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D-mannose vs other agents for recurrent urinary tract
infection prevention in adult women: a systematic
review and meta-analysis
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OBJECTIVE: We performed a systematic review and meta-analysis to combined with another treatment. Seven studies were prospective: 2
determine whether D-mannose reduces urinary tract infection recurrence

(ie, cumulative incidence) in adult women with recurrent urinary tract

infection compared with other prevention agents. Secondary outcomes

included side effects and compliance with D-mannose use.

DATA SOURCES: Ovid Medline 1946-, Embase 1947-, Scopus

1823-, Cochrane Library, Web of Science 1900-, and ClinicalTrials.gov

were searched through 4/15/2020.

STUDY ELIGIBILITY CRITERIA: Systematic review inclusion:

randomized controlled trials, prospective cohorts, and retrospective

cohorts written in English of women�18 years old with recurrent urinary

tract infection in which D-mannose was utilized as an outpatient pre-

vention regimen. Systematic review exclusion: lab or animal-based

research, study protocols only, and conference abstracts. Meta-

analysis inclusion: stated D-mannose dose, follow-up time �6

months, a comparison arm to D-mannose, and data available from

women �18 years of age.

STUDY APPRAISAL AND SYNTHESIS METHODS: Two inde-
pendent reviewers made abstract, full text, and data extraction decisions.

Study methodologic quality was assessed using the Cochrane Risk of Bias

tool. Relative risks, confidence intervals, and heterogeneity were

computed.

RESULTS: Searches identified 776 unique citations. Eight publica-

tions met eligibility: 2 using D-mannose only; 6 using D-mannose
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randomized controlled trials, 1 randomized cross-over trial, and 4

prospective cohort studies. One retrospective cohort study was

included. Three studies met meta-analysis eligibility (1 randomized

controlled trial, 1 randomized cross-over trial, and 1 prospective

cohort). Pooled relative risk of urinary tract infection recurrence

comparing D-mannose to placebo was 0.23 (95% confidence interval,

0.14e0.37; heterogeneity¼0%; D-mannose n¼125, placebo

n¼123). Pooled relative risk of urinary tract infection recurrence

comparing D-mannose to preventative antibiotics was 0.39 (95%

confidence interval, 0.12e1.25; heterogeneity¼88%; D-mannose

n¼163, antibiotics n¼163). Adverse side effects were reported in 2

studies assessing D-mannose only (1 study (n¼10) reported none; the

other reported a low incidence (8/103 participants) of diarrhea). Two

studies reported compliance, which was high.

CONCLUSION: D-mannose appears protective for recurrent urinary

tract infection (vs placebo) with possibly similar effectiveness as antibi-

otics. Overall, D-mannose appears well tolerated with minimal side ef-

fects—only a small percentage experiencing diarrhea. Meta-analysis

interpretation must consider the small number of studies with varied study

design and quality and the overall small sample size.

Key words: D-mannose, nonantibiotic, nutraceutical, prevention,
recurrent urinary tract infection, urinary tract infection, UTI
leven percent of women in the
E United States report at least 1
physician-diagnosed urinary tract
infection (UTI) per year.1 Up to half of
women will experience an additional
UTI within the first year after initial
infection.1,2 In the US, annual societal
costs of UTIs in all patients are estimated
to be at least $2.4 billion,3,4 with some
estimates upwards of $3.5 billion.1 In
addition to the financial implications,
UTIs can negatively impact patients’
work productivity, personal and family
responsibilities, quality of life, and sexual
well-being.5e7

Recurrent UTI (rUTI) is defined as 2
UTI episodes in 6 months, or 3 UTI
episodes in 12 months. Historically, an-
tibiotics have been used as the primary
method to prevent rUTI. These medi-
cations are associated with a wide range
of side effects, including diarrhea,
nausea, headache, vaginal burning, and
candidiasis.8,9 Although less common,
more serious side effects can occur. For
example, long-term nitrofurantoin use
has been associated with pulmonary and
hepatic toxicity and trimethoprim-
sulfamethoxazole has been associated
with numerous serious cutaneous re-
actions, including Stevens-Johnson syn-
drome, blood dyscrasias, and drug
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interactions.10e12 Long-term antibiotic
use can also lead to alteration of normal
flora and antibiotic resistance, making it
difficult to treat future UTI. For all these
reasons, nonantibiotic rUTI prevention
regimens, such as D-mannose, have
increasingly been the subject of research.

Themost common rUTI uropathogen
is Escherichia coli. E. coli has specific
virulence factors that promote infection
through adhesion to urothelial cells; the
most commonly expressed virulence
factor is type 1 fimbriae.12,13 Also known
as type 1 pili, these virulence factors
promote bacterial adhesion to urothelial
cells and an early inflammatory response
by recruiting neutrophils to the urinary
tract.13e16 D-mannose is a promising
nonantibiotic prevention strategy
because it binds to the tip of type 1 pili
and saturates the adhesin FimH, thereby
can Journal of Obstetrics & Gynecology 265.e1
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AJOG at a Glance

Why was this study conducted?
This study aimed to systematically review and combine data from original
published literature evaluating the effectiveness, side effects, and compliance of
D-mannose for recurrent urinary tract infection prevention in adult women.

Key findings

� Small number of studies: 8 in systematic review with 3 in meta-analysis.
� In the meta-analysis, D-mannose appears protective for recurrent urinary tract

infection vs placebo with possibly similar effectiveness as preventative
antibiotics.

� D-mannose appears well tolerated with minimal adverse side effects.

What does this add to what is known?
This is the first systematic review and meta-analysis of the effectiveness of
D-mannose for recurrent urinary tract infection prevention.
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preventing bacterial adhesion to the
urothelium.12,17,18 FimH interaction
with the urothelium is also believed to
initiate a signaling cascade promoting
uropathogenic E. coli urothelial inva-
sion.19 Saturation of FimH by D-
mannose should theoretically prevent
this invasion by preventing induction of
the signaling cascade. New research
suggests that D-mannose may also act as
an immune modulator.15 Most research
surrounding type 1 fimbriae and UTIs
focuses on E. coli. However, type 1 pili
have been documented on other mem-
bers of the Enterobacteriaceae family,
including Klebsiella pneumoniae, Shigella
flexneri, Salmonella typhimurium, Serra-
tia marcescens, and Enterobacter
cloacae.20,21 Many of these are common
rUTI uropathogens.

Our objective was to systematically
review and combine data from pub-
lished original literature evaluating the
effectiveness of D-mannose compared
with other agents for rUTI prevention
in adult women. Secondary objectives
were to evaluate side effects and
compliance with D-mannose use. A
systematic review and meta-analysis
(SRMA) is needed to provide a
compiled source of evidence to guide
clinical practice. We hypothesized D-
mannose would have similar efficacy as
antibiotics in preventing rUTI and that
it would be well tolerated.
265.e2 American Journal of Obstetrics & Gynecol
Methods
This SRMA was submitted to the
Washington University in St Louis
School of Medicine institutional review
board and determined to not be human
subjects research. Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were
followed. An a priori protocol was
written and followed.

Information sources and search
strategy
A comprehensive literature search was
performedwith amedical librarian using
search strategies, standardized terms,
and keywords for the concepts of recur-
rent UTI and mannose. These strategies
were executed in Ovid Medline 1946-,
Embase 1947-, Scopus 1823-, Cochrane
Library, Web of Science 1900-, and
ClinicalTrials.gov. All searches were
completed on February 5, 2018, March
5, 2019, and again on April 15, 2020.
Database-supplied English-language
limits were applied. Endnote was used
for deduplication. Manual checks and
comparisons were also performed to
determine whether abstracts were
unique or duplicates. If there was any
uncertainty at the abstract level, 2
authors (SL and MB) reviewed the full
text article and came to consensus. The
full search strategies can be found in the
Appendix and they followed a similar
ogy AUGUST 2020
strategy as the one used for Ovid Med-
line April 2020 search: (exp urinary tract
infections/) or (urinary adj1 tract adj1
infection*) or bacteriuria or pyuria or
schistosomiasis haematobia or cystalgia
or cystitis or pyelocystitis or exp cystitis/
or (recurrent adj1 urinary adj1 tract adj1
infection*) AND (mannose/ or mannose
or mannosides or exp mannosides/ or
methylmannosides or d-mannose).

Study selection and eligibility
criteria
Abstracts and full text publications were
screened with a predetermined list of
eligibility criteria. Inclusion criteria were
as follows: (1) original clinical research
(Randomized controlled trials [RCTs],
including cross-over trials, prospective
cohorts, and retrospective cohorts—not
including case reports, case series, or
conference abstracts) for women
receiving care in an outpatient setting for
rUTI (defined as at least 2 UTI in 6
months or at least 3 UTI in 12 months);
(2) participant age �18 years; and (3) a
study arm including D-mannose as a
UTI prevention intervention. Exclusion
criteria included the following: (1) lab-
oratory or animal-based research; (2)
publications written in languages other
than English; (3) duplicate publications;
and (4) published study protocols. If a
study met all criteria, it was included.
For our meta-analysis (MA), we only
included studies with clearly stated D-
mannose dosing, follow-up time �6
months, and a comparator arm. Studies
that lacked follow-up, a comparator
arm, or combined D-mannose with
additional supplements were included in
the systematic review (SR) but not the
MA.

Abstract and full text review, data
extraction, and quality assessment
Abstracts from the systematic literature
search were independently screened by 2
authors (SL and MB) using the stated
eligibility criteria. Full text of selected
abstracts were independently reviewed
by the same 2 authors. Data extraction
was also independently performed by 2
authors. In the event of disagreement,
the 2 authors reviewed the study
together and a third reviewer was
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FIGURE 1
PRISMA flow diagram
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available if a consensus could not be
made. Each of the ClinicalTrials.gov
search results was reviewed to ensure
that any known unpublished data were
included in our MA. At the beginning of
data extraction, an application for
Prospero registration was submitted
with our a priori protocol. Owing to the
extended timeline for processing and
reviewing the application, this study was
not selected to be registered as the reg-
istry felt the study was too close to
completion by the time the application
was reviewed.

We performed an SRMA to determine
whether D-mannose reduces UTI
recurrence (ie, cumulative incidence) in
adult women with rUTI compared with
other prevention agents. Secondary
outcomes included side effects and
compliance with D-mannose use. The
primary outcome was defined as the
proportion of participants experiencing
at least one UTI in a 6-month or greater
time frame of treatment (cumulative
incidence). We referred to the first UTI
during study follow-up as the incident
UTI. Extracted information included ti-
tle, year of publication, author names,
study information and duration,
including timing of measurements, de-
mographics, and baseline characteristics,
information about the intervention and/
or control arms, treatment outcomes,
side effects reported in participants using
D-mannose, and compliance with
D-mannose use.

We assessed the methodologic quality
of each study using predefined criteria
from a three-tier system in which studies
were graded as good, fair, or poor on the
basis of scientific merit, the likelihood of
biases, and the completeness of report-
ing. This grading was completed ac-
cording to the Cochrane Risk of Bias tool
(as either high, low, or unclear) and
relevant questions from the Newcastle-
Ottawa Scale.22,23 Selective study
reporting within studies was assessed as
part of the risk of bias assessment.

Data synthesis and analysis
Aggregate data from published reports
were used to determine the effect of D-
mannose compared with other treat-
ments (such as a placebo or antibiotic).
Atminimum, 2 studies were required for
each MA performed. Our a priori pro-
tocol had initially planned for relative
risks (RRs) to be computed using a fixed
effects model where published estimates
are combined using a weighted average
(weighted according to the number of
participants in each study). However,
owing to the small number of studies
identified for this MA, the decision was
made to compute RRs using a random
effects model with robust variance esti-
mation because I2 can be falsely low with
a small number of studies.24 Confidence
intervals (CI) for the log RRs were
determined and then exponentiated to
obtain the confidence interval for the
RR. These were computed and graphed
in R, using the metafor and forestplot
libraries. Two separate MAs were done:
AUGUST 2020 Ameri
an MA of D-mannose vs placebo, and
MA of D-mannose vs antibiotics. Data
are presented similarly to other SRMA
with comparable primary outcomes.25

Results
The literature search yielded 776 unique
abstracts, of which 17 were reviewed in
full text (Figure 1, PRISMA diagram). Of
the 17 full text publications reviewed, 3
were conference abstracts only (no
accompanying full text), 1 was non-
English (only abstract was written in
English), and 1 was a duplicate study;
leaving 12 full text articles for further
review and data extraction. Four of the
12 articles evaluated patient populations
other than adult women with rUTI,
leaving a total of 8 articles that met the
SR eligibility criteria (Table 1). Seven
can Journal of Obstetrics & Gynecology 265.e3
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TABLE 1
Characteristics of included studies

Authors, year Study design Study population Inclusion criteria Exclusion criteria

D-mannose group (dose,
other components,
duration) Compared group(s)

Grade of
evidencea

Meta-analysis studies

Domenici et al,
201631

Prospective
cohort

Women, aged
18e65 y (mean,
46.7; SD, 5.7 y)
n¼45

Acute cystitis and/
or history of
recurrent UTIsb

Urinary tract anomalies,
pregnancy/breastfeeding,
symptoms of pyelonephritis,
upper tract infection, hormone
therapy, diabetes, use of CISC,
previous antibiotic prophylaxis

All participants received oral Mannocist (D-mannose 1.5 g,
sodium bicarbonate, sorbitol and silicon dioxide; Laboratori
Farmaceutici Krymi, Rome, Italy) BID for 3 d, then daily for 10
d at same dosage. No antibiotics were given.

Poor

Prophylaxis: oral Mannocist
daily (for 1 wk every other
mo)�6 mo (n¼22)

Prophylaxis: none (n¼21)

Kranj�cec et al,
20148

Randomized
controlled trial

Women aged
>18 y (median,
48e52; range,
29e58)
n¼308

Acute cystitis and
history of
recurrent UTIsb

Pregnant/breastfeeding
symptoms of pyelonephritis,
urinary tract anomalies,
diabetes, current hormone
therapy/contraception, previous
antibiotic prophylaxis

All participants first received oral ciprofloxacin 500 mg BID�7
days

Fair

Prophylaxis: 2 g of oral
D-mannose powder (diluted
in 200 mL of water)
daily�6 mo (n¼103)

Active prophylaxis: 50 mg of
Nitrofurantoin daily�6 mo
(n¼103) or Control
prophylaxis: none (n¼102)

Porru et al,
201437

Randomized
cross-over
trial

Women aged
�18 y (median,
42 y; range,
22e54)
n¼46

Current acute
symptomatic UTI
and history of
recurrent UTIsb

Symptoms of pyelonephritis,
renal disease, anatomic
abnormalities, prior gynecologic
surgery, immunosuppressive
medications or diseases,
pregnant/breastfeeding

Oral D-mannose 1 g
Prophylaxis:
TID�2 wk, then BID�total 6
mo (n¼30)

Oral TMP/SMX 160/800 mg
BID�5 days
Prophylaxis: TMP/SMX 160
mg/800 daily (1 wk each mo)
�total 6 mo (n¼30)

Fair

6 mo: cross-over to other group for additional 6 mo

Other studies

Genovese et al,
201838

Randomized
3-arm parallel
group

Women (no ages
reported)
n¼72

Current acute UTI
and history of
recurrent cystitisb

Pregnancy/lactation,
abnormalities of the upper
urinary tract, permanent urinary
catheter, stage 5 chronic kidney
disease

A: oral D-mannose 420
mgþberberine, arbutin,
birch (n¼24)
B: oral D-mannose 420
mgþberberine, arbutin,
birch, forskolin (n¼24)
C: oral D-mannose 500
mgþproanthocyanidins
(n¼24)
All (A, B, and C) for a 12-wk
duration

None (all arms with
D-mannose)

Poor

Phe et al, 201732 Open-label
feasibility,
prospective
study

Men or women
(median, 50.0;
IQR, 46.2e59.0)
n¼22

Clinically stable
MS �3 mo,
history of
recurrent UTIsb

Pregnancy, urinary tract
anomalies, diabetes mellitus,
current UTI or vaginal infection,
allergies
to D-mannose

Oral D-mannose 1.5 g
BID�16 wk (n¼22)

None Poor

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020. (continued)

S
G
S
P
ap
ers

ajo
g.o

rg

265.e4
A
m
erican

Journalof
O
bstetrics

&
G
ynecology

A
U
G
U
S
T
2020

http://www.AJOG.org


TABLE 1
Characteristics of included studies (continued)

Authors, year Study design Study population Inclusion criteria Exclusion criteria

D-mannose group (dose,
other components,
duration) Compared group(s)

Grade of
evidencea

Del Popolo et al,
201816

Prospective
cohort

Men or women
seen in neuro-
urology clinic
(mean age, 45.2
y; range, 22e78)
Neurogenic
bladder (n¼33
female)
Non-neurogenic
bladder (n¼39
female)

Symptomatic UTI,
history of
recurrent UTIs,b

previous
unsuccessful
treatment with
D-mannose and/
or cranberry

Non-E. coli UTI at the screening,
pregnancy/breastfeeding,
hematuria, fever, urogenital
abnormalities, allergies to
salicylates and/or D-mannose,
antibiotics in the last 2 wk

All participants received 1000 mg of oral D-mannoseþ200
mg of dry willow extract (salicin) TID for 5 d

Poor

All received 700 mg oral D-mannoseþ50 mg (1�109 CFU) of
oral Lactobacillus acidophilus (La-14) BID for 15 d monthly for
2 mo

Efros et al, 201030 Prospective,
dose-
escalation
trial

Women (mean
age, 46.5; SD,
12.8 y)
n¼28

History of History
of recurrent UTIsb

Current UTI or vaginitis, allergy to
cranberry, predisposition to
kidneys stones, diabetes on
insulin, immunosuppressive
disease/corticosteroid use,
catheterization, pregnant/
breastfeeding, abnormalities of
the urinary tract, recent
prophylactic antibiotics, warfarin

Study agent of oral liquid dietary supplement UTI-STAT (3875
mg Proantinox [cranberry concentrate 4:1, ascorbic acid, D-
mannose, fructo-oligosaccharides, and bromelain]/30 mL)
Participants were given 15 mL of UTI-STAT with Proantinox
then increasing by 15 mL to maximal dosage target of 90 mL/
d (only reached 75 mL/d because of adverse events [n¼28])

Poor

Marchiori et al,
201733

Retrospective
cohort study

Women (no ages
reported)
n¼60

History of
recurrent UTIs,
physiological
menopause and
childbearing age,
breast cancer

Not reported 1: oral D-mannose 500 mg,
n-acetylcysteine 100 mg,
and Morinda citrifolia fruit
extract 200 mg (NDM) BID for
2 mo, then daily for 4 mo,
with antibiotic regimen as
needed(n¼40)

2: no prophylaxis (either
Fosfomycin, nitrofurantoin,
or ciprofloxacin for acute
cystitis) (n¼20)

Poor

BID, twice daily; CISC, clean intermittent self-catheterization; IQR, interquartile range; LUTS, lower urinary tract symptoms; rUTI: recurrent urinary tract infection; SD, standard deviation; TID, 3 times a day; TMP/SMX, trimethoprim/sulfamethoxazole; UTI, urinary tract
infection.

a Methodologic quality of each study was assessed using predefined criteria from a three-tier system in which studies were graded as good, fair, or poor on the basis of the Cochrane Risk of Bias tool and relevant questions from the Newcastle-
Ottawa Scale; b Recurrent UTI defined as �2 episodes of acute cystitis/last 6 months and/or 3 episodes/last 12 months.

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020.
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studies were prospective: 2 RCTs, 1
randomized cross-over trial, and 4 pro-
spective cohort studies. The other study
was a retrospective cohort study.
Cochrane assessment of bias of each
study (Table 2) was used to determine
each study’s grade of evidence. Evalua-
tion of selective reporting within studies
is shown in Table 2. The definition of
rUTI and incident UTI as defined in each
study is outlined in Table 3 as well as the
study follow-up time. Of note, the au-
thors identified a few additional studies
during abstract and full text review that
demonstrated possible additional uses of
D-mannose for preventing UTI after
urodynamic office procedures and for
treating UTI and urinary stones.26e28

These were not included in the SRMA
as they did not use D-mannose for pre-
vention of recurrent uncomplicated in-
fections. An additional article was found
to be written in Italian, despite an En-
glish abstract. Ten studies were identified
in our clinicaltrials.gov search, including
2 rUTI studies evaluating D-mannose
that are still currently recruiting and 2
studying nonantibiotic rUTI prevention
regimens that have not yet begun
recruiting. No other studies were rele-
vant. All completed relevant studies were
included in our SRMA.
TABLE 2
Summary of risk bias assessment and

Authors, year

Random
sequence
generation

Meta-analysis Studies

Domenici et al, 201631 [

Kranj�cec et al, 20148 [

Porru et al, 201437 Y

Other studies

Genovese et al, 201838 Y

Phe et al, 201732 [

Del Popolo et al, 201816 [

Efros et al, 201030 [

Marchiori et al, 201733 [

Risk of bias graded as either high ([) , low (Y) or unclear.

Lenger et al. D-mannose systematic review and meta-analy
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For included studies, D-mannose
dose, frequency, and length of treatment
varied, ranging from as low as 420 mg to
2 g, once daily to 3 times per day, and for
1 week per month to daily. (Tables 1 and
4). When D-mannose was evaluated
with another treatment, the concomi-
tant therapy was typically another sup-
plement or probiotic. None of the
studies evaluated D-mannose in the
context of vaginal estrogen therapy use
(a standard nonantibiotic rUTI preven-
tion method for postmenopausal
women with rUTI). These articles were
assessed to identify eligibility for the MA
that required data comparing D-
mannose to a comparator (either pla-
cebo or antibiotic prevention of rUTI).
Ultimately, 3 studies were included in
the MA and had sample sizes ranging
from 43 to 308 participants. In the D-
mannose arms of the 3 MA studies, the
proportion of womenwith at least 1 UTI
during follow-up (cumulative inci-
dence) ranged from 4.5% to 20%. In 2
studies, the mean time to symptomatic
UTIwas between 43 days (�5.4 standard
deviation [SD]) and 200 days (�50.7)
and the other study reported a median
time to recurrence of 30 days (range,
20e41). All studies were single centers
and were undertaken in Croatia or Italy.
grade of evidence

Allocation
concealment

Blinding of
participants
and
personnel

Blinding of
outcome
assessment

[ [ Unclear

[ [ Unclear

Unclear [ Unclear

[ [ [

[ [ [

[ [ [

[ [ [

[ [ [

sis. Am J Obstet Gynecol 2020.
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One study (a prospective cohort)
assessed the effect of D-mannose for
rUTI prophylaxis vs no prophylaxis, the
second study (a randomized cross-over
trial) compared D-mannose to anti-
biotic prophylaxis (trimethoprim/sulfa-
methoxazole), and the third study (an
RCT) had 3 arms and compared D-
mannose to no treatment and to anti-
biotic prophylaxis (nitrofurantoin). We
used data from these 3 studies to
perform 2 MAs, 1 comparing D-
mannose to placebo and 1 comparing D-
mannose to antibiotics.

The 3 MA studies were published be-
tween 2013 and 2016. With respect to
patient demographics, 2 studies reported
median age with range between 42 and 48
and the other study reported a mean age
of 46.7. All 3 MA studies only included
women that had an acute UTI and a his-
tory of rUTI (all defined as�2UTIs in the
last 6 months and/or �3 in the last 12
months). Reporting of key indicators of
study quality was limited, with all studies
providing few details about the process of
blinding if it was randomized. All studies
involved an initial treatment course fol-
lowed by prophylaxis with D-mannose in
a range of doses (Tables 1 and 4). One
study utilized Mannocist (Laboratori
Farmaceutici Krymi, Rome, Italy) once
Incomplete
outcome
data

Selective
reporting

Grade
of evidence

Y Unclear Poor

Y Unclear Fair

Y Y Fair

Y Unclear Poor

Y Y Poor

[ Unclear Poor

[ Unclear Poor

[ Unclear Poor
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TABLE 3
Definitions used for recurrent UTI, UTI recurrence, and study follow-up time

Study

Meta-analysis Other studies

Domenici
et al, 201631

Kranj�cec
et al, 20148

Porru
et al,
201437

Genovese
et al, 201738

Phe
et al,
201732

Del Popolo
et al, 201816

Efros
et al, 201030

Marchiori
et al, 201730

Definition of recurrent UTI used by each study

�2 UTI/6 mo and/or
�3 UTI/12 mo (SxþUCx)

� � � � � �

�2 UTI/12 mo (þUCx) �
Not reported �
Definition of incident UTI during study follow-up

þSx (no UCx, or not reported) �
þSx and UCx � � � � � �
Not reported/not evaluated �
Definition of study follow-up time

16 wk � �
6 mo � � �
24 wk �
12 mo �
Not reported/not applicable �
For all studies with UCx, definition of positive urine culture ranged from �103 to �105.

Sx, lower urinary tract symptoms; UTI, urinary tract infection; UCx, urine culture.

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020.
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dailyonly 1weekpermonth for 6months,
another utilized 2 g daily for 6 months,
and finally the third utilized 3 g total (1 g 3
times a day [TID])�2weeks then 2 g daily
for a total of 6 months. Some of the
studies assessed patient populations at
higher risk of rUTI, such as patients with
neurogenic bladders or breast cancer pa-
tients that are likely in a hypoestrogenic
state because of breast cancer therapy. The
remaining studies that met SR criteria
were excluded from the MA for the
following reasons: they did not report
number of patients with UTI (n¼3) or
dose of D-mannose administered (n¼1),
or they compared different D-mannose
formulations (n¼1).

Effectiveness outcomes
We performed 2 separate MAs
comparing D-mannose to placebo/con-
trol and D-mannose to antibiotic pro-
phylaxis. The RR of rUTI for those on
D-mannose compared with placebo
varied from 0.14 (95% CI, 0.02e1.04) to
0.24 (95% CI, 0.15e0.39). When
pooled, there were 125 participants tak-
ing D-mannose and 123 taking placebo.
The overall RR was 0.23 (95% CI,
0.14e0.37) showing a protective effect of
D-mannose compared with placebo
(Figure 2). The MA vs placebo had an I2

of 0%.
The RR of rUTI for those on D-

mannose compared with preventative
antibiotics varied from 0.22 (95% CI,
0.13e0.37) to 0.71 (95%CI, 0.39e1.30).
When pooled, there were 163 partici-
pants taking D-mannose and 163 taking
antibiotics. The overall RR was 0.39
(95% CI, 0.12e1.25), showing possibly
similar effectiveness of D-mannose
compared with preventative antibiotics
(Figure 2). The MA vs antibiotics had an
I2 of 88%. Although funnel plots gener-
ally appeared symmetrical (Figure 3),
evaluation of symmetry is most mean-
ingful for MAs with at least 10 studies.29
AUGUST 2020 Ameri
Side effects
All 8 studies in the SR were assessed for
reported side effects of D-mannose.
Adverse events (AEs) were reported in 2
studies assessing D-mannose alone (ie,
not in combination with other in-
gredients) (Table 4). One study (n¼22)
reported no AEs to D-mannose and the
other study (n¼103) reported a low
incidence of diarrhea (7.8%). Impor-
tantly, 1 study reported a lower risk of
side effects during D-mannose prophy-
laxis than nitrofurantoin (RR, 0.276;
95% CI, 0.132e0.574; P<.0001).8 We
were unable to report a pooled analysis
of AEs for D-mannose because of het-
erogeneity of reporting. When
D-mannose was combined with other
ingredients, side effects were either not
reported or reported as insignificant,
except in a dose-escalation study with
mild to moderate gastrointestinal related
AEs when attempting to reach amaximal
target dose.13e16,30,31
can Journal of Obstetrics & Gynecology 265.e7
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TABLE 4
Reported AEs by study

Authors, year
D-mannose group (dose, other
components, duration)a Compared group(s)a

AE reported in
D-mannose group

AE reported in
compared group

Reported
difference among
groups

D-mannose alone

Kranj�cec et al,
20148

All participants first received ciprofloxacin 500 mg BID�7 d 8 of 103
participants taking
D-mannose
experienced
diarrhea (7.8%);
No nausea,
headache, skin
rash, or vaginal
burning reported

29 of 103 participants
taking nitrofurantoin
reported AE (27.2%):
� Diarrhea (n¼10)
� Nausea (n¼6)
� Headache (n¼3)
� Skin rash (n¼1)
� Vaginal burning (n¼9)

Risk of AE in
D-mannose group
compare to
nitrofurantoin
group: RR,
0.276; 95% CI,
0.132e0.574;
P<.0001

Prophylaxis: 2 g of D-mannose
powder (diluted in 200 mL of
water) daily�6 mo (n¼103)

Active prophylaxis:
50 mg of Nitrofurantoin
daily�6 mo (n¼103)
Control prophylaxis:
none (n¼102)

Phe et al, 201732 D-mannose 1.5 g BID�16 wk
(n¼22)

None No AEs were
reported

n/a e no comparator
group

n/a e no
comparator group

Porru et al,
201437

D-mannose 1 g TID
Prophylaxis:
TID�2 wk then BID�
total 6 mo (n¼30)

TMP/SMX 160/800 mg
BID�5 d
Prophylaxis: TMP/SMX
160 mg/800 daily
(1 wk each mo)�
total 6 mo (n¼30)

Not reported specifically for this study.
Generalized statement in discussion section: “No significant side
effects limiting long-term consumption of mannose have been
reported”

6 mo: cross-over to over group for additional 6 mo

D-mannose combined with other ingredients

Domenici et al,
201631

All participants received Mannocist (D-mannose 1.5 g,
sodium bicarbonate, sorbitol and silicon dioxide;
Laboratori Farmaceutici Krymi, Rome, Italy) BID
for 3 d, daily 10 d

Generalized statement for study: “Treatment did not present any
side effect also in a long-term schedule”

Prophylaxis: Mannocist daily
(1 wk every other mo)�6 mo
(n¼22)

Prophylaxis: none
(n¼21)

Genovese et al,
201838

A: D-mannose 420
mgþberberine, arbutin,
birch (n¼24)
B: D-mannose 420
mgþberberine, arbutin,
birch, forskolin (n¼24)
C: D-mannose 500
mgþproanthocyanidins (n¼24)
All for 12 wk

None (all arms with
D-mannose)

Not reported

Del Popolo et al,
201816

All participants received 1000 mg of D-mannoseþ
200 mg of dry willow extract (salicin) TID for 5 d

“No significant side effects” were reported

Neurogenic bladder (n¼4, 33 female)
Non-neurogenic bladder (n¼39)
All received 700 mg D-mannoseþ50 mg (1�109 CFU) of
Lactobacillus acidophilus (La-14) BID for 15 d/mo for 2 mo

Efros et al,
201030

Study agent of liquid dietary supplement UTI-STAT
(3875 mg Proantinox [cranberry concentrate 4:1,
ascorbic acid, D-mannose, fructo-oligosaccharides,
and bromelain]/30 mL)
Participants were given 15 mL of UTI-STAT with
Proantinox then increasing by 15 mL to maximal
dosage target of 90 mL/d (only reached 75 mL/d
because of AEs [n¼28])

At a dosage of 75 mL/d 3 of 3 patients developed diarrhea,
headache, and heartburn. All other AEs during the 15e60 mL/
d regimens were mild to moderate in severity, and mostly GI
related and resolved with either taking the study drug with food or
spontaneously.
� Nausea (n¼1; resolved when taken with food)
� Heartburn (n¼1; resolved when taken with food)
� Diarrhea (n¼1; resolved in>4 wk)
� Dyspepsia (n¼4; resolved when taken with food)
� Headache (n¼1; resolved in>4 wk)
� Back pain (n¼1; resolved in>4 wk)

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020. (continued)
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TABLE 4
Reported AEs by study (continued)

Authors, year
D-mannose group (dose, other
components, duration)a Compared group(s)a

AE reported in
D-mannose group

AE reported in
compared group

Reported
difference among
groups

Marchiori et al,
201733

1: D-mannose 500 mg,
n-acetylcysteine 100 mg, and
Morinda citrifolia fruit extract
200 mg (NDM) BID�2 mo then
daily�4 mo with antibiotic
regimen as needed (n¼40)

2: no prophylaxis
(either Fosfomycin,
nitrofurantoin, or
ciprofloxacin for acute
cystitis) (n¼20)

Not reported

AE, adverse event; BID, twice daily; GI, gastrointestinal; IQR, interquartile range; LUTS, lower urinary tract symptoms; n/a, not applicable; RR, relative risk; TID, 3 times a day; TMP/SMX, trimethoprim/
sulfamethoxazole; UTI, urinary tract infection.

a Column contains same data as shown in Table 1.

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020.
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Compliance with D-mannose use
Of the 8 studies in the SR, only 2 re-
ported compliance. One study assessing
rUTI in patients with multiple sclerosis
(MS; n¼22) reported participant
compliance with twice daily D-mannose
over 16 weeks.32 In MS patients not us-
ing catheters (n¼10) mean compliance
was 99.7% (range, 97.8e100; median,
100% [interquartile range (IQR),
99.7e100]). Their comparator group
(MS patients using catheters, reported as
both n¼11 and n¼12 in different parts
of the study) had a mean compliance of
FIGURE 2
Meta-analysis with forest plot of D-ma
urinary tract infection prevention

Lenger et al. D-mannose systematic review and meta-analysis.
99.4% (range, 93.7e100, median 100%
[IQR, 100e100]). Overall, the cited
reasons for noncompliance were failure
to remember (n¼2), generally feeling
unwell (n¼1), feeling sleepy (n¼1),
feeling sick (n¼1), and seizure recur-
rence in an epileptic patient known to
have frequent seizures (n¼1). Another
study assessing dose escalation of a 4:1
cranberry concentrate with ascorbic
acid, D-mannose, fructo-
oligosaccharides, and bromelain did
not report exact compliance but stated
that none of their 28 participants were
nnose vs other agents for recurrent

Am J Obstet Gynecol 2020.
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withdrawn for compliance less than
80%.30

Other studies evaluating high risk
patient populations
Certain patient characteristics are risk
factors for developing rUTI, such as
neurogenic bladders or hypoestrogenic
state because of breast cancer therapy.
Two of the 8 SR studies focused on these
patient populations at higher risk for
rUTI. One study was a single-center,
open-label, feasibility study that
enrolled patients with MS using (n¼12)
and not using (n¼10) urinary catheters
with rUTI (�3 in 1 year or �2 in 6
months).32 Participants were given D-
mannose powder 1.5 grams twice daily
for 16-weeks. The number of monthly
proven UTIs significantly decreased in
both groups (P<.01), by 75% in the
group not using catheters and by 63% in
the group using catheters. Another study
was an observational retrospective clin-
ical study that was conducted on 60 pa-
tients with recurrent cystitis and breast
cancer, but no detailed inclusion or
exclusion criteria were presented. One
group (n¼40) included patients treated
with D-mannose 500 mg, N-acetylcys-
teine 100 mg, andMorinda citrifolia fruit
extract 200 mg (NDM) for a total of 6
months along with antibiotic therapy
(either Fosfomycin, nitrofurantoin, or
ciprofloxacin for acute cystitis epi-
sodes).33 The alternate group (n¼20)
only took antibiotics as needed. Of those
in the D-mannose group, only 5 (12.5%)
had positive urine culture at 2-month
can Journal of Obstetrics & Gynecology 265.e9
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FIGURE 3
Funnel plots

Lenger et al. D-mannose systematic review and meta-analysis. Am J Obstet Gynecol 2020.
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follow-up, whereas of those not using D-
mannose, 18 (90%) had positive urine
culture at 2-month follow-up.

Comment
The goal of this study was to compare D-
mannose to other agents and placebo for
rUTI prevention in adult women and to
combine evidence for its effectiveness,
side effects, and compliance. We per-
formed an SR of 8 original research
publications that met eligibility criteria.
Ultimately, 3 of 8 studies in the SR had
available data for further evaluation in an
MA. Overall, our MA suggests that D-
mannose is protective for recurrent UTI
(vs placebo) with possibly similar effec-
tiveness as antibiotics, but this should be
interpreted in the setting of an overall
small number of studies with varying
study design and quality. D-mannose
also appears well tolerated with minimal
265.e10 American Journal of Obstetrics & Gynec
adverse side effects—only a small per-
centage experiencing diarrhea. There is a
lack of studies evaluating D-mannose in
the context of postmenopausal women
with rUTI. The initial standard of care
for these patients is to use vaginal es-
trogen therapy and none of the studies in
the SR evaluated D-mannose in the
presence of vaginal estrogen therapy use.
To the authors’ knowledge, this is the

first peer-reviewed MA performed on
D-mannose for rUTI prevention,
which adds to the growing body of
literature available on nonantibiotics
and rUTI prevention. Our results add
to our understanding of D-mannose
and its use as a nonantibiotic preven-
tion method for rUTI. Although the
pooled patient cohorts are small, the
results are promising for possible
application of D-mannose to prevent
rUTI, particularly when alternative
ology AUGUST 2020
options such as antibiotic suppression
have significant limitations.

This SR also demonstrates the varia-
tion in D-mannose dosing used in
studies. Among the studies evaluated,
dosing ranged from as low as 420 mg
daily to 2 g 3 times per day, with fre-
quency of dosing ranging from daily to 1
week per month. In some countries,
such as the United States, supplements
are not regulated in the same way as
prescription medications. This may add
to difficulty of dose standardization for
future studies. In addition to dosing,
formulation of D-mannose for oral
intake can be either a powder dissolved
in liquid and then drank or a capsule.
Future studies should investigate the
bioavailability differences of powder vs
capsule to see whether formulation alters
efficacy.

Overall, D-mannose appears well
tolerated with minimal adverse side ef-
fects—only a small percentage experi-
encing diarrhea or gastrointestinal
upset. As with many other treatments,
adherence to treatment appears to be
related to patient tolerance of side ef-
fects, which can be assessed through
reported AEs. A 1997 study investi-
gating potential therapies for
Carbohydrate-Deficient Glycoprotein
Syndrome (CDGS) type 1 demon-
strated that half of the participants in
their cohort of individuals without
CDGS experienced gastrointestinal
disturbances such as watery diarrhea
and bloating 1 to 2 hours after ingestion
of mannose doses greater than 0.2 g
mannose/kg body weight.34 Two par-
ticipants in the same study also noted
dizziness at doses greater than 0.2 g
mannose/kg body weight. When the
dose was decreased to 0.15 g/kg body
weight the percent of participants that
experienced gastrointestinal distur-
bances decreased to 10%. Data from the
National Health and Nutrition Exami-
nation Survey in 2015-2016 demon-
strated the mean weight of women aged
20 and older to be 77.3 kg (crude, age-
adjusted mean weight 77.4 kg).35 Us-
ing this mean weight, a weight-based
dose of 0.15 g/kg would mean a daily
dose of just more than 11.5 g D-
mannose. This is considerably higher
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than the total daily dose used by any of
the studies included in this SR.

This SRMA is limited by the small
number of studies with small sample size
evaluating D-mannose to prevent rUTI
in women. The heterogeneity of D-
mannose intervention and dosing and
even smaller number of studies that re-
ported data that could be pooled further
limited the MA. Addition of data from
future studies evaluating D-mannose
efficacy in rUTI prevention would
strengthen findings of an MA. Limiting
studies in the SRMA to those written in
English may have added bias or caused
data to be missed; however, we made the
decision to limit to English-language
manuscripts as English is the primary
language used for many medical publi-
cations.36 In addition, as many rUTI
prevention regimens use multiple stra-
tegies, such as vaginal estrogen and oral
antibiotic prophylaxis, further studies
are needed to evaluate the effectiveness
of D-mannose in combination with
other methods of rUTI prophylaxis.

Conclusion
Before beginning our SRMA, we hy-
pothesized that D-mannose would have
similar efficacy to antibiotics for rUTI
prevention, would be well tolerated, and
would have good compliance. Consis-
tent with this hypothesis, our MA results
suggest that D-mannose is protective for
rUTI (vs placebo) in adult women with
possibly similar effectiveness as anti-
biotic prophylaxis. However, this must
be interpreted in light of a relatively
small number of studies with small
sample sizes and varied study designs (1
RCT, 1 randomized cross-over trial, and
1 prospective cohort) and quality.
Overall, D-mannose appears well toler-
ated with minimal adverse side effects—
only a small percentage experiencing
diarrhea. Compliance with D-mannose
use was also high. Addition of data from
future studies evaluating D-mannose
efficacy in rUTI prevention would
strengthen our findings. n
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Appendix
Full search strategies used on Feb. 5,
2018 and March 5, 2019 searches:

Ovid Medline 1946 to the present
(exp urinary tract infections/) OR (cys-
talgia) OR (exp cystitis/) OR (recurrent
adj1 urinary adj1 tract adj1 infection*)
AND (exp mannose/) OR (exp manno-
sides/) OR (d-mannose)

Embase 1947 to the present
’urinary tract infections’/exp OR ’uri-
nary tract infections’ OR ’cystalgia’/exp
OR cystalgia OR ’recurrent next urinary
next tract next infection*’ OR ’cystitis’/
exp OR cystitis and ’mannose’/exp OR
mannose OR ’mannosides’/exp OR
mannosides OR ’d-mannose’/exp OR ’d-
mannose’

Scopus 1823 e to the present
( TITLE-ABS-KEY ( "recurrent urinary
tract infection*" ) AND ( mannose ) OR
( mannoside* ) )

Web of Science 1990-to the present
(“recurrent urinary tract infection*”)
AND (mannose or mannoside*)

Cochrane Library
Urinary tract infections and mannose

Clinicaltrial.gov
Urinary tract infections and mannose
Updated full search strategies (based on
peer review) used on April 15, 2020:

Ovid Medline (1946 to the present)
(exp urinary tract infections/) or (uri-
nary adj1 tract adj1 infection*) or
bacteriuria or pyuria or schistosomiasis
haematobia or cystalgia or cystitis or
pyelocystitis or exp cystitis/ or (recurrent
adj1 urinary adj1 tract adj1 infection*)
AND (mannose/ or mannose or man-
nosides or exp mannosides/ or methyl-
mannosides or d-mannose)

Embase (1947 to the present)
(’urinary tract infections’/exp/mj OR
’urinary tract infections’ OR ’urinary
tract infection*’ OR ’cystalgia’ OR ’cys-
talgia’/exp OR cystalgia OR ’recurrent
next urinary next tract next infection*’
OR ’cystitis’ OR ’cystitis’/exp OR cystitis
OR ’bacteriuria’/exp OR bacteriuria OR
’pyuria’/exp OR pyuria OR ’schistoso-
miasis next haematobia’ OR ’pyelocysti-
tis’/exp OR pyelocystitis) AND
(’mannose’ OR ’mannose’/exp OR
mannose OR ’mannosides’ OR ’manno-
sides’/exp OR mannosides OR ’d-
mannose’/exp OR ’d-mannose’ OR
’methylmannosides’/exp OR methyl-
mannosides) AND [english]/limit

Scopus (1823 to the present)
TITLE-ABS-KEY ( recurrentW/1 urinary
W/1 tract W/1 infection* ) OR TITLE-
AUGUST 2020 Americ
ABS-KEY ( "urinary tract infection*" )
OR TITLE-ABS-KEY ( cystalgia ) OR
TITLE-ABS-KEY ( cystitis ) OR TITLE-
ABS-KEY ( bacteriuria ) OR TITLE-
ABS-KEY ( pyuria ) OR TITLE-ABS-
KEY ( schistosomiasis W/1 haematobia
) OR TITLE-ABS-KEY ( pyelocystitis )
AND TITLE-ABS-KEY ( mannose ) OR
TITLE-ABS-KEY( mannoside* ) OR
TITLE-ABS-KEY ( d-mannose ) OR
TITLE-ABS-KEY ( methylmannosides )
AND ( LIMIT-TO ( LANGUAGE , "En-
glish" ) Web of Science 386

Web of Science (1990-to the present)
TS¼((“recurrent urinary tract infec-
tion”*) OR (recurrent NEAR/1 urinary
NEAR/1 tract NEAR/1 infection*) OR
(“urinary tract infection*”) OR (urinary
NEAR/1 tract NEAR/1 infection*) OR
cystitis OR bacteriuria OR pyuria
OR (“schistosomiasis haematobia”) OR
cystalgia OR pyelocystitis AND (mannose
ORmannoside*ORmethylmannosides))

Cochrane 17 trials
Urinary tract infection* AND
mannose
No limits

Clinical trials 10 trials
Search: urinary tract infection and
mannose OR mannoside
No limits
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