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Abstract: Introduction: Over-the-counter (OTC) nonsteroidal anti-inflammatory drugs (NSAIDs, i.e.,
aspirin, diclofenac, dipyrone, ibuprofen, naproxen) and paracetamol are commonly ingested medications
during pregnancy that for a long time were classified as relatively safe for mothers and fetuses.

Areas covered: The review focuses on developmental toxicity of OTC NSAIDs.

Expert opinion: Same epidemiological studies show that OTC antipyretics and painkillers may increase
risk of spontaneous abortion, intrauterine growth retardation, preterm constriction of ductus arteriosus with
secondary persistent pulmonary hypertension, reduced fetal renal perfusion that leads to oligohydramion,
prolonged pregnancy, as well as selected congenital anomalies, including orofacial cleft, cardiovascular (i.e.
ventricular septal defect, pulmonary valve stenosis) and neural tube defects (i.e., anophthalmia/microphthal-
mia, encephalocele, spina bifida), amniotic bands/limb body wall defects, and transverse limb deficiencies.
However, other reports prove high prenatal tolerability or even beneficial effect in case of selected mater-
nal sicknesses, especially influenza or disease with fever and thrombotic complications. The best advice for
pregnant women is to avoid any xenobiotic, especially multidrug therapy, but in case OTC NSAIDs are
needed they should be ingested in lowest effective dose under physician consultation. After gestational week
20, NSAIDs could be ingested with caution and withdrawn at gestational week 32, since they may induce
constriction of the ductus arteriosus and affect renal function. The only exception is low-dose of aspirin, in-
gestion of which should be stopped one week before delivery with epidural anesthesia or could be prolonged
until the end of pregnancy in patients with antiphospholipid syndrome.
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Introduction

Pregnancy is a physiological condition that may be complicated by a number of discomforts, sec-
ondary to gestational adaptation changes. Usually the initial ones are nausea and fatigue but due
to increasing uterinal size heartburn, congestion, constipation and backache may also be reported.
Kamysheva et al. [1] stress that 76% of pregnant women suffer from various forms of pain, includ-
ing headache, back and groin ones, while gastrointestinal complications are only slightly rarer
(75%). Similar symptoms are also typical for various disorders that may destroy welfare of both
mother and embryo/fetus. It is especially important for infectious diseases since their pathogens
may have teratologial potential (e.g., rubella and measles virus) and may induce fever and stress
that are responsible for abnormal development themselves. Despite the increased knowledge of
a potential drug’s harmful effects; in such situations, many women ingest various substances,
often without any consultation with their physician. It is especially important for the so-called
over-the-counter (OTC) medications that are available without prescription from a healthcare
professional (drugstores) and, depends on the country, also in general stores, supermarkets, gas
stations, self-operator dispenser machines, etc. [2]. Most of them are used to lower the inten-
sity of abnormal symptoms, not to treat the disease itself. From among all the OTC products
the most commonly consumed ones are nonsteroidal anti-inflammatory drugs (NSAIDs). They
usually provide dose-related antipyretic, analgesic and anti-inflammatory activity, secondary to
non-selective inhibition of inducible isoform of cyclooxygenase (COX-2). Due to interference
with constitutive isoform (COX-1) and transcriptional nuclear factor kappa B (NF-«B) they also
provide antithrombotic, chemoprotective, neuroprotective and tocolytic activity as well as various
well-known side effects including gastrointestinal-, hepato-, nephron-, neuro- and hematotoxicity
[3-6]. Depending on the country, from among all NSAIDs in the OTC market acetylsalicylic acid
(ASA), diclofenac, ibuprofen, metamizole and naproxen are available. It is worth pointing out that
ASA — unlike other OTC NSAIDs — in low doses (<40-60 mg) is a selective COX-1 inhibitor,
while in greater ones becomes a non-selective compound that inhibits both COX-1 and COX-2
activity. However, there are two other COX inhibitors like paracetamol and propyphenazone, that
belong to the OTC list but do not have any anti-inflammatory effect in therapeutic doses. All of
the listed substances easily pass through the placenta and reach similar or even higher concentra-
tions in fetal blood than in maternal blood [5-8].

Usage of over-the-counter NSAIDs during pregnancy

According to Czeizel and Racz [9] only 9.1% of women do not take any drugs during pregnancy.
Such incidence increased (26.8%) when diet supplementation products (i.e., vitamins, micro- and
macro-elements) were excluded. The remaining women took usually two different medications
and in the evaluated Hungarian population the most common ones were antibiotics (42%), anx-
iolytics (40%), hormones (40%), as well as NSAIDs (26%). However, newer epidemiological data
published by Olesen et al. [10, 11] and Olsen et al. [12] stress that COX inhibitors, including
NSAIDs, are the most commonly consumed xenobiotics during pregnancy. Glover et al. [13] indi-
cates that 92.6% of women take OTC preparations while pregnant with more than 20% self-med-
icating with at least five different drugs. Furthermore, US National Birth Defect Prevention Study
and the Boston University Slone Epidemiology Center Birth Defects Study, stresses that acet-
aminophen is the most commonly administered painkiller (65.5% out of 23000). Much lower
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consumption was reported for remaining COX inhibitors, e.g., ibuprofen (15%), ASA (4%). How-
ever, using the same database Hernandez et al. [14] state that among 3173 pregnant women who
frequently ingested NSAIDs during the first trimester ASA was used in 22%, while ibuprofen,
naproxen and other ones in 77, 15 and 1.2%, respectively. The data was different in a group that
ingested drugs sporadically (n =1452) — “as needed” ASA (15%), ibuprofen (85%), naproxen
(17%) and other NSAID (34%). Interestingly only 15% responders used one type of the drug.
The data was partially confirmed in currently published study by Lupatelli et al. [15] which re-
ports high usage of prescribed and non-prescribed drugs (81.2%) or OTC medication (66.9%)
among pregnant women (n = 9459). Interestingly, 68.4 and 17% of responders ingested at least
one OTC product for treatment of acute/short-term illnesses and chronic/long-term disorders,
respectively. Similar to previous reports paracetamol was the most commonly ingested analge-
sic (47.7%) while remaining compounds like ASA (0.6%), metamizole/dipyrone (0.5%) and oth-
er OTC NSAIDs were rarely revealed (4.5%). Data confirmed that drug ingestion has a strong
geographical implication. In case of NSAIDs the highest usage was reported in South America
(17.1%) and the lowest in Western Europe (2.2%). The highest OTC drug ingestion for chronic/
long-term disorders was typical for older women, lower educational level, housewives, non-im-
migrants and women with an unplanned pregnancy. Current Norwegian study performed among
90,417 pregnant women showed that 7.2% of them (n = 6511) ingested NSAIDs, mainly ibupro-
fen, diclofenac, naproxen or piroxicam, or their combination [16]. Musculoskeletal pain, fever,
headache or migraine were the most common indications for treatment. Furthermore, women
frequently ingested other drugs, including paracetamol (75.1%), followed by opioid analgesics
(7.1%), antidepressants (2.4%), anxiolytics (1.4%), hypnotics (1.0%) and systemic corticosteroids
(1.3%). Similar drug distribution was reported in a US study [17] but slightly higher was in France
where 13.5% of pregnant women ingested prescription drugs while 2% OTC NSAIDs [18, 19]. On
the other hand, most of the reported studies are based on questionnaires and are related to data
presented by mothers, dependent on their memory and cooperativeness, which highly influences
results. In this place it is worth to mention that Alano et al. [19] confirmed metabolites or NSAIDs
themselves in meconium of 49.5% out of 101 examined newborns: 22.8% were positive for ibu-
profen, 18.8% for naproxen, 7.9% for indomethacin and 43.6% for ASA. However, there was a low
association between maternal history of NSAID use and their detection in meconium (odds ratio
[OR:] = 21.47; 95% confidence interval [95%CI:] = 7.12-64.71). Such data indicates that ingestion
of OTC NSAIDs may be even higher than in the presented above cited epidemiological studies.

Developmental toxicity of over-the-counter NSAIDs

For a long time NSAIDs have been considered as relatively safe for human offspring, with ex-
ception to high dose of ASA (> 325 mg) that may increase prevalence of intracranial bleeding in
newborns during labor [2, 7]. However, in-utero exposure may be complicated by intrauterine
growth retardation (IUGR), ductus arteriosus constriction with secondary persistent pulmonary
hypertension, reduced fetal renal perfusion that leads to oligohydramion, prolonged pregnancy,
high risk of spontaneous abortion, stillbirth and birth defects [7]. With exception of preterm
constriction of ductus arteriosus proved for most NSAIDs and intracranial newborn bleeding,
typical for ASA; the remaining complications were reported mostly for the group of drugs not for
particular compound or usually in single clinical studies. Due to insufficient human clinical and
epidemiological data most of OTC NSAIDs, similar to other drugs, belong to group B according
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to the risk classification by Food and Drug Administration (FDA) [7]. Only aspirin is classified
to group C. However, developmental toxicity data is not well-known by physicians, pharmacists
and pregnant women. Such a strange situation was already pointed by US National Institute of
Child Health and Human Development [20] that together with FDA [21] and Teratology Society
are responsible for evaluation of the human risk assessment. Based on their recommendations
since 2008 FDA suggests to omit lettering A-X classification instead of full narrative information
on potential risks that has to be presented for each woman who is or may become pregnant or
a breastfeeding one.

Due to low numbers of exposed patients, most of the clinical studies explain developmental
effects of all the NSAIDs as a group, not a selective compound, and majority of them were per-
formed for both prescribed and OTC COX inhibitors. The only exception is aspirin and parac-
etamol which were more commonly ingested due to high worldwide consumption. However,
newer data was also selected for ibuprofen and naproxen. Due to insufficient space, the review
presented below will concentrate mostly on human, not animal findings.

Infertility and premature termination of pregnancy

Animal and human studies suggest that NSAIDs, as potent COX inhibitors, may affect both ovu-
lation by delaying follicular release and implantation, since both processes are related to overex-
pression of COX-2. However, none of the evaluated NSAIDs provide sufficient contraception.
NSAIDs may also be responsible for preterm termination of pregnancy in a later stage. Death of
the conceptus before the 20th week of gestation, defined as spontaneous abortion (miscarriage), is
a common complication [22]. Its incidence is estimated at 15% but it is probably higher (22-30%)
based on the decrease of the daily urinal level of human chorionic gonadotropin [23]. Most of
them (80%) occur before the 12t week and are associated with parental genetic abnormalities, ad-
vanced maternal age, uterine anatomical abnormalities, endocrine diseases (i.e., diabetes mellitus,
hypothyroidism, polycystic ovary syndrome), hypercoagulability diseases, obesity, smoking and
increased consumption of alcohol and caffeine. On the other hand, fetal death after 20 weeks of
gestation is defined as stillbirth and occurs in 8 per 1000 [24]. However, half of them are classified
as asphyxia or are associated with maternal illnesses, mostly hypertension and infections. More-
over, congenital anomalies were seen in 20% of such cases.

Velez Edwards et al. [17] presents probably the only study undertaken to establish the risk of
spontaneous abortion among women (n = 2780) treated exclusively with OTC NSAIDs during
pregnancy (n = 1185). However, the risk estimated as hazard ratio was low (HR: 1.01, 95%CI:
0.82-1.24), including models adjusted for maternal age (HR: 1.00, 95%CI: 0.81-1.23). The re-
cent analysis performed by the same statistics showed protection of OTC drugs from miscarriage
among African Americans (HR: 0.84; 95%CI: 0.73-0.96) but no effect in Caucasians (HR: 1.01;
95%CI: 0.88-1.16) [25]. Li et al. [26] established 80% increased risk of spontaneous abortion
among 1055 US women treated with NSAIDs (HR: 1.81, 95%CI: 1.0-3.2). Higher risk was re-
ported for ingestion around conception (HR: 5.6, 95%CI: 2.3-13.7) or when drugs were used for
longer than a week (HR: 8.1, 95%CI: 2.8-23.4). Such data was confirmed for ASA and hazard
risk for all three groups was estimated at 1.6 (95%CI: 0.6-4.1), 4.3 (95%CI: 1.3-14.2) and 3.0
(95%CI: 0.7-12.9), respectively. However, insignificant elevation was revealed for paracetamol
— 1.2 (95%CI: 0.8-1.8), 0.8 (95%CI: 0.2-3.3), 0.7 95%ClI: (0.2-2.9). Interestingly, unlike NSAIDs
and ASA slightly higher risk was noted among women who ingested paracetamol after conception
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(2.2, 95%CI: 0.8-2.0) and for shorter than one week (1.3, 95%CI: 0.8-2.1). Similar data was found
in a Danish study [27] in which the risk of spontaneous abortion among women who took any
prescribed NSAIDs was 1.05 as calculated adjusted odds ratio (95%CI: 0.80-1.39). Odds ratios
(OR) ranged from 2.69 (95%CI: 1.81-4.00) to 6.99 (95%CI: 2.75-17.74) for drug usage 7-9 weeks
and one week before miscarriage, respectively. However, there were no stillbirths related to the
treatment. Such results are partially supported by Canadian observations. From among 67 160
pregnancies, Nakhai-Pour et al. [28] selected 4705 terminated by spontaneous abortion. In this
group naproxen was the most common non-aspirin ingested NSAID (2.8%), followed by ibupro-
fen (1.3%), diclofenac (0.7%). The treatment was significantly associated with a 2.4-fold increase
of risk of spontaneous abortion (OR: 2.43, 95%CI: 2.12-2.79). It was higher (OR: 3.47, 95% CI
2.01-6.00) in case exposure took place in the two weeks immediately before abortion. One of
the most important findings of the study is a fact that all non-aspirin NSAIDs significantly in-
creased the risk of spontaneous abortion but without any dose-relations. From among OTC avail-
able drugs, the highest risk was found for diclofenac (OR: 3.09, 95%CI: 1.96-4.87), followed by
naproxen (OR: 2.64, 5%CI: 2.13-3.28) and ibuprofen (OR: 2.19, 95%ClI: 1.61-2.96). Interestingly,
lower risk was reported for selective COX-2 inhibitors. Opposite results are presented in the re-
cently published Israel study involved data of 66 547 pregnancies, including 7598 (11.4%) termi-
nated by spontaneous abortion [29]. Moreover, 4495 out of 65 457 (6.9%) mothers were exposed
to NSAIDs during gestation. Like in the Canadian study, the highest exposure was noted for OTC
avaijlable compounds, including ibuprofen (4.25%), diclofenac (1.4%) and naproxen (1.0%). It is
also important that 259 women were treated with 2, 26 with 3 while 2 with 4 different NSAID
medications. The adjusted hazard ratios for spontaneous abortion for non-selective COX inhibi-
tors was 1.1 (95%CI: 0.99-1.22) for the whole group and 1.06 (95%CI: 0.93-1.22) for ibuprofen,
1.19 (95%CI: 0.97-1.46) for diclofenac, 0.97 (95%CI: 0.74-1.28) for naproxen. The significantly
increased risk was found only for indomethacin (OR: 2.82, 95%CI:1.70-4.69) which is a strong
non-selective COX inhibitor, available only on prescription.

There is a number of studies dedicated exclusively to ASA, mostly for low doses, used in pre-
vention of venous thromboembolism, antiphospholipid syndrome and preeclampsia but their
findings were meta-analyzed by Henderson et al. [30]. Based on data from 21 studies involving
50529 women, authors state that in utero exposure to ASA reduced the risk of preeclampsia and
has beneficial effects on perinatal health outcomes. Incidence of preterm birth was reduced by
14%. Pooling of perinatal mortality findings suggested a tendency toward a reduced risk of peri-
natal mortality (rate ratio [RR]: 0.92; 95%CI: 0.76-1.96), particularly when analyses were limit-
ed to women with increased risk of preeclampsia (RR: 0.81; 95%CI: 0.65-1.01). Such data was
confirmed in another meta-analysis by Roberge et al. [31]. Authors analyzed 42 studies, involv-
ing 27222 women, stated that low-dose aspirin (50-150 mg/day) started before the 16th week of
gestation compared with low-dose aspirin started after the 16th week of gestation is associated
with a significant reduction of perinatal death (RR:0.41, 95%CI: 0.19-0.92) vs (RR: 0.93, 95%CI:
0.73-1.19) also pre-eclampsia (RR:0.47, 95% CI 0.36-0.62; vs RR: 0.78, 95%CI: 0.61-0.99), se-
vere pre-eclampsia (RR: = 0.18, 95%ClI:, 0.08-0.41; vs RR: 0.65, 95%CI: 0.40-1.07), and preterm
birth (RR:0.35, 95%CI: 0.22-0.57; vs RR: 0.90, 95%CI: 0.83-0.97). Interestingly, all the evaluated
pregnancy outcomes were not related to the dose of ASA, since similar results were found among
women treated with doses of <80 and =100 mg daily. Similar observations were also reported
by Kozer et al. [32]. However, in that meta-analysis, observations undertaken among women
exposed to higher doses of ASA were also included. The risk of miscarriage was insignificantly
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affected (RR: 0.92, 95%CI: 0.71-119) but similar to above presented data, women who ingested
ASA had a lower risk of preterm delivery (RR: 0.92, 95%CI: 0.86-0.98). Insignificant differences
of perinatal mortality were also revealed (RR: 0.92, 95%CI: 0.81-1.05).

Unlike the number of studies dedicated for spontaneous abortion, there is limited data re-
garding stillbirth. Pastore et al. [33] evaluated the incidence of fetal death after 20 weeks of gesta-
tion and for infants within 24 hours after birth. Among 332 positive cases and 357 control ones,
the highest drug exposure was found for acetaminophen (44.9 vs 53.8%), followed by antihista-
mines (5.7 vs 8.4%), non-specified pain medication (6.9 vs 4.2%) and ASA (5.7 vs 8.4%). None of
the presented drugs increased the risk, however positive influence was found for combining the
non-specified migraine and prescription pain medications for the first (RR: 1.3, 95%CI: 1.0-1.8),
second (RR: 1.4, 95%CI: 1.1-1.8) but not for the third trimester (RR: 1.0, 95%CI: 0.8-1.2). How-
ever, higher risk was proved for stillbirths due to congenital malformations in groups exposed
to prescribed painkillers during the first or second trimester (OR: 7.5, 95%CI: 2.3-23.1). Ad-
justed RR for acetaminophen in the first and second trimester was 0.9 (95%CI: 0.8-1.0) and 0.8
(95%CI: 0.8-0.9) for the third trimester. Similar insignificant data was found for the first (RR: 0.9,
95%CI: 0.7-1.1) and second trimester (RR: 0.8, 95%CI: 0.6—1.2) for ASA. Lack of increased risk of
a preterm birth was also revealed among women (n = 98,140) who ingested paracetamol during
the third trimester of pregnancy (OR: 1.14, 95%CI: 1.03-1.26) [34]. However, the risk was higher
for mothers with preeclampsia (OR: 1.55, 95%CI: 1.16-2.07) but an insignificant increase was also
noted for patients with normal blood pressure (OR: 1.08, 95%CI: 0.97-1.20).

Intrauterine growth retardation/restriction

Growth impairment is typical for fetuses with congenital malformation(s) but such complications
may be also visible within well-formed offspring. Incidence of IUGR (defined as birth weight below
the 10th percentile) is estimated to be 15.5% worldwide, but its number is greatly underestimated
[35]. In about 25% cases various chromosomal abnormalities were evaluated but the most common
risk factors were maternal malnutrition, mostly alimentary deficiency, cigarette smoking, ethanol
and drug abuse. Dose-related IUGR was described in most of the experimental studies in which
developmental toxicity of NSAIDs was examined. However, human data does not fully support such
findings. Most of the studies with lower doses of ASA even stress beneficial effect of the treatment,
especially in patients with various thromboembolism complications [30, 31]. Meta-analysis by Hen-
derson et al. [30] reported that incidence of ITUGR was reduced by 20% among offspring delivered
by women prenatally treated with low doses of ASA. Moreover, higher newborn birth weight (130 g)
was also found in this group. Similar data is presented by Roberge et al. [31] who revealed lower risk
of fetal growth restriction among children in-utero exposed to low-doses of aspirin before (RR:0.46,
95%CI: 0.33-0.64) and after the 16th gestational week (RR: 0.98, 95%CI: 0.88-1.08). Similar but
insignificant data (RR: 0.96, 95%CI: 0.87-1.07) was presented in an older meta-analysis [32]. Good
tolerability was also proved for other prescribed NSAIDs in above cited paper by Nielsen et al [27]
in which the odds ratio for IUGR was low 0.79 (95%CI: 0.45-1.38). However, the risk significantly
increased (OR: 3.09; 95%CI: 0.91-10.52) among offspring in-utero after exposure to more than one
NSAID. On the other hand, positive risk was also presented by Nezvalova-Henriksen et al. [16]
based on data from the Norwegian Mother and Child Cohort Study and Medical Birth Registry of
Norway Datasets (90 417 completed pregnancies, 6511 women exposed to NSAIDs) for the second
trimester ingestion of ibuprofen (OR:1.7, 95%CI: 1.3-2.3) and diclofenac (OR: 3.1, 95%CI: 1.1-9.0).
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Structural congenital abnormalities

Congenital malformations (birth defects) are defined as all persistent structural, functional and
biochemical abnormalities developed during the prenatal period, involving single or multiple
organs, systems or the whole body, which expend phenotype changes modulated by epigenetic
factors for the proper population. Usually they are recognizable at birth or during the neonatal
period. Their worldwide incidence is an estimated 1 in 33 infants and result in approximately 3.2
million birth defect-related disabilities every year. An estimated 270 000 newborns die during the
first 28 days of life every year from congenital anomalies [36]. Such developmental anomalies may
complicate obstetrical therapy, but were sporadically observed in laboratory animals and humans
exposed to NSAIDs.

The initial study by Richards [37], Nelson and Forfar [38] and Saxen [39] indicated that ASA
may have teratogenic potential, promoting mostly oral cleft. Later, higher risk of cardiovascular
abnormalities, in particular abnormal septation of the truncus arteriosus (transposition of great
arteries, tetralogy of Fallot) was found among 80 out 390 offspring in-utero exposed to the drug.
Cardiac developmental toxicity was later confirmed by Zierler and Rothman [40] but negated by
Werler et al. [41] who established low, no dose-related relative risk of any heart anomalies (RR: 0.9;
95%CI: 0.8-1.1). It was similar for aortic stenosis (RR: 1.2; 95%CI: 0.6-2.3), coarctation of the aorta
(RR: 1.0; 95%CI: 0.6-1.4), hypoplastic left ventricle (RR: 0.9, 95%CI: 0.6-1.4), transposition of the
great arteries (RR: 0.9; 95%CI: 0.6-1.2) and cono-truncal defects (RR: 1.0; 95%CI: 0.8-1.2). It is
worth to stress that results came from a large database involving 1381 infants with cardiovascular
abnormalities and 6966 children with other developmental abnormalities used as a control group.
Similar data was found based on 5015 cases with congenital cardiovascular defects out of 57 730
children born in Sweden in 1995-2001 [42]. The risk was similar for both ASA (OR: 1.1, 95%CI:
0.76-1.33), ibuprofen (OR: 1.08, 95%CI: 0.78-1.50), diclofenac (OR: 1.3, 95%CI: 0.78-2.16), and
all NSAIDs (OR: 1.2; 95%CI: 0.99-1.55) but higher for naproxen (OR: 1.7, 95%CI: 1.14-2.54).
Comparable results are presented by van Gelder et al. [43] based on Medical Birth Registry of
Norway (see below). However, much higher risk of cardiovascular defects was found in a previous
Scandinavian study (OR: 1.86, 95%CI: 1.32-2.62) [44] but the evaluated group was smaller (n =
2557 completed pregnancy). Greater risk was also reported for the orofacial cleft (OR: 2.61, 95%CI:
1.01-6.78) while for any structural abnormalities was relatively low (OR: 1.04, 95%: 0.84-1.29). An
increased tendency for congenital cardiac defect was also revealed in a Canadian study among oft-
spring of 36 387 pregnant women exposed in utero to NSAID inhibitors [45]. It is the first large hu-
man study in which high risk was found for ventricular septal defects (OR: 3.34; 95%CI: 1.87-5.98)
and similarly to same above presented articles for all the congenital structural anomalies (OR: 2.21;
95%CI: 1.72-2.85). It should also be pointed out that higher risk of gastroschisis was reported for
ASA by Kozer et al. [46] (OR: 2.37, 95%CI: 1.44-3.88) and Martinez-Frias et al. [47] (OR: 3.33,
95%CI: 1.05-9.80). Torfs et al. [48] established it for both ASA (OR: 4.7, 95%CI: 1.2-18.1) and
ibuprofen (OR: 4.0, 95%CI: 1.0-16.0). Similar data was pointed out in the most recently published
meta-analysis [49], that included 751,954 pregnancies. Pooled RRs showed significant association
between aspirin (RR 1.66, 95%CI 1.16-2.38) and ibuprofen (RR 1.42, 95%CI: 1.26-1.60), while lack
of association was found for paracetamol (RR 1.16, 95%CI: 0.96-1.41).

However, good prenatal tolerability without increased risk of teratogenicity was also confirmed
for ASA in both above presented meta-analyses by Henderson et al. [30] and Roberge et al. [31]
as well as preliminary results of the US Collaborative Perinatal Project [50] which covers data of
50,282 completed pregnancies. In that group 14,864 women were treated with ASA in the first
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trimester while 32,164 in different periods of pregnancy. Similar data was found in the first large
multicenter study that evaluated developmental effects of ASA and other NSAIDs, performed
in the US between 1985-1992. It involves 229,101 completed pregnancies, but only in some cas-
es prenatal exposure to over-the-counter COX inhibitors and developmental abnormalities were
revealed [7]. The incidence of all the evaluated major congenital malformations (i.e., oral clefts,
spina bifida, polydactyly, limb reduction, cardiovascular defects) was similar between OTC drugs
and reached 4.9% for ASA, 4.8% for naproxen,4.6% for acetaminophen and 4.5% for ibuprofen.
Opposite data, related especially to neural tube defects, is presented but newer analysis based
on Slone Epidemiology Center Birth Defects Study and the US National Birth Defects Preven-
tion Study [14]. The higher risk for anophthalmia/microphthalmia was proved for all NSAIDs
(OR: 2.1, 95%CI: 1.3-3.5), as well as ASA (OR:3.0, 95%CI: 1.3-7.3), ibuprofen (OR: 1.9, 95%CI:
1.1-3.3) and naproxen alone (OR: 2.8, 95%CI: 1.1-7.3). All three compounds increase risk of
neural tube defects, in particular: anencephaly/craniorachischisis in case of ASA (OR 2.0, 95%CI:
1.0-3.9), spina bifida in case of ibuprofen (OR:1.6, 95%CI: 1.2-2.1) and encephalocele in case
of naproxen (OR: 2.5, 95%CI: 0.89-7.3). Similar data was found for cleft defects, including cleft
palate whose risk was higher for ASA (OR: 1.8, 95%CI: 1.1-2.9) followed by ibuprofen (OR: 1.3,
95%CI: 0.99-1.7) and naproxen (OR: 1.4, 95%CI: 0.84-2.5) However, in the case of concomitant
palate and lip cleft the risk for the drug was as follow ASA (OR: 1.1; 95%CI: 0.72-1.7) ibuprofen
(OR: 1.3, 95%CI: 1.1-1.6) and naproxen (OR: 1.7, 95%CI: 1.1-2.5). Higher risk was also found
for transverse limb deficiency in case of naproxen (OR: 2.0, 95%CI: 1.0-4.4), amniotic bands/limb
body wall for ASA (OR 2.5, 95%CI: 1.1-5.9) and ibuprofen (OR: 2.2, 95%CI: 1.4-3.5), while iso-
lated pulmonary valve stenosis was reported only for naproxen (OR: 2.4, 95%CI: 1.3-4.5). Based
on the same database, an increased risk of hemifacial microsomia was previously reported in chil-
dren prenatally exposed to ibuprofen (OR: 1.7; 95%CI: 0.9-3.0) [51]. However, no association of
muscular ventricular septal defects and prenatal exposure to NSAIDs (OR: 1.0; 95%CI: 0.64-1.6)
during the first trimester or month before pregnancy was found (OR: 0.99; 95%CI: 0.67-1.5) [52].
Such data was partially confirmed in a new analysis among 267 infants with spina bifida and 6,233
controls, that mothers report periconceptional intake of evaluated drugs in 20% (16% ibuprofen,
4% aspirin, 3% naproxen, and <1% COX-2 inhibitors) [53]. For any NSAID use, the ORs among
low and high folic acid consumption by women were 1.70 (95%CI 1.13-2.57) and 1.09 (95%CI:
0.69-1.71), respectively.

On the other hand, a lack of teratogenicity of NSAIDs was revealed in Israeli observations
taken among 109,544 completed pregnancies [54]. In-utero exposure to entire groups of NSAIDs
(n = 5153) in the first trimester, was not associated with an increased risk of major congenital
malformations (OR: 1.07, 95%CI: 0.96-1.21). Similar data was found for selected compounds,
including those from the OTC list. Insignificantly increased risk of congenital abnormalities was
also reported by Nielsen et al. [27] who reported 46 malformed offspring delivered by 1106 wom-
en treated during early pregnancy with prescribed NSAIDs (OR: 1.27, 95%CI: 0.93-1.75). Similar
data is presented by van Gelder et al. [43] based on Medical Birth Registry of Norway, involving
69,929 women including 3023 treated with NSAIDs in gestational weeks 0-12. Women who used
NSAIDs during early pregnancy were more commonly married, well-educated, obese and had
a previous miscarriage, stillbirth, or induced abortion. The prevalence of all major birth defects
was 2.7% (80 affected NSAID-exposed and 1,730 non-exposed infants), while selected birth de-
fects were diagnosed in 638 children (1.0%). A total of 18 offspring had a neural tube defect
(including 2 with anencephaly, 2 with encephalocele, and 15 with spina bifida), 435 congenital
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heart defects (including 38 with cono-truncal defect, 289 with ventricular septal defect, 156 with
atrial septal defect, and 7 with atrioventricular septal defect), 134 an orofacial cleft (including 44
with cleft palate and 90 with cleft lip with or without cleft palate), 20 an esophageal defect, 16 an
anorectal malformation, 11 a diaphragmatic defect, and 21 an abdominal wall defect (including 6
with omphalocele and 15 with gastroschisis). In 42 cases (6.6%) multiple defects were noted. The
risk of congenital malformation for NSAIDs — as a group of drugs — was low (OR: 0.7, 95%CI
0.4-1.1) for any of the most commonly observed birth defects, including all congenital heart mal-
formations (OR: 0.9 (95% CI 0.5-1.4), any septal defects (OR: 0.8 (95%CI: 0.5-1.4), including
ventricular (OR: 0.7, 95%CI: 0.4-1.4) and atrial septal defects (OR: 1.1, 95%CI: 0.5-2.3). Slightly
increased risk for atrial septal defects after NSAID exposure in gestational weeks 5-8 was found
(OR: 1.6, 95%CI: 0.7-3.9). No associations were observed between the selected birth defects as
a group and exposure to diclofenac and other acetic acid derivatives, including diclofenac (only 1
exposed case), propionic acid derivatives including ibuprofen and naproxen (OR: 0.7, 95%CI: 0.4-
1.2), ASA (OR: 1.1, 95%CI: 0.4-3.5) or multiple NSAIDs exposure (OR: 2.5, 95%CI: 0.6-10.1).
Increased risk of congenital heart defects (OR: 3.7, 95%CI: 0.9-14.9), especially septal defects
(OR 3.9, (95%CI: 0.9-15.7) was found only for multiple NSAIDs during gestational weeks 0-12
but data was obtained using only 2 positive cases. Marginal association (OR: 1.2, 95%CI: 1.0-1.6)
between ibuprofen exposure during the first trimester and structural heart anomalies detected
during the first 18 months of life was revealed in the currently published Norwegian study but
alack of significant effect was reported for all other structural abnormalities [16].

In the available literature there are only epidemiological studies that evaluate the fetal outcome
of dipirone (metamizole), that in some countries belong to the OTC list as well [55]. The Hungar-
ian database (22 843 neonates with and 38 151 without congenital anomalies) was able to detect
74 malformed and 1911 healthy infants in-utero exposed to dipyrone. In such a group higher risk
was found for diaphragmatic (prevalence OR: 2.7; 95%CI: 1.0-6.8) and cardiovascular defects
(OR: 1.3; 95%CI: 1.0-1.7) and other isolated congenital abnormalities (OR: 1.8; 95%CI: 1.1-2.9).
However, evaluation of only medically recorded drug use did not confirm these possible associ-
ations. The comparison of dipyrone treatment between 25 congenital abnormality groups and
malformation controls as the referent group also did not confirm any difference in the dipyrone
use during the second and third months of gestation.

As it was presented above, paracetamol is the most commonly ingested OTC antipyretic
and painkiller. It does not belong to NSAIDs, but its developmental toxicity should be pointed
out due to high usage among pregnant women (see above). Feldkamp et al. [56] reported that
drug intake — among women reporting infection and fever in the first trimester of gestation
(n = 11,610) — was associated with a significantly decreased risk for anencephaly or cranior-
achischisis (OR: 0.35, 95%CI: 0.08-0.80), encephalocoele (OR: 0.17, 95%CI: 0.03-0.87), ano-
tia or microtia (OR: 0.25, 95%CI: 0.07-0.86), cleft lip with or without cleft palate (OR: 0.44,
95%CI: 0.26-0.75), and gastroschisis (OR: 0.41, 95%CI: 0.18-0.94). On the other hand, exposure
to paracetamol during the first and second trimesters was also associated with an increased inci-
dence of cryptorchidism (OR: 1.33, 95%CI: 1.00-1.77) [57]. Such data is important since it was
found in a large, well-established Danish National Birth Cohort among 47,400 live-born boys
in which 980 were diagnosed with the urethral defect. A higher occurrence (OR: 1.38, 95%CI:
1.05-1.83) was found when the drug was ingested for more than four weeks during testicular de-
scending that takes place during the 8-14th gestational week. However, an exposure to ibuprofen
and ASA was not associated with this anomaly. Such findings are especially important since ASA
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blocks the androgen response to human chorionic gonadotropin, which stimulates androgen
synthesis and plays a core role in the organ’s descent to the scrotum [58]. However, the data was
not confirmed by Rebordosa et al. [59]. in offspring exposed to acetaminophen during the first
trimester (n = 26,424). The risk of any congenital abnormalities was insignificant (HR: 1.01,
95%CI: 0.93-1.08), with exception for complex abnormalities of the ear, face and neck, known as
medial cysts (HR: 2.15, 96%CI: 1.17-3.95).

Preterm closure of the ductus arteriosus

The ductus arteriosus is a short artery that directly connects the pulmonary trunk and the terminal
part of arch of aorta during the fetal period. It is responsible for shunting 90% of the right ventric-
ular blood volume from the lesser and greater circulation. Prenatally its proper drainage is stimu-
lated mainly by a low local partial oxygen pressure and endothelially synthesized vasodilator com-
pounds such as nitric oxide and prostaglandins, in particular PGE2. Premature closure leads to an
acute increase of right ventricular afterload and pressure, which may be complicated by tricuspid
valve regurgitation with right ventricular-atrial shunt. In severe stages, right to left transatrial shunt
and increased pulmonary blood flow are responsible for the dilatation of the left ventricle, but the
most common hemodynamic complication is prenatal pulmonary hypertension [5-7, 60, 61].

Preterm closure of the ductus arteriosus is the most typical prenatal complication of COX inhib-
itors, especially when ingested in late gestation (>30th week). However, it may also occur together
with other cardiovascular anomalies (e.g., restrictive foramen ovale, transposition of the great ar-
teries) as well as spontaneously, whose incidence is estimated around 0.3-1.3% of pregnancies [62].
In case of NSAIDs, the mechanism of closure is partially similar to physiological closure that take
place within 10-15 hours after birth. The evaluated compounds decrease synthesis of vasodilata-
tion eicosanoids (PGE2, PGI2) and stimulate initially functional constriction or occlusion, but later
secondary to endothelial adhesion and proliferation as well as migration of smooth muscle cells
from the media to intima layer of arterial wall, the permanent closure occurs [6, 62].

The complication was also reported in various clinical and epidemiological studies. Meta-anal-
ysis presented by Koren et al. [63] showed that the highest risk was seen among infants prena-
tally exposed to indomethacin (OR: 15.04, 95%CI: 3.29-68.68) when compared with offspring
delivered by untreated mothers. However, effect was insignificantly higher (OR: 2.12, 95%CI:
0.48 to 9.25) when data was compared with other drugs. Furthermore, insignificant risk (OR: 0.8;
95%CI: 0.5-1.3) was also found in a US multicenter-study, among children born with persistent
pulmonary hypertension (n = 377) [64]. In such a group only 33 infants were in-utero exposed
to NSAIDs during the third trimester of gestation. Such findings were proven for ASA, ingested
at any time during pregnancy, as well as ibuprofen (OR: 0.65; 95%CI: 0.38-1.12), ASA (OR: 1.82,
95%CI: 0.92-3.62), paracetamol (OR: 0.80, 95%CI: 0.643-1.03) and other NSAIDs used during
the third trimester. Similar data was established when the analyses were restricted to infants born
at or beyond 37 weeks of gestation.

Bleeding complications

Bleeding complications are the most typical for ASA due to its high antithrombotic activity. In
low doses (60-150 mg/day), the drug irreversibly blocks a platelet COX which results in a great-
er inhibitor thromboxane B2 synthesis than prostacyclin production by endothelial cells. This
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beneficial effect seems to be limited to the maternal body since ASA administered for three weeks
before labor affected only maternal and not fetal activity of platelet COX [7]. The data was con-
firmed by Benigni et al. [65] who found that the drug (60 mg) selectively suppressed maternal
platelet thromboxane B, while sparing vascular prostacyclin, and only partially suppressed neona-
tal platelet function (69%), allowing hemostatic competence in the fetus and newborn without any
developmental abnormalities. This safety was recently confirmed by meta-analysis [30]. The drug
did not increase risk of intracranial fetal/neonatal bleeding (RR: 0.84; 95% CI 0.61-1.16) or post-
partum maternal hemorrhage but the risk of abruption was not eliminated. However, Sasidharan
[66] reported fetal intracranial hemorrhage due to antenatal low dose aspirin intake. In-utero
exposure to ASA in doses over 325 mg, especially before labor, may affect clotting and lead to
hemorrhagic complications such as petechiae over the presenting part, hematuria, cephalohe-
matoma, subconjunctival hemorrhage and prolonged bleeding from circumcision. On the other
hand, intracranial hemorrhage commonly coexists with IUGR [67].

Nezvalova-Henriksen et al. [16] based on a large Norwegian database also found significant as-
sociation between maternal vaginal bleeding (OR 1.8, 95% CI 1.1 to 3.0) and diclofenac exposure
during the third trimester.

Other functional complications

Functional impairments include various organ-system dysfunctions that are difficult to evaluate,
since they may occur years after birth [36]. The most common ones are related to the central ner-
vous system. Such complications were also reported in case of NSAIDs. The initial data collected
in the seventies among 4-year old children prenatally exposed to alcohol (n = 1529) and ASA
(n =192) indicated an adverse effect on intelligence quotient (IQ), in particular among girls [68].
Such data was not confirmed in a later study, involving 19226 babies, including 10 1559 in-utero
exposed to ASA [69]. The mean IQ scores for positive and control population differed insignifi-
cantly and reached levels of 98.2 and 96.1 points, respectively.

Another example of a functional complication is schizophrenia, which according to epide-
miological data is associated with prenatal COX inhibitor exposure [70] as well as maternal in-
fluenza [71]. The strongest effect was found in a population exposed to analgesics during the
second trimester (OR: 4.75, 95%CI: 1.9-12.0) but the risk was higher in females (OR: 4.94, 95%
CI: 1.6-16.4) than males (OR: 3.77, 95% CI: 1.5-9.6).

Nowadays, the most commonly discussed functional prenatal outcome is asthma. Based on the
Danish National Birth Cohort, Rebordosa et al. [72] was able to state that prenatal exposure to
acetaminophen significantly increased occurrence of bronchial asthma or bronchitis among chil-
dren of 18 months (RR: 1.17, 95%CI: 1.13-1.23) and 7 years (RR: 1.15, 95%CI: 1.02-1.29) as well
as hospitalizations due to asthma up to 18 months (HR: 1.24, 95%CI: 1.11-1.38). The highest risk
was reported for the first trimester exposure and persistent wheezing (RR: 1.45, 95%CI: 1.13-1.85).
The prenatal etiology and risk of bronchopulmonary complications of paracetamol are not directly
related to the current paper. Furthermore, they were explained in detail in current papers published
by Scialli et al. [73, 74]. Similar data for asthma for 18 month old children was proved in Norwe-
gian studies for NSAIDs, but positive association was found only for ibuprofen ingested during the
second (OR: 1.5, 95%CI: 1.2-1.9) and third gestational trimester (OR 1.5, 95%CI: 1.1-2.1) [16].

Since NSAIDs cross the placenta, the drugs may inhibit fetal renal COX activity and reduce
fetal renal perfusion that lead to organ insufficiency, complicated by oligohydramion [2, 3, 7].
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Such side effects are well known, but similar to prenatal construction of ductus arteriosus, are
not-well documented in large clinical and epidemiological studies. Hennessy et al. [75] did not
observe such complications among 52 women who were exposed to high anti-inflammatory doses
of ibuprofen as a tocolytic agent up to the 32nd gestational week. Only in 3 cases slightly lower
volume of fluid was observed, but it normalized after drug discontinuation. Positive association
(OR: 2.346, 95%CI: 1.168 to 4.710) between prenatal exposure to NSAIDs and acute renal failure
was presented by Cataldi et al. [76], who analysed 172 preterm infants at 38 weeks of gestation,
including 71 affected ones. The highest risk was proved for very low birth weight and other factors,
including postnatal pharmacotherapy exposure, including ibuprofen.

Conclusion

Over-the-counter NSAIDs are commonly ingested medications during pregnancy. For the lon-
gest time they were classified as relatively safe for pregnant women and their offspring. However,
some new data stresses that popular non-prescribed antipyretics and painkillers may also induce
a higher risk of selected congenital anomalies (i.e., oral cleft, cardiovascular and neural tube
defect) and functional and growth impairments. For such reason, any drug administration, espe-
cially prolonged one, has to be monitored by professionals. The best advice is to omit any harmful
factors from maternal environment but in most cases it is not possible, since the majority of the
ingested xenobiotics are taken to reduce the symptoms or to treat various diseases that are more
dangerous for both mother and fetus than the applied therapy. The best of this example is above
pointed schizophrenia. Moreover, Oster et al. [77] revealed significant associations of maternal
fever and influenza with congenital heart anomalies such as right sided obstruction (fever OR:
2.04, 95% CI: 1.27-3.27; influenza OR: 1.75, 95% CI: 1.16-2.62) and atrioventricular septal de-
fects in infants with Down syndrome (fever OR: 1.92, 95% CI: 1.10-3.38; influenza OR: 1.66, 95%
CI: 1.04-2.63). On the other hand, ASA, paracetamol and OTC NSAIDs decrease these associ-
ations. As always, pharmacotherapy should be preceded by safer procedures (e.g., compresses,
hypnosis) but in case of their ineffectiveness proper drugs should be applied. It is important to
ingest the lowest effective dose to reduce potential maternal toxicity, since animal data point out
that such mechanism usually leads to IUGR and skeletal developmental variations. To reduce the
risk of developmental toxicity any mixed formula drugs that contain more than one active ingre-
dient should be contraindicated during pregnancy or administered under a doctor’s control. It
is especially important for products with propyphenzone (isopropylantipyrine), which does not
have any human data. In case an antipyretic or a mild analgesic is needed, paracetamol should
be taken. However, due to its hepatotoxicity the drug is not recommended for patients with liver
insufficiency, especially with decreased hepatic glutathione content observed in advanced fast-
ing, prolonged fever, anorexia, cachexia and chronic alcohol or isoniazid intake. In such cases
ibuprofen seems to be more suitable.

From my point of view, the best recommendation for NSAID administration during pregnancy
was prepared by Minika @stensen in concomitant with the international multidisciplinary expert
group [78]. Even though the report focused on rheumatic disorders, the data could be applied for
OTC compounds. The recommendations are as follows:

1. NSAIDs can prevent or retard ovulation but frequency of ovulation inhibition is unknown
2. after gestational week 20, all non-selective COX inhibitors (except ASA at doses less than
100 mg/day) can cause constriction of the ductus arteriosus and impair fetal renal function
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all NSAIDs except low-doses of ASA (less than 325 mg/day) should be withdrawn at gesta-
tional week 32

the ASA treatment should be stopped one week before delivery with epidural anesthesia or
could be prolonged until the end of pregnancy in patients with antiphospholipid syndrome.

The only exception of original recommendation is the lack of teratogenic effect of NSAIDs,

which in light of the newer study (see above) has to be revised, and in my opinion replaced with
low potency to induce congenital malformation, especially in incidental treatment that is suggest-
ed for OTC medication. However, larger epidemiological studies, especially multi-center ones are
desirable to fully establish the developmental tolerability of the evaluated medication. In any con-
troversial cases an Organization of Teratology Information Services should be contacted (http://
www.otispregnancy.org).
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