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Purpose: To assess patient reliance on various over-the-counter (OTC) modalities used for prevention of recurrent urinary tract
infection (RUTI) after electrofulguration (EF).
Patients and Methods: Following IRB approval, qualifying women were offered a short survey over the phone by a medical
researcher to collect information about their use of various OTC modalities for prophylaxis of RUTI. Data was compared between two
cohorts, ≥70 years old and <70 years old, using chi-squared and Student’s t-tests.
Results: From a database of 324 patients, 163 accepted the interview. 17% (28/163) reported current use of cranberry supplements, 10%
(16/163) D-mannose supplements, and 42% (69/163) another non-prescription modality for RUTI prophylaxis. The non-geriatric (<70 years
old) cohort spent, on average, $80 less annually on cranberry/D-mannose supplements (P=0.043) than the geriatric cohort and were more
likely to use non-prescription modalities for the prevention of UTI (52% vs 30%; P=0.0061). Individuals using D-mannose were also much
more likely to purchase their product online compared to those using cranberry supplements (85% vs 56%). Across all modalities, the
perceived benefit difference in reducing UTI/year ranged from a median of 0 for Pyridium® (phenazopyridine hydrochloride) to four for
probiotics, with D-mannose and cranberry at two/year, and those increasing daily fluid consumption at 2.5 fewer UTI/year.
Conclusion: Continued use of non-prescription modalities for RUTI prophylaxis were common among women with an EF history,
but varied based on age groups. Across both age cohorts, annual expenditure and perceived benefit also varied among different OTC
prophylactic modalities. Awareness of type and method of OTC modality implementation by patients with RUTI is essential to
aligning use with current field recommendations.
Keywords: recurrent UTI, menopausal women, cranberry, D-mannose, UTI supplements

Introduction
An estimated 40% to 50% of women will experience at least one urinary tract infection (UTI) requiring antibiotic treatment in
their lifetime, with an estimated annual cost to health care systems of nearly two billion dollars.1 According to a recent review of
the literature, recurrent urinary tract infection (RUTI) is generally defined as a minimum of three symptomatic UTI within a 12-
month period, or two symptomatic UTI within a six-month period.2 RUTI is becoming increasingly recognized as a commonly
occurring condition placing significant burden both on women and the health-care infrastructure. In one study from Finland, 179
adult women treated for UTI at a clinic were followed for 12 months, with 44% suffering from recurrence.3 RUTI may become
refractory to antibiotic treatment. In one study of 86 postmenopausal women suffering from RUTI, 17 out of 86 patients (20%)
were resistant and/or allergic to trimethoprim/sulfamethoxazole, fluoroquinolones, and nitrofurantoin. A further 28% of patients
in the study were sensitive to nitrofurantoin only.4 Furthermore, a recent study byManseck et al reported a statistically significant
higher rate of resistance to a variety of antibiotics when comparing 1115 patients, separated by ≥75 years old and <75 years old
(ciprofloxacin, P=0.02; levofloxacin, P<0.001; trimethoprim/sulfamethoxazole, P=0.026; imipenem, P=0.002; fosfomycin,
P=0.009).5 Consideration for the methods by which elderly women are treated for RUTI—both those moderated by health
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care professionals and those that are not—requires optimization. One study found 10.3% of hospitalizations are due to infections
of the bladder, kidneys or urinary tract, with admission rates highest in women and individuals ≥80 years old.6 The need for
effective alternate treatment modalities for patients suffering from antibiotic-refractory RUTI is apparent.

One such treatment modality is cystoscopy with electrofulguration (EF) of chronically infected areas (cystitis). Bladder
biopsies of these areas of cystitis have confirmed the presence of residing bacteria in the bladder wall, likely causing the
recurrence pattern and contributing to antibiotic resistance.7 In one study of 95 patients undergoing electrofulguration for the
treatment of RUTI, 83 patients (88%) were clinically improved or cured in the five years following the procedure.8 Particularly
among those improved, there is an interest to curtail new recurrences by using over-the-counter (OTC) medications and home
remedies. Since little is known on howmuch OTCmedications and home remedies are used by patients, we focused our research
on cranberry and D-mannose supplements, two among the most popular such therapies considered by patients for the prevention
and/or treatment of UTIs. Given the fact there is a subset of our patient population undergoing EF that continues to experience
RUTI, we assessed patient reliance and perceived benefit of OTC and home remedies in one physician’s patient cohort of women
with a history of antibiotic-refractory RUTI treated with EF.

Patients and Methods
This project was approved by the Institutional Review Board (IRB) at UT Southwestern Medical Center in Dallas, Texas.
Participants were informed about the purpose of the survey and study, in accordance with the Declaration of Helsinki. Women
with a history of prior EF for the treatment of antibiotic-refractory RUTI by one FPMRS urologist in a tertiary care center were
included. Exclusion factors included non-English speaking patients and employees of themedical centerwhere the procedurewas
performed due to restricted access to their electronic medical record. A medical researcher not involved with the care of these
patients attempted to contact patients over a two-month period. Phone calls were made using the Doximity application to display
the clinic’s caller ID.Up to three phone call attemptsweremade for each qualifying patient.When reached by phone,womenwere
offered a short (3–5min) survey, informed of the purpose of the study and, upon consenting,were asked a series of questions about
their use of common OTC and home-remedy modalities for preventing RUTI grouped in “cranberry”, “D-mannose”, “others”
(see Figure 1). “Others” and “nonantibiotic modifiers” as referenced in this study refers to any non-prescription modality for
attempting to reduce the frequency or severity of UTI, and the items contained in this list was defined by the modalities cited by
women during the surveys.Women’s responses included a diverse range of modalities, including: drinking cranberry juice, apple
cider vinegar, or increased daily water; phenazopyridine hydrochloride; and consuming garlic and turmeric. The data was
analyzed by comparing two cohorts, 70 years of age or older (geriatric) or less than 70 years (non-geriatric). Statistical methods:
descriptive statistics were provided as medians and interquartile ranges (IQR) for continuous measures, and as frequencies and
percentages for categorical measures. The chi-squared test was used to test for association between age group (<70 years vs ≥70
years) and categorical patient characteristics. Student’s t-tests were used to test for differences in the means of continuous
measures between the age groups. All tests were performed at the 0.05 significance level without adjustment for multiple
comparisons using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Figure 1 Depiction of the series of questions used to gather information from each participant about their use of nonantibiotic RUTI prophylactics.
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Results
From 324 patients in the database, 161 did not participate due to cognitive decline (7), deceased (6), non-English
speaking (6), and no return call (142). The final study dataset comprises 163 patients. Demographic information, as well
as general findings about patients’ use of cranberry supplements, D-mannose, or other OTC modalities, is presented in
Table 1. The median age of participants was 72 years old (range: 25–94). A family history of RUTI was reported in 36%

Table 1 Demographic and Patient Characteristics of Study Participants

N (%) (N=163)

Median age, years (IQR) 72 (63–79)

Race

Asian 4 (2%)

Black 7 (4%)

Hispanic 6 (4%)

White 144 (88%)

Other 2 (1%)

Median BMI (IQR) 26 (24–30)

Diabetic 8 (5%)

Family history of RUTI

Unknown 7 (4%)

No 98 (60%)

Yes 58 (36%)

Generational history 45 (78%)

Annual cost associated with cranberry/mannose $138.70 ($72.00–$417.72)

Taking cranberry supplements

No 110 (67%)

Past, not currently 25 (15%)

Yes 28 (17%)

Taking D-Mannose supplements

No 135 (83%)

Past, not currently 14 (9%)

Yes 14 (9%)

Other nonantibiotic modifiers

No 98 (60%)

Past, not currently 1 (1%)

Yes 64 (39%)

Taking multiple OTC modalities

Using 2 (among cranberry, D-mannose, other) 8 (5%)

Using 3 (cranberry, D-mannose, and other) 5 (3%)
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(58/163) of participants. Current use of cranberry supplements was reported by 17% (28/163) of patients, D-mannose
supplements by 9% (14/163) of patients and use of other nonantibiotic modifiers was reported by 39% (64/163) of
patients. 8% (13/163) of patients reported current use of multiple modalities (among Cranberry supplement, D-mannose
supplement, or “Other” category), including 3% (5/163) that reported use of all three. For patients reporting current use
of multiple modalities, information was collected for each as with other entries, and each usage was treated as a separate
data point for statistical analyses. Among patients currently using cranberry or D-mannose supplements for the preven-
tion of RUTI, the annual costs attributed to these supplements ranged from $72 to $418 with an average annual
expenditure of $139.

Patients responding affirmatively to the line of questioning about use of any OTC medications, supplements, or other
nonantibiotic modifiers were asked further questions to provide more detailed information about the specific product they
use, and their perceived benefit from said product. The results from these questions are listed in Table 2, categorized as
“Cranberry”, “D-Mannose”, and “Other”.

Table 2 Further Information About Cranberry/D-Mannose/Other Supplements Taken by Patients
Reporting Current Use

Characteristics of Cranberry Supplements

N (%) (N=28)

Median years since starting cranberry (IQR) 3 (0.5–6.1)

Brand of cranberry

AZO 7 (25%)

Cranactin 1 (4%)

Ellura 6 (21%)

Natrol 1 (4%)

Nature Made 1 (4%)

Nature’s Bounty 1 (4%)

Nature’s Way CranRX Probiotic 1 (4%)

Pure 1 (4%)

Pure Heartland 1 (4%)

Sam’s/Member’s Club 1 (4%)

Spring Valley 1 (4%)

Theracran 2 (7%)

Trunature 2 (7%)

UT Intensive 1 (4%)

Multiple: Ellura + Now 1 (4%)

Form of cranberry

Capsule 10 (36%)

Chewable 1 (4%)

Gel pill 1 (4%)

(Continued)
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Table 2 (Continued).

Pill 15 (54%)

Multiple: Capsule + capsule 1 (4%)

Median dose, mg (IQR) 500 (36–536)

Other supplements with cranberry

No 1 (4%)

Yes 27 (96%)

Method of purchasing

Online 12 (44%)

In person 15 (56%)

CVS 2 (13%)

Costco 2 (13%)

Drug store 6 (40%)

Glenview pharmacy 1 (7%)

Retail store 1 (7%)

Walgreens 1 (7%)

Walmart 2 (13%)

Provides benefit?

No 4 (14%)

Unknown 7 (25%)

Yes 17 (61%)

Median reduction of UTIs/year 2 (1.5–4)

Characteristics of D-mannose supplements

N (%) (N=16)

Median years since starting D-mannose (IQR) 2.6 (1.0–4.1)

Brand of D-mannose

Alerna 1 (6%)

Harmony 1 (6%)

Hiprex 1 (6%)

Now 5 (31%)

NutraAlley 1 (6%)

Nutracraft 1 (6%)

PlantVital Nutrition 1 (6%)

Protocol 1 (6%)

Pure 2 (13%)

(Continued)
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Table 2 (Continued).

Unknown 1 (6%)

Multiple: Divine bounty + UT intensive 1 (6%)

Form of D-mannose

Capsule 8 (50%)

Pill 3 (19%)

Powder 4 (25%)

Multiple: capsule + chewable 1 (6%)

Median dose, mg (IQR) 1000 (800–2000)

Other supplements with D-mannose

No 2 (13%)

Yes 14 (88%)

Method of purchasing

Online 11 (85%)

In person 2 (15%)

Drug store 1 (50%)

Pharmacy 1 (50%)

Provides benefit?

No 0 (0%)

Unknown 8 (50%)

Yes 8 (50%)

Median reduction of UTIs/year 2 (0–3)

Characteristics of Other Nonantibiotic Modifiers

N (%)

Patients taking AZO & PY 7 (4%)

Provides benefit?

No 3 (43%)

Unknown 0 (0%)

Yes 4 (57%)

Median reduction of UTIs/year 0 (0–4)

Patients taking increased fluids 50 (31%)

Provides benefit? (N=53 fluids)a

No 7 (13%)

Unknown 12 (23%)

Yes 34 (64%)

(Continued)
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Detailed information about cranberry supplements used by patients is displayed in Table 2. The most popular brands
of cranberry supplement used are AZO (25%) and Ellura (21%). In total, 15 different cranberry supplement products
were reported. 96% of patients taking a cranberry supplement also reported using other OTC vitamins or supplements
unrelated to RUTI prophylaxis. Of note, a majority (56%) of patients purchase their cranberry supplement in person
rather than online. Sixty-one percent (17/28) of patients reported subjectively that taking cranberry supplements reduced
the number of UTIs they experienced in a typical year, with a median reported number of two fewer UTI/year.

Detailed information about D-mannose supplements used by patients is displayed in Table 2. The most popular brand
reported for D-mannose supplementation was Now (31%). Consistent with the findings for cranberry supplements, 88%
of patients taking D-mannose also reported use of other OTC vitamins or supplements unrelated to RUTI prophylaxis. In
stark contrast to findings for cranberry supplements, 85% (11/16) of patients taking a D-mannose supplement reported
obtaining their D-mannose via online purchase. Fifty percent (8/16) of patients reported a subjective benefit to their UTIs
from taking D-mannose, with a median reported number of two fewer UTI/year.

Detailed information about non-cranberry, non-D-mannose OTC modalities used by patients for RUTI prophylaxis is
displayed in Table 2. A diverse range of modalities were reported by a total of 69 patients, with the most popular being
increased daily water intake (72%; 50/69), probiotics (14%; 10/69), and phenazopyridine hydrochloride (10%; 7/69).
Among the three most popular modalities, 69% (46/67) reported a subjective benefit to their UTIs from using these
modalities. Median reported number of fewer UTI/year was separated by modality, with probiotic having the highest
reported benefit, at four fewer UTI/year.

Information across all survey questions were aggregated and compared based on two cohorts, separated by age: ≥70
years old (geriatric), and <70 years old (non-geriatric). These findings are displayed in Table 3. Patients <70 years old
using cranberry or D-mannose supplements spent on average 40% less ($80; $121 vs $201) annually (P=0.043). Patients
in the cohort <70 years old were also much more likely to use other non-cranberry, non-D-mannose RUTI prophylactics,
with 52% (36/69) reporting current use compared with 30% (28/94) in the ≥70 years old cohort (P=0.0062).

Discussion
Among the women surveyed with a history of electrofulguration for the control of antibiotic-refractory RUTI, non-
antibiotic modifiers for the prevention of UTI recurrence not including cranberry supplement or D-mannose were most
popular, with 42% (69/163) reporting use of at least one treatment modality. This included a range of modalities; the most
cited nonantibiotic UTI preventative approach was daily increased fluid intake (33%; 53/163). Increasing fluid intake (of
which 50/53, 94% were water), has been researched historically to determine efficacy for preventing UTIs. Hooten et al,
in a randomized controlled trial, found a statistically significant reduction in the number of UTIs experienced within
a one-year time span among individuals increasing their water intake by 1.5 L daily over the 12 months they were
observed, when compared to a control group that maintained their normal hydration habits in a cohort of female

Table 2 (Continued).

Median reduction of UTIs/year 2.5 (1.5–4)

Patients taking probiotics 10 (6%)

Provides benefit?

No 1 (10%)

Unknown 1 (10%)

Yes 8 (80%)

Median reduction of UTIs/year 4 (3–6)

Notes: aPatients could separately report cranberry juice and increased water intake.
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premenopausal adults with a history of RUTI.9 Several studies, including Hooten et al, have assessed the efficacy of
increasing water intake for the prevention of RUTI.9–11 No studies, however, have assessed the prevalence with which
this strategy or any other nonantibiotic modality is implemented in any subpopulation of patients experiencing RUTI.
The cited motivation to implement one modality or another has not been evaluated, though increasing fluid intake, and
water specifically, may be the most common modality reported in this study among women with a history of EF for
antibiotic-refractory RUTI not because it is more efficacious than cranberry or D-mannose, but because of ease of access
and limited cost. This speculation is supported by findings in other related studies: Stothers, in an RCT including 150

Table 3 Patient Characteristics and General Findings Regarding Patients’ Supplement Usage, Analyzed Across Age Cohort (≥70 and
<70 Years Old)

<70 Years (N=69) ≥70 Years (N=94) P-value

Median age, years (IQR) 60 (51–65) 78 (74–85) –

Race

Asian 4 (6%) 0 (0%) 0.042

Black 5 (7%) 2 (2%)

Hispanic 3 (4%) 3 (3%)

White 0 (0%) 2 (2%)

Other 57 (83%) 87 (93%)

Median BMI (IQR) 26 (24–31) 26 (24–29) 0.23

Diabetic 4 (6%) 4 (4%) 0.65

Family history of RUTI

Unknown 2 (3%) 5 (5%) 0.61

No 44 (64%) 54 (57%)

Yes 23 (33%) 35 (37%)

Generational history 17 (%) 28 (%)

Annual cost associated with cranberry/mannose $121 ($72–$240) $201 ($64–$523) 0.043

Taking cranberry supplements

No 47 (68%) 63 (67%) 0.34

Past, not currently 13 (19%) 12 (13%)

Yes 9 (13%) 19 (20%)

Taking D-mannose supplements

No 59 (86%) 76 (81%) 0.55

Past, not currently 6 (9%) 8 (9%)

Yes 4 (6%) 10 (11%)

Other nonantibiotic modifiers

No 32 (46%) 66 (70%) 0.0061

Past, not currently 1 (1%) 0 (0%)

Yes 36 (52%) 28 (30%)
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female participants, estimated the average annual cost of cranberry supplement and juice at $624 and $1400,
respectively.12 Furthermore, while either option may be a prohibitively high price for many women that would otherwise
consider some form of cranberry supplementation for reducing RUTI, the study additionally found that women were
more likely to use cranberry supplements than cranberry juice.12 Our study was consistent with this finding: Women were
more likely to use the more affordable cranberry supplement than the juice (28 vs 3; 17% vs 2%). In addition, when
comparing the geriatric and non-geriatric cohorts participating in our survey, women under the age of 70 were more
likely to use additional non-cranberry, non-D-Mannose modalities, and spent less money on their cranberry or
D-mannose supplement RUTI prophylactics. Possible explanations include the greater likelihood for financial stability
that comes with increasing age, and secondarily a willingness to spend more on OTC prophylactic medications in the
geriatric cohort.13

Women that have turned to cranberry supplements or D-mannose supplements have used them for, on average,
a similar length of time prior to the time of survey (3 years for cranberry supplements vs 2.6 years for D-mannose
supplements). Women purchased their nonantibiotic RUTI prophylactics online or in person, though the online method of
purchase was much more common among those using D-mannose (85% of D-mannose users and 44% of cranberry
supplement-users). The cause for the discrepancy in method of purchase and attainment between cranberry and
D-mannose supplements is unclear, but may have impacted our finding that survey participants reported a subjective
reduction of two UTI/year for either cranberry or D-mannose supplements. A recent study by Howell et al found that,
based on the prior determination that proanthocyanidins (PACs) are primarily responsible for the Escherichia coli
fimbriae anti-adhesion activity, products with a higher soluble PAC concentration would be expected to have more
efficacy in preventing UPEC infection.14–16 Furthermore, Howell et al determined that products available exclusively
online, such as Ellura, are often cranberry juice-derived and have a much higher soluble PAC content than whole
cranberry fruit-derived products such as AZO that are also available for in-person purchase. That the cohort of patients in
our study were far more likely to acquire cranberry products in-person may have contributed to our finding that cranberry
products did not subjectively out perform D-mannose products.14

In animal models, the presumed mechanism for cranberry to prevent infection by uropathogenic E. coli (UPEC) is
interference with P-fimbriae adhesion.17 As discussed above, when the correct form is used, cranberry supplements are likely
effective in reducing UTI.14,18–20 A 2021meta-analysis by Xia et al including 23 trials with 3979 patients found a 32% relative
risk reduction in women with RUTI when using cranberry-containing products (RR=0.68; 95% CI: 0.56~0.81).20

In animal models, the presumed mechanism for D-mannose to prevent infection by UPEC is interference with type 1
pilus adhesin (FimH) binding. However, while one meta-analysis of D-mannose as an RUTI treatment modality found an
overall reduction in relative risk when comparing D-mannose to placebo, other research has highlighted the difficulty in
applying the proposed mechanism of D-mannose to an effective therapeutic.21 A study by Spaulding et al found that
specifically engineered biphenyl mannoside FimH inhibitors demonstrated FimH affinity 100,000 times higher than
natural D-mannose sugar.22 Previously, there was concern that therapeutic levels of nonspecific D-mannose could create
severe side effects in patients due to interference with immune response, glycosylation of proteins elsewhere in the body,
and development of toxic end products when compounded with the body’s natural production of mannose.22 Though
development is ongoing, it is believed that more targeted FimH antagonists may overcome these obstacles.23

Perhaps most interestingly, there were several key differences in the use of OTC medications and at-home remedies
when comparing the geriatric (≥70) and non-geriatric (<70) patient cohorts. Patients in the non-geriatric cohort spent, on
average, $80 (40%) less on cranberry or D-mannose products per year (P=0.043). Patients in the non-geriatric cohort
were also more likely to use non-cranberry, non-D-mannose modalities than those from the geriatric cohort (52% vs 30%,
P=0.0061). One possible explanation is younger patients’ greater likelihood to be active on internet social networking
platforms that disseminate information about nonantibiotic options and strategies for RUTI prophylaxis. An aggregate
study of Americans’ internet use from 2000–2004 found that 22% of Americans aged 65 and older report using the
internet, compared to 75% of Americans 30–49 years old and 77% of Americans 18–29 years old.24 In addition, another
study assessing the prevalence of use of the internet for patient self-education about pelvic-floor conditions found that
nearly 42% of women used social networking websites to collect information about their condition, and that this medium
was more commonly used in younger age cohorts.25
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To our knowledge, no studies have investigated the prevalence of use for these modalities in real life practice. Jepson
et al performed a comprehensive meta-analysis of the effectiveness of cranberry for RUTI prophylaxis in the literature,
but all studies analyzed actively assigned participants to arms of the study, rather than observational methods of those
using cranberry among a larger patient base.26 Our research provides a snapshot of prevalence of use of these OTC RUTI
prophylactic modalities in one cohort of RUTI-prone patients—post-EF women—and paves the way to more research on
these UTI-prone patients. Given the rise of antibiotic-resistant pathogens in causing RUTI, it is important for older
women who select OTC methods for UTI prevention to rely on evidence-based medicine.

Strengths of the study included conducting the survey over the phone, allowing open-ended questions and confirma-
tion that information received was correct and relevant to the question asked; also, we had access to a relatively large
sampling of women that had previously undergone EF for treatment of RUTI, and were concerned about a future possible
UTI recurrence. Historical studies have shown that conducting surveys via telephone yields higher response rates. One
study by Rhee et al found a response rate of 41.4% for 360 individuals contacted via telephone, and a response rate of
19.7% for 360 individuals contacted via mail.27 Limitations of this study included relying on the effectiveness of the
patient as a reporter of the supplements and home-remedies they utilize for preventing RUTI. There were also some
inconsistencies in the way in which participants reported their answer responses, and these had to be normalized for
statistical analysis (ie, estimate of annual cost vs exact value).

Conclusion
Cranberry supplements, D-mannose, and other OTC medications and home remedies are used as RUTI prophylaxis among
women that have undergone EF for antibiotic-refractory UTI. Our data confirms a difference in the modalities implemented
by women of different age groups: Women under the age of 70 were more likely to use non-cranberry, non-D-mannose
modalities than their geriatric counterparts, and spent an average of $80 less annually on cranberry and/or D-mannose
supplements. Our study suggests that women ≥70 years old may be purchasing products (low soluble PAC-containing
cranberry supplement or D-mannose) with variable reported efficacy. This is especially concerning for a cohort of patients in
which rate of RUTI and antibiotic-resistance is highest. This study represents just the first step in monitoring the application
of OTC modalities for RUTI prevention in susceptible patient populations. A better understanding of the way otherwise
unmonitored OTC modalities are used will help health care providers tailor recommendations and ensure that the way
patients use these products is aligned with current study findings. More research would be needed to determine the
prevalence of use for these nonantibiotic UTI prophylactics in the general population suffering from RUTI.

Ethical Considerations
Research involving human participants and/or animals—ethical approval: all procedures performed in studies involving
human participants were in accordance with the ethical standards of institutional research committee (UT Southwestern
IRB) and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.
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