Archives of Gynecology and Obstetrics (2025) 311:333-340
https://doi.org/10.1007/500404-024-07899-z

GENERAL GYNECOLOGY q

Check for
updates

Tinidazole vs metronidazole for the treatment of bacterial vaginosis:
a systematic review and meta-analysis

Milene Vitéria Sampaio Sobral'© - Victor Goncalves Soares? - Jodo Lucas de Magalhaes Leal Moreira® -
Livia Kneipp Rodrigues” - Hilaria Saugo Faria’ - Clara de Andrade Pontual Peres® - Lubna Al-Sharif’ -
Maria Julia Gonzaga Pascoalin’ - Fernando Augusto Barreiros® - Marina Ayabe Gomes de Moraes®

Received: 15 June 2024 / Accepted: 14 December 2024 / Published online: 19 February 2025
© The Author(s) 2025

Abstract

Introduction Tinidazole shows potential as a first-line treatment for bacterial vaginosis (BV). However, its superiority to
metronidazole remains uncertain. Therefore, this meta-analysis compares tinidazole versus metronidazole in patients with BV.
Methods We systematically searched PubMed, Embase and Cochrane for studies comparing tinidazole and metronidazole
in patients with BV. Statistical analyses were performed using R Studio 4.3.2. Heterogeneity was examined with the Cochran
Q test and I? statistics. Risk ratios (RR) with 95% confidence intervals (CI) were pooled across trials. Outcomes of interest
were BV cure at the first and the second follow-up appointment, and adverse events such as nausea and bad or metallic taste.
Results Five randomized controlled trials and 1 prospective observational study, reporting data on 1,036 patients were
included in this meta-analysis. Among them, 511 (49%) received tinidazole and 525 (51%) received metronidazole. Follow-up
ranged from 1 to 6 weeks. There was no significant difference between groups for BV cure at the first follow-up appointment
(RR 1.03;95% CI10.92 to 1.14; I>=76%), cure at the second follow-up appointment (RR 1.05; 95% CI 0.80-1.38; I>=88%),
nausea (RR 0.89; 95% CI 0.39-2.04; I>=83%), and bad or metallic taste (RR 0.74; 95% CI 0.12-4.45; I>=89%).
Conclusion In patients with BV, tinidazole and metronidazole exhibit similar efficacy and safety, with equivalent cure rates
and incidence of adverse events.
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Bacterial vaginosis (BV) is the most frequent cause of vagi-
nitis in women at reproductive age. It is characterized by
a disruption of the normal microbiota, but despite its high
prevalence and six decades of research, its pathogenesis is
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not fully elucidated [1]. Numerous complications are associ-
ated with BV, such as sexually transmitted infections, includ-
ing human immunodeficiency virus (HIV), pelvic inflam-
matory disease, risk of preterm birth, and other obstetric or
gynecologic impairments [2, 3]. Approximately less than
50% of cases of BV are appropriately managed, one of the
reasons for the low rate of successful treatments is due to
the low adherence of patients to the treatment regimen [4].
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Currently, nitroimidazoles are the class of medications
preferably employed in the treatment of BV [5]. Published
in 2021 by the Centers for Disease Control and Prevention
of the United States (CDC), the STI Treatment Guidelines
recommended Metronidazole as the first line treatment for
BV with a dosage of 500 mg orally twice a day for 7 days.
Whereas oral tinidazole is often prescribed as an alternative
treatment, generally 2 g orally once daily for two days. [6] In
this context, the discussion arises regarding the possibility of
a shorter therapeutic regimen with tinidazole, contributing
to greater patient adherence, potentially resulting in higher
cure rates and reduced recurrence rates.

Despite several studies, the efficacy of tinidazole com-
pared to metronidazole remains unclear [7-12]. Individual
trials lack sufficient power to detect significant differences
in cure outcomes and adverse events. Therefore, we aimed
to conduct a systematic review and meta-analysis examining
the efficacy and safety of tinidazole compared to metroni-
dazole in patients with bacterial vaginosis to understand the
optimal first-line treatment option for BV.

Material and methods

This systematic review and meta-analysis was performed
in accordance with the Cochrane Collaboration and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement guidelines [13]. As
such, it was prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42024541694).

Search strategy and data extraction

We systematically searched PubMed, Embase, and Cochrane
Central Register of Controlled Trials from inception to april
2024 with the following search terms: (“vaginosis” OR “bac-
terial vaginosis” OR “Gardnerella infection” OR “Gard-
nerella vaginalis”) AND (“tinidazole” OR “tindamax”).
The references from all included studies, previous systematic
reviews and meta-analyses were also searched manually for
any additional studies. Two authors (M.S. and H.F.) inde-
pendently extracted the data following predefined search cri-
teria and quality assessment. Disagreements were resolved
by consensus between the authors.

Eligibility criteria

Inclusion in this meta-analysis was restricted to studies that
met all the following eligibility criteria: (1) randomized con-
trolled trials (RCTs) or nonrandomized trials; (2) comparing
tinidazole to metronidazole; (3) enrolling patients with bacte-
rial vaginosis; and (4) reporting at least one of the outcomes
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of interest. We excluded studies with (1) no control group; (2)
population overlap; (3) in patients without bacterial vaginosis;
or (4) combination of other drugs in the intervention or control

group.
Endpoints and subanalyses

Efficacy outcomes included bacterial vaginosis cure at the first
and second follow-up appointment. Adverse events such as
nausea, bad or metallic taste, diarrhea, and headache were the
safety outcomes of interest. The criteria for cure varied slightly
among the studies and are reported in Table 1. Pre-specified
sub-analyses included data restricted to (1) RCTs; (2) follow-
up time (1, 2, and 4 weeks); and (3) tinidazole dose (500 mg,
1 g, and 2 g) for cure rates.

Quality assessment

Quality assessment of RCTs was performed using the
Cochrane Collaboration’s tool for assessing risk of bias in ran-
domized trials (RoB-2), in which studies are scored as high,
low, or unclear risk of bias in 5 domains: selection, perfor-
mance, detection, attrition, and reporting biases [14]. Nonran-
domized studies were appraised with the Risk Of Bias In Non-
randomized Studies—of Interventions (ROBINS-I) tool. This
tool categorizes studies as having low, moderate, serious, or
critical risk of bias across 5 domains: confounding, selection,
intervention classification, intervention deviation, missing
data, outcome measurement, and selection of reported results
[15]. Bias risk assessment was conducted independently by
two authors (M.S. and H.F.). Discrepancies were resolved
through consensus among the authors.

Statistical analysis

Treatment effects were compared using Risk Ratios (RR), with
95% confidence intervals (CI), for binary outcomes. Given
the expected heterogeneity between studies, we adopted the
DerSimonian and Laird random-effects model for all outcomes
reported. We used the Cochran Q test and I? statistics to assess
for heterogeneity; P values inferior to 0.1 and I*>40% were
considered significant for heterogeneity [16]. Leave-one-out
analysis was also performed to test the robustness of the find-
ings and to address high heterogeneity when present. R version
4.3.2 was used for statistical analysis [17].

Results

Study selection and characteristics

As detailed in Fig. 1, the initial search yielded 225 results.
After removal of duplicate records and ineligible studies, 12
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Table 1 Baseline characteristics of included studies

Study Desgin Cure criteria Tinidazole dose Metronidazole dose  Patients, no (T/M) Follow-up
Gupta 2015 RTC Criterion of Nugent 2 g single dose 400 mg twice a day 86/84 2 weeks
for 7 days
Mohanty 1987 Non-RTC Negative culture 2 g single dose 2 g single dose 82/98 1,2, 4 and 6 weeks
for G. vaginalis
and absence of at
least three of the
following criteria:
homogeneous frothy
vaginal discharge,
vaginal pH>4.8-,
amine odour on
KOH treatment of
discharge, "clue
cells" in the absence
of lactobacilli on
Gram's staining
Raja 2016 RTC Criterion of Amsel 500 mg once a 500 mg twice a day 57/57 1 and 4 weeks
day + placebo for 5 days
Schwebke 2011 RTC Criterion of Nugent 500 mg twice a day 500 mg twice a day 160/160 2 weeks
for 7daysor1g for 7 days
twice a day for
7 days
Thulkar 2012  RTC Criterion of Amsel 2 g, single dose 2 g, single dose 86/86 1 and 4 weeks
Wang 2008 RTC Vulvovaginal discom- 1 g once a day, for 750 mg each time, 40/40 3-5 days after the end

fort symptoms dis-
appear and vaginal
secretion properties
return to normal;
vaginal pH <4.5;
and clue cells disap-
pear in smears

the first time

3 days, double for

of the next men-
struation

once a day, for
7 days

RTC randomized controlled trial, T tinidazole, M metronidazole, mg milligram, g gram

remained and were fully reviewed based on inclusion crite-
ria. Of these, a total of 6 studies were included, comprising
1036 patients from 5 randomized controlled trials (RCTs)
[7, 9-12], and 1 non-randomized study [8]. A total of 511
(49%) patients received tinidazole and 525 (51%) received
metronidazole.

In this meta-analysis, the criteria used to assess the cure
of bacterial vaginosis varied between the studies analyzed.
Most of the studies chose to use the Amsel criteria, which
are widely recognized in clinical practice, but Schwebke's
study took a different approach, using the Nugent criteria.

Study characteristics are reported in Table 1.

Pooled analysis of all studies

There was no statistically significant difference between
the groups in terms of cure at the first (RR 1.03; 95% CI
0.92-1.14; p=0.62; I?=76%; Fig. 2) and second appoint-
ment (RR 1.05; 95% CI 0.80-1.38; p=0.72; I>=88%;
Fig. 2), nausea (RR 0.89; 95% CI 0.39-2.04; p=0.78;
I? =83%; Fig. 3), bad or metallic taste (RR 0.74; 95% CI

0.12-4.45; p=0.74; >=89%: Fig. 4), diarrhea (RR 0.35;
95% CI10.06-1.95; p=0.22; P=71%: Fig. 5), and headache
(RR 1.24;95% CI 0.58-2.63; p=0.58; P=45%; Fig. 6).

Subanalyses in selected populations

In a subanalysis of RCT-only data, there was no statistically
significant difference between groups in terms of cure at
the first appointment (RR 1.00; 95% CI 0.88-1.14; p=0.98;
I?=80%; Supplementary Fig. 1) and at the second appoint-
ment (RR 1.05; 95% CI 0.80-1.38; p=0.72; P=88%: Sup-
plementary Fig. 1). There were no statistically significant
differences within 1 week (RR 1.06; 95% CI 0.94-1.19;
p=0.37; I>=70%; Supplementary Fig. 2), 2 weeks (RR
0.99; 95% C10.72-1.36; p=0.95; P=55%; Supplementary
Fig. 2) and 4 weeks (RR 1.02; 95% CI10.75-1.37; p=0.91;
I?=91%; Supplementary Fig. 2).

There were no statistically significant differences for
doses of 0.5 g (RR 0.99; 95% CI 0.84-1.17; p=0.88;
I?=79%; Supplementary Fig. 3), 1 g (RR 0.89; 95% CI
0.79-1.01; p=0.06; I>=0%; Supplementary Fig. 3) and 2 g
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| PubMed search: 71 results

|

| Embase search: 109 results

I

| Cochrane search: 45 results

| Number screened: 225 results |

—| Duplicate reports (n = 35)

—| Excluded by title/abstract (n = 97)

Full-text reviewed: 12 studies |

—| Analysis of the same trial (n = 3)

_| Full text not found(n = 1)

—| No outcomes of interest (n = 2)

6 included studies

Fig.1 PRISMA flow diagram of study screening and selection

(RR 1.08; 95% CI 0.95-1.24; p=0.23; I’=66%; Supple-
mentary Fig. 3). When only RCTs were considered for this
subanalysis, the results remained not statistically significant
(Supplementary Fig. 4).

Leave-one-out analysis

The leave-one-out analysis showed the robustness of the
pooled results for the outcomes of nausea, diarrhea, and
headache. For those outcomes, there was no significant
variability of the effect size with the removal of each study
(i.e. changing from favoring one side to another, or even
becoming significant). For all outcomes, the removal of the
study “Raja, 2016” reduced the heterogeneity to 0% (Sup-
plementary Figs. 5-8).

Quality assessment

Individual bias assessment is reported in Supplementary
Fig. 9 and 10. RCTs were assessed using Rob2 [14]. Five
studies lost points in domains related to lack of information
or loss to follow-up [7, 9-12]. A non-randomized study was
evaluated using Robins-I and was considered to have a seri-
ous risk of bias due to the important confounding bias due
to the inclusion of patients with trichomoniasis, along with
bacterial vaginosis [8].

Study or Tinidazole Metronidazole Risk Ratio
Subgroup Events Total Events Total Weight RR 95% CI MH, Random, 95% ClI
First Appointment
Gupta, 2015 84 62 86 143% 091 [0.74;1.11] ——
Mohanty, 1987 78 50 63 17.7% 116 [1.01;1.34] ——
Raja, 2016 57 52 57 201% 1.06 [0.96;1.16] -
Schwebke, 2011 283 112 136 19.7% 090 [0.81;1.00] —
Thulkar, 2012 86 76 86 209% 113 [1.05;1.22] E
Wang, 2008 37 22 36 73% 093 [0.63;1.36] —_—
Total (95% CI) 625 374 464 100.0% 1.03 [0.92;1.14] -
Heterogeneity: Tau = 0.0120; Chi” = 20.67, df = 5 (P < 0.01); I* = 76%
Test for overall effect: Z = 0.50 (P = 0.620)
Second Appointment
Gupta, 2015 84 24 86 105% 124 [0.79; 1.94] =
Raja, 2016 57 39 57 264% 133 [1.10;1.62] —l—
Schwebke, 2011 232 75 117 292% 1.01 [0.85;1.19] 1
Thulkar, 2012 86 84 86 339% 080 [0.71;0.90] -
Total (95% CI) 459 222 346 100.0% 1.05 [0.80;1.38]
Heterogeneity: Tau® = 0.0625: Chi® = 24.26, df = 3 (P < 0.01); I = 88%
Test for overall effect: Z=0.35 (P = 0.726)
Test for subgroup differences: Chi% = 0.02, df = 1 (P=0.89)

0.75 1 15

Favors Metronidazole Favors Tinidazole

Fig.2 There was no statistically significant difference in terms of cure between groups at the first and second appointments. MH Mantel-Haen-

szel method, CI Confidence Interval
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Tinidazole Metronidazole Risk Ratio
Study Events Total Events Total Weight RR 95% CI MH, Random, 95% CI
Gupta, 2015 16 84 12 86 318% 1.37 [0.69;2.71] I —_—
Raja, 2016 9 57 25 57 321% 036 [0.18;0700 —M— |
Schwebke, 2011 60 384 22 192 361% 136 [0.86;2.15] +il—
Total (95% CI) 85 525 59 335 100.0% 0.89 [0.39; 2.04] - e —
Heterogeneity: Tau® = 0.4428: Chi® = 11.55, df = 2 (P < 0.01); I> = 83% ' T ' ' '
Test for overall effect: Z = -0.28 (P = 0.782) 02 05 1 2 5

Favors Tinidazole Favors Metronidazole

Fig.3 There was no statistically significant difference in terms of nausea between groups. MH Mantel-Haenszel method, CI Confidence Interval

Tinidazole Metronidazole Risk Ratio
Study Events Total Events Total Weight RR 95% ClI MH, Random, 95% CI
Gupta, 2015 7 84 5 86 330% 143 [0.47:434] '
Raja, 2016 2 57 22 57 307% 0.09 [0.02;0.37]
Schwebke, 2011 58 384 12 192 363% 242 [1.33;4.39]
Total (95% Cl) 67 525 39 335 100.0% 0.74 [0.12;4.45]
Heterogeneity: Tau® = 2.2087; Chi® = 18.98, df = 2 (P < 0.01); I* = 89%
Test for overall effect: Z = -0.33 (P = 0.745) 01 051 2 10

Favors Tinidazole Favors Metronidazole

Fig.4 There was no statistically significant difference in terms of bad or metallic taste between groups. MH Mantel-Haenszel method, CI Confi-
dence Interval

Tinidazole Metronidazole Risk Ratio
Study Events Total Events Total Weight RR 95% CI MH, Random, 95% CI
Gupta, 2016 2 84 3 86  30.0% 068 [0.12;3.98] —
Raja, 2016 2 57 28 57 341% 007 [0.02;029] ——:
Schwebke, 2011 7 384 4 192 359% 088 [0.26;2.95] :
Total (95% CI) 1 525 35 335 100.0% 0.35 [0.06;1.95]
Heterogeneity: Tau? = 1.7818; Chi® = 8.64, df = 2 (P = 0.01); P = 77%
Test for overall effect: Z =-1.20 (P = 0.229) 01 051 2 10

Favors Tinidazole Favors Metronidazole

Fig.5 There was no statistically significant difference in terms of diarrhea between groups. MH Mantel-Haenszel method, CI Confidence Inter-
val

Tinidazole Metronidazole Risk Ratio
Study Events Total Events Total Weight RR 95% CI MH, Random, 95% CI
Gupta, 2015 9 84 5 86 299% 184 [0.64;5.27] ———I—
Raja, 2016 2 57 6 57 176% 033 [007;158 —®—1+—
Schwebke, 2011 49 384 16 192 525% 153 [0.89;262] --’—
Total (95% CI) 60 525 27 335 100.0% 1.24 [0.58;2.63] *
Heterogeneity: Tau® = 0.2069; Chi® = 3.64, df = 2 (P = 0.16); I* = 45% ' e '
Test for overall effect: Z = 0.55 (P = 0.580) 0.1 05 1 2 10

Favors Tinidazole Favors Metronidazole

Fig.6 There was no statistically significant difference in terms of headache between groups. MH Mantel-Haenszel method, CI Confidence Inter-
val
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Discussion

In this systematic review and meta-analysis of 6 studies,
including 1,036 patients, we compared efficacy and safety
of tinidazole and metronidazole in patients with bacterial
vaginosis. The main findings from the combined analysis
were: (1) at the first and second follow-up consultation, the
cure rate was not different between patients treated with
tinidazole or metronidazole and (2) there was no statisti-
cally significant difference in adverse events between the
tinidazole and metronidazole groups.

As previously mentioned, the first choice treatment
regimen recommended by the CDC for treating bacterial
vaginosis is Metronidazole 500 mg orally twice daily for
7 days. Oral tinidazole is presented as an alternative regi-
men in dosages of 2 g once daily for 2 days or 1 g once
daily for 5 days [6]. However, currently there are questions
raised about the ideal drug for the treatment of BV, as stud-
ies indicate controversial data and even antimicrobial and
pharmacokinetic advantages of tinidazole when compared
to metronidazole [18]. In the study conducted by Tulkar
et al., after one week of treatment with tinidazole, 100%
of the patients were cured, whereas, among those who
received metronidazole, only 88% were cured at the first
follow-up consultation [11]. In contrast, Mohanty et al.,
reveals potential superiority of metronidazole for BV [8].
However, the majority of included studies revealed that
there is no statistically significant difference between the
two drugs in question [7, 9, 10]. These data corroborate
the findings of our meta-analysis, where tinidazole and
metronidazole are equivalent for the cure of BV.

Similarly, in the pooled analysis, our results did not
show a difference between the groups regarding the cure
rate at the second follow-up visit. This reinforces the
equivalence of the two drugs in short and long-term BV
cure outcomes. Therefore, when considering the best
therapeutic option, it is important to take into account
factors that directly impact therapy adherence, such as
dosing frequency associated with patient preference [19].
With a longer elimination half-life and lower total clear-
ance than metronidazole, tinidazole achieves higher serum
concentrations after oral and intravenous administration,
reducing the need for multiple daily doses and allowing
for shorter therapy [18, 20, 21]. These pharmacokinetic
aspects may favor greater treatment adherence and, con-
sequently, better clinical outcomes in the management of
bacterial vaginosis.

The daily dosage of tinidazole varied across the
included studies, with regimens of 500 mg, 1 g, and
2 g. When analyzing the tinidazole dosages separately,
no statistically significant differences in cure rates were
observed between the different dosing regimens. Even
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when considering only RCTs for this subanalysis, the
results remained without statistically significant differ-
ences. These findings suggest that, regardless of the dose
used, tinidazole demonstrated similar efficacy, which may
be relevant for choosing a more convenient treatment regi-
men based on factors such as patient adherence and reduc-
tion of adverse effects.

The follow-up period in the included studies ranged from
1 to 6 weeks, which can be considered relatively short. This
period was sufficient to assess the initial efficacy of the treat-
ments, but a longer follow-up could provide a more in-depth
understanding of the durability of therapeutic effects and the
recurrence rate of bacterial vaginosis. The recurrent nature
of the condition suggests that short-term results may limit
the assessment of the long-term benefits of the treatments.
Therefore, studies with longer follow-up periods would be
important to evaluate the persistence of therapeutic effects
and symptom recurrence, further expanding the understand-
ing of the long-term efficacy of the therapeutic regimens.

Is known, however, that tinidazole is not safe for use dur-
ing pregnancy, and it is essential to understand that its use is
being discussed here in the context of non-pregnant patients.
Regarding adverse events, a metallic taste, gastrointestinal
irritation, abdominal pain, diarrhea, and headache are com-
monly associated with the use of these medications [22-24].
Although frequent, these manifestations are characterized as
mild to moderate in severity, allowing the drug to be consid-
ered safe when administered correctly [25]. Consistent with
this meta-analysis, individual studies do not reveal differ-
ences in the safety profile of adverse events between patients
receiving tinidazole and those receiving metronidazole [7,
10]. Among the analyzed side effects, nausea emerges as
the most common, affecting 16% of the analyzed patients,
followed by the metallic taste, affecting 11% of patients.

This study has several limitations. The daily dosage of
tinidazole varied across the included studies, with regimens
of 500 mg, 1 g, or 2 g, potentially affecting the comparability
of efficacy results. Additionally, the follow-up period was
relatively short, ranging from 1 to 6 weeks, which may limit
the assessment of long-term treatment efficacy and recur-
rence rates. Another significant limitation is the lack of age
restrictions in the included studies, which could contribute
to variability in the results. Different age groups may pre-
sent distinct physiological and hormonal characteristics that
influence both the progression of bacterial vaginosis and the
response to treatment. However, subgroup analyses based on
age could not be performed due to the absence of stratified
data in the included studies. This limitation highlights the
need for future research to address this gap and provide more
comprehensive analyses.

Variations in tinidazole dosage, follow-up duration, and the
lack of age-based stratification were carefully considered dur-
ing the interpretation of the results. Furthermore, sensitivity
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analyses were conducted to ensure the robustness of the find-
ings, minimizing the potential impact of biases introduced by
individual studies [16].

Conclusion

In summary, our results reveal that there is no significant dif-
ference between the groups regarding the cure of bacterial
vaginosis at the first and second follow-up visit and adverse
events such as nausea, bad or metallic taste, headache and diar-
rhea. Considering the similar efficacy and safety of tinidazole
and metronidazole, these findings suggest the potential of
tinidazole as a first-line treatment for bacterial vaginosis. In
this regard, its use should be determined at the discretion of
physicians and patients through shared decision-making based
on individualized considerations of the risks and benefits of
treatment, in addition to drug availability. It is also important
to consider the contraindications for the use of each drug, such
as the non-recommendation of using tinidazole in pregnant
women.
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