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Preterm Birth: An Inflammatory Syndrome, Not Just A 
Myometrial Disorder
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Preterm birth (PTB) is the leading cause of neonatal mortality and morbidity. Although the severity of neonatal outcomes is inverse-
ly correlated with gestational age, all PTBs can lead to potentially life-threatening neonatal outcomes and major lifelong health 
complications. Because advances in neonatal care have substantially decreased neonatal mortality, the incidence of PTB and its 
complications is unabatedly rising. PTB currently affects more than 10% of births worldwide, with similar numbers in developed 
countries. Correspondingly, improving neonatal outcome is a key objective of the World Health Organization. The recently ap-
proved (in Europe) tocolytics drug, Atosiban, used to prolong preterm gestation, has not been shown to improve neonatal out-
come, nor have other tocolytic agents used in clinic. Thus, PTB remains an unmet medical need. Recent evidence shows that most, 
if not all, PTBs are associated with (overt or occult) inflammatory processes in gestational tissues, independent of infection. Pro-
inflammatory cytokines are produced from maternal and fetal cells in response to sterile or infectious stressors. These seem to or-
chestrate a multi-tissue response including myometrial contractility, cervical ripening, and weakening/rupture of fetal membranes, 
leading to the onset of preterm labor. This integrated system might have been conserved through mammalian evolution due to 
increased maternal and/or fetal survival when gestation is terminated in specific settings, such as infection. Hence, inflammation 
may be a common pathway to the numerous aetiologies of PTB. Most importantly, recent evidence suggests that inflammation is 
transmitted to the fetus, thereby inducing organ injuries that may underlie the development of major neonatal diseases. Targeting 
inflammation prenatally instead of myometrial contraction could be a more successful and safe approach for the management of 
PTB, as suggested by recent animal studies.  
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ABSTRACT

La naissance prématurée est la principale cause de mortalité et de morbidité néonatale. Bien que la sévérité des issus néonataux 
soit inversement corrélée avec l’âge gestationnel à la naissance, toutes les naissances prématurées peuvent mener à des issus 
néonataux potentiellement mortels et à des complications avec répercussions s’échelonnant sur toute la vie. Étant donné que la 
mortalité néonatale a considérablement diminuée avec les récentes avancées en néonatalogie, l’incidence de la naissance préma-
turée et de ses complications sont en hausse. La naissance prématurée affecte présentement plus de 10% des naissances à travers 
le monde, avec des taux similaires dans les pays développés. Conséquemment, d’améliorer l’issu néonatal est un objectif clé de 
l’Organisation Mondiale de la Santé. Le tocolytique Atosiban récemment approuvé (en Europe) pour prolonger les gestations pré-
maturées n’a pas démontré d’efficacité pour améliorer les issus néonataux, tout comme les autres tocolytiques utilisés en clinique, 
et la naissance prématurée demeure un besoin médical non-atteint. Des données récentes démontrent que la plupart, sinon toutes 
les naissances prématurées sont associées avec des processus inflammatoires (francs ou silencieux) dans les tissus gestationnels, in-
dépendamment de l’infection. Les cytokines pro-inflammatoires sont produites dans les cellules maternelles et fœtales en réponse 
à des stresseurs stériles ou infectieux, et semblent orchestrer une réponse multi-tissulaire incluant la contractilité myométriale, la 
préparation cervicale, et l’affaiblissement/rupture des membranes fœtales, menant au commencement du travail préterme. Ce 
système intégré pourrait avoir été conservé durant l’évolution mammifère à cause d’une survie accrue de la mère et/ou du fœtus 
lorsque la gestation est terminée dans un contexte spécifique, comme l’infection. Donc, l’inflammation pourrait constituer une 
voie commune finale pour les nombreuses causes de la naissance prématurée. De façon importante, des données récentes sug-
gèrent que cette inflammation est transmise au fœtus et en retour induit des dommages aux organes qui pourraient sous-tendre 
le développement de maladies néonatales majeures. De cibler l’inflammation en prénatal plutôt que les contractions myométriales 
pourrait constituer une approche sécuritaire et plus efficace, comme suggéré par de récentes études animales.
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E ach year, approximately 15 million babies world-
wide (more than one in 10 births) are born preterm 
(<37 weeks of gestation) [1,2]. Preterm birth (PTB) 
rates are increasing in most countries, with the 

highest reported in the USA, Africa and Southeast Asia [1]. Pre-
maturity is currently the leading cause of neonatal mortality 
and the second most frequent cause of death after pneumonia 
among children under 5 years old [3]. Thus, the global burden 
of PTB on maternal and child health calls for an urgent need 
to develop effective preventive and treatment strategies to re-
duce the incidence of PTB.

PTB can be medically indicated (iatrogenic) or spontaneous. In 
high income countries, about one third of pregnancies are in-
terrupted for maternal or fetal indications, such as preeclamp-
sia and diabetes [4,5]. About 70% of PTBs follow spontaneous 
labor, with membranes either intact or prematurely ruptured. 
PTBs can also be subdivided based on gestational age, into ex-
treme preterm (<28 weeks, accounting for 5%), severe preterm 
(28-31 weeks, 20%), moderate preterm (32-33 weeks, 20%) and 
late preterm (34-36 weeks, 60-70%] [5].  

PTB is now viewed as a complex syndrome arising from mul-
tiple mechanisms, such as inflammation or infection, utero-
placental ischemia or hemorrhage, uterine overdistension and 
stress [2]. Several maternal or fetal risk factors have been linked 
to PTB. Maternal characteristics include previous preterm de-
liveries, multiple gestation, extremes in maternal age and BMI, 
race, and low socioeconomic and educational status. Nutrition-
al status during pregnancy may also affect birth outcomes [2]. 
Common fetal conditions associated with PTB birth are small-
for-gestational-age birth, fetal distress and congenital malfor-
mations [6].

Preterm infants are delivered at a time when organ develop-
ment is still ongoing. Ensuing immaturity of many organ sys-
tems at birth put newborns at a greater risk of neonatal com-
plications, most commonly bronchopulmonary dysplasia, 
necrotizing enterocolitis, periventricular leukomalacia and reti-
nopathy of prematurity [7]. Inflammation and oxidative stress 
have been proposed as major contributors to these diseases [8]. 
The current pharmacological approach for PTB aims at prolong-
ing gestation to gain enough time for administration of corti-
costeroids for lung maturation. However, simply prolonging 
gestation has shown no improvement in short- and long-term 
neonatal outcome. Although major advances in perinatal care 

over the last few decades have improved the survival of pre-
term babies, recent epidemiological studies show an increased 
risk of chronic disorders in adulthood following PTB, including 
hypertension, diabetes and obesity [5]. Clearly, treating PTB 
as a myometrial disorder has not been effective. A wide body 
of evidence indicates that in utero inflammation is present in 
most PTB, especially extreme and severe PTB, independent of 
infection [9]. Most importantly, maternal in utero inflammation 
can reach the fetus and induce a fetal inflammatory response 
syndrome [10], with major implications for neonatal outcomes. 
Therefore, an emerging paradigm in preclinical research is to 
target cytokines and other inflammatory factors that are impli-
cated in both PTB and fetal/neonatal organ injuries, using pre-
natal delivery of candidate drugs. 

This review will summarize the candidate drugs used to pro-
long gestation in case of spontaneous PTB, and review the re-
cent data on the role of inflammation and anti-inflammatory 
drug candidates in PTB and associated neonatal complications.

PHARMACOLOGICAL APPROCHES IN THE TREATMENT OF PTB
Most therapeutic agents for PTB are designed to target the myo-
metrium in order to arrest or delay labor in symptomatic (labor-
ing) women. These agents are referred to as tocolytics (from the 
Greek tokos, childbirth; and lytic, dissolving) and represent the 
mainstay of treatment to prolong gestation in order to gain suf-
ficient time for administration of corticosteroids (to accelerate 
lung maturation and surfactant production) or transport to a 
tertiary care unit. Because tocolytics have numerous side ef-
fects and have not been shown to improve neonatal outcome, 
some clinicians prefer not to use them, especially in case of late 
PTB. The first clinical trials of tocolytics began in the late 1960s 
and 1970s [11]. Since then, numerous tocolytic candidates have 
been used, most of them off-label (e.g. indomethacin). Out of 
all the therapeutic molecules employed to prolong gestation, 
only progesterone has been used in asymptomatic (non-labor-
ing) women at risk of PTB. Progesterone and the most used to-
colytics will be reviewed in this section.

Ritodrine
Numerous β-mimetics have been used as tocolytics (e.g. ter-
butaline, ritodrine, salbutamol), but the most used is ritodrine 
[11]. β-mimetics bind and activate β-adrenergic receptors on 
myometrial cells. β-adrenergic receptors are Gs protein-cou-
pled receptors and therefore activate adenylyl cyclase-induced 
production of AMPc, in turn reducing intracellular Ca++ levels 
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Table 1. Most used therapeutic molecules for the treatment and prevention of PTB.
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and promoting the inactivation of myosin light-chain kinases 
(MLCK; a group of enzymes important for contraction) in myo-
metrial smooth muscle cells [11]. 

Several randomized control trials (RCTs) and meta-analyses 
concur to the efficacy of ritodrine to prolong gestation by at 
least 48h [12,13]. However, there is no evidence for improve-
ment of neonatal outcomes [12]. The current rationale for using 
ritodrine (and other tocolytics) is to gain enough time for corti-
costeroid action to kick in and transfer to a tertiary care facility. 
However, ritodrine (and other β-mimetics) also interact with 
cells other than myometrial tissue, resulting in maternal and 
fetal adverse effects (see Table 1). Since other similarly effective 
tocolytics have been shown to cause less significant side effects, 
ritodrine is no longer marketed in the USA [11].

Nifedipine
Calcium is an essential signal transducer of pro-contractile in-
tracellular targets by binding to and activating calmodulin. The 
resulting complex activates MLCK, in turn promoting actomyo-
sin interaction and contraction. Nifedipine blocks calcium chan-
nels, thereby reducing intracellular calcium levels and reducing 
actomyosin activity in smooth muscle cells. A meta-analysis 
published in 2002 showed that if calcium channel blockers 
were administered before 34 weeks of gestation, they could 
prolong gestation by 7 days [14]. This is a much longer period 
of time than is provided by β-mimetics. Calcium channel block-
ers, specifically nifedipine, have also been shown to have fewer 
side effects and a lower neonatal morbidity rate [15]. However, 
nifedipine is associated with higher rates of adverse effects in 
women with cardiovascular disease, congenital cardiac malfor-
mations or pulmonary hypertension [15,16].

Atosiban
Atosiban is the first drug to be developed for preterm labor (as 
opposed to already existing drugs used off-label) and is largely 
used in Europe. It is the first member of a new class of tocolytics, 
the oxytocin receptor antagonists. When oxytocin binds to its 
receptor in the myometrium, it activates the phospholipase C/
inositol 1,4,5-trisphosphate pathway, leading to the release of 
intracellular calcium which causes contractions. Atosiban inhib-
its this pathway, thereby preventing myometrial contractions 
[17].

In a large multi-centre RCT, atosiban was found to be as effective 
as β-mimetics in prolonging gestation, with fewer side effects 
than β-mimetics [18]. However, in a large placebo-controlled 
RCT in the USA, numerous hurdles were encountered. Most sig-
nificantly, there was bias distribution of pregnant women in the 
two treatment groups, leading to a significantly higher number 
of women at low gestational age (<26 weeks) being placed in 
the atosiban group. In this subgroup, the mortality was signifi-
cantly higher than in those treated with β-mimetics. However, 
in the subgroup that delivered >28 weeks, atosiban was more 
effective than placebo to prolong gestation [19]. Because the 
data of women that delivered <26 weeks were inconclusive and 
other reasons, FDA has not yet approved the use of atosiban. 
Atosiban is currently the most used tocolytics drug in Europe, 
however [11]. Numerous new oxytocin receptor antagonists 
are being considered for acute tocolysis (e.g. barusiban).

Magnesium sulfate
Magnesium is a divalent cation that competes with Ca++ for: 
1) entry into the cell via calcium channels, and 2) binding to 
calmodulin (which precedes MLCK activation). Based on this 

Table 2. Anti-inflammatory agents in preclinical testing for the prevention of PTB. 
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rationale, magnesium sulphate is used as a tocolytic agent, 
but it lost popularity after numerous RCTs and meta-analyses 
revealed its inefficacy to prolong gestation and an increased 
risk of fetal and neonatal mortality [20]. Because of the with-
drawal of β-mimetics from the American market and the fail-
ure of atosiban to obtain FDA approval, magnesium sulfate has 
been used extensively in the USA as a first-line tocolytic [11]. 
Magnesium sulfate is still used antenatally for its neuroprotec-
tive effects on the progeny [21]; however, this topic seems to 
be controversial and possibly depends on different pregnancy 
settings [22].
 
Indomethacin
Indomethacin is a non-steroidal, anti-inflammatory drug that 
reversibly inhibits cyclo-oxygenase 2 (COX-2), thereby inhibit-
ing the production of uterotonic prostaglandins. Indometha-
cin is widely used in Canada for acute tocolysis. Although it 
has been shown to prolong gestation [23], its prolonged use 
(>48h) has been associated with severe neonatal complications, 
including premature closure of ductus arteriosus, renal toxic-
ity, necrotizing enterocolitis, intraventricular hemorrhage, and 
periventricular leukomalacia [24] . It therefore must be used 
with utmost caution. There is currently no evidence that indo-
methacin has any advantage as a first-line tocolytic over cal-
cium channel blockers or oxytocin antagonists, each of which 
have better side effect profile [25].

Progesterone
Progesterone maintains uterine quiescence in numerous spe-
cies. In humans, it is thought to do so by inhibiting inflam-
mation-induced activation of the uterus (as discussed in the 
next section). Prophylactic use of progesterone in women at 
risk of PTB appears to have few, if any, side effects. However, 
its efficacy is controversial. In 2003, two RCTs reported that 
the use of daily vaginal progesterone administered between 
week 24 and 33 in high-risk pregnant women [26] or of daily 
17α-hydroxyprogesterone caproate (slightly different pharma-
cological properties) administered between week 16 and 36 
[27] decreased the rate of preterm deliveries. However, a recent 
multi-centre, placebo-controlled, double-blind RCT found no 
significant difference between vaginal progesterone prophy-
laxis and placebo in decreasing rates of PTB or improving out-
comes at 2 years of age [28]. Because progesterone is safe and 
may be effective in some patients, many obstetricians use it as 
prophylaxis therapy to prevent PTB. However, the use of pro-
gesterone as an acute tocolytic was unsuccessful [29].

Summary
Given the large amount of data available and the range of evi-
dence for each specific treatment, choosing the correct agent 
may be puzzling even for an experienced clinician. In the cur-
rent state of knowledge, it is probably reasonable to administer 
a tocolytic agent in order to gain sufficient time for corticoste-
roids treatment and transfer to tertiary care unit. Calcium chan-
nel blockers and oxytocin receptor antagonists appear effec-
tive and present a more beneficial side effect profile than other 
candidates. Progesterone might be effective to prevent the 
onset of preterm labor in specific populations, and its prophy-
lactic administration is safe.  Although the use of these strate-
gies has had some advantages, none of the agents available are 
associated with significant improvement of neonatal outcome. 
Hence, there is still room for improvement. Recent research ef-
forts have been directed at preventing preterm birth by target-
ing earlier and upstream events in the cascade leading to PTB. 
In the next section, we will discuss how inflammation activates 
the pregnant uterus weeks to months before preterm labor, 
and how inflammatory mediators can be targeted to improve 
neonatal outcomes.

INFLAMMATION IN PRETERM BIRTH
Inflammation plays a crucial role in the onset of preterm labor 
and is involved in >60% of extreme PTB (<28 weeks of gesta-
tion) [2,30]. Activation of pro-inflammatory cytokines and che-
mokines at the maternal/fetal interface is associated with PTB 
[31] and conversely, suppression of inflammation using differ-
ent agents prevents PTB in numerous animal models [32]. In 
murine models (hemochorial placentation akin to humans), the 
intrauterine inflammatory response has been shown to reach 
the fetal compartment, possibly though a cytokine chain reac-
tion. This induces severe injuries to the fetal organs that begin 
in utero and persist into adulthood [16]. The inflammatory re-
sponse begins with bacteria or stressed cells that induce re-
lease of small motives (Pathogen/Danger-Associated Molecular 
Patterns) that are recognized by Toll-like receptors (TLR; recep-
tors part of the innate immune system) expressed throughout 
gestational tissues. This leads to the production of pro-inflam-
matory cytokines and chemokines [33], extravasation of my-
eloid and lymphoid inflammatory cells (mostly neutrophils and 
monocytes/macrophages), and eventually, activation of many 
uterine activation proteins (UAPs). These UAPs promote cervi-
cal ripening, fetal membrane weakening, contractions and la-
bor [34-36]. Importantly, data show that this inflammatory re-
sponse does not resolve with birth [16], which may explain the 
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inefficacy of tocolytics at improving neonatal outcomes.
Interleukin (IL)-1β is a key pro-inflammatory cytokine that has 
been strongly linked to PTB [37]. Its production is triggered by 
activation of TLRs via sterile or non-sterile pathways (as men-
tioned), and it generates a complete inflammatory response 
(e.g. as seen in the context of an infection) through binding 
to its ubiquitously expressed receptor IL-1RI. Correspondingly, 
a single 1μg administration of IL-1β to pregnant mice is suffi-
cient to cause chorioamnionitis and PTB [38]. Other important 
inflammatory mediators include tumor necrosis factor (TNF)α 
and IL-6. 

Perinatal injuries related to inflammation
Following PTB induced by chorioamnionitis, preterm infants 
often develop a fetal inflammatory response syndrome (FIRS), 
exposing many organs to environmental insults and therefore 
resulting in severe morbidities [10,30]. In this section, we will 
focus on perinatal injuries to organs that are the most vulner-
able to inflammation: the lungs, the brain, the gastro-intestinal 
(GI) tract and the heart.

Lungs
As the newborn is separated from the maternal womb, its tiny 
lungs have to take on gas exchange while still in the develop-
ing stage. Immaturity of the lungs at birth can lead to respira-
tory distress syndrome (RDS), a main cause of neonatal mor-
tality and morbidity [39]. Interestingly, many studies show that 
intrauterine inflammation has a positive impact on RDS, dimin-
ishing its incidence by accelerating lung maturation and sur-
factant production [40-42]. However, chorioamnionitis induces 
fetal lung inflammation [43] and increases the risk of broncho-
pulmonary dysplasia, an alveolar and vascular malformation 
and dysfunction [41]. Resulting decreased lung function often 
leads to airway obstruction persisting until adulthood, as well 
as impaired development of other organs due to a lack of oxy-
gen delivery [44]. 

Brain
The developing brain in preterm newborns has been shown to 
be sensitive to inflammatory insults [45]. The white matter is 
particularly vulnerable to ischemia and injury because of the 
very low pressure of perfusion [46]. Ischemia and intrauterine 
inflammation may cause premature differentiation of the oli-
godendrocytes, thereby increasing vulnerability to fatal insults 
[47]. Correspondingly, chorioamnionitis predisposes preterm 
neonates to periventricular leukomalacia [48], periventricular 

hemorrhagic infarction [49], cerebral palsy [50], and to many 
other permanent cerebral deficits such as chronic epilepsy and 
intellectual disability [45,51]. Moreover, inflammation and in-
fection are independently linked to neonatal encephalopathy, 
one of the most prevalent causes of child mortality [52]. Overall, 
the brain is vulnerable to inflammation, which is a major con-
cern when addressing prematurity and its outcomes.

Gastro-intestinal tract
Intestinal complications associated with PTB are a major source 
of admission to the neonatal intensive care unit (NICU) [53]. It 
was shown in the fetal sheep that IL-1 plays a key role in bowel 
inflammation by causing damage to the gut mucosae [54]. In 
the preterm infant, perinatal development of necrotizing en-
terocolitis and spontaneous intestinal perforation was also 
linked to inflammation [55].

Heart
Inflammation has also been shown to play a role in in prema-
turity-related cardiac conditions. Exposing lambs to lipopoly-
saccharides (LPS, a TLR4 agonist) during gestation caused al-
terations of the cardiac tissue and function [56]. Some evidence 
has linked chorioamnionitis and patent ductus arteriosus, a 
prevalent cardiac defect in preterm newborns, but it is still 
controversial due to conflicting studies [57,58]. Inflammation 
and prematurity also seem to be involved in the development 
of arteriosclerosis and cardiovascular disease later in life [59]. 
Therefore, inflammation may impact fetal heart development, 
but the exact mechanism by which it does so has yet to be con-
clusively defined.

CURRENT PRECLINICAL TRIALS TARGETING INFLAMMATION 
IN PTB
Given the important role of inflammation in PTB and its conse-
quences on fetal development, modulation of pro-inflamma-
tory mediators has been tested in recent preclinical studies. A 
short review of the ongoing preclinical advances targeting in-
flammation in PTB follows (summarized in Table 2).

Resveratrol
Resveratrol is a natural polyphenol capable of reducing LPS-
induced PTB to 36% (versus 85% without drug) and stillbirth 
to 34% (versus 62% without drug) when administered orally 
to pregnant mice [60]. The mechanism of action suggested is 
downregulation of the expression of pro-inflammatory media-
tors such as iNOS and COX-2, and suppression of the produc-
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tion of eicosanoids such as prostaglandins. Although promise 
has been shown in murine models, clinical translation might 
not give the same results, as many human trials with progester-
one have failed to curb PTB [28,61,62].

Tregs
Regulatory T cells (Tregs) are a subpopulation of CD4+ T cells 
that downregulate inflammation and play a role in maternal 
immune tolerance to the fetus [63]. Adoptive transfer of Tregs 
is a technique where healthy Tregs are transferred to a receiver 
to alleviate inflammatory syndromes [64]. When tested on a 
mouse model of PTB induced with LPS, preterm birth was not 
prevented. However, there was a reduction in pro-inflammato-
ry markers in the fetus’s brain, suggesting the use of Tregs may 
have a protective effect in the context of inflammatory PTB.

Lipoxins
Arachidonic acid derived leukotrienes have a pro-inflammatory 
role in stimulating the adhesion and degranulation of neutro-
phils [65]. Lipoxins are eicosanoids that modulate leukotriene-
mediated interactions between the endothelium and neu-
trophils [65]. A recent study showed that when administered 
during gestation, a lipoxin analogue named 15-epi-lipoxin A4 
demonstrated great anti-inflammatory potency [66]. Intra-peri-
toneal injections during gestation of 15-epi-lipoxin A4 reduced 
the mortality rate of pups; yet it was inefficient in delaying 
LPS-induced PTB [67]. Pro-inflammatory markers IL-1β, IL-6 and 
TNFα were not downregulated and the anti-inflammatory cyto-
kine IL-10 was not upregulated, indicating that lipoxins might 
intervene too far downstream (late) in the inflammatory signal-
ing pathway leading up to preterm labor.

IL-1RI inhibitors
The pro-inflammatory cytokine IL-1β is a main component of 
the inflammatory reaction leading to PTB. Therefore, inhibitors 
of the IL-1RI have been used to try and curb the inflammatory 
process. The commercially available drug anakinra (Kineret) 
competitively blocks the receptor and inhibits all of its intracel-
lular pathways [68]. While it does not prevent PTB, it has been 
proven efficient to protect the fetal brain from inflammatory 
damage [69]. More recently, a small all-d peptide, 101.10, was 
designed to partially inhibit IL-1RI without blocking important 
pathways for cytoprotection [70]. Pre-clinical murine studies 
have been tremendously promising, as it prevents PTB and pro-
tects the fetus from multisystemic perinatal injuries [16,71]. This 
encouraging finding indicates IL-1β is a good pharmacological 

target to curb inflammation at the beginning of its cascade, 
therefore protecting the fetus from inflammation-associated 
damages. 

CONCLUSION
PTB is a common complication of gestation and represents a 
major social and economic burden worldwide. Tocolytics can 
prolong gestation but they have not been shown to improve 
neonatal outcomes. In clinical settings, preterm neonates 
are treated postnatally, but most neonatal pathophysiologi-
cal processes are initiated in utero. New preclinical research 
points to a promising role of anti-inflammatory agents in im-
proving neonatal outcomes, especially when administered 
antenatally. Notably, a novel IL-1 antagonist termed 101.10 
seems safe and effective in preventing chorioamnionitis-in-
duced perinatal brain, lung, and intestine injuries. In addition 
to the need of improving existing therapies, further research 
is warranted to develop specific diagnostic tests and bio-
markers to identify women at risk of preterm birth.
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