiotherapy patients

O

O
O
O
O
O
O

O
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
2

O
O
O
O
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
10

O
O
O
O
O3
O3
O
O
O3
O
O
O
O3
13

O
O
O
O

O
O

O
O
O
O
O
O
10/94

2

1

NA, not applicable (studies were published after the search date); UTI, urinary tract infection.
The studies depicted are those used for the comparison of cranberry compared with placebo/control among participants with $1 UTIs at follow-up.
The 4 studies contributed the majority (53.7%) of total weight to the total RR estimate in Jepson et al., 2012 (20).
4
Wang et al. (19) performed 2 analyses, 1 with Barbosa-Cesnik et al. (47) and 1 without. The main reporting used in the analysis was without Barbosa-Cesnik et al. (47),
or 9 studies.
2
3

in their conclusions, noting that cranberry products appear
to be more effective for prevention of rUTIs in women.
These data suggest inclusion of groups with different pathophysiologic status (e.g., cUTIs) could modify the strength
of overall risk estimates accorded to generally healthy atrisk populations.
Table 5 compares the RR estimates by subgroup in the
meta-analyses by Jepson et al. (20), Jepson and Craig (21),
and Wang et al. (19). Specifically, among women with rUTIs,
RR for cranberry compared with placebo/control on rUTIs
was reported to be 0.53 (95% CI: 0.33, 0.83) by Wang
et al. (19) and 0.61 (95% CI: 0.40, 0.91) by Jepson and Craig
(21). Beerepoot et al. (27) (not shown) only assessed cranberry compared with placebo in women with rUTIs and
reported the RR to be 0.53 (95% CI: 0.33, 0.83) Although
Jepson et al. (20) also found a similar trend for a reduction
in RR in the same group, it was not statistically significant
(RR = 0.74; 95% CI: 0.42, 1.31). Reasons for this nonsignificant RR in Jepson et al. (20) are discussed below. Overall,
however, the RR estimates for rUTI prevention in this subgroup of women are similar across the systematic reviews.

Differences in data extraction. The subpopulation analyses
for cranberries and UTIs among healthy women with rUTIs
were compared to understand the reason for lack of statistical signiﬁcance in the Jepson et al. (20) analysis. In this comparison, it was noted that different values were extracted
from 1 of the studies that was included in Jepson et al.
(20), Wang et al. (19), and Beerepoot et al. (27). As shown
502 Liska et al.

in Table 6, RR values extracted from the Kontiokari et al.
study (34) were 0.62 (95% CI: 0.34, 1.12) by Jepson et al.
(20) and 0.44 (95% CI: 0.21, 0.93) by both Wang et al. (19)
and Beerepoot et al. (27). These differences were due to the
selection of outcome measures at different time points (i.e.,
at 6- vs. 12-mo follow-up). Because the significance of RR
estimates in the Kontiokari et al. study (34) differed at the
6- and 12-mo follow-up, such inconsistency in the timing
of outcome measurements could influence the strength of
the summary RR estimates in the meta-analyses.

Handling of heterogeneity. Both Jepson et al. (20) and
Wang et al. (19) reported substantial heterogeneity with inclusion of 1 speciﬁc study by Barbosa-Cesnik et al. (47), in
the analysis of the use of cranberry to treat women with
rUTIs (Supplemental Table 1). Both Jepson et al. (20) and
Wang et al. (19) noted that the inclusion of the BarbosaCesnik et al. study (47) introduced substantial heterogeneity
(I2 = 65% and 59%, respectively). Wang et al. (19) reported
a reduction in heterogeneity to I2 = 43% when the study was
excluded. Jepson et al. (20) did not report the change in heterogeneity upon exclusion of the study, but did indicate a
significant RR reduction (from RR = 0.74; 95% CI: 0.42,
1.31 to RR = 0.58; 95% CI: 0.39, 0.86) after exclusion of
the Barbosa-Cesnik et al. study (47). Despite significant heterogeneity with inclusion of the Barbosa-Cesnik et al. study
(47), Jepson et al. (20) did not exclude this study, mainly because of its large sample size, whereas Wang et al. (19) further conducted a sensitivity analysis that identified the study

TABLE 3

Similar research designs with conflicting conclusions1
Objective

Inclusion criteria

Statistical analysis

Conclusions

Jepson et al.,
2012 (20)

Meta-analysis

July 2012

To assess the effectiveness
of cranberry products in
preventing UTIs in
susceptible populations

Software: Review Manager;
random-effects models

Cranberry juice is less
effective than previously
indicated; cranberry
juice cannot currently be
recommended for the
prevention of UTIs

Wang et al.,
2012 (19)

November
2011

To evaluate cranberrycontaining products for
the prevention of UTIs

RCTs and quasi-RCTs;
comparison of
cranberry products vs.
placebo, no treatment,
or any other treatment;
outcomes: incidence
of UTIs
RCTs; comparison of
cranberry products vs.
placebo/nonplacebo
control; outcome:
incidence of UTIs

Software: R; random-effects
models (DerSimonianLaird method) when P
for heterogeneity #0.05;
fixed-effect model
(Mantel-Haenszel
method) when P for
heterogeneity .0.05

Cranberry-containing
products are associated
with protective effect
against UTIs

1

Search date

RCT, randomized clinical trial; UTI, urinary tract infection.

by Barbosa-Cesnik et al. (47) as an outlier and excluded this
study from the analysis on which their final conclusion was
based. The discussion section in both systematic reviews
explored potential reasons that findings by Barbosa-Cesnik
et al. (47) were different from other studies, including a lower
threshold for UTI diagnosis (103 cfu/mL compared to a common threshold: 105 cfu/mL). A lower cutoff used to define
UTI may increase the sensitivity but decrease the specificity
of a test, which may bias the overall RR of treatment compared
with the control/placebo toward a null effect.

Discussion
Traditionally, the cranberry has been used to prevent rUTIs
among generally healthy women. Although results from a
number of clinical studies have been published supporting
its beneﬁts, the efﬁcacy of the cranberry on prevention of
rUTIs remains controversial, in part because of conﬂicting
conclusions from meta-analyses.
Inconsistency in meta-analysis methodologies, including
clinical (i.e., participants, outcome, and intervention) and
methodological heterogeneity (i.e., trial design and execution including inclusion/exclusion criteria), can lead to
varying results and interpretations, as appears to have
been the case here. Standard checklists, including Grades
of Recommendation, Assessment, Development and Evaluation (GRADE) criteria, and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), have
been developed to evaluate the evidence quality that is
linked to clinical recommendations, clarify meta-analysis
TABLE 4

methodology, and minimize possible bias (28, 50). Despite
these guidelines toward the best evidence syntheses, the
presence of substantial heterogeneity in systematic reviews
has made it a challenge for health care professionals and
policymakers to apply such nonspeciﬁc ﬁndings (50). As
observed in our review, the variability of participants in
Jepson et al. (20) and Wang et al. (19) ranged from patients
with complicated disease conditions to otherwise healthy
women to special groups (elderly, children, and pregnant
women). Similarly, outcome measures differed in the
diagnosis of a UTI (e.g., lower threshold of bacteria for
UTI diagnosis) and varied in the timing of UTI assessments
(e.g., 6- vs. 12-mo follow-up). Inadequately addressing issues
such as clinical heterogeneity in studies used in a metaanalysis may contribute to increased variability in the summary effect estimates and lead to different conclusions.
In terms of efﬁcacy assessment of the cranberry on UTI
prevention, population deﬁnition is a key methodological
element for consideration in performing a meta-analysis.
For example, the FDA has recently published a guidance
document “identifying cUTIs, which occur in the presence
of a functional or anatomical abnormality of the urinary
tract or in the presence of catheterization,” as distinct
from uncomplicated UTIs for purposes of research on therapies (51). Early reviews on the cranberry and UTIs have
noted that efficacy was observed in clinical trials assessing
prevention of rUTIs in generally healthy women, but not
against cUTIs or as a treatment for UTIs (11, 13). In our
comparison, more similarity in results was present among

Differences in subgroup contributions to overall relative risk estimates
Jepson et al., 2012 (20)

Subgroup
Women with recurrent urinary tract infections
Elderly men and women
Children
Pregnant women
People with neuropathic bladder/spinal injuries
Radiotherapy patients
Total

Trials, n
4
2
2
2
2
1
13

Wang et al., 2012 (19)

Sample size, n

Weight, %

Trials, n

Sample size, n

Weight, %

594
413
309
674
353
119
2462

24.5
13.7
12.5
19.1
20.2
10.1
100

2
1
1
1
4
—
9

250
376
54
188
307
—
1175

32.3
11.4
14.8
0.5
40.9
—
100
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TABLE 5

RR (cranberry vs. placebo/control) by subgroup in 3 meta-analysis reviews1
Jepson and Craig, 2008 (21)

Subgroup

Studies included

RR (95% CI)

Women with recurrent Kontiokari et al., 2001
UTIs
(34), Stothers,
2002 (36)

Elderly men and
women

McMurdo et al.,
2005 (39)

0.612 (0.40, 0.91) Barbosa-Cesnik
et al., 2011 (47),
Kontiokari et al.,
2001 (34),
Stothers, 2002
(36), Sengupta
et al., 2011 (48)
0.51 (0.21, 1.22) McMurdo et al.,
2005 (39), PACS
study, 2008 (42)
NA
Waites et al., 2004
(38), Lee et al.,
2007 (40)

People with
neuropathic
bladder [and spinal
injuries in Jepson
et al., 2012 (20)]

NA

Pregnant women

NA

NA

Children

NA

NA

Radiotherapy patients

NA

NA

Foda et al., 1995 (31),
Schlager et al., 1999
(33), Linsenmeyer
et al., 2004 (37),
Waites et al., 2004 (38)
Kontiokari et al., 2001
(34), Stothers, 2002
(36), Waites et al.,
2004 (38), McMurdo
et al., 2005 (39)

1.06 (0.51, 2.21)

Participants with
catheterization
(intermittent or
indwelling)
Total3

Jepson et al., 2012 (20)
Studies included

0.66 (0.47, 0.92)

Wing et al., 2008
(43), Essadi and
Elmehashi, 2010
(45)
Ferrara et al., 2009
(44), Salo et al.,
2012 (46)
Sengupta et al.,
2011 (48)
NA

All 13 studies listed
above

RR (95% CI)

Wang et al., 2012 (19)
Studies included

RR (95% CI]

0.74 (0.42, 1.31)

Kontiokari et al.,
2001 (34),
Stothers,
2002 (36)

0.53 (0.33, 0.83)

0.75 (0.39, 1.44)

McMurdo et al.,
2005 (39)

0.51 (0.21, 1.22)

0.95 (0.75, 1.20)

Schlager et al.,
1999 (33),
McGuinness
et al., 2002 (35),
Waites et al.,
2004 (38), Hess
et al., 2008 (41)
Wing et al., 2008
(43)

0.80 (0.57, 1.14)

1.04 (0.93, 1.17)

4.57 (0.25, 83.60)

0.48 (0.19, 1.22)

Ferrara et al.,
2009 (44)

0.28 (0.12, 0.64)

1.15 (0.75, 1.77)

NA

NA

NA

NA

NA

0.86 (0.71, 1.04)

9 studies [excluding BarbosaCesnik et al.,
2011 (47)]; 10
studies [including BarbosaCesnik et al.,
2011 (47)]

0.62 (0.49, 0.80);
0.68 (0.47, 1.00)

1

NA, not applicable; UTI, urinary tract infection.
RR was for participants with a history of recurrent lower UTIs or women with a UTI.
3
The outcome was incidence of UTIs at 12 mo (21). The outcome was cumulative incidence rate of 1 or more UTIs at the end of follow-up period (19, 20).
2

uncomplicated UTI subgroups, which helps explain the null
effects reported in the Jepson et al. review (20) when subjects with cUTIs and uncomplicated UTIs were combined
in the overall risk estimates. This further points out that
the biology and clinical relevance should be considered
when identifying populations for assessment.
The methodological challenges discussed in the present
review are consistent with literature in a broader context
TABLE 6

Differences in data extraction1

Meta-analysis
Jepson et al., 2012 (20)
Wang et al., 2012 (19),
Beerepoot et al., 2013 (27)
1

of clinical practice guidelines. During the development of
primary care recommendations both in Europe and in the
United States, the relevance of evidence to patient subgroups
is deemed to be a challenge (52). Generalization of research
evidence from high-risk populations to low-risk groups
should be avoided to ensure the integrity of guidelines and
reduce unwanted harm on patients, which is yet to be enhanced (52). Because these recommendations are usually

Population definition
Number of women with recurrent UTI in
12 mo; total number completing the study
Number of women with $1 UTI in 6 mo;
intent-to-treat population

Cranberry, UTI
number/n

Control, UTI
number/n

RR (95% CI)

12/46

19/45

0.62 (0.34, 1.12)

8/50

18/50

0.44 (0.21, 0.93)

From the Kontiokari et al. study (34) in Jepson et al., 2012 (20), Wang et al., 2012 (19), and Beerepoot et al., 2013 (27). UTI, urinary tract infection.
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based on the best available evidence including systematic reviews and meta-analysis, how to deﬁne the relevant population and to generalize the ﬁndings in such systematic reviews
may indirectly inﬂuence the quality and efﬁcacy of clinical
practice.
Women with rUTIs represent a clinically relevant population, particularly because the alternative choices other
than antibiotics are very limited and cranberry prophylaxis
seems to be promising. To our knowledge, this is the ﬁrst
assessment of evidence-based systematic reviews on
cranberries and the prevention of rUTIs, with evaluation
of methodological discrepancies between the high proﬁle
meta-analyses. In particular, our analysis suggests consideration should be given to completion of additional research
on cranberries for UTI prevention among women with
rUTIs. A meta-analysis with focus on this most relevant
population is warranted. This is particularly important
for women with uncomplicated rUTIs who have developed
antimicrobial resistance.

Acknowledgments
All authors read and approved the ﬁnal manuscript.

References
1. Litwin MS, Saigal CS, Yano EM, Avila C, Geschwind SA, Hanley JM,
Joyce GF, Madison R, Pace J, Polich SM, et al. Urologic diseases in
America project: analytical methods and principal findings. J Urol
2005;173:933–7.
2. Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract
infections: epidemiology, mechanisms of infection and treatments options. Natl Rev Microbiol 2015;13:269–84.
3. Silverman JA, Schreiber HL, Hooton TM, Hultgren SJ. From physiology to pharmacy: developments in the pathogenesis and treatment of
recurrent urinary tract infections. Curr Urol Rep 2013;14:448–56.
4. Nosseir SB, Lind LR, Winkler HA. Recurrent uncomplicated urinary
tract infections in women: a review. J Womens Health (Larchmt)
2012;21:347–54.
5. Aydin A, Ahmed K, Zaman I, Khan MS, Dasgupta P. Recurrent urinary
tract infections in women. Int Urogynecol J 2015;26:795–804.
6. Gupta K, Bhadelia N. Management of urinary tract infections from multidrug-resistant organisms. Infect Dis Clin North Am 2014;28:49–59.
7. Shepherd AK, Pottinger PS. Management of urinary tract infections in
the era of increasing antimicrobial resistance. Med Clin North Am
2013;97:737–57.
8. Jernberg C, Löfmark S, Edlund C, Jansson JK. Long-term impacts of
antibiotic exposure on the human intestinal microbiota. Microbiology
2010;156:3216–23.
9. Geerlings SE, Beerepoot MA, Prins JM. Prevention of recurrent urinary
tract infections in women: antimicrobial and nonantimicrobial strategies. Infect Dis Clin North Am 2014;28:135–47.
10. Raz R, Chazan B, Dan M. Cranberry juice and urinary tract infection.
Clin Infect Dis 2004;38:1413–9.
11. Guay DRP. Cranberry and urinary tract infections. Drugs 2009;69:775–807.
12. Pérez-López FR, Haya J, Chedraui P. Vaccinium macrocarpon: an interesting option for women with recurrent urinary tract infections and
other health benefits. J Obstet Gynaecol Res 2009;35:630–9.
13. Vasileiou I, Katsargyris A, Theocharis S, Giaginis C. Current clinical
status on the preventive effects of cranberry consumption against urinary tract infections. Nutr Res 2013;33:595–607.
14. Caljouw MA, van den Hout WB, Putter H, Achterberg WP, Cools HJ,
Gussekloo J. Effectiveness of cranberry capsules to prevent urinary tract
infections in vulnerable older persons: a double-blind randomized placebocontrolled trial in long-term care facilities. J Am Geriatr Soc 2014;62:103–10.

15. Stapleton AE, Dziura J, Hooton TM, Cox ME, Yarova-Yarovaya Y, Chen
S, Gupta K. Recurrent urinary tract infection and urinary Escherichia
coli in women ingesting cranberry juice daily: a randomized controlled
trial. Mayo Clin Proc 2012;87:143–50.
16. Takahashi S, Hamasuna R, Yasuda M, Arakawa S, Tanaka K, Ishikawa
K, Kiyota H, Hayami H, Yamamoto S, Kubo T, et al. A randomized
clinical trial to evaluate the preventive effect of cranberry juice
(UR65) for patients with recurrent urinary tract infection. J Infect Chemother 2013;19:112–7.
17. Gupta A, Dwivedi M, Mahdi AA, Nagana Gowda GA, Khetrapal CL,
Bhandari M. Inhibition of adherence of multi-drug resistant E. coli
by proanthocyanidin. Urol Res 2012;40:143–50.
18. Blumberg JB, Camesano TA, Cassidy A, Kris-Etherton P, Howell A,
Manach C, Ostertag LM, Sies H, Skulas-Ray A, Vita JA. Cranberries
and their bioactive constituents in human health. Adv Nutr 2013;4:
618–32.
19. Wang CH, Fang CC, Chen NC, Liu SS, Yu PH, Wu TY, Chen WT, Lee
CC, Chen SC. Cranberry-containing products for prevention of urinary
tract infections in susceptible populations. Arch Intern Med 2012;172:
988–96.
20. Jepson RG, Williams G, Craig JG. Cranberries for preventing urinary
tract infections [review]. Cochrane Database Syst Rev 2012;10:CD001321.
21. Jepson RG, Craig JC. Cranberries for preventing urinary tract infections [review]. Cochrane Database Syst Rev 2008;1:CD001321.
22. Melnyk BM. Integrating levels of evidence into clinical decision making. Pediatr Nurs 2004;30:323–5.
23. Micali S, Isgro G, Bianchi G, Miceli N, Calapai G, Navarra M.
Cranberry and recurrent cystitis: more than marketing? Crit Rev
Food Sci Nutr 2014;54:1063–75.
24. Wang P. The effectiveness of cranberry products to reduce urinary tract
infections in females: a literature review. Urol Nurs 2013;33:38–45.
25. Jepson RG, Craig JC. A systematic review of the evidence for cranberries and blueberries in UTI prevention. Mol Nutr Food Res 2007;
51:738–45.
26. Eells SJ, Bharadwa K, McKinnell JA, Miller LG. Recurrent urinary tract
infections among women: comparative effectiveness of 5 prevention
and management strategies using a Markov chain Monte Carlo model.
Clin Infect Dis 2014;58:147–60.
27. Beerepoot MAJ, Geerlings SE, van Haarst EP, Mensing van Charante N,
ter Riet G. Nonantibiotic prophylaxis for recurrent urinary tract infections: a systematic review and meta-analysis of randomized controlled
trials. J Urol 2013;190:1981–9.
28. Jepson RG, Mihaljevic L, Craig J. Cranberries for preventing urinary
tract infections. Cochrane Database Syst Rev 2004;2:CD001321.
29. Avorn J, Monane M, Gurwitz JH, Glynn RJ, Choodnovskiy I, Lipsitz
LA. Reduction of bacteriuria and pyuria after ingestion of cranberry
juice. JAMA 1994;271:751–4.
30. Haverkorn MJ, Mandigers J. Reduction of bacteriuria and pyuria using
cranberry juice [letter]. JAMA 1994;272:590.
31. Foda MM, Middlebrook PF, Gatfield CT, Potvin G, Wells G, Schillinger
JF. Efficacy of cranberry in prevention of urinary tract infection in a
susceptible pediatric population. Can J Urol 1995;2:98–102.
32. Walker EB, Barney DP, Mickelsen JN, Walton RJ, Mickelsen RA Jr.
Cranberry concentrate: UTI prophylaxis [letter]. J Fam Pract 1997;
45:167–8.
33. Schlager TA, Anderson S, Trudell J, Hendley JO. Effect of cranberry
juice on bacteriuria in children with neurogenic bladder receiving intermittent catheterization. J Pediatr 1999;135:698–702.
34. Kontiokari T, Sundqvist K, Nuutinen M, Pokka T, Koskela M, Uhari M.
Randomised trial of cranberry-lingonberry juice and Lactobacillus GG
drink for the prevention of urinary tract infections in women. BMJ
2001;322:1571–3.
35. McGuinness SD, Krone R, Metz LM. A doubleblind, randomized,
placebo-controlled trial of cranberry supplements in multiple sclerosis. J Neurosci Nurs 2002;34:4–7.
36. Stothers L. A randomized trial to evaluate effectiveness and cost effectiveness of naturopathic cranberry products as prophylaxis against urinary tract infection in women. Can J Urol 2002;9:1558–62.

Cranberries and UTIs 505

37. Linsenmeyer TA, Harrison B, Oakley A, Kirshblum S, Stock JA, Millis
SR. Evaluation of cranberry supplement for reduction of urinary tract
infections in individuals with neurogenic bladders secondary to spinal
cord injury. A prospective, double-blinded, placebo-controlled, crossover study. J Spinal Cord Med 2004;27:29–34.
38. Waites KB, Canupp KC, Armstrong S, DeVivo MJ. Effect of cranberry
extract on bacteriuria and pyuria in persons with neurogenic bladder
secondary to spinal cord injury. J Spinal Cord Med 2004;27:35–40.
39. McMurdo ME, Bissett LY, Price RJ, Phillips G, Crombie IK. Does ingestion of cranberry juice reduce symptomatic urinary tract infections in
older people in hospital? A double-blind, placebo-controlled trial. Age
Ageing 2005;34:256–61.
40. Lee BB, Haran MJ, Hunt LM, Simpson JM, Marial O, Rutkowski SB,
Middleton JW, Kotsiou G, Tudehope M, Cameron ID. Spinal-injured
neuropathic bladder antisepsis (SINBA) trial. Spinal Cord 2007;45:
542–50.
41. Hess MJ, Hess PR, Sullivan MR, Nee M, Yalla SV. Evaluation of cranberry tablets for the prevention of urinary tract infections in spinal
cord injured patients with neurogenic bladder. Spinal Cord 2008;46:
622–6.
42. Cranberry for UTI prevention in residents of long term care facilities
(PACS) [Internet]. [cited 2012 Sept 11]. Available from: clinicaltrials.
gov/ct2/show/NCT00596635.
43. Wing DA, Rumney PJ, Preslicka CW, Chung JH. Daily cranberry juice
for the prevention of asymptomatic bacteriuria in pregnancy: a randomized, controlled pilot study. J Urol 2008;180:1367–72.
44. Ferrara P, Romaniello L, Vitelli O, Gatto A, Serva M, Cataldi L. Cranberry juice for the prevention of recurrent urinary tract infections: a
randomized controlled trial in children. Scand J Urol Nephrol 2009;
43:369–72.
45. Essadi F, Elmehashi MO. Efficacy of cranberry juice for the prevention
of urinary tract infections in pregnancy [abstract]. J Matern Fetal Neonatal Med 2010;23:378.

506 Liska et al.

46. Salo J, Uhari M, Helminen M, Korppi M, Nieminen T, Pokka T,
Kontiokari T. Cranberry juice for the prevention of recurrences of urinary
tract infections in children: a randomized placebo-controlled trial. Clin
Infect Dis 2012;54:340–6.
47. Barbosa-Cesnik C, Brown MB, Buxton M, Zhang L, DeBusscher J,
Foxman B. Cranberry juice fails to prevent recurrent urinary tract
infection: results from a randomized placebo-controlled trial. Clin
Infect Dis 2011;52:23–30.
48. Sengupta K, Alluri KV, Golakoti T, Gottumukkala GV, Raavi J,
Kotchrlakota L, Sigalan SC, Dey D, Ghosh S, Chatterjee A. A randomized, double blind, controlled, dose dependent clinical trial to evaluate the efficacy of a proanthocyanidin standardized whole cranberry
(Vaccinium macrocarpon) powder on infections of the urinary tract.
Curr Bioact Compd 2011;7:39–46.
49. Cowan CC, Hutchison C, Cole T, Barry SJ, Paul J, Reed NS, Russell JM.
A randomised double-blind placebo controlled trial to determine the
effect of cranberry juice on decreasing the incidence of urinary symptoms and urinary tract infections in patients undergoing radiotherapy
for cancer of the bladder or cervix. Clin Oncol (R Coll Radiol) 2012;
24:e31–8.
50. Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. BMJ 2009;339:b2535.
51. US Department of Health and Human Services, FDA, Center for Drug
Evaluation and Research. Complicated urinary tract infections: developing drugs for treatment. Guidance for Industry. Silver Spring
(MD): US Department of Health and Human Services, Food and
Drug Administration, Center for Drug Evaluation and Research;
2015.
52. Steel N, Abdelhamid A, Stokes T, Edwards H, Fleetcroft R, Howe A,
Qureshi N. A review of clinical practice guidelines found that they
were often based on uncertain relevance to primary care patients.
J Clin Epidemiol 2014;67:1251–7.

