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Background. A number of observational studies and a few small or open randomized clinical trials suggest that

the American cranberry may decrease incidence of recurring urinary tract infection (UTI).

Methods. We conducted a double-blind, placebo-controlled trial of the effects of cranberry on risk of recurring

UTI among 319 college women presenting with an acute UTI. Participants were followed up until a second UTI or

for 6 months, whichever came first. A UTI was defined on the basis of the combination of symptoms and a urine

culture positive for a known uropathogen. The study was designed to detect a 2-fold difference between treated and

placebo groups, as was detected in unblinded trials. We assumed 30% of participants would experience a UTI during

the follow-up period.

Results. Overall, the recurrence rate was 16.9% (95% confidence interval, 12.8%–21.0%), and the distribution

of the recurrences was similar between study groups, with the active cranberry group presenting a slightly higher

recurrence rate (20.0% vs 14.0%). The presence of urinary symptoms at 3 days, 1–2 weeks, and at >1 month was

similar between study groups, with overall no marked differences.

Conclusions. Among otherwise healthy college women with an acute UTI, those drinking 8 oz of 27% cranberry

juice twice daily did not experience a decrease in the 6-month incidence of a second UTI, compared with those

drinking a placebo.

Urinary tract infection (UTI) is one of the most com-

monly acquired bacterial infections in ambulatory and

hospitalized populations. Approximately 11% of all

women aged >18 years in the United States have a UTI

each year. The incidence of UTI is highest among

women aged 18–24 years, approaching 1 of 5 infections

per year [1]. Although the risk of bladder UTI (cystitis)

progression to pyelonephritis is negligible among oth-

erwise healthy women, cystitis has a propensity to recur.

Among otherwise healthy women aged 18–39, the 6-

month risk of recurrence following a first UTI is 24%

[2]. Approximately 5% of women with an initial UTI

have multiple episodes within a year. Major risk factors

for UTI among women aged 18–39 years are engaging in

sexual intercourse and having a history of UTI.

Recurring UTI results in substantial direct and in-

direct costs to the individual, estimated at $1.6 billion

annually in 1995 dollars [3]. One unmeasured and only

recently appreciated cost to the individual is the impact

of repeated courses of antibiotics on normal microbiota.

A 5-day course of ciprofloxacin— often prescribed for

UTI— affects�one-third of all taxa in the gut [4]. Some

taxa do not rebound to pretreatment levels for as long as

6 months. Treating UTI with antibiotics selects for an-

tibiotic resistance among uropathogens and other bac-

teria found in and on the human body.

Uropathogens are increasingly resistant to antibiotics

in the United States and worldwide [5–9]. Women with

recurring UTI are prescribed repeated courses of anti-

biotics both as treatment and as a preventive strategy.

Because antibiotic therapy is a major driver of resistance,
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and adversely affects the normal microbiota, preventive strate-

gies that reduce the need for antibiotic therapy are particularly

important.

The American cranberry (Vaccinium macrocarpon) is a well-

known folk remedy used to prevent UTI. Laboratory analyses

[10, 11], observational studies [12], and a few small or open

randomized trials [13–17] suggest that regularly drinking

cranberry juice decreases the risk of UTI. In a randomized,

blinded study involving 137 women aged >45 with >2 UTI in

the past year, cranberry juice capsules were almost as effective as

prophylactic trimethoprim sulfamathoxazole in preventing re-

currences [18]. In vitro experiments have demonstrated that

cranberry reduces adherence of Escherichia coli to uroepithelial

cells. E. coli accounts for up to 80% of UTIs acquired in the

community [19]. The effect of cranberry on E. coli adherence is

dose-dependent; exposure to cranberry also can displace pre-

attached E. coli [20].

If cranberry were effective in reducing recurring UTI among

women at highest risk, benefits to the individual and to society

would be substantial. The lack of adequately powered double-

blind, randomized placebo-controlled trials of cranberry juice

effectiveness in reducing risk of recurring UTI led us to conduct

this study among college women presenting for treatment with

acute urinary tract infection. Our overall goal was to determine

the effect of regular drinking of cranberry juice cocktail (CJC) on

reducing the rate of recurrent UTI and duration of symptoms,

compared with placebo juice.

METHODS

Study Design
We conducted a prospective, randomized, double-blind com-

parison of the therapeutic efficacy of 8 oz of CJC drunk twice

daily in preventing recurring UTI.

Participants
All consenting women presenting for urinalysis at the University

of Michigan Health Service laboratory with symptoms of UTI

between August 2005 and October 2007 were eligible for en-

rollment in the study if they were 18–40 years of age, had >3

urinary symptoms (painful and frequent urination, and report

of either urgency, hematuria, or supra-pubic pressure), and

would be in Ann Arbor for the next 6 months. Criteria for

exclusion included antibiotic treatment over the last 48 h, hos-

pitalization, or catheterization within the previous 2 weeks,

kidney stones, diabetes, pregnancy or cranberry allergy, and

a negative urine culture result. Culture results were obtained

following enrollment and randomization. Participants were

followed up for 6 months or until they experienced a confirmed

UTI, whichever came first. Because we enrolled women from

a college population, with a follow-up period of 6 months, we

conducted recruitment primarily during the fall semester each

year of the trial.

Therapeutic Regimen
Participants were randomly assigned to drink either 8 oz of 27%

low-calorie cranberry juice cocktail twice per day or 8 oz of

placebo juice twice per day for the test period of 6 months. Study

juices were packaged and distributed by Fisher BioServices.

Cranberry juice was provided by Ocean Spray Cranberries and

was formulated under contract with NCCAM to fulfill research

requirements of RFA.AT-03-004 grantees. A Drug Master File

for this research grade—low-calorie juice cocktail (LCJC)—is on

file with the United States Food and Drug Administration. Re-

search juice was formulated to be similar to the commercially

available Ocean Spray LCJC and was sweetened with Splenda

(sucralose), exactly as is the retail juice. Commercially grown

cranberries from Vaccinum macrocarpon Aiton were used for the

juice production. Batches of LCJC were standardized for

proanthocyanidin content. Proanthocyanidin is the cranberry

juice component that is thought to produce the antiadhering

activity against E. coli [20]. Each dose consisted of one 8-oz

bottle (240 mL) containing a mean proanthocyanidin concen-

tration of 112 mg per dose (range, 83–136 mg; standard de-

viation, 614.1 mg), as measured by Fisher Bioservices by the

DMAC(N,N-dimethyacetamicle) method. The placebo juice

was formulated by Ocean Spray to imitate the flavor (sugar and

acidity) and color of the cranberry beverage, without any

cranberry content. In addition to other food and pharmaceuti-

cal-grade substances, both juices contained ascorbic acid in their

formulations. Fisher Bioservices used identical bottles for the

cranberry juice and the placebo beverage. All study juice

(cranberry and placebo) was stored under refrigerated con-

ditions (2–8oC) until delivery to study participants.

Patients were instructed to refrain from cranberry- or

blueberry-containing foods during the study period. Study juice

was delivered to participant’s home every 1–2 weeks starting on

the day of enrollment in order to promote compliance.

Clinical Assessments
At baseline, 3- and 6-month visits, and visits associated with

a UTI symptomatic episode, participants donated a clean-catch,

midstream urine specimen and self-collected vaginal and rectal

specimens, which were cultured for the presence of uropath-

ogens. Participants also completed questionnaires regarding

UTI symptoms, risk and behavioral factors associated with their

UTIs, diet, compliance (after baseline), gastrointestinal or any

other symptoms, and medical history. Questionnaires were

completed by pencil and paper on site (at enrollment and 3 and

6months follow-up or at recurrence).We contacted participants

for a telephone interview at 3 days and by email to complete

a Web-based questionnaire at 1 week (which, if not completed,
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became a telephone interview at 2 weeks). We repeated these

contacts at 1, 2, 4, and 5 months after enrollment. Web-based

questionnaires were conducted using a password-protected

system.

At enrollment, we instructed study participants to contact the

study staff if they experienced any urinary symptoms. We also

stressed to them the importance of following the study protocol.

All participants were sent home with a sample collection bag and

collection instructions should they experience urinary symp-

toms during off-clinic hours. All patients were treated for their

index UTI with antibiotics deemed adequate by their treating

physicians, without interference from the study. A medical re-

cord review was performed at the end of the study to confirm

UTI diagnosis and to identify recurrences or adverse events in

case we missed them during our follow-up. Our study protocol

was approved by the University of Michigan Institutional Re-

view Board and monitored by a data safety monitor from

a different university.

Laboratory Assessments
Urinary specimens were streaked for isolation on MacConkey

agar and blood agar plates for bacterial separation. A positive

urine culture result was defined as >1000 cfu/mL urine of

a known uropathogen [21]. Predominant colonies and colonies

with unique morphologies were saved for further testing using

standard methods. If multiple isolates were obtained from

a single individual, they were tested for similarity using En-

terobacterial Repetitive Intergenic Consensus (ERIC).

Definitions and Data Analysis
The primary end point was a confirmed UTI, defined using the

same criteria as used to determine eligibility for enrollment, that

occurred >15 days after trial enrollment or if at ,15 days was

with a different bacteria type or strain. ERIC PCR typing to

compare enrollment and recurring UTI E. coli isolates was

performed for those with a positive culture for E. coli within the

first 15 days. If the recurrence isolates were identical to those

found in the enrollment episode the recurrence was considered

a treatment failure and the patient remained in the study.

Compliance was based on self-report. A participant was con-

sidered to be compliant if she responded ‘‘no’’ to the question,

‘‘During the past 4 weeks, were there 2 or more days when you

did not drink your cranberry juice?’’ and reported drinking 2

containers of juice on a typical day in the last month, and at least

1 container of juice on the previous day.

Demographic characteristics, behaviors, and medical history

of the 2 treatment groups at time of enrollment were compared

using the Student’s t test for continuous variables and v2 for

categorical variables. Risk of UTI was estimated per group in an

intent to treat analysis. In the intent to treat analysis, we further

adjusted for recent sexual behavior and a history of previous

UTI in a time-dependent analysis, because these are strong de-

terminants of recurrence. Survival until recurrence was plotted

using Kaplan-Meier, and differences in survival between groups

were tested using the log-rank test.

Randomization
Participants were randomly assigned to a lot number at time of

enrollment. The Biometrics and Outcomes Research Core at the

University of Michigan, which served as the Data Coordinating

Center (DCC), provided a randomization schedule for the juice

supplier by assigning labels that were placed on each box of

juice.

Concealment of Allocation
At enrollment, study recruiters logged participants in a Web-

based enrollment form that contained only the participant

identification number and the number of the box given to the

participant. When it was time to provide the participant with an

additional supply of juice, the recruiter entered the participant’s

identification number into the same Web-based form and the

database returned the number on a box that contained the same

treatment regimen. In this manner the DCC was unblinded, but

the investigators and their staff remained blinded to the assigned

regimen until the trial was completed.

Sample Size
The study was powered to detect a 2-fold difference between

treated and placebo groups, as was detected in unblinded trials,

assuming that 30% of participants would experience a UTI

during the follow-up period. Using a 2-sided test of significance,

the study has 80% power to identify a change of this magnitude

when there are 120 subjects per group. However, in an intent-to-

treat analysis, if there is greater loss to follow up in the treatment

group because of adverse effects, compared with the placebo

group, the effect of loss to follow up is greater than simply

correcting for the proportion lost. Therefore, to allow for an

intent-to-treat analysis, we planned on recruiting 200 subjects

per group.

RESULTS

Patient Characteristics
A total of 1507 women were screened for participation; 269 were

unwilling to participate, and 818 were not eligible. Of the 419

enrolled and randomized women, 100 had a negative urine cul-

ture result and were therefore ineligible for participation. The

remaining 319 eligible, participating women, were randomized:

155 to cranberry juice and 164 to the placebo beverage (Figure 1).

The demographic and behavioral characteristics and medical

history of the 2 groups were similar at time of enrollment

(Table 1). The mean patient age in both groups was 21 years,

Almost all (99%) participants had a history of >1 UTI; 200
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(62.7%) participants reported >4 UTIs in their life, and 149

(46.7%) reported >3 UTIs in the previous 12 months. Almost

all (98%) had ever engaged in sexual activity (defined as vaginal-

penile intercourse, anal-penile intercourse, and/or oral-genital

contact), and engaged in vaginal intercourse an average of 2–3

times per week. Most participants (92%) reported having only 1

sex partner during the previous 4 weeks. Birth control methods

were similar between groups. The majority were students, and

less than 10% of both groups were married or living as married.

Race and ethnicity were distributed similarly by group. The most

common organisms isolated from the index and recurring UTI

were E. coli (Table 2).

Two hundred thirty (72%) of 319 participating women

completed the entire protocol. Eighty-four were lost to follow-up

or dropped out voluntarily, and 5 became pregnant and were

excluded (Figure 1). Participation rates for scheduled follow-up

visits were similar between study groups. Overall, 116 (75%) of

treatment and 114 (70%) of placebo participants completed the 6-

month follow-up visit or had a prior recurrence.

Because there is no validated test for a biological marker of

cranberry juice consumption, and blinded assessments of po-

tential tests did not distinguish between groups, compliance was

assessed based on self-report. Monthly self report of compliance

with the study protocol (see Methods) was very similar between

the 2 groups (Figure 2).

Outcome Associated with Treatment
We observed 54 culture-confirmed recurrent UTI episodes (31

in cranberry and 23 in placebo). Overall, the recurrence rate was

16.9%, lower than the expected 30%. In an intent to treat

analysis the distribution of the recurrences was similar between

study groups, with the active cranberry group presenting

a slightly higher recurrence rate (cumulative incidence rate,

19.3% vs 14.6%; log-rank P 5 .21). Kaplan-Meier curves of

survival to recurrence are shown in Figure 3. The presence of

urinary symptoms and of vaginal symptoms at 3 days, 1–2

weeks, and at>1 month was similar between study groups, with

overall no marked differences. On monthly follow-up ques-

tionnaires, gastrointestinal symptoms were reported twice as

frequently for those receiving placebo than cranberry, with the

differences statistically significant in months 3 and 5. Serious

adverse events occurred equally in both groups, and none were

deemed to be attributable to treatment after review by the data

safety monitor.

Because recent sexual activity and history of previous UTI are

strong predictors of recurrence, we further analyzed the data

Figure 1. Disposition of participants in clinical trial of cranberry juice 2 times/day versus placebo. Number of study participants enrolled, allocated,
followed, and analyzed shown using CONSORT 2010 Flow Diagram.
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adjusting for these factors using a time-dependent analysis.

Adjustment for frequency of sexual activity in the previous

month and history of UTI at time of enrollment made no dif-

ference in the risk of recurrence by treatment (unadjusted haz-

ard ratio of cranberry versus placebo (1.4; 95% CI, 0.8–2.4);

adjusted for sexual frequency and UTI history (1.6; 95% CI, .9–

3.0)). There was no difference in frequency of sexual activity in

the month before recurrence and frequency of sexual activity in

the last month among those whose UTI did not recur. Risk of

recurrence was significantly higher among those with a history

of 2 or more UTIs (22% vs 10%; P 5 .0007). However, there

was no significant effect of cranberry juice in risk of recurrence

in those with or without UTI history (Figure 4).

DISCUSSION

We report results of a double-blind, randomized, placebo con-

trolled trial of the effects of drinking cranberry juice on risk of

recurring UTI among college-aged women. The trial was de-

veloped to detect a 2-fold difference in incidence of recurring

UTI with alpha of .05 and power of 99%. The power was esti-

mated assuming we would observe a 30% recurrence rate among

controls, consistent with that reported in observational studies

[2, 22]. Contrary to expectation, we found that drinking an 8-oz

dosage of cranberry juice twice per day gave no protection

against the risk of recurring UTI among college-aged women.

Although previous studies in similar study populations (young,

otherwise healthy sexually active women) have shown a signifi-

cant reduction in UTI recurrences, these studies were not blin-

ded [13] or were underpowered [14]. Our trial study groups

were similar with respect to socio-demographic variables and

known UTI risk factors, and we observed no differences in the

duration or severity of UTI symptoms.

We observed a recurrence rate of 16.9% overall—almost half

that expected based on the literature [2, 22]. It is possible that

the placebo inadvertently contained the active ingredient(s) in

cranberry juice. While the active ingredient was previously be-

lieved to be proanthocyanidin, and the placebo was tested ac-

cordingly, the actual active ingredient is uncertain [20]. Both

placebo and cranberry juice contained ascorbic acid, which has

Table 2. Distribution of Bacterial Organisms Causing Index and Recurring Urinary Tract Infection by Treatment Group. Clinical trial of
cranberry juice 2 times/day versus placebo.

Enrollment Recurrence

Organism

Cranberry

(n 5 155) n (%)

Placebo

(n 5 164) n (%)

Cranberry

(n 5 30) n (%)

Placebo

(n 5 24) n (%)

Escherichia coli 121 (78.1) 131 (79.9) 28 (93.3) 14 (58.3)

Staphylococcus saprophyticus 9 (5.8) 14 (8.5) 0 (0) 1 (4.2)

Enterococcus species 9 (5.8) 4 (2.4) 1 (3.3) 1 (4.2)

Klebsiella species 9 (5.8) 4 (2.4) 0 (0) 1 (4.2)

Proteus mirabilis 2 (1.3) 4 (2.4) 1 (3.3) 1 (4.2)

Streptococcus agalactiae 9 (5.8) 12 (7.3) 1 (3.3) 5 (20.8)

Other 7 (4.5) 12 (7.3) 0 (0) 1 (4.2)

NOTE. Otherwise healthy young women (319) with a culture-confirmed urinary tract infection 2005–2007.

Some individuals had .103 cfu/mL of more than one bacteria, so numbers do not total the number of participants

Table 1. Participant Characteristics at Time of Enrollment in
Clinical Trial of Cranberry Juice 2 Times/Day Versus Placebo.

Characteristic

Cranberry

(n 5 155)

Placebo

(n 5 164)

Age, mean 6SD, years 21.2 (3.4) 21.2 (3.5)

No. previous UTI ever 6SD 3.6 (4.0) 3.8 (3.1)

No. UTI in past 12 months 6SD 1.31(2.17) 1.27 (1.48)

Frequency vaginal intercourse
in previous 4 weeks, mean 6SD

9.9 (7.2) 10.2 (7.0)

No, of sex partners past
4 weeks, mean 6SD

1.10 (.30) 1.07 (.28)

Birth control method, n (%)*

None 12 (8.0) 15 (9.7)

Diaphragm 1 (.7) 2 (1.3)

Condoms with spermicide 50 (33.8) 44 (28.6)

Condoms without spermicide 53 (35.8) 61 (39.6)

Spermicide 4 (2.7) 2 (1.3)

Oral contraceptives 112 (75.2) 118 (75.2)

Completed college, n (%) 38 (24.7) 38 (23.4)

Married or living as married, n (%) 11 (7.2) 14 (8.6)

Race/ethnicity,* n (%)

Hispanic or Latino 9 (5.9) 10 (6.2)

White 108 (72.5) 126(81.3)

Black 9 (6.0) 13 (8.4)

Asian 35 (23.5) 16 (10.3)

NOTE. Otherwise healthy young women (319) with a culture-confirmed

urinary tract infection 2005–2007.

*Groups not mutually exclusive
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also been suggested to prevent UTI [23], but has not been

demonstrated to reduce risk in controlled trials. Another pos-

sibility to explain our results is that our study protocol kept all

participants better hydrated and led them to urinate more fre-

quently, decreasing bacterial growth and/or reducing mild uri-

nary symptoms.

Whereas there are no other adequately powered placebo-

controlled trials of cranberry juice among otherwise healthy

college women [24], some trials have been performed in

special populations. A randomized controlled trial of 305

individuals with neuropathic bladder following spinal cord

injury found that ingestion of cranberry tablets did not reduce

rates of UTI relative to the standard regimen [25]. However,

a randomized controlled trial among 150 women aged 21–72

years who were randomized to receive placebo juice and

placebo tablets versus placebo juice (filtered water, pineapple

juice, and food coloring) and cranberry tablets, compared

with cranberry juice and placebo tablets found cranberry juice

and cranberry tablets reduced the number of symptomatic

UTI per year (to 20% and 18% respectively) compared with

placebo (to 32%) (P , .05). Of note, the rate among those

taking cranberry in this trial is consistent with what we ob-

served among both placebo and treatment groups [15]. Of

interest, in the only other large trial of cranberry juice com-

pared with placebo juice, conducted among 376 British in-

patients >60 years, the incidence of symptomatic UTI was

also lower than anticipated in the placebo group, but there

was no significant difference between groups [26]. Similar to

the juices used in our trial, both active and placebo juice

contained ascorbic acid.

In conclusion, among otherwise healthy college women with

a history of>1 UTIs, drinking 8 oz of 27% cranberry juice twice

per day did not decrease the 6-month incidence of another UTI,

compared with drinking a placebo juice.
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Figure 3. Kaplan Meier curves of survival to urinary tract infection
recurrence by juice assignment. clinical trial of cranberry juice 2 times/
day versus placebo. Otherwise healthy young women (319) with a culture-
confirmed urinary tract infection 2005–2007. The cranberry group had
a higher failure rate than placebo (20% vs 14%) but the difference was
not statistically significant.

Figure 2. Self-reported compliance with study protocol by treatment group and month. Clinical trial of cranberry juice 2 times/day versus placebo.
Otherwise healthy young women (319) with a culture-confirmed urinary tract infection 2005–2007.
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