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INTRODUCTION
Drug use during pregnancy is highly prevalent with 50%–81% of women reporting using at least one drug during that period (Mitchell et al., 2011; Lupattelli et al., 2014). These numbers are likely to keep increasing since women become pregnant at a later age and are more likely to have preexisting medical conditions and pregnancy complications. (Fridman et al., 2014). Even though drug use during pregnancy is commonplace, it has been estimated that nearly 98% of drugs approved by the Food and Drug Administration (FDA) between 2000 and 2010 carry an “undetermined” teratogenic risk (van Gelder et al., 2014). Furthermore, there is a dearth of information on how pregnancy-induced physiological changes impact a drug’s pharmacokinetics (Pinheiro and Stika, 2020). This uncertainty stems from the almost systematic exclusion of pregnant women from clinical trials following the thalidomide scandal.
The identification in 1961 of the first human teratogenic drug, thalidomide (i.e., treatment of nausea and vomiting in pregnancy), had a profound impact on biomedical research and drug regulation (Lenz, 1988). In 1971, the banning of diethylstillbestrol (i.e., medication used to prevent miscarriages) on the US market, after being associated with cervical and vaginal cancers in female offsprings, further enhanced the fear and suspicion generated by the thalidomide tragedy (Diethylstilbestrol DES Exposure and Cancer, 2021). As a result, the FDA issued a guideline in 1977 recommending the exclusion of most women of childbearing potential from early phases of clinical trials, a policy that was widely adopted by drug sponsors (Merkatz, 1998). It took more than 10 years for the FDA to identify the perverse impact of this policy on women’s health and to issue new guidelines (FDA, 2020a). These guidelines “Guideline for the Study and Evaluation of Gender Difference in the Clinical Evaluation of Drugs” removed the restriction on the inclusion of women in early phases of clinical trials and called for more studies on the pharmacokinetic differences between genders (FDA, 2020a).
Still, two decades later, clinical trials intended for pregnant women remain uncommon, with less than 0.5% of ongoing trials in 2013–2014 focusing on this group, and only 4% of those examining the pharmacokinetics of pregnancy (Scaffidi et al., 2017). Moreover, pregnancy and lactation are the most frequent exclusion criteria in clinical trials, as seen in a review of 38 new drugs approved by the FDA between 2014 and 2017 (Duggal et al., 2021). Consequently, much of what is known about medication safety during pregnancy is based on observational data gathered after the drugs are already on the market.
CURRENT METHODS FOR DRUG SAFETY RESEARCH IN PREGNANCY
Observational data traditionally relied on data sources such as case reports, pharmacovigilance reports [spontaneous reporting system databases such as vigibase, case-control studies, and drug registries (ENTIS)]. While these methods have proved useful in identifying signals or confirming/invalidating potential risks, they also come with important limitations such as recall bias, selection bias, limited sample size because of time-consuming and costly recruitment, and potential loss to follow-up.
The substantial and constant increase in the digitalization of healthcare databases and the considerable progress in computer science have led to the emergence of an important data source for pharmacoepidemiologic research in pregnancy. These databases either include medical records or administrative databases (i.e., prescription records or insurance data). The United Kingdom Clinical Practice Research Datalink (CPRD) (Charlton et al., 2014), which comprises data routinely collected from medical and prescribing records, is one such example. It has been used to evaluate many drug-related outcomes during pregnancy such as the risk of congenital anomalies linked to first trimester exposure to antidepressants [tricyclics and selective serotonin reuptake inhibitors (SSRIs)] (BCDSP, 2022) or to antihypertensives (Vasilakis-Scaramozza et al., 2013). Another example of electronic database analysis is the Medicaid Analytic eXtract (MAX) insurance data (Palmsten et al., 2013). The association between several drug exposures during early pregnancy and major malformations overall or medication use patterns were assessed using this database (Brogly et al., 2018). One limitation of these electronic databases is often the absence of important variables on exposure and confounders, which may not be present as it was not collected with the study’s aims in mind. Furthermore, since the beginning of pregnancy is often not recorded in these databases or imprecisely, gestational age needs to be estimated based on pregnancy exams or delivery codes.
This may be counteracted by the linkage of multiple databases based on a unique identifier, which is the case in several Nordic countries (Denmark, Finland, Iceland, Norway, Sweden) (Kieler, 2014). These countries have set up birth registers in the 1970s (Kieler, 2014). Unfortunately, it is only about 20 years later that they started recording information on drug use. These birth registries can be linked to other health registers (i.e., cancer register, patient register, cause of death register, and disease specific registers) offering a unique wealth of information. One example is the use of the Danish National Birth Cohort (DNBC) to assess the relation between several exposures and outcomes such as prenatal antidepressant use and child behavioral outcomes at 7 years of age (Grzeskowiak et al., 2016).
Yet, combining data from multiple registers can be a time-consuming process, and when coupled with delays in updating certain registers, obtaining the most current information may not always be feasible. Furthermore, this is not feasible in all countries due to legal and political restrictions over data privacy [ref].
FUTURE PERSPECTIVES
Fair inclusion of pregnant women in clinical trials
Recently, many researchers and organizations have emphasized the need for creating frameworks that ensure fair inclusion of pregnant women in clinical trials (Lyerly et al., 2008; White, 2015). For instance, in 2018 a list of recommendations on research specific to pregnant women and lactating women (PRGLAC) was published by the Task Force on Research Specific to Pregnant Women and Lactating Women (PRGLAC, 2019). In parallel, the FDA published a guidance on how to include pregnant women in clinical trials (FDA, 2020b).
The COVID-19 pandemic presented an excellent opportunity to promote their inclusion since most of the tested therapies were repurposed medicines that had been previously administered to pregnant women, such as chloroquine (Chloroquine, 2020), the lopinavir-ritonavir combination (Clinicalinfo, 2023), or remdesivir (Mulangu et al., 2019). Moreover, based on past observations of the impact of other respiratory viruses (Valentine et al., 2020), there was a significant suspicion of potential risk posed by COVID-19 to pregnant mothers and their fetuses. Consequently, several initiatives called for the participation of women in COVID-19 clinical trials as illustrated by a letter sent to the FDA from the Coalition to Advance Maternal Therapeutics (CAMT), which included the American Academy of Pediatrics, the American College of Obstetricians and Gynecologists, the Society for Maternal-Fetal Medicine, or the Organisation of Teratology Information Services (OTIS), amongst others (Francis and Stephen, 2020). Still, in April 2020, pregnancy was listed as an exclusion criterion in 74% of COVID-19 clinical trials evaluating repurposed drugs with no or low safety concerns during pregnancy (Taylor et al., 2021).
Not only pregnant women were excluded from treatment clinical trials but to an even greater extent from COVID-19 vaccine trials, with 98.7% (88/90) of trials excluding pregnant women between May and October 2020 (Taylor et al., 2021). It is only once data on the vaccines’ safety had appeared among women who unintentionally became pregnant during the trials, that vaccines were evaluated on pregnant women during clinical trials (Pfizer, 2023). This delayed inclusion had dire consequences in the perinatal population. Indeed, some pregnant women were thus denied the possibility of protecting themselves and their future babies from severe, and even deadly, outcomes (Villar et al., 2021). The absence of adequate high-quality data and consensus regarding their inclusion in the trials likely caused fear and a lack of trust among those who were subsequently given the chance to get vaccinated (Carbone et al., 2022). Still, vaccination rates among pregnant women remain lower than in the general population (Stock et al., 2022).
After the missed opportunity to include pregnant women in COVID-19 treatment and vaccine trials, it seems obvious that fair inclusion of pregnant women in clinical trials is not yet for tomorrow.
Thus, finding new approaches to collecting data in order to foster research on drug safety during pregnancy is still on the agenda. In this regard, digital health platforms such as social media and pregnancy applications could offer promising avenues for conducting research in this population.
Digital health
In 2022, it was estimated that 59% of the world’s population used at least one type of social media, with Facebook, Youtube, and Instagram being the most popular (Smart Insights, 2022). This proportion is even higher among the young adults, with an estimated 90% of American adults aged between 18 and 29 using social media in 2016 (SHANNON et al., 2016). However, only recently have researchers tried to exploit the widespread use of social media as a new tool to conduct research.
Social media
One way this has been done in pregnancy pharmacoepidemiology was to establish pregnancy cohorts directly based on the content of social media (Sarker et al., 2017). As an example, in 2017, twitter postings (tweets) were analysed using natural language processing to determine whether a woman was pregnant and automatically retrieve information on her pregnancy, including drug use (Sarker et al., 2017). The same authors also used twitter posts in 2018 to create a cohort of pregnancies with birth defect outcomes (Klein et al., 2018), in which they found congenital heart defects to be the most common congenital anomaly reported, similarly to reports using standard methods. Among the advantages of this method, the authors highlighted the availability of data in both the pre-conceptional period and postpartum for most twitter users. This method is probably at risk of underreporting since not all pregnant women use twitter and not all twitter users will post about their pregnancy or its outcome. The European Union’s Innovative Medicines Initiative advises against using social media for general monitoring of adverse effects, but recognizes its usefulness in specific areas such as drug abuse and pregnancy-related outcomes. They also acknowledge that further research could lead to an expansion of its scope and utility (van Stekelenborg et al., 2019).
In parallel, a large proportion of pregnant women use a pregnancy mobile application during that period with estimates varying between 55% in the United States to 75% in Australia (Lupton and Pedersen, 2016; Frid et al., 2021). Until now, researchers mostly perceived mobile applications as a mean to promote study recruitment (Vignato et al., 2019) or healthy behaviors during pregnancy such as controlling gestational weight gain (Halili et al., 2018), promoting physical exercise (Chan and Chen, 2019) and improving mental health (Evans et al., 2022).
Pregnancy mobile applications
A few initiatives have been carried out to use data collected on pregnancy mobile applications to directly study drug utilization and safety. For example, the Rhekiss mobile application was developed as a complementary tool to the already existing web-based app to fulfil data for the German pregnancy register Rhekiss (Richter et al., 2021). The implementation of the application allowed a slight increase in the proportions of submitted forms (i.e. 5%). More interestingly is that authors observed that patients using the application rather than the website tended to be younger and less educated. In 2017, as part of the FDA MyStudies app, pregnant women were recruited through Kaiser Permanente Washington, an integrated healthcare delivery system in the US (Rothschild et al., 2022). After downloading the application and completing an app-based consent form, they were asked to complete baseline questionnaires directly on the app. Additional questionnaires were sent during a 3-month follow-up period. The authors compared data obtained through the app to the one recorded in the electronic health record (EHR). They observed that the application had the potential to obtain information on over-the-counter drugs and sensitive behaviors such as alcohol and illicit drug use, which is often missing or incomplete in EHRs. They also noted its utility to record self-reported discontinuation of prescription drugs which may be helpful to reduce exposure misclassification in certain drug classes (e.g., psychotropics). In this study, participants were older than the rest of pregnant women in the EHR and had higher outpatient healthcare utilisation, perhaps suggesting that women who are more invested in the healthcare system may be more willing to enroll. Finally, in 2021, to evaluate the use of prophylactic low dose aspirin (LDASA) in pre-eclampsia, self-reported use of LDASA in MyHealthyPregnancy application was compared to recommendations of prophylactic LDASA in the medical records (Krishnamurti et al., 2021). Furthermore, authors assessed risk factors for pre-eclampsia which were most associated with a recommendation of LDASA. Cross examination of medical records and the application showed that a recommendation had been given to almost 70% of patients with high-risk criteria while less than half of patients reported receiving a recommendation for LDASA in the application. Thus, this study highlighted the potential for a pregnancy application to improve identification of patients who would benefit from prophylactic LDASA and gaps in patient-prescriber communication.
Interestingly, all the examples reported here and found in the literature until today are that of apps that collect data only on certain aspects of pregnancy and that do not provide their users with benefits in exchange. However, to tackle the recurrent problem of confounders, these apps should inquire about other aspects than medication use and obstetric outcomes alone, such as nutrition, physical activity, alcohol/drug consumption. This type of data is very rarely available in other data sources. Furthermore, to promote sufficient study recruitment and women’s engagement in providing data, these apps could incorporate certain features that women find desirable. For instance, health information, obtained immediately at minimal to no cost, has been highlighted as one of the most valued functionalities of these apps (Sommer et al., 2017). However, the absence of regulation of the app’s content can lead to non-evidence based, poor quality information, which can in turn be harmful to their users. This was highlighted in a 2017 review assessing the nutritional content of 51 pregnancy applications in Australia (Wiley, 2022). Similar findings were observed in a United Kingdom review of 29 apps in which authors found some of the information provided to be potentially harmful to pregnant women (Catherine et al., 2020).
To conclude, each data source has its strengths and limitations in drug safety research in pregnancy. If pooling data sources would improve the completeness of the available information, it would still not provide the ideal dataset with all information needed. Thus, there is a need for the development of new approaches. Social media and pregnancy mobile applications to collect data on the perinatal population is one of the possible avenues. It is still in its early stages and future work should be carried out to prove the potential of these tools.
With this new specialty section on maternal and fetal medicine, we hope to report paper reflecting the transition of research to “protect mothers and infant through research instead of from research” as wisely declared by NICHD Director Diana W. Bianchi, M.D.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 BCDSP (2022). Antidepressant use during early pregnancy and the risk of congenital anomalies – boston Collaborative Drug Surveillance Program (BCDSP). Available at: https://bcdsp.org/?p=700 (Accessed December 19, 2022). 
 Brogly, S. B., Hernández-Diaz, S., Regan, E., Fadli, E., Hahn, K. A., and Werler, M. M. (2018). Neonatal outcomes in a Medicaid population with opioid dependence. Am. J. Epidemiol. 187 (6), 1153–1161. doi:10.1093/aje/kwx341
 Carbone, L., Di Girolamo, R., Mappa, I., Saccone, G., Raffone, A., Di Mascio, D., et al. (2022). Worldwide beliefs among pregnant women on SARS-CoV-2 vaccine: A systematic review. Eur. J. Obstet. Gynecol. Reprod. Biol. 268, 144–164. doi:10.1016/j.ejogrb.2021.12.003
 Catherine, B., Kathryn D, V., Sara, L. W., Amanda, M., Lucilla, P., and Angela, C. F. (2020). Smartphone applications available to pregnant women in the United Kingdom: An assessment of nutritional information. Maternal Child Nutr. 16, e12918. doi:10.1111/mcn.12918
 Chan, K. L., and Chen, M. (2019). Effects of social media and mobile health apps on pregnancy care: Meta-analysis. JMIR Mhealth Uhealth 7 (1), e11836. doi:10.2196/11836
 Charlton, R., Snowball, J., Sammon, C., and de Vries, C. (2014). The clinical Practice research Datalink for drug safety in pregnancy research: An overview. Therapie 69 (1), 83–89. doi:10.2515/therapie/2014007
 Chloroquine (2020). Chloroquine - grossesse et allaitement. Available at: https://lecrat.fr/spip.php?page=article&id_article=441 (Accessed February 28, 2023). 
 Clinicalinfo (2023). Appendix C: Antiretroviral counseling guide for health care providers | NIH. Available at: https://clinicalinfo.hiv.gov/en/guidelines/perinatal/arv-counseling-guide (Accessed February 28, 2023). 
 Diethylstilbestrol (DES) Exposure and Cancer (2021). Diethylstilbestrol (DES) exposure and cancer. NIH, United States: National cancer institute. Available at: https://www.cancer.gov/about-cancer/causes-prevention/risk/hormones/des-fact-sheet (Accessed December 15, 2022). 
 Duggal, M., Sacks, L., and Vasisht, K. P. (2021). Eligibility criteria and clinical trials: An FDA perspective. Contemp. Clin. Trials 109, 106515. doi:10.1016/j.cct.2021.106515
 Evans, K., Donelan, J., Rennick-Egglestone, S., Cox, S., and Kuipers, Y. (2022). Review of mobile apps for women with anxiety in pregnancy: Maternity care professionals’ guide to locating and assessing anxiety apps. J. Med. Internet Res. 24 (3), e31831. doi:10.2196/31831
 FDA (2020). Research C for DE and. Pregnant women: Scientific and ethical considerations for inclusion in clinical trials. U.S. Food and drug administration. Available at: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pregnant-women-scientific-and-ethical-considerations-inclusion-clinical-trials (Accessed February 28, 2023). 
 FDA (2020). Research C for DE and. Study and evaluation of gender differences in the clinical evaluation of drugs. U.S. Food and drug administration. Available at: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/study-and-evaluation-gender-differences-clinical-evaluation-drugs (Accessed December 23, 2022). 
 Francis, C., and Stephen, M. H. (2020). Re: COVID-19 and pregnant women and lactating women. Available at: https://s3.amazonaws.com/cdn.smfm.org/media/2268/Final_CAMT_COVID_Letter_March_2020.pdf (Accessed February 28, 2023). 
 Frid, G., Bogaert, K., and Chen, K. T. (2021). Mobile health apps for pregnant women: Systematic search, evaluation, and analysis of features. J. Med. Internet Res. 23 (10), e25667. doi:10.2196/25667
 Fridman, M., Korst, L. M., Chow, J., Lawton, E., Mitchell, C., and Gregory, K. D. (2014). Trends in maternal morbidity before and during pregnancy in California. Am. J. Public Health 104 (1), S49–S57. doi:10.2105/AJPH.2013.301583
 Grzeskowiak, L. E., Morrison, J. L., Henriksen, T. B., Bech, B. H., Obel, C., Olsen, J., et al. (2016). Prenatal antidepressant exposure and child behavioural outcomes at 7 years of age: A study within the Danish national birth cohort. BJOG 123 (12), 1919–1928. doi:10.1111/1471-0528.13611
 Halili, L., Liu, R., Hutchinson, K. A., Semeniuk, K., Redman, L. M., and Adamo, K. B. (2018). Development and pilot evaluation of a pregnancy-specific mobile health tool: A qualitative investigation of SmartMoms Canada. BMC Med. Inf. Decis. Mak. 18 (1), 95. doi:10.1186/s12911-018-0705-8
 Kieler, H. (2014). Nordic databases to evaluate medications in pregnancy. Therapies 69 (1), 65–69. doi:10.2515/therapie/2014009
 Klein, A. Z., Sarker, A., Cai, H., Weissenbacher, D., and Gonzalez-Hernandez, G. (2018). Social media mining for birth defects research: A rule-based, bootstrapping approach to collecting data for rare health-related events on twitter. J. Biomed. Inf. 87, 68–78. doi:10.1016/j.jbi.2018.10.001
 Krishnamurti, T., Davis, A. L., Rodriguez, S., Hayani, L., Bernard, M., and Simhan, H. N. (2021). Use of a smartphone app to explore potential underuse of prophylactic aspirin for preeclampsia. JAMA Netw. Open 4 (10), e2130804. doi:10.1001/jamanetworkopen.2021.30804
 Lenz, W. (1988). A short history of thalidomide embryopathy. Teratology 38, 203–215. doi:10.1002/tera.1420380303
 Lupattelli, A., Spigset, O., Twigg, M. J., Zagorodnikova, K., Mårdby, A. C., Moretti, M. E., et al. (2014). Medication use in pregnancy: A cross-sectional, multinational web-based study. BMJ Open 4 (2), e004365. doi:10.1136/bmjopen-2013-004365
 Lupton, D., and Pedersen, S. (2016). An Australian survey of women’s use of pregnancy and parenting apps. Women Birth 29 (4), 368–375. doi:10.1016/j.wombi.2016.01.008
 Lyerly, A. D., Little, M. O., and Faden, R. (2008). The second wave: Toward responsible inclusion of pregnant women in research. Int. J. Fem. Approaches Bioeth. 1 (2), 5–22. doi:10.1353/ijf.0.0047
 Merkatz, R. B. (1998). Inclusion of women in clinical trials: A historical overview of scientific ethical and legal issues. J. Obstetric, Gynecol. Neonatal Nurs. 27 (1), 78–84. doi:10.1111/j.1552-6909.1998.tb02594.x
 Mitchell, A. A., Gilboa, S. M., Werler, M. M., Kelley, K. E., Louik, C., Hernández-Díaz, S., et al. (2011). Medication use during pregnancy, with particular focus on prescription drugs: 1976-2008. Am. J. Obstet. Gynecol. 205 (1), 51.e1–51.e8. doi:10.1016/j.ajog.2011.02.029
 Mulangu, S., Dodd, L. E., Davey, R. T., Tshiani Mbaya, O., Proschan, M., Mukadi, D., et al. (2019). A randomized, controlled trial of ebola virus disease Therapeutics. N. Engl. J. Med. 381, 2293–2303. doi:10.1056/NEJMoa1910993
 Palmsten, K., Huybrechts, K. F., Mogun, H., Kowal, M. K., Williams, P. L., Michels, K. B., et al. (2013). Harnessing the Medicaid analytic eXtract (MAX) to evaluate medications in pregnancy: Design considerations. PLOS ONE 8 (6), e67405. doi:10.1371/journal.pone.0067405
 Pfizer (2023). Pfizer and BioNTech commence global clinical trial to evaluate COVID-19 vaccine in pregnant women | pfizer. Available at: https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-commence-global-clinical-trial-evaluate (Accessed February 28, 2023). 
 Pinheiro, E. A., and Stika, C. S. (2020). Drugs in pregnancy: Pharmacologic and physiologic changes that affect clinical care. Semin. Perinatol. 44 (3), 151221. doi:10.1016/j.semperi.2020.151221
 PRGLAC (2019). List of recommendations from the Task Force on research specific to pregnant women and lactating women (PRGLAC). https://www.nichd.nih.gov/. Available at: https://www.nichd.nih.gov/about/advisory/PRGLAC/recommendations (Accessed February 28, 2023). 
 Richter, J. G., Weiß, A., Bungartz, C., Fischer-Betz, R., Zink, A., Schneider, M., et al. (2021). Mobile responsive app—a useful additional tool for data collection in the German pregnancy register Rhekiss?Front. Med. 8, 773836. doi:10.3389/fmed.2021.773836
 Rothschild, C. W., Dublin, S., Brown, J. S., Klasnja, P., Herzig-Marx, C., Reynolds, J. S., et al. (2022). Use of a mobile app to capture supplemental health information during pregnancy: Implications for clinical research. Pharmacoepidemiol. Drug Saf. 31 (1), 37–45. doi:10.1002/pds.5320
 Sarker, A., Chandrashekar, P., Magge, A., Cai, H., Klein, A., and Gonzalez, G. (2017). Discovering cohorts of pregnant women from social media for safety surveillance and analysis. J. Med. Internet Res. 19 (10), e361. doi:10.2196/jmir.8164
 Scaffidi, J., Mol, B., and Keelan, J. (2017). The pregnant women as a drug orphan: A global survey of registered clinical trials of pharmacological interventions in pregnancy. BJOG Int. J. Obstetrics Gynaecol. 124 (1), 132–140. doi:10.1111/1471-0528.14151
 Shannon, G., Andrew, P., and Maeve, D. (2016). Social media update 2016 pew research center: Internet, science and tech. Available at: https://www.pewresearch.org/internet/2016/11/11/social-media-update-2016/(Accessed December 19, 2022). 
 Smart Insights (2022). Global social media statistics research summary 2022. Available at: https://www.smartinsights.com/social-media-marketing/social-media-strategy/new-global-social-media-research/(Accessed December 19, 2022). 
 Sommer, J., Daus, M., Smith, M., and Luna, D. (2017). Mobile application for pregnant women: What do mothers say?Stud. Health Technol. Inf. 245, 221–224. 
 Stock, S. J., Carruthers, J., Calvert, C., Denny, C., Donaghy, J., Goulding, A., et al. (2022). SARS-CoV-2 infection and COVID-19 vaccination rates in pregnant women in Scotland. Nat. Med. 28 (3), 504–512. doi:10.1038/s41591-021-01666-2
 Taylor, M. M., Kobeissi, L., Kim, C., Amin, A., Thorson, A. E., Bellare, N. B., et al. (2021). Inclusion of pregnant women in COVID-19 treatment trials: A review and global call to action. Lancet Glob. Health 9 (3), e366–e371. doi:10.1016/S2214-109X(20)30484-8
 Valentine, L., Manon, V., Léo, P., Guillaume, F., Eva, G., Alice, P., et al. (2020). SARS-CoV-2 in the context of past coronaviruses epidemics: Consideration for prenatal care. Prenat. Diagn 40 (13), 1641–1654. Available at: https://www.researchgate.net/publication/341656511_SARS-CoV-2_in_the_context_of_past_coronaviruses_epidemics_Consideration_for_prenatal_care. doi:10.1002/pd.5759accessed Feb 28, 2023)
 van Gelder, M. M. H. J., de Jong-van den Berg, L. T. W., and Roeleveld, N. (2014). Drugs associated with teratogenic mechanisms. Part II: A literature review of the evidence on human risks. Hum. Reprod. 29 (1), 168–183. doi:10.1093/humrep/det370
 van Stekelenborg, J., Ellenius, J., Maskell, S., Bergvall, T., Caster, O., Dasgupta, N., et al. (2019). Recommendations for the use of social media in pharmacovigilance: Lessons from IMI WEB-RADR. Drug Saf. 42 (12), 1393–1407. doi:10.1007/s40264-019-00858-7
 Vasilakis-Scaramozza, C., Aschengrau, A., Cabral, H. J., and Jick, S. S. (2013). Antihypertensive drugs and the risk of congenital anomalies. Pharmacotherapy 33 (5), 476–482. doi:10.1002/phar.1212
 Vignato, J., Landau, E., Duffecy, J., O’Hara, M. W., and Segre, L. S. (2019). Using mobile health applications for the rapid recruitment of perinatal women. Arch. Womens Ment. Health 22 (2), 305–308. doi:10.1007/s00737-018-0894-2
 Villar, J., Ariff, S., Gunier, R. B., Thiruvengadam, R., Rauch, S., Kholin, A., et al. (2021). Maternal and neonatal morbidity and mortality among pregnant women with and without COVID-19 infection: The INTERCOVID multinational cohort study. JAMA Pediatr. 175 (8), 817–826. doi:10.1001/jamapediatrics.2021.1050
 White, A. (2015). Accelerating the paradigm shift toward inclusion of pregnant women in drug research: Ethical and regulatory considerations. Semin. Perinatol. 39 (7), 537–540. doi:10.1053/j.semperi.2015.08.008
 Wiley (2022). A review of pregnancy iPhone apps assessing their quality, inclusion of behaviour change techniques, and nutrition information. Available at: https://onlinelibrary.wiley.com/doi/epdf/10.1111/mcn.12768 (Accessed December 19, 2022). 
Conflict of interest: AP declares the following grant: 1) Unrestricted Grant from Ferring and Vifor–PregRec A pregnancy follow App providing and collecting information using crowed source science.
The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Gerbier and Panchaud. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Specialty grand challenge editorial innovative approaches for pharmacoepidemiologic research in pregnancy: Shifting the paradigm of Thalidomide’s impact on pregnant women		Introduction

		Current methods for drug safety research in pregnancy

		Future perspectives		Fair inclusion of pregnant women in clinical trials

		Digital health





		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiersin Drug Safety and Regulation

Specialty grand challenge
editorial innovative approaches
for pharmacoepidemiologic
research in pregnancy: Shifting
the paradigm of Thalidomide’s
impact on pregnant women





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Drug Safety and Regulation





