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Summary

Background The preconception period is a window of opportunity to influence maternal and pregnancy
outcomes. Inappropriate use of antibiotics results in gut dysbiosis and may affect host reproductive health
through multiple dimensions. Animal studies demonstrate that antibiotic treatment profoundly affects ovarian
functions and the estrous cycle, and it has a direct implication for infertility. Infertility was defined as the
inability to conceive after 12 months of unprotected intercourse. However, whether antibiotic exposure in the
preconception period influences female fertility, miscarriage, and congenital malformation remains obscure and
controversial.

Methods A systematic review and meta-analysis until April 20, 2024, was conducted by searching PubMed, Web of
Science, Scopus, and Science Direct without restrictions to designs and language. The risk of bias was assessed by
two independent reviewers using the Newcastle Ottawa Scale (NOS) and the Risk of Bias 2 (RoB-2) tools. The report
followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Relative
risks (RR), odds ratios (OR), and fecundability ratios (FR) with a 95% confidence interval (CI) were effect size
measures determined with a random effect model. Heterogeneity across included studies was assessed using
IZ, T2, and H2. The review protocol is registered in PROSPERO, CRD42024515680.

Findings Fifteen studies with a total of 1,206,583 participants were included. Preconception exposure to macrolides
reduced the FR by 35% (FR: 0.65, 95% CI: 0.48, 0.88, P < 0.001). Sulfonamide users were also at 2.35 times (OR:2.35,
95% CI: 1.86, 2.97; P < 0.001) more risk of developing infertility. Using beta-lactams other than penicillin G reduced
the odds of infertility by 64% (OR: 0.36, 95% CI: 0.26,0.50; P < 0.001). The possibility of infertility among quinolone
users was 13% lower (OR: 0.87, 95% CI: 0.77, 0.99; P = 0.03) than non-users. Preconception antibiotics exposure
increased the risk of spontaneous miscarriage by 34% (RR: 1.34, 95% CI: 1.16, 1.53; P < 0.001). Moreover,
trimethoprim intake also increased the odds of congenital malformations by 85% (OR:1.85, 95% CI: 1.54, 2.23;
P < 0.001).

Interpretation Preconception antibiotics exposure in females increases the risk of infertility, miscarriage, and
congenital anomalies. Macrolides, sulfonamides, and trimethoprim increase the risk of infertility, spontaneous
miscarriage, and congenital malformation while beta-lactams and quinolones reduce the risk. Clinicians, pregnancy
planners, and health care policymakers should be warranted for pregnancy needs and success. Further clinical and
mechanistic studies are required to illustrate their specific functions and cause effects.
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Research in context

Evidence before this study

Antibiotic exposure disrupts the gut microecology and affects
systemic health issues. Lines of evidence showed antibiotic
use during pregnancy is associated with various negative
consequences, including preterm birth, fetal malformation,
and miscarriage. The preconception period is a window of
opportunity to affect both reproductive and pregnancy health
in women. However, the specific risks of antibiotic exposure in
the preconception period remain under investigation.
Therefore, we searched PubMed, Web of Science, Scopus, and
Science Direct electronic databases until September 2024,
with no language and study design restrictions using
systematically designed searching terms under contexts such
as infertility, preconception antibiotics, miscarriage, and birth
defects. Infertility was defined as the inability to conceive
after 12 months of unprotected intercourse.

Added value of this study

We comprehensively reviewed 15 comparably higher-quality
studies involving more than a million participants.
Preconception exposure to macrolides reduces the
fecundability ratio by 35%. Sulfonamide usage increases the
odds of infertility by more than 2-fold. On the contrary,

Introduction

Preconception care in women before pregnancy
emerges as a crucial time window in determining
maternal and pregnancy health."” Interventions in the
preconception period such as folic acid supplementation
and lifestyle modification substantially improve preg-
nancy outcomes.” Enhancing preconception care,*
including maternal behavioural assessment, vaccina-
tion, genetic and infection screening, and weight man-
agement can effectively reduce neonatal mortality and
increase antenatal care-seeking behaviour.” On the
contrary, exposure to risk factors in preconception, like
smoking, alcohol abuse, and medication use, negatively
impacts reproductive and pregnancy health.

Antibiotic abuse has emerged as a global public
health concern. The antibiotic use rate is about 14.3 per
1000 population per day worldwide,® where about 20%
of adults’ antimicrobial use is self-medication.” In
addition to antibiotic resistance threats, growing studies
demonstrated that inappropriate antibiotic exposure in-
duces gut dysbiosis and is associated with intestinal
barrier disruption, lipid metabolism dysfunction, and
inflammation.*"" Though antibiotic treatments were
accepted during pregnancy for certain clinical

B-lactams and quinolones reduce the risk of infertility by 64%
and 13% respectively. Preconception antibiotics
administration also augments the risk of spontaneous
miscarriage and congenital malformations by 34% and 85%
respectively. Moreover, trimethoprim use was found to be
linked with birth anomalies. Our findings suggest that certain
antibiotics significantly increase the risk of infertility,
miscarriage, and congenital anomalies, highlighting the
importance of cautious antibiotic use in women planning to
conceive.

Implications of all the available evidence

Our study suggests significant reproductive risks posed by
preconception antibiotic exposure for women of reproductive
age. It advocates for integrating antibiotic risk assessments
into preconception care protocols to reduce adverse
reproductive outcomes. Enhanced awareness and education
about the risks of preconception antibiotic use is essential to
promote reproductive health outcomes. Future studies are
needed to uncover the mechanisms of how antibiotics
influence reproductive health and explore potential preventive
and therapeutic interventions to enhance female health.

indications such as maternal group B-streptococcus
colonization and chorioamnionitis infections,' it has
also negative effects on pregnancy outcomes and
offspring health."'* A population-based cohort showed
that antibiotic exposure increases the risk of preterm
birth.”* Use of clindamycin, doxycycline, quinolones,
macrolides, and phenoxymethylpenicillin during preg-
nancy can cause fetal malformations.'® Moreover, ani-
mal studies also suggested that antenatal antibiotic
exposure is associated with various complications
including miscarriage, low birth weight, and allergies in
early and later life.”

However, compared to the known effects of anti-
biotic exposure in pregnancy, the impact of antibiotic
usage in the preconception period is overlooked. The
relative lack of investigations into this issue is primarily
attributed to the unpredictability and unplanned nature
of conception."*' In addition, although antibiotic treat-
ment significantly disrupts human gut and vagina
microbiome homeostasis,** it also exerts beneficial ef-
fects on female reproductive and gestational health in
certain disease scenarios. For instance, antibiotic treat-
ment is routinely prescribed for women with bacterial
vaginosis (BV), which is substantially linked to
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subfertility, miscarriage, and preterm delivery.”” There-
fore, given the existing controversy and inconclusive
evidence,*** we summarized this systematic review
aiming to comprehensively evaluate the association be-
tween preconception antibiotic exposure, including the
differential association of specific antibiotics catalog, and
reproductive outcomes in terms of 1) pregnancy rate,
fecundability, and infertility; 2) spontaneous miscarriage,
and 3) congenital malformation to the fetus.

Methods

Search strategy and eligibility criteria

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis Protocols (PRISMA
2020) checklist.* The protocol was registered in the
International Prospective Register of Systematic Re-
views, PROSPERO, CRD42024515680. The PECO
(Populations, Exposure, Comparator, and Outcomes)
strategy was followed to include all articles that met the
following inclusion criteria. Population-includes female
pregnancy planners, infertile women treated with
invitro-fertilization or embryo transfer, and women with
miscarriage and congenital malformation. The exposure

includes any antibiotics before pregnancy (preconcep-
tion exposure) and the comparators were non-antibiotic
users. The outcomes measured in this review include
fecundability, rate of clinical pregnancy, infertility,
miscarriage, and congenital malformations following
preconception antibiotics exposure. We included all
studies irrespective of the study design, study setting,
and publication language. The main inclusion criteria
consisted of 1) papers that assessed the association of
preconception antibiotics with women’s fertility, spon-
taneous miscarriage, and congenital birth defects; 2)
primary studies; 3) any types of study design; and 4)
published at any time. The exclusion criteria also involve
1) outcomes measured following antibiotics exposure
during pregnancy, 2) review papers, and 3) male infer-
tility (Fig. 1). Four popular electronic databases
(PubMed, Web of Science, Scopus, and Science Direct)
were systematically searched for articles published until
April 20, 2024. Different search terms were used for
each database in seven main contexts (Females, antibi-
otics, preconception, infertility, miscarriage, and
congenital malformation) as detailed in Supplementary
Table S1. Moreover, related reference lists and
Supplementary files were retrieved to obtain further
articles.
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Fig. 1: PRISMA flow diagram of study selection and inclusion.
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Study selection and data extraction

Two independent authors (BKA and LQ) screened each
article eligible for the review and extracted effect-
measuring data using a standardized format that
comprised study ID, first author and year, country,
population, exposure, comparator, outcomes, conclu-
sions made, type of antibiotics (if specified), indication
of antibiotics (if any), sample size and effect size mea-
sures including FR, OR and RR. Ambiguities and con-
flicting issues during screening and data extraction were
solved by discussion involving the 3rd reviewer (YW).

Outcome measures

Outcomes in this systematic review and meta-analysis
include infertility, pregnancy rate, fecundability rate,
miscarriage, and congenital malformation, which were
measured by FR, OR, and RR. These effect measures
were from different studies with different designs such
as case controls, cohorts, and controlled trials. More-
over, outcomes were measured from varied population
including women who were under follow-up for infer-
tility treatment, health women, and women with un-
known health status from the general population.
Fecundability is the likelihood of conception in a men-
strual cycle/one month.” The FR was measured as the
average per-cycle probability of conception comparing
antibiotic users with nonusers. Thus, an FR < 1 in-
dicates reduced fecundability for exposed participants.®
The risk or odds of infertility, miscarriage, and
congenital birth defects with a 95% CI were also re-
ported by included studies and we considered all of
them as outcome measures. Infertility was defined as
the inability to conceive after 12 months of unprotected
intercourse.” Each study reported a different antibiotic
type. Some reported specific antibiotics while others
reported chemical-based classes of antibiotics. There-
fore, in this meta-analysis, each antibiotics were cate-
gorized into chemical classes like macrolides,
quinolones, and sulfonamides. In case of no suitable
class for categorization, antibiotics were categorized as
“others”. Moreover, some papers reported just “antibi-
otics” which is not specified, and we used it as it is by
considering it “non-specified”.

Statistical analysis

Stata 17 software (StataCorp LLC, TX, USA) was used
for analysis and a random-effects model was fitted for all
summary measures. Since multiple antibiotic effects
were reported,*’"** we extracted the effect measure for
each antibiotic reported separately and combined based
on their drug class. Classes include macrolides, beta-
lactams, sulfonamides, quinolones, and tetracyclines.
Therefore, antibiotics from a single study were pooled in
the meta-analysis based on their functional class. Some
papers also reported “antibiotics” without specifying the
type of antibiotics. In this case, we combined them and
reported the pooled association of antibiotics and

outcomes specified. In general, the reports here are
presented with themes including the association of
preconception antibiotics with A) infertility; B) miscar-
riage; and C) congenital malformation. The overall
pooled results and the effect of each study were
observed using forest plots. It was very imperative to
conduct a subgroup analysis by study design, region of
the study, population type (healthy and infertile), dura-
tion of preconception antibiotic exposure, and dosage.
However, we did not perform it because of limited
number of studies needed (n > 2) for meta-analysis. The
I? (proportion of total variance between studies), T* (a
between-study variance), and H? (communal variance)
test statistics were used to assess the heterogeneity
across studies while a P-value less than 0.05 to declare
statistical significance. Publication bias was assessed
using the asymmetry of funnel plots and Egger’s test.
Sensitivity analyses were done to assess the effect of
outlier studies that had an impact on the overall result
estimation.

Quality assessment

The methodological quality of the included studies was
assessed by two authors (BKA and YW) independently
using the NOS for cohort and case—control studies.”
The RoB-2 tool was used to assess the included ran-
domized controlled trials using the five domains.*® Po-
tential confounders for consistency of assessment were
discussed before assessment and result differences in
each domain of ROB-2 were managed with discussion.
The majority of cohort and case—control studies had
good quality in the assessment of risk of bias. Only two
studies were judged as “fair quality”.””*' Of the RCTs
included in this review, only one of the three RCTs was
with a high risk of bias* (Supplementary Table S2).
Certainty of evidence was assessed using the Grading of
Recommendations, Assessment, Development, and
Evaluations (GRADE). About 40% (n = 6) of included
studies had high certainty while 60% (n = 9) were with
moderate certainty (Table 1 and Supplementary
Table S3).

Ethics statement

This study is a systematic review and meta-analysis of
publicly available data, and therefore, neither consent
form nor ethics approval was required.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

In this systematic review and meta-analysis, we identi-
fied a total of 5990 articles. After 1201 duplicate records
were confiscated, we screened 4789 articles. In the final
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Author Year Country Study Population Exposure, dose, and duration Timing of Indications/ Comparator Outcomes Certainty
design antibiotics Exposi ng
factor
Pregnancy
Harrison e t al UK RCT Women with primary ~ Doxycycline 100 mg. per day for twenty- eight days 1 year Primary infertility  Placebo and no Conception Moderate
197574 infertility anatomical factors treatment rate
excluded
Schaumburg,  Denmark Cohort Female pharmacy Occupational antibiotics exposure 1 year Occupation Same occupation Pregnancy High
1989* assistants (not specified type and dose) (worked in with different rate
antibiotics station) workstation
Grodstein USA Case- control  Women who attended  Antibiotics (not specified type, used it for 6 months) 6 months  NR Not used any Clinical High
et al., 1992 infertility clinics and antibiotics pregnancy
pregnant women rate
Peikrishvili France RCT Women for the IVF Amoxicillin (1 g) + Clavulanic acid (125 mg) for 6 days 6 days IVF No antibiotics Implantation ~ Moderate
et al,, 2004>° from rate
ovum
pickup
Brook et al., UK RCT Patients for IVF Co-amoxiclav 750 mg for two different days Before NR Not used any Clinical Moderate
2006 embryo antibiotics pregnancy
transfer rate and live
birth
Cicinelli et al., Italy Retrospective ~ Women with Antibiotics (dose and type not specified) f 1 year Chronic Not used any Successful Moderate
2018%° study unexplained infertility ~ or a maximum of 3 cycles of menstruation endometriosis antibiotics pregnancy
Eskew et al,  USA Prospective Subfertile women Single dose prophylactic azithromycin Prior to IVF No azithromycin FR Moderate
2020% exploratory IVF
study
Crowe et al,  USA/Cana  Cohort Female pregnancy Penicillins, macrolides, nitrofurantoin, nitroimidazole, 4 weeks Infection Not used any Pregnancy Moderate
2021° da planners cephalosporins, sulfonamides, quinolones, tetracyclines or antibiotics status
lincosamides (with not specified doses and duration)
Shao 2023°°  China Case- control  Women with and Sulfonamides, tetracyclines, quinoxalines, and veterinary 1 year NR Not used any Prolonged Moderate
without infertility antibiotics (with not specified doses and duration) antibiotics infertility
Mikkelsen Denmark Prospective Healthy females Penicillins, sulfonamides, or macrolides (any dose by 1 year NR Not used any FR High
et al., 2023” cohort prescription, not specified duration) antibiotics
Duan et al., China Prospective Patients with infertility ~Antibiotics type dose and duration not specified. Before Women treated Women with no Clinical High
2023% cohort study  underwent IVF However, rather levels measured in urine embryo with antibiotics antibiotic treatment  pregnancy
transfer for endometriosis  and endometriosis
Spontaneous
miscarriage
Peikrishvili France RCT Women for the IVF Amoxicillin (1 g) + Clavulanic acid (125 mg) for 6 days 6 days IVF No antibiotics Pregnancy Moderate
et al,, 2004*° from loss rate
ovum
pickup
Crowe et al.,  USA/ Cohort study  Female pregnancy Penicillin, nitrofurantoin, cephalosporins, and macrolides 1 year NR No antibiotic use SAB Moderate
2022° Canada planners (with not specified doses and duration)
Duan et al. China Prospective Patients with infertility ~Antibiotics type dose and duration not specified. However,  Prior to Endometriosis No endometriosis SAB High
2023% cohort study  underwent IVF/ICSI rather levels measured from urine embryo cured
transfer
Gelder et al. ~ Netherlands Cohort study  Females trying to Antibiotics type dose and duration not specified. 4 weeks Not specified No antibiotic use SAB Moderate
2023°° conceive

(Table 1 continues on next page)
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Certainty

Outcomes

Comparator

Indications/

antibiotics Exposi ng

Timing of

Exposure, dose, and duration

Population

Study

Country

Author Year

design

factor

(Continued from previous page)

A. Congenital
malformation:

High

Congenital

No- trimethoprim

Not specified

12 weeks

Denmark Cohort study  Reproductive age Any dose of trimethoprim prescribed 12 weeks
women before conception

Andersen, T)

malformation

et al., 2013
Sun Y et al.,
20147’

Moderate

Congenital

Not used in 1-3
months pre-
pregnancy

Not specified

3 months

Babies of women in the Any dose of trimethoprim prescribed 1-3 months

case- time
control

Denmark

malformation

before pregnancy

cohort

UK: United Kingdom; RCT: Randomized Controlled Trial; mg: milligram; USA: United States of America; NR: Not reported; FR: Fecundability Ratio; IVF/ICSI: In Vitro Fertilization/Intracytoplasmic Sperm Injection.

Table 1: Characteristics of included studies in the systematic review and meta-analysis.

screening, approximately 35 articles were screened by
reviewing the full texts. After full paper screening
about 20 were excluded by eligibility criteria, and 15
articles were included in the qualitative synthesis of
which 11 were in the meta-analysis (Fig. 1).

Study characteristics and risk of bias assessment
In the 15 included articles,®****=** a total of
1,206,583 women were involved in measuring the as-
sociation of preconception antibiotics exposure with
the risk of infertility, miscarriage, and fetal congenital
abnormalities. We searched for papers published from
inception to September 2024, and we found studies
published between 1975 and 2023. The majority of the
included studies were from Europe (n = 9) (four from
Denmark, two from the United Kingdom, and three
from Italy, France, and the Netherlands (one from
each)), the United States/Canada (n = 4), and China
(n = 2). Different antibiotics and classes of drugs such
as amoxicillin, clavulanic acid, penicillins, nitro-
furantoin, cephalosporins, macrolides, nitroimidazole,
quinolones, tetracyclines, sulfonamides, lincosamides,
sulfamethoxazole, sulfaclozine, sulfamonomethoxine,
chlortetracycline, ofloxacin, norfloxacin, cyadox, sulfa-
methazine, azithromycin, cefaclor, oxytetracycline,
pefloxacin, sarafloxacin, enrofloxacin, and florfenicol
had been investigated in the included studies
(Table 1).

We summarized the association of preconception
antibiotic exposure with the risk of infertility, sponta-
neous miscarriage, and any of the major congenital
malformations. The risk of infertility was evaluated by
rate of clinical pregnancy, implantation, fecundability,
and odds of infertility (Table 2).

Association of infertility with preconception
antibiotics exposure

The FR is an average per-cycle probability of
conception comparing antibiotic users with non-
users. Thus, an FR < 1 indicates reduced fertility for
exposed participants. For the sake of different classes
of antibiotics, we have conducted a meta-analysis for
the association of macrolides, beta-lactams, sulfon-
amides, and other antibiotics with fecundability.
Macrolide exposure in the preconception period de-
lays the probability of getting pregnant by 35% (FR
0.65, 95% CI (0.48, 0.88)) (n = 2). However, evidence
showed no significant association between fecund-
ability and taking beta-lactams (FR 1.02, 95% CI
(0.92, 1.13)) (n = 2); and sulfonamides (FR 0.96, 95%
CI (0.48, 1.94)) (n = 2). Pre-pregnancy antibiotics
exposure had no significant association with clinical
pregnancy rates (RR 0.92, 95% CI (0.76, 1.11)) (Fig. 2
A-E). Though there was considerable heterogeneity
in sulfonamides, we couldn’t perform sensitivity
analysis due to the limited number of studies
included.
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Author Year N in N non- FR/OR/RR/P  95% CI/IQR Conclusion
exposed/case exposed/control
A. Pregnancy
Harrison et al., 30 58 P (16%, 14% NR No significant benefit in increasing the conception rate
1975%* and 16%)
Schaumburg, 597 3833 OR134To 10,18 A slightly increased risk of prolonged time to pregnancy
19893° Delay
Grodstein 593 3833 RR 1 0.7, 1.4 No significant effect to prolong time to pregnancy
et al,, 1992%
Peikrishvili 130 145 P (36.9% and NA Implantation rate per transfer was similar in the two groups
et al, 2004% 36.5%)
Brook et al., 178 172 RR 1.01 0.81, 1.24 Has no impact on clinical pregnancy rates
2006°
Cicinelli et al., 53 42 OR 14.48 4.50, 46.55 Showed higher pregnancy rate and live birth rate
2018*
Eskew et al., 12 14 Median IQR (18, 48)  Failure to achieve clinical pregnancy in the azithromycin group
20207 time to and (8, 32)
conception
(25 and 18)
Crowe et al., 1432 8092 FR 0.98 0.89, 1.07 No significant difference between the two groups in
2021° terms of reduced fecundability
Shao 2023%° 302 302 OR 1.29 0.78, 2.15 Has no significant association with fecundability
Mikkelsen 1130 8332 FR 0.86 0.76,0.99 Antibiotics were associated with decreased fecundability compared
et al,, 2023”" with no-users
Duan et al., 338 7962 OR 0.83 0.66, 1.03 No statistical difference in the occurrence of clinical pregnancy
2023%
B. Spontaneous miscarriage
Peikrishvili 130 145 P (33.3% NA (P- Antibiotic prescription for IVF cases didn't cause significant
et al,, 2004°>° and 20.8%)  value = 0.15)  pregnancy loss
Crowe et al., 1537 6353 HR 1.06 0.88, 1.28 Not appreciably associated with SAB
2022°
Duan et al., 338 7962 OR: 1.49 1.01, 2.19 Antibiotics increase the risk of SAB
2023%
Gelder et al., 585 7305 RR 1.34 1.11, 1.79 Preconception antibiotics exposure increases the risk of SAB
2023%
C. Birth defects
Andersen, T) 402 520,865 OR 2.01 1.45, 2.78 Exposure to trimethoprim during the 12 weeks before conception
et al,, 2013*° increased the risk of heart and limb defects
Sun Y et al, NR NR 1.66 110, 2.53 Trimethoprim is a potential teratogen when used 3 months before
2014°" pregnancy
N: Sample size in the study; OR: Odds ratio; RR: Relative risk; FR: Fecundability ratio; p: Proportion; Cl: Confidence interval; IQR: Interquartile range; NR: Not reported; NA:
Not applicable; HR: Hazard ratio; IVF: In vitro fertilization, SAB: Spontaneous abortion; RCT: Randomized controlled trial.
Table 2: Association of preconception antibiotics with pregnancy, miscarriage, and birth defects in the included studies.

The odds of infertility were also evaluated among
women exposed to beta-lactams, quinolones, sulfon-
amides, tetracyclines, and others in the preconception
period. The odds of infertility among beta-lactam users
were evaluated by combining three antibiotics with
similar outcome measures and showed no significant
association (OR: 0.62, 95% CI (0.22, 1.73)) (Table 3).
Since there was substantial heterogeneity between
included studies, egger’s test was done and showed no
publication bias. Since the pooled data was from a single
study, doing sensitivity analysis was found inappro-
priate. However, when we visually inspected the values
in Table 3, Penicillin G seemed asymmetrically outlier,
and we excluded it from the analysis and reperformed
the final analysis which flashed a significant association

www.thelancet.com Vol 78 December, 2024

between beta-lactam exposure and fertility (OR 0.36,
95% CI (0.26, 0.50)). Moreover, the use of quinolone
also reduced the odds of infertility by 13% (OR 0.87,
95% CI (0.77, 0.99)). Since it showed a considerable
heterogeneity (I? = 94.88%) (Table 3), Egger’s test
(P =0.042) that highlighted a significant publication bias
was computed. However, outlier study identification
using sensitivity analysis was not conducted due to the
limited number of studies in each analysis. Though the
reports on sulfonamides were from a single study by
Shao et al., 2023, the overall pooled effect size of three
different antibiotics showed that preconception sulfon-
amide exposure increased the odds of infertility by 2.35
times more than those who have no such exposure (OR
2.35,95% CI (1.86, 2.97)). Under the group tetracycline,
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Study and antibiotics N (Cases/Controls) FRwith 95% CI
T

Crowe et al 2021 macrolides 1432/8092 : B 0.70[0.47, 1.04]
1

Mikkelsen et al 2023 Macrolide ~ 1130/8332 L] 0.59[0.37, 0.93]

Overall

Heterogeneity: 1° = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6, = 8;: Q(1) = 0.30, p = 0.58

Testof 6 =0:z=-2.80, p=0.01

——mll— | 0.65[0.48, 0.88]

Random-effects REML model 0.5 1
Study and antibiotics N (Cases/Controls) FRwith 95% Cl
Crowe et al 2021 Penicillins 1432/8092 —— 1.09[0.93, 1.27]
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Fig. 2: The ratio of the average per-cycle probability of conception (fecundability) among women who took A) Macrolides, B) Betalactams,
C) Sulfonamides, and D) Other antibiotics in the preconception period; and E) the association of preconception antibiotics with clinical

pregnancy rate.
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Study and Antibiotics Class FR a Pooled effect size P-value 12, T2, H2

Crowe et al., 2021 lincosamides Lincosamides 1.58 0.96,2.60 0.94 (0.77, 1.14) 0.520 10.48%, 0.01, 1.12
Crowe et al., 2021 Nitrofurantoin nitrofuran 0.83 0.60,1.13

Crowe et al.,, 2021 Nitroimidazole Nitroimidazole 0.9 0.60,1.34

Crowe et al., 2021 Quinolones Quinolone 0.82 0.52,1.30

Crowe et al., 2021 Tetracyclines Tetracyclines 0.9 0.55,1.48

B. The odds of female infertility among different classes of antibiotics

Study and antibiotics Class OR (d] Pooled effect size P-value 12, T2, H2

Shao 2023 Penicillin G Betalactams 171 132,221 0.62 (0.22, 1.73) 0.360 95.17%, 0.79, 20.70
Shao 2023 Cefaclor 0.36 0.23, 0.56

Shao 2023 Amoxicillin 0.36 0.22, 0.60

Shao 2023 Cefaclor 0.36 0.23, 0.56 0.36 (0.26, 0.50) <0.001 0.00%, 0.00, 1.00
Shao 2023 Amoxicillin 0.36 0.22, 0.60

Shao 2023 Ofloxacin Quinolones 135 1.1, 1.66 0.87 (0.77, 0.99) 0.030 94.88%, —, 19.53
Shao 2023 Norfloxacin 13 1.02, 1.66

Shao 2023 Pefloxacin 0.5 0.36,0.70

Shao 2023 Sarafloxacin 0.49 0.33, 0.75

Shao 2023 Enrofloxacin 033 0.24, 0.47

Shao 2023 Sulfamethoxazole Sulfonamide 1.88 1.21, 2.92 2.35 (1.86, 2.97) <0.001 0.00%, 0.00, 1.00
Shao 2023 Sulfaclozine 236 1.64,3.40

Shao 2023 Sulfamonomethoxine 2.86 1.87, 4.37

Shao 2023 Chlorotetracycline TTC 6.34 3.54, 11.37 1.95 (0.39, 9.76) 0.420 94.92%, 1.28, 19.68
Shao 2023 Oxytetracycline 0.62 0.40, 0.95

Shao 2023 Lorfenicol Others 0.59 0.41,0.86 1.06 (0.68, 1.65) 0.790 88.75%, 0.22, 8.89
Schaumburg, 1989 134 1.0, 1.8

Shao 2023 non specified 1.29 0.78, 2.15

Shao 2023 Azithromycin 0.7 0.57, 0.87

Shao 2023 Cyadox 2.01 1.35, 3.00

FR: Fecundability ratio, Cl: Confidence interval, 12, T2, H2: heterogeneity measures, OR: Odds ratio, TTC: Tetracycline.
Table 3: The association of preconception antibiotics exposure with A. Fecundability ratio.

chlortetracycline usage was reported to increase the risk
of infertility. On the contrary, oxytetracycline was re-
ported as protective. The overall risk of infertility due to
tetracycline was also elevated. However, the pooled odds
of infertility due to tetracyclines in the current study
were not statistically significant (OR 1.95, 95% CI (0.39,
9.76)). Due to the limited number of studies (n = 2)
included in this analysis, we didn’t perform tests of the
between-study heterogeneity including sensitivity anal-
ysis. Antibiotics that did not suit to be classified under
the abovementioned categories and a report which did
not specify the type were pooled and reported as
‘others’. They exhibited no significant difference (OR
1.06, 95% CI (0.68, 1.65)) (Table 3).

The association of preconception antibiotics
exposure with miscarriage and congenital
malformations

Maternal antibiotic exposure during pregnancy and
prenatal is associated with negative outcomes, like pre-
term birth, miscarriage, birth defects, and long-term
child health problems.”** Therefore, in this meta-
analysis, besides the association of preconception anti-
biotics with fertility delay, we investigated its

www.thelancet.com Vol 78 December, 2024

relationship with miscarriage and congenital anomalies
even after successful conception. It significantly in-
creases the risk of spontaneous miscarriage by 34% (RR
1.34, 95% CI (1.16, 1.53)). Similarly, the odds of
congenital malformation among trimethoprim users in
the preconception period was 85% higher than non-
users (OR 1.85, 95% CI (1.54, 2.23)) (Fig. 3 A and B).

Discussion

Antibiotics are commonly applied in reproductive-age
women for various indications such as urinary tract
and sexually transmitted infections. Additionally,
women may have the chance to be exposed to antibiotics
in workplaces (e.g., hospitals and pharmaceutical fac-
tories), environmental pollution (like resident antibiotics
in meat), and self-medication from private pharmacies.
In this meta-analysis, by extracting data from fifteen
studies that included over 1,200,000 subjects, we
demonstrated antibiotic exposure in women at the pre-
conception stage increased the risk of infertility, delayed
fecundability, spontaneous miscarriage, and congenital
malformation. Moreover, we further delineated the dif-
ferential clinical impacts of specific antibiotics, which
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RR with 95% ClI

A

Study and Antibiotics N (Cases/Controls)
Duan et al. 2023 1432/8092
Gelder et al 2023 1130/8332

Overall

Heterogeneity: T° = 0.00, I = 0.00%, H* = 1.00
Test of 8 = 6;: Q(1) = 0.03, p = 0.86

Testof 6 = 0: z=4.08, p <0.001

1.28[0.47, 3.44]
1.34[ 1.1, 1.79]

1.34[1.16, 1.53]

Random-effects REML model

34 35

OR with 95% CI

B

Study and Antibiotics N (Cases/Controls)
Andersen, TJ et al, 2013 Trimethoprim 1432/8092
SunY et al, 2014 Trimethoprim 1130/8332

Overall

Heterogeneity: T° = 0.02, I° = 82.22%, H’ = 5.62
Test of 8 = 6;: Q(1) = 5.62, p = 0.02

Testof 6 = 0: z =6.54, p < 0.001

2.01[1.94, 2.08]
1.66 [ 1.42, 1.94]

1.85[ 1.54, 2.23]

Random-effects REML model

1.3 2

Fig. 3: The relationship between preconception antibiotic exposure and A) Spontaneous miscarriage, and B) Congenital malformations.

may facilitate the precision of clinical prescription
practice. Our findings appeal to the critical need for
careful consideration of antibiotic use in women of
reproductive age to safeguard reproductive health and
mitigate potential adverse events in pregnancy.

We first identified that exposure to macrolides and
sulfonamides in the preconception phase negatively im-
pacts female fertility. Despite current evidence remaining
obscure to elucidate its effects, antibiotics may influent the
women’s reproductive function through multiple mecha-
nisms. First, macrolide and sulfonamides have been
shown with anti-inflammation effects,** which could
impair the essential inflammatory process during embryo
implantation.” Another putative pathway is that antibi-
otics distribute gut microbiome equilibrium thereby
affecting female reproductive health. Furthermore, gut
microbiome has emerged as a cornerstone in orches-
trating the host’s systemic health.” Lines of evidence
showed that antibiotic exposure is a potent modulator
reshaping gut microbiome composition, reducing micro-
bial diversity, and causing gut dysbiosis.”* Acute broad-
spectrum antibiotic treatment leads to a 25% reduction
of microbial diversity and deleting over 40% of core bac-
terial taxa.”! Interestingly, women with unexplained
infertility were associated with downregulated gastroin-
testinal tight junction and decreased bacterial richness.”

In addition, there are group of enteric bacteria called
estrobolome with the estrogen metabolization capacity,’***
a vital hormone governing reproductive function.” For
instance, some lactic acid bacteria synchronize estrogen
and progesterone to improve ovarian function and prevent
polycystic ovarian syndrome.” Antibiotic-triggered gut
dysbiosis may result in estrobolome dysfunction which in
turn causes estrogen-dependent disorders.”” Importantly,
gut microbiota can directly implicate estrogenic meta-
bolism and gestational-related hormone biosynthesis such
as progesterone and progestins.”** Therefore, antibiotics-
induced gut dysbiosis possibly disrupts endocrine
haemostasis and fertility. Conversely, some beta-lactams
and quinolones were found to be associated with a
reduced risk of infertility. Such distinct effects of differ-
ential antibiotics on female reproduction require further
discussion.

Furthermore, our result suggested preconception
antibiotics (non-specified) exposure leads to a 34%
higher risk of miscarriage in pregnancy. In agreement
with our findings, lower microbial diversity was associ-
ated with the onset of spontaneous abortion in
humans.* Another meta-analysis of antibiotics exposure
during pregnancy reported that macrolides, quinolones,
and tetracyclines during pregnancy are strongly associ-
ated with spontaneous miscarriage.’ Furthermore, a
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register-based nationwide cohort also exhibited that
clarithromycin use in early pregnancy increases the risk
of miscarriage.” Lathakumari et al. also revealed that the
risk of miscarriage among macrolide users was higher.*
Several pathways shore up the linkage between anti-
biotic usage and pregnancy outcomes. First, gut
microbiome orchestrates the immune response and
immunological tolerance at the maternal-fetal inter-
face.® The microbial dysfunction increases the perme-
ability of the lumen to lipopolysaccharides (LPS), which
are endotoxins that induce inflammation and possibly
lead to miscarriage.**® Antibiotics administered in
pregnant mice disturb the immune response as evi-
denced by increased Th1 cells and decreased Th2 cells,
thereby influencing the placental weight and leading to
adverse pregnancy outcomes.® Moreover, gut micro-
biome disruption in mothers also triggers the depletion
of regulatory T cells, B cells, and follicular regulatory T
cells, and alters transforming growth factor-p and
interleukin-10 production,**” which may also contribute
to pregnancy complications.

We also found that preconception antibiotics, particu-
larly taking trimethoprim increase the risk of either of the
commonest gross congenital anomalies.”“%% Precon-
ception antibiotic exposure may also influence fetal
structural and functional development through mediating
microbiome-derived metabolites. For instance, Short-
chain fatty acids (SCFA), folate, and trimethylamine N-
oxide (TMAO) are typical gut microbiome-generated me-
tabolites,”””> which engage in fetal development. SCFA
participates in mitochondrial energy metabolism to
mediate fetal growth.”” TMAO impairs embryonic quality
and influences fetal cardiovascular congenital abnormal-
ities.’”*”” Additionally, folate is an essential reagent
contributing to embryonic development.”” A low folate
condition during early pregnancy is associated with lipo-
metabolic disturbance and causes neural tube defects in
the fetus as compared to those with normal folate levels.*
Interestingly, accumulating evidence has proven that the
administration of antibiotics remarkably reduced TMAO,
SCFA, and folate levels in human circulation.” Collec-
tively, preconception antibiotic exposure increases the risk
of congenital malformation possibly by disrupting the gut
microbiome-produced metabolites during organogenesis
and development.

This study possesses several noteworthy strengths.
Foremost, it provides evidence that preconception anti-
biotic exposure in females is associated with an
increased risk of infertility, spontaneous miscarriage,
and birth defects in a large population. We employed a
comprehensive search strategy, study selection, data
extraction, and risk of bias assessment using a standard
tool by two independent reviewers. The majority study
included in our meta-analysis with high-quality designs.
Moreover, our study encompasses data from over one
million participants, enhancing the statistical robust-
ness and generalizability of our findings. Overall, our
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findings illuminates the potential risk of preconception
antibiotics on female reproductive health and prompts
imperative attention from researchers, clinicians, preg-
nancy planners, and women of reproductive age
regarding antibiotic treatment before conception. This
study underscores the critical need to prioritize the
preconception period in both research and clinical
practice. The particular clinical implication of this paper
is to embark on the importance of giving due attention
to the preconception period to avoid the unforeseen
effect of antibiotic exposure associated with reproductive
and pregnancy outcomes. Clinicians can better guide
patients in their family planning stages, potentially
adjusting or timing antibiotic use to minimize risks.
Moreover, this information is crucial not only for spe-
cialists in reproductive health but also for general
practitioners who often prescribe these medications
with less attention to the preconception phase. For
clinical implications, though the message to reduce
unnecessary antibiotic use is indeed not new, our study
provides a targeted emphasis on the preconception
period, which has been less studied in comparison to
antibiotic use during pregnancy.

Despite these strengths, a considerable number of
limitations are acknowledged. First, a limited number of
included studies and pooling data from the same study
across different antibiotic categories present major
drawbacks. The insufficient number of studies in each
meta-analysis precluded performance asymmetry tests
for publication bias assessment. Furthermore, essential
details concerning antibiotics exposure, such as dosage
regimen, treatment frequency, pharmacokinetics con-
centration during the conception period, and the exact
timing of fertilization were not addressed in this paper.
Moreover, considering the lack of existing literature on
this subject, we incorporated findings from animal
studies to support our discussions. Additionally, we
admitted that our study is unable to fully mitigate con-
founding factors like underlying infection status, which
is intrinsically associated with negative reproductive
health. Consequently, the findings should be carefully
confined to a certain clinical context. The application of
antibiotic therapy warrants nuanced consideration and
further discussion based on specific clinical scenarios
and needs. In some of the included studies, simulta-
neous multiple antibiotics exposure could happen.
However, the data to show the extent of overlap of
antibiotic use was limited in each included study to
present in this meta-analysis. Lastly, there is an urgent
need for more clinical studies to evaluate causality and
to elucidate the underlying biological mechanisms by
which preconception antibiotic exposure impacts female
reproductive and pregnancy outcomes.

In conclusion, our results indicate critical insights
into the potential adverse effects of antibiotic exposure
on female reproductive health and pregnancy. Precon-
ception antibiotic utilization, particularly for macrolides,
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sulfonamides, and trimethoprim, is linked with
increased reproductive risks such as infertility, delayed
fecundability, miscarriage, and congenital birth defects.
On the other hand, using beta-lactams and quinolones
is associated with reduced infertility. Pregnancy
planners, preconception care providers, and all
reproductive-age women shall carefully consider the risk
of antibiotics treatment prior to conception. Of note, it is
also essential to focus on the different effects of specific
antibiotic perceptions, e.g., drug type, dosage, and
timing, which are vital for developing evidence-based
guidelines to inform clinical practice and optimize
reproductive outcomes. Importantly, there is an urgent
need to develop novel therapeutical strategies (e.g.,
probiotic supplementation) or alternative antimicrobial
approaches to ensure the well-being of women. Future
well-designed studies are essential to elucidate the
causal relationship between preconception antibiotic
exposure and women'’s reproductive health and further
reveal underlying molecular mechanisms.
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