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ABSTRACT

Background

Urinary tract infections (UTIs) are very common, affecting more than 7 million people worldwide. Whilst many people may only experience
a single episode in their lifetime and are generally responsive to standard antibiotics, a significant proportion of adults and children
(approximately 15% to 25%) are chronic symptomatic UTI sufferers. Certain population groups are at greater risk than others, such as
immunosuppressed and people with chronic kidney disease.

D-mannose is a sugar part of normal human metabolism found within most diets. The mechanism of action is to prevent bacterial
adherence to the uroepithelial cells. The D-mannose-based inhibitors can block uropathogenic Escherichia coli adhesion and invasion of
the uroepithelial cells. The bacteria are then understood to essentially be eliminated by urination.

Early pilot studies on animals and humans have trialled concentrated forms of D-mannose (tablets or sachets) in doses ranging from 200
mg up to 2 to 3 g and found possible efficacy in reducing UTI symptoms or recurrence.

Although the anti-adhesive effects of D-mannose have been well-established, only recently have we seen a small number of pilot studies
and small clinical trials conducted.

Objectives

To assess the benefits and harms of D-mannose for preventing and treating UTIs in adults and children.

Search methods

We searched the Cochrane Kidney and Transplant Register of Studies up to 22 February 2022 through contact with the Information
Specialist using search terms relevant to this review. Studies in the Register are identified through searches of CENTRAL, MEDLINE, and
EMBASE, conference proceedings, the International Clinical Trials Register (ICTRP) Search Portal and ClinicalTrials.gov.

Selection criteria

We included RCTs measuring and reporting the effect of D-mannose, in any combination and any formulation, to prevent or treat UTIs in
adults and children, females and males, in any setting (including perioperative).

Authors independently assessed the retrieved titles and abstracts and, where necessary, the full text to determine which satisfied the
inclusion criteria.

D-mannose for preventing and treating urinary tract infections (Review) 1
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Data collection and analysis

Data extraction wasindependently carried out by two authors using a standard data extraction form. Methodological quality of the included
studies was assessed using the Cochrane risk of bias tool. Data entry was carried out by one author and cross-checked by another author.
The certainty of the evidence was assessed using the GRADE approach.

Main results

We included seven RCTs (719 participants) in adult females and males who had either acute cystitis or a history of recurrent (at least two
episodes in six months or three episodes in 12 months) UTIs (symptomatic or asymptomatic). Two were prevention studies, four were
prevention and treatment studies (two perioperative and one in people with multiple sclerosis), and one was a treatment study. Time
periods ranged from 15 days to six months. No two studies were comparable (by dose or treatments), and we could not undertake meta-
analyses.

Individual studies reported no clear evidence to determine whether D-mannose is more or less effective in preventing or treating UTlIs.

D-mannose (2 g) had uncertain effects on symptomatic and bacteriuria-confirmed UTIs when compared to no treatment (1 study, 205
participants; very low certainty evidence) and antibiotics (nitrofurantoin 50 mg) (1 study, 206 participants; very low certainty evidence).
D-mannose, in combination with herbal supplements, had uncertain effects on symptomatic and bacteria-confirmed UTI and pain when
compared to no treatment (1 study, 40 participants; very low certainty evidence). D-mannose 500 mg plus supplements (N-acetylcysteine
and Morinda citrifolia fruit extract) had uncertain effects on symptomatic and bacteriuria-confirmed UTIs when compared to an antibiotic
(prulifloxacin 400 mg) (1 study, 75 participants; very low certainty evidence).

Adverse events were very few and poorly reported; none were serious (mostly diarrhoea and vaginal burning).

Overall, the quality of the evidence is poor. Most studies were judged to have unclear or high risk of bias across most domains. Data was
sparse and addressed very few outcomes. The GRADE evaluation was rated as very low certainty evidence due to very serious limitations
in the study design or execution (high risk of bias across all studies) and sparse data (single study data and small sample sizes).

Authors' conclusions

There is currently little to no evidence to support or refute the use of D-mannose to prevent or treat UTIs in all populations.

This review highlights the severe lack of high-quality RCTs testing the efficacy of D-mannose for UTIs in any population. Despite UTIs being
one of the most common adult infections (affecting 50% of women at least once in their lifetime) and the growing global antimicrobial
resistance, we found very few studies that adequately test this alternative treatment.

Future research in this field requires, in the first instance, a single adequately powered RCT comparing D-mannose with placebo.

PLAIN LANGUAGE SUMMARY

D-mannose (sugar tablets) for preventing or treating urinary tract infections in adults and children
What is the issue?

Urinary tract infections (UTIs) are very common around the world. At least 50% of females will have a UTI once in their lifetime.
Approximately 15% to 25% of adults and children suffer from repeated and long-term UTlIs. In many people, standard antibiotics do not
work.

D-mannose is a sugar which is part of a normal diet and is believed to create a non-stick surface on the bladder wall, as well as around the
bacteria. It is thought that the bacteria is then expelled when urinating, thus preventing the growth of bacteria which leads to an infection
inside the bladder or urinary tract.

What did we do?

We reviewed all of the evidence on D-mannose (tablets or powder) to see whether it can prevent or treat UTls in adults and children. The
evidence is current to 22 February 2022.

What did we find?

We found seven studies enrolling 719 participants, mostly in females who experience recurrent UTIs (at least 2 episodes in 6 months or
3 episodes in 12 months) on a long-term basis. We could not combine the data because each study investigated different D-mannose
preparations, different populations, and different control groups. We were unable to determine if taking D-mannose compared to no
treatment, other supplements, or antibiotics reduced the number of repeated UTIs. Only a small number of participants experienced
diarrhoea or vaginal burning as a side effect.

D-mannose for preventing and treating urinary tract infections (Review) 2
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The quality of the evidence is poor. Studies were conducted using poor-quality methods and did not enrol enough patients. Only two out
of the seven studies blinded the participants to the treatment they receive.

Summary

There is not enough evidence to know whether D-mannose prevents or treats acute or recurrent UTIs.

D-mannose for preventing and treating urinary tract infections (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. D-mannose (2 g) versus no treatment for preventing or treating urinary tract infections

D-mannose (2 g) versus no treatment for preventing or treating urinary tract infections

Patient or population: women with acute cystitis or history of recurrent acute cystitis (preventing and treating)

Settings: general hospital and general practice

Intervention: D-mannose (2 g)

Comparison: no treatment

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No. of partici- Quality of the evi-
(95% Cl) pants dence
Assumed risk Corresponding risk (RCTs) (GRADE)
No treatment D-mannose
(28)
Symptomatic and bacteriuria confirmed UTI 608 per 1000 146 per 1000 RR0.24 205 (1) DO
(positive culture) very low!
(91 to 237) (0.15 t0 0.39)
Follow-up at 24 weeks
Symptomatic-only UTI No data No data No data No data --
Asymptomatic bacteriuria No data No data No data No data -
Changes to previous treatment regimen No data No data No data No data -
Pain No data No data No data No data -
Cure/complete remission No data No data No data No data -
Adverse effects No events 8/103** RR 16.84 205 (1) ®OOO
very low!

Follow-up at 24 weeks

(0.98 t0 287.92)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

** Event rate derived from the raw data. A 'per thousand' rate is non-informative in view of the scarcity of evidence and zero events in the control group
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Cl: Confidence interval; RR: Risk Ratio; UTI: urinary tract infection

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1Downgraded for very serious limitations in the study design or execution (high risk of bias) (-2), and sparse data (single study data) (-1)

Summary of findings 2. D-mannose (2 g) versus nitrofurantoin (50 mg) for preventing or treating urinary tract infections

D-mannose (2 g) versus nitrofurantoin (50 mg) for preventing or treating urinary tract infections

Patient or population: women with acute cystitis or history of recurrent acute cystitis (preventing and treating)
Settings: general hospital and general practice
Intervention: D-mannose (2 g)

Comparison: nitrofurantoin (50 mg)

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No. of partici- Quality of the evi-
(95% Cl) pants dence
Assumed risk Corresponding risk (RCTs) (GRADE)
nitrofurantoin D-mannose
(50 mg) (2g)
Symptomatic and bacteriuria-confirmed UTI 204 per 1000 145 per 1000 RRO.71 206 (1) BOOO
(positive culture) very low!
(0.39t0 1.31)
Follow-up at 24 weeks
Symptomatic only UTI No data No data No data No data --
Asymptomatic bacteriuria No data No data No data No data -
Changes to previous treatment regimen No data No data No data No data -
Pain No data No data No data No data -
Cure/complete remission No data No data No data No data -
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Adverse effects 282 per 1000 79 per 1000 RR0.28 206 (1) ®000

very low!
Follow-up at 24 weeks (37 to 160) (0.13t0 0.57)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk Ratio; UTI: urinary tract infection

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded for very serious limitations in the study design or execution (high risk of bias) (-2), and sparse data (single study data) (-1).
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BACKGROUND

Description of the condition

Urinary tract infections (UTIs) are common in the general
population globally. Whilst many people may only experience
a single episode in their lifetime (at least 50% of females),
approximately 15% to 25% of adults (mostly women) and children
are chronic symptomatic UTI sufferers under the categories of
recurrent (at least 2 episodes in 6 months or 3 episodes in
12 months); persistent (the same pathogen in urine culture);
re-infected (new pathogen in urine culture); or relapsed (initial
pathogen in urine culture after it had been eradicated) UTIs. Many
cases in clinical practice do not respond to standard antibiotic
treatments, creating a significant patient burden and high cost to
patients and healthcare systems (Altarac 2014; Rowe 2014).

Symptomatic bacteriuria is the combination of clinical UTI
symptoms often called ‘cystitis' (including dysuria, urinary
frequency, urgency and suprapubic pain, voiding issues, worsening
of symptoms) with a positive quantitative urine culture (as
confirmed by a catheter specimen of urine, midstream urine
specimen if possible, or a clean-catch specimen and defined as
> 10° colony-forming units (CFU)/mL, or as defined by authors)
(Nicolle 2005; Rowe 2014).

Symptomatic UTI is the presence of clinical UTI symptoms
'cystitis' (including dysuria, urinary frequency, urgency and
suprapubic pain, voiding issues, worsening of symptoms) without
a positive quantitative urine culture (Nicolle 2005; Rowe 2014).

Asymptomatic bacteriuria is the presence of bacteria in the
urine without signs or symptoms of a UTI (Foxman 2014; Nicolle
2005). Current guidelines still recommend undertaking treatment
because asymptomatic bacteriuria is most common in 1% to 6% of
pregnant women, 1% to 25% in elderly women and men (mostly
in long-term care facilities), or in people with diabetes, and is
associated with pyelonephritis (US PSTF 2019).

The most common pathogens found in the urogenital tract and
bladder which cause UTIs are Enterobacteriaceae: Escherichia coli
(E. coli) Proteus, Klebsiella, and Providentia (Rowe 2014).

Currently available prophylactic therapy and treatments range
from antibiotics, methenamine hippurate salts, topical oestrogen,
urine alkalisers, dietary supplements (cranberry or low acidic
foods), and lifestyle and behavioural changes (altering sexual
activity, personal hygiene, and clothing). Disadvantages of
antibiotics, especially long-term antibiotic prophylaxis, are the risk
of increasing bacterial resistance, high costs to the patient, and
repeat visits to the healthcare professional (Altarac 2014). Whilst
these therapies are available and recommended by healthcare
professionals, not all are efficacious or evidence-based, hence the
constant prevalence of chronic UTlIs.

Description of the intervention

D-mannose is a sugar which is part of normal human metabolism
and is found in most diets. It plays an important role in particular
in the glycosylation of most secretory proteins and certain
glycoproteins in the human body (Hu 2016; Kranjcec 2014). It has
been known for many years toimpart beneficial effects on intestinal
diseases, diabetes, the immune system, metabolic syndrome, and
potentially UTI (Hu 2016).

Early pilot studies on animals and humans have trialled
concentrated forms of D-mannose (tablets or sachets) in doses
ranging from 200 mg (Lopes De Carvalho 2012a) up to 2 g (Kranjcec
2014; Porru 2014; Salinas-Casado 2018). These studies investigated
D-mannose in different combinations with other plant extracts
or pharmacological agents such as arbutin, berberine, birch,
cranberry (Vaccinium macrocarpon), proanthocyanidins, forskolin,
nitrofurantoin, noxamicina (propolis extract), nitrofurantoin
sulfamethoxazole, trimethoprim antibiotics, and vitamin C.
Common treatment regimens appear to be daily doses ranging
from three to six months duration. The known half-life of D-
mannose is approximately four hours as it is known to be
metabolised rapidly by the human digestive system (Hu 2016).
Interactions with other treatments are currently uncertain.

How the intervention might work

The theoretical mechanism of action is to prevent bacterial
adherence to uroepithelial cells (Hu 2016; Kranjcec 2014). D-
Mannose is a simple sugar (monosaccharide) also commonly found
in fruits such as grapes, watermelon, cranberries and apples.
Once it is eaten, it will be absorbed relatively quickly into the
bloodstream and excreted out via the renal tubular cells in
the urine, thus reducing bacterial adhesion to the urothelium.
The D-mannose attaches to the bacteria and prevents it from
attaching to the urothelial cells. The D-mannose-based inhibitors
can block uropathogenic E. coli (UPEC) adhesion and invasion
of the uroepithelial cells (Kranjcec 2014). The bacteria are then
understood to essentially be eliminated by urination.

Why it is important to do this review

D-mannose has been available on the non-prescription market in
tablet and powder form in most western countries for some time.
Although the anti-adhesive effects of D-mannose have been well-
established, only recently have we seen a small number of pilot
studies and small clinical trials being conducted. It is important to
assess and summarise thisemerging body of evidence to determine
its efficacy (currently unknown) and to ensure high-quality research
is being conducted in this field.

OBJECTIVES

To assess the benefits and harms of D-mannose for preventing and
treating UTls in adults and children.

METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials (RCTs) and quasi-RCTs (RCTs in
which allocation to treatment was obtained by alternation, use
of alternate medical records, date of birth or other predictable
methods) were included. Unblinded, single, and double-blind trials
were included.

Cross-over studies were included, and data from both phases were
considered if there was a minimum washout period of seven days.
Otherwise, only the results of the first phase were considered for
analysis.

Abstracts were included. Unpublished clinical trials with online
results available were included.

D-mannose for preventing and treating urinary tract infections (Review)
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Studies in any healthcare setting were included, including
hospitals.

Excluded study designs: single-arm studies, commentaries,
editorials, and clinical observations.

Types of participants
Inclusion criteria

« Adults and children, of any age and sex, in the general
population

« Pregnant, breastfeeding, and perimenopausal women

« Adults in residential and long-term care facilities

« Adults and children seeking prophylaxis for UTI:
o with an indwelling catheter or requiring intermittent
catheterization

o with an abnormal urinary tract (e.g. vesicoureteric reflux,
urinary obstruction, dysfunctional voiding, pyelonephritis)
o with asymptomatic bacteriuria

« Adults and children seeking treatment for an existing UTI
o symptomatic or asymptomatic UTI
o upper or lower, complicated or uncomplicated UTI

« Studies exclusively involving critically ill, renal abnormalities,
diagnosed chronic kidney disease (CKD), kidney transplant, or
immunosuppressed patients were to be included but analysed
separately as subgroups where possible.

« Studies of patients who have co-morbidities such as diabetes,
multiple sclerosis, cardiovascular diseases, neurological
disorders, and serious or rare diseases were to be included but
analysed separately as subgroups where possible.

o Studies of a perioperative nature where UTI prevention or
treatment is involved were to be included but analysed
separately as subgroups where possible.

« Studies of mixed populations and applicable data for patients
with our UTI criteria were to be extracted where possible. If this
is not possible, the study was to be excluded with the reasons
provided.

Exclusion criteria

« Adults and children receiving concurrent pharmacological
medications for co-morbidities including, but not limited to the
following:

o Blood glucose medications

o Blood pressure medications
o Immunosuppressants.

« Adults and children receiving simultaneous (or in the prior seven
days) pharmacological or non-pharmacological treatments for
UTI prevention or treatment which are not of the study criteria
including, but not limited to the following:

o Antibiotics (either as prophylactic or for treatment of an
existing UTI)

o Prebiotics, probiotics, or synbiotics

o Cranberry-based treatments (juice, concentrated tablets,
fruit)

o Diuretics or urinary alkalinization

o Natural therapies or Traditional Chinese Medicine

o NOTE: these treatments will be accepted as comparison
interventions for D-mannose.

« Patients who have signs of systemic illness (such as fever, loin
pain, toxicity).

Types of interventions

Studies of prophylaxis and studies of treating existing UTIs were
planned to be combined but analysed as subgroups.

« Any D-mannose treatment administered for the prevention or
treatment of symptomatic or asymptomatic UTI compared to an
active comparator, placebo or no treatment.

« Any route of administration, dose, duration, or frequency were
accepted.

« Formulations such as oral tablets, liquids, and effervescent
powders were accepted.

« Combination pharmacotherapies (such as D-mannose plus
vitamin or D-mannose plus cranberry) were accepted and
considered as separate treatment arms.

Comparison pairs for analysis

« D-mannose (dose A) versus D-mannose (dose B)
« D-mannose versus placebo
* D-mannose versus no treatment

« D-mannose versus other pharmacological treatments such as
antibiotics, prebiotics, probiotics, synbiotics
« D-mannose versus diuretics or urinary alkalinization

« D-mannose versus non-pharmacological treatment such as
vitamin or herbal supplements, cranberry-based treatments
(juice, concentrated tablets, fruit), Traditional Chinese Medicine
(TCM), or natural therapies

« D-mannose versus combination pharmacotherapies (two or
more of any of the above in one treatment arm)

« D-mannose in combination with another treatment (two or
more of any of the above in one treatment arm) versus any of
the above.

Treatment arms where the intervention is in combination with an
analgesic were not accepted, such as D-mannose plus paracetamol,
opioids, or an NSAID.

Types of outcome measures

This review did not exclude studies based on non-reporting of
outcomes of interest or availability of data.

Primary outcomes

1. Symptomatic and bacteriuria-confirmed UTI according to
defined clinical symptomatic criteria (including dysuria, urinary
frequency, urgency and suprapubic pain, voiding issues,
worsening of symptoms), plus a positive quantitative urine
culture (as confirmed by a catheter specimen of urine,
midstream urine specimen if possible, or a clean catch specimen
and defined as > 10° CFU/mL, or as defined by authors), as any
of the following measures.

« Total number of symptomatic bacteriuria (> 10° CFU/mL)
(cystitis or pyelonephritis) in each group following treatment
(all time points included)

« Recurrent symptomatic bacteriuria (> 10° CFU/mL) (cystitis

or pyelonephritis) following treatment (all time points
included)

D-mannose for preventing and treating urinary tract infections (Review)
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« Persistent symptomatic bacteriuria (> 10° CFU/mL) (cystitis
or pyelonephritis) following treatment (all time points
included)

« Re-infection symptomatic bacteriuria (> 10° CFU/mL) (cystitis
or pyelonephritis) following treatment (all time points
included)

« Relapse symptomatic bacteriuria (> 10° CFU/mL) (cystitis
or pyelonephritis) following treatment (all time points
included)

« Short-term reduction in symptomatic bacteriuria episodes
and bacteriologically confirmed up to two weeks after the
start of treatment

o Long-term reduction in symptomatic bacteriuria episodes
and bacteriologically confirmed up to eight weeks after the
start of treatment.

2. Symptomatic-only UTI (dysuria, urinary frequency, urgency and
suprapubic pain, voiding issues, worsening of symptoms), with
negative urine specimen, as any of the following measures.

« Total number of patients who develop urinary symptoms
following treatment (all time points included)

« Recurrent urinary symptoms following treatment (all time
points included)

o Persistence of urinary symptoms following treatment (all
time points included)

o Re-infection of urinary symptoms following treatment (all
time points included)

« Relapse of urinary symptoms following treatment (all time
points included)

o Short-term symptomatic cure: the absence of urinary
symptoms up to two weeks after the start of treatment

« Long-term symptomatic cure: the absence of urinary
symptoms up to eight weeks after the start of treatment.

3. Asymptomatic bacteriuria (irrespective of the presence of
symptoms suggestive of UTI). "The number of UTI confirmed by
appropriate microbiological criteria. Bacteriuria on quantitative
urine analysis of more than 100,000 organisms of a single
species per mL is the accepted standard - however, the colony
count may vary from 100 to 100,000 depending on the clinical
setting (Stamm 1988). Therefore in some situations, (such as
a clean suprapubic tap) a colony count of less than 100,000 is
acceptable.” (Nicolle 2005).

4. Changes to previous treatment regimen prior to study including
antibiotic regimen; reduction in analgesics; or the number
of return visits to the GP; probiotics; alternative therapies;
reduction in the use of acute and prophylactic antibiotics.

5. Pain (any scale visual analogue scale (VAS)), including
neuropathic pain; abdominal or pelvic pain (suprapubic pain,
loin pain); other measures of pain.

Definitions

« Re-infection rate: new pathogen in urine culture.

« Relapse rate: initial pathogen in urine culture after it had been
eradicated.

« Cure rates: no clinical signs, bacteriological cure rate defined
as eradication of bacteria, combined clinical and bacteriological
cure rate defined as no clinical signs and eradication of bacteria.

Secondary outcomes

1. Cure/complete remission of symptomatic and asymptomatic
UTL.

2. Quality of life using any validated scale, including mental and
functional status (e.g. confusion, weakness, falls).

3. Life participation (lifestyle impact): days absent from work
or school; return to normal activities (or ability to do usual
activities).

4. Treatment satisfaction: patient-reported; healthcare provider-
reported.

5. Treatment adherence.

6. Decline in kidney functional measures, including a reduction
in estimated glomerular filtration rate (eGFR); proteinuria, and
albuminuria.

7. Adverse events: total adverse events, serious adverse events;
withdrawals due to adverse events
o These include but are not limited to: rash; diarrhoea;
gastrointestinal symptoms; pyelonephritis; urosepsis; liver or
renal toxicity; worsening of UTI, progression to complicated
UTI; any renal parenchymal damage on DMSA, four to six
months following UTI; pregnancy-related outcomes such as
preterm birth, stillbirth, small birthweight, or gestational age.
« Serious adverse events are considered: fatal,
life-threatening, requiring hospitalisation, intravenous
antibiotics, bacteraemia, or fungaemia.

« Death (any cause); sepsis-related deaths.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Register of
Studies on 22 February 2022 through contact with the Information
Specialist using search terms relevant to this review. The Register
contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Searches of kidney and transplant journals and the proceedings
and abstracts from major kidney and transplant conferences

4. Searching the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Register are identified through searches of
CENTRAL, MEDLINE, and EMBASE based on the scope of Cochrane
Kidney and Transplant. Details of search strategies, as well as a
list of handsearched journals, conference proceedings and current
awareness alerts, are available on the Cochrane Kidney and
Transplant website.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of review articles, relevant studies and clinical
practice guidelines.

D-mannose for preventing and treating urinary tract infections (Review)
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2. Contacting relevant individuals/organisations
information about unpublished or incomplete studies.

3. Grey literature sources (e.g. abstracts, dissertations and theses),
in addition to those alreadyincluded in the Cochrane Kidney and
Transplant Register of Studies, were not searched.

seeking

Data collection and analysis
Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that may be relevant to the review. The titles
and abstracts were screened independently by two authors, who
discarded studies that were not applicable; however, studies and
reviews that may have included relevant data or information
on studies were retained initially. Two authors independently
assessed the retrieved abstracts and, where necessary, the full text
of these studies to determine which studies satisfied the inclusion
criteria. Disagreements were planned to be resolved in consultation
with a third author. Results of the search are displayed in a PRISMA
study flow chart.

Data extraction and management

Data extraction was carried outindependently by two authors using
standard data extraction forms. Disagreements were to be resolved
in consultation with a third author; however, this was not required.
Studies reported in non-English language journals were translated
before assessment. Where more than one publication of one study
exists, reports were grouped together, and the publication with
the most complete data was used in the analyses. Where relevant
outcomes were only published in earlier versions, these data were
used. Any discrepancy between published versions was planned to
be highlighted.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2020) (see Appendix
2).

« Was there adequate sequence generation (selection bias)?

« Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
o Participants and personnel (performance bias)
o Outcome assessors (detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

« Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at risk of bias?

Measures of treatment effect

For dichotomous outcomes (e.g. death or positive UTI episodes),
results were planned to be expressed as risk ratio (RR) to establish
a statistical difference, and the number needed to treat for an
additional beneficial outcome (NNT) and pooled percentages as
absolute measures of effect with 95% confidence intervals (Cl).

Where continuous scales of measurement were used to assess the
effects of treatment (e.g. pain or decline in kidney function), the

mean difference (MD) was planned to be used, or the standardised
mean difference (SMD) if different scales had been used.

Where possible, we planned to use the mean change score from
baseline. We anticipated that some studies may only report the
mean endpoint score of which we planned to use the final time
point available and combine these results with the mean change in
score, as long as they were of similar scales.

Unit of analysis issues

We only accepted randomisation of the individual participant. For
multiple dose studies, we planned to use data for the first dose
only. For cross-over studies, we planned only to use the first phase
unless a minimum washout period of seven days had been applied
to the study design. The unit of analysis for UTIs was either events or
patients analysed separately, depending on what type of data was
available.

Dealing with missing data

Any further information required from the original author
was requested by written correspondence (e.g. emailing the
corresponding author), and any relevant information obtained in
this manner was included in the review. Evaluation of important
numerical data such as screened, randomised patients, as well
as intention-to-treat, as-treated, and per-protocol population,
was carefully performed. Attrition rates, for example, drop-outs,
losses to follow-up and withdrawals were investigated. Issues
of missing data and imputation methods (e.g. last-observation-
carried-forward) were critically appraised (Higgins 2020).

Assessment of heterogeneity

We planned to first assess the heterogeneity by visual inspection
of the forest plot. We planned to quantify statistical heterogeneity
using the |17 statistic, which describes the percentage of total
variation across studies that is due to heterogeneity rather than
sampling error (Higgins 2003). A guide to the interpretation of I
values is as follows.

» 0% to 40%: might not be important.

« 30% to 60%: may represent moderate heterogeneity.
« 50% to 90%: may represent substantial heterogeneity.
« 75% to 100%: considerable heterogeneity.

The importance of the observed value of I*> depends on the
magnitude and direction of treatment effects and the strength of
evidence for heterogeneity (e.g. P-value from the Chi? test or a
confidence interval for 1) (Higgins 2020).

Assessment of reporting biases

If possible, funnel plots were planned to be used to assess for the
potential existence of small study bias (Higgins 2020).

Data synthesis

Data was planned to be pooled using the random-effects model,
but the fixed-effect model would also be used to ensure the
robustness of the model chosen and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis was planned to be used to explore possible
sources of heterogeneity where there were sufficient data.

D-mannose for preventing and treating urinary tract infections (Review)
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Heterogeneity among participants could be related to age, co-
morbidities, and urological or renal pathologies. Heterogeneity in
treatments could be related to the prior agent(s) used and the
agent, dose and duration of therapy. Adverse effects were tabulated
and assessed with descriptive techniques, as they are likely to be
different for the various agents used. Where possible, we planned to
use the risk difference with 95% Cl to calculate each adverse effect,
either compared to no treatment or to another agent.

Planned subgroups where sufficient data are available.

* Dose

« Time point

« Prevention versus treatment of UTI
« CKD present

o Age.

Sensitivity analysis

We planned to perform sensitivity analyses in order to explore the
influence of the following factors on effect size; however, this was
not possible.

« Repeating the analysis excluding unpublished studies.

« Repeating the analysis taking into account the risk of bias, as
specified.

« Repeating the analysis, excluding any very long or large studies
to establish how much they dominate the results.

« Repeating the analysis excluding studies using the following
filters: diagnostic criteria, the language of publication, source of
funding (industry versus other), and country.

Summary of findings and assessment of the certainty of the
evidence

We presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning

the certainty of the evidence, the magnitude of the effects of the
interventions examined, and the sum of the available data for the
main outcomes (Schunemann 2020a).

The 'Summary of findings' tables also includes an overall grading
of the evidence related to each of the main outcomes using the
GRADE (Grades of Recommendation, Assessment, Development
and Evaluation) approach (GRADE 2008; GRADE 2011). The GRADE
approach defines the certainty of a body of evidence as the extent to
which one can be confident that an estimate of effect or association
is close to the true quantity of specific interest. This was assessed by
two authors. A summary of the assessment process is in Appendix
3. The certainty of a body of evidence involves consideration of
the within-trial risk of bias (methodological quality), directness of
evidence, heterogeneity, the precision of effect estimates and risk
of publication bias (Schunemann 2020b). We planned to present
the following outcomes in the 'Summary of findings' tables.

« Symptomatic and bacteria-confirmed UTI
« Symptomatic only UTI

« Asymptomatic bacteriuria

» Changes to previous treatment regimen

« Pain

« Cure/complete remission

« Adverse effects.

RESULTS
Description of studies

Results of the search

The PRISMA flow diagram is shown in Figure 1.
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Figure 1. Study flow diagram.
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The search of the register up to 22 February 2022 retrieved
24 records. After title and abstract review, four records were
excluded (not RCT, wrong population or intervention/comparator).
After full-text review of the remaining 20 records, seven
studies (8 records) were included (De Leo 2017; Kranjcec
2014; Kuzmenko 2019; Lopes de Carvalho 2012; Palleschi
2017; Porru 2014; Russo 2019), six were excluded (Domenici
2016; Genovese 2018; NCT03497598; NCT03996057; Radulescu
2020; Salinas-Casado 2018), and six studies are ongoing
(ACTRN12616001619437; ACTRN12619000183189; DRKS00013240;
MERIT 2021; NCT03597152; PROTON 2018) (target number of
participants: 1078). We will include these studies in a future update
of this review.

Included studies

Seven studies (719 participants) were included See Characteristics
of included studies.

One study compared a cross-over treatment with no washout
period (Porru 2014); one study was double-blind (Lopes de
Carvalho 2012), and the remaining five were open-label studies.

Sample sizes range from 21 (Lopes de Carvalho 2012) to 308
participants (Kranjcec 2014). The studies took place in either
primary care/general practitioners or hospital outpatient settings
in Croatia, Italy, Russia, and Spain. Two studies investigated both
females and males (Lopes de Carvalho 2012; Palleschi 2017), and
the remaining four studies investigated females only.

Population

The health status and inclusion criteria for participants varied:

« Acute cystitis (single or recurrent) (Kranjcec 2014; Kuzmenko
2019)

» Multiple sclerosis (Lopes de Carvalho 2012)

« Undergoing a mini-invasive urological diagnostic procedure
(Palleschi 2017)

« Acute symptomatic UTI (single or recurrent) (Porru 2014)

» Postmenopausal women with symptomatic isolated anterior
prolapse POP Q stage = Ill submitted to native tissue repair for
cystocele (Russo 2019;).

Two studies were undertaken in the perioperative period (Palleschi
2017; Russo 2019).

Interventions and comparators

Appendix 4 summarises the comparison pairs and intervention
details of the included studies. No studies were similar in drug,
dose, comparison, or time point.

Outcomes

All seven studies reported data on the three primary outcomes
(symptomatic and bacteriuria-confirmed UTI, symptomatic only
UTI, pain) using different units of analysis, different measurement
scales, and a combination of prevention or treatment for
UTI. Kuzmenko 2019 did not report suitable quantitative data to
report in this review (abstract only).

+ Prevention of UTI: two studies (both in a perioperative
setting) Palleschi2017; Russo 2019)

« Treatment of UTI: one study (Kuzmenko 2019)

« Prevention and treatment of UTI: four studies (De Leo 2017;
Kranjcec 2014; Lopes de Carvalho 2012; Porru 2014). The
baseline population of these studies at enrolmentindicated that
the patient population had either (a) an acute symptomatic and/
or bacteriuria culture-confirmed UTI or (b) a history of recurrent
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UTI or symptomatic cystitis as one or more episodes of UTIs
documented in the preceding 12 months.

Treatment periods ranged from 15 days (Palleschi2017) to 24 weeks
(Kranjcec 2014).

Excluded studies

See Characteristics of excluded studies.

« Domenici 2016: inappropriate and unclear baseline population
« Genovese 2018: incomparable treatment arms
o NCT03497598: terminated due to insufficient patients

« NCT03996057: D-mannose with or without methenamine for the
UTI prevention

« Radulescu 2020: inappropriate intervention and study design
phases

« Salinas-Casado 2018: inappropriate intervention arms
Ongoing studies

See Characteristics of ongoing studies.

« ACTRN12616001619437: D-mannose for prophylaxis against UTI
in spinal cord injury (target number: 40)

« ACTRN12619000183189: D-mannose versus placebo in patients
with a high risk of recurrent UTI (target number: 50)

« DRKS00013240: D-mannose plus herbal extracts versus herbal
extracts for the dietary management of acute symptomatic
uncomplicated UTIs in females (target number: 100)

« MERIT 2021: D-mannose versus placebo to prevent recurrent
UTIs in women (target number: 598)

o NCT03597152: Nutritional supplementation with D-mannose
versus placebo for recurrent UTIsin women (target number: 250)

« PROTON 2018: Winclove CLEAR versus placebo in females with
recurrent UTI (target number: 40).

Risk of bias in included studies

See the 'Risk of Bias' section under Characteristics of included
studies tables for a detailed assessment of bias within each
included study.

See Figure 2 for a graphical summary of the assessment of bias
within each included study.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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The majority of studies were characterised by an unclear or high
risk of bias across most domains. This was largely due to a lack of
detail provided for concealing allocation, open-label study design,
selective reporting, and funding declarations (pharmaceutical or
lack of information). Using funnel plots to detect publication bias
was not feasible due to the small number of studies.

Allocation
Random sequence generation

Four studies were judged to have unclear risk of bias (De Leo
2017; Kuzmenko 2019; Lopes de Carvalho 2012; Porru 2014).
These four studies were reported to be a 'randomised' controlled
trial or having 'randomly assigned participants' to treatment
groups; however, the methods that were used to carry out the
randomisation process were not described in any further or
sufficient detail.

Three studies were judged to be at low risk of bias (Kranjcec
2014; Palleschi 2017; Russo 2019). These three studies described
adequate details of the methods that were used to carry out the
randomisation process (rolling a dice, statistical series based on
random sampling, or a uniform allocation ratio (1:1)).

Allocation concealment

Three open-label studies were judged to be at high risk of bias
(De Leo 2017; Kranjcec 2014; Kuzmenko 2019). The remaining four
studies did not provide any information concerning allocation
concealment and were judged to have unclear risk of bias.

Blinding
Blinding of participants and personnel

Six studies were judged to be at high risk of bias (De Leo 2017;
Kranjcec 2014; Kuzmenko 2019; Palleschi 2017; Porru 2014; Russo
2019). All were all open-label studies and did not blind anyone.

One study was judged to have unclear risk of bias. Lopes de
Carvalho 2012 reported that the examining physician and subjects
were blinded to the procedure; however, the study states to be
blinded, but insufficient details were available.

Blinding of outcome assessors

All seven studies were judged to be at high risk of bias. Six studies
were open-label.

Incomplete outcome data

Four studies did not provide sufficient information and were judged
to have unclear risk of bias (De Leo 2017; Kuzmenko 2019; Lopes de
Carvalho 2012; Porru 2014.

Three studies were judged to be at low risk of bias. All participants
were accounted for from the start to the end of the study, and
attrition rates were low (0% to 6.25%) (Kranjcec 2014; Palleschi
2017; Russo 2019).

Selective reporting

Six studies did not provide trial registration numbers or details to
an a priori-published protocol and were judged to have unclear risk
of bias.

Porru 2014 provided trial registration numbers and was judged
to be at low risk of bias. The methodology, including outcomes
planned, matched the study registration details.

Other potential sources of bias
Sources of funding and conflicts of interest

Russo 2019 declared funding from pharmaceutical industry sources
and was judged to be at high risk of bias.

Three studies did not declare any information regarding their
funding sources and were judged to have unclear risk of other bias
(De Leo 2017; Kuzmenko 2019; Palleschi 2017.

Four studies did not declare whether the authors had any conflicts
of interest (De Leo 2017; Kuzmenko 2019; Lopes de Carvalho 2012;
Palleschi 2017). Kranjcec 2014 and Russo 2019 declared that their
authors had no conflicts of interest; however, their funding sources
were not reported.

Porru 2014 declared that no funding was received from any
commercial source and declared that the authors did not have any
conflicts of interest and was judged to be at low risk of bias.

No other potential sources of bias were identified.

Effects of interventions

See: Summary of findings 1 D-mannose (2 g) versus no treatment
for preventing or treating urinary tract infections; Summary of
findings 2 D-mannose (2 g) versus nitrofurantoin (50 mg) for
preventing or treating urinary tract infections

D-mannose versus no treatment

Kranjcec 2014 compared D-mannose (2 g oral powder in 200 mL
water) once/day to no treatment in 205 women who have acute or
recurrent cystitis over a 24-week period (prevention and treatment
study).

Symptomatic and bacteriuria-confirmed UTI

Kranjcec 2014 reported D-mannose reduced the number of
symptomatic and bacteriuria-confirmed UTlIs (Analysis 1.1 (1 study,
205 participants): RR 0.24, 95% IC 0.15 to 0.39; very low certainty
evidence).

Symptomatic only UTI

Kranjcec 2014 reported median days and IQR time from
prophylactic therapy start to cystitis symptoms onset: 43 days
(IQR: 15 to 50) for D-mannose (103 participants) and 28 days (IQR:
20 to 42) for no treatment (102 participants) (very low certainty
evidence).

Adverse events

Kranjcec 2014 reported eight adverse events (diarrhoea) in the D-
mannose group and no adverse events in the no treatment group
(Analysis 1.2 (1 study, 205 participants): RR 16.84, 95% CI 0.98 to
287.92; very low certainty evidence). See Appendix 5.

Other outcomes

The following outcomes were not reported.

« Asymptomatic bacteriuria
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« Changes to previous treatment regimen
« Pain
o Cure/complete remission.

D-mannose versus antibiotics

Kranjcec 2014 compared oral D-mannose (2 g powder in 200 mL
water once/day) to oral nitrofurantoin (50 mg once/day) in 206
women who had acute or recurrent cystitis over a 24-week period
(prevention and treatment study).

Porru 2014 compared oral D-mannose (3 g tablets/day for 2
weeks, reduced to 2 g/day for 22 weeks) to oral trimethoprim/
sulfamethoxazole (160/800 mg twice/day, followed by a single dose
at bedtime for 1 week each month in the following 22 weeks), in
120 females who have acute or recurrent symptomatic UTI, over a
24-week period (prevention and treatment study). Porru 2014 was
a cross-over study with no washout period and no available data
from the first phase and was therefore not included in our meta-
analyses (see Appendix 4).

Symptomatic and bacteriuria-confirmed UTI

Kranjcec 2014 reported no difference between D-mannose and
nitrofurantoin on symptomatic and bacteriuria-confirmed UTIs
(Analysis 2.1 (1 study, 206 participants): RR0.71,95% CI1 0.39 to 1.31;
very low certainty evidence).

Symptomatic only UTI

Kranjcec 2014 reported median days and IQR from prophylactic
therapy start to cystitis symptoms onset: 43 days (15 to 50) for D-
mannose (103 participants) and 24 days (15 to 50) for nitrofurantoin
(103 participants) (very low certainty evidence).

Adverse events

Kranjcec 2014 reported eight adverse events (diarrhoea) in the
D-mannose group and 29 adverse events (diarrhoea, nausea,
headache, skin rash, vaginal burning) in the nitrofurantoin group
(Analysis 2.2 (1 study, 206 participants): RR 0.28,95% Cl0.13t0 0.57;
very low certainty evidence). See Appendix 5.

Other outcomes

The following outcomes were not reported.

« Asymptomatic bacteriuria

« Changes to previous treatment regimen
« Pain

o Cure/complete remission.

D-mannose plus supplements versus placebo or no treatment

De Leo 2017 compared a formulation of D-mannose plus cranberry
plus noxamicina (unknown doses, one oral sachet/day) for the first
10 days of the month to no treatment in 150 participants who have
recurrent episodes of cystitis over a 12-week period (prevention
and treatment study).

Lopes de Carvalho 2012 compared D-mannose (100 mg) plus
cranberry (40 mg) plus vitamin C (60 mg) (2 doses/day) for 90 days
to placebo in 21 females and males who have multiple sclerosis
over a 12-week period (prevention and treatment study).

Russo 2019 compared a formulation of D-mannose plus cranberry
plus Boswellia plus Curcuma plus NoxamicineVR (Kistinox ActVR)
oral preparation (doses not reported, 2 doses/day) as a nutritional
supplement for two weeks after surgery to no treatment in 40
postmenopausal women who were submitted to native tissue
repair to cystocele from symptomatic isolate anterior prolapse
stage three or higher, over a four-week postoperative period
(prevention study).

Due to the lack of data on similar outcomes, no meta-analysis was
possible.

Symptomatic and bacteriuria confirmed UTI

Lopes de Carvalho 2012 reported D-mannose plus cranberry and
vitamin C had a "significant reduction in the number of UTIs"
compared to placebo (1 study, 21 participants; very low certainty
evidence).

Russo 2019 reported 1/20 UTI infections with D-mannose plus
cranberry, Boswellia, Curcuma and NoxamicineVR (Kistinox ActVR)
(unknown doses) and 1/20 UTl infections with placebo (Analysis 3.1:
1 study, 40 participants; very low certainty evidence).

Symptomatic only UTI

De Leo 2017 reported a slight decrease in symptomatic cystitis
at three months for D-mannose plus cranberry plus noxamicina
(unknown doses) compared to no treatment (Analysis 3.2: 1 study,
150 participants; very low certainty evidence).

Pain

Russo 2019 reported mean pain on a VAS (scale numbers are not
reported, assumed 1-10) was (mean+SD): 1.2+ 1.1, n=20 for the D-
mannose formulation and 1.3+0.9,n=20for no treatment (Analysis
3.3: 1 study, 40 participants; very low certainty evidence).

Cure/complete remission of symptomatic and a symptomatic
uri

De Leo 2017 reported "complete remission of symptoms in 92
women overall" but did not stipulate from which intervention arm
these results derive (1 study, 150 participants, very low certainty
evidence).

Adverse events

DelLeo2017,Lopesde Carvalho2012 and Russo 2019 reported none
oftheincluded participants recorded any adverse events (3 studies,
211 participants; very low certainty evidence). See Appendix 5.

D-mannose plus supplements versus antibiotics

Palleschi 2017 compared D-mannose (500 mg) plus N-
acetylcysteine (100 mg) plus Morinda citrifolia fruit extract (300 mg)
as 2 vials/day to prulifloxacin (antibiotic) 400 mg/day, in 75 females
and males who submitted to mini-invasive urological diagnostic
procedures, over a 15-day period (prevention study).

Symptomatic and bacteriuria confirmed UTI

Palleschi 2017 reported 2/37 symptomatic and culture-positive
UTIs with the D-mannose formulation and 3/38 for prulifloxacin
400 mg (Analysis 4.1: 1 study, 75 participants; very low certainty
evidence).
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Adverse events

Palleschi 2017 reported zero adverse events across both treatment
arms (1 study, 75 participants; very low certainty evidence).
See Appendix 5.

No data were reported on our remaining primary and secondary
outcomes.

D-mannose plus antibiotics and supplements versus
antibiotics plus supplements

Kuzmenko 2019 compared D-mannose (dose unknown) plus inulin
(dose unknown) plus E551 (silicon dioxide, dose unknown) plus
fosfomycin (3 g, antibiotic) plus prebiotic lactulose (1.5 g) to
fosfomycin (3 g, antibiotic) plus prebiotic lactulose (1.5 g) in 60
women with acute uncomplicated cystitis over a 24-week period
(treatment study).

Symptomatic only UTI

Kuzmenko 2019 reported "relief of dysuric phenomena" in both
treatment groups (1 study, 60 participants; very low certainty
evidence).

Pain

Kuzmenko 2019 reported "relief of pain" in both treatment groups
(1 study, 60 participants; very low certainty evidence).

DISCUSSION

Summary of main results

We included seven RCTs (719 participants) in this review; no studies
were comparable (by dose or treatment) to enter into a meta-
analysis.

The patient populations varied. All studies were in adults, and
four studies were in females only. Studies were a mixture of
measuring symptomatic-only cystitis and/or positive culture-
confirmed bacteriuria. Two studies investigated both the treatment
and prevention of UTIs. Two studies investigated the prevention of
UTls in a perioperative setting, and two studies were prevention-
only studies. One study was in adults with multiple sclerosis (no
description of the history of UTI). Across all studies, recurrent UTI
was defined as recurrent episodes of cystitis with at least one
positive urine culture during a six-month period or two or more
episodes over 12 months.

« D-mannose (2 g) compared to no treatment had uncertain
effects on symptomatic and bacteriuria-confirmed UTI (1 study,
205 participants; very low certainty evidence).

« D-mannose (2 g) compared to antibiotics (nitrofurantoin 50
mg) had uncertain effects on symptomatic and bacteriuria-
confirmed UTI (1 study, 206 participants; very low certainty
evidence).

« D-mannose in combination with herbal supplements compared
to no treatment has uncertain effects on symptomatic and
bacteria-confirmed UTI and pain (1 study, 40 participants, very
low certainty evidence).

« D-mannose 500 mg in combination with supplements (N-
acetylcysteine and Morinda citrifolia fruit extract) compared
to an antibiotic (prulifloxacin 400 mg) has uncertain effects

on symptomatic and bacteriuria-confirmed UTI (1 study, 75
participants, very low certainty evidence).

Individual studies found no clear results that D-mannose is more
or less effective in preventing or treating UTIs in the participant
populations of their own criterion. Adverse events were poorly
reported, and of the very few adverse effects reported, none were
serious (mostly diarrhoea and vaginal burning).

Overall completeness and applicability of evidence

This review highlights the severe lack of high-quality RCTs testing
the efficacy of D-mannose for UTIs in any population.

Despite UTIs being one of the most common adult infections
(affecting 50% of women at least once in their lifetime) and the
growing global antimicrobial resistance, we found very few studies
that adequately test this alternative treatment. Four major issues
around the completeness of the evidence were:

« Limited sample size and insufficient power

« Standardised dosing of D-mannose and comparator treatments
» Standardised measuring

» Reporting of outcomes.

Three major issues around the applicability of evidence were:

1. Participant criteria in the included studies: whilst adult women
experience the most frequent rates of UTls, it is important to
know the efficacy and harms of D-mannose in males, as well
as in people under 18 years because this is a non-prescription
dietary supplement available over the counter in most western
countries.

2. Outcome measures varied greatly by scale, unit, time point,
definitions, and denominators in each group. Two studies
did not provide data for the treatment arm from which they
expressed a change in symptoms, and therefore, we could not
include these studies in our meta-analysis. Studies reported
either rates of UTI or UTI recurrence in a variety of dichotomous
and continuous data.

3. Definitions of UTI varied greatly (recurrence, rate, one or more
in a three, six, or 12-month period). Time points at which
the outcomes were measured varied greatly (15 days to six
months). Studies mentioned symptomatic cystitis and defined
pathologically confirmed UTI as a mixture of 'positive urine
cultures'.

We identified significant gaps in the evidence. No two studies were
comparable for meta-analysis due to the different dosing of D-
mannose (500 mg, 1 g, or 3 g titrated down to 2 g) as well as most
studies investigated different comparator treatments (placebo, no
treatment, antibiotics, herbal supplements).

Quality of the evidence

Overall, the quality of the evidence is poor. Most studies
were judged to have unclear or high risk of bias across most
domains Figure 2. Data was sparse and addressed very few of the
primary and secondary outcomes.

Across all comparisons, GRADE evaluations for all outcomes were
judged to be very low certainty evidence. The evidence was
downgraded three stages: for very serious limitations in the study
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design or execution (high risk of bias across all studies) (-2),
and sparse data (single study data and small sample sizes) (-1)
(Summary of findings 1, Summary of findings 2).

Very low certainty evidence implies we are very uncertain about
results (not estimable due to lack of data). We have no evidence to
support or refute the use of D-mannose in preventing or treating
UTls, and the findings should be viewed with caution.

Potential biases in the review process

This review was conducted as per the protocol following pre-
specified inclusion criteria and used comprehensive literature
searches to find all relevant studies. We do not believe there are any
other potential biases in this review process.

Agreements and disagreements with other studies or
reviews

One systematic review has recently been published on this topic
(Lenger 2020). The authors report a possible positive effect of
D-mannose for preventing UTIs. However, the findings of our
review do not support their assessment due to the lack of
available evidence on this topic. The inclusion criteria for Lenger
2020 were restricted to women only, over 18 years, and included
observational study designs that were limited to prevention and
not treatment. Lenger 2020 included only two of our eight RCTs
(Kranjcec 2014; Porru 2014). Lenger 2020 combined studies into
a meta-analysis that included different doses of D-mannose and
comparisons arms that were not similar. In our view, this is an
overinterpretation of very sparse and poor-quality data.

In contrast to Lenger 2020, we feel that the assessments made
in Lenger 2020 are not appropriate recommendations on the harms
and benefits of D-mannose based on the available evidence (which
is lacking in quantity, precision, and quality). We identified six
ongoing studies (ACTRN12616001619437; ACTRN12619000183189;
DRKS00013240; MERIT 2021; NCT03597152; PROTON 2018), which
we will assess in a future update of this review.

AUTHORS' CONCLUSIONS

Implications for practice

Despite UTIs being one of the most common adult infections
(affecting 50% of women at least once in their lifetime), and
considering the growing global antimicrobial resistance, we found
very few studies that adequately test this alternative treatment.

There is currently little to no evidence to support the use of D-
mannose to prevent or treat UTIs. We are not certain whether
D-mannose is effective in preventing or treating UTls in any
population. Adverse events were poorly reported, and of the very
few adverse effects reported, none were serious (mostly diarrhoea
and vaginal burning).

Implications for research

We have identified an area of significant uncertainty for the efficacy
of D-mannose in preventing or treating people suffering from
UTls. We are uncertain of the efficacy and harms of D-mannose in
preventing or treating UTIs. Future research in this field requires, in
the first instance, a single adequately powered RCT comparing D-
mannose with placebo.
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Study characteristics

Methods Study design
« Parallel, open-label RCT

Study duration and follow-up

« 3 months treatment; duration of study not reported

Study type

« Prevention and treatment study

Participants General information

« Country: Italy
« Setting: multicentre

« Inclusion criteria: women aged 40 to 50 years with recurrent episodes of cystitis; at least one positive
urine culture during 6 months preceding recruitment

« Exclusion criteria: chronic diseases; neoplasms; endocrine pathologies; urinary stones

Baseline characteristics

« Number: treatment group (100); control group (50)
« Mean age + SD (years): treatment group (47.3 + 4.1); control group (47.9 + 4)

¢ Sex:100% women

« Definition of UTI: recurrent episodes of cystitis - at least one positive urine culture during 6 months

preceding recruitment

« Co-morbidities: not reported in abstract

Interventions Treatment group

« D-mannose 500 mg + noxamicina 100 mg + cranberry 90 mg + PACs-A 72 mg
o 1oralsachet/day, for the first 10 days of the month, for 3 months

Control group

« No treatment

Co-interventions or additional treatments

« None
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De Leo 2017 (continued)

Follow-up details

« None
Outcomes All outcomes reported at 3 months
« Complete remission of urinary symptoms
« Slight decrease in urinary symptoms
« Side effects
Notes « Fulltext available in Italian; translated prior to assessment
« Trial registration: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "the subjects were randomly assigned to two groups"
tion (selection bias)
Allocation concealment High risk Comment: open-label study so it is unlikely that allocation to treatment
(selection bias) groups was concealed
Blinding of participants High risk Comment: open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Comment: open-label study
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Comment: insufficient information within the abstract
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Trial registration: not reported
porting bias) A priori published protocol: not reported
Other bias Unclear risk Funding: not reported
Conflicts of interest: not reported
Kranjcec 2014
Study characteristics
Methods Study design
« Parallel, open-label, 3-arm RCT
Study duration and follow-up
« 6 months treatment, no further follow-up (October 2010 to October 2012)
Study type
« Prevention and treatment study
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Kranjcec 2014 (cContinued)

Participants

General information

Country: Croatia
Setting: single centre

Inclusion criteria: women aged = 18 years; acute cystitis; history of recurrent cystitis (at least 2
episodes in 6 months or 3 in 12 months)

Exclusion criteria: pregnant or breastfeeding; symptoms of upper UTI; symptoms or systemic inflam-
matory response (fever > 38°C, WCC > 12,000); history of urinary tract anomalies, interstitial cystitis or
diabetes; taking hormone therapy, contraception, or had previously received antibiotic prophylaxis

Baseline characteristics

« Number: treatment group 1 (103); treatment group 2 (103); control group (102)
» Median age, range (years): treatment group 1 (49, 38 to 56); treatment group 2 (48, 29 to 58); control

group (52, 38 to 56)
o Sex: 100% women

« Definition of UTI: based on 103 or more CFU/mL of clean voided midstream urine, and at least two of
the following LUTS: dysuria, frequency, urgency, suprapubic pain, nocturia, and hematuria

« Co-morbidities: post-menopausal (146)

« Other information: most commonly isolated bacteria during acute cystitis phase was E. coli in 236
patients (76.6 %), followed by Enterococcus faecalis (17, 5.5 %), Klebsiella pneumoniae (12, 3.9 %),
Streptococcus agalactiae (8, 2.6 %), Proteus mirabilis (7, 2.3 %), Citrobacter freundii (4, 1.3 %)

Interventions

Treatment group 1

+ D-mannose: 2 g powder in 200 mL water
o Once/day for 6 months

Treatment group 2

« Nitrofurantoin: 50 mg antibiotic tablet
o Once/day for 6 months

Control group

« No treatment for 6 months
Co-interventions or additional treatments
« None reported

Follow-up details

» None past 6 months of treatment

Outcomes

Outcomes reported at 6 months

« Number of patients without recurrent UTI
« Isolated bacteria in acute cystitis

« Median time from prophylactic therapy start to cystitis symptoms onset (days) median (IQR)

« Complications during prophylaxis

Notes

« Trial registration: not reported
« Apriori published protocol: not reported
« Funding: not reported

« Conflicts of interest: "all authors state that they have no conflict of interest"

Risk of bias
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Kranjcec 2014 (cContinued)

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "patients with less than 103 CFU/ml in urine culture and no LUTS were
tion (selection bias) considered cured and were randomly divided by throwing the dice in one of

the three groups according to the prophylaxis they would receive during the
following 6 months"

Allocation concealment High risk Comment: appears the patients may have thrown their own dice for randomi-

(selection bias) sation (also the study is open-label study so unlikely that allocation was con-
cealed)

Blinding of participants High risk Comment: open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: open-label study
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Comment: 0% lost to follow-up

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Trial registration: not reported

porting bias) A priori published protocol: not reported

Comment: the outcomes planned in the methods were reported in the results,
however, no report or access to a priori methods

Other bias Unclear risk Funding: not reported
Conflicts of interest: "all authors state that they have no conflict of interest"

Kuzmenko 2019

Study characteristics

Methods Study design
« Parallel, open-label RCT
Study duration and follow-up
« 6 months treatment, no further follow-up
Study type

« Prevention

Participants General information

+ Country: Russia

« Setting: unknown

« Inclusion criteria: women; age unknown; acute uncomplicated cystitis
« Exclusion criteria: unknown

Baseline characteristics

« Number: treatment group (30); control group (30)
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Kuzmenko 2019 (continued)

« Mean age + SD (years): unknown
¢ Sex:100% women

« Definition of UTI: acute uncomplicated cystitis
« Co-morbidities: unknown

Interventions Treatment group

« D-mannose (dose unknown) + inulin (dose unknown) + E551 (silicon dioxide) (dose unknown) + fos-
fomycin 3g (antibiotic) + 1.5 g of prebiotic lactulose, after urination
o Once/day for 6 months

Control group

« Fosfomycin 3g (antibiotic) + prebiotic lactulose 1.5 g, after urination
o Once/day for 6 months

Co-interventions or additional treatments
« Unknown
Follow-up details

« None past 6 months of treatment

Outcomes All outcomes reported at 3 days, 7 days, and 6 months

« Dysuric symptoms according to diaries of urination
« Assessment of pain intensity

Notes
« Trial registration: not reported in the abstract; awaiting full translation
« Apriori published protocol: not reported in the abstract; awaiting full translation
« Funding: not reported in the abstract; awaiting full translation
« Conflicts of interest: not reported in the abstract; awaiting full translation
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: "By random sampling, all women were divided into 2 groups".
tion (selection bias) Comment: study states to be randomised but no further details are available
within the abstract
Allocation concealment High risk Comment: no information provided regarding the concealment of allocation
(selection bias) to groups within the abstract. However, the study is open-label study so un-
likely that allocation was concealed)
Blinding of participants High risk Comment: open-label study so it is unlikely that allocation to treatment
and personnel (perfor- groups was concealed
mance bias)

All outcomes

Blinding of outcome as- High risk Comment: open-label study so it is unlikely that allocation to treatment
sessment (detection bias) groups was concealed
All outcomes
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Incomplete outcome data  Unclear risk Comment: insufficient information within the abstract

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Trial registration: not reported

porting bias) A priori published protocol: not reported

Other bias Unclear risk Funding: not reported

Conflicts of interest: not reported

Lopes de Carvalho 2012

Study characteristics

Methods Study design

« Parallel RCT

Study duration and follow-up
« 90 days treatment, further follow-up not reported
Study type

« Prevention and treatment study

Participants

General information

« Country: Italy

» Setting: single centre

« Inclusion criteria: multiple sclerosis patients (McDonald criteria)
« Exclusion criteria: not reported

Baseline characteristics

« Number: treatment group (11); control group (10)
+ Mean age + SD (years): not reported

« Sex(M/F): not reported

« Definition of UTI: not reported

« Co-morbidities: not reported

Interventions

Treatment group

» D-mannose 100 mg + cranberry 40 mg + vitamin C 60 mg oral capsules
o Twice/day for 90 days

Control group

« Placebo oral capsules
o Twice/day for 90 days

Co-interventions or additional treatments
« Notreported
Follow-up details

+ No further follow-up past 90 days reported
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Outcomes Outcomes reported at baseline, 30 and 90 days
« Number of UTI
« Urine culture
Notes
« Publication type: abstract only
« Trial registration: not reported
» Apriori protocol publication: not reported
« Conflicts of interest: not reported
« Funding declared: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "a simple blind randomized design study was used"
tion (selection bias) Comment: study states to be randomised but no further details are available
within the abstract
Allocation concealment Unclear risk Comment: no information provided regarding the concealment of allocation
(selection bias) to groups within the abstract
Blinding of participants Unclear risk Quote: "examining physician and subjects were blinded to the procedure"
and personnel (perfor- Comment: study states to be blinded but insufficient details available from
mance bias) within the abstract
All outcomes
Blinding of outcome as- High risk Quote: "examining physician and subjects were blinded to the procedure"
sessment (detection bias) Quote: "a simple blind randomized design study was used..."
All outcomes Comment: does not explicitly state that examining physicians were the out-
come assessors, so assumed outcome assessors were not blind
Incomplete outcome data  Unclear risk Comment: insufficient information within the abstract
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Trial registration: not reported
porting bias) A priori published protocol: not reported
Other bias Unclear risk Funding: not reported

Conflicts of interest: not reported

Palleschi 2017

Study characteristics

Methods

Study design

« Parallel, open-label RCT

Study duration and follow-up

« 15 days from treatment start (February to September 2015)
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Palleschi 2017 (continued)

Study type

+ Prevention study (perioperative prophylaxis)

Participants

General information

« Country: Italy
» Setting: single centre

« Inclusion criteria: = 18 years having a mini-invasive urological diagnostic procedure; negative urine
examination and negative urine culture

« Exclusion criteria: history of recent haematuria (within 3 months); presence of indwelling catheter
or nephrostomy or suprapubic catheter or ureteral stent; recent urological, gynaecological or pelvic
surgery (within 3 months); neoplastic disease; evidence or suspicious of fistula; diagnosis of interstitial
cystitis; pathological findings at physical examination (e.g. digital rectal exploration suspicious for
prostate cancer or suggestive for prostatitis)

Baseline characteristics

« Number (randomised/analysed): treatment group (40/37); control group (40/38)
« Mean age + SD (years): treatment group (65.4 + 1.09); control group (65.4 + 1.03)
« Sex (M/F): treatment group (18/19); control group (21/17)

« Definition of UTl:positive urine culture

+ Relevant health status: diabetes (11%); menopausal status for females (29%); hypertension/heart dis-
ease (9%); dysthyroidism (4%); natural childbirth (9%); urological surgery (5%); urogynaecological
surgery (10%); other co-morbidities (8%)

« Differences between groups at baseline: "The results obtained from the anamnestic assessments be-
tween the two groups did not show significant difference in relation to the age, sex, body mass index,
menopausal status, co-morbidities and pharmacotherapy (p-value >0.05). The population enrolled in
the study was stratified according to the age, benign prostatic hyperplasia (BPH), menopausal status,
different birthing modalities, hypertension/heart diseases, diabetes, dysthyroidism, gynaecological
and urological surgery or other pathologies, called “Other” (such as osteoporosis, dyslipidaemia, de-
pressive illness, etc.) as indicated in Table 2."

Interventions

Treatment group

« D-mannose 500 mg + N-acetylcysteine 100 mg + Morinda citrifolia fruit extract 300 mg
o Daily, starting 5 days before procedure, continued for 10 days post-procedure

Control group

« Prulifloxacin 400 mg (antibiotics) oral capsules
o Daily, starting 5 days before procedure, continued for 10 days post-procedure

Co-interventions or additional treatments
« Antibiotic rescue medication
Follow-up details

« At 10 days post-procedure, 15 days from start of treatment

Outcomes

Outcomes reported at 15 days from treatment start

« UTlincidence (symptomatic or asymptomatic) via urine cultures
+ Side effects

Notes

« At 10 days post urodynamic test, a second laboratory assessment based on urine examination and
urine culture was performed in all patients

 Trial registration: not reported
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Palleschi 2017 (continued)

« Apriori protocol publication: not reported
« Conflicts of interest: not reported
« Funding declared: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "a randomized procedure was used for the random allocation of the

tion (selection bias) enrolled patients into two groups of 40 in equal proportions to ensure a uni-
form allocation ratio (1:1)"

Allocation concealment Unclear risk Comment: no information provided regarding the concealment of allocation

(selection bias) to groups within the abstract

Blinding of participants High risk Comment: open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: open-label study

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Comment: all participants were accounted for from start to end of study; attri-

(attrition bias) tion 6.25%

All outcomes

Selective reporting (re- Unclear risk Trial registration: not reported

porting bias) A priori published protocol: not reported

Other bias Unclear risk Funding: not reported
Conflicts of interest: not reported

Porru 2014
Study characteristics
Methods Study design

« Cross-over, open-label RCT
o After 24 weeks of treatment, patients switched groups for another 24 weeks, with no washout pe-

riod

Study duration and follow-up

« 6 months treatment, 12 months follow-up (study dates not reported)

Study type

« Prevention and treatment study

Participants

General information

« Country: Italy

 Setting: single centre
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Porru 2014 (Continued)

« Inclusion criteria: females = 18 years; acute symptomatic UTI and 3 or more UTIs with culture of mid-
stream urine specimen in last 12 months; no antimicrobials in last 4 weeks

 Exclusion criteria: pregnant; upper UTI and/or temp > 38°C; flank/lumbar pain or tenderness; kidney
disease; anatomical abnormalities; gynaecological surgery; immunosuppressive medications or dis-
ease

Baseline characteristics

« Number: 60

« Mean age (range): 42 years (22 to 54)

o Sex: 100% women

« Definition of UTI: acute flare of urinary symptoms + positive voided urine culture with at least 100,000
uropathogens/mL (24-hour voiding diary)

« Co-morbidities: irritable bowel syndrome (5); constipation (26)

Interventions

Treatment group

« D-mannose: 1 g tablets
o 3/day for 2 weeks, then 2/day for 22 weeks

Control group

+ Oral antibiotics: trimethoprim 160 mg + sulfamethoxazole 800 mg
o Twice/day, followed by a single dose at bedtime for 1 week each month in the following 22 weeks

Co-interventions or additional treatments

« "D-mannose activity is best when urine has a neutral pH, patients were instructed to measure urinary
pH using dipstick and take oral sodium bicarbonate 250 mg b.i.d or potassium citrate 1 g b.i.d as al-
kalising agents it pH was < 7"

Follow-up details

« 12 months

Outcomes

Outcomes reported at 24 weeks

« Time-to-recurrence of symptomatic bacteriuria: acute flare of urinary symptoms + positive voided
urine culture with at least 100,000 uropathogens/mL (24-hour voiding diary)

« Pain (VAS)
« Urgency per 24 hours (VAS)

Notes

« Apriori published protocol: not reported

« Funding: "this research received no specific grant from any funding agency in the public, commercial,
or not-for-profit sectors"

« Conflicts of interest: "none declared"

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "each participant entering the trial was assigned to one of the following
treatments in a random sequence"
Comment: insufficient details provided about the methods used to randomise
to treatment groups
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Porru 2014 (Continued)

Allocation concealment Unclear risk Comment: no information provided regarding the concealment of allocation
(selection bias) to groups

Blinding of participants High risk Comment: open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: open-label study
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Comment: attrition and withdrawals not reported, unclear if any participants
(attrition bias) dropped out and if an intention-to-treat analysis was undertaken
All outcomes

Selective reporting (re- Low risk Trial registration: NCT01808755

porting bias) A priori published protocol: not reported
Comment: all outcomes planned in the methods were reported in the results,
and the methodology matches the trial registration details

Other bias Low risk Funding: "this research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors"
Conflicts of interest: "none declared"

Russo 2019
Study characteristics
Methods Study design
« Parallel, open-label RCT
Study duration and follow-up
« 4 weeks postop (study dates not reported)
Study type
« Prevention study (perioperative prophylaxis)
Participants General information
« Country: Italy
« Setting: single centre
« Inclusion criteria: women who were submitted to native tissue repair for cystoceles; postmenopausal
women with symptomatic isolated anterior prolapse pelvic organ prolapse stage = 11
» Exclusion criteria: previous pelvic organ prolapse surgery; current UTI; known allergy to cranber-
ry-containing products; presence of pelvic pain; use of prophylactic antibiotics within 7 days before
study entry; none of the patients had LUTS at enrolment and none was a current or past user of gen-
eral or topical oestrogens or other forms of hormone replacement therapy
Baseline characteristics
« Number: treatment group (20); control group (20)
« Meanage+SD: 67.2 2.3 years
« Sex:100% women
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Russo 2019 (Continued)

Relevant health status: nulliparous (2); menopausal (40); reported UTI in past 6 months (2); LUTS (40)
Definition of UTI: positive urine culture
Co-morbidities: not reported

Differences between groups at baseline: "The two groups were comparable for age, body mass index
and grade of prolapse"

Interventions Treatment group

Cranberry + D-mannose + boswellia + curcuma + NoxamicineVR (Kistinox ActVR) oral preparation (dos-
es not reported)
o One dose twice/day as nutritional supplement for 2 weeks after surgery

Control group

No treatment and no nutritional supplements

Co-interventions or additional treatments

"The surgical procedures were performed by the same surgeon at the Pisa University Hospital. Ante-
rior native tissue repair was performed by a plication of the pubo-cervical fascia in the midline and the
vaginal skin was sutured with a delayed absorbable suture. No antibiotic was used peri- or postop-
eratively, according to the local and international guidelines. No vaginal packing or indwelling Foley
catheter was used after surgery."

Follow-up details

4 weeks post-operative

Outcomes Outcomes reported at 2 and 4 weeks postop

Effectiveness in the prevention of postoperative LUTS perception and UTIs
Safety and tolerability of the supplement

Time to return of normal voiding postoperatively

PVR postoperatively (by the spontaneous fill method)

Postoperative pain (VAS)

Notes

"The validated questionnaire on female lower urinary tract symptoms (ICIQ-FLUTS) was completed
at baseline and week 4. The ICIQ-FLUTS consists of 24 items, of which 11 items can be assessed into
three sub-scales (filling, voiding, incontinence). The other 11 items are not incorporated in the overall
score but indicate impact of symptoms on the quality of life."

Notes

« Trial registration: not reported

« Apriori published protocol: Protocol ID12219 for ethics only

« Funding: "this work was supported by an unrestricted grant from Laborest and by the University of
Pisa funds to Tommaso Simoncini, Pisa, Italy"

« Conflicts of interest: "the authors declare that there is no conflict of interest that could be perceived
as prejudicing the impartiality of the research reported. The authors alone are responsible for the
content and writing of the paper."

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "...randomized as per a simple randomization. Determination of

tion (selection bias)

whether a patient would be treated or not was made by reference to a statisti-
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Russo 2019 (Continued)

cal series based on random sampling numbers drawn up by Dr Eleonora Rus-

n

so.

Allocation concealment Unclear risk Comment: no information provided regarding the concealment of allocation
(selection bias) to groups

Blinding of participants High risk Comment: open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: open-label study

sessment (detection bias)

All outcomes

Incomplete outcome data Low risk Comment: attrition (0%)

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Trial registration: not reported

porting bias) A priori published protocol: Protocol ID12219 for ethics only

Other bias High risk Funding: "this work was supported by an unrestricted grant from Laborest and

by the University of Pisa funds to Tommaso Simoncini, Pisa, Italy."

Conflicts of interest: "the authors declare that there is no conflict of interest
that could be perceived as prejudicing the impartiality of the research report-
ed. The authors alone are responsible for the content and writing of the pa-
per."

CFU: colony forming units; CKD: chronic kidney disease; IQR: interquartile range; LUTS: lower urinary tract symptoms; M/F: male/female;
PACs-A: proanthocyanidins; PVR: post void residual; RCT: randomised controlled trial; SD: standard deviation; UTI: urinary tract infection;
VAS: visual analogue scale; WCC: white cell count

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Domenici 2016 Study design: intervention started as a single arm phase 1 with all participants receiving treatment.
Unclear what the phase 2 baseline starting point is for participants. Results for phase 2 not report-
ed separately or clearly

Genovese 2018 Interventions are not comparable. Arm 1 and 2 are same doses of D-mannose and therefore cannot
be compared. To compare arms 2 and 3 against arm 1 is unreliable as the additional combination
herbal mixes are complex and too dissimilar to ascertain what would be causing a therapeutic ef-

fect

NCT03497598 Study terminated 2 September 2020: not enough patients

NCT03996057 D-mannose with or without methenamine for the UTI prevention

Radulescu 2020 Two phase trial and data could not be analysed for separate phases for individual doses and regi-
men

Salinas-Casado 2018 Interventions: arms are comparing PAC and PAC amongst other supplements

PAC: proanthocyanidin; UTI: urinary tract infection
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Characteristics of ongoing studies [ordered by study ID]

ACTRN12616001619437
Study name D-mannose for prophylaxis against urinary tract infection in spinal cord injury: pilot randomised
control study
Methods Study design
« Parallel, open-label RCT
Study duration and follow-up
« 3 months treatment
Study dates
« Inprogress
Participants General information
« Country: New Zealand
o Setting: single centre
« Inclusion criteria: patients admitted to Auckland Spinal Rehab Unit. All new admissions to the
spinal unit, neurogenic bladder needing catheter on admission; aged = 14 years; females and
males
« Exclusion criteria: repeat admission, no evidence of neurogenic bladder on admission
o Target sample size: 40
Interventions Treatment group
« D-mannose 1 goral tablet
o 3times/day for3 months (to monitor adherence, weekly check of medication chart and patient
interview)
Control group
« Standard care for neurogenic bladder practised in the spinal unit: catheter care, early commence-
ment of intermittent catheterization program in appropriate cases, hygiene, good fluid intake
with the aim of 1.5 to 2 litres and education
o For 3 months
Co-interventions or additional treatments
+ None
Follow-up details
* 3 months
Outcomes
o Rate ratio of UTI: number of UTl/total catheter days
o Number of UTI: will be assessed by clinical symptoms like temperature more than 38, pain,
urinary leakage with positive urine culture
o Catheterdays: total number of days patients needing to use a catheter to manage their bladder
« Frequency ratio of CUTI: number of episodes of CUTI between treatment and control group
o Number of episodes of UTI: number of symptomatic UTI; this will be assessed by clinical symp-
toms like fever (temperature > 38°C), pain and urinary leakage with positive urine culture
« Acute transfer to tertiary Hospital for UTI between two groups
o Medical records and hospital admission records will be reviewed
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ACTRN12616001619437 (Continued)
« Time to first UTI between both groups
o Medical records review

o Temperature-associated CUTI (UTI symptoms and associated temperature elevation) between
groups
o Temperature-associated UTI: defined as temperature > 38°C, which is measured using an ear
thermometer with positive urine culture

Starting date Recruitment completed

Contact information Dr Suresh Subramanian
Auckland Spinal rehab unit
30 Bairds Road
Otara
1640
Auckland
New Zealand
+64 92709000

Sureshbabu.Subramanian@middlemore.co.nz

Notes

ACTRN12619000183189

Study name The effectiveness of D-mannose in patients with high risk of recurrent urinary tract infections

Methods Study design
« Parallel RCT
Study duration and follow-up
o 24 weeks follow-up
Study dates

« Notyet recruiting

Participants General information

« Country: Australia
o Setting: single centre

« Inclusion criteria: female = 60 years; diagnosed with DM; adequate kidney function as determined
by treating medical officer; diagnosed with recurrent UTI defined as 2 or more infections in 6
months or 3 or more infections in 12 months; currently free of UTI (determined by absence of clin-
ical symptoms); able to give valid consent; available to attend a maximum of eight appointments
at Sir Charles Gairdner Hospital

« Exclusion criteria: current UTI or receiving treatment for UTI; unable to give valid consent; heavi-
ly dependent on medical care; multiple co-morbidities (co-morbidities > 3 as determined by the
Charlston Index); unable to attend appointments; unable to read/write English
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ACTRN12619000183189 (Continued)
o Target sample size: 50

Interventions Treatment group

« Single dose of 2.5 g of D-mannose will be dissolved in water and drunk every evening for 24 weeks

« Compliance: allocated container holding the intervention will be weighed before being given to
participants. Participants will be asked to return for 6 further follow-up appointments (1/month)
with the research nurse and bring the same container with them. The container will be re-weighed
and documented. Comparison to baseline weight will be performed and an estimate of dose taken
in grams for the monthly period will be calculated

Control group

o The placebo is 2.5 g of white powder (Guar gum) identical in appearance to D-mannose to be
dissolved in water and drunk in the evening

Co-interventions or additional treatments
« None reported
Follow-up details

e 24 weeks

Outcomes Outcomes to be assessed at weeks 4, 8, 12, 16, 20 and 24

« Percentage of patients developing a UTI in the study period determined by urinalysis, clinical
symptoms and microculture
o Assessed at monthly follow-ups (weeks 4, 8,12, 16, 20 and 24)
o Time (days) to UTI
o Assessed at monthly follow-ups (weeks 4, 8,12, 16, 20 and 24)
« Change in continence scores measured by BBUSQ
o Atbaseline and week 24

« Patient satisfaction with treatment measured on 0-10 VAS
o Assessed at monthly follow-ups (weeks 4, 8,12, 16, 20 and 24)

« Patient likelihood of continuing treatment measured on 0-10 VAS
o Assessed at monthly follow-ups (weeks 4, 8,12, 16, 20 and 24)

« The effect of treatment on blood glucose management in diabetic patients. This will be measured
by comparing before-study blood levels of HbAlc performed every second month via pathology
and daily blood sugar levels (recorded by patients from a finger prick) to levels taken during the
study period. Both HbAlc and daily blood sugar levels are part of standard clinical care
o Assessed every 2nd monthly visit (weeks 4, 12, 20 and 24)

Starting date Unknown

Contact information Dr Vicki Patton
Sir Charles Gairdner Hospital
Level 1 Harry Perkins Research Institute
Nedlands WA 6009
Australia
+61 861510753

vickip04@gmail.com

Notes
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DRKS00013240

Study name Effects of a food for special medical purposes containing D-mannose, birch extract, vitamin D and
vitamin A for the dietary management of acute symptomatic uncomplicated urinary tract infec-
tions in females - a randomized, double-blind, placebo-controlled, parallel-design study

Methods Study design
o Parallel RCT
Study duration and follow-up
o 2to3days
Study dates

« Recruiting complete, follow-up complete

Participants General information

« Country: Germany
« Setting: single centre

« Inclusion criteria: females 18 to 70 years old susceptible to UTIs with at least one acute uncom-
plicated UTl in the past 12 months or females with acute UTI and history of acute uncomplicated
UTI; BMI: = 18 and = 32 kg/m? at screening; nonsmoker and moderate smokers (maximum 15 cig-
arettes/day); sum-score of the typical UTI symptoms (e.g. dysuria, pollakisuria, urgency) reported
on the ACSS -"Typical" domain at visit 1 is = 6; symptoms of the acute episode of lower uncompli-
cated UTI are developed within not more than 72 hours prior to visit 1 (study entry)

« Exclusion criteria: relevant history; presence of any severe medical disorder (heavy depression,
diabetes, heavy liver disease, heavy cardiovascular diseases (e.g. stroke, heart attack), immunod-
eficiency (e.g. COPD), malignant tumour (including chemotherapy and radiation treatment)); cen-
tral nervous system disease (e.g. multiple sclerosis), and/or with mental status unable to coordi-
nate; any conditions that may lead to complicated infections (i.e. kidney diseases, urinary tract
abnormalities (e.g. stone/mass) or past urinary surgery, urine catheterization, uncontrolled DM,
spinal cord injury); known severe impaired kidney function; overactive bladder; planned gynae-
cological surgery; gastrointestinal diseases/conditions (ulcerative colitis, Crohn’s, IBS, peptic ul-
cers, celiac disease) that may significantly alter the absorption of study product; chronic intake of
medication/dietary supplements (e.g. cranberry, systemic cortisone) potentially interfering with
this study during the last month before screening or during the study; clinically relevant abnormal
laboratory, vital signs or physical findings at screening; anticipating a change in their lifestyle or
physical activity levels during the study; history of drug, alcohol or other substances abuse, or
other factors limiting their ability to co-operate during the study; known hypersensitivity to the
study product or to single ingredients; lactose intolerance; pregnant subject or subject planning
to become pregnant during the study; breast-feeding; known HIV infection; known acute or chron-
ic hepatitis B and C infection; subject involved in any clinical or food study within the preceding
month and during the study; subjects considered inappropriate for the study by investigators, in-
cluding patients who are unable or unwilling to show compliance with the protocol; presence of
clinical signs and symptoms suggestive of pyelonephritis or complicated UTI (i.e. fever = 38.0°C,
flank and/or back pain, chills and shivers), and/or vulvo-vaginitis with vaginal and/or with urethral
discharge (without urination) at visit 1; any antibiotic therapy within 7 days prior to visit 1; oth-
er acute infections (except uncomplicated UTIs) requiring antibiotic treatment at visit 1; patients
who took anti-inflammatory drugs (e.g. Ibuprofen) or spasmolytics for any reason within 12 hours
prior to visit 1, and/or are not willing to stop the intake of any of the medication not permitted
for use during the study

« Target sample size: 100

Interventions Treatment group

« Sachets with D-mannose (2 g), birch leaf extract, vitamin A (120 pg) a vitamin D3 (200 I.E.).
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DRKS00013240 (Continued)

« Inthe first 96 hours of UTI, every 8 hours a sachet solved in a glass of water will be taken. In total,
12 intakes are carried out

Control group

« Sachetswith birch leaf extract (without D-mannose, vitamin A and vitamin D3). In the first 96 hours
of UTI, every 8 hours a sachet solved in a glass of water will be taken. In total, 12 intakes are carried
out

Outcomes Outcomes to assessed and 24, 48 and 96 hours

« Severity of main symptoms of typical ACSS questionnaire (questions 2 to 5) (first 48 hours)
« Severity of main symptoms within the first 24 hours (ACSS questionnaire, questions 2 to 5)
« ACSS total score and sub-scales

« Frequency of urination during first 24 and 48 hours

« Need of antibiotic treatment (during 0 to 96 hours)

« Time until alleviation of typical symptoms (ACSS score < 4 and no item more than 1)

« Global assessment

Starting date

o Recruitment status: recruiting complete, follow-up complete
« Date of first enrolment: 20/11/2017
« Study Closing: 13/01/2020

Contact information Hermes Arzneimittel GmbH
Mr. Dr. Martin Hellemann
Georg-Kalb-StraRe 5-8
82049 Pullach
Germany
Telephone: 0049 89 79 102 0
Fax: 0049 89 79 102 280
E-mail: info at hermes-arzneimittel.com

URL: http://www.hermes-arzneimittel.com

Notes
MERIT 2021
Study name D-mannose to prevent recurrent urinary tract infections (MERIT)
Methods Study design
« Parallel, double-blind RCT
Study duration and follow-up
« 6 months
Study dates
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MERIT 2021 (Continued)

« January 2019 to March 2021 (updated 04/08/2020, previously: September 2021)

Participants

General information

« Country: UK

« Setting: multicentre

« Inclusion criteria: women = 18 years with recurrent UTIs; presented to ambulatory care with symp-
toms consistent with UTI = 3 times in the last year or = 2 times in the last 6 months

« Exclusion criteria: pregnant, lactating or planning pregnancy during the course of the study;
formal diagnosis of interstitial cystitis or overactive bladder syndrome; prophylactic antibiotics
started in the last 3 months and unwilling to discontinue, or intention to start during the next 6
months; currently using D-mannose and unwilling to discontinue for the duration of the study;
nursing home resident (residential home residents will not be excluded); catheterised, including
intermittent self-catheterization; use of Uromune (an ‘immunostimulant’); participated in a re-
search study involving an investigational product in the past 12 weeks; previous participation in
this study

+ Target sample size: 598

Interventions

Treatment group

« Will take 2 g (due to differences in density this can vary between 1.5 and 2.5 g) D-mannose daily
for 6 months

Control group

« Placebo: will take 2 g (due to differences in density this can vary between 1.5 and 2.5 g) of fructose
daily for 6 months

Co-interventions or additional treatments
« Not reported
Follow-up details

« 6 months

Outcomes

Primary outcomes

« The proportion of women experiencing at least one further episode of clinically suspected UTI
for which they contact ambulatory care (out-of-hours primary care, in-hours primary care, ambu-
lance or A&E). Assessed by medical notes review within 6 months of study entry

Secondary outcomes

« Number of days of moderately bad (or worse) symptoms of UTI, assessed using a participant diary
throughout the study

« Timeto next consultation with a clinically suspected UTI, assessed during a notes review 6 months
after study entry

« Number of clinically suspected UTIs, assessed during a notes review 6 months after study entry

« Number of microbiologically proven UTls, assessed during a notes review 6 months after study
entry

« Number of antibiotic courses for UTI; DDD and total mg by antibiotic type, assessed during a notes
review 6 months after study entry

« Report of consumption of antibiotics using diary during periods of infection, recorded in the par-
ticipant diary throughout the study

« Proportion of women with a resistant uropathogen cultured during an episode of acute infection,
assessed during a notes review 6 months after study entry

« Hospital admissions related to UTI, assessed during a notes review 6 months after study entry

« QoL recorded in the participant diary at baseline, 6 months and during UTI episodes on days 1,
3and5
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MERIT 2021 (Continued)

« Healthcare utilisation recorded in the participant diary and during a notes review 6 months after

study entry

o Acceptability and process evaluation conducted via telephone interviews with up to 25 women

throughout the study

Tertiary outcomes

« Antibiotic usage and urine culture results in the five years prior to study entry, assessed during a

notes review 6 months after study entry

« Urine culture results for samples sent during the study period, recorded in the lab results

« Dependent on further funding: patterns of microbial presence as demonstrated by Next Genera-
tion DNA Sequencing in recurrent UTI, exploring the association between frequency of infection
and microbial presence and evaluating the impact of D-mannose on microbial presence, assessed

throughout the study

Starting date

12/11/2018: ongoing
22/01/2019: no longer recruiting

04/08/2020: last edited

Contact information

Jared Robinson

Primary Care Clinical Trials Unit
Nuffield Department of Primary Care Health Sciences
University of Oxford

Radcliffe Primary Care Building
Radcliffe Observatory Quarter
Woodstock Road

Oxford

0OX2 6GG

United Kingdom

+44 (0)1865 617849
merit@phc.ox.ac.uk

Trial website: https://www.phctrials.ox.ac.uk/studies/merit

Notes Funding: National Institute for Health Research (NIHR) (UK)
Protocol serial number: 40192
NCT03597152
Study name Nutritional supplementation for recurrent urinary tract infections in women
Methods Study design

« Double-blind, cross-over RCT

Study duration and follow-up
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NCT03597152 (Continued)

12 months

Study dates

Not yet recruiting, 10 January 10 2020

Participants

General information

Country: USA

Setting: single centre

Inclusion criteria: presenting with symptoms of UTI; presentation of 3rd or 4th simple cystitis of
the lower tract in the past 12 months; active infection at enrolment, confirmed and documented
in the medical record; cognitive capacity to consent and ability to undergo the consent process
in English

Exclusion criteria: known allergy or intolerance to supplement ingredients; pregnant or planning
to become pregnant or lactating; unwilling to commit to birth control use; use of related nutri-
tional supplements; unwilling to halt berry extracts, polyphenols, antioxidants, D-mannose, vita-
mins; taken WelTract in past 6 months; unwilling to avoid probiotics, yoghurt, apple or cranberry
juice, hibiscus tea; certain comorbid or physical conditions; history of febrile UTI; bladder catheter
or urethral stents; use of topical hormones in urogenital areas; DM (i.e. taking diabetic medica-
tions) or glycosuria; intestinal diseases with malabsorption (e.g. Crohn's and celiac diseases); se-
vere renal impairment or kidney stones; neural problems (spinal cord injury or multiple sclerosis);
immunocompromised individuals; rheumatoid arthritis; lupus; HIV; taking steroids or immunobi-
ologic medications; prophylactic antibiotic use (e.g. post-coital); other physician judgement

Target sample size: 250

Interventions

Treatment group

Dietary supplement: WelTract
o Supplement commercially available from the sponsor containing powdered extracts from Hi-
biscus flowers and cranberry fruit, lactoferrin, D-mannose, and vitamins C and D

Control group

Dietary supplement: placebo
o Inert placebo custom manufactured for the sponsor

Co-interventions or additional treatments

Not reported

Follow-up details

12 months

Outcomes

Primary outcome

UTl recurrence: variable for each participant over course of up to 1 year
o Time to recurrence of next UTI

Secondary outcomes

Not provided

Starting date

Not yet recruiting, 10 January 2020

Contact information

Contact: Katie O'Brien

501-219-8900 ext 2002

katie@arkansasurology.com

Contact: Richard Dennis, PhD
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501-960-8024

protocols@att.net

Notes Contact: Richard Dennis, PhD

PROTON 2018

Study name Arandomized, placebo-controlled, pilot study to evaluate the effects Winclove CLEAR in female re-
current urinary tract infection patients (PROTON)

Methods Study design
« Parallel, double-blind RCT
Study dates
« January 2019 ongoing
Study duration and follow-up

¢ 6 months

Participants General information

« Country: The Netherlands
o Setting: single centre

« Inclusion criteria: recurrent UTI for at least 2 years (defined as 3 or more episodes of UTl/year);
at least 3 UTIs in the preceding 12 months; 18 and 70 years; willing to take probiotics and refrain
from UTI prophylaxis during the study; signed informed consent

« Exclusion criteria: current (complicated) suspected UTI or cystitis; prophylactic antibiotic usage
during the intervention period; probiotic, D-mannose or cranberry extract usage during the inter-
vention period; use of UTI prophylactics/treatments during the intervention period, other than
mentioned under point 2 & 3, which in the opinion of the investigator may significantly interfere
with the evaluation of the study objectives, including oestrogen treatment; concurrently enrolled
in another intervention study (observational studies or inclusion following completion of anoth-
er study is allowed (4-week wash-out)); known to have interstitial cystitis or bladder pain syn-
drome; known to have a complex bladder disturbance (e.g. cystoplasty, renal and bladder calcu-
lus, significant hydronephrosis or current pyelonephritis); known to have severe renal or hepatic
failure; known to be severely or terminally ill; known to have non-resolvable urinary obstruction;
known to have a history of adverse drug reaction to yoghurt or milk products or a demonstrat-
ed intolerance to the probiotics used lactose intolerance is NOT an exclusion criterion; known
to be intolerant or allergic to any of the ingredients in both Winclove CLEAR and matched place-
boj; spinal cord injury with suprapubic permanent catheter; requiring full (invasive) mechanical
ventilation; receivingimmunosuppressant medications or having an underlyingimmunosuppres-
sive disease (e.g. HIV, end-stage/progressive DM, multiple sclerosis or cerebrovascular disease);
planned oral/vaginal/urinary tract/bladder/gastrointestinal surgery during the intervention pe-
riod; recent oral/vaginal/urinary tract/bladder surgery/gastrointestinal (within last 3 months);
pregnant (screened with a positive pregnancy test), lactating or intending to become pregnant
during the study; women of childbearing potential need to use contraceptives; use of intravagi-
nal products (e.g. spermicides) except for menstrual products; any other condition, which, in the
opinion of the investigator, may significantly interfere with the evaluation of the study objectives

o Target sample size: 40

Interventions Treatment group (40 participants)

« Consume a daily dose of 4 g of Winclove CLEAR containing 4E+09 CFU of live probiotic strains L.
pentosus W2 (KCA1), L. acidophilus W22, L. plantarum W21, L. salivarius W24, L. brevis W63, L.
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PROTON 2018 (Continued)

casei W56 and L. helveticus W74, cranberry extract (36 mg PACs) and D-mannose (1 g) for a period
of 6 consecutive months.

Control group (20 participants)

« Placebo: consume a daily dose of 4 g of the placebo formulation, similar in taste/smell/appear-
ance but without active ingredients (e.g. probiotic, cranberry, D-mannose), for a period of 6 con-
secutive months

Co-interventions or additional treatments
« None mentioned
Follow-up details

¢ 6 months

Outcomes Primary outcomes

« The differences in QoL between treatment arms according to UTI-QoL-questionnaire data and
SF-36 scores after the intervention period

« The difference in UTl incidence between treatment arms, as measured by the mean number of
patient-reported UTI episodes during the intervention period

o Thedifferencein UTI symptom severity between treatment arms, as measured by mean Symptom
& Burden questionnaire scores during the intervention period

Secondary outcomes

« Thedifferencein UTl incidence between treatment arms, as confirmed by a microbiome analysis
of urine samples during the intervention period (ratio of lactobacilli to common uropathogens)

« The difference between treatment arms in UTI-related healthcare expenditures during the inter-
vention period, as determined by the Health Economics questionnaire at day 180

« The total number of subjects in the active treatment arm, and the difference in the number of
subjects between treatment arms, where probiotic strains from the formulation are identified in
urine samples at days 1, 60, 120 and 180 as determined by a primary species-specific 16S riboso-
mal RNA sequencing analysis and - if positive - a follow-up strain-specific real-time quantitative
16S ribosomal RNA gene polymerase chain reactions

o Thedifferencein UTl duration between treatment arms, as determined by mean patient-reported
UTI duration during the intervention period

Time points

« Days0, 60, 120, 180

Starting date January 2019

Contact information Dr J. Flach
Email: Joost.flach@cr2o.nl

Phone: +31 6 40275130

Notes Funding: This study is performed at the research facility of CR20 by Prof. Dr. Eric Claassen (Principal
Investigator) and Drs. Joost Flach (Coordinating Investigator).

ACSS: Acute Cystitis Symptom Score; BBUSQ: Birmingham Bowel and Urinary Symptoms Questionnaire; BMI: body mass index; CFU:
colony forming units; CUTI: catheter-related urinary tract infection; DDD: defined daily dose; DM: diabetes mellitus; HbAlc: haemoglobin
Alc (glycated); HIV: human immunodeficiency virus; IBS: irritable bowel syndrome; PVR: post-void residual; QoL: quality of life; RCT:
randomised controlled trial; SF-36: 36-item short form survey (QoL); UTI: urinary tract infection; VAS: visual analogue scale
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DATA AND ANALYSES

Comparison 1. D-mannose (2 g) versus no treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Symptomatic and bacteriuria-con- 1 Risk Ratio (M-H, Random, Totals not select-
firmed UTI (positive culture) at 24 95% Cl) ed
weeks
1.2 Adverse events 1 Risk Ratio (M-H, Random, Totals not select-
95% Cl) ed

Analysis 1.1. Comparison 1: D-mannose (2 g) versus no treatment, Outcome
1: Symptomatic and bacteriuria-confirmed UTI (positive culture) at 24 weeks

D-mannose No treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Kranjcec 2014 15 103 62 102 0.24[0.15, 0.39] R T—

01 02 05 1 2 5 10
Less with D-mannose Less with no treatment

Analysis 1.2. Comparison 1: D-mannose (2 g) versus no treatment, Outcome 2: Adverse events

D-mannose No treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Kranjcec 2014 8 103 0 102 16.84[0.98 , 287.92] I S—
0.002 01 1 10 500
Less with D-mannose Less with no treatment

Comparison 2. D-mannose (2 g) versus nitrofurantoin (50 mg)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Symptomatic and bacteriuria-con- 1 Risk Ratio (M-H, Random, Totals not select-
firmed UTI (positive culture) at 24 95% Cl) ed
weeks
2.2 Adverse events 1 Risk Ratio (M-H, Random, Totals not select-
95% Cl) ed
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Analysis 2.1. Comparison 2: D-mannose (2 g) versus nitrofurantoin (50 mg), Outcome
1: Symptomatic and bacteriuria-confirmed UTI (positive culture) at 24 weeks

D-mannose Nitrofurantoin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Kranjcec 2014 15 103 21 103 0.71[0.39, 1.31] —
0.1 02 05 2 5 10
Less with D-mannose Less with nitrofurantoin

Analysis 2.2. Comparison 2: D-mannose (2 g) versus nitrofurantoin (50 mg), Outcome 2: Adverse events

D-mannose Nitrofurantoin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Kranjcec 2014 8 103 29 103 0.28 [0.13, 0.57] ——
001 01 10 100
Less with D-mannose Less with nitrofurantoin

Comparison 3. D-mannose (no dose provided) plus herbal combination versus no treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
3.1 Symptomatic and bacteriuria-con- 1 Risk Ratio (M-H, Random, Totals not select-
firmed UTI (positive culture) at 2 weeks 95% Cl) ed
3.2 Symptomatic only UTI at 3 months 1 150 Mean Difference (IV, Ran- -2.70 [-3.27,

dom, 95% Cl) -2.13]

3.3 Pain (mean score (VAS 1-10)): aver- 1 Mean Difference (IV, Ran- Totals not select-
age/patient (day 1 postop) dom, 95% Cl) ed

Analysis 3.1. Comparison 3: D-mannose (no dose provided) plus herbal combination versus no
treatment, Outcome 1: Symptomatic and bacteriuria-confirmed UTI (positive culture) at 2 weeks

D-mannose+herbal No treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Russo 2019 (1) 1 20 1 20 1.00 [0.07, 14.90]
001 0.1 10 100
Footnotes Less with D-mannose+herbal Less with no treatment

(1) Rate of UTI unclear if patient or event
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Analysis 3.2. Comparison 3: D-mannose (no dose provided) plus herbal
combination versus no treatment, Outcome 2: Symptomatic only UTI at 3 months

D-mannose+supplements No treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
De Leo 2017 2.5 2 100 5.2 1.5 50 100.0% -2.70 [-3.27 , -2.13] .
Total (95% CI) 100 50 100.0% -2.70 [-3.27 , -2.13] ‘
Heterogeneity: Not applicable
Test for overall effect: Z =9.26 (P < 0.00001) 10 5 0 5 10
Test for subgroup differences: Not applicable Less with D-mannose+supplements Less with no treatment

Analysis 3.3. Comparison 3: D-mannose (no dose provided) plus herbal combination versus
no treatment, Outcome 3: Pain (mean score (VAS 1-10)): average/patient (day 1 postop)

D-mannose+herbal No treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Russo 2019 1.2 1.1 20 1.3 0.9 20 -0.10 [-0.72, 0.52] S —
-1 05 0 05 1
Lower with D-mannose+herbal Lower with no treatment

Comparison 4. D-mannose (500 mg) plus N-acetylcysteine (100 mg) plus Morinda citrifolia fruit extract (300 mg)
versus prulifloxacin (400 mg)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
4.1 Symptomatic and bacteri- 1 Risk Ratio (M-H, Random, 95%  Totals not selected
uria-confirmed UTI (positive cul- Cl)

ture) at 15 days

4.1.1 Females 1 Risk Ratio (M-H, Random, 95%  Totals not selected
cl)

4.1.2 Males 1 Risk Ratio (M-H, Random, 95%  Totals not selected
Cl)

D-mannose for preventing and treating urinary tract infections (Review)
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Analysis 4.1. Comparison 4: D-mannose (500 mg) plus N-acetylcysteine (100
mg) plus Morinda citrifolia fruit extract (300 mg) versus prulifloxacin (400 mg),
Outcome 1: Symptomatic and bacteriuria-confirmed UTI (positive culture) at 15 days

Prulifloxacin
Total

D-man+N-ac+fruit

Study or Subgroup Events Total Events

Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

4.1.1 Females
Palleschi 2017 1 19 1 17

4.1.2 Males
Palleschi 2017 1 18 2 21

APPENDICES

Appendix 1. Electronic search strategies

0.89[0.06, 13.23]

0.58 [0.06 , 5.91] N

001 0.1
Less with D-man+N-ac+fruit

0 100
Less with prulifloxacin

Database Search terms

CENTRAL . "d-mannose":ti,ab,kw
. mannose:ti,ab,kw
. mannoside*:ti,ab,kw

. {OR #1-#3}

. (UTlor UTls):ti,ab,kw

. bacteriuri*:ti,ab,kw

. pyuri*:ti,ab,kw

. cystitis:ti,ab,kw
10.pyelonephritis:ti,ab,kw
11.{OR #5-#10}
12.#4 and #11in Trials

1
2
3
4
5. (urinary next tract next infection*):ti,ab,kw
6
7
8
9

MEDLINE Mannose/

mannosides/
d-mannose.tw.
mannose.tw.
mannoside*.tw.

or/1-5

Urinary Tract Infections/
Bacteriuria/

Pyuria/

10.Cystitis/

11.exp Pyelonephritis/
12.urinary tract infection*.tw.
13.(UTl or UTIs).tw.
14.bacteriuria.tw.
15.pyuria.tw.

16.cystitis.tw.

NGO WN
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(Continued)

17.pyelonephritis.tw.
18.o0r/7-17
19.and/6,18

EMBASE

mannose/

mannoside/
d-mannose.tw.
mannose.tw.
mannoside*.tw.

or/1-5

urinary tract infection/
cystitis/

pyelonephritis/ or acute pyelonephritis/ or chronic pyelonephritis/
10.bacteriuria/
11.asymptomatic bacteriuria/
12.pyuria/

13.urinary tract infection*.tw
14.(UTl or UTIs).tw.
15.cystitis.tw.
16.bacteriuria.tw.
17.pyuria.tw.
18.pyelonephritis.tw.
19.0r/7-18

20.and/6,19

e T A A R o

Appendix 2. Risk of bias assessment tool

Potential source of bias

Assessment criteria

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimisation (minimisation may be imple-
mented without a random element, and this is considered to be equivalent to being random).

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Unclear: Insufficient information about the sequence generation process to permit judgement.

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes).

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.
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Unclear: Randomisation stated but no information on method used is available.

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Blinding of outcome assess-
ment

Detection bias due to knowl-

edge of the allocated interven-

tions by outcome assessors.

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardised dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement

Selective reporting

Reporting bias due to selective

outcome reporting

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. sub-scales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Unclear: Insufficient information to permit judgement

Other bias

Low risk of bias: The study appears to be free of other sources of bias.
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(Continued)
Bias due to problems not cov-
ered elsewhere in the table

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.

Appendix 3. The GRADE approach (Grades of Recommendation, Assessment, Development, and Evaluation)

The GRADE approach assesses the certainty of a body of evidence, rating it into one of four grades (GRADE 2008).

« High: we are very confident that the true effect lies close to that of the estimate of the effect.

« Moderate: we are moderately confident in the effect estimate; the true effect is likely to be close the estimate of effect, but there is a
possibility that it is substantially different.

« Low: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

« Very low: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate
of effect.

We decreased the certainty of evidence if there was (Balshem 2011):

« serious (-1) or very serious (-2) limitation in the study design or execution (risk of bias);
« important inconsistency of results (-1);

« some (-1) or major (-2) uncertainty about the directness of evidence;

« imprecise or sparse data (-1) or serious imprecision (-2); or

« high probability of publication bias (-1).

We increased the certainty of evidence if there was (GRADE 2011):

« alarge magnitude of effect (direct evidence, relative risk (RR) =2 to 5 or RR=0.5 to 0.2 with no plausible confounders) (+1); very large
with RR>5 or RR < 0.2 and no serious problems with risk of bias or precision; more likely to rate up if effect is rapid and out of keeping
with prior trajectory; usually supported by indirect evidence (+2);

« evidence of a dose response gradient (+1); or

« all plausible residual confounders or biases would reduce a demonstrated effect, or suggest a spurious effect when results show no
effect (+1).
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Appendix 4. Extracted outcome data from included studies

Study ID Outcome Arm1 Arm 2 Arm 3 Compari-
son pair
Eventor mean  Total Event or Total Event or Total
(SD) mean (SD) mean (SD)
De Leo 2017 Cranberry + noxamicina + D- No treatment - D-mannose
mannose (unknown doses) combined
with dietary
Symptomatic-only UTI (cystitis) "Slight de- 97 "Slight de- 50 - - supple-
) ) ) crease in symp- creasein ments ver-
Unit: number of patients reporting de- toms of UTlin 5 symptoms of sus no treat-
crease in symptoms participants". UTlin 5 par- ment
. s . ticipants".
UTI defined as: 'cystitis, with or without  Note: not re- P
bacteriuria'. ported from Note: not re-
Time: at 12 K which arm ported from
ime: at 12 weeks which arm
Type: "treatment and prevention"
Cure/complete remission of sympto- "Complete 100 "Complete 50 - -
matic and asymptomatic UTI remission of remission of
symptoms in symptoms
Unit: number of patients reporting de- 92 women over- in 92 women
crease in symptoms all". overall".
UTI defined as: 'cystitis, with or without Note: not re- Note: not re-
bacteriuria' undefined in abstract ported from ported from
. which arm which arm
Time: at 12 weeks
Type: "treatment and prevention"
Adverse events 0 100
Kuzmenko No appropriate outcome data reported: "relief of dysuric phenomena and pain" in both groups D-mannose
2019 + antibiot-
ic + prebi-
otic versus
antibiotic +
prebiotic

Kieaqi (JF)
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D-mannose2g Nitrofurantoin 50 mg (an- No treatment 1). D-man-
tibiotic) nose versus
antibiotics
Symptomatic and bacteriuria-con- 15 103 21 103
firmed UTI 2). D-man-
nose ver-
Unit: number of patients reporting a re- sus no treat-
current UTI ment
UTI defined as: confirmed isolated bac-
teria in acute cystitis
Time: at 24 weeks
Type: treatment and prevention2
Symptomatic only UTI (cystitis) 43 (15 to 50) 103 24 (15 to 50) 103

Unit: time from prophylactic therapy

start to cystitis symptoms onset, median

(IQR)
UTI defined as: 'cystitis' undefined

Time: at 24 weeks

Type: treatment and preventiona

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

(4]

D-mannose 100 mg + cranber-  Placebo D-mannose
ry 40 mg + vitamin C 60 mg combined
with dietary
Symptomatic and bacteriuria-con- "a significant 11 "asignificant 10 supple-
firmed UTI reduction in reductionin ments ver-
number of uri- number of sus placebo
Unit: not clear from abstract nary infections urinary in-
UTI defined as'f "urinary infections and ie;n;:lérsgugeﬂr;z;; ;fecéll?:rfci/r}i
urine cultures in respect to active group
Time: at 12 weeks placebo group”. in respect
to placebo
Type: "treatment and prevention" group".
Palleschi D-mannose 500 mg + N- Prulifloxacin 400 mg (antibi- - D-mannose
2017 acetylcysteine 100 mg + otic) combined
Morinda citrifolia fruit extract with dietary
300 mg supple-
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(Continued)

ments ver-
sus antibiot-

Symptomatic and bacteriuria con- (Female) 1 19 (Female) 1 ic

firmed UTI

Unit: number of patients reporting a UTI

(Male) 1 18 (Male) 2

UTI defined as: "UTl incidence (symp-

tomatic or asymptomatic) via urine cul-

tures"

Time: 15 days from treatment start

Type: prevention (perioperative)

Porru 2014 D-mannoselg Trimethoprim 160 mg sul- D-mannose
famethoxazole 800 mg (an- versus an-
tibiotics) tibiotics

Symptomatic and bacteriuria-con- No data avail- 60 No data avail-

firmed UTI able for first able for first
phase of cross- phase of

Unit: number of patients with a UTI over cross-over

UTI defined as: "acute flare of urinary

symptoms + positive urine culture with

at least

100,000 uropathogens per ml"

Time: approximately 52 weeks

Type: treatment and prevention?

Symptomatic and bacteriuria-con- No data avail- 60 No data avail-

firmed UTI able for first able for first
phase of cross- phase of

Unit: time to UTl recurrence, mean+SD  gyer cross-over

UTI defined as: "acute flare of urinary
symptoms + positive urine culture with
at least

100,000 uropathogens per ml"

Time: approximately 52 weeks

Type: treatment and preventiona
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(Continued)
Pain No data avail- 60 No data avail- 60 - -
able for first able for first
Unit: average VAS (1 to 10) pain and ur- phase of cross- phase of
gency scores per patient reported dur- over cross-over
ing UTI episodes, mean + SD
Time: approximately 52 weeks
Type: treatment and preventiona
Russo 2019 Cranberry + D-mannose + No treatment - D-mannose
Boswellia + Curcuma + Nox- combined
amicineVR (Kistinox ActVR) with dietary
(doses not reported) supple-
ments ver-
Symptomatic and bacteriuria con- 1 20 1 20 - - sus no treat-
firmed UTI ment
Unit: Rate of UTI infections, cumulative
incidence, unclear whether number of
patients reporting or number reported
per patient
Defined as: symptoms + positive urine
culture
Time: 2 weeks postop
Type: prevention (perioperative)
Pain 12+1.1 20 1.3+0.9 20 - -
Unit: average VAS (scale size unclear)
pain scores/patient reported postop,
mean + SD
Time: 1 day postop
Type: prevention (perioperative)
Sali- D-mannose 2 g, 24 hour pro- Proanthocyanidin 140 mg - D-mannose
nas-Casado longed release, associated combined
2018 with proanthocyanidin 140 with dietary
mg + ursolic acid 7.98 mg + supple-
vitamin A (unknown dose) + ments ver-
vitamin C (unknown dose) + sus dietary
vitamin D (unknown dose) supplement
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(Continued)
oligoelement zinc (unknown
dose)
Symptomatic and bacteriuria-con- 24% denomina- 45% denomina- - -
firmed UTI toris un- toris un-
clear clear
Unit: patient
Defined as: symptomatic UTI with reac-
tive urine strip and urine culture
Time: 24 weeks
Type: prevention
Footnotes:

atreatment and prevention: indicates that the patient population at enrolment were participants who had both an "acute symptomatic UTIl and three or more UTIs docu-
mented with culture of midstream urine specimen at inclusion and in the preceding 12 months", or "baseline was women with acute cystitis (isolated bacteria) or history of
recurrent cystitis (at least 2 episodes in 6 months or 3 in 12 months)". Therefore possible that participants had UTI at the start of treatment.

IQR: interquartile range; SD: standard deviation; UTI: urinary tract infection; VAS: visual analogue scale
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Appendix 5. Adverse events for all included studies and all treatments

Cochrane Database of Systematic Reviews

Study ID Treatment, dose, frequency Number of ad- Group total Percentage
verse events
De Leo 2017 D-mannose + cranberry + noxamicina (unknown 0 100 0%
doses)
No treatment 0 50 0%
Kranjcec 2014 D-mannose2g 8 103 8%
« Diarrhoea: 8
Nitrofurantoin 50 mg (antibiotic) 29 103 28%
« Diarrhoea: 10
» Nausea: 6
« Headache: 3
o Skinrash: 1
« Vaginal burning: 9
No treatment 0 102 0%
Kuzmenko 2019 Not reported Not reported Not reported Not reported
Lopesde Carval-  D-mannose 100 mg + cranberry 40 mg + vitamin C Not reported Not reported Not reported
ho 2012 60 mg
Placebo Not reported Not reported Not reported
Palleschi 2017 D-mannose 500 mg + N-acetylcysteine 100 mg + 0 37 0%
Morinda citrifolia fruit extract 300 mg
Prulifloxacin 400 mg (antibiotic) 0 38 0%
Porru 2014 D-mannoselg Not reported Not reported Not reported
Trimethoprim 160 mg + sulfamethoxazole 800 mg Not reported Not reported Not reported
(antibiotics)
Russo 2019 Cranberry + D-mannose + Boswellia + Curcuma + 0 20 0%
NoxamicineVR (Kistinox ActVR ) oral preparation
(doses not reported)
No treatment 0 20 0%
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