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Objectives: To assess the impact of gestational antibiotics on the risk of preterm birth, since a healthy maternal
microbiome may be protective.

Methods: Population-based cohort study including all first pregnancies in Sweden (2006-16). The association
between gestational and recent pre-conception systemic antibiotics and preterm birth was assessed by multi-
variable logistic regression presented as ORs and 95% CIs, adjusted for comorbidities (hypo- and hyperthyroid-
ism, hypertension, or diabetes mellitus pre-gestation), trimester, antibiotic class and treatment duration.

Results: Compared with non-users, antibiotic exposure was associated with increased risks of preterm birth
in mothers with comorbidities (OR=1.32, 95% CI 1.18-1.48) and without (OR=1.09, 95% CI 1.06-1.13). Pre-
conception use showed no association, while risk was increased for first and second trimester use and
decreased for third trimester use. The increased risks were seen for the following antibiotic groups in mothers
without and with comorbidities, respectively: macrolides, lincosamides and streptogramins (OR=1.63, 95%
CI 1.45-1.83; OR= 2.48, 95% (I 1.72-3.56); quinolones (OR=1.60, 95% CI 1.32-1.94; OR=2.11, 95% (I
1.12-4.03); non-penicillin B-lactams (OR=1.15, 95% CI 1.07-1.24; OR=1.39, 95% CI 1.07-1.83); other antibac-
terials (OR=1.09,95% CI 1.03-1.14; 1.38,95% CI 1.16-1.63); and penicillins (OR=1.04, 95% CI 1.01-1.08; 1.23,
95% CI 1.09-1.40). Antibiotic indications were not available, which could also affect preterm birth.

Conclusions: Antibiotic use during pregnancy was associated with an increased risk of preterm birth, especially

in mothers with chronic diseases.

Introduction

Preterm birth is a major global health issue with an increasing
prevalence.’ Every year, an estimated 15 million babies are
born prematurely with many of these children facing long-term
health problems."? In fact, it is the second leading cause of fatal-
ity for children under 5 years old worldwide.? Preterm birth occurs
spontaneously in up to 75%, or is induced.>* Although the causes
have been intensively investigated, they remain unclear for most
cases.® Established predictors include history of preterm birth,
twin pregnancies, known maternal anatomical or medical pro-
blems (short cervical length and a raised cervical-vaginal foetal
fibronectin concentration),* symptomatic infections and other

immunologically mediated processes.” In addition, a growing
amount of evidence suggests that dysbiosis, an ‘abnormal’ gut
ond/05r7voginol microbiome, may be associated with preterm
birth.>”

One of the common causes of dysbiosis is the exposure to dif-
ferent drugs, including antibiotics.®° Therefore, as many studies
have shown a link between antibiotic exposure during the gesta-
tional period and elevated risk of pregnancy complications (e.g.
organ-specific malformations, prolonged pregnancy, sponta-
neous abortion), more efforts are needed to understand the
role of the microbiome and its modulators in these patholo-
gies.'®*? This is of particular interest since, clinically, antibiotics
have also been administered with the aim to reduce the risk of
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preterm birth both for symptomatic and asymptomatic infec-
tions such as bacterial vaginosis.**™*°

The aim of this study was to investigate the association be-
tween the timing and duration of use of antibiotics, in general
and by antibiotic type, during pregnancy and the risk of preterm
birth in a large nationwide and population-based cohort in
Sweden.

Materials and methods

We performed a retrospective cohort study based on prospectively col-
lected registry data, as described earlier.’® The data were extracted
from several Swedish nationwide health databases, including The
Swedish Medical Birth Registry (established in 1973),)” The Swedish
Prescribed Drug Registry (established July 2005)'® and The Swedish
Patient Register (full nationwide coverage since 1987).1° These high-
quality registries cover the entire Swedish population, and are linked
together by a unique personal identity number. This study included all
women with complete records on prescribed drug exposure during
pregnancy and the 3 months before conception. Because previous pre-
term birth is an established risk factor for consequent preterm deliveries,
only first liveborn singleton births in Sweden from July 2006 to December
2016 were taken into consideration to have a more homogenous popu-
lation. An additional analysis including all births was performed to assess
the robustness of our findings and to establish whether the impact of
antibiotics on preterm birth differed between the first and following
pregnancies, incorporating history of preterm birth and birth order of
the current pregnancy. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the Regional Ethics
Committee in Stockholm (2017/2423-31). Informed consent was not re-
quired because of the registry-based nature of the data.

Outcome

Preterm birth was defined as liveborn babies with a gestational length of
less than 37 completed weeks [as dated at ultrasound, from embryo
transfer or last menstrual period (LMP)]. This includes both spontaneous
and induced preterm birth. The start day of the LMP was calculated by
subtracting gestational age from the day of birth (as the birth date was
given in year/month format due to privacy regulations, the day of birth
was set as the 15th in all the observations).®

Study exposure

Systemic antibiotic use is defined based on the Anatomical Therapeutic
Chemical (ATC) classification system of the WHO.?° Antibacterials for sys-
temic use (JO1) consisting of 11 classes were studied, including: tetracy-
clines (JO1A), amphenicols (JO1B), B-lactam antibacterials, penicillins
(JO1C), other B-lactam antibacterials (JO1D), sulphonamides and tri-
methoprim (JO1E), macrolides, lincosamides and streptogramins (JO1F),
aminoglycoside antibacterials (JO1G), quinolone antibacterials (JO1M),
combinations of antibacterials (JO1R) and other antibacterials including
among others imidazole derivates and nitrofurans (JO1X). Note that as
JO1X also includes imidazole derivates, nitroimidazole derivates (PO1AB)
were included in the same category, and that indications of use are not
recorded in the Prescribed Drug Registry.

Exposure to investigated antibiotics was defined as at least one pre-
scription to the pregnant woman between conception and delivery. The
utilization units for drugs were number of prescriptions and estimated
duration of treatment, based on the number of defined daily doses
(DDDs) in dispensed packages given that one DDD corresponds to 1 day
of treatment for the standard indication in adults.?®

To assess dosage and duration of each class of antibiotics, we as-
sessed the sum of all prescriptions and the estimated number of days

exposed during the entire pregnancy based on the prescribed DDD per
package. Sub-analyses were conducted on antibiotic use during each tri-
mester of the pregnancy. The first trimester was defined as from LMP to
97 days of gestation, the second trimester 98-202 days and the third tri-
mester 203 days until delivery. In addition, to investigate long-term ef-
fect, exposure to maternal antibiotics during 3 months pre-conception
was also be examined. Individuals using antibiotics during multiple
time periods (trimesters and preconception) were excluded from these
analyses.

Covariates

Other covariates considered in the analysis included maternal character-
istics [maternal age at childbirth, maternal BMI at early pregnancy
(before 12 weeks), mother’s country of birth], lifestyle factors (tobacco
consumption at any time during pregnancy, including smoking and snuff
or smokeless tobacco), common pre-pregnancy maternal chronic co-
morbidities (hypo- and hyperthyroidism, hypertension, or diabetes
mellitus) and birth history (history of stillbirth or miscarriage) as retrieved
from the Medical Birth Registry and Patient Registry. History of preterm birth
was only included in the additional analyses. Exposure to specific treat-
ments {[ATC: A02B]: gastric acid inhibitors [proton-pump inhibitors (PPIs),
H2-receptor antagonists (H2RA)], and Helicobacter pylori eradication} was
also considered since these drugs may affect the microbiome.®

Statistical analysis

Multivariable logistic regression was used to assess the risk of preterm
birth associated with antibiotic exposure during first pregnancy while
adjusting for other covariates, presented as adjusted ORs with 95%
(CIs.

The starting model included the study exposure and all covariates
(Model 1). Backward model selection was based on the Wald statistic
with a cut-off value for alpha of 0.05. The fit of the reduced model was
compared with the previous model using likelihood ratio test to confirm
the insignificance of a removed predictor. If the elimination of one pre-
dictor led to more than 20% adjustment in coefficient magnitude of an-
other variable, that predictor was added back.?! After obtaining a final
main-effects model (Model 2), we proceeded to add all interactions
that deemed clinically important (Model 3) and re-applied the procedure
above to build the final model (Model M). Only insignificant interactions
were removed in this process. Because our objective was to investigate
the association between antibiotic exposure and preterm birth, the vari-
ables corresponding to the study exposure were kept in the model re-
gardless of significance.

Two additional analyses were done to assess the robustness of the
findings. The first excluded women who were also exposed to local (vagi-
nal) gynaecological anti-infectives and antiseptics ([GO1] group), since
this antibiotic group may affect the maternal vaginal microbiome.

The second included all pregnancies instead of restricting analyses to
the first pregnancy. For this second additional analysis, we first added two
variables (history of preterm birth and birth order of current pregnancy) to
Model 3. Generalized Estimating Equations were used for these correlated
data and an ‘independence’ working correlation was chosen because it
resulted in the lowest QIC and the least deviation between model-based
versus robust standard errors.?? After that, a parsimonious model was
built following the same procedure as in the case of ordinary logistic re-
gression but based on the covariate’s P value of its Wald test and model
QIC. The final model was the one with the lowest QIC.

All analyses were conducted with R version 3.6.1. For missing values,
an extra category was created since otherwise a too large proportion
of the cohort needed to be excluded (7% missingness for BMI) and imput-
ing missing values was not computationally feasible due to the cohorts’
size.
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Results

Descriptive characteristics

The cohort included 483706 alive first pregnancies during
2006-16, of which 5.8% were preterm deliveries (Table 1).
Overall, 20.5% of the mothers were exposed to antibiotics during
their gestation period. Antibiotic users, as a group, were younger
(69.2% aged less than 31 years old) and included more tobacco
users (26.1%) compared with non-users (20.5%). Antibiotic users
and non-users were similar for other characteristics.

Use of antibiotics and the risk of preterm birth

Overall, 22.4% of mothers delivering preterm used antibiotics (at
any time during their pregnancy) compared with 20.3% of term
deliveries. Interaction was present between antibiotic use and
maternal comorbidities, and the ORs of preterm birth are pre-
sented separately in Table 2. Compared with non-users, antibiotic
use was associated with an increased risk of preterm birth in
mothers with comorbidities (OR=1.32, 95% CI 1.18-1.48);
yet also increased in mothers without comorbidities (OR=1.09,
95% (I 1.06-1.13).

Almost all antibiotic classes showed increased risks except for
tetracyclines, sulphonamides and trimethoprim. Due to conver-
gence issues related to data sparseness, the aminoglycosides
were not studied further. The largest effect was seen for
macrolides, lincosamides and streptogramins (OR=1.63, 95%
CI1.45-1.83), quinolones (OR=1.60, 95% CI 1.32-1.94) and non-
penicillin  B-lactams (OR=1.15, 95% CI 1.07-1.24) among
mothers without comorbidities. The figures among mothers
with comorbidities were 2.48 (95% CI 1.72-3.56), 2.11 (95% CI
1.12-4.03) and 1.39 (95% CI 1.07-1.83), respectively.

Trimester of pregnancy

There was no association between the use of antibiotics
3 months before pregnancy and preterm birth (Table 3).
Antibiotic exposure within the first and second trimester was as-
sociated with an increased risk of preterm birth. For mothers
without comorbidities, this corresponded to OR=1.08 (95% CI
1.02-1.14) (first trimester) and OR=1.33 (95% CI 1.26-1.40) (se-
cond trimester). For mothers with comorbidities, this corre-
sponded to OR=1.43 (95% CI 1.16-1.75) (first trimester) and
OR=1.53 (95% (I 1.26-1.85) (second trimester). However,
antibiotic use during the third trimester showed a decreased
risk in mothers without (OR 0.82, 95% CI 0.77-0.88) and with co-
morbidities (OR 0.80, 95% CI 0.63-1.03).

Dose-response association

The results suggested a dose-dependent relationship between
antibiotic use and preterm birth (Table 4). Among mothers with-
out comorbidities, each additional prescription of antibiotics dur-
ing pregnancy increased the risk of preterm birth (OR=1.040,
95% CI 1.024-1.057 and OR=1.139, 95% CI 1.088-1.192 in
mothers without and with comorbidities). Similar findings were
found for each additional day using antibiotics (OR=1.003,
95% CI 1.002-1.004 and OR=1.004, 95% CI 1.001-1.007 in
mothers without and with comorbidities) (Table 4).

Table 1. Prevalence of exposure to antibiotics with regards to maternal
characteristics in all singleton pregnancies in Sweden (2006-16)

Antibiotic ~ No Antibiotic
use use Total

Characteristics N % N % N %
Total 98963 20.5 384743 79.5 483706 100.0
Maternal age, years

<25 34578 35.0 107381 279 141959 293

26-30 33870 34.2 146917 38.2 180787 37.4

>31 30515 30.8 130445 33.9 160960 33.3
Maternal BMI, kg/m?

<185 3109 3.2 10648 2.7 13757 2.8

18.5-24.9 56527 57.1 230877 60.0 287404 59.4

25.0-29.9 21324 215 81499 21.2 102823 213

>30.0 11085 11.2 35611 9.3 46696 9.7

Data missing 6918 7.0 26108 6.8 33026 6.8
Tobacco consumption

Yes 25757 26.1 78914 20.5 104671 21.6

No 69117 69.8 289920 75.4 359037 74.2

Data missing 4089 4.1 15909 41 19998 4.1
Chronic comorbidities®

Yes 4015 4.1 11706 3.0 15721 3.3

No 94948 959 373037 97.0 467985 96.7
Exposure to other drugs®

Yes 5820 59 12210 3.2 18030 3.7

No 93143 94.1 372533 96.8 465676 96.3
Mother’s country of birth

Nordic 75836 76.7 299209 77.8 375045 775

Non-Nordic 22988 23.2 84716 22.0 107704 223

Data missing 139 0.1 818 0.2 957 0.2
History of Stillbirth

Yes 132 0.1 372 0.1 504 0.1

None recorded 98831 99.9 384371 999 483202 99.9
History of Miscarriage

Yes 16537 16.7 58841 153 75378 15.6

None recorded 82426 83.3 325902 84.7 408328 84.4

“Comorbidities defined as at least one recorded pre-gestation diagnosis of
hypothyroidism, hyperthyroidism, hypertension and/or diabetes mellitus.
POther drugs defined as at least on dispensed prescription of gastric acid
inhibitors  [proton-pump inhibitors (PPIs), H2-receptor antagonists
(H2RA)] and/or Helicobacter pylori eradication [A02B].

Additional analyses

Both additional analyses—excluding gynaecological antibiotic
use and including later pregnancies—provided similar results
that antibiotic exposure during pregnancy was associated with
an increased risk of preterm, as shown in Table 5.

Discussion

This large Swedish population-based study on all first singleton
pregnancies (2006-16) showed a higher risk of preterm birth
among antibiotic users compared with non-users, although
causality cannot be established. The effect was more apparent
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Table 2. Association between antibiotic exposure during pregnancy and preterm birth, using multivariable regression expressed as ORs and 95% Cls

using all non-users as comparison group

Number of Median number In mothers without In mothers with
Numberof  preterm births  Median number of  of days exposed selected chronic selected chronic
users (%) prescriptions (IQR) (IQR) comorbidities comorbidities
Aminoglycosides 13 5 (38.5) 1.5(1) 56.0 (61.5) - -
B-lactam, penicillins 69540 4246 (6.1) 1.0 (0) 10.0 (10.0) 1.04 (1.01-1.08) 1.23 (1.09-1.40)
B-lactam, others 12360 833 (6.7) 1.0 (0) 5.0 (6.5) 1.15 (1.07-1.24) 1.39(1.07-1.83)
Macrolides, 3767 364 (9.7) 1.0 (0) 5.0 (3.0 1.63 (1.45-1.83) 2.48 (1.72-3.56)
lincosamides and
streptogramins
Quinolones 1365 126 (9.2) 1.0 (0 8.0 (5.0 1.60 (1.32-1.94) 2.11 (1.12-4.03)
Sulphonamides and 1788 118 (6.6) 1.0 (0 5.6 (1.9 1.11 (0.91-1.35) 1.66 (0.91-3.03)
trimethoprim
Tetracyclines 2984 161 (5.4) 1.0 (0) 10.0 (20.0) 0.92 (0.78-1.09) 0.84 (0.43-1.61)
Other antibacterials 29884 1908 (6.4) 1.0 (0) 6.0 (3.8) 1.09 (1.03-1.14) 1.38 (1.16-1.63)
Overall 98963 6229 (6.3) 1.0 (1) 10.0 (10.0) 1.09 (1.06-1.13) 1.32(1.18-1.48)

Chronic comorbidities defined as at least one recorded pre-gestation diagnosis of hypothyroidism, hyperthyroidism, hypertension and/or diabetes

mellitus.

All analyses are adjusted for chronic comorbidities, maternal age, BMI, tobacco consumption, exposure to other drugs, mother’s country of birth,

history of stillbirth and history of miscarriages.

in mothers with at least one comorbidity (32% increase) than in
women without (9% increase), with similar findings among most
analysed antibiotic classes, with the highest risks for macrolides
and quinolones. There was a dose-response effect, with more
antibiotic intake being associated with higher risks, yet the actual
intake may have been overestimated because it is based on the
total prescribed packages. When assessed per gestational period,
an apparent protective effect was noted for exclusive exposure
during the third trimester, which may partially be due to selection
bias (some preterm babies already born). Notably, antibiotic use
before pregnancy was not associated with increased risk of pre-
term birth.

Strengths of this study are the large population, valid data
sources, and possibility to explore different potential biases and

Table 3. Association between antibiotic exposure per gestational
trimester and preterm birth (exclusive use in each trimester), using all
non-users as reference and expressed as ORs and 95% Cls

In mothers with
selected chronic
comorbidities

In mothers without
selected chronic
comorbidities

Three months 1.01 (0.95-1.07) 1.02 (0.81-1.27)
pre-pregnancy

First trimester 1.08 (1.02-1.14) 1.43 (1.16-1.75)

Second trimester 1.33 (1.26-1.40) 1.53 (1.26-1.85)

Third trimester 0.82 (0.77-0.88) 0.80 (0.63-1.03)

All analyses are adjusted for chronic comorbidities, maternal age, BMI,
tobacco consumption, exposure to other drugs, mother’s country of birth,

history of stillbirth and history of miscarriages.

confounders. Since all eligible women were included, there was
no risk of selection bias, and therefore our results should be gen-
eralizable to other singleton pregnancy cohorts with similar pat-
terns of antibiotic consumption. Non-singleton pregnancies were
excluded because of an a priori higher risk of preterm birth. The
prevalence and types of antibiotics used in this cohort are com-
parable to European estimates; with penicillins most commonly
used.”*%” Recall bias is often a problem in studies on exposures
during pregnancy. However, since antibiotics are only available
on prescription, and the Swedish Prescribed Drug Registry is virtu-
ally complete for outpatient use,'® the risk of misclassification
based on exposure should be limited, although in-hospital
antibiotic use was not included in the Swedish Prescribed Drug
Registry. Yet, compliance to the prescribed treatment cannot be
assessed and may be lower during pregnancy than otherwise be-
cause of perceived risks. Yet, we do know that the prescriptions
have been dispensed in the pharmacy. We did plan to include
common comorbidities during pregnancy as confounder in our
models, but since an interaction was found with antibiotic con-
sumption, we only presented stratified results based on presence
or absence of these comorbidities. As could be expected,
antibiotic use is particularly associated with an increased risk of
preterm birth in those with comorbidities, which may be risk
factors for preterm birth by itself (and may need further explor-
ation in the future). Yet, a 9% increase was also noted in women
without these comorbidities. We also assessed this association in
later pregnancies and found similar results. After exclusion of
women exposed to gynaecological antibiotics and antiseptics,
the results remained largely unchanged.

Our study has some limitations. We could not distinguish be-
tween spontaneous and induced preterm birth, yet it has been
suggested that both subtypes have overlapping aetiology.?®??
Unfortunately, the underlying mechanism of this antibiotic use
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Table 4. Dose-response association between antibiotic exposure during pregnancy and preterm birth as calculated by means of multivariable logistic

regression, expressed as ORs and 95% Cls

In mothers without selected chronic comorbidities

In mothers with selected chronic comorbidities

Number of prescriptions
For each additional prescription (continuous)
Per category (reference: non-users)
One prescription
Two prescriptions
Three or more prescriptions
Number of days exposed
For each additional day exposed
(continuous)
Per category (reference: non-users)

1.040 (1.024-1.057)
1.096 (1.058-1.136)
1.065 (1.001-1.133)
1.120 (1.031-1.216)

1.003 (1.002-1.004)

1.139 (1.088-1.192)
1.219 (1.067-1.393)
1.526 (1.242-1.875)
1.511 (1.192-1.915)

1.004 (1.001-1.007)

1-4 days 1.121 (1.055-1.191) 1.246 (0.990-1.570)
5-9 days 1.147 (1.089-1.208) 1.302 (1.072-1.581)
10-14 days 1.051 (0.986-1.120) 1.375(1.113-1.697)
15 days or more 1.054 (1.003-1.108) 1.346 (1.140-1.589)

All analyses are adjusted for chronic comorbidities, maternal age, BMI, tobacco consumption, exposure to other drugs, mother’s country of birth, his-

tory of stillbirth and history of miscarriages.

and preterm birth association cannot be assessed and confound-
ing by indication, e.g. by urinary tract infections,*® may play a
role. Indication of drug use is not registered in relation to the pre-
scription (and only specialist-outpatient diagnoses and hospital
discharge diagnoses are available). However, we did assess dif-
ferent types of antibiotics, which showed similar patterns. Our ini-
tial hypothesis was that systemic antibiotics affect the
microbiome during pregnancy, in the vagina and other body
niches. Therefore, we did want to include all antibiotic use, inde-
pendent of the indication—although we recognize that the indi-
cation itself could trigger preterm birth.>'73* Yet, by only including
outpatient antibiotics, some of the severe infections requiring
hospitalizations with exclusive inpatient use were not included.
Macrolides and lincosamides showed the strongest associations
with preterm birth, yet can be prescribed for conditions linked to
preterm birth, including bacterial vaginosis, Ureaplasma coloniza-
tion or short cervix—despite potentially suboptimal treatment
efficacy in reducing the preterm risk.>>"“° Some antibiotic groups
like tetracyclines should always be avoided during pregnancy be-
cause of teratogenicity. In our complete cohort, approximately
two-thirds of tetracyclines were given in the 3 months precon-
ception, and one-third in the first trimester, with only 6% during
later pregnancy.

We only included liveborn singleton pregnancies, because of
the established higher risk of preterm birth for twin pregnancies;
and the potentially different aetiology of stillbirth and need to
censor follow-up time for those cases. The exclusion of pregnan-
cies resulting in stillbirth could be discussed, since antibiotic ex-
posure may affect the risk, and these pregnancies were at risk
for our outcome, preterm birth, at the start. Yet, including those
pregnancies is unlikely to have affected the results (only 0.3%
of all deliveries in Sweden'”).

While exposure during the first or second trimester of preg-
nancy showed an increased risk of preterm birth, antibiotics dur-
ing the third trimester (starting at the 27th gestational week)

were associated with a decrease in mothers without selected co-
morbidities. It was noted that, in this study, among preterm preg-
nancies, 5.5% were extremely preterm (gestational age
<28 weeks), 9.7% were very preterm (gestational age 28 to <32
weeks) and 84.9% were moderate to late preterm (gestational
age 32 to <37 weeks), so survival bias may not explain the ap-
parent protective effect towards the end of the pregnancy entire-
ly. Yet, if antibiotics are given late during the third trimester, they
may not have had time to have an impact on the risk of preterm
birth. As infections may be a trigger for preterm birth, the use of
(some) antibiotics may truly be protective during the third trimes-
ter; or at least less harmful than the infection itself given that the
treatment is initiated before inflammatory reactions and tissue
damage occur.*>*! Yet, it has been postulated that very early
spontaneous preterm birth may be more likely to be of infectious
aetiology than later preterm birth.'®

The findings from this study add more weight to recent evi-
dence on the role of the microbiome and the risk of preterm birth,
stressing the need to re-consider the risk-benefit of antibiotics in
pregnant women. There is increasing evidence that bacterial
vaginosis, or vaginal dysbiosis is linked to the risk of preterm
birth,?’ yet this does not imply antibiotic treatment will reduce
this risk; a meta-analysis from 2007 looking explicitly at the use
of prophylactic antibiotics, to reduce the risk of preterm birth, in
17 trials concluded antibiotics did not lower the risk of preterm
birth (relative risk 1.03, 95% CI 0.86-1.24).“> Another
meta-analysis looking at quinolone use during the first trimester
(four observational studies, 1678 exposed women) concluded
there was no increased risk of preterm birth, although the pooled
OR was 1.10%, yet with broad 95% CI (0.83-1.48).*> Another
meta-analysis on quinolones published in the same year con-
cluded that the risk of preterm birth was decreased (OR 0.97,
95% CI 0.75-1.24 based on four studies and 771 exposed wo-
men, of which only 1 overlapped with the other meta-analysis).**
Another meta-analysis from 2008 on second-trimester use of
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Table 5. Association between antibiotic exposure during pregnancy and preterm birth based on different inclusion criteria, as calculated by
multivariable logistic regression and expressed as ORs and 95% CIs using non-users as reference

Number of
pregnancies

In mothers without selected chronic

In mothers with selected chronic

comorbidities comorbidities

All first pregnancies (main analysis) 483706

Excluding women using gynaecological 466519
antibiotics

Including all pregnancies (not restricted to 789360

first pregnancy)®

1.09 (1.06-1.13) 1.32 (1.18-1.48)
1.09 (1.05-1.12) 1.31 (1.16-1.46)
1.12 (1.09-1.15) 1.31(1.20-1.43)

All analyses are adjusted for chronic comorbidities, maternal age, BMI, tobacco consumption, exposure to other drugs, mother’s country of birth,

history of stillbirth and history of miscarriages.
°Additional adjustment for birth order and history of preterm birth.

antibiotics based on three trials concluded that macrolides and
clindamycin were associated with a lower risk, yet metronidazole
with a greater risk of preterm birth (OR 1.31, 95% CI 1.08-1.58) in
high-risk populations.*®

It appears that the microbiome composition and especially
specific pathogens causing symptomatic infections may have
an impact on the risk of preterm birth. Yet, antibiotic treatment
by itself may also increase the risk of preterm birth potentially re-
lated to microbiome changes. Careful evaluation of cost-benefits
for the individual pregnant woman seems required when consid-
ering antibiotic treatment; and some antibiotic groups like tetra-
cyclines should always be avoided during pregnancy because of
teratogenicity (yet could have been used in this cohort in the
3 months prior pregnancy or before the woman was aware of
her pregnancy).

In conclusion, this study shows antibiotic use during preg-
nancy, particularly during the first and second trimester, was as-
sociated with an increased risk of preterm birth, with a potential
decreased risk in the third trimester.
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