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Cranberry is not effective for the prevention or treatment
of urinary tract infections in individuals with spinal cord injury

EA Opperman

Department of Family Relations and Applied Human Nutrition, University of Guelph, Guelph, Ontario, Canada

Study design: Literature review.

Objectives: Urinary tract infections (UTIs) are the most common medical complication experienced
by individuals with spinal cord injury (SCI). Recent research presents conflicting evidence regarding
use of cranberry in reducing growth and colonization of uroepithelial cells by uropathogenic bacteria.
The objective was to determine whether the literature supports the use of cranberry in preventing
or treating UTls in the SCI population.

Methods: MEDLINE was searched for intervention studies, which investigated the use of cranberry in
the prevention or treatment of UTIs in the SCI population. If the studies met the inclusion criteria, full
articles were located and reviewed.

Results: Five studies (four randomized clinical control—three trials using cranberry tablets vs placebos
and one using cranberry juice—and one pilot study using cranberry juice) were identified which
evaluated the effectiveness of cranberry products for the prevention or treatment of UTIs in the SCI
population. Three studies reported no statistically significant effect of cranberry tablets in urinary pH,
urinary bacterial count, urinary white blood cell (WBC) count, urinary bacterial, and WBC counts in
combination or episodes of symptomatic UTls. A fourth study showed that cranberry juice intake
significantly reduced biofilm load compared with baseline. A final study reported fewer UTls during the
period with cranberry extract tablets vs placebo.

Conclusions: Limited evidence from clinical trials that vary in design suggests that cranberry, in juice
or supplement form, does not seem to be effective in preventing or treating UTls in the SCI population.

More rigorous clinical research is needed to confirm this.
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Introduction

The incidence of spinal cord injury (SCI) varies widely from
country to country; however, worldwide, it is ~40 per
million people.! Individuals with SCI face many years of
survival with severe disability, as the majority of injuries are
sustained under the age of 34 years.> Although life
expectancy has improved in the SCI population, individuals
are susceptible to numerous diseases and secondary impair-
ments as a result of their injuries increasing the risk of
premature death.3*

Urinary tract infections (UTIs) are the most common
medical complication experienced by individuals living with
SCIL.5"19 UTIs are a problem during initial hospitalization,
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after discharge™!! and are a main cause of rehospitaliza-

tion in this population.'? Individuals will suffer from
a symptomatic UTI at some point after disability'® and will
experience between 1.82 and 2.6 symptomatic UTIs per
year.'*'® Consequently, UTIs intensify the experience of
disability, threaten survival, negatively impact long-term
health, dignity, mobility, independence, and quality of
life.*'*'S The high prevalence of UTIs is also costly to the
health care system.*!?

Several factors are responsible for the high prevalence of
UTIs including invasive procedures without antibiotic
prophylaxis, cervical injury, neurogenic bladder, stagnant
residual urine, incomplete voiding, catheter use, and
elevated intravesical pressure.'*'>!” These factors com-
monly cause chronic or recurrent bacteriuria, which may
remain asymptomatic or progress to symptomatic UTILS
Treating UTIs can be complicated because of polymicrobial
bacteria, multi-drug-resistant bacteria, side effects of the
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drugs themselves, and recolonization of the bladder once
treatment is discontinued.’'”~'* Multi-drug-resistant bacter-
ia can result in life-threatening complications." As a result,
asymptomatic bacteriuria is frequently left untreated until
it becomes symptomatic as asymptomatic bacteriuria is
not associated with adverse urological outcomes in the SCI
population.!92°

Concerns regarding the overuse of antibiotics in
individuals with SCI has prompted consideration for con-
sumer-directed alternatives to improve urinary tract
health.>'®!° Dietary supplement use is high in the SCI
population, and preventing UTIs is the primary reason for
taking cranberry.?' Cranberry is thought to improve urinary
tract health by inhibiting the adhesion of uropathogenic
bacteria to the uroepithelial cells by interfering with specific
receptor-ligand modes of microbial adhesion.>'82%>-26
Cranberries contain proanthocyanidins and fructose,
which specifically inhibit hemagglutination of Escherichia
coli by the expression of types 1 and P adhesion.?’~*°
Cranberry juice is more effective at preventing bacterial
adherence than displacing bacteria already attached to the
epithelial cells.®! In the able-bodied population, there is
some evidence to recommend cranberry to prevent sympto-
matic UTIs in women with recurrent UTIs; however,
the evidence is inconclusive as to whether it is effective in
older adults.*?

Whether cranberry may be useful in preventing or treating
UTIs in people with SCI may be a valuable information for
clinicians and researchers because >40% of people with
physical disabilities use alternative medicine to treat medical
conditions and cranberry is a frequently consumed supple-
ment.'%?! Clinicians need to be aware of why individuals
with SCI consume cranberry and whether cranberry will
improve their condition. Furthermore, they need to be aware
of the literature available to make educated decisions
regarding the appropriate means of consumption and dosage
to present to their clients. The objective of this review was to
determine whether the literature supports the use of
cranberry in preventing and/or treating UTIs in the SCI
population.

Materials and methods

Intervention studies, which investigated the wuse of
cranberry—either in supplement or juice form—to aid in
the prevention or treatment of UTIs specifically in
the SCI population were eligible for this review. Only
studies with human subjects and participants with SCI
(paraplegia or tetraplegia) were included. Articles
eligible for this review were searched through MEDLINE.
Combinations of the following search terms were used:
cranberry, UTI, SCI, treatment, prevention, urinary stasis,
neurogenic bladder, bacteriuria, and pyuria. All identified
papers were initially read by title and abstract. If the
studies met the inclusion criteria, full articles were
located and reviewed. In addition, reference lists of
suitable publications were searched manually for additional
articles.
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Results

Numerous articles were identified which evaluated the
effectiveness of cranberry in preventing or treating UTIs in
the healthy ambulatory population. These were not in-
cluded. Five studies were identified which evaluated the
effectiveness of cranberry products for the prevention or
treatment of UTIs in the SCI population.>®!11819 Al
participants in the studies were individuals with SCI
(paraplegia or tetraplegia) and neurogenic bladder. Addi-
tional criteria for Hess et al. included participants with
ASIA A, B, or C classification and excluded participants
with SCI <1-year duration, a glomerular filtration rate of
<30mlmin™, immunosuppressive medications, or current
malignancy.'! Reid et al. included participants over 18 years
of age, with earlier history of UTI, were not pregnant, were
not receiving prednisone or immunosuppressive drugs, had
no history of autonomic dysreflexia as a result of UTI in the
past 12 months, no known urinary abnormality and did not
have symptomatic UTI at the time of the study.'® Lee et al.’s
additional criteria included participants with stable bladder
management with indwelling urethral or suprapubic cathe-
ter, intermittent catheterization or reflex voiding, absence of
complex urological or serious renal or hepatic pathology, not
being prescribed antibiotics, and absence of symptoms of
UTI at time of enrolment.'® Waites et al. required partici-
pants to be at least 1-year post-SCI, >16 years of age, use
intermittent catheterization or external collection device,
no systemic antimicrobials or urinary acidifying agents taken
within 7 days, no current fever or chills suggestive of acute
symptomatic UTI, and bacterial colony count of >10*
colonies per milliliter based on urine cultures.® There were
no additional criteria in the study by Linsenmeyer et al.®
Four studies evaluated cranberry and prevention;5!!1819
one evaluated cranberry and treatment.> A summary of the
studies is provided in Tables 1 and 2.

Cranberry for prevention
A total of 388 participants were randomized to intervention
or control for preventing UTIs. Participant characteristics of
each study are in Table 3. The methodological quality of the
trials seemed rigorous. Studies by Lee et al., Hess et al., and
Linsenmeyer et al. were randomized, double-blinded, and
controlled trials; Hess et al. and Linsenmeyer et al. also
contained crossover designs.®!!"'® The fourth trial, a pilot
study conducted by Reid et al., contained an open crossover
design.'®

Linsenmeyer et al. and Hess et al. included intervention
and placebo groups,®'' Linsenmeyer et al. also included
a l-week washout period in between.® Reid et al. had
participants add 3 x 250ml water to their regular diet for
1 week followed by the intervention (3 x 250 ml commercial
cranberry juice, Ocean Spray Cranberries, Lakeville, MA,
USA) for 1 week.'® Lastly, Lee et al. randomly assigned
patients to one of the four groups using a factorial design,
the groups being cranberry and Methenamine Hippurate
(a urinary antiseptic, which suppresses or eliminates bacteriuria
in the uroepithelial cells), cranberry and Methenamine
Hippurate placebo, Methenamine Hippurate and cranberry
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Table 1 Cranberry to prevent urinary tract infections in the spinal cord injury population
Author Participants Design Intervention Measurements Results
Hess et al."’ 47 participants with Randomized, double- 500 mg cranberry Primary outcome was  Reduction in the

Linsenmeyer et al.®

Reid et al.'®

Lee et al."®

SCI and neurogenic
bladder.

21 participants with
neurogenic bladder
secondary to SCI.

15 participants with
SCI and history of UTI.

305 participants with
SCI with neurogenic
bladder and stable
bladder management.

blind, placebo-
controlled trial with a
crossover design.

Prospective,
randomized, double-
blinded, placebo-
controlled crossover
study.

Pilot study with open
crossover design to
determine whether
alteration of fluid
intake and use of
cranberry juice affects
biofilm regeneration.

Double-blind,
factorial-design
randomized-
controlled trial.

extract tablet or
placebo for 6 months
followed by alternate
preparation for
additional 6 months.

3 x 400 mg cranberry
tablets or placebo

for 4 weeks followed
by 1-week washout
and 4 week crossover
to other group.

3 x 250 ml water for
7 days followed by

3 x 250 ml per day
commercial cranberry
juice for 7 days.

Methenamine
Hippurate 1g twice
daily and/or 800 mg
cranberry twice daily
and/or placebo. End
point was occurrence

incidence of UTI.

Favorable or
unfavorable response
to cranberry
supplement vs placebo
on urinary bacterial
counts, WBC counts
and the combination
of bacterial and WBC
counts.

Urine samples were
used to harvest
uroepithelial cells to
look for biofilm coating
and to test for bacterial
adhesion.

Time to occurrence
of symptomatic UTI.

likelihood of UTI and
symptom for any
month while receiving
cranberry tablet
(P<0.05 for all).

No difference in urinary
pH of cranberry
supplement (pH=15.9) vs
placebo (pH=5.9). No
statistically significant
treatment effect for
cranberry tablets beyond
the placebo effect when
evaluating urinary
bacterial count
(P=0.96), urinary WBC
count (P=0.27), or
urinary bacterial and
WBC counts in
combination (P=0.27).

Cranberry juice intake
reduced biofilm load
compared with baseline
(P=0.013) and adhesion
of Gram-negative
(P=0.054) and Gram-
positive (P=0.022)
bacteria to cells. Water
intake had no effect on
bacterial adhesion or
biofilm presence.

Both treatment groups
had no longer UTI-free
periods than placebo
groups (P=0.75 for
Methenamine
Hippurate; P=0.70 for

of symptomatic UTI. cranberry).
Abbreviations: SCI, spinal cord injury; UTI, urinary tract infections.
Table 2 Cranberry to treat urinary tract infections in the spinal cord injury population
Author Participants Design Intervention Measurements Results
Waites et al. 48 individuals with Randomized, Daily ingestion of Baseline urinalysis No differences or trends

SCI and neurogenic
bladder managed by
intermittent
catheterization or
external collection
device and a baseline
urine culture showing
at least 10° colonies
per milliliter of bacteria.

double-blinded,
placebo-controlled
study.

capsules with 2g
of concentrated
cranberry juice or

placebo for 6 months.

and cultures were
performed at the

time of the initial

clinic visit and monthly
for 6 months.

detected between
participants and controls
with respect to number
of urine specimens with
bacterial counts of at
least 10* colonies per
milliliter, types and
numbers of different
bacterial species,
numbers of urinary
leukocytes, urinary

pH, or episodes of
symptomatic UTI.

Abbreviation: SCI, spinal cord injury.
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Table 3 The characteristics of participants in each study

Hess et al. Linsenmeyer et al. Reid et al. Lee et al. Waites et al.
(2008)"" (2004)° (2001)'8 (2007)"° (2004)°
N 47 21 15 305 48
Median: 52 Mean=42.3+14.9 Mean=43.5+13.5 Mean=41
Age (range: 28-79) NA years years (range: 20-73)
n (%) n (%) n (%) n (%) n (%)
Gender
Male 47 (100) 16 (76) 10 (67) 252 (83) 42 (88)
Female 0 (0) 5(24) 4(27) 53(17) 6 (18)
Level of injury
Paraplegia 24 (51) 13 (62) NA 138 (45) 34 (71)
Tetraplegia 23 (49) 8 (38) NA 167 (55) 14 (29)
Completeness of injury
Complete 27 (57) NA NA 148 (49) 40 (83)
Incomplete 20 (43) NA NA 157 (51) 8(17)
Bladder management
Reflex voiding/condom catheter 35 (74) 4 (19) NA 59 (19) 0 (0)
Intermittent catheterization 8(17) 12 (57) NA 90 (30) 25 (52)
Indwelling catheter 4 (9) 0 (0) NA 156 (51) 0 (0)
Foley catheter 0 (0) 4 (19) NA 0 (0) 0 (0)
External collection 0 (0) 0 (0) NA 0 (0) 23 (48)
Not stated 0 (0) 1(5) NA 0 (0) 0 (0)

placebo, or cranberry placebo and Methenamine
Hippurate placebo.'® The rationale for the type or dosage
of cranberry given to participants was not mentioned in
any of the trials. Of the three studies using cranberry
extract tablets, Hess et al. had participants consume 500 mg
each day (CranMax, Swiss Herbal, Canada),!! whereas
Linsenmeyer et al. had participants consume 3 x400mg
each day (Nature’s Way, Springville, Utah),® and Lee et al.
used 2 x 800mg."®

The attrition rate of the four trials varied considerably.
Reid et al. reported no dropouts, all 15 participants
completed the study.'® Hess et al. had 10 dropouts; however,
the 47 participants who completed the study were all
reportedly compliant.!! Lee et al. included all 305 partici-
pants in the analysis despite 55 dropouts; this attrition
rate seems high, but sufficient participants were recruited
to allow for a 20% dropout rate.!® Lastly, there were 16
dropouts reported in the study by Linsenmeyer et al.; any
differences between the dropouts and the 21 participants
who completed the study were not mentioned.®

The four studies conducted measurements relating to the
prevention of UTIs; intervention/placebo was given to those
without a symptomatic UT], if an infection occurred at any
point during the study participants stopped the interven-
tion/placebo and were treated before continuing participa-
tion. Hess et al.’s'' primary outcome was the incidence of
symptomatic UTI, defined as: (1) the presence of >10*
organisms per milliliter of urine, (2) the presence of one or
more new symptoms, and (3) evidence of tissue invasion
such as hematuria (>4 RBC/HPF) or pyuria (>10 white
blood cell, WBC/HPF).!! Lee et al.’s primary outcome was the
time to occurrence of a symptomatic UTI, as this is the
current criterion for treating patients with SCL'® In this
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study, UTI was defined according to the 1992 National
Institute on Disability and Rehabilitation Research State-
ment on symptomatic UTIs in the spinal cord injured.'®
Linsenmeyer et al. determined a response to cranberry vs
placebo on the basis of urinary bacterial counts, WBC
counts, and the combination of bacterial and WBC counts.®
Bacteriuria was considered significant with >10* colonies
per milliliter for a clean voided specimen and > 107 colonies
per milliliter for a specimen obtained by intermittent
catheterization and pyuria was defined as WBC count >10
per high power field in centrifuged urine.® Finally, Reid et al.
determined biofilm load (aggregate of microbes) compared
with baseline and tested for bacterial adhesion.'®

Predictably, the results of the four studies are conflicting.
Two studies showed no evidence of preventative effect when
using cranberry.*'® Lee et al. reported no statistically
significant effect of cranberry tablets compared with placebo
(P=0.70)."° Linsenmeyer reported no difference in overall
4-week urinary pH in individuals on cranberry supplement
vs placebo (pH = 5.9 for both) and no statistically significant
effect for cranberry tablets vs placebo for evaluating urinary
bacterial count (P=0.96), urinary WBC count (P=0.27),
or urinary bacterial and WBC counts in combination
(P=0.27).% Conversely, two studies showed evidence of
a preventative effect of cranberry. The results of the study
conducted by Reid et al. showed that cranberry juice intake
significantly reduced biofilm load compared with baseline
(P=0.013) because of a reduction in adhesion of Gram-
negative (P=0.054) and Gram-positive (P=0.022) bacteria
to cells.'® Hess et al. found no difference in the incidence of
significant bacteriuria between cranberry and placebo groups
(P=0.52); however, they found fewer UTIs during the
cranberry period (P=0.01)."



Adverse reactions experienced by participants were mild in
nature and occurred in 15 participants in two studies.®'? The
reported adverse reactions were diarrhea, constipation,
nausea, rash, and abdominal discomfort.®'° Reid et al. and
Hess et al. did not mention any adverse reactions.!!'

Cranberry for treatment

One randomized, double-blind, placebo-controlled study
conducted by Waites et al.’> was included, which investigated
whether cranberry extract would reduce or eliminate
bacteriuria and pyuria in individuals with SCI. Participants
with SCI and neurogenic bladder managed by intermittent
catheterization or external collection device and asympto-
matic bacteriuria (a baseline urine culture showing at least
10° colonies per milliliter of bacteria) were randomized to
intervention or control.’ Participant characteristics are in
Table 3. Each participant ingested 2 x 1g of concentrated
cranberry juice in capsule form (CranVerry, Aim This Way,
Cambridge, Mass) or placebo in capsule form daily for
6 months.’ The rationale for the type or dosage of cranberry
given to participants was not mentioned.

The methodological design of this study was rigorous,
although 26 of 74 participants withdrew after beginning the
study, for various reasons.” An unspecified number of
participants withdrew from the study with the perception
that the cranberry supplement caused adverse effects.’
Specific adverse reactions were not mentioned.® The 48
who completed the study were all reportedly compliant.®

Baseline urinalysis and cultures were performed at the time
of the initial clinic visit and monthly for 6 months.> The
results showed no evidence of treatment effect of cranberry
extract to reduce bacteriuria or pyuria.> There were no
differences or trends detected between participants and
controls with respect to number of urine specimens with
bacterial counts of at least 10* colonies per milliliter
(P=0.758), types and numbers of different bacterial species,
numbers of urinary leukocytes (P=0.929), urinary pH
(P=0.659), or episodes of symptomatic UTI (38.5% inter-
vention vs 36.4% controls).’

Conclusion

It is important that conclusions be drawn about the use of
cranberry to prevent or treat UTIs in this population given
that UTIs are the most common secondary medical compli-
cation reported.>™!°

In the SCI population, the use of cranberry to prevent or
treat UTI does not offer encouraging results. Two clinical
studies (Table 1) suggest a possible clinical benefit of
cranberry extract tablets and commercial cranberry juice in
preventing UTIs in the SCI population; two do not. These
latter two studies, which report no benefit in cranberry
consumption, provide an adequate sample size, rigorous
methodology, and investigated numerous measurements to
suggest not recommending cranberry to prevent UTIs in the
SCI population. The one clinical study noted no difference in
treatment of UTIs in the cranberry group vs the placebo
group (Table 2). However, there was only one study carried
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out in this area. Although there is generally negative
evidence presented in regards to cranberry’s effectiveness in
the prevention or treatment of UTIs, further clinical research
must be carried out to reach a conclusion. Future studies
must take into account the positive effect of cranberries on
bacteriuria with pyuria can take up to 1 month to manifest,
and may need an additional 4 weeks before any benefit
is seen.®

Conducting research in the SCI population is challenging,
as it is smaller than the able-bodied population and very
diverse in terms of demographics, level of injury, chronic
disease, secondary impairment experiences, and various
types of bladder management. This provides difficulty in
having truly balanced study groups, particularly in small
studies. Current research is inconclusive and has many
limitations including failure to balance adequately for
bladder management type, failure to recruit target number
of participants, short study duration, high dropout rate, lack
of information on the difference between participants who
completed the study and those who did not, lack of washout
period, and different definitions of symptomatic UTI. A
strength of current research is the randomized, double-
blinded, placebo-controlled study designs.

For future research to be generalizable to the adult SCI
population, participants need to better represent the popula-
tion (that is demographics, level of injury, traumatic vs non-
traumatic injury, and various types of bladder management).
Studies need to be larger, longer in duration, investigate
various doses of cranberry, and use various methods to
observe whether cranberry is effective in preventing UTIs
(that is urine cultures, bacterial counts, WBC counts). Future
research should justify various types and dosage of cranberry
and how dropouts may differ from participants who
complete the study. Adverse effects also need to be
investigated and reported. Lastly, research needs to use
a standardized definition of UTI on which they can base
conclusions about cranberry and its effectiveness.
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