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Background and Objectives: Neuropsychiatric disorders in childhood after prenatal drug exposure raises concerns. Most of the published studies focused on psychotropic medications. This study investigated which prenatal medication exposure was associated with neuropsychiatric disorders in childhood.

Methods: A case-control study, nested in the French POMME cohort, was conducted to compare prenatal medication exposure between children with a history of neuropsychiatric care (ages 0–8 years) and children in a control group. POMME included children born in Haute-Garonne to women covered by the general Health Insurance System, between 2010 and 2011 (N = 8,372). Cases were identified through: (1) reimbursement for neuropsychiatric care; (2) psychomotor development abnormalities specified on health certificates; and (3) reimbursement for methylphenidate or neuroleptics. Controls had none of these criteria. Prenatal exposure to each of the major “Anatomical Therapeutic Chemical” classes was compared between the groups. Class(es) for which there was a statistically significant difference (after Bonferroni adjustment, i.e., p < 0.0033) was(were) compared using logistic regression.

Results: A total of 723 (8.6%) cases and 4,924 (58.8%) controls were identified. This study showed a statistically significant difference in prenatal exposure to nervous system drugs (excluding analgesics) between the groups [ORa: 2.12 (1.55; 2.90)]. Differences (not statistically significant at the 0.0033 threshold) were also observed for the ATC classes: Musculoskeletal, Genito-urinary System and Sex Hormones, Alimentary Tract and Anti-infectives.

Conclusion: Through identification of children with neuropsychiatric disorders and of their prenatal medication exposure, this study provides guidance for the assessment of long-term neuropsychiatric effects after prenatal medication exposure, without focusing on psychotropic medications.
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INTRODUCTION

Neuropsychiatric disorders are a diverse group of conditions that include both neurodevelopmental disorders and other psychiatric disorders. Based on the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (1), neurodevelopmental disorders include autism spectrum disorder (ASD), attention deficit/hyperactivity disorder (ADHD), communication disorders, developmental coordination disorder and learning disabilities. Other psychiatric disorders include anxiety disorders, mood disorders, childhood schizophrenia, etc. Epidemiological data have shown an increase in the prevalence of childhood neuropsychiatric disorders in recent years (2, 3). The origin of neuropsychiatric disorders is multifaceted and certain events that occur during intrauterine life may contribute to the risk of these disorders (4). For example, prenatal exposure to valproic acid has been shown to increase the risk of ASD in children (5). Recently, the involvement of other psychotropic medications in delayed neuropsychiatric effects has been examined and the results are conflicting (6–11). Moreover, nearly all studies on the subject have focused on psychotropic drugs, yet many medications cross the placenta and could be responsible for long-term effects on brain function. For example, studies have highlighted associations between childhood neurodevelopmental disorders and prenatal exposure to glucose-lowering medications, folic acid or immunosuppressants (12–14).

The objective of this study was to investigate associations between prenatal medication exposure, psychotropic or not, and care or treatment related to neurodevelopmental or psychiatric disorders in childhood. To address that, a comparison of prenatal medication exposure in children with a history of neuropsychiatric care and control children was conducted in the POMME cohort.



MATERIALS AND METHODS


Data Source

The French POMME [PrescriptiOn Médicaments Mères Enfants (Prescription-Drugs-Mothers-Children)] cohort [described in a previous article (15)] was used to conduct the study. POMME holds anonymized data on children from conception and during their childhood. POMME records data from two sources.

First the French Health Insurance System yearly provides with all data on medicines prescribed and reimbursed to the mother during pregnancy (medicine exposure during intrauterine life) and with data on medicines and medical care prescribed and reimbursed to the children during childhood. In France, the health insurance system is universal and manages all reimbursements of health care for all people affiliated to a health insurance scheme in France, complemented by mutual funds or private insurance companies. The main system is for salaried workers and covers about 80% of the population. Expenses for most of the medications, except those deemed not to contribute much to health, are partially or totally covered by the health insurance system. The French list of refundable medicines is available on the French Health Insurance System website [4]. Expenses for medical visits and medical care are also covered by the health insurance system. The French health care system is based on a mix of public and private practice and the patients have the freedom of choice when consulting physicians (general practitioner or specialists). Therefore, POMME holds information from both public and private health care systems. All expectant mothers declare their pregnancy to the French Health Insurance System, which records the date of the beginning of pregnancy and of childbirth (sent by maternity services for reimbursement of hospital expenses). During the first 6 months of pregnancy, medications are reimbursed at a rate of 35 or 65%. Thereafter, medical care and medications are provided free of charge until the end of pregnancy. After birth, children are generally covered by their mother's health insurance.

Second, the Maternal and child protection service provides data from children's certificates filled out during the compulsory medical examinations at birth, 9 and 24 months of age. The examinations are performed by a general practitioner or a pediatrician, using the standardized questionnaire forming the certificates. Then, the parents have to send certificates under confidential cover to the Mother and Child Protection Centre.

POMME includes children born to women covered by the general health insurance scheme, between July 1, 2010 and June 30, 2011. POMME is updated annually. Currently, available data concern children until 8 years of age.



Study Design

We conducted a retrospective case-control study nested in the POMME cohort. Prenatal exposure to each of the major ATC classes was compared between cases and controls.



Population

The initial population was live-born registered in the POMME cohort. We excluded children born with chromosomal abnormality(ies). The case and control groups were then formed by applying inclusion criteria related to (1) medical visits to a neuropsychiatric specialist, (2) reimbursement for neuropsychiatric cares, (3) items of psychomotor development on the health certificates, (4) neuropsychiatric condition specified on the health certificate, (5) reimbursement for methylphenidate and/or neuroleptics and (6) prescription of medications by a neuropsychiatric specialist. Inclusion criteria for cases and controls are presented in Table 1.


Table 1. Selection criteria for the case and control populations.
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Exposures

Prenatal medication exposure was estimated based on outpatient dispensing of prescribed and reimbursed medications to mothers during pregnancy. Prenatal medication exposure was described according to the ATC (Anatomical, Therapeutic, Chemical) classification (16). A child was considered to be prenatally exposed to one of the ATC classes if at least one medication belonging to the class was dispensed to the mother during pregnancy. Prenatal medication exposure was also described according to the trimester of pregnancy [defined as: first trimester: from conception to week 12+6; second trimester: from week 13 to week 25+6; third trimester from week 26 until the end of pregnancy].



Outcome

The outcome was any history of neuropsychiatric care in children between 0 and 8 years of age, identified through five criteria (Table 1). Children were considered as having a history of neuropsychiatric care if they had (1) at least two reimbursements for visits to a neuropsychiatric specialist (neuropsychiatrist, psychiatrist, pediatric neurologist or child psychiatrist); and/or (2) at least one reimbursements for a neuropsychiatric care (such as hospitalization in a child psychiatry department); and/or (3) at least two negative non-motor items of psychomotor development on the 9th and/or 24th health certificates; and/or (4) at least one neuropsychiatric condition (i.e., psychomotor, language or developmental delay/retardation,) specified on the open field on at least one of the health certificates; and/or (5) at least one reimbursement for methylphenidate and/or neuroleptics (ATC class N05A). Indeed, those psychotropic medications are only used in the indication of neuropsychiatric disorders.



Statistical Analyses

The analyses were carried out using SAS® version 9.4 software (SAS Institute Inc., Cary, NC, USA).


Descriptive Analyses

Characteristics of case and control subjects, such as gender, prematurity (birth before 37 weeks of amenorrhea) and the presence of congenital malformation(s) coded according to the International Classification of Diseases 10th Revision (ICD-10) (17), were described. Characteristics of their parents (maternal age, maternal education, and parents who have no profession) were also presented. Categorical variables were described by the frequency and proportion of each modality and quantitative continuous variables by mean and standard deviation.



Comparative Analyses

The first step was a comparison between cases and controls for prenatal exposure to each of the major ATC classes using a chi-square (χ2) test or a Fisher test. Exposure to the ATC “Nervous System” class was described in different ways: excluding analgesics, including analgesics and excluding acetaminophen. As we carried out multiple comparisons (13 major ATC classes and 2 subgroups of the “Nervous System” class), we used a Bonferroni correction and the significance threshold of statistical tests (p = 0.05) was divided by 15 to establish whether or not the tests had a significance level (i.e., p < 0.0033) in order to take into account the increase in alpha risk.

In the second step, we focused on the ATC class(es) for which we observed a statistically significant difference of prenatal exposure between cases and controls in the first step. Multivariate logistic regression analyses were performed to evaluate the association between prenatal exposure to this(these) classe(s) and a history of neuropsychiatric care in childhood, to adjust for potential confounding factors. Adjusted model(s) with significant covariates were constructed using backward selection with the likelihood ratio test. The statistical significance level p was 0.05.




Adjustment Variables

Certain factors that might be associated with neuropsychiatric disorders were identified and included in our logistic regression models. For mothers, we considered age, parity, professional status, long-term disease [chronic condition specifically listed by the French healthcare system as a long-term disease (18)], smoking and hospitalizations during pregnancy for high blood pressure, preterm labor or intrauterine growth retardation. Regarding medical data on pregnancies, we considered multiple pregnancies and the number of follow-up ultrasounds during pregnancy. Finally, for children, we considered gender, prematurity, breastfeeding, congenital malformation, abnormal hearing test, anthropometric data at 8 days and 9 and 24 months (weight, height and head circumference) and health data during the first week of life (pathology, antibiotic therapy, intubation, and oxygen therapy).




RESULTS

Among the 8,372 children included in the POMME cohort, a history of neuropsychiatric care from 0 to 8 years of age was identified in 723 (8.6%) children, who constituted the case population. The control population, i.e., children who had no history of neuropsychiatric care, consisted of 4,924 children (58.8%).


Description of the Case and Control Subjects
 
Description of the Characteristics of the Case and Control Subjects

Table 2 presents the characteristics and health status of the case and control subjects and the characteristics of their parents. A majority of the case subjects were male (67.5 vs. 48.1% of the controls (p < 0.0001)). The proportions of prematurely born children and of children with abnormal hearing test were higher in the case group than in the control group [respectively 6.9 vs. 5.6% (p = 0.1238) and 7.4 vs. 4.3% (p = 0.0045)], as well as the proportions of parents who “had no profession” [29.8% of the mothers vs. 25.6% (p = 0.0011) and 15.1% of the fathers vs. 13.2% (p = 0.1689)].


Table 2. Characteristics of the case and control subjects.
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The overall rate of congenital malformations was higher in the case population (5.1%) than in the control population (1.8%) (see Supplementary Table 1). Among the case subjects, the most common congenital malformations were those of the urinary system (165.5/10,000 vs. 28.4/10,000 among controls). The rate of nervous system congenital malformations was higher in the case population (41.4/10,000 vs. 4.1/10,000 among controls).



Description of the History of Neuropsychiatric Care Among the Case Subjects

Nearly half of the cases (N = 335; 46.3%) had a reimbursement for at least one medical visit to a neuropsychiatric specialist. The mean age of the children at the first medical visit was 4.5 years. The majority of medical visits were with psychiatrists (43.3% of the cases). The specialists consulted the earliest were child psychiatrists, at an average age of 4.4 years. The neuropsychiatric care most often reimbursed (N = 151 children) was related to cognitive or intellectual deficits, and 107 children attended sessions in psychoeducational medical centers.

Table 3 presents a description of the health certificate items regarding psychomotor development in the case subjects. The most common negative non-motor item at 9 months was “Does not play Peek-a-boo” (15.0% of the cases) and at 24 months “Does not combine two words” (35.4% of the cases).


Table 3. Psychomotor development items for case subjects (N = 723).
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Forty children (5.5% of the cases) were exposed to methylphenidate. The neuroleptics to which children in the case group were exposed to were risperidone (N = 9 children exposed), cyamemazine (N = 6 exposed) and propericiazine (N = 1 exposed).




Comparison of Prenatal Medication Exposure Between Case and Control Subjects

Table 4 presents the comparisons of prenatal exposure to the different ATC classes between cases and controls. Prenatal medication exposure was higher in the case group than in the control group for all the ATC classes. At a significance threshold of 0.33% (after Bonferroni adjustment), the only ATC class for which there was a statistically significant difference was the Nervous System drugs. The difference between the groups was less statistically significant when analgesics were included (p = 0.0011 vs. p<0.0001). Exposure to four other ATC classes [Alimentary Tract and Metabolism (A), Genitourinary System and Sex Hormones (G), Systemic Anti-infectives (J) and Musculoskeletal System (M)] was higher in the case group than in the control group but these differences were not statistically significant at the 0.0033 threshold.


Table 4. ATC (anatomical therapeutic chemical) classes to which the case and control subjects were exposed in utero.
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Table 5 provides a description of the exposure to different subclasses of Nervous System drugs throughout the prenatal period and during each trimester. The proportions of children prenatally exposed to psycholeptics and psychoanaleptics were at least twice as high in the case group as in the control group. The difference between cases and controls prenatal exposure to Nervous System drugs was the highest during the first trimester (p<0.0001).


Table 5. Prenatal exposure of the case and control subjects to ATC (anatomical therapeutic chemical) class N.

[image: Table 5]

Table 6 presents the results of univariate and multivariate logistic regressions for the comparison of prenatal nervous system drug exposure between cases and controls. Children in the cases group were significantly more exposed to nervous system drugs during their prenatal life [OR: 2.12; 95% CI (1.55; 2.90)] after adjustment for gender, prematurity, congenital malformation, hearing impairment, maternal age and parity.


Table 6. Gross and adjusted odds ratio calculated to compare prenatal nervous system drug exposure between the case and control subjects.
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DISCUSSION

A total of 723 children with a history of neuropsychiatric care were identified, which was 8.6% of the children in the POMME cohort. A comparison of prenatal medication exposure between cases and controls showed a statistically significant difference in nervous system drug exposure, especially when analgesics were excluded.


Comparison of the Results With Current Knowledge

At a significance threshold of 0.33%, prenatal exposure to other ATC classes than N did not differ statistically in the two groups, but the results point some classes that deserves further investigation. The majority of studies conducted to assess the risk of neurodevelopmental disorders have focused on prenatal exposure to Nervous System drugs, particularly antiepileptics. There is evidence that prenatal exposure to valproate increases the risk of a decrease in Intelligence Quotient (IQ), developmental delay, ASD and ADHD (19–22). Studies on the effect of prenatal exposure to antidepressants or benzodiazepine found conflicting results (6, 23–30). It is therefore still difficult to draw a conclusion on the risk of neuropsychiatric disorders in children after prenatal exposure to all kind of psychotropic medications. One reason for the variability in study results is that the term “neurodevelopmental disorders” encompasses different types of disorders. Moreover, the outcomes considered differ according to the studies: educational support, behavioral disorders, ADHD diagnosis… Our study is innovative in that the criteria for selecting case and control subjects had never been used before because POMME is the only cohort that holds both psychomotor development data for children up to 2 years of age, and data on the reimbursement of medication and care for children during their prenatal life and up to the age of 8 years. Although these criteria do not permit to identify children with specific psychiatric disorders, combining different disorders may be interesting, since it has been shown that numerous neuropsychiatric disorders in children are not isolated but rather associated (31).

The use of the Bonferroni method to consider the increase in the alpha risk is justified because our study was conducted to identify significant associations without any pre-established hypotheses, which is an acceptable condition for use of the Bonferroni correction (32). Our results are reassuring for some ATC classes such as systemic hormones. Nevertheless, the p-values calculated when comparing prenatal exposure between case and control subjects were <0.05 for four ATC classes other than N: “M” (Musculoskeletal System), “G” (Genitourinary System and Sex Hormones), “A” (Alimentary Tract and Metabolism), and “J” (Systemic Anti-infectives). For the “M” ATC class, the children in the case group were more exposed to non-steroidal anti-inflammatory drugs (NSAIDs) than those in the control group. Only one study assessed the risk of neuropsychiatric disorders in children prenatally exposed to NSAIDs and the results did not indicate an increased risk (33). To our knowledge, no study has evaluated the risk of neuropsychiatric disorders following prenatal exposure to medications in the “G” and “A” ATC classes. For the “A” class, our study found that the children in the case group were more exposed to antiemetic medications, which have antipsychotic properties that might partly explain the difference observed between case and control subjects. Finally, a few studies found a weak association between prenatal exposure to antibiotics and the occurrence of neuropsychiatric disorders, particularly ASD (34, 35).



Limits of the Study

The first limitation is inherent to the use of claims databases. The POMME data concern the dispensing and reimbursement of prescribed medications, but not self-medication. Regarding prenatal exposure to Nervous System drugs (excluding analgesics), this may not have led to a classification bias because psychotropics require medical prescription. Similarly, for children on psychotropic medications, the risk of self-medication seems low, considering the age (0–8 years) and the type of medication. Moreover, we cannot know whether the drugs dispensed were effectively consumed by the mother and/or her child. In addition, POMME has missing information on some risk factors (smoking, hearing impairment, alcohol consumption…). Consequently, there may be residual confounding in this study.

The second limitation is that we cannot say that the children in the case group actually have neuropsychiatric disorders. We identified children having a history of neuropsychiatric care. As diagnosis are not available in POMME, we carefully elaborated inclusion and exclusion criteria to identify children with a high probability of having neuropsychiatric disorders. This work was done in collaboration with child psychiatrists. Children identified as cases received care or treatment for neurodevelopmental or psychiatric disorders, which may be more sensitive and may allow to identify children at an earlier stage than the diagnosis. Indeed, a recent study showed that children with neurodevelopmental disorders and disabilities have higher healthcare service utilization than those without (36). We used a body of criteria to identify children for whom data from health certificates were missing, or who did not consult any neuropsychiatric specialist, or to whom no psychotropic medication were prescribed. Revet et al. conducted a systematic review to describe the use of the French national health insurance information system for research in the field of mental health (37). They found that only two studies aimed to validate specific psychiatric disorders' identification algorithms (for schizophrenia and depression), but no study focused on the development of algorithms to identify pediatric psychiatric disorders. Consequently, no algorithm was available to identify cases in our study. Moreover, we used the psychomotor development items as criteria, which is innovative because no database in France records these data. The next step will be to perform a study aiming at validate our case selection algorithm.

The third limitation is that neuropsychiatric disorders encompass heterogeneous conditions, including neurodevelopmental and psychiatric disorders. Although numerous studies have already been conducted to evaluate the association between prenatal exposure to psychotropic medications and specific neuropsychiatric disorders (e.g., ADHD or ASD…), our approach using a composite outcome addresses knowledge gap in the literature regarding other medication classes than psychotropics. Further studies are needed to assess the risk of specific neuropsychiatric disorders and prenatal exposure to medications belonging to the ATC classes: Musculoskeletal System, Genitourinary System and Sex Hormones, Alimentary Tract and Metabolism, and Systemic Anti-infectives.

The main bias identified in this study was an indication bias. In fact, the type of pathology for which the mother took a psychotropic medication as well as the severity of the pathology probably has an influence on the child's neuropsychiatric development (23). Maternal psychiatric disorders could not be specifically identified in POMME but our model was adjusted on the variable “long-term disease”. In France, for the patients diagnosed with any chronic condition specifically listed by the French healthcare system as a long-term disease (18), medical care related to the pathology are provided free of charge. The list includes psychiatric disorders.

Prenatal medication exposure was higher in the case group than in the control group for all the ATC classes. One of the reasons could be the propensity of mothers who take a lot of medications to ask for more medications (and more medical care) for their children. Certain other factors could not be considered. For example, socio-economic level and maternal IQ were not available, while studies have shown that childhood neurodevelopment is related to these different factors (38, 39). The maternal level of education and the parents' profession could be taken into account in our analyses. Although there were missing data for these covariates, this limits confusion bias.



Strengths of the Study

This is the first study using child psychomotor development data from health certificates to identify cases and controls. The recommendations made in 2018 by the French Health Agency to improve the diagnosis of ASD specified that the items of psychomotor development should not be analyzed in isolation, but through a combination of at least two signs, which requires clinical screening of the child's development (40). For this reason, criteria for case selection included the presence of at least two negative psychomotor development items at 9 months and/or two negative items at 24 months. The analysis of the health certificates of the cases revealed that their psychomotor development was disrupted as early as 9 months of age. Therefore, psychomotor development items are early warning signs of a psychomotor development disorder. Medical visits to neuropsychiatric specialists were also among our criteria for selecting cases. This criterion enables early identification of children who show signs of abnormal psychomotor development and for whom a diagnosis has not yet been made. Similarly, if a neuropsychiatric condition is specified on the open fields of the medical certificate, it can be a sign of either a suspicion from the physician or a diagnosis. Finally, we identified cases through prescriptions of medications indicated for neuropsychiatric disorders. This criterion is essential but not sufficient because the use of psychotropic medications in children is low, especially in France (41).

The POMME cohort appears to be a representative sample of French live births because children characteristics are similar to those of the children included in the French national perinatal survey, that was published in 2010 (see Supplementary Table 2) (42).

Finally, this exploratory study is one of the first to examine prenatal exposure to all ATC classes, without any initial hypothesis. The association between prenatal exposure to psychotropic medications and childhood neuropsychiatric disorders is biologically plausible because psychotropic medications act on the central nervous system and cross the blood-brain barrier. Since properties of drugs that enable them to cross the blood-brain barrier (small size, lipophilicity) are similar to those required to cross the placental barrier, these medications easily reach the fetal compartment. Their effects on the nervous system of the developing and maturing fetus can have long-term consequences on the functioning of the brain (43). Yet, many medications cross the placenta and it is not because their principal mechanism does not involve the central nervous system that they may not lead to delayed neuropsychiatric adverse effects.

In conclusion, this study shows that children with neuropsychiatric disorders were prenatally more exposed to the ATC class of Nervous System drugs than controls and provides clues for conducting additional studies to evaluate the risk of neuropsychiatric disorders in children subsequent to prenatal exposure to medications.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors upon reasonable request and with permission of the Haute-Garonne Health Insurance Service and the Haute-Garonne Maternal and Child Protection Service.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by CNIL (Commission Nationale de l'Informatique et des Libertés), DR-2013-060. This study was performed on anonymized patient data. The mothers of the child included in POMME were informed of their inclusion and of the potential use of their anonymized data for research purposes. They can oppose the use of their data at any time.



AUTHOR CONTRIBUTIONS

JB had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. JB, CD-M, IL, AR, and AS: concept and design. JB, CD-M, and CH-D: data collection, analysis, and interpretation of data. JB and CD-M: drafting the manuscript. JB, CH-D, and MA: statistical analysis. CD-M: supervision. All authors made substantial contributions to the conception or design of the work, or the acquisition, analysis, or interpretation of data, or the creation of new software used in the work, drafted the work or revised it critically for important intellectual content, approved the version to be published, agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved, and critical revision of the manuscript for important intellectual content.



ACKNOWLEDGMENTS

We thank our data providers, who made anonymized data available for our research institution: the Haute-Garonne Health Insurance Service and the Haute-Garonne Maternal and Child Protection Service.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.795890/full#supplementary-material



REFERENCES

 1. Diagnostic Diagnostic and Statistical Manual of Mental Disorders: DSM-5TM 5th ed. Arlington, VA: American Psychiatric Publishing, Inc. (2013). xliv, 947 p. 

 2. Fleiss B, Rivkees SA, Gressens P. Early origins of neuropsychiatric disorders. Pediatr Res. (2019) 85:113–4. doi: 10.1038/s41390-018-0225-3

 3. Atladottir HO, Gyllenberg D, Langridge A, Sandin S, Hansen SN, Leonard H, et al. The increasing prevalence of reported diagnoses of childhood psychiatric disorders: a descriptive multinational comparison. Eur Child Adolesc Psychiatry. (2015) 24:173–83. doi: 10.1007/s00787-014-0553-8

 4. Faa G, Manchia M, Pintus R, Gerosa C, Marcialis MA, Fanos V. Fetal programming of neuropsychiatric disorders. Birth Defects Res Part C Embryo Today Rev. (2016) 108:207–23. doi: 10.1002/bdrc.21139

 5. Christensen J, Grønborg TK, Sørensen MJ, Schendel D, Parner ET, Pedersen LH, et al. Prenatal valproate exposure and risk of autism spectrum disorders and childhood autism. JAMA. (2013) 309:1696–703. doi: 10.1001/jama.2013.2270

 6. Brandlistuen RE, Ystrom E, Hernandez-Diaz S, Skurtveit S, Selmer R, Handal M, et al. Association of prenatal exposure to benzodiazepines and child internalizing problems: a sibling-controlled cohort study. PLoS ONE. (2017) 12:e0181042. doi: 10.1371/journal.pone.0181042

 7. Bromley RL, Baker GA. Fetal antiepileptic drug exposure and cognitive outcomes. Seizure. (2017) 44:225–231. doi: 10.1016/j.seizure.2016.10.006

 8. Poels EMP, Schrijver L, Kamperman AM, Hillegers MHJ, Hoogendijk WJG, Kushner SA, et al. Long-term neurodevelopmental consequences of intrauterine exposure to lithium and antipsychotics: a systematic review and meta-analysis. Eur Child Adolesc Psychiatry. (2018) 27:1209–30. doi: 10.1007/s00787-018-1177-1

 9. Sujan AC, Rickert ME, Öberg AS, Quinn PD, Hernández-Díaz S, Almqvist C, et al. Associations of maternal antidepressant use during the first trimester of pregnancy with preterm birth, small for gestational age, autism spectrum disorder, and attention-deficit/hyperactivity disorder in offspring. JAMA. (2017) 317:1553–62. doi: 10.1001/jama.2017.3413

 10. Man KKC, Chan EW, Ip P, Coghill D, Simonoff E, Chan PKL, et al. Prenatal antidepressant use and risk of attention-deficit/hyperactivity disorder in offspring: population based cohort study. BMJ. (2017) 357:j2350. doi: 10.1136/bmj.j2350

 11. Blotière P-O, Miranda S, Weill A, Mikaeloff Y, Peyre H, Ramus F, et al. Risk of early neurodevelopmental outcomes associated with prenatal exposure to the antiepileptic drugs most commonly used during pregnancy: a French nationwide population-based cohort study. BMJ Open. (2020) 10:e034829. doi: 10.1136/bmjopen-2019-034829

 12. Andrade C. Major malformation risk, pregnancy outcomes, and neurodevelopmental outcomes associated with metformin use during pregnancy. J Clin Psychiatry. (2016) 77:e411–4. doi: 10.4088/JCP.16f10789

 13. Murray LK, Smith MJ, Jadavji NM. Maternal oversupplementation with folic acid and its impact on neurodevelopment of offspring. Nutr Rev. (2018) 76:708–21. doi: 10.1093/nutrit/nuy025

 14. Marder W, Ganser MA, Romero V, Hyzy MA, Gordon C, McCune WJ, et al. In utero azathioprine exposure and increased utilization of special educational services in children born to mothers with systemic lupus erythematosus. Arthritis Care Res. (2013) 65:759–66. doi: 10.1002/acr.21888

 15. Benevent J, Hurault-Delarue C, Araujo M, Montastruc J-L, Lacroix I, Damase-Michel C. POMME: the new cohort to evaluate long-term effects after prenatal medicine exposure. Drug Saf. (2019) 42:45–54. doi: 10.1007/s40264-018-0712-9

 16. WHOCC - ATC/DDD Index. Available online at: https://www.whocc.no/atc_ddd_index/ (accessed February 3, 2022). 

 17. ICD-10 Version: 2019. Available online at: https://icd.who.int/browse10/2019/en (accessed February 1, 2022). 

 18. Les affections de longue durée (ALD) - Caisse nationale militaire de sécurité sociale. Available online at: https://www.cnmss.fr/assure/mes-remboursements/les-affections-de-longue-duree-ald-5262.html (accessed April 29, 2021). 

 19. Bromley RL, Mawer GE, Briggs M, Cheyne C, Clayton-Smith J, García-Fiñana M, et al. The prevalence of neurodevelopmental disorders in children prenatally exposed to antiepileptic drugs. J Neurol Neurosurg Psychiatry. (2013) 84:637–43. doi: 10.1136/jnnp-2012-304270

 20. Adab N, Kini U, Vinten J, Ayres J, Baker G, Clayton-Smith J, et al. The longer term outcome of children born to mothers with epilepsy. J Neurol Neurosurg Psychiatry. (2004) 75:1575–83. doi: 10.1136/jnnp.2003.029132

 21. Vinten J Bromley RL Taylor J Adab N Kini U Baker GA Liverpool and Manchester Neurodevelopment Group. The behavioral consequences of exposure to antiepileptic drugs in utero. Epilepsy Behav. (2009) 14:197–201. doi: 10.1016/j.yebeh.2008.10.011

 22. Veiby G, Daltveit AK, Schjølberg S, Stoltenberg C, Øyen A-S, Vollset SE, et al. Exposure to antiepileptic drugs in utero and child development: a prospective population-based study. Epilepsia. (2013) 54:1462–72. doi: 10.1111/epi.12226

 23. El Marroun H, White TJH, van der Knaap NJF, Homberg JR, Fernández G, Schoemaker NK, et al. Prenatal exposure to selective serotonin reuptake inhibitors and social responsiveness symptoms of autism: population-based study of young children. Br J Psychiatry J Ment Sci. (2014) 205:95–102. doi: 10.1192/bjp.bp.113.127746

 24. Santucci AK, Singer LT, Wisniewski SR, Luther JF, Eng HF, Dills JL, et al. Impact of prenatal exposure to serotonin reuptake inhibitors or maternal major depressive disorder on infant developmental outcomes. J Clin Psychiatry. (2014) 75:1088–95. doi: 10.4088/JCP.13m08902

 25. Nulman I, Koren G, Rovet J, Barrera M, Pulver A, Streiner D, et al. Neurodevelopment of children following prenatal exposure to venlafaxine, selective serotonin reuptake inhibitors, or untreated maternal depression. Am J Psychiatry. (2012) 169:1165–74. doi: 10.1176/appi.ajp.2012.11111721

 26. Suri R, Hellemann G, Stowe ZN, Cohen LS, Aquino A, Altshuler LL. A prospective, naturalistic, blinded study of early neurobehavioral outcomes for infants following prenatal antidepressant exposure. J Clin Psychiatry. (2011) 72:1002–7. doi: 10.4088/JCP.10m06135

 27. Pedersen LH, Henriksen TB, Olsen J. Fetal exposure to antidepressants and normal milestone development at 6 and 19 months of age. Pediatrics. (2010) 125:e600–8. doi: 10.1542/peds.2008-3655

 28. Radojčić MR, El Marroun H, Miljković B, Stricker BHC, Jaddoe VWV, Verhulst FC, et al. Prenatal exposure to anxiolytic and hypnotic medication in relation to behavioral problems in childhood: a population-based cohort study. Neurotoxicol Teratol. (2017) 61:58–65. doi: 10.1016/j.ntt.2017.02.005

 29. Odsbu I, Skurtveit S, Selmer R, Roth C, Hernandez-Diaz S, Handal M. Prenatal exposure to anxiolytics and hypnotics and language competence at 3 years of age. Eur J Clin Pharmacol. (2015) 71:283–91. doi: 10.1007/s00228-014-1797-4

 30. Lupattelli A, Chambers CD, Bandoli G, Handal M, Skurtveit S, Nordeng H. Association of maternal use of benzodiazepines and Z-hypnotics during pregnancy with motor and communication skills and attention-deficit/hyperactivity disorder symptoms in preschoolers. JAMA Netw Open. (2019) 2:e191435. doi: 10.1001/jamanetworkopen.2019.1435

 31. Dyck MJ, Piek JP, Patrick J. The validity of psychiatric diagnoses: the case of “specific” developmental disorders. Res Dev Disabil. (2011) 32:2704–13. doi: 10.1016/j.ridd.2011.06.001

 32. Perneger TV. What's wrong with Bonferroni adjustments. BMJ. (1998) 316:1236–8. doi: 10.1136/bmj.316.7139.1236

 33. Markovic M, Swanson SA, Stricker BH, Jaddoe VWV, Verhulst FC, Tiemeier H, et al. Prenatal exposure to non-steroidal anti-inflammatory drugs (NSAIDs) and neurodevelopmental outcomes in children. Pharmacoepidemiol Drug Saf. (2019) 28:452–9. doi: 10.1002/pds.4625

 34. Hamad AF, Alessi-Severini S, Mahmud SM, Brownell M, Kuo IF. Prenatal antibiotics exposure and the risk of autism spectrum disorders: a population-based cohort study. PLoS ONE. (2019) 14:e0221921. doi: 10.1371/journal.pone.0221921

 35. Łukasik J, Patro-Gołab B, Horvath A, Baron R, Szajewska H, SAWANTI Working Group. Early life exposure to antibiotics and autism spectrum disorders: a systematic review. J Autism Dev Disord. (2019) 49:3866–76. doi: 10.1007/s10803-019-04093-y

 36. Arim RG, Miller AR, Guèvremont A, Lach LM, Brehaut JC, Kohen DE. Children with neurodevelopmental disorders and disabilities: a population-based study of healthcare service utilization using administrative data. Dev Med Child Neurol. (2017) 59:1284–90. doi: 10.1111/dmcn.13557

 37. Revet A, Moulis G, Raynaud J-P, Bui E, Lapeyre-Mestre M. Use of the French national health insurance information system for research in the field of mental health: systematic review and perspectives. Fundam Clin Pharmacol. (2022) 36:16–34. doi: 10.1111/fcp.12696

 38. Wei QW, Zhang JX, Scherpbier RW, Zhao CX, Luo SS, Wang XL, et al. High prevalence of developmental delay among children under three years of age in poverty-stricken areas of China. Public Health. (2015) 129:1610–7. doi: 10.1016/j.puhe.2015.07.036

 39. Suchdev PS, Boivin MJ, Forsyth BW, Georgieff MK, Guerrant RL, Nelson CA. Assessment of neurodevelopment, nutrition, and inflammation from fetal life to adolescence in low-resource settings. Pediatrics. (2017) 139:S23–37. doi: 10.1542/peds.2016-2828E

 40. Haute Autorité de Santé - Trouble du spectre de l'autisme - Signes d'alerte repérage diagnostic et évaluation chez l'enfant et l'adolescent. Available online at: https://www.has-sante.fr/portail/jcms/c_468812/fr/recommandations-pour-la-pratique-professionnelle-du-diagnostic-de-l-autisme (accessed March 1, 2018). 

 41. Revet A, Montastruc F, Raynaud J-P, Baricault B, Montastruc J-L, Lapeyre-Mestre M. Trends and patterns of antidepressant use in french children and adolescents from 2009 to 2016: a population-based study in the french health insurance database. J Clin Psychopharmacol. (2018) 38:327–35. doi: 10.1097/JCP.0000000000000891

 42. Les Enquêtes Nationales Périnatales - EPOPé. Available online at: http://www.xn--epop-inserm-ebb.fr/grandes-enquetes/enquetes-nationales-perinatales (accessed April 14, 2020). 

 43. Oberlander TF, Gingrich JA, Ansorge MS. Sustained neurobehavioral effects of exposure to SSRI antidepressants during development: molecular to clinical evidence. Clin Pharmacol Ther. (2009) 86:672–7. doi: 10.1038/clpt.2009.201

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

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.

Copyright © 2022 Benevent, Hurault-Delarue, Araujo, Revet, Sommet, Lacroix and Damase-Michel. 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.

Caroline Hurault-Delarue orcid.org/0000-0001-7651-9130



OPS/images/fpsyt-13-795890-t005.jpg
ATC (anatomical Pregnancy Trimester 1 Trimester 2 Trimester 3
therapeutic chemical)

sub-classes Cases Controls Cases Controls Cases Controls Cases Controls

N=728 N=494 N=728 N=4924 N=728 N=4924 N=728 N=4924

N (%) P N (%) p* N (%) P N (%) P

N (excluding analgesics) 87(120) 34169  <0.0001 61(8.4) 239(49)  <0.0001 31(4.9) 112 23) 0.0013 34(47) 116 (2.4) 0.0002
NO1 Anesthetics 13(1.8) 78(1.6) 50.7) 2008 209 16(0.3) 7010 31006
NO3 Anticonvulsants 6(08) 27 (05) 6(08) 22(0.4) 50.7) 17(03) 5(0.7) 1703
N0 Psycholeptics 59(8.2) 201 (4.1) 40 5.5) 138 (2.8) 18(25) 61(1.2) 2129 53(1.1)
N0 Psychoanaleptics 23(3.2) 70 (1.4) 20 28) 64(1.9) 13(1.8) 19(0.4) 9(12) 15(0.9)
NO7 Other 4(08) 18(0.4) 20039 16(0.3) 3(0.4) 13(0.3) 10.9) 9(02)

aSignificance threshold of statistical tests was 0.05.
talic: p-values (traditionally written in italic).





OPS/images/fpsyt-13-795890-t006.jpg
Sample size (%) Crude OR®
(95% CI°)
Cases Controls
N=723 N =4924
Prenatal exposure to nervous system drugs 87 (12.0%) 341 (6.9%) 2.07 (1.53; 2.80)

%0R, Odds Ratio.
bCl, Confidence interval.
*Adjusted for gender, prematurity, congenitel maliormation, hearing impaiment, matemal age and parity.

dSignificance threshold of statistical tests was 0.05.

Adjusted OR
(95% CI)

2.12(1.55; 2.901°

Adjusted
P-value®

<0.0001





OPS/images/fpsyt-13-795890-t003.jpg
Psychomotor development items

At9 months
Does not play Peek-a-boo (N = 586)

Does not repeat syllables (N = 597)

Does not respond to first name (N = 596)

Does not point (N = 586)

Does not move around (N = 596)

Does not sit without a prop (N = 599)

Does not grasp objects (N = 593)

Lack of limb motricity (N = 594)

At 24 months

Does not combine 2 words (N = 458)

Does not name pictures (N = 457)

Does not understand a simple instruction (N = 459)
Does not stack objects (N = 457)

Lack of symmetrical motricity in the 4 limbs (N = 456)
Is not walking (N = 461)

N (%)

88 (15.0)
71(11.9)
345.7)
217 (37.0)
170 (28.5)
43(72)
3162)
254.2)

162 (35.4)
141 (30.9)
18(3.9)
21(4.6)
17@.7)
102.2)

Type of item

Non-motor
Non-motor
Non-motor
Motor
Motor
Motor
Motor
Motor

Non-motor
Non-motor
Non-motor
Motor
Motor
Motor





OPS/images/fpsyt-13-795890-t004.jpg
ZZ2rQr<“IT®O®O00w>»

o

aSignificance threshold of statistical tests was 0.0033 (after Bonferroni adjustment).
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