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Abstract 

Introduction  Urinary Tract Infections (UTIs) are a significant health problem worldwide, especially among women. 
methenamine hippurate has been proposed as a preventive measure against recurrent UTIs. This updated systematic 
review and meta-analysis aimed to evaluate the effectiveness of methenamine hippurate in preventing UTIs, incorpo-
rating the latest research findings and employing trial sequential analysis to assess the robustness of the evidence.

Materials and methods  A systematic review was conducted across MEDLINE, Embase, Scopus, Cochrane, 
and Google Scholar up to March 2024 for randomized controlled trials comparing methenamine hippurate with pla-
cebo or antibiotic in adult women with a history of recurrent, confirmed UTIs. Key outcomes included symptomatic 
UTIs as primary outcome and positive urine culture, asymptomatic bacteriuria and adverse effects as secondary out-
comes. It is important to state that asymptomatic UTIs with negative urine cultures were not adequately accounted 
for in the studies; therefore, this outcome was excluded from our meta-analysis. Additionally, adverse effects related 
to antibiotic resistance were not described in the studies, so only the adverse effects of the medications themselves 
were considered. The risk of bias was evaluated using the Cochrane Risk of Bias 2, and statistical analysis was con-
ducted using RStudio software.

Results  We retrieved 5 articles, encompassing 216 patients in the methenamine group and 205 patients in the con-
trol group (Antibiotic). Our analysis revealed non-inferiority in the rate of symptomatic UTI episodes between the two 
groups (RR 1.15; 95%CI 0.96,1.38; p = 0.41; I2 = 0%). Similarly, there were no notable distinctions in the rate of posi-
tive urine cultures (RR 1.20; 95CI 0.91, 1.57; p = 0.25; I2 = 28%), and the rate of adverse effects (RR 0.98; 95CI 0.86, 1.12; 
p = 0.35; I2 = 9%). However, we observed a decreased frequency of asymptomatic bacteriuria in the control group (RR 
1.91; 95CI 1.29, 2.81; p = 0.0001; I2 = 0%). In trial sequential analysis, existing studies were not able to achieve the futility 
boundaries.
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Conclusions  Overall, our meta-analysis provides evidence supporting methenamine hippurate as an effective, non-
inferior and safe prophylactic option for preventing recurrent UTIs in adult women, as demonstrated by the current 
evidence base. Nevertheless, more RCTs are necessary to achieve the futility boundaries in trial sequential analysis.

Keywords  Methenamine hippurate, Urinary tract infections, Systematic review, Meta-analysis, Randomized 
controlled trials

Introduction
Urinary Tract Infections (UTIs) are a common global 
health issue, particularly affecting women, with approxi-
mately 7 million women seeking outpatient care annually 
for uncomplicated UTIs [1]. These infections, caused by 
bacterial invasion of the urinary tract, include conditions 
such as cystitis and pyelonephritis [2]. Due to anatomi-
cal factors, women are more susceptible to UTIs, and 
recurrence is a significant concern [2]. with up to 27% 
of women experiencing a repeat infection within six 
months. This recurrence contributes to both clinical and 
economic burdens [1].

Antibiotics, such as trimethoprim-sulfamethoxazole, 
nitrofurantoin, and fosfomycin, are commonly prescribed 
for acute UTI treatment but come with side effects, 
including gastrointestinal disturbances and allergic reac-
tions. More critically, widespread antibiotic use is fueling 
the rise of antimicrobial resistance (AMR), which com-
plicates treatment [3]. Long-term antibiotic use in treat-
ing UTIs leads to high overall resistance to commonly 
used antibiotics, such as ampicillin (39.6%), trimetho-
prim (23.8%), trimethoprim/sulfamethoxazole (22.4%) 
[4], Despite the current approach to managing UTIs pre-
dominantly involves antibiotics, there are ongoing con-
cerns about overuse, antibiotic resistance, and potential 
aftereffects [5].

While current guidelines from the American Urologi-
cal Association (AUA) and the European Association of 
Urology (EAU) [6] focus on optimizing UTI manage-
ment, challenges remain in antibiotic selection, treatment 
duration, and the management of recurrent infections. 
Recent studies, including a meta-analysis by Bakhit et al. 
(2021) [7], suggest that methenamine hippurate may offer 
a promising alternative for preventing recurrent UTIs, 
though the results have been inconclusive, necessitating 
further investigation.

Given the concerns over antibiotic resistance and 
adverse effects, exploring non-antibiotic alternatives like 
methenamine hippurate is essential. This urinary anti-
septic works by releasing formaldehyde in acidic urine, 
exerting bactericidal effects within the urinary tract [3]. 
Its unique mechanism and favorable safety profile make it 
an attractive candidate for UTI prevention [8].

This systematic review aims to assess the effectiveness 
of methenamine hippurate in preventing UTIs through 

an updated analysis of randomized controlled trials 
(RCTs). By incorporating trial sequential analysis, we aim 
to provide more reliable estimates of its efficacy com-
pared to standard antibiotics and placebo. The findings 
of prior systematic reviews, such as those by Lee et  al. 
[3] and Bakhit et  al. [7] suggest some potential benefits 
of methenamine hippurate, but further robust data is 
needed to confirm its role in UTI prophylaxis.

Material and methods
Search strategy
This systematic review and meta-analysis were per-
formed and reported in accordance with the Cochrane 
Collaboration Handbook for Systematic Review of inter-
ventions and the Preferred reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) [9] Statement 
guidelines.

We conducted a comprehensive search of MEDLINE, 
Embase, Scopus, and Cochrane CENTRAL, along with 
Google Scholar for additional internet sources, from 
their inception until March 2024 for randomized con-
trolled trials of methenamine hippurate vs antibiotic/
placebo trials in women with recurrent urinary tract 
infection. Please refer to appendix our search strategy. A 
highly sensitive search strategy was also used in a way to 
better identify randomized trials in the databases.

The references from all included studies, previous sys-
tematic reviews and meta-analyses were also searched 
manually for any additional studies. The prospective 
meta-analysis protocol was registered on PROSPERO 
under protocol CRD42024512556.

Eligibility criteria for study selection
We included randomized controlled trials (RCTs) that 
assessed adult women (aged ≥ 18  years) with a history 
of recurrent or confirmed UTIs. Studies were eligible if 
they compared the efficacy of methenamine hippurate 
with placebo/no treatment or any antibiotic and reported 
at least one of the clinical outcomes of interest. We 
excluded non-randomized controlled trials (non-RCTs), 
studies without a methenamine arm or without a com-
parison to placebo/antibiotics, studies involving women 
with catheters, patients with anatomical abnormalities 
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(e.g., solitary kidney, ureteral or urethral stricture), or 
patients with active urinary tract infections.

The exclusion of women with active UTIs was critical 
for the integrity of this review since our purpose with this 
work is to evaluate methenamine hippurate as prophy-
laxis method for recurrent UTIs, not for the treatment 
of active infections. Including women with active UTIs 
could introduce significant confounding, as the focus of 
this review is on the prevention of future UTI episodes, 
rather than the treatment of an ongoing infection. By 
excluding women with active UTIs, we ensured that the 
results reflect the true prophylactic effect of methena-
mine hippurate. We also excluded studies that reported 
the use of acidifying agents in combination with methe-
namine hippurate, as these could interfere with the out-
comes of interest. Case reports, systematic reviews, and 
bibliographic reviews were excluded to maintain a high 
standard of evidence.

Outcomes
The primary outcome was the recurrence of clinical 
UTIs, as defined by the presence of any of the follow-
ing symptoms: dysuria, nocturia, urgency, fever, urinary 
frequency, burning, suprapubic pain, and loin pain. This 
outcome was chosen because recurrent UTIs are most 
commonly diagnosed based on clinical symptoms in 
women, with symptoms being the primary guide for 
treatment decisions. While microbiological confirma-
tion (e.g., positive urine culture) would provide a more 
objective measure of UTI, clinical symptoms alone are 
frequently sufficient for diagnosing recurrent UTIs in 
clinical practice. The secondary outcomes included 
positive urine cultures associated with UTI symptoms, 
asymptomatic bacteriuria, and adverse effects (e.g., nau-
sea, diarrhea, rash, and others).

Screening
After deduplication, in which we used Endnote online™ 
20 (Clarivate, Philadelphia, PA) [10], two independ-
ent researchers (NH and GO) screened the studies by 
title and abstract, and disagreements were solved by a 
third (JC). Following this process, full text screening was 
performed. No automation tools were used during the 
screening process.

Data extraction and quality assessment
Two authors (BP and NH) independently extracted the 
data based on a predefined protocol and disagreements 
were solved by a third (JC). The data primarily assessed 
were the type o study, the language of each paper, num-
ber of patients enrolled, mean age of patients, methe-
namine dosage, which antibiotic was used and each 
dose, the duration of follow-up, and all the outcomes 

previously mentioned. Risk of bias was assessed in ran-
domized studies using version 2 of the Cochrane Risk 
of Bias assessment tool (RoB 2) [11]. Two independent 
authors completed the risk of bias assessment (NH and 
GO). Disagreements were resolved through a consensus 
after discussing reasons for discrepancy. Regarding the 
UTI definition of each study included, it was not possible 
to obtain since it was lacking in the majority of them.

Statistical analysis
Dichotomous data are presented as relative risk (RR) with 
95% CI. Pooled estimates were calculated with the ran-
dom-effects model, considering that the patients came 
from different populations. We considered a study to 
exhibit considerable heterogeneity if, following the sta-
tistical analysis, the I2 statistic is equal to or greater than 
30%.

We performed a Trial Sequential Analysis (TSA) 
(alpha = 5%, beta = 90% for a relative risk reduction of 5%) 
focusing on type 2 errors for the main outcome. It may 
be useful to explain that Trial Sequential Analysis (TSA) 
is a valuable tool in meta-analyses as it helps control 
random errors, particularly when data is sparse or when 
repeated significance testing occurs. By applying moni-
toring boundaries, TSA assesses whether a meta-analysis 
has sufficient information to draw reliable conclusions 
or if additional studies are necessary. It also helps avoid 
type I (false positive) and type II (false negative) errors. In 
the context of my meta-analysis, TSA is valuable because 
it allows us to determine whether the available evidence 
is robust or if further trials are needed, ensuring the reli-
ability of our conclusions RStudio Team (2020). RStudio: 
Integrated Development for R. RStudio, PBC, Boston, MA 
URL, was the software used for statistical analysis [12].

Results
Study selection and characteristics
After performing our screening, we identified 999 arti-
cles. Following the deduplication and screening process, 
5 articles [13–17] were deemed relevant and included in 
our analysis (Fig.  1/PRISMA flow chart). For a compre-
hensive overview of the data of included studies, please 
refer to Table 1. Combining the data from these articles, 
we analyzed a total of 231 patients who received oral 
methenamine hippurate 1 g twice daily and 220 patients 
that were placebo or undertook antibiotics. The mean 
age of all patients was 56.9  years old. One study used 
placebo as their control arm [17], four studies used oral 
antibiotics as control group treatment, among these, 2 
used trimethoprim 100mg [13, 14], one ciprofloxacin 
500 mg [15] and the other included 3 lines of treatment 
with 50/100 mg of nitrofurantoin, or 100 mg of trimetho-
prim or 250 mg of cephalexin [16]. We must note that all 
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the antibiotics were used with the intend of prophylaxis. 
Most of the studies lacked information about the dura-
tion of antibiotics usage. Also, more information about 
the outcome definition of each study included regard-
ing symptomatic UTI and urine culture can be found in 
Table 2.

Meta‑analysis
When comparing the symptomatic clinical UTI episodes 
after both clinical interventions, Methenamine or Antibi-
otics, no differences were seen between groups (RR 1.15; 
95%CI 0.96,1.38; p = 0.41; I2 = 0%) (Fig. 2). The TSA was 
only performed for the primary outcome, since the other 
outcomes had insufficient sample (Fig. 3). We must note 
that for this outcome 4 studies had data included, count-
ing with 421 patients.

Regarding the secondary outcomes, no notable dis-
tinctions were observed in the positive urine culture rate 
(RR 1.20; 95CI 0.91, 1.57; p = 0.25; I2 = 28%) (Fig. 4); nor 
were significant the rate of adverse effects between both 
approaches (RR 1.91; 95CI 1.29, 2.81; p = 0.0001; I2 = 0%) 
(Fig. 5). For these both, unfortunately only 3 studies could 
be assessed, and the positive urine culture we counted 
335, while in the rate of adverse effects there were 318.

At the same time, a higher rate of asymptomatic bac-
teriuria was associated with methenamine hippurate 
in comparison as the antibiotic group (RR 0.98; 95CI 
0.86, 1.12; p = 0.35; I2 = 9%) (Fig. 6). Here 4 studies were 
included, with an amount of 366 patients’ data assessed.

Since none of the outcomes assessed presented a I2 
higher or equal as 30%, any kind of sensitivity analysis 
was performed. However, visual inspection suggests the 
presence of clinical or methodological heterogeneity, 

Fig. 1  PRISMA flowchart
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particularly in outcomes that include data from Chu 
et al., which warrants further discussion.

We should point out that our primary endpoint, 
symptomatic UTI episodes, included data from all the 
included studies except for Gundersen et. al. As for the 
secondary endpoints, the positive urine culture was again 
not assessed in Gundersen and Botros trials; adverse 
effects included all, apart from the Chu cohort; and 
finally, the asymptomatic bacteriuria was assessed only in 
Chu, Gundersen and Harding cohorts.

Quality assessment
Since all the trials here included were RCTs, all of them 
were assessed by Rob-2 tool. The cohort from Gun-
dersen [17] presented a low overall score of bias, while 
the Botros [13] trial showed a high risk of bias, mainly 
due to bias in the measurement of the outcomes. At the 
same time, the other studies included, Brumfitt, Chu 
and Harding et  al [14–16], presented a risk of bias that 
regarded some concerns (Fig. 7).

Discussion
This systematic review, meta-analysis, and trial sequen-
tial analysis evaluated the effectiveness of methenamine 
hippurate in preventing recurrent urinary tract infections 
(UTIs) compared to antibiotics. Our findings indicate no 
significant differences in the incidence of symptomatic 
UTI episodes between the methenamine hippurate and 
antibiotic groups.

Similarly, both interventions demonstrated equivalent 
efficacy in reducing positive urine cultures. However, 
asymptomatic bacteriuria (ABU) was notably higher in 
the methenamine hippurate group (RR 1.91; 95% CI 1.29, 
2.81; p = 0.0001; I2 = 0%).

The increased ABU in the methenamine hippurate 
group may be attributed to its mechanism of action, 
which relies on the urinary environment to release for-
maldehyde for bacteriostatic or bactericidal effects. 
While this mechanism effectively reduces symptomatic 
episodes, it may not eliminate bacteria as systemically or 
thoroughly as antibiotics. Antibiotics, with their broader 
and more systemic antimicrobial activity, likely contrib-
ute to the lower rates of ABU observed in this analysis. 
This finding emphasizes the need for further studies 

Table 2  Outcome definition in each included study

Symptomatic UTI + Positive Culture At least one episode documented bacteriologically, symptomatic recurrence monitored over 12 months

Symptomatic UTI + Unknown Culture Symptomatic UTI post-procedure defined by clinical symptoms and urinary analysis, no consistent culture data

Symptomatic UTI (Clinical) Incidence of symptomatic antibiotic-treated UTIs, clinical diagnosis preferred over microbiological confirmation

Study Outcome definition Category

Botros, 2022 [13] Recurrent UTI defined as two culture-proven UTIs within 6 months, or three 
within 1 year with associated symptoms.

Symptomatic UTI + Positive Culture

Brumfitt, 1983 [14] At least one episode documented bacteriologically, symptomatic recurrence moni-
tored over 12 months.

Symptomatic UTI + Positive Culture

Chu, 2016 [15] Symptomatic UTI post-procedure defined by clinical symptoms and urinary analysis, 
no consistent culture data.

Symptomatic UTI + Unknown Culture

Gundersen, 1986 [17] Frequent cystitis defined as two or more symptomatic episodes in the previous 
6 months, evaluated in elderly women.

Symptomatic UTI + Positive Culture

Harding, 2022 [16] Incidence of symptomatic antibiotic-treated UTIs, clinical diagnosis preferred 
over microbiological confirmation.

Symptomatic UTI (Clinical)

Fig. 2  Rate of symptomatic UTI comparing Methenamine and Antibiotics
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investigating the relationship between ABU and long-
term outcomes in patients using methenamine hippurate.

Regarding adverse effects, the analysis revealed fewer 
adverse events in the antibiotic group, contrary to expec-
tations given the well-documented side effects of antibi-
otics, including gastrointestinal disturbances and allergic 

reactions. This unexpected result may stem from the lim-
ited reporting of adverse effects in the included studies, 
as only three articles provided data on this outcome. The 
underreporting of adverse events highlights the need for 
future research with comprehensive safety evaluations to 

Fig. 3  TSA of the primary outcome of interest

Fig. 4  Rate of positive urine culture comparing Methenamine and Antibiotic groups
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better understand the comparative safety profiles of these 
interventions.

The strengths of this meta-analysis lie in its focus on 
recent studies and its rigorous methodological approach, 
including trial sequential analysis, which enhances the 
reliability of the findings. However, several limitations 
must be acknowledged. First, the relatively small sam-
ple size and the scarcity of high-quality trials addressing 
methenamine hippurate’s efficacy constrained the data 

available for analysis. Second, heterogeneity in study 
designs, particularly regarding definitions of UTIs and 
variations in control antibiotics, complicamethted the 
comparison of outcomes. Notably, only three studies 
assessed ABU and adverse effects, limiting the generaliz-
ability of these findings. Lastly, the lack of data on micro-
bial resistance, a critical factor in long-term prophylactic 
use, further restricts the study’s conclusions.

Fig. 5  Rate of adverse effects regarding Methenamine and Antibiotic groups

Fig. 6  Rate of asymptomatic bacteriuria comparing Methenamine and Antibiotic groups

Fig. 7  Risk of Bias of included studies through RoB 2 toll
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Our findings suggest that methenamine hippurate 
offers comparable efficacy to antibiotics in preventing 
symptomatic UTIs and reducing positive urine cultures, 
with a potentially favorable safety profile. However, the 
higher ABU rates in the methenamine group warrant fur-
ther investigation to elucidate their clinical significance. 
The evidence supports methenamine hippurate as a via-
ble non-antibiotic prophylactic option, particularly for 
patients aiming to minimize antibiotic exposure.

Future research should address the methodologi-
cal shortcomings identified in this review, including the 
need for standardized UTI definitions, comprehensive 
reporting of adverse events, and evaluations of microbial 
resistance. Such studies are essential to refining clinical 
guidelines and optimizing the role of methenamine hip-
purate in UTI prevention. By expanding the evidence 
base, clinicians can better tailor prophylactic strategies 
to individual patient needs, balancing efficacy, safety, and 
the growing imperative to mitigate antibiotic resistance.

Conclusion
This comprehensive meta-analysis explored the com-
parative effectiveness of methenamine hippurate ver-
sus antibiotics or placebo for managing UTI in females. 
Encouragingly, our results revealed a favorable non-infe-
riority parameter for methenamine when compared with 
the established antibiotic treatment outlined in existing 
medical literature. This suggests that methenamine could 
present itself as an economically viable alternative for 
treating patients diagnosed with uncomplicated cystitis.

Given the limited number of evaluated patients and 
RCTs included in this meta-analysis, further research 
are warranted to validate and expand upon our findings, 
as well as confirmed through our TSA results. This will 
contribute to the development of more robust guidelines 
for the optimal choice of treatment in cases of UTI in 
women.

Appendix
Our search strategy was: (("methenamine hippurate") 
OR (methenamine) OR (hippurate*) OR ("hexamine 
hippurate") OR (Urex) OR (Hiprex) OR (Hip-Rex) OR 
(Urotractan)) AND (("urinary tract infection*") ("recur-
rent urinary tract infections") OR (UTI) OR (UTIs) OR 
(cystitis)).
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