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Abstract 
 
Heartburn is an often-occurring complaint during pregnancy and is often linked to 

gastroesophageal reflux disease (GERD). Due to its high incidence (30 – 80%) health 

professionals consider it to be a normal pregnancy symptom. Nevertheless, symptoms can be 

problematic and treatment is important. First-line drugs for the treatment of GERD are the 

proton pump inhibitors (PPIs). PPIs are gastric acid suppressing agents, reducing the production 

of gastric acid by blocking the final step of acid secretion. PPIs are known to be safe in the non-

pregnant population. However, the safety in the pregnant population has yet to be established. 

During this literature research, in utero exposure to the three most common PPIs; omeprazole, 

esomeprazole, lansoprazole and its adverse pregnancy outcomes; asthma, major congenital 

malformations, low birthweight in the offspring and maternal pre-eclampsia have been looked 

into. Due to a lack of studies on the individual safety of PPIs for the outcomes of asthma and 

pre-eclampsia, subdivision per PPI was not possible. Therefore, the whole group of PPIs is 

associated with an increased risk on asthma and pre-eclampsia. Omeprazole and lansoprazole 

were both not associated with increased risks for major congenital malformations or low 

birthweight. For esomeprazole no information is available on the risk for congenital 

malformations and low birthweight. For this reason, we cannot exclude that esomeprazole is a 

possible risk factor for both congenital anomalies and low birthweight, although being the S-

enantiomer of the racemate (S-,R-)omeprazole does not make this risk very probable. Due to 

the extensive research and available data on omeprazole, this PPI was chosen to be the safest 

choice during pregnancy. For the other PPIs, more studies should be done to investigate their 

individual properties and safety. In this way, we hope to find more reassurance on the safest 

option during severe pregnancy-related GERD.  
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Introduction 

Heartburn is a complaint during pregnancy that is estimated to have an incidence between 30 - 

80% (1). Heartburn is often linked to gastroesophageal reflux disease (GERD) (2). GERD is a 

gastrointestinal disorder and gives besides heartburn also often regurgitation (3). The symptoms 

usually reveal itself during pregnancy and disappear after delivery. Symptoms can be explained 

from several factors (4). Under normal circumstances gastroesophageal reflux is prevented by 

the anti-reflux barrier located at the gastroesophageal junction. However, during pregnancy 

many changes are made in the female body that affect the anti-reflux barrier. These changes 

include physiological changes and hormonal changes. The physiological changes include an 

increased intra-abdominal pressure resulting from the enlarged uterus. Hormonal changes 

include elevated levels of estrogen and progesterone which subsequently cause alterations in 

the motility of the esophagus, stomach and intestine and lead to a decreased lower esophageal 

sphincter pressure (LES) (3)(5)(6). Subsequently, the gastric content of the stomach will 

damage the mucosa (3).  Other factors that are able to have an effect on the anti-reflux barrier 

are the body mass index (BMI) (increased BMI results in increased intra-abdominal pressure), 

lifestyle (smoking and drug abuse) and diet (alcohol and food high in fat) (7).  

Due to the high incidence of heartburn during pregnancy, health professionals consider it to be 

a normal pregnancy symptom (6). Nevertheless, severe heartburn can be experienced as 

troublesome and can induce further undesirable outcomes such as mucosal damage, nausea and 

vomiting (3). Therefore, diagnosis is important. The diagnosis of GERD can be made reliably 

based on its symptoms and may, in most cases, be easily treated with dietary- and life-style 

changes (3). In few cases, a prescription may be necessary. The step-up approach is often used 

as a prescription strategy, starting with a prescription for antacids and alginates. In case of non-

responsiveness continuing to a histamine H2 receptor antagonists prescription and as most 

effective treatment a prescription for the proton pump inhibitors (PPIs) (figure 1)  (1).  

 

 
Figure 1: The step-up approach for GERD in pregnant women with heartburn (6) 
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PPIs are gastric acid suppressing agents, reducing the production of gastric acid by blocking 

the final step of acid secretion (8). To be more precise, PPIs mechanism of action is to 

irreversibly bind the hydrogen/potassium ATPase enzyme, found on the gastric parietal cells 

(figure 2) (9). This bond prevents the movement of hydrogen ions from the parietal cells into 

the stomach. As a result, all gastric acid secretion is blocked (10). Only after 5 days of a once 

daily PPI dose, PPIs inhibit their maximum gastric acid secretion by 66% (11). Therefore, 

infrequent PPI use does not give a reliable gastric acid inhibiting result. Moreover, blocking the 

gastric acid secretion with PPIs is not 100% effective since they have a short half-life and not 

all proton pumps are active during this half-life. For example, omeprazole, a widely used PPI 

has a 90-minute half-life. During this half-life, 70% of proton pumps are inhibited. 

Subsequently, 30% of proton pumps are not inhibited and still produce gastric acid. To increase 

the gastric acid inhibition, the half-life of the PPI should be increased (10). An example of a 

PPI with an increased half-life is Tenatoprazol, with a half-life of 8.7 hours. This difference in 

half-life is seen as one of the main differences between the PPIs (table 1).  

 

 
Figure 2: Mechanism of action of proton pump inhibition (10) 
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Most PPIs, except Tenatoprazol and Rabeprazole, are rapidly metabolized by the CYP2C19 

and CYP3A4 enzymes in the liver (12)(10). Depending on race, patients can have an increased 

risk on being a poor metabolizer (10). Additionally, during pregnancy metabolization rates can 

decrease. In poor metabolizers, the PPIs will have a prolonged half-life. Therefore, standard 

drug doses may cause adverse effects related to increased drug levels in the blood plasma (13). 

Health professionals should always be vigilant for adverse events in these special groups in the 

population.  

 
Table 1. Comparison of the pharmacokinetics of the PPIs (10) 

Drug, dose Half-life, h Oral bioavailability, 
single-dose / multiple 
dose, % 

Omeprazole, 20 mg 1.5 40 - 60 
Lansoprazole, 30 mg 1.1 80 – 90 
Pantoprazole, 40 mg 1.2 77 
Rabeprazole, 20 mg 1.1 52 
Esomeprazole, 40 mg 1.6 64 - 89 
Tenatoprazole, 40 mg 8.7 - 

 

As earlier mentioned, PPIs are first-line drugs for the treatment of both heartburn and GERD, 

diseases often pregnancy related (2). However, since 34% of pregnancies in Western-Europe 

are not planned, women could unintentionally expose their fetus to these drugs (14). Our 

concern is that the pregnant population suffering from heartburn or GERD, is possibly at risk 

for adverse pregnancy outcomes after PPI intake. This literature study will address the in utero 

exposure to the three most common PPIs; omeprazole, esomeprazole, lansoprazole and its 

adverse outcomes in the offspring (15).  
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Method 
 
The literature search for this essay used online databases PubMed and Google Scholar. Relevant 

papers published in English between 1998 and 2019 were reviewed. The search terms used 

included: (“proton pump inhibitor” [Mesh] OR “omeprazole” [Mesh] OR “lansoprazole” 

[Mesh] OR “esomeprazole” [Mesh] OR “gastroesophageal reflux disease” [Mesh] OR 

“heartburn” [Mesh] OR “proton pump inhibitor” [tiab] OR “PPI” [tiab] OR “omeprazole” [tiab] 

OR “lansoprazole” [tiab] OR “esomeprazole” [tiab] “gastroesophageal reflux disease” [tiab] 

OR “heartburn” [tiab] OR “GORD” [tiab] OR “GERD” [tiab])  

AND (“pregnan*” [Mesh] OR “in utero” [Mesh] OR “pregnan*” [tiab]) OR “in utero” [tiab]) 

AND (“fetal” [Mesh] OR “adverse pregnancy outcomes” [Mesh] OR “asthma” [Mesh] OR 

“congenital anomalies” [Mesh] OR “congenital malformations” [Mesh] OR “pre-eclampsia” 

[Mesh] OR “birth weight” [Mesh] OR “fetal” [tiab] OR “adverse pregnancy outcomes” [tiab] 

OR “asthma” [tiab] OR “congenital anomalies” [tiab] OR “congenital malformations” [tiab] 

OR “pre-eclampsia” [tiab] OR “birth weight” [tiab]). All titles and abstracts were screened, 

potentially relevant papers were read. Papers were accessed between 15-04-19 and 06-05-19.  
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Proton Pump Inhibitors (PPIs) 

PPIs all work according to the same mechanism. The differences between the PPIs are found 

in their pharmacokinetic and pharmacodynamic properties. 

 
Omeprazole 

Omeprazole is suggested for adults with GERD in a recommended oral dose of 20 mg daily for 

up to 4 weeks, in some cases additional treatment of 4 more weeks is necessary. Absorption 

occurs after 1-2 hours in the small intestine with an oral bioavailability of 40% after the first 

dose, increasing to 60% after prolonged once-daily administration. This PPI is 97% plasma 

protein bound. Omeprazole is fully metabolized by cytochrome P450 system (CYP) and is 

mostly dependent on CYP2C19 which transforms omeprazole to its main metabolite 

hydroxyomeprazole. The second CYP enzyme metabolizing omeprazole is CYP3A4, 

producing the metabolite omeprazole sulphone. Both metabolites do not have any effects on 

gastric acid secretion. Since omeprazole acts mainly as a CYP2C19 inhibitor, there is a 

possibility for drug-drug interactions with other CYP2C19 substrates. The half-life of 

omeprazole lays between 1 – 1.5 hours and its metabolites are excreted mainly by urine. Risk 

factors are hepatic impairment and the Asian race. In the Asian population, 15 – 20% are poor 

metabolizers, this is CYP2C19 genotype dependent. This is a relatively large group compared 

to the Caucasian population, where only 3% are poor metabolizers (10). In the Asian poor-

metabolizing population, metabolization of omeprazole is mainly done by CYP3A4, resulting 

in 3 to 5 times higher omeprazole plasma concentrations. Pregnancy is also a possible risk-

factor due to changes in metabolization rates, resulting in an increased half-life. In these cases, 

dose reduction should be considered. In teratology studies in rabbits and rats, high doses of 

omeprazole were associated with pregnancy disruption, embryo damage and fetal resorption 

(16). However, omeprazole at normal dosage has no effect on fertility and reproductive 

performances in rat studies (17). There are also no adverse pregnancy outcomes indicated after 

in utero exposure to omeprazole (17). 

 

Esomeprazole 

Esomeprazole is the S enantiomer of omeprazole and has a longer serum half-life compared to 

omeprazole (18). Furthermore, esomeprazole has shown to be more effective in GERD 

compared to omeprazole at the same dose (19). This is due to esomeprazoles more consistent 

pharmacokinetics and less interpatient variability (gastric acid inhibition and plasma 
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concentrations) (20). Esomeprazole is distributed in oral tablets of 40 mg daily for up to 4 

weeks. An additional treatment of 4 weeks can be suggested if GERD has not been resolved. 

Esomeprazole is rapidly absorbed in 1 – 2 hours after administration. Oral bioavailability is 

estimated in 64% after the first dose and 89% after prolonged once-daily administration. Just 

like omeprazole, 97% of esomeprazole is plasma protein bound. 99% of esomeprazole is 

processed into its metabolites, this is mainly done by CYP2C19 and forms the metabolites 

hydroxy-esomeprazole and desmethyl-esomeprazole. Metabolization of the remaining 

esomeprazole is done by CYP3A4 and results in esomeprazole sulphone. The half-life of 

esomeprazole is just higher than that of omeprazole at 1.6 hours. However, excretion of both 

PPIs is the same since metabolites are mainly excreted through the urine. Risk factors are poor 

metabolizers, Asian population, pregnant women, hepatic impairment and gender. Females had 

a 30% higher area under the plasma concentration-time curve compared to males after a single 

dose. After repeated dose administration, this difference was lost. Animal studies indicated that 

no harmful outcomes were reported on fertility outcomes after esomeprazole exposure in 

animal studies. The summary of product characteristics (SMPC) of esomeprazole stated that 

insufficient clinical data was available on pregnancy outcomes after exposure. However, animal 

studies indicated a direct or indirect harmful effect regarding embryonal / fetal toxicity. 

Esomeprazole should only be given to pregnant women if clearly needed and following an 

assessment of the risks and benefits (21). Because esomeprazole is the S enantiomer of the 

racemate (S-R-)omeprazole, it is not very probable esomeprazole would induce a different  risk 

on adverse fetal outcomes compared to omeprazole. 

 

Lansoprazole 

The third PPI is lansoprazole and is usually distributed in oral capsules of 30 mg daily. 

Lansoprazole has the highest bioavailability of the 3 PPIs with a bioavailability of 80-90% after 

single dose, with highest plasma levels after 1.5 – 2 hours. Just as omeprazole and 

esomeprazole, lansoprazole has a plasma protein binding of 97%. After metabolization in the 

liver, mainly by CYP2C19, 5-hydroxyl derivatives are formed. Sulphone and sulphide 

derivatives are formed after metabolization with CYP3A4 enzymes. None of these metabolites 

have an effect on gastric acid secretion. Metabolites are then excreted by both the urine (1/3th) 

and the biliary route (2/3th). Risk factors include poor metabolizers, such as Asians and 

pregnant women and patients suffering from hepatic insufficiency. Animal studies on 

lansoprazole indicate no harmful effects regarding pregnancy- or fetal outcomes. For 
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lansoprazole little clinical data on exposed pregnancies is available. Lansoprazole should only 

be prescribed during pregnancy if clearly needed and following an assessment of the risks and 

benefits (22).   

 

PPIs during pregnancy 

From the moment the PPIs where brought on the market in 1980, the PPIs have been 

increasingly used during pregnancy. In the last two decades, 2-3% of pregnant women got a 

PPI prescribed or over the counter (OTC) during her pregnancy (figure 3) (15) (23). This group 

of pregnant women using PPIs are often women during their first pregnancy, heavy smokers 

pre-pregnancy and of increased maternal age (24). First trimester PPI exposure is often due to 

pre-pregnancy existing GERD and during this time it is likely that women are not aware of their 

pregnancy (24). After the first trimester, the risks of GERD and GERD severity increases with 

each trimester. Subsequently leading to an increased PPI exposure with trimester (1). However, 

exact data on PPI exposures per trimester are unknown.  

  

 
Figure 3:The different PPI prescriptions in pregnant women from 1996 to 2008 (25) 
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Fetal safety 

PPIs are reported to cross the human placenta and appear to be present in the breastmilk. During 

the first trimester, the period of organogenesis, the fetus is most at risk for malformations. 

Subsequently this first trimester is the period most often studied and contains most data on PPI 

exposure. Data about second and third trimester PPI use is scarce (7). However, in utero 

exposure during all three trimesters provides a possible danger to the unborn child (26) (27) 

(16). Examples of possible dangers are the sensitization of the fetal immune system, inducing 

deficiencies in the fetal morphogenesis or the blockage of receptors during pregnancy (28) 

(29)(30). These main dangers will be further discussed later. However, some PPIs provide a 

second danger because they are able to inhibit certain transporters on the placenta. The placenta 

expresses multiple ATP-binding cassette (ABC) transporters, in all membranes of the fetal-

maternal barrier. These ABC transporters are involved in nutrient transport and have a 

protective effect against fetal exposure to foreign substances (31). From a toxicological point 

of view, the ABCB1/MDR1 and ABCG2/BCRP are especially important. These two efflux 

transporters are expressed on the brush border membrane of the syncytiotrophoblast and face 

maternal blood. They are so important because they transport toxic compounds away from the 

fetus into the maternal blood (31). From omeprazole and lansoprazole we know that they are 

able to inhibit MDR1 (32). Furthermore, omeprazole and lansoprazole are BCRP inhibitors (33) 

(34). So in theory, maternal intake of omeprazole and lansoprazole, may result in inhibition of 

BCRP and MDR1 and may increase fetal exposure to toxic compound (31). To see if these 

theoretical concerns are well-grounded, animal studies and epidemiological studies in humans 

are needed. However, since pregnant women are excluded from phase 1 to 3 of clinical trials, 

there is very limited information on teratogenicity. To be able to make a safety estimation 

despite limited information, the Food and Drug Administration (FDA) uses a teratogenicity 

classification system. This teratogenicity classification system is based on teratogenic results 

of animal studies and the extent of human data available and its outcomes. 
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Classification 
 
As earlier mentioned, during teratology studies in rabbits and rats, high doses of omeprazole 

were associated with pregnancy disruption, embryo damage and fetal resorption (16). For this 

reason, omeprazole is classified as class C by the FDA which is defined as ‘Animal studies 

show risk but human studies are inadequate or lacking or no studies in humans or animals’ (3). 

Lansoprazole and esomeprazole are according to the FDA not associated with these increased 

risks for adverse pregnancy- and fetal outcomes in animal studies (7). They are classified as 

class B, defined as ‘Animal studies show no risks, but human studies inadequate or animal 

studies show some risk not supported by human studies’ (3).  

 
Table 2: FDA classification of PPIs during pregnancy (3) 

Proton-pump inhibitors 
Drugs 
 

Class 
 

Definition 
 

Comments 
 

Omeprazole C Animal studies show risk but human 
studies are inadequate or lacking or 
no studies in humans or animals 
 

Embryotoxic and fetotoxic in 
animals. Case reports in 
human suggest similar 
concerns. 

Lansoprazole B Animal studies show no risks, but 
human studies inadequate or animal 
studies show some risk not 
supported by human studies 
 

No fetal teratogenicity or 
harm. Limited human 
pregnancy date 

Esomeprazole B Animal studies show no risks, but 
human studies inadequate or animal 
studies show some risk not 
supported by human studies 
 

No fetal teratogenicity or 
harm. Limited human 
pregnancy date 
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Fetal outcomes 
 
Asthma 

Over the last decades, asthma incidence and asthma related deaths during childhood have 

increased. Asthma is an often-occurring disease during childhood and is allegedly caused by 

increased exposure to environmental factors (28). For example, in utero exposure to smoking 

and antibiotics are considered to be a possible cause for asthma development in early childhood 

(35). PPIs are also considered to be a possible cause for the development of asthma through 

allergic sensitization, the hypothesized mechanism behind childhood asthma (35) (28). Allergic 

sensitization is a process in which antigens, which are normally digested by the gastric acid, 

now remain present in the mother’s stomach. These maternal antigens are able to induce both 

a T-helper - 2 (Th-2) response and immunoglobin - E (Ig – E) sensitization of the immune 

system. Moreover, this could, after crossing the placenta, induce an allergic sensitization in the 

fetus which ultimately may lead to asthma (28) (35). Furthermore, women with a history of 

asthma are thought to influence the immune system of their fetus, giving their fetus a possibly 

more allergy-prone Th2 cytokine phenotype. This is done by maternal Ig-E, which can cross 

the membranes of the fetus and sensitize its immune cells to allergens (28) (36).  This 

predisposition to asthma is interesting, since PPIs in adults are used to relieve asthma symptoms 

in patients with GERD (35). Subsequently, mothers with asthma may often use PPIs, possibly 

increasing the risk of asthma in their offspring. In a meta-analysis by Lai et al. PPI use during 

pregnancy was associated with an increased risk on childhood asthma with a relative risk (RR) 

of 1.34; 95% CI 1.27 – 1.70; P<0.00001 (figure 4) (37). Therefore, PPIs should only be taken 

during pregnancy if clearly needed. Analysis per PPI was not possible since no studies have 

been done so far on the individual PPIs.  

 
 

 
Figure 4: The relative risk on childhood asthma after in utero exposure to PPIs (37) 
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Major congenital malformations 

Congenital malformations are due to defects in the morphogenesis of organs or body parts and 

result in either functional- or structural anomalies (29). Congenital malformations can often be 

linked to genetic factors, infections, maternal nutrition and environmental factors (38). The 

prevalence of congenital malformations in newborns worldwide is about 2 – 3% (29). This 

number increases during the infants first life year when silent anomalies are identified that were 

not detected at birth (39). PPI exposure in utero is now proposed as a possible environmental 

factor increasing the risk for congenital malformations. In the study from Gill et al. the risks of 

PPI exposed pregnancies were looked into in regarding its association with congenital 

anomalies, spontaneous abortion and premature delivery (40).  This meta-analysis showed that 

first-trimester exposure to PPIs in general, is not associated with an increased risk for congenital 

malformations with an adjusted odds ratio (aOR) of 1.12; 95% CI 0.86 – 1.45; P = 0.40 (Figure 

5) (40). Further analysis showed no increased risk for premature delivery or spontaneous 

abortion. The lack of association between major congenital malformations in offspring and in 

utero PPI exposure is in accordance with the data from the meta-analysis from Nikfar et al. 

from 2002 (26).  

 

 
Figure 5: The risk on congenital malformations after in utero exposure to PPIs (40) 
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Omeprazole 
 
In the meta-analysis of Gill et al. the risks of omeprazole exposed pregnancies were also looked 

into, regarding its association with congenital anomalies, spontaneous abortion and premature 

delivery (40).  Figure 6 shows that first-trimester exposure to omeprazole, is also not associated 

with an increased risk for congenital malformations with an adjusted odds ratio (aOR) of 1.17; 

95% CI 0.90 – 1.53; P = 0.25 (40). This data corresponds with earlier data from the meta-

analysis from Nikfar et al. with respect to the fetal safety of omeprazole during pregnancy (26). 

In the Diav-Citrin et al. study, the PPI omeprazole was studied individually with regards to the 

outcomes of major anomalies per trimester (table 3) (27). None of the outcomes of table 3 were 

statistically significant. In table 4, the differences in rates of major anomalies between 

omeprazole and the control group are compared. Here we see that there are no increased risks 

for major anomalies after first-trimester or any-trimester exposure to omeprazole.  

 

 

 
Figure 6: The risk on congenital malformations after in utero exposure to omeprazole  (40) 

 
Table 3: Outcomes of major anomalies per trimester per PPI compared to control group (27) 

 Omeprazole Lansoprazole Control P-value  
(P < 0.05) 

Miscarriage (%) 24/296 (8.1) 6/62 (9.7) 58/868 (6.7) 0.408, 0.430 
Stillbirth (%) 3/296 (1.0) 0/62 (0.0) 2/868 (0.2) 0.108, 1.000 
Major anomalies (all trimesters) (%) 9/249 (3.6) 2/51 (3.9) 30/792 (3.8) 0.900, 1.000 
Major anomalies (first trimester) (%) 8/194 (4.1) 2/44 (4.6) 30/792 (3.8) 0.828, 0.683 
Major anomalies (first trimester) 
[without genetic, cytogenetic, or infectious] (%) 

6/193 (3.1) 1/44 (2.3) 21/788 (2.7) 0.736, 1.000 

Preterm birth (%) 35/228 (15.4) 7/48 (14.6) 86/741 (11.6) 0.135, 0.535 
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Table 4: The relative risk on major anomalies after in utero exposure per PPI (27) 

RR 95% CI 
 Major anomalies (all trimesters) Major anomalies (first trimester) 
Omeprazole 0.95 (0.46 – 1.98) 1.17 (0.48 – 2.58) 
Lansoprazole 1.04 (0.25 – 4.21) 0.85 (0.12 – 6.20) 

 

Lansoprazole 

The study from Diav-Citrin et al. also studied the effects of in utero lansoprazole exposure on 

major anomalies (27). In table 3 the different major anomalies are displayed. When the anomaly 

rates of lansoprazole were compared to those of the controls, no statistically significant 

differences were seen. When we look at the risk for major anomalies after lansoprazole 

exposure in table 4, no increased risks are seen for first-trimester in utero exposure or any-

trimester in utero exposure.  

 

Esomeprazole 
 

No information was found on esomeprazole exposure during pregnancy and the risks for 

major congenital malformations in the infants.  
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Low birth weight 

The birth weight of a baby is dependent on the fetal growth rate in the uterus and its gestational 

age. The fetal growth rate is dependent on maternal, fetal and placental factors. If babies are 

born term and have a low birth weight, this is often due to genetic- or environmental factors. A 

baby with low birth weight upon term delivery is defined as having a weight less than 2500 

grams. Low birth weight can be dangerous since these babies have an increased risk for growth 

problems, malnutrition and infectious diseases. But also later in life, low birth weight can 

present a higher risk for diseases such as neurological impairment, hypertension or diabetes 

(41). Some examples of environmental factors reducing the birth weight are well known, such 

as smoking or alcohol. Other less obvious environmental factors that can be of influence on 

birth weight are some classes of medication. Are the PPIs one of those classes whose use during 

pregnancy is a risk factor for decreased / low birth weight? To assess this, we looked into two 

studies; the first study examines if there is a decreased birthweight (table 5) and the second 

study examines if there is a low birthweight (< 2500 g) (table 6).  

 
Omeprazole 
 
Diav-Citrin et al. compared the pregnancy outcome of birth weight after mainly (86,9%) first 

trimester in utero omeprazole exposure to the birth weight of the control group (table 5).  The 

data showed a statistically significant decrease of 60 grams birthweight after in utero exposure 

to omeprazole (P-value = 0.020) (27). In the second study, with data from the Swedish Medical 

birth registry, a total of 955 infants were born from mothers using PPIs over a period of 1995 

to 1999 (42). Among the alive born singletons, 3.2% was diagnosed with a low birth weight 

after first trimester in utero exposure and 3.8% was diagnosed with low birth weight after 

second or third trimester in utero exposure. When comparing this to the prevalence of low birth 

weight over the total population (3.2%), we see a small increase for low birth weight in 

newborns born to mothers using omeprazole in second or third trimester (table 6). However, if 

this effect is statistically significant is not noted (42). Furthermore, in this study the ORs were 

reported of both first trimester use and second/third trimester* use (table 6). Neither ORs 

showed a statistically significant increased risk for low birth weight.  
*Important to mention: second-third trimester OR is based on only 5 cases (42).  
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Table 5: Birthweight of newborns after in utero exposure to PPIs compared to control group (27) 

 Omeprazole Lansoprazole Control P-value  
(P < 0.05) 

Birth weight 
(Gram) 

3280 (2900 – 3600) 3300 (2845 – 3615) 3340 (3030 – 3679) 0.020, 0.452 

 
 
 
Table 6: The risk of low birthweight (<2500 g) after in utero omeprazole exposure per trimester (42) 

 First trimester  
(N = 863) 

Second/third trimester 
(N=131) 

Total population 

 n     % n    %  % 
Low birth weight 27 (3.2) 5 (3.8) (3.2) 
    
 OR 95% CI OR 95% CI OR 95% CI 
Low birth weight 0.97 (0.66 – 1.43) 1.20 (0.49 – 2.91) 1 

 
 
Lansoprazole 
 
In 91.7% of lansoprazole using pregnant women, lansoprazole was prescribed during the first 

trimester of pregnancy. After lansoprazole exposure Diav-Citrin noted a median birthweight of 

3300 gram in newborns. Compared to the control group, where the babies had a median birth 

weight of 3340 grams, a 40-gram differences in birth weight was seen (table 5). This 40 gram 

differences was not statistically significant, since its P-value was above 0.05 (27). Therefore, 

lansoprazole exposure during first trimester of pregnancy does not induce a decreased birth 

weight. No information was available on lansoprazole exposure during pregnancy and the risks 

for low birth weight (< 2500 g) in newborns.  

 

Esomeprazole 
 
No information was found on esomeprazole exposure during pregnancy and the risks for 

decreased / low birth weight in the infants.  
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Maternal outcomes  
 
Pre-eclampsia 
 

Pre-eclampsia, a pregnancy-related disorder that occurs during 2 – 5% of pregnancies, is 

characterized by hypertension and proteinuria during the second or third trimester of pregnancy 

(30) (43). Pre-eclampsia is responsible for high numbers of death worldwide both maternal and 

fetal (43).  The exact pathogenic mechanisms by which pre-eclampsia is induced is unknown, 

however recent studies have indicated soluble Fms-like tyrosine kinase-1 (sFlt-1) as a reliable 

biomarker. Elevated levels of sFlt-1 should help predict if women are at risk for pre-eclampsia. 

A study from Takagi et al. mentioned that heme oxygenase-1 negatively regulates sFlt-1 

secretion. Furthermore, PPIs are known to upregulate heme oxygenase-1 (30). Therefore, we 

ask ourselves, does the upregulation of heme oxygenase-1 have an upregulating effect on sFlt-

1? If this would be true, PPIs could possibly induce pre-eclampsia.  

 

In a prospective cohort study of Saleh et al. 430 women were investigated of which 40 took 

PPIs (6 esomeprazole, 32 omeprazole and 2 pantoprazole). Instead of an upregulation, a 

downregulation of sFlt-1 was observed (table 7) (30). This implicates that PPIs could have a 

protecting effect against pre-eclampsia. In the study from Hastie et al. PPIs; omeprazole, 

esomeprazole, pantoprazole, rabeprazole and lansoprazole at any point across gestation were 

studied on their risk of developing pre-eclampsia (table 8) (44).  

 
Table 7: SFlt-1 concentration of PPI exposed women compared to control groups (30) 

 sFlt-1, pg/mL P-value (P < 0.05) 
PPI exposure (n = 40) 3505 (1120 - 25162)  
Control (n = 390) 4361 (375 – 83967) 0.013 
Control (n = 80) 
[Matched for gestational age at study entry] 

10638 (836 – 83967) <0.0001 

  

Table 8 presents the rates and adjusted ORs for developing pre-eclampsia. The PPI users had 

compared to the control group a higher risk for developing pre-eclampsia with an adjusted OR 

of 1.17; 95% CI 1.04 – 1.32. After subgroup analysis on gestational age during pre-eclampsia, 

PPI use was associated with pre-eclampsia after 37 weeks of gestational age. However, PPI use 

was not associated with pre-eclampsia before  37 weeks and even 34 weeks of gestational age 

(44) (table 8). 
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Table 8: Risk for pre-eclampsia after exposure to PPIs (44) 

 
 
Outcome 

Control  
(N = 151669) 

PPI Use Ever During Pregnancy  
(N=6051) 

N (%) N (%) OR (95% CI) Adjusted OR 
(95% CI) 

Pre-eclampsia, all N= 7258 6929 (4.57) 329 (5.44) 1.20 (1.07–1.35) 1.17 (1.04–1.32) 
Pre-eclampsia ≥37 

gestational weeks N=4658 
4443 (2.93) 215 (3.55) 1.22 (1.06–1.40)  

 
1.20 (1.04–1.39) 

Pre-eclampsia with delivery <37 
gestational weeks N=1605 

1547 (1.02) 58 (0.96) 0.94 (0.72–1.22) 0.89 (0.68–1.16) 

Preeclampsia with delivery <34 
gestational weeks N=597 

579 (0.38) 18 (0.30) 0.78 (0.49–1.25) 0.78 (0.48–1.27) 

 

Esomeprazole  
 
For the effect of individual PPIs on pre-eclampsia, we had to look at the sFlt-1 levels. In a 

recent study (Cluver et al. 2018) significant increased levels of sFlt-1 during pre-eclampsia 

were shown in women who had not yet delivered (45). In the study women suffering from pre-

eclampsia were treated with esomeprazole or a placebo. Women treated with esomeprazole 

showed no statistically significant differences in sFlt-1 levels compared to the placebo group 

(45). Based on sFlt-1 levels, esomeprazole exposure does not give an increased risk for pre-

eclampsia, nor does it give a decreased risk for pre-eclampsia.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  SEQ Figure \* ARABIC 7: SFlt-1 concentrations of esomeprazole 
exposed women suffering from pre-eclampsia compared to pre-eclamptic 
women in the control group  ADDIN CSL_CITATION 
{"citationItems":[{"id":"ITEM-
1","itemData":{"DOI":"https://doi.org/10.1016/j.ajog.2018.07.019","ISSN":"0
002-9378","abstract":"Background Preterm preeclampsia has a high rate of 
fetal death or disability. There is no treatment to slow the disease, except 
delivery. Preclinical studies have identified proton pump inhibitors as a 
possible treatment. Objective The purpose of this study was to examine 
whether esomeprazole could prolong pregnancy in women who have received 
a diagnosis of preterm preeclampsia. Study Design We performed a double-
blind, randomized controlled trial at Tygerberg Hospital in South Africa. 
Women with preterm preeclampsia (gestational age 26 weeks+0 days to 31 
weeks+6 days) were assigned randomly to 40-mg daily esomeprazole or 
placebo. The primary outcome was a prolongation of gestation of 5 days. 
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Omeprazole 
 
The study of Saleh et al. in which 430 pre-eclamptic women were investigated. Of these 430 

women, 40 were exposed to PPIs, of which a majority (32 / 40) were exposed to omeprazole 

and 6 / 40 were exposed to esomeprazole (table 7).  Omeprazole was expected to have a more 

modest effect on sFlt-1 concentrations compared to esomeprazole (30). However, since 

esomeprazole has no significant effect on the sFlt-1 levels in figure 7, it is possible that the 

decrease in sFlt-1 in table 7 is almost fully dependent on omeprazole (45). Since omeprazole 

consist of R-omeprazole besides S-omeprazole, this could point to a stereoselective effect of 

the R-omeprazole. 

 
Lansoprazole 
 

According to the article of Saleh et al. lansoprazole is expected to have a similar effect on sFlt-

1 release and concentration as esomeprazole. However, an article from Langeza et al. states that 

lansoprazole is expected to have a bigger effect on sFlt-1 release and concentration than 

omeprazole (30). This insinuates that lansoprazole would have a better protecting effect against 

pre-eclampsia due to lower sFlt-1 levels compared to omeprazole. However, this is 

contradicting since lansoprazole is expected to be in the same category of sFlt-1 release and 

concentration as esomeprazole. Since Cluver at al. showed that esomeprazole gave no 

significant changes in sFlt-1 levels, it is unlikely lansoprazole will induce statistically 

significant increased sFlt-1 (45). Therefore, based on sFlt-1 levels, lansoprazole probably will 

not increase or decrease the risk for pre-eclampsia.  
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Conclusion  
 
PPIs are currently often used drugs during pregnancy all over the world. For this reason, it is of 

great importance to be aware of possible teratogenic risks. In this literature research, the 

function, fetal outcomes and maternal outcomes of different PPIs have been discussed in detail 

to estimate their ability to increase the risk for an adverse pregnancy outcome. The three most 

often used PPIs were looked into during this study. These are omeprazole, lansoprazole and 

esomeprazole (15). Omeprazole was the most often used in approximately 1.7% of pregnant 

women, lansoprazole was used in approximately 0.5% of pregnant women and esomeprazole 

was used in approximately 0.4% of pregnant women (figure 3). Asthma, major congenital 

malformations, low birth weight and pre-eclampsia were the studied outcomes 

 

In general, we found an increased risk of asthma after maternal PPI use. This risk was increased 

with a relative risk of 1.34; 95% CI 1.27 – 1.70; P<0.00001 on childhood asthma after maternal 

PPI use (37). Further subdivision per PPI was not possible since no studies on the effect of 

different PPIs on asthma have been conducted so far. In contrast to the increased risk for asthma, 

exposure to PPIs in general did not show to increase the risks of congenital malformations, 

premature delivery or spontaneous abortion (26). When looking at the individual PPIs, neither 

omeprazole nor lansoprazole posed an increased risk for congenital malformations. In both 

omeprazole and lansoprazole cases (all trimester exposure), the relative risks were close to 1, 

with a confidence interval that was not statistically significant different from 1 (table 4). Also, 

first trimester exposure to omeprazole did not indicate an increased risk for major anomalies 

with an adjusted odds ratio of 1.17; 95% CI 0.90 – 1.53; P = 0.25 and a same relative risk of 

1.17; 95% CI 0.48 – 2.58 (table 4 & figure 6) (27) (40). During first trimester exposure, the 

confidence intervals were broad due to the small size of the exposed group. Lansoprazole also 

did not indicate an increased risk for congenital malformations after first trimester exposure 

with a relative risk of 0.85; 95% CI 0.12 – 6.20 (27). Due to the small sample size, the 

confidence interval is broad and rather unspecific. No information is available on esomeprazole 

use during pregnancy and congenital malformations. We also looked at the outcome of low 

birth weight (< 2500 gram). First trimester exposure to omeprazole did not induce a statistically 

significant increased risk for low birth weight with an OR of 0.97; 95% CI 0.66 – 1.43 (table 

6) (42). However, we did see an overall decreased birthweight. In the study from Diav-Citrin, 

where most women were exposed during their first trimester, newborns had a statistically 

significant decrease in birthweight of 60 grams, resulting in a mean birthweight in 3280 gram; 
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P-value = 0.020 (table 5) (27). Also second/third trimester omeprazole exposure did not give a 

statistically significant increased risk for low birth weight with an OR of 1.20; 95% CI 0.49 – 

2.91 (table 6) (42). Altogether, omeprazole does not increase the risk for low birthweight. 

However, it does give a decrease in birthweight.  Lansoprazole did not give a statistically 

significant decrease in birthweight. The birthweight of newborns exposed to lansoprazole 

(mainly first trimester) was decreased with 40 gram, this effect was not significant with a P-

value of 0.452 (table 5) (27). Concluding for lansoprazole that neither a low birthweight nor a 

decreased birthweight was found after exposure. For esomeprazole, no information on its 

influence on low birth weight was found. At last, pre-eclampsia after 37 weeks was associated 

with PPI use with an OR of 1.22; 95% CI 1.06 – 1.39 (table 8) (44). For the effect of individual 

PPIs we had to look at the sFlt-1 levels. Upregulated sFlt-1 levels would indicate an increased 

risk for pre-eclampsia. In a study from Saleh at al. 32/40 women exposed to PPIs, were exposed 

to omeprazole, here a statistically significant decrease in sFlt-1 levels was seen. This indicates 

that omeprazole possibly has a protective effect on pre-eclampsia. In a different study the sFlt-

1 levels of lansoprazole and esomeprazole were looked into. In this study no statistically 

significant differences were seen in sFlt-1 levels between the esomeprazole and lansoprazole 

treated group and the control group (45). Based on the sFlt-1 levels, omeprazole, lansoprazole 

and esomeprazole will not induce pre-eclampsia. However, the different papers are in 

contradiction with each other regarding their effects on sFlt-1 levels. Therefore, we cannot 

directly translate sFlt-1 levels to risks on pre-eclampsia. For this reason, the study of Hastie et 

al. directly linking PPI exposure to pre-eclampsia (> 37 weeks) with an OR of 1.22 is more 

reliable than the studies using sFlt-1 levels to predict pre-eclampsia. Subsequently, we cannot 

rule out that any of the PPIs might induce pre-eclampsia. 

 

So which PPI is the safest option during pregnancy regarding its adverse pregnancy outcomes? 

Omeprazole might increase the risk for childhood asthma. However, it does not increase the 

risk for congenital anomalies, nor increases the risk for low birthweight. Nevertheless, 

omeprazole does decrease the birthweight of the newborn by 60 grams. Furthermore, 

omeprazole might increase the risk for pre-eclampsia after 37 weeks. Moreover, lansoprazole 

might also increase risk for childhood asthma and pre-eclampsia after 37 weeks. Yet, it does 

not increase the risk for congenital anomalies, low birthweight or decreased birthweight. At 

last, omeprazole and lansoprazole are known to inhibit MDR1 and BCRP on the placenta and 

therefore in theory, possibly both increase fetal exposure to toxic compounds. Esomeprazole 

might increase risk for childhood asthma and pre-eclampsia after 37 weeks just like omeprazole 
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and lansoprazole. On the other hand, there is no information known on the risk for congenital 

anomalies and low birthweight. For this reason, we cannot exclude that esomeprazole is a 

possible risk factor for both congenital anomalies and low birthweight. However, being the S-

enantiomer of the racemate (S-,R-)omeprazole, esomeprazole is most likely to have an equal 

risk on both outcomes as omeprazole.  

 

From this we can conclude that omeprazole is the safest option during pregnancy. Omeprazole 

is safer because the extensive research done on this PPI outweighs the decreased birth weight 

of 60 grams on term birth. A decrease of 60 grams at term birth is not of major clinical relevance 

in healthy newborns. Classification of omeprazole as class C by the FDA is correct. There is a 

positive evidence for increased risk on asthma and pre-eclampsia for the whole PPI group. 

Therefore, increased risk on asthma and pre-eclampsia cannot be ruled out for omeprazole. 

Lansoprazole is a good second option. However, lansoprazole will need more in-depth research 

to investigate its individual properties and safety. Classification of lansoprazole and 

esomeprazole should be changed from class B to class C, since also here the risk for asthma 

and pre-eclampsia cannot be ruled out. Extensive research has to be done to address the safety 

of esomeprazole, since it is prescribed in 0.4% of pregnant women with only little knowledge 

of its teratogenic effect. More studies are needed to define which PPIs are responsible for 

childhood asthma and pre-eclampsia. In this way, a better indication can be given by the FDA 

classification system. Also, more studies should be done to address the theoretical concerns 

regarding placental MDR1 and BCRP inhibition and subsequent fetal toxicity. Until clear 

answers are available, omeprazole and lansoprazole should only be prescribed during 

pregnancy when clearly needed to avoid possible fetal toxicity, childhood asthma and pre-

eclampsia. Also, esomeprazole should be prescribed with great caution until more information 

is known about its specific stereoselective effects and extra data is available on its safety. 

Furthermore, extra studies and larger datasets are needed to reduce the width of the many broad 

confidence intervals seen in this literature study and give more precise results.  Overall, no 

increased risks for adverse pregnancy outcomes for individual PPIs were found, hence in-depth 

research on the individual safety of PPIs is the only way to find more reassurance on the safest 

option during severe pregnancy-related GERD.  
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