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Abstract  

Aim: To investigate the patterns of gestational antipsychotics use and whether 

exposure to antipsychotic medications in pregnancy is associated with 

gestational diabetes mellitus (GDM) in mothers and seizure, attention 

deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), preterm 

birth (PTB) and small for gestational age (SFGA) in subsequent children. 

Methods: Firstly, a methodological review was conducted to review the 

methodological characteristics of existing observational studies that investigate 

the association between prenatal central nervous system (CNS) drugs use and 

CNS disorders. Secondly, a systematic review and meta-analysis was 

conducted to evaluate the evidence-based association between gestational 

antipsychotic use and GDM. Thirdly, a cross-sectional study was conducted to 

investigate the patterns and trends of antipsychotics use during pregnancy in 

the United Kingdom (UK) and Hong Kong (HK). Lastly, seven cohort studies 

were conducted to investigate the association between antipsychotics use in 

pregnancy and the risk of above-mentioned outcomes, respectively. 

Results: 4.64% and 0.34% of pregnancies were prescribed at least one 

prescription of antipsychotic during pregnancy in the UK and HK, respectively. 

When women who continued using antipsychotics during pregnancy were 

compared with those who had stopped, there was no evidence to demonstrate 

an increased risk of GDM. No evidence supported prenatal exposure to 

antipsychotics can increase the risk of ADHD/ASD/SFGA. Children with 

prenatal antipsychotics exposure was associated with an increased risk of 

seizure (HR 1.49, 95% CI 1.11-1.99) and PTB (OR 1.40, 95%CI 1.13-1.75), 

comparing to those without. However, further sibling-matched analyses and 
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negative control analyses indicated no evidence supported the above-

mentioned associations. 

Conclusion: This PhD project did not suggest an increased risk of GDM in 

mothers or seizure/ADHD/ASD/PTB/SFGA in children regarding antipsychotics 

use during pregnancy. Women are not recommended to stop their regular 

antipsychotic prescription during pregnancy due to the risk of developing GDM 

or delivering an offspring with seizure/ADHD/ASD/PTB/SFGA. 
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Impact Statement 

Perinatal mental health problems have become the commonest pregnancy 

morbidities, contribute to extensive health burden such as maternal mortality 

and adverse child outcomes. Increasing prescribing of antipsychotic 

medications, primarily used to manage psychosis, has been discovered among 

women at childbearing age and during pregnancy. However, insufficient 

evidence supports the safety of antipsychotic use in pregnancy. My PhD project 

aimed to fill this gap, in particular by exploring the association between 

antipsychotic use during pregnancy and the risk of gestational diabetes mellitus 

(GDM) in mothers as well as seizure, attention deficit/hyperactivity disorder 

(ADHD), autism spectrum disorder (ASD), preterm birth (PTB) and small for 

gestational age (SFGA) in children.  

My PhD work has potential beneficial impacts on both research and clinical 

practice. 

My PhD projects contribute to new evidence in this research area. Firstly, the 

methodological review providing comprehensive guideline for future 

pregnancy-related pharmacoepidemiology studies has been published in Drug 

Safety (chapter 2). Additionally, the drug utilisation study focusing on the trends 

and patterns of antipsychotic use during pregnancy in the United Kingdom and 

Hong Kong populations has been published in Schizophrenia Research 

(chapter 6). Furthermore, studies regarding antipsychotic exposure during 

pregnancy and GDM (a systematic review and meta-analysis [chapter 3] and a 

cohort study with an updated meta-analysis [chapter7]) have been published 

in Psychological Medicine and Schizophrenia Research, respectively. 

Moreover, the cohort study assessed prenatal exposure to antipsychotics and 

the risk of ADHD/ASD/PTB/SFGA has been published in JAMA Internal 
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Medicine (chapter 9-10). This study has been reported in eleven different news 

outlets by 24th August 2021. Another children-related cohort study identified the 

association between prenatal exposure to antipsychotics and seizure was 

accepted for publication in World Psychiatry (chapter 8). The findings in my 

research have been presented at several international conferences (e.g., the 

34, 36-37th International Conference on Pharmacoepidemiology & Therapeutic 

Risk Management [ICPE], the 11-13th Asian Conference on 

Pharmacoepidemiology [ACPE]). In addition, my project provides robust 

methodological examples for future pregnancy-related pharmacoepidemiology 

studies – accurate mother-child linkage, appropriate exposure time period, 

sufficient follow-up, and many advanced methods for minimising potential bias 

(e.g., propensity score fine-stratification weighting model, negative control 

analyses and sibling-matched analysis). Future studies in other populations 

could be conducted based on the findings and limitations highlighted in my 

research. 

The findings of my PhD work also support clinical practice in antipsychotics use 

in pregnancy. If a pregnant woman has a clinical requirement for antipsychotics, 

physicians should not stop regular treatment or switch to other antipsychotics 

due to the risk of GDM in mothers or seizure/ADHD/ASD/PTB/SFGA in children. 

Maternal mental disorder may be associated with potential seizure/ADHD/ASD 

in children rather than exposure to the drugs. Clinicians should observe on a 

case-by-case basis to decide on whether use antipsychotics in pregnancy. 

Psychopathology and routine monitoring (e.g., screen for GDM) should 

continue for pregnant women with antipsychotic prescriptions in clinical 

practice. The implementation of these recommendations could optimise the 

pharmacotherapy for women with psychiatric disorders. 



PhD portfolio 

 

 

 

7 

PhD portfolio 

List of publications  

Manuscripts included in this thesis 

All studies in this thesis have been published/accepted in peer-reviewed journal. 

Chapter 2. 

Wang Z, Ho PWH, Choy MTH, Wong IC, Brauer R, Man KKC. Advances in 

epidemiological methods and utilisation of large databases: A methodological 

review of observational studies on psychotropic drug use in pregnancy and 

central nervous system outcomes in children. Drug Safety, doi: 

10.1007/s40264-018-0755-y.  

Chapter 3. 

Wang Z, Wong ICK, Man KKC, Alfageh BH, Mongkhon P, Brauer R. The use 

of antipsychotic agents during pregnancy and the risk of gestational diabetes 

mellitus: a systematic review and meta-analysis. Psychological Medicine, doi: 

10.1017/S003329171900401X.  

Chapter 6. 

Reutfors J, Cesta CE, Cohen JM, Bateman BT, Brauer R, Einarsdóttir K, 

Engeland A, Furu K, Gissler M, Havard A, Hernandez-Diaz S, Huybrechts KF, 

Karlstad Ø, Leinonen MK, Li J, Man KKC, Pazzagli L, Schaffer A, Schink T, 

Wang Z, Yu Y, Zoega H, Babriella B. Antipsychotic drug use in pregnancy: A 



PhD portfolio 

 

 

 

8 

multinational study from ten countries. Schizophrenia Research, doi: 

10.1016/j.schres.2020.03.048. 

Chapter 7. 

Wang Z, Man KKC, Ma T, Howard LM, Wei L, Wong ICK, Brauer R. Association 

between antipsychotic use in pregnancy and the risk of gestational diabetes: 

population-based cohort studies from the United Kingdom and Hong Kong and 

an updated meta-analysis. Schizophrenia Research, doi: 

10.1016/j.schres.2020.11.021. 

Chapter 8. 

Wang Z, Chan AYL, Ho PWH, Wong KHTW, Brauer R, Besag FMC, Ip P, 

Howard LM, Lau WCY, Wei L, Wong ICK, Man KKC. Prenatal exposure to 

antidepressants or antipsychotics and the risk of seizure in children: Letter to 

the editor. World Psychiatry (accepted, in press, co-first author) 

Chapter 9&10. 

Wang Z, Chan AYL, Coghill D, Ip P, Lau WCY, Simonoff E, Brauer R, Wei L, 

Wong ICK, Man KKC. Associations between prenatal exposure to 

antipsychotics and attention-deficit/hyperactivity disorder, autism spectrum 

disorder, preterm birth and small for gestational age: a population-based cohort 

study. JAMA Internal Medicine, doi: 10.1001/jamainternmed.2021.4571 



PhD portfolio 

 

 

 

9 

Other publications not included in this thesis 

Brauer R, Alfageh BH, Blais JE, Chan EW, Chui CSL, Hayes JF, Man KK, Lau 

WCY, Yan VKC, Beykloo MY, Wang Z, Wei L, Wong ICK. Global psychotropic 

medicine consumption in 65 countries and regions from 2008 to 2019. Lancet 

Psychiatry, doi: 10.1016/S2215-0366(21)00292-3. 

Wang Z, Brauer R, Man KKC, Alfageh B, Mongkhon P, Wong ICK. Prenatal 

exposure to antipsychotic agents and the risk of congenital malformations in 

children: a systematic review and meta-analysis. British Journal of Clinical 

Pharmacology, doi: 10.1111/bcp.14839. 

Ma TT, Wong ICK, Whittlesea C, Man K, Lau W, Wang Z, Brauer R, 

MacDonald T, MacKenzie I, Wei L. Impact of multiple cardiovascular 

medications on mortality after an incidence of ischemic stroke or transient 

ischemic attack. BMC Medicine, doi: 10.1186/s12916-021-01900-1.  

Ma TT, Wong ICK, Man KKC, Chen Y, Crake T, Ozkor MA, Ding LQ, Wang ZX, 

Zhang L, Wei L. Effect of evidence-based therapy for secondary prevention of 

cardiovascular disease: systematic review and meta-analysis. PloS One, doi: 

10.1371/journal.pone.0210988. 

Alfageh B H, Wang Z, Mongkhon P, et al. Safety and Tolerability of 

Antipsychotic Medication in Individuals with Autism Spectrum Disorder: A 

Systematic Review and Meta-Analysis. Pediatric Drugs, doi: 10.1007/s40272-

019-00333-x.  



PhD portfolio 

 

 

 

10 

Conference presentations 

Wang Z, Chan AYL, Ho PWH, Wong KHTW, Brauer R, Besag FMC, Ip P, 

Howard LM, Lau WCY, Wei L, Wong ICK, Man KKC. Prenatal exposure to 

psychotropic medications and the risk of seizure in children: a population-

based cohort study. The 37th International Conference on 

Pharmacoepidemiology & Therapeutic Risk Management (ICPE), 2021. 

Wang Z, Chan AYL, Coghill D, Ip P, Lau WCY, Simonoff E, Brauer R, Wei L, 

Wong ICK, Man KKC. Prenatal exposure to antipsychotics and attention-

deficit/hyperactivity disorder, autism spectrum disorder, preterm birth and small 

for gestational age: a population-based cohort study. The 13th Asian 

Conference on Pharmacoepidemiology (ACPE), 2021.  

Wang Z, Man KKC, Ma T, Howard LM, Wei L, Wong ICK, Brauer R. Association 

between antipsychotics use in pregnancy and the risk of gestational diabetes: 

population-based cohort studies from the United Kingdom and Hong Kong. The 

36th ICPE, 2020; the 12th ACPE, 2019.  

Wang Z, Ho PWH, Choy MTH, Wong IC, Brauer R, Man KKC. Advances in 

epidemiological methods and utilisation of large databases: A methodological 

review of observational studies on psychotropic drug use in pregnancy and 

central nervous system outcomes in children. The Royal College of 

Psychiatrists International Congress, 2018; the 34th ICPE, 2018; the 11th 

ACPE, 2018. 

Wang Z, Wong ICK, Man KKC, Alfageh BH, Mongkhon P, Brauer R. The 

association between prenatal antipsychotics exposure and adverse obstetric 



PhD portfolio 

 

 

 

11 

and offspring outcomes: A systematic review and meta-analysis. The 11th 

ACPE, 2018; the British Pharmacology 2018.  

Membership 

Member of International Society of Pharmacoepidemiology (2018-present) 

Member of Asia Pharmacoepidemiology Network (2018-present) 

Member of Royal College of Psychiatrists (2018-present) 

Journal peer reviews 

Annals of Translational Medicine 

British Journal of Clinical Pharmacology 

Diabetes, Obesity, and Metabolism 

Diabetology & Metabolic Syndrome 

 



Awards and honours 

 

 

 

12 

Awards and honours 

2021 

Scholarship for the 13th Asian Conference on Pharmacoepidemiology 
(ACPE), 2021. Seoul, South Korea.  

2020  

Henry Lester Scholarship, Henry Lester Trust. 

2019  

Scholarship for the 12th ACPE, 2019. Kyoto, Japan.  

Henry Lester Scholarship, Henry Lester Trust. 

Best PhD Publication Award, University College London School of 
Pharmacy. 

2018 

Henry Lester Scholarship, Henry Lester Trust. 

Scholarship for the 34th International Conference on 
Pharmacoepidemiology & Therapeutic Risk Management (ICPE), 2018. 
Prague, Czech Republic.  

Scholarship for the 11th ACPE, 2018. Xi’an, China.  

 



Acknowledgements 

 

 

 

13 

Acknowledgements 

My dream will not come true without the contributions of a number of incredibly 

supportive people. 

I would like to express my sincere gratitude to my supervisors Prof Ian Wong, 

Dr Ruth Brauer, and Dr Kenneth Man, who have provided invaluable guidance 

and continuous support throughout my PhD journey. First and foremost, I would 

like to express my sincere gratitude to my primary supervisor, Ian, who gave 

me the opportunity to start my academic life. Ian’s farsighted and open-minded 

views have inspired me to pursue an academic career. His insightful feedback 

always pushed me to sharpen my thought and become more specialised in my 

research area. I also wish to express my deeply appreciation to my secondary 

supervisor, Ruth. With her constant encouragement, I have become a more 

confident person. She was willing to share the little things in life with me which 

made me feel warm in a foreign land. Additionally, I would like to honestly 

acknowledge my tertiary supervisor, Kenneth, who has supported me not only 

in coding and statistics area but also in early career guidance. Thank you to 

Kenneth for always reading my revisions at the first time and patiently 

answering my every silly question, since I was a newbie in 

pharmacoepidemiology. It was my honour to complete my PhD under their wise 

supervision. 

Thank you to Henry Lester Trust, for recognising my PhD projects with 

scholarship for the past three years continuously. Thanks are also given to 

International Society for Pharmacoepidemiology and Asia 

Pharmacoepidemiology Network committees, for giving me the chances to 

present my studies and myself in the international conferences. Moreover, I 

would like to acknowledge four publications, three on the topic and study 



Acknowledgements 

 

 

 

14 

design, and one on the methodology, that inspired my study plan (Man et al., 

2017, Sujan et al., 2017, Petersen et al., 2016, Desai and Franklin, 2019). 

I am also grateful to the members at University College London and University 

of Hong Kong: in particular, Prof Cate Whittlesea, who has proofread and 

commented on the final draft of my thesis; Dr Elizabeth Jamieson and Ms Lisa 

Wong, who have helped with proofreading my manuscripts; Prof Li Wei, Dr 

Wallis Lau and other co-authors listed in this thesis, who have continuously 

provided their thoughtful recommendations on my studies. Thank you to my 

PhD buddies: Tiantian Ma, Chengsheng Ju, Adrienne Chan, Bo Nie, Maedeh 

Yakhchi Beykloo, Basmah Alfageh, Maii Pajaree, Mohsin-Shaikh Soomal, Alaa 

Alsharif, Alwafi Hassan, and Abdallah Naser for their help and companionship 

during my PhD. 

Lastly, I would like to thank my family for their unconditional love, care, and 

support during my long journey of education. Thanks to my husband, Hanbin, 

for his encouragement, patience, and accompany, especially during my thesis 

writing-up period. I also want to thank you to all my friends in the UK and China, 

who always made me feel recharged. 

Thank you to everyone who has helped and cared me. 



List of abbreviations 

 

 

 

15 

List of Abbreviations 

5-HT 5-hydroxytryptamine 
A&E Accident and Emergency 
ACPE Asian Conference on Pharmacoepidemiology 
ADHD Attention Deficit/Hyperactivity Disorder 
ADs Antidepressants 
AEDs Antiepileptic drugs 
AHD Additional Health Data 
APs Antipsychotics 
aRR adjusted Relative Risk 
ASD Autism Spectrum Disorder 
ATC Anatomical Therapeutic Chemical  
BMI Body Mass Index 
BNF British National Formulary 
CDARS Clinical Data Analysis and Reporting System 
CI Confidence Intervals 
CNS Central Nervous System 
CPRD Clinical Practice Research Datalink 
CT Computed Tomography 
Dalton Da 
DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition 
EEG Electroencephalogram 
ENTIS The European Network of Teratology Information Services 
EURAP European Registry of Antiepileptic Drugs and Pregnancy 
FGAs First-generation Antipsychotics 
GDM Gestational Diabetes Mellitus 
GPs General Practices 
GPwSI General Practices with Special Interest 
HA Hospital Authority  
HbA1c Haemoglobin A1C 
HES Hospital Episode Statistics 
HK Hong Kong 
HRs Hazard Ratios 
ICD-9-CM International Classification of Diseases, 9th Revision, Clinical 

Modification 
ICES The Institute for Clinical Evaluative Sciences 
ICPE International Conference on Pharmacoepidemiology & 

Therapeutic Risk Management 
ID Identifier 



List of abbreviations 

 

 

 

16 

IMRD IQVIA Medical Research Data 
IQVIA IMS Health & Quintiles, Inc 
MeSH Medical Subject Headings 
MRI Magnetic Resonance Imaging 
MSMs Marginal Structural Models 
MW Molecular Weight 
NHS National Health Service 
NICE National Institute of Health and Care Excellence 
NOS Newcastle-Ottawa Scale 
OGTT Oral Glucose Tolerance Test 
ORs Odds Ratios 
OTC Over The Counter 
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

analyses 
PRs Prevalence Ratios 
PS Propensity Score 
PTB Preterm Birth 
PVI Postcode Variable Indicators 
RCTs Randomised Controlled Trials 
ROBINS-I Risk of Bias In Non-randomised Studies – of Interventions 
RoPR Registers of Patient Registries 
RRs Risk Ratios 
SD Standard Deviation 
SFGA Small For Gestational Age 
SGAs Second-generation Antipsychotics 
SMI Severe Mental Illness 
SNRIs Serotonin Norepinephrine Reuptake Inhibitors 
SSRIs Selective Serotonin Reuptake Inhibitors 
TCAs Tricyclic Antidepressants 
THIN The Health Improvement Network 
TIS Teratology Information Service 
UK United Kingdom 
US United States 
VS Versus 
WHO World Health Organisation 
wHR weighted Hazard Ratio 
wOR weighted Odds Ratio 

 



Table of contents 

 

 

 

17 

Table of Contents 
Declaration ___________________________________________________ 2 
Abstract _____________________________________________________ 3 
Impact Statement ______________________________________________ 5 
PhD portfolio __________________________________________________ 7 
Awards and honours ___________________________________________ 12 
Acknowledgements ___________________________________________ 13 
List of Abbreviations ___________________________________________ 15 
Table of Contents _____________________________________________ 17 
List of Tables ________________________________________________ 26 
List of Figures ________________________________________________ 28 
List of Appendices ____________________________________________ 29 
Chapter 1 Introduction _________________________________________ 30 

1.1 Antipsychotics _________________________________________ 30 

1.1.1 Indications _______________________________________ 32 

1.1.2 Side effects ______________________________________ 33 

1.1.3 Withdrawal symptoms ______________________________ 34 

1.2 Antipsychotics use in pregnancy ___________________________ 35 

1.3 Gestational diabetes mellitus in mother _____________________ 36 

1.4 Central nervous system diseases in children _________________ 37 

1.4.1 Seizure _________________________________________ 38 

1.4.2 Attention deficit/hyperactivity disorder __________________ 40 

1.4.3 Autism spectrum disorder ___________________________ 44 

1.5 Birth complications in children _____________________________ 47 

1.5.1 Preterm birth _____________________________________ 47 

1.5.2 Small for gestational age ____________________________ 48 

1.6 Prenatal exposure to antipsychotics and the risk of gestational 
diabetes mellitus, central nervous system diseases and birth complications
 _______________________________________________________ 49 

1.7 Key concepts applied in studies regarding prenatal exposure to 
antipsychotic and adverse mother/children-related outcomes _______ 51 

1.7.1 Mother-baby linkage _______________________________ 51 

1.7.2 Confounding by indication ___________________________ 51 



Table of contents 

 

 

 

18 

1.7.3 Sibling-matched analysis ___________________________ 52 

1.7.4 Negative control analysis ___________________________ 53 

1.7.5 Propensity scpre fine stratification weighting ____________ 53 

Chapter 2 A methodological review of observational studies on central nervous 
system drugs use in pregnancy and central nervous system outcomes in 
children _____________________________________________________ 55 

2.0 Abstract ______________________________________________ 55 

2.1 Introduction ___________________________________________ 56 

2.2 Methods ______________________________________________ 58 

2.1.1 Systematic literature search _________________________ 58 

2.2.2 Inclusion and exclusion criteria _______________________ 59 

2.2.3 Screening and data extraction _______________________ 59 

2.2.4 Review and analyses ______________________________ 60 

2.3 Results ______________________________________________ 60 

2.3.1 General characteristics of included articles ______________ 64 

2.3.2 Types of data sources used _________________________ 65 

2.3.3 Linkage between mother and child ____________________ 66 

2.3.4 Types of study designs adopted to deal with confounding factors
 ____________________________________________________ 69 

2.3.5 Statistical Analysis ________________________________ 71 

2.4 Discussion ____________________________________________ 73 

2.4.1 Types of data source adopted ________________________ 74 

2.4.1.1 Administrative database/registry _________________ 74 

2.4.1.2 Ad hoc disease registry ________________________ 77 

2.4.1.3 Ad hoc clinical sample ________________________ 78 

2.4.2 Confounding factors management and study design ______ 78 



Table of contents 

 

 

 

19 

2.4.3 Limitations and challenges __________________________ 86 

2.4.4 Clinical implication and recommendation _______________ 86 

2.5 Conclusion ____________________________________________ 87 

Chapter 3 The use of antipsychotic medications during pregnancy and the risk 
of gestational diabetes mellitus: a systematic review and meta-analysis ___ 89 

3.0 Abstract ______________________________________________ 89 

3.1 Introduction ___________________________________________ 90 

3.2 Methods ______________________________________________ 92 

3.2.1 Search strategy and selection criteria __________________ 92 

3.2.2 Data analysis _____________________________________ 92 

3.3 Results ______________________________________________ 94 

3.4 Discussion ___________________________________________ 108 

3.5 Conclusion ___________________________________________ 113 

Chapter 4 Aims and objectives of this PhD ________________________ 114 
Chapter 5 Data sources _______________________________________ 115 

5.1 The Clinical Data Analysis and Reporting System (CDARS) ____ 115 

5.1.1 Population coverage of CDARS in Hong Kong __________ 115 

5.1.2 Data accuracy in CDARS __________________________ 116 

5.2 The Health Improvement Network (THIN) ___________________ 116 

5.2.1 Population coverage of THIN in the United Kingdom _____ 116 

5.2.2 Data accuracy in THIN ____________________________ 117 

5.3 Strengths and limitations of CDARS and THIN _______________ 118 

5.3.1 Strengths common to both CDARS and THIN __________ 118 

5.3.1.1 Strengths of CDARS only _____________________ 118 

5.3.1.2 Strengths of THIN only _______________________ 119 

5.3.2 Limitations common to both CDARS and THIN _________ 119 



Table of contents 

 

 

 

20 

5.3.2.1 Limitations of THIN only ______________________ 120 

5.4 Ethics _______________________________________________ 121 

Chapter 6 Antipsychotic use in pregnancy: a drug utilisation study in the United 
Kingdom and Hong Kong ______________________________________ 122 

6.0 Abstract _____________________________________________ 122 

6.1 Introduction __________________________________________ 123 

6.2 Methods _____________________________________________ 124 

6.2.1 Study population _________________________________ 124 

6.2.2 Drug exposure ___________________________________ 125 

6.2.3 Data analysis ____________________________________ 126 

6.2.4 Ethical approvals _________________________________ 127 

6.3 Results _____________________________________________ 127 

6.4 Discussion ___________________________________________ 134 

6.4.1 Key findings _____________________________________ 134 

6.4.2 Comparison with other studies ______________________ 135 

6.4.3 Strength & limitations _____________________________ 137 

6.5 Conclusion ___________________________________________ 138 

Chapter 7 Association between antipsychotic use in pregnancy and the risk of 
gestational diabetes: Population-based cohort studies from the United 
Kingdom and Hong Kong and an updated meta-analysis _____________ 139 

7.0 Abstract _____________________________________________ 139 

7.1 Introduction __________________________________________ 140 

7.2 Methods _____________________________________________ 142 

7.2.1 Data source and study design _______________________ 143 

7.2.2 Study population _________________________________ 143 

7.2.3 Pregnancy period and follow-up time _________________ 144 



Table of contents 

 

 

 

21 

7.2.4 Exposure and comparator cohorts ___________________ 145 

7.2.5 Outcome definition _______________________________ 146 

7.2.6 Covariates ______________________________________ 146 

7.2.7 Inclusion and exclusion criteria ______________________ 147 

7.2.8 Statistical analysis ________________________________ 147 

7.2.9 Secondary analysis _______________________________ 148 

7.3 Results _____________________________________________ 148 

7.3.1 Primary analysis _________________________________ 148 

7.3.2 Secondary analysis _______________________________ 157 

7.4 Discussion ___________________________________________ 162 

7.5 Conclusion ___________________________________________ 166 

Chapter 8 Association between prenatal exposure to antipsychotics and the 
risk of seizure: a population-based cohort study ____________________ 168 

8.0 Abstract _____________________________________________ 168 

8.1 Introduction __________________________________________ 169 

8.2 Methods _____________________________________________ 171 

8.2.1 Data source and study design _______________________ 171 

8.2.2 Study population _________________________________ 171 

8.2.3 Pregnancy period ________________________________ 172 

8.2.4 Exposure and comparator cohorts ___________________ 172 

8.2.5 Outcome definition _______________________________ 173 

8.2.6 Follow-up _______________________________________ 173 

8.2.7 Covariates ______________________________________ 174 

8.2.8 Statistical analysis ________________________________ 174 

8.2.8.1 Other comparison analyses ___________________ 175 



Table of contents 

 

 

 

22 

8.2.8.2 Subgroup analyses __________________________ 175 

8.2.8.3 Sensitivity analyses __________________________ 175 

8.3 Results _____________________________________________ 176 

8.3.1 Associations between prenatal exposure of antipsychotics and 
seizure _____________________________________________ 181 

8.3.2 Analyses using comparison groups of different exposure periods
 ___________________________________________________ 186 

8.3.3 Sibling-matched analysis __________________________ 188 

8.3.4 Sensitivity analyses _______________________________ 189 

8.4 Discussion ___________________________________________ 189 

8.4.1 Strength and limitation ____________________________ 191 

8.4.2 Clinical implications and recommendations ____________ 192 

8.5 Conclusion ___________________________________________ 193 

Chapter 9 Associations between prenatal exposure to antipsychotics and the 
risk of attention-deficit/hyperactivity disorder and autism spectrum disorder: 
population-based cohort studies _________________________________ 194 

9.0 Abstract _____________________________________________ 194 

9.1 Introduction __________________________________________ 195 

9.2 Methods _____________________________________________ 196 

9.2.1 Data source and study design _______________________ 196 

9.2.2 Study population _________________________________ 197 

9.2.3 Pregnancy period ________________________________ 197 

9.2.4 Exposure and comparator cohorts ___________________ 198 

9.2.5 Outcome definition _______________________________ 198 

9.2.6 Follow-up _______________________________________ 199 

9.2.7 Covariates ______________________________________ 199 

9.2.8 Statistical analyses _______________________________ 199 



Table of contents 

 

 

 

23 

9.2.8.1 Other comparison analyses ___________________ 200 

9.2.8.2 Subgroup analyses __________________________ 201 

9.2.8.3 Sensitivity analyses __________________________ 201 

9.3 Results _____________________________________________ 202 

9.3.1 Other Comparisons _______________________________ 206 

9.3.2 Sibling-matched analysis __________________________ 209 

9.3.3 Subgroup analyses _______________________________ 209 

9.3.4 Sensitivity analyses _______________________________ 211 

9.4 Discussion ___________________________________________ 212 

9.4.1 Strengths and limitations ___________________________ 213 

9.4.2 Clinical implications and recommendations ____________ 214 

9.5 Conclusion ___________________________________________ 215 

Chapter 10 Associations between prenatal exposure to antipsychotics and the 
risk of preterm birth and small for gestational age: population-based cohort 
studies ____________________________________________________ 216 

10.0 Abstract ____________________________________________ 216 

10.1 Introduction _________________________________________ 217 

10.2 Methods ____________________________________________ 218 

10.2.1 Data source, study design and study population _______ 218 

10.2.2 Pregnancy period and follow-up ____________________ 219 

10.2.3 Outcome definition ______________________________ 219 

10.2.4 Statistical analyses ______________________________ 219 

10.3 Results ____________________________________________ 221 

10.3.1 Other Comparisons ______________________________ 227 

10.3.2 Sibling-matched analysis _________________________ 229 

10.3.3 Subgroup analyses ______________________________ 229 



Table of contents 

 

 

 

24 

10.3.4 Sensitivity analyses ______________________________ 231 

10.4 Discussion __________________________________________ 234 

10.4.1 Strengths and limitations __________________________ 235 

10.4.2 Clinical implications and recommendations ___________ 236 

10.5 Conclusion __________________________________________ 237 

Chapter 11 Overall discussion and conclusion ______________________ 238 

11.1 Overview of the key findings ____________________________ 239 

11.1.1 A methodological review of observational studies on central 
nervous system drugs use in pregnancy and central nervous system 
outcomes in children __________________________________ 239 

11.1.2 The use of antipsychotic medications during pregnancy and 
the risk of gestational diabetes mellitus: a systematic review and 
meta-analysis ________________________________________ 239 

11.1.3 Antipsychotics use in pregnancy: a drug utilisation study in the 
United Kingdom and Hong Kong _________________________ 240 

11.1.4 Association between antipsychotic use in pregnancy and the 
risk of gestational diabetes: Population-based cohort studies from the 
United Kingdom and Hong Kong and an updated meta-analysis 241 

11.1.5 Association between prenatal exposure to antipsychotics and 
seizure: a population-based cohort study __________________ 241 

11.1.6 Associations between prenatal exposure to antipsychotics and 
attention-deficit/hyperactivity disorder and autism spectrum disorder: 
a population-based cohort study _________________________ 242 

11.1.7 Associations between prenatal exposure to antipsychotics and 
preterm birth and small for gestational age: a population-based cohort 
study _______________________________________________ 242 

11.2 Implications of clinical practice __________________________ 243 

11.3 Strengths and limitations _______________________________ 244 

11.3.1 Overall strengths ________________________________ 244 

11.3.2 Overall limitations _______________________________ 246 

11.4 Contribution to current knowledge ________________________ 247 

11.5 Recommendations for future research ____________________ 248 



Table of contents 

 

 

 

25 

11.6 Conclusions _________________________________________ 250 

References _________________________________________________ 251 
Appendices _________________________________________________ 299 
 



List of tables 

 

 

 

26 

List of Tables 

Table 1.1 List of different drug classes of antipsychotics according to BNF, 
section 4.2.1 (Joint Formulary Committee 2021) _____________________ 31 

Table 2.1 Advantages and disadvantages of different data sources ______ 81 

Table 3.1 Summary of included studies (a) _________________________ 98 

Table 3.1 Summary of included studies (b) ________________________ 101 

Table 6.1 Antipsychotic drug use during the pregnancy period by maternal age
 __________________________________________________________ 128 

Table 6.2 Prevalence ratios between the first (reference) and last year for each 
population by antipsychotic drug group ___________________________ 129 

Table 6.3 Five most commonly dispensed antipsychotic drugs during the 
pregnancy period in the first and last year of available data by population 133 

Table 7.1 Characteristics of study cohorts _________________________ 151 

Table 7.2 Results from analysis comparing continuers with discontinuers 155 

Table 7.3 Results of the most common prescribed individual antipsychotics in 
THIN ______________________________________________________ 157 

Table 7.4 Results of the most common prescribed individual antipsychotics in 
CDARS ____________________________________________________ 157 

Table 8.1 Characteristics of children and their mothers _______________ 178 

Table 8.2 Results from analysis comparing gestational users with gestational 
non-users __________________________________________________ 182 

Table 8.3 Results from different drug class analyses _________________ 185 

Table 8.4 Results from different gender analyses ___________________ 185 

Table 8.5 Results from analyses of comparison groups _______________ 188 

Table 8.6 Results from sibling-matched analysis ____________________ 189 

Table 8.7 Results from sensitivity analyses ________________________ 189 

Table 9.1 Characteristics of children and their mothers _______________ 203 

Table 9.2 Results from analysis comparing gestational-exposed to 
antipsychotics with gestational non-exposed _______________________ 207 

Table 9.3 Results from analyses of different comparisons _____________ 208 

Table 9.4 Results from the sibling-matched analysis _________________ 209 

Table 9.5 Results from different drug class analyses _________________ 210 

Table 9.6 Results from different gender analyses ___________________ 210 

Table 9.7 Results from analyses of sensitivity analyses ______________ 211 

Table 10.1 Characteristics of children and their mothers ______________ 223 

Table 10.2 Results from analysis comparing gestational-exposed to 
antipsychotics with gestational non-exposed _______________________ 226 

Table 10.3 Results from analyses of different comparisons ____________ 228 

Table 10.4 Results from the sibling-matched analysis ________________ 229 

Table 10.5 Results from different drug class analyses ________________ 230 



List of tables 

 

 

 

27 

Table 10.6 Results from different gender analyses __________________ 231 

Table 10.7 Results from spontaneous/non-spontaneous preterm analyses 231 

Table 10.8 Results from analyses of sensitivity analyses _____________ 233 

 



List of figures 

 

 

 

28 

List of Figures 

Figure 2.1 PRISMA flow chart for studies inclusion ___________________ 61 

Figure 2.2 Trend in absolute number of relevant studies included from 1978 to 
2020 _______________________________________________________ 64 

Figure 2.3 The proportion of univariate and multivariable analysis in each data 
source subgroup ______________________________________________ 73 

Figure 2.4 Flow chart for development of study design to investigate children 
outcomes with maternity drug exposure ____________________________ 87 

Figure 3.1 PRISMA flow chart for studies inclusion ___________________ 95 

Figure 3.2 Forest plot of the meta-analysis for gestational diabetes mellitus
 __________________________________________________________ 107 

Figure 3.3 Forest plot of the meta-analysis for gestational diabetes mellitus 
(sensitivity analysis, without Reis and Kallen [2008]) _________________ 111 

Figure 6.1 Pregnancy period definition in this drug utilisation study ______ 126 

Figure 6.2 a-d Trends in antipsychotic drug use during the pregnancy period 
by population per year ________________________________________ 130 

Figure 6.3 a-e Prevalence of antipsychotic drug use during the pregnancy 
period by trimester and population. ______________________________ 132 

Figure 7.1 Pregnancy period definition in THIN and CDARS ___________ 145 

Figure 7.2 Flowchart of included women identification ________________ 150 

Figure 7.3 Forest plots of fully adjusted results from analysis for continuers 
compared with discontinuers ___________________________________ 158 

Figure 7.4 Forest plots of fully adjusted results from analysis for individual 
antipsychotics _______________________________________________ 159 

Figure 7.5 Forest plots of fully adjusted results from analysis stratified by 
trimesters __________________________________________________ 160 

Figure 7.6 Forest plots for updated meta-analysis, any antipsychotics ___ 161 

Figure 7.7 Forest plots for updated meta-analysis, particularly compared 
continuers with discontinuers ___________________________________ 161 

Figure 8.1 Pregnancy period definition ____________________________ 172 

Figure 8.2 Flowchart of mother-child pairs identification ______________ 177 

Figure 8.3 Propensity score weighted results from analysis comparing 
gestational users with gestational non-users _______________________ 184 

Figure 8.4 Propensity score weighted results from analyses of different 
comparisons ________________________________________________ 187 

Figure 9.1 Pregnancy period definition ____________________________ 197 

Figure 9.2 Flowchart of mother-child pairs identification ______________ 202 

Figure 10.1 Pregnancy period definition ___________________________ 219 

Figure 10.2 Flowchart of mother-child pairs identification _____________ 222 

 



List of appendices 

 

 

 

29 

List of Appendices 

Appendix 1 Chapter 2, Full list of PUBMED search terms used _________ 299 

Appendix 2 Chapter 2, Descriptive summaries _____________________ 308 

Appendix 3 Chapter 3, PRISMA checklist _________________________ 367 

Appendix 4 Chapter 3, Search term ______________________________ 371 

Appendix 5 Chapter 3, Quality assessment of included articles _________ 379 

Appendix 6 Chapter 3, Summary of the included studies results ________ 381 

Appendix 7 Chapter 6, List of antipsychotic medications corresponding to 
Anatomical Therapeutic Chemical classification codes _______________ 384 

Appendix 8 Chapter 7, List of teratogenic medications _______________ 386 

Appendix 9 Chapter 7, Factors associated with receiving antipsychotic 
prescriptions ________________________________________________ 388 

Appendix 10 Chapter 8, Standardised mean differences before & after PS 
weighting in different covariates _________________________________ 391 

Appendix 11 Chapter 9-10, Standardised mean differences before & after PS 
weighting in different covariates _________________________________ 392 

 



Chapter 1 Introduction 

 

 

 

30 

Chapter 1 Introduction 

1.1 Antipsychotics 

Antipsychotics (APs), also known as neuroleptic drugs or major tranquilizers, 

are a class of medication primarily used for psychosis treatment, principally in 

managing schizophrenia and bipolar disorder (Finkel et al., 2009). APs are not 

only used to relieve symptoms in the acute phase of the psychosis but also to 

reduce the probability of relapses in patients with stable status as a 

maintenance treatment (The National Health Service, 2016a). Chlorpromazine 

was the first introduced antipsychotic (classified as first-generation 

antipsychotic [FGA], also known as typical antipsychotic) discovered in the 

1950s (Abou-Setta et al., 2012). While second-generation antipsychotics 

(SGAs), also known as atypical antipsychotics, have been discovered later: the 

first SGA, clozapine, was developed in the 1960s (Hippius, 1989). The list of 

FGAs and SGAs according to British National Formulary (BNF) edition 81 

online version, section 4.2.1 (Joint Formulary Committee, 2021) is shown in 

Table 1.1. 

In schizophrenia and bipolar disorder, decreased dopamine release in the 

prefrontal cortex and extra dopamine release in other pathways (e.g., 

mesolimbic pathway) contribute to the psychotic experiences (Pickar et al., 

1990, Liemburg et al., 2012). Both FGAs and SGAs tend to block dopamine D2 

receptors in the brain's dopaminergic pathways (Liemburg et al., 2012). 

Dopamine release in these pathways is therefore less effective (Finkel et al., 

2009). SGAs also integrate with serotonin receptors (5-hydroxytryptamine [5-

HT], particularly 5-HT2A receptors). Higher concentrations of the 5-HT2A 

receptor have been linked to schizophrenia and other psychoses such as 
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depression, which can increase dopaminergic activity in the nigrostriatal 

pathway (Stahl, 2003). 

Table 1.1 List of different drug classes of antipsychotics according to BNF, section 4.2.1 
(Joint Formulary Committee, 2021) 

First-generation antipsychotics Second-generation antipsychotics 
Benperidol 
Chlorpromazine Hydrochloride 
Chlorprothixene 
Flupentixol Hydrochloride 
Fluphenazine Hydrochloride 
Haloperidol 
Levomepromazine hydrochloride 
Levomepromazine maleate 
Loxapine Succinate 
Pericyazine  
Perphenazine 
Pimozide 
Promazine Hydrochloride  
Thioridazine 
Trifluoperazine 
Zuclopenthixol Acetate 
Zuclopenthixol Hydrochloride 

Amisulpride 
Aripiprazole 
Clozapine 
Lurasidone 
Melperone Hydrochloride 
Olanzapine 
Paliperidone 
Quetiapine 
Risperidone 
Sulpiride  
Ziprasidone Hydrochloride 
Zotepine 

BNF: British National Formulary 

In the United Kingdom (UK), SGAs have replaced FGAs as the first-line 

treatment for schizophrenia because of their lower risk of extrapyramidal 

symptoms since 2002 (Heeg et al., 2008). SGAs is also shown as cost-effective, 

compared to FGAs (Heeg et al., 2008). In 2003, SGAs accounted for 93% of 

total antipsychotic expenditures in the United States (US) (Aparasu and 

Bhatara, 2006). Expenditure proportion information for the UK or Hong Kong 

(HK) is limited. 

Antipsychotics, in particular SGAs, have been increasingly prescribed in the 

general population in both HK and the UK (Lao et al., 2017, López-Muñoz et 
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al., 2019, Xiang et al., 2016, Hálfdánarson et al., 2017). This may be partly 

explained by the increased prevalence of psychiatric disorders, such as bipolar 

disorder in both HK and UK (Ng et al., 2021) as well as newer SGA treatments 

marketed (e.g., aripiprazole, licensed for the treatment of mania in the US since 

2005 and approved for moderate to severe manic episodes in bipolar I disorder 

in Europe in the same year) and indications expanded (Rani et al., 2008, 

Alexander et al., 2011).  

1.1.1 Indications 

Medication with APs is a primary choice for the treatment of schizophrenia as 

recommended by the National Institute of Health and Care Excellence (NICE) 

and the British Society for Psychopharmacology (National Institute for Health 

and Care Excellence, 2014c, Barnes, 2011). Schizophrenia is one of the most 

common mental illnesses with huge expenses worldwide (Kassebaum et al., 

2016). Except for clozapine (a more effective treatment for treatment-resistant 

schizophrenia SGA), there are no significant differences in efficacy between 

antipsychotics when treating schizophrenia (Leucht et al., 2013). AP treatment 

effectiveness in relieving both positive and negative symptoms tends to 

improve with enhancing severity of baseline symptoms (Furukawa et al., 2015). 

FGAs are particularly effective to treat positive symptoms of schizophrenia (i.e., 

delusions, hallucinations, thought processing, and agitation) (Finkel et al., 2009, 

The National Health Service, 2016a). SGAs with 5-HT2A receptor-blocking 

activity may be effective in many patients who are resistant to FGAs, especially 

in treating the negative symptoms of schizophrenia (i.e., social withdrawal, 

blunted emotions, ambivalence, and reduced ability to relate to people) 

(Andreasen et al., 2012). Moreover, APs are beneficial for relapse prevention, 

new onset treatment, maintenance treatment, and therapy of recurrent 

episodes of acute mental disorder (Barnes, 2011). 
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APs are also regularly prescribed in conjunction with other mood stabilisers 

(e.g., lithium/valproate) as a first-line treatment for manic and mixed episodes 

associated with bipolar disorder. Therapeutic delay of the mood stabilisers and 

the relatively rapid antimanic effects of APs may occur in this combination 

(Correll et al., 2010). Three SGAs (lurasidone, olanzapine and quetiapine) have 

been proven to be effective in bipolar depression therapy as a monotherapy 

(Loebel et al., 2014, Tohen et al., 2013, Thase, 2008). However, only 

olanzapine and quetiapine have been shown to have broad-spectrum efficacy 

in patients with bipolar disorder for prophylactic or maintenance therapy (i.e., 

against all three types of relapses - manic, mixed, and depressive) (Tohen et 

al., 2005, Duffy et al., 2009, Weisler et al., 2011). 

Furthermore, APs are often used in the combination with other medications or 

behavioural interventions for major depressive disorder, obsessive compulsive 

disorder, anxiety disorder, chronic pain, and the management of agitated and 

disruptive behaviour (Aman et al., 2002, Seidel et al., 2013, Komossa et al., 

2010, National Institute for Health and Care Excellence, 2009, National Institute 

for Health and Care Excellence, 2005, Hershenberg et al., 2014). 

1.1.2 Side effects 

In general, being prescribed APs may lead to adverse impacts, such as 

drowsiness, dizziness, restlessness, dry mouth, weight gain, nausea and 

vomiting, low blood pressure, constipation, sedation, sexual dysfunction, 

postural hypotension, uncontrollable movements, cardiac arrhythmia, and 

sudden cardiac death (The National Institute of Mental Health, 2016, Muench 

and Hamer, 2010). However, individual APs differ in risk of side effects (Leucht 

et al., 2013). FGAs are more likely to cause movement disorders, such as 

persistent muscle spasms and rigidity; while SGAs, in particular clozapine and 
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olanzapine, are more likely to cause metabolic syndromes (e.g., obesity and 

type 2 diabetes mellitus) (Muench and Hamer, 2010) and agranulocytosis 

(Mijovic and MacCabe, 2020). Mandatory blood test and regular blood glucose 

monitoring are necessary before starting and during the treatment (National 

Institute for Health and Care Excellence, 2014a).  

It is not recommended to take more than one antipsychotic medication at one 

time due to the enhanced risk of adverse effects (The National Health Service, 

2016a).  

1.1.3 Withdrawal symptoms 

Withdrawal symptoms from antipsychotics such as nausea, emesis, anorexia, 

anxiety, dysphoria or depression, cognitive dysfunction, worsening of negative 

symptoms, insomnia and disease relapse may occur during significant dosage 

reduction and discontinuation (Lambert, 2007, Chemerinski et al., 2002, 

Moncrieff, 2006, Dilsaver, 1994, Wyatt, 1995). Although chronic AP treatment 

can be associated with many side effects, mid/long-term impact such as 

increased life expectancy has been demonstrated (Correll et al., 2018). 

Sustained and stable AP treatment contributes to lower mortality in patients 

with schizophrenia, comparing to those without (Correll et al., 2018). 

Additionally, switching one antipsychotic to another may lead to withdrawal 

impacts (Keks et al., 2019). A gradual withdrawal is suggested when 

discontinuing antipsychotic therapy to eliminate acute withdrawal syndrome or 

rapid relapse (National Institute for Health and Care Excellence, 2021a). 
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1.2 Antipsychotics use in pregnancy 

Pregnancy is usually considered as a specific period which causes 

physiological, hormonal, and psychological variations (Jones et al., 2014, 

Vesga-Lopez et al., 2008, Andersson et al., 2003, Howard, 2005) that could 

potentially lead to mental illness, such as postpartum mood disorders (Yonkers 

et al., 2012, O'hara et al., 1991). Additionally, women are commonly diagnosed 

as schizophrenia, bipolar disorder, and related psychosis, those with the 

primary indications for the use of APs, before or during the childbearing years 

(Toh et al., 2013), e.g., the onset of schizophrenia is normally between 14 to 

35 years old, with a half diagnosed before age of 25 (Stevens et al., 2014). 

Women with severe mental disorders could therefore require treatment with 

APs during childbearing years or even during pregnancy to reduce symptoms 

and prevent psychotic relapse. As mentioned above, it is recommended to 

withdraw gradually when discontinuing antipsychotic treatment (National 

Institute for Health and Care Excellence, 2021a), in particular, during 

pregnancy. Abrupt discontinuation of treatment led to a higher risk of relapses 

during pregnancy (Tosato, et al., 2017), untreated mental disorders may 

increase the risk in both the mother (negative obstetrical outcomes and 

postpartum effects) and the child from foetus through childhood (Bonari et al., 

2004, Moore and Pytlarz, 2013). Decisions about prescribing APs in pregnancy 

should weigh the risks of not treating these diseases against potential drug-

related risks to both the mother and the infant (Tohen et al., 2013). Even so, 

increasing use of FGAs and SGAs in pregnant women has been observed over 

the last 20 years (Lao et al., 2017, Tohen et al., 2013, Werler et al., 2011).  

Medications with molecular weight (MW) under 500 Dalton (Da), lipid solubility, 

non-ionised and no protein binding properties can easily cross the placental 
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barrier - the nutrients transport for foetal development (Feghali et al., 2015, 

Open Anaesthesia Committee, 2021). Pharmacologically, all APs can cross the 

placenta causing unintended and long-lasting consequences for foetal organs 

and/or skeletal structure and function (Newport et al., 2007, Raha et al., 2012, 

Kerns, 1986).  

1.3 Gestational diabetes mellitus in mother 

Gestational diabetes mellitus (GDM) is a condition in which a woman without 

pre-existing diabetes experiences high blood sugar levels at any stage of 

pregnancy, usually the second or third trimester (National Institute of Diabetes 

and Digestive and Kidney Diseases, 2014, National Institute for Health and 

Care Excellence, 2015). Most patients do not develop any symptoms but 

women with extremely high blood sugar levels can experience symptoms like 

increased thirst, a dry mouth, tiredness, and frequent urination (National 

Institute of Diabetes and Digestive and Kidney Diseases, 2014, National 

Institute for Health and Care Excellence, 2015).  

GDM occurs when the body cannot make enough insulin, a hormone that aids 

in the regulation of blood sugar levels, in the setting of insulin resistance 

(National Institute of Diabetes and Digestive and Kidney Diseases, 2014, 

National Institute for Health and Care Excellence, 2015). GDM can occur in any 

pregnant woman, but the risk is higher in women with a higher body mass index 

(BMI), a previous overweight baby, a history of GDM, and/or a family history of 

diabetes (The National Health Service, 2018a). GDM is often diagnosed at 24 

to 28 weeks of pregnancy by the oral glucose tolerance test (OGTT). According 

to NICE guidelines, a woman is diagnosed with GDM if her fasting plasma 
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glucose level is 5.6 mmol/L or higher, or her 2-hour plasma glucose level is 7.8 

mmol/L or higher (National Institute for Health and Care Excellence, 2015). 

The estimated global prevalence of GDM ranged from 1.7% to 34.9% from 

1959 to 2015, depending on the population studied (Behboudi-Gandevani et 

al., 2019). It is strongly related to ethnicity that Asian women are more likely to 

develop GDM than Caucasian (Behboudi-Gandevani et al., 2019). Women with 

GDM are more likely to develop pre-eclampsia, depression, and type 2 

diabetes after pregnancy, and they are more likely to experience delivery 

complications such as intrauterine foetal death, neonatal jaundice, preterm 

delivery, and infant macrosomia (Vesco et al., 2012, American Diabetes 

Association, 2004, DeSisto et al., 2014). Regular blood glucose monitoring, 

maintaining a healthy diet and lifestyle are first-line treatment for women with 

GDM. If patients still experience uncontrolled blood sugar levels after lifestyle 

modifications within one-two weeks, metformin will be prescribed (National 

Institute for Health and Care Excellence, 2015). Insulin will be offered when 1) 

metformin is contraindicated or unacceptable; 2) the blood glucose cannot 

meet the target level with metformin treatment; or 3) the fasting plasma glucose 

level is more than 6.0 mmol/L with complications such as macrosomia or 

hydramnios (National Institute for Health and Care Excellence, 2015).  

1.4 Central nervous system diseases in children 

Central nervous system (CNS) diseases, also known as CNS disorders, are a 

group of neurological disorders that influence the structure or function of the 

CNS (made up of the brain and spinal cord) (US National Library of Medicine, 

2021). Common types of CNS diseases include addiction, epilepsy/seizures, 

attention deficit/hyperactivity disorder (ADHD), autism spectrum disorder 
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(ASD), brain tumours, infections (e.g., viral meningitis and cryptococcal 

meningitis), migraine, multiple sclerosis, etc. (US National Library of Medicine, 

2021). 

1.4.1 Seizure 

An epileptic seizure is a transient occurrence of signs and symptoms caused 

by abnormally excessive or synchronous neuronal activity in the brain which 

can start at any age, but most commonly in the early childhood (Fisher et al., 

2005, The National Health Service, 2017). While epilepsy is defined by a 

persistent condition with epileptic seizures which requires the occurrence of 

repetitive seizures (two or more) (Fisher et al., 2005, The National Health 

Service, 2017, Fisher et al., 2014). In epileptic seizures, a group of neurons 

begins firing abnormally, excessively, and synchronously resulting in a 

paroxysmal depolarizing shift (National Clinical Guideline Centre UK, 2012, 

Somjen, 2004). The resistance of excitatory neurons to fire during this period 

is reduced. 

Seizures have a number of causes, such as malnutrition (e.g., Vitamin B1 and 

B12 deficiency) (Keyser and De Bruijn, 1991, Fattal-Valevski et al., 2009, 

Matsumoto et al., 2009, Taşkesen et al., 2011) and overnutrition (e.g., folic acid 

overdose) (Morrell, 2002). Seizures could also be triggered by drug use, 

alcohol consumption, medication withdrawal, brain injury, lack of sleep and 

stress (Engel et al., 1998, Delanty et al., 1998, Lowenstein, 2009, The National 

Health Service, 2017).  

Epilepsy can be diagnosed based on the observation of the onset of seizures 

and the potential causes (National Clinical Guideline Centre UK, 2012). An 

electroencephalogram (EEG), Computed Tomography (CT) scan or Magnetic 

Resonance Imaging (MRI) can be used to evaluate abnormal patterns of brain 
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waves and the structure of the brain (The National Health Service, 2017, 

National Clinical Guideline Centre UK, 2012). Any of the following conditions 

can be used to define epilepsy: 1) at least two unprovoked or reflex seizures 

(e.g., photosensitivity, eye closure sensitivity, orofacial reflex myoclonic, praxis 

induction, music genic epilepsy (Epilepsy Foundation, 2019)) with the interval 

of more than 24 hours; and 2) after two unprovoked seizures, one unprovoked 

or reflex seizure and a probability of further seizures similar to the general 

recurrence risk (at least 60%) occurring over the next ten years (Fisher et al., 

2014, The National Health Service, 2017). Seizures can be of various types, 

while 85% are generalised as tonic-clonic (grand mal) seizures (Epilepsy 

Foundation, 2019). Absence seizures (staring) and myoclonic seizures are two 

other types of seizures (jerking of the eyes, head, or arms). Focal seizures 

(originating in a specific area of the brain) can occasionally manifest as reflex 

epilepsy (Epilepsy Foundation, 2019). 

Treatment including antiepileptic drugs (AEDs), surgery, and a ketogenic diet 

(high fat, low carbohydrate, adequate protein) can aid in experiencing fewer 

seizures or completely stopping experiencing seizures (Levy et al., 2012, 

Krucoff et al., 2017, Piperidou et al., 2008, The National Health Service, 2017, 

National Institute for Health and Care Excellence, 2021c). 

Seizure is one of the most common serious CNS conditions, with up to 10% of 

people having experienced at least one seizure during their lifetime in the world 

(World Health Organisation, 2019). It is reported more frequent in men than in 

women and is often lifelong and relapses with triggers (The National Health 

Service, 2017, Carlson et al., 2014). More severe seizures with spasms and 

uncontrollable muscle twitches can last from a few seconds to several minutes 

and may lead to confusion and loss of consciousness (The National Health 

Service, 2017). People with epilepsy have a 1.6 to 3 times higher overall risk 
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of death than the general population in developed countries (Forsgren et al., 

2005). In the UK, it was estimated that 40–60% of unexpected sudden deaths 

could be avoided by adequate specialist care and medication management 

(National Clinical Guideline Centre UK, 2012, Epilepsy Society, 2019). 

However, opposite perspective was proposed that an increased risk of mortality 

was found in children with AEDs in both the UK and HK (Ackers et al., 2011, 

Chen et al., 2016). 

1.4.2 Attention deficit/hyperactivity disorder 

Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental 

disorder characterised by a persistent pattern of inattention and/or 

hyperactivity-impulsivity which interferes with functioning or development 

(American Psychiatric Association, 2013). Inattention refers to wandering off 

task, lacking persistence, having difficulty sustaining focus, and being 

disorganized and is not due to defiance or lack of comprehension (American 

Psychiatric Association, 2013). While hyperactivity manifests itself as 

excessive motor activity when it is inappropriate, or excessive fidgeting, tapping, 

or talkativeness (American Psychiatric Association, 2013). Impulsivity is 

defined as social intrusiveness and/or making important decisions without 

considering long-term consequences and that have a high potential for harm to 

the individual (American Psychiatric Association, 2013).  

It is believed that functional impairments in the brain's neurotransmitter 

systems, particularly those involving dopamine and norepinephrine can cause 

ADHD (Chandler et al., 2014, Trimble, 2002). The dopamine and 

norepinephrine pathways that project to the prefrontal cortex and striatum are 

directly accountable for modulating executive function (behaviour cognitive 

control), motivation, reward perception, and motor function; these pathways are 
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vital in the pathophysiology of ADHD (Malenka et al., 2009, Castellanos and 

Proal, 2012, Cortese et al., 2012). 

Genetic, environmental, and social factors are usually considered as the 

influencing factors for ADHD (Millichap, 2009, Thapar et al., 2013). The 

heritability of ADHD is substantial (Stawicki et al., 2006, American Psychiatric 

Association, 2013). Twin studies indicate that ADHD is usually inherited from 

one's parents, with genetics accounting for approximately 75% of cases 

(Thapar et al., 2013, Neale et al., 2010, Burt, 2009). Siblings of children with 

ADHD are more probable to experience ADHD than siblings of children without 

(Milberger et al., 1997). Genetic factors are also considered to play a role in 

whether ADHD will persist into adulthood (Franke et al., 2012). Additionally, 

very preterm/low birth weight children are more likely to develop to subsequent 

ADHD (Franz et al., 2018). 

Moreover, many environmental factors such as maternal smoking or 

hypothyroidism during pregnancy, alcohol or medication exposure in utero, 

neurotoxin exposure, infections, Mediterranean diet, air pollutants exposure, 

history of child abuse, neglect and multiple foster placements are arguably 

suggested to be associated with subsequent risk of ADHD (American 

Psychiatric Association, 2013, Gustavson et al., 2017, Linnet et al., 2005, 

Eilertsen et al., 2017, Thapar et al., 2012, Ystrom et al., 2017, San Mauro 

Martín et al., 2018, Saez et al., 2018). It is more likely that there are multiple 

environmental risk factors, each with a minor impact, with the overall burden 

on these risks maintaining constant over time (Thapar et al., 2012).  

Additionally, some social aspects may contribute to ADHD in some cases, such 

as dysfunctional family, low parental education, negative parenting, and social 

class (Mayes et al., 2009, Thapar et al., 2012, World Health Organisation et al., 
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2005). Typical behaviours of ADHD are more common in children who have 

suffered physical and emotional abuse (National Institute for Health and Care 

Excellence, 2019). 

ADHD symptoms are typically noticed at an early age and may become more 

noticeable as a child’s circumstances change, for instance, since the beginning 

of school (The National Health Service, 2018b). The majority of cases are 

discovered before the age of six (The National Health Service, 2018b). 

However, many children (more common in girls and older children) are 

unrecognised or undiagnosed, in particularly those showing atypical symptoms 

(Sayal et al., 2018). To be diagnosed with ADHD, a child must have 1) been 

continuously revealing symptoms for at least six months; 2) started to exhibit 

symptoms before the age of twelve; 3) been displaying symptoms in at least 

two different locations (e.g. at home and at school); 4) symptoms that 

significantly complicate their lives on a social, academic or occupational level; 

5) symptoms that are not a simple result of a developmental disorder or difficult 

phase, and 6) are not better explained by another condition (American 

Psychiatric Association, 2013). 

The treatment of ADHD typically involves behavioural therapies, medication 

treatments, and dietary modifications (The National Health Service, 2018b, 

National Institute for Health and Care Excellence, 2019). Behavioural therapy 

is recommended as first-line treatment for preschool-aged patients or patients 

with mild symptoms (Fabiano et al., 2009, Kratochvil et al., 2009, National 

Institute for Health and Care Excellence, 2019). Other psychological therapies 

include psychoeducation, cognitive behavioural therapy, parent training, and 

social skills training (Antshel et al., 2012, Carr, 2014, The National Health 

Service, 2018b, National Institute for Health and Care Excellence, 2019). Due 

to the enhanced abundance of synaptic dopamine and norepinephrine in the 
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brain, routine physical exercise, particularly aerobic exercise, is an effectively 

additive treatment for ADHD in both children and adults (Den Heijer et al., 2017, 

Kamp et al., 2014, Rommel et al., 2013). Five types of medication 

(methylphenidate, dexamfetamine, lisdexamfetamine, atomoxetine and 

guanfacine) are approved for the treatment of ADHD in the UK (National 

Institute for Health and Care Excellence, 2019, The National Health Service, 

2018b), while only three of them (methylphenidate, lisdexamfetamine and 

atomoxetine) are available for the treatment in HK in 2021 (Hong Kong Hospital 

Authority, 2021). The prevalence of ADHD medication uses in children 

increased from 2001 to 2015 in 13 countries and regions while methylphenidate 

was the most commonly used ADHD medication in most countries (Raman et 

al., 2018). Children, in particular those with ADHD, should be offered a healthy 

and balanced diet (Nigg et al., 2012, The National Health Service, 2018b, 

Sonuga-Barke et al., 2013). Free fatty acid supplementation, omega 3 fatty acid 

supplementation and decreased eating of artificial food colouring are 

considered effective (Nigg et al., 2012, Sonuga-Barke et al., 2013, Bloch and 

Qawasmi, 2011, Königs and Kiliaan, 2016).  

The worldwide prevalence of ADHD in children and young people is around 2-

7% from 1987 to 2016 (Sayal et al., 2018). Boys are more likely to develop 

ADHD than girls, with a ratio of 2-3:1 (Sayal et al., 2018). Boys at age of 6-12 

had the highest prevalence in the UK (McCarthy et al., 2012). However, this 

might because of the relative under-recognition of ADHD in girls (Arnett et al., 

2015). The prevalence of ADHD medication therapy was increasing in HK from 

2008 to 2013 and the UK over the period of 2003 to 2008 (McCarthy et al., 

2012). Additionally, a recent review indicated that 30-50% of the childhood 

cases preserve until adulthood which would affect the quality of life (Balint et 

al., 2008). 
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1.4.3 Autism spectrum disorder 

Autism spectrum disorder (ASD), also known as autism spectrum, including 

classic autism, Asperger syndrome, childhood disintegrative disorder and 

pervasive developmental disorder, is a neurodevelopmental disorder 

characterised by deficits in social communication and behavioural flexibility 

(American Psychiatric Association, 2013). Individuals with ASD usually have 

difficulties with social interaction and communication, which begin in childhood.  

Although specific causes of ASD have yet to be discovered, risk factors 

including genetic and environmental elements were demonstrated to contribute 

to the development (The National Health Service, 2016b, Freitag et al., 2010). 

If a family member is diagnosed with ASD, there is a 50% chance that another 

member of the family will be diagnosed with the disorder as well. Being a twin 

is 69-90% associated with an ASD diagnosis (Frith and Happé, 2005). 

Monozygotic twins have a much higher concordance rate than dizygotic twins 

(Lichtenstein et al., 2010). Monozygotic twins who have ASD probands but 

without ASD diagnosis for the moment, always experience another type of 

neurodevelopmental disorder (Lundström et al., 2015). Multiple genes seem to 

contribute to the ASD instead of a single gene, and genetics tends to interact 

with environmental factors (Losh et al., 2008, Frith and Happé, 2005). 

Moreover, being exposed to a specific environmental trigger such as prenatal 

alcohol or medication exposure, GDM, and early development of low vitamin D 

levels, have been identified as factors associated with ASD (The National 

Health Service, 2016b, Mazahery et al., 2016, Gardener et al., 2011, Chaste 

and Leboyer, 2012). Neuronal growth abnormality in the preliminary stages of 

prenatal and postnatal brain development is considered as a factor contributing 

to the risk of ASD (Minshew, 1996). 
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Diagnostic criteria of ASD contains: 1) persistent deficits in social 

communication and social interaction across multiple contexts; 2) restricted, 

repetitive patterns of behaviour, interests, or activities; 3) symptoms 

manifesting in the early stages of development; 4) symptoms result in clinically 

significant impairment in critical areas of current functioning; and 5) these 

disturbances are not better explained by intellectual disability (intellectual 

developmental disorder) or global developmental delay (American Psychiatric 

Association, 2013). 

ASD is common comorbid with other disorders, which can exacerbate the 

condition with ASD and increase the difficulty of intervention/treatment (The 

National Health Service, 2016b). Seizure is one of the most common 

comorbidities (11-39%) existing in patients with ASD (Ballaban-Gil and 

Tuchman, 2000). Intellectual disabilities, such as Down Syndrome, learning 

disabilities, anxiety disorders, depression, as well as sensory processing 

disorder were identified to be comorbid with ASD (Zafeiriou et al., 2007, O’Brien 

and Pearson, 2004, Baranek, 2002). 

Currently, there is no “cure” for ASD, but there are a variety of specialist 

interventions aimed at enhancing communication skills and assisting with 

educational and social development (The National Health Service, 2016b). 

Symptom management is necessary for enhancing the quality of life. Both 

pharmacological and non-pharmacological therapies are recommended for 

ASD patients (National Institute for Health and Care Excellence, 2021b, The 

National Health Service, 2016b). Non-pharmacological interventions contain 

educational, behavioural, and psychological therapies (The National Health 

Service, 2016b, Posey and McDougle, 2001, National Institute for Health and 

Care Excellence, 2021b). Pharmacotherapy is reserved to treat more difficult 

conditions - irritability, aggression, and self-injury (Posey and McDougle, 2001). 
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CNS medication including APs, AEDs, antidepressants (ADs), and stimulants 

have been used for ASD patients with corresponding comorbidities (National 

Institute for Health and Care Excellence, 2021b). There is variation in drug use 

for ASD patients among different countries (Hsia et al., 2014). The most 

prescribed drugs for ASD were hypnotics, ADs, APs, and stimulants in the UK 

(Alfageh et al., 2020, National Collaborating Centre for Mental Health, 2012). 

Risperidone is the only antipsychotic that has been approved in the UK for the 

managements of the behavioural issues in patients with ASD (European 

Medicines Agency, 2007); the prevalence of risperidone use among ASD 

patients was around 7% in the UK from 2009 to 2016 (Alfageh et al., 2020). 

While risperidone was the most commonly used medication for ASD in the 

North America, South America and parts of continental Europe between 2010 

and 2012 (Hsia et al., 2014). 

The prevalence of ASD is around 1-2% in the UK with a gender difference 

(male to female ratio: 3:1) (Loomes, et al., 2017, Russell, et al., 2013, Taylor et 

al., 2013, The National Health Service, 2016b). While the prevalence was 0.16% 

for children less than 15 years old in HK from 1986 to 2005 (male to female 

ratio: 6.58 to 1) (Wong and Hui, 2008). ASD is a lifelong disease and more than 

half of parents over the age of 50 are still living with their child, as about 85% 

of people with ASD have difficulties living independently (Karst and Van Hecke, 

2012). Additionally, the increasing number of children with ASD in the schools 

presents significant challenges to teachers and other school professionals 

(Stichter et al., 2016). 
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1.5 Birth complications in children 

1.5.1 Preterm birth 

Preterm birth (PTB), also known as premature birth, preterm delivery, and 

preterm labour, includes spontaneous PTB, medically indicated PTB and non-

medically indicated (elective) PTB (US National Institute of Health, 2014). It 

refers to the birth that occurs prior to the 37th weeks of pregnancy and 

becomes the most common reason of infant death and long-term disability in 

children (US National Institute of Health, 2014). Spontaneous PTB occurs 

unintentionally and often result from many causes such as multiple 

pregnancies, infection, inflammation, chronic conditions (e.g., hypertension 

and diabetes), and environmental factors such as smoking, drinking alcohol, 

abusing prescription drugs, stress or exposed to pollutions (Ekwo et al., 1992, 

World Health Organisation, 2018, Heaman et al., 2013). Clinicians may 

recommend a medically indicated PTB if the mother/foetus is experiencing a 

serious medical condition, such as maternal preeclampsia and foetal growth 

restriction (American College of Obstetricians and Gynecologists Committee, 

2019).  

Physical pelvic exam, ultrasound exam, foetal heart rate and contraction 

monitoring, and foetal fibronectin test would help clinicians to diagnose preterm 

labour (Goldenberg et al., 1996, Berghella and Saccone, 2019).  

Progesterone, the only preventive medication for preterm labour, given to the 

mothers who are at risk of PTB due to a PTB history, decreases the chance of 

a subsequent PTB by a third (Meis et al., 2003, The National Health Service, 

2020a). Cervical cerclage is sometimes applied to prevent PTB in women with 
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a short and weak cervix (Alfirevic et al., 2017, The National Health Service, 

2020a).  

World Health Organisation (WHO) reported the PTB rate ranged from 5-18% 

across 184 countries in 2018 (World Health Organisation, 2018), while the 

incidence is significantly higher in the least developed countries compared to 

developed countries (low-income countries vs high-income countries: 12% vs 

9%) (Deressa et al., 2018, World Health Organisation, 2018). A history of PTB 

is one of the strongest predictors for future PTBs (Ekwo et al., 1992). An infant 

being born preterm is more likely to have higher risks of growth stunting in 

childhood, and chronic disease such as hypertension and diabetes in 

adulthood (Luu et al., 2016, Santos et al., 2009). In particular, prematurity was 

the leading risk factor of death in children under five years old worldwide during 

2000-2015 (Liu et al., 2016). 

1.5.2 Small for gestational age 

Birth weight is an important clinical indicator that is used for evaluating prenatal 

growth (Fok et al., 2003). Small for gestational age (SFGA) new-borns refer to 

those who are smaller than normal for their gestational age, most commonly 

defined as a birth weight that is two standard deviations (SDs) below the mean 

for gestational age or less than the tenth birthweight percentile with respect to 

the gestational weeks (Lee et al., 2003, Gardosi and Francis, 2009, Nam and 

Lee, 2018). 

Causes for SFGA may include maternal factors (e.g., hypertension, heart 

disease, respiratory disease or kidney disease, smoking, alcohol or drug use), 

foetal factors (e.g., multiple gestations, infection, genetic and chromosome 

abnormalities) and placental dysfunction (Finken et al., 2018, Doctor et al., 

2001).  
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During pregnancy, ultrasound exams are used to estimate the size of the foetus 

(The National Health Service, 2020b). A new-born’s birth weight is usually 

measured once the baby is born. 

Antiplatelet medications are recommended for SFGA prevention in women at 

high risk of preeclampsia (Royal College of Obstetricians and Gynaecologists 

Committee, 2002). Interventions to promote smoking cessation may also 

prevent delivery of an SFGA infant (Royal College of Obstetricians and 

Gynaecologists Committee, 2002). A healthier lifestyle should be encouraged 

to all pregnant women as well. 

SFGA births were estimated to account for 27% of all births in low- and middle-

income countries in 2010, while east and south Asia reported 5.3% and 41.5% 

term-SFGA, respectively (Black, 2015, Lee et al., 2013). Short-term prognoses 

of SFGA contain higher risks of hypothermia, polycythaemia, hypoglycaemia, 

and childhood obesity (Doctor et al., 2001, Humbert et al., 1969, Nam and Lee, 

2018). Long-term effects include adverse cardiovascular events and type 2 

diabetes mellitus (Whincup et al., 2008, Huxley et al., 2000, Finken et al., 2018). 

1.6 Prenatal exposure to antipsychotics and the risk of 

gestational diabetes mellitus, central nervous system diseases 

and birth complications 

It is important to evaluate the risk factors of GDM as it affects not only maternal 

health but also foetal prognosis. Similarly, understanding the risk factors of 

seizure/ADHD/ASD/PTB/SFGA can not only prevent undesirable prognosis for 

the infants, but also improve the quality of life for their family. Despite 

heightened attention to psychotropic medications use in pregnancy and the 

rapidly expanding antipsychotics use for a variety of psychoses that are 
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common among women of childbearing age, the reproductive safety evidence 

regarding these medications is surprisingly limited. Recent studies have 

focused on the association between ADs use in pregnancy and the risk of GDM 

in mothers and CNS disorders as well as birth complications in children 

(Laugesen et al., 2013, Figueroa, 2010, Castro et al., 2016, Malm et al., 2016, 

Croen et al., 2011, Boukhris et al., 2016, Hayes et al., 2012, Wen et al., 2006, 

Katon et al., 2011, Sujan et al., 2017, Man et al., 2017, Sorensen et al., 2013). 

However, lack of evidence focused on the other main type of psychotropic 

drugs - antipsychotics (Huybrechts et al., 2016, Gentile, 2014, Newport et al., 

2007, Sadowski et al., 2013, Reis and Kallen, 2008). Treatment with APs can 

lead to metabolic side effects, such as weight gain and hyperglycaemia in non-

pregnant patients with SMI (Jibson, 2014, Jibson, 2016), but the evidence in 

pregnancy is limited. It is therefore necessary to understand the safety of 

gestational APs use and the risk of GDM. Additionally, as AP could 

pharmacologically cross the placenta which may lead to unintended effects on 

neonatal development (Newport et al., 2007, Raha et al., 2012, Kerns, 1986), 

it is significant to investigate the safety of APs use during pregnancy regarding 

the risk of seizure/ADHD/ASD/PTB/SFGA in children. In particular, CNS is 

normally developed in the first trimester (The National Health Service, 2018c), 

it is necessary to explore the potential risks with specific exposure periods. 
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1.7 Key concepts applied in studies regarding prenatal 

exposure to antipsychotic and adverse mother/children-

related outcomes 

1.7.1 Mother-baby linkage 

There are two types of mother-baby linkage, i.e., deterministic linkage and 

probabilistic linkage. Deterministic linkage is based on a full agreement of a 

unique identifier or a set of common identifiers (Li et al., 2006), e.g., the Hong 

Kong Clinical Data Analysis and Reporting System (CDARS), used through this 

PhD project for both mother and children outcomes. CDARS contains an 

effective deterministic linkage, which matches the identification numbers of 

mother and child, together with the delivery date and hospital (Man et al., 2017). 

Probabilistic linkage is a method using a set of variables to define the unique 

identity of an individual, such as maternal date of birth, maternal name, and 

residence code (Herman et al., 1997) and linking up mothers with children that 

have a high probability to be a mother-child pair, e.g., The Health Improvement 

Network (THIN), used for mother outcome study in my PhD project. Pregnant 

women and their children were linked based on delivery date and 

family/household identifier (IQVIA, 2017). There is a chance at the same post 

code, two babies were born on the same day. 

1.7.2 Confounding by indication 

A confounding is a variable that affects both dependent variable 

(mother/children-related outcome) and independent variable (exposure) 

(VanderWeele and Shpitser 2013), which can influence the validity of estimates 

(Wood et al., 2018). Confounding by indication is likely to happen when a 

particular medicine is linked to the outcome of interest in a study, which refers 
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to those situations in which the indication for treatment acts as a confounding 

factor (Salas et al., 1999). For example, when the association between 

antipsychotic drug and an increased risk of GDM is studied, the indication 

schizophrenia is considered the potential confounder. Additionally, 

confounding by severity is considered a type of confounding by indication. The 

possibility of residual confounding remains if only controls for the disease but 

not for its severity. For example, compared to FGAs, SGAs may have greater 

benefits with less extrapyramidal side effects but are more likely to cause 

metabolic side effects, e.g., weight gain and hyperglycaemia (Heeg et al., 

2008). Clinicians may switch SGA to FGA or stop regular SGA treatment for 

women with higher risk of GDM during pregnancy. SGA exposures and non-

exposures may also receive different metabolic monitoring and prenatal care 

during pregnancy which is not free of bias. 

1.7.3 Sibling-matched analysis 

Sibling-matched analysis is more suitable to control confounding factors shared 

between siblings and there are no carryover effects between siblings (Donovan 

and Susser, 2011, Frisell et al., 2012). In sibling-matched analysis, an exposed 

child was matched to their unexposed sibling, comparison was analysed in the 

discordant-pair. By separating the potential shared genetic and familial 

components of the disease status from exposure to medications, the results 

are less likely to be biased due to confounding (Wood et al., 2018). However, 

the current approach normally assumes a stable familial context, i.e., the 

composition of family is assumed to be static and unchanging. This might not 

be the case as the family might not be the same over time. Also, by comparing 

between siblings, a significant proportion of children may be excluded as many 

of them may do not have any siblings. The application of sibling-matched 

analysis should therefore be given due consideration. 
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1.7.4 Negative control analysis 

Negative control analysis can reduce the possibility that the adverse outcome 

is due to the effect of alternative variables instead of the exposure factor being 

studied. Measuring drug exposure before pregnancy (past exposed) is 

common negative control method. If a significant difference in the risk of 

adverse child’s outcomes is found and associated with pre-pregnancy drug 

exposure (past exposed), this indicates that potential maternal psychiatric 

disorders have an effect on adverse outcomes as the negative control group 

was not exposed to the drug of interest during pregnancy. Paternal exposure 

to medication during pregnancy as the negative control exposure is another 

common method to test the robustness (Brew et al., 2017). It is biologically 

implausible because paternal exposure during pregnancy cannot affect the 

children outcome pharmacologically. However, paternal exposure would, in 

theory, affect maternal exposure via behavioural, environmental, and social 

influences (Brew et al., 2017). In this case, paternal exposure is, kind of, an 

instrumental variable as it only linked to outcome via maternal exposure. If an 

association of negative control with outcome is found, it would be considered 

to be due to the confounding of unmeasured factors within the families rather 

than the exposure of interest. 

1.7.5 Propensity scpre fine stratification weighting 

Propensity score (PS) fine stratification weighting was used to address the 

differences in baseline covariates through my PhD studies. The PS, the 

probability of receiving treatment that is conditional on the observed 

characteristics at baseline can be applied to account for confounding effects in 

pharmacoepidemiology studies (Desai et al., 2017, Webster-Clark, et al., 2021). 

It can detect possible residual confounding and therefore decrease the 
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potential bias (D'Agostino Jr, 1998). The traditional PS methods include 

matching, stratification, adjustment, and weighting (Wood et al., 2018). 

Compared with these traditional PS methods, PS fine stratification weighting 

leads to greater precision, less residual, and equivalent bias control at low 

exposure prevalence (Desai et al., 2017, Desai and Franklin, 2019). In PS fine 

stratification weighting, the PS was used to estimate the average treatment 

effect by creating fine strata rather than directly calculating weights. Following 

stratification, weights for exposure and reference patients in all strata were 

subsequently calculated based on the total number of patients within each 

stratum, while strata with no exposure or reference patients were dropped out 

before weight calculation (Desai and Franklin, 2019). 

Details of these concepts and other methods were presented in Chapter 2 with 

specific study cases. 
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Chapter 2 A methodological review of 
observational studies on central nervous system 
drugs use in pregnancy and central nervous 
system outcomes in children 

This chapter has been published (Wang Z, Ho P W H, Choy M T H, et al. 

Advances in epidemiological methods and utilisation of large databases: A 

methodological review of observational studies on central nervous system drug 

use in pregnancy and central nervous system outcomes in children. Drug 

safety, 2019, 42(4): 499-513.), review studies have been updated up to 29 

October 2020. 

2.0 Abstract  

Objective: To review the methodological characteristics of existing studies in 

order to identify any limitations and recommend further research. 

Methods: A systematic literature search was conducted on observational 

studies listed in PubMed from 1 January 1946 to 29 October 2020. Following 

independent screening and data extraction, a review addressing the trends of 

relevant studies, differences between various data sources, methods used to 

address bias and confounders, and conduct statistical analyses was 

undertaken.  

Results: 125 observational studies, 26 case-control studies, and 99 cohort 

studies were included in the review. Publications dating from 1978 to 2006 

mainly focussed on antiepileptic drugs, but research on antidepressants has 

increased from 2007 onwards. Only one study focussed on antipsychotic use 

during pregnancy was identified. 53 studies obtained data from an 

administrative database/registry, 24 from ad hoc disease registries, and 44 
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from ad hoc clinical samples. Most studies (64%) adjusted the confounding 

factors using general adjustment, while only a few studies used advanced 

methods such as sibling-matched models and the propensity score methods. 

45 articles used univariate analyses and 80 conducted multivariable regression 

analyses. 

Conclusion: Multiple factors, such as different study designs and data sources 

have led to inconsistent findings in the association between use of CNS drug 

use in pregnancy and CNS outcomes. Researchers should allow for study 

designs with clearly defined exposure periods, at the very least in trimesters, 

and use advanced confounding adjustment methodology to increase the 

accuracy of the findings. 

2.1 Introduction 

There has been an ongoing debate about whether pregnant women should 

take central nervous system (CNS) medications such as antidepressants (ADs), 

antipsychotics (APs) and/or antiepileptic drugs (AEDs) given the potential 

adverse outcome for the foetus. This must be weighed up against the risk of 

untreated depression, schizophrenia, or epilepsy. Studies into the 

teratogenicity of the older generations of AEDs have shown that intrauterine 

exposure to anticonvulsants like valproate acid and phenytoin are associated 

with congenital malformations such as congenital heart anomalies, neural tube 

defects, cleft lip/plate, and developmental delays (Holmes et al., 2001, Bruno 

and Harden, 2002, Adab, 2006, Battino and Tomson, 2007, Tomson and 

Battino, 2009). Findings on the potential adverse outcomes of ADs like 

selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine 

reuptake inhibitors (SNRIs) or tricyclic antidepressants (TCAs), however, 

remain conflicting with some studies showing a statistically significant increase 

in the risk of congenital heart defects, neurodevelopmental disorders including 
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autism spectrum disorder (ASD), attention deficit hyperactivity disorder (ADHD), 

and neonatal convulsions (Hayes et al., 2012, Man et al., 2015, Boukhris et al., 

2017, Boukhris et al., 2016). Pharmacologically, all CNS drugs can cross not 

only the blood-brain barrier for their intended action in the pregnant woman, but 

also the placenta, which could have unintended effects on the development of 

the foetus (Man et al., 2018, Kendall-Tackett and Hale, 2010, Rampono et al., 

2009). Previous studies have shown that antipsychotic use in pregnancy (in 

particular some second-generation antipsychotics [SGAs], such as olanzapine 

and clozapine) may lead to the development of gestational diabetes (Boden et 

al., 2012a), and thus an increased risk of CNS-related birth defects. However, 

there is a lack of concrete evidence for a causal association between 

gestational APs use and adverse CNS outcome in offspring (Anderson et al., 

2005, Kulkarni et al., 2015, Einarson and Boskovic, 2009, Raha et al., 2012). 

The possible link between in-utero exposure to CNS medication and adverse 

CNS effects in children creates a dilemma in the pharmacological management 

of women with severe neurological or psychiatric disorders both when they are 

trying to conceive, and during pregnancy. The safety of CNS drugs use in 

pregnancy has become an important clinical issue and has been extensively 

studied over the past few decades. 

Randomized controlled trials (RCTs) are usually regarded as the gold standard 

for evaluating medication efficacy and safety in the general population. 

However, it is not feasible to conduct RCTs in pregnant women due to ethical 

concerns (Kulkarni et al., 2015, Wood et al., 2018). Observational studies, 

including case-control and cohort studies, have some advantages over RCTs. 

One such advantage is the representativeness of the general population due 

to the large sample size available for analysis (Lao et al., 2016). Moreover, 

long-term effects and rare outcomes on the CNS of the offspring can be 

evaluated in observational studies. Any potential risk of neurodevelopmental 
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disorders such as ASD and ADHD require a longer period of observation for 

reliable detection since the diagnosis of these conditions is generally not made 

until some considerable time after the neonatal period. Observational studies 

of medication safety in pregnancy are therefore essential to complement 

information from RCTs (Wood et al., 2018, Suissa and Garbe, 2007).  

Systematic reviews and meta-analyses of observational studies are often 

undertaken to evaluate the clinical effects of medication in pregnant women. 

However, these analyses often focus on the extent of the clinical adverse 

effects and may not give sufficient attention to the variations in methodologies 

used in the studies. Therefore, this methodological review was conducted to 

assess the methodological characteristics of existing case-control and cohort 

studies, which investigate the association between CNS drugs use in 

pregnancy and adverse CNS outcomes in neonates and children.  

2.2 Methods 

2.1.1 Systematic literature search 

A systematic literature review was conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

checklist using PubMed to search for observational studies that investigated 

the association between the use of CNS drugs during pregnancy and adverse 

CNS outcomes in neonates and children between 1 January 1946 and 21 

September 2017. Review studies have been updated up to 29 October 2020. 

The following combination of search terms was used: (Pregnancy) AND (CNS 

outcomes) AND [(Antidepressants) OR (Antipsychotics) OR (Antiepileptics)]. 

These search terms were chosen based on recommendations by Medical 

Subject Headings (MeSH) terms in PubMed as well as the Cochrane 
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Pregnancy and Childbirth Group Search Strategy (Alfirevic et al., 2016). The 

complete list of search terms can be found in Appendix 1. 

2.2.2 Inclusion and exclusion criteria 

Observational studies that used either case-control or cohort design and which 

reported the association between gestational AEDs/ADs/APs use and infant 

CNS outcomes (neurodevelopmental disorders, convulsions, and congenital 

anomalies of CNS) were included. Articles written in languages other than 

English were excluded. Animal studies, case reports, case series, cross-

sectional studies, reviews, systematic reviews, and meta-analyses were 

excluded. 

2.2.3 Screening and data extraction 

My colleagues (two pharmacy students) and I independently screened all 

articles in order to identify relevant studies based on titles and abstracts. Full 

texts of potentially relevant papers were also reviewed in case the titles and 

abstracts were not adequate for determining the relevance of the study. Data 

extraction was conducted independently for all the included studies using a 

standardized data collection form. Any discrepancies between us were 

resolved through discussion. Data extraction included the year of publication, 

data source, method for establishing linkage between mother and child, study 

duration, study site, study design, sample size, types of drug used, types of 

CNS outcomes, inclusion criteria, exclusion criteria, identification of study 

groups, time period of exposure measurement, statistical method, and 

confounding adjustment method. Three types of data source were identified: 

administrative databases/registries, ad hoc disease registries and ad hoc 

clinical samples. Briefly, in this study I defined administrative 

databases/registries as electronic medical or insurance record systems, often 

used to facilitate the operation of hospitals, general practices or community 
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pharmacies. An ad hoc disease registry, on the other hand, was defined as a 

registration system set up for the systematic collection of data for a specific 

disease state or exposure group, usually for the purpose of epidemiological 

analysis or for carrying out follow-up studies and research. For studies not 

using any database and/or registry as data sources, the data source was 

considered to be an ad hoc clinical sample, with patients recruited in 

hospitals/clinics or through information services. 

2.2.4 Review and analyses 

This methodological review focused on the data collection and study designs 

of the included observational studies. In particular: the characteristics of the 

included studies with reference to the different types of data sources used, 

methodologies used to address underlying biases and confounders, and 

statistical analysis methods applied.  

2.3 Results 

A total of 4,624 studies were retrieved from the PubMed database from 1 

January 1946 to 29 October 2020 (Figure 2.1). 125 were deemed to be relevant 

and included. The full list of included studies with a descriptive summary 

detailing study design, types of drug exposure and types of CNS outcomes is 

presented in Appendix 2. 
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Figure 2.1 PRISMA flow chart for studies inclusion 

Of the 125 studies, twenty-six (21%) were case-control studies (Adab et al., 

2004, Alwan et al., 2007, Arpino et al., 2000, Bertollini et al., 1985, Castro et 

al., 2016, Clements et al., 2015, Croen et al., 2011, de Jonge et al., 2013, 

Gidaya et al., 2014, Gurney et al., 1997, Harrington et al., 2014, Jentink et al., 

2010a, Jentink et al., 2010b, Kallen, 1994, Kondo et al., 2013, Luteijn et al., 

2016, Maged et al., 2016, Medveczky et al., 2004, Meijer et al., 2005, Polen et 

al., 2013, Queisser-Luft et al., 1996, Rai et al., 2013, Sabers et al., 1998, Vajda 

et al., 2006, Werler et al., 2011, Kerr et al., 2020) and ninety-nine (79%) were 

cohort studies (Almgren et al., 2009, Annegers et al., 1978, Artama et al., 2005, 

Artama et al., 2006, Barqawi, 2005, Boukhris et al., 2017, Boukhris et al., 2016, 

Bromley et al., 2013, Brown et al., 2017, Campbell et al., 2014, Cantarutti et al., 

2017, Christensen et al., 2013, Davis et al., 2007, Diav-Citrin et al., 2008, El 
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Marroun et al., 2014b, Eroglu et al., 2008, Figueroa, 2010, Fonager et al., 2000, 

Gladstone et al., 1992, Guveli et al., 2017, Hayes et al., 2012, Hernandez-Diaz 

et al., 2012, Hirano et al., 2004, Holmes et al., 1994, Holmes et al., 2001, Hunt 

et al., 2008, Hviid et al., 2013, Kaaja et al., 2003, Kallen, 2004, Kallen and Reis, 

2012, Kaneko et al., 1988, Kaneko et al., 1992, Katz et al., 2001, Kelly et al., 

1984, King et al., 1996, Knickmeyer et al., 2014, Koch et al., 1996, Koch et al., 

1992, Koch et al., 1999, Kulaga et al., 2011, Laugesen et al., 2013, Leibovitch 

et al., 2013, Lennestal and Kallen, 2007, Lin et al., 2004, Losche et al., 1994, 

Malm et al., 2011, Malm et al., 2016, Man et al., 2017, Mawer et al., 2010, 

Mawer et al., 2002, Mawhinney et al., 2012, Mawhinney et al., 2013, Nakane 

et al., 1980, Nulman et al., 1997, Omtzigt et al., 1992, Ornoy and Cohen, 1996, 

Ozdemir et al., 2015, Pastuszak et al., 1993, Rai et al., 2017, Richmond et al., 

2004, Samren et al., 1999, Sawhney et al., 1996, Sorensen et al., 2013, Sujan 

et al., 2017, Tanganelli and Regesta, 1992, Thomas et al., 2001, Thomas et al., 

2007, Titze et al., 2008, Vajda et al., 2010, Vajda et al., 2007, Vajda et al., 

2013a, Vajda et al., 2013b, Vajda et al., 2003, van der Pol et al., 1991, Vanya 

et al., 2015, Veiby et al., 2009, Videman et al., 2016, Viinikainen et al., 2006, 

Viktorin et al., 2017a, Viktorin et al., 2017b, Vinten et al., 2005, Wen et al., 2006, 

Wide et al., 2000, Winterfeld et al., 2016, Wood et al., 2015, Asranna et al., 

2018, Bansal et al., 2018, Blotière et al., 2020, Christensen et al., 2019, Cohen-

Israel et al., 2018, Hagberg et al., 2018, Richards et al., 2019, Singal et al., 

2020, Smearman et al., 2020, Vajda et al., 2019, van der Veere et al., 2020, 

Yamamoto-Sasaki et al., 2019, Petersen et al., 2016, Sujan et al., 2017), 

although five of the cohort studies did not include an unexposed group as 

control for comparison (Kelly et al., 1984, Kaneko et al., 1988, Kaneko et al., 

1992, Katz et al., 2001, Mawer et al., 2002). Sixty-six (53%) were carried out in 

European countries (Adab et al., 2004, Almgren et al., 2009, Arpino et al., 2000, 

Artama et al., 2005, Artama et al., 2006, Bertollini et al., 1985, Bromley et al., 

2013, Campbell et al., 2014, Cantarutti et al., 2017, Christensen et al., 2013, 



Chapter 2 Methodological review 

 

 

 

63 

de Jonge et al., 2013, El Marroun et al., 2014b, Eroglu et al., 2008, Fonager et 

al., 2000, Gidaya et al., 2014, Guveli et al., 2017, Hunt et al., 2008, Hviid et al., 

2013, Jentink et al., 2010a, Jentink et al., 2010b, Kaaja et al., 2003, Kallen, 

1994, Kallen, 2004, Kallen and Reis, 2012, King et al., 1996, Koch et al., 1996, 

Koch et al., 1992, Koch et al., 1999, Laugesen et al., 2013, Lennestal and 

Kallen, 2007, Losche et al., 1994, Luteijn et al., 2016, Malm et al., 2011, Malm 

et al., 2016, Mawer et al., 2010, Mawer et al., 2002, Mawhinney et al., 2012, 

Mawhinney et al., 2013, Medveczky et al., 2004, Meijer et al., 2005, Omtzigt et 

al., 1992, Ozdemir et al., 2015, Rai et al., 2013, Rai et al., 2017, Sabers et al., 

1998, Samren et al., 1999, Sorensen et al., 2013, Sujan et al., 2017, Tanganelli 

and Regesta, 1992, Titze et al., 2008, van der Pol et al., 1991, Vanya et al., 

2015, Veiby et al., 2009, Videman et al., 2016, Viinikainen et al., 2006, Viktorin 

et al., 2017a, Viktorin et al., 2017b, Vinten et al., 2005, Wide et al., 2000, 

Winterfeld et al., 2016, Blotière et al., 2020, Christensen et al., 2019, Coste et 

al., 2020, Hagberg et al., 2018, van der Veere et al., 2020, Petersen et al., 

2016), twenty-two (18%) in the United States (Alwan et al., 2007, Annegers et 

al., 1978, Castro et al., 2016, Clements et al., 2015, Davis et al., 2007, Figueroa, 

2010, Gurney et al., 1997, Harrington et al., 2014, Hayes et al., 2012, 

Hernandez-Diaz et al., 2012, Holmes et al., 1994, Holmes et al., 2001, Katz et 

al., 2001, Kelly et al., 1984, Knickmeyer et al., 2014, Lin et al., 2004, Pastuszak 

et al., 1993, Polen et al., 2013, Queisser-Luft et al., 1996, Werler et al., 2011, 

Kerr et al., 2020, Smearman et al., 2020), eleven (9%) in Canada (Boukhris et 

al., 2017, Boukhris et al., 2016, Brown et al., 2017, Gladstone et al., 1992, 

Kulaga et al., 2011, Nulman et al., 1997, Pastuszak et al., 1993, Richmond et 

al., 2004, Wen et al., 2006, Kerr et al., 2020), eight (6%) in Australia (Vajda et 

al., 2010, Vajda et al., 2007, Vajda et al., 2006, Vajda et al., 2013a, Vajda et 

al., 2013b, Vajda et al., 2003, Wood et al., 2015, Vajda et al., 2019), one (1%) 

in New Zealand (Richards et al., 2019) and the remaining studies were in Japan, 

India, Hong Kong, Israel and Egypt (Arpino et al., 2000, Barqawi, 2005, Diav-
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Citrin et al., 2008, Hirano et al., 2004, Kaneko et al., 1988, Kaneko et al., 1992, 

Kondo et al., 2013, Leibovitch et al., 2013, Maged et al., 2016, Man et al., 2017, 

Nakane et al., 1980, Ornoy and Cohen, 1996, Sawhney et al., 1996, Thomas 

et al., 2001, Thomas et al., 2007, Asranna et al., 2018, Bansal et al., 2018, 

Cohen-Israel et al., 2018, Yamamoto-Sasaki et al., 2019). In addition, the types 

of CNS outcomes being investigated included neurodevelopmental disorders, 

convulsions and congenital anomalies of CNS such as neural tube defects, 

spina bifida, anencephaly and microcephaly.  

 

Figure 2.2 Trend in absolute number of relevant studies included from 1978 to 2020  

2.3.1 General characteristics of included articles 

As shown in Figure 2.2, the absolute number of relevant studies peaked in 2013. 

The number of relevant studies has increased gradually over time and the 

proportion of included articles over the total number of papers, found using the 

search terms, has remained around 2-8% in the last two decades. The first 

study that was included in this review, investigating gestational antiepileptic 

drug use, was published in 1978. Publications focused on AED use made up 

the majority of the included studies until 1993, when the first observational 

study focused on antidepressant (fluoxetine) use in pregnancy was published 
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(Pastuszak et al., 1993). There has been a gradual rise in antidepressant 

research from 2004 onwards and these have exceeded the number of AEDs 

studies since 2007. In 2017, antidepressant studies contributed to the vast 

majority of the included studies. Only one study on antipsychotics was identified 

in this review (Petersen et al., 2016).  

2.3.2 Types of data sources used 

Of the 125 studies, fifty-three (42%) obtained their data from an administrative 

database/registry (Almgren et al., 2009, Annegers et al., 1978, Arpino et al., 

2000, Artama et al., 2005, Artama et al., 2006, Bertollini et al., 1985, Boukhris 

et al., 2017, Boukhris et al., 2016, Brown et al., 2017, Cantarutti et al., 2017, 

Castro et al., 2016, Christensen et al., 2013, Clements et al., 2015, Croen et 

al., 2011, Davis et al., 2007, de Jonge et al., 2013, Figueroa, 2010, Fonager et 

al., 2000, Gidaya et al., 2014, Gurney et al., 1997, Hayes et al., 2012, Hviid et 

al., 2013, Jentink et al., 2010a, Jentink et al., 2010b, Kallen, 1994, Kallen, 2004, 

Kallen and Reis, 2012, King et al., 1996, Kulaga et al., 2011, Laugesen et al., 

2013, Lennestal and Kallen, 2007, Malm et al., 2011, Malm et al., 2016, Man 

et al., 2017, Polen et al., 2013, Rai et al., 2013, Rai et al., 2017, Sorensen et 

al., 2013, Sujan et al., 2017, Veiby et al., 2009, Viktorin et al., 2017a, Viktorin 

et al., 2017b, Wen et al., 2006, Werler et al., 2011, Winterfeld et al., 2016, 

Blotière et al., 2020, Christensen et al., 2019, Coste et al., 2020, Hagberg et 

al., 2018, Richards et al., 2019, Singal et al., 2020, Yamamoto-Sasaki et al., 

2019, Petersen et al., 2016), twenty-four (19%) from an ad hoc disease registry 

(Campbell et al., 2014, Hernandez-Diaz et al., 2012, Hunt et al., 2008, Luteijn 

et al., 2016, Mawhinney et al., 2012, Mawhinney et al., 2013, Medveczky et al., 

2004, Meijer et al., 2005, Ornoy and Cohen, 1996, Pastuszak et al., 1993, 

Queisser-Luft et al., 1996, Thomas et al., 2001, Thomas et al., 2007, Vajda et 

al., 2010, Vajda et al., 2007, Vajda et al., 2006, Vajda et al., 2013a, Vajda et 

al., 2013b, Vajda et al., 2003, Wood et al., 2015, Asranna et al., 2018, Kerr et 
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al., 2020, Smearman et al., 2020, Vajda et al., 2019), forty-four (35%) from an 

ad hoc clinical sample (Adab et al., 2004, Alwan et al., 2007, Barqawi, 2005, 

Bromley et al., 2013, Diav-Citrin et al., 2008, El Marroun et al., 2014b, Eroglu 

et al., 2008, Gladstone et al., 1992, Guveli et al., 2017, Harrington et al., 2014, 

Holmes et al., 1994, Holmes et al., 2001, Kaaja et al., 2003, Kaneko et al., 1988, 

Kaneko et al., 1992, Katz et al., 2001, Kelly et al., 1984, Knickmeyer et al., 

2014, Kondo et al., 2013, Leibovitch et al., 2013, Lin et al., 2004, Losche et al., 

1994, Maged et al., 2016, Mawer et al., 2010, Mawer et al., 2002, Nakane et 

al., 1980, Nulman et al., 1997, Omtzigt et al., 1992, Ozdemir et al., 2015, 

Richmond et al., 2004, Sabers et al., 1998, Samren et al., 1999, Sawhney et 

al., 1996, Tanganelli and Regesta, 1992, Titze et al., 2008, van der Pol et al., 

1991, Vanya et al., 2015, Videman et al., 2016, Viinikainen et al., 2006, Vinten 

et al., 2005, Wide et al., 2000, Bansal et al., 2018, Cohen-Israel et al., 2018, 

van der Veere et al., 2020), and four (3%) studies did not clearly specify  the 

data source (Hirano et al., 2004, Koch et al., 1996, Koch et al., 1992, Koch et 

al., 1999). Selection of data sources has changed over time with administrative 

databases/registries comprising large numbers of participants becoming the 

most commonly used data source in recent years. 

Exposure groups were identified by using code lists or by using information 

from interviews or self-reports recorded during the antenatal care service in 

administrative databases/registries. Exposure identification methods in ad hoc 

disease registries and the ad hoc clinical samples usually consisted of 

retrospective reviews of medical records, questionnaires, or examinations.  

2.3.3 Linkage between mother and child 

Few studies explicitly reported the linkage methods between mother and child, 

but linkage methods were ascertainable in ninety-nine (77%) of the included 

studies (Adab et al., 2004, Almgren et al., 2009, Artama et al., 2005, Artama et 
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al., 2006, Barqawi, 2005, Boukhris et al., 2016, Bromley et al., 2013, Brown et 

al., 2017, Campbell et al., 2014, Cantarutti et al., 2017, Castro et al., 2016, 

Christensen et al., 2013, Clements et al., 2015, Davis et al., 2007, de Jonge et 

al., 2013, Diav-Citrin et al., 2008, El Marroun et al., 2014b, Eroglu et al., 2008, 

Gladstone et al., 1992, Guveli et al., 2017, Harrington et al., 2014, Hernandez-

Diaz et al., 2012, Hirano et al., 2004, Holmes et al., 2001, Hunt et al., 2008, 

Hviid et al., 2013, Jentink et al., 2010a, Jentink et al., 2010b, Kaaja et al., 2003, 

Kallen, 1994, Kallen, 2004, Kallen and Reis, 2012, Kaneko et al., 1988, King et 

al., 1996, Knickmeyer et al., 2014, Kondo et al., 2013, Laugesen et al., 2013, 

Lennestal and Kallen, 2007, Lin et al., 2004, Losche et al., 1994, Luteijn et al., 

2016, Malm et al., 2011, Malm et al., 2016, Man et al., 2017, Medveczky et al., 

2004, Meijer et al., 2005, Nakane et al., 1980, Nulman et al., 1997, Omtzigt et 

al., 1992, Ornoy and Cohen, 1996, Ozdemir et al., 2015, Pastuszak et al., 1993, 

Polen et al., 2013, Queisser-Luft et al., 1996, Rai et al., 2013, Rai et al., 2017, 

Richmond et al., 2004, Sabers et al., 1998, Samren et al., 1999, Sawhney et 

al., 1996, Sorensen et al., 2013, Sujan et al., 2017, Tanganelli and Regesta, 

1992, Thomas et al., 2001, Titze et al., 2008, Vajda et al., 2010, Vajda et al., 

2007, Vajda et al., 2006, Vajda et al., 2013a, Vajda et al., 2013b, Vajda et al., 

2003, van der Pol et al., 1991, Vanya et al., 2015, Veiby et al., 2009, Videman 

et al., 2016, Viinikainen et al., 2006, Viktorin et al., 2017a, Viktorin et al., 2017b, 

Vinten et al., 2005, Wen et al., 2006, Werler et al., 2011, Wide et al., 2000, 

Winterfeld et al., 2016, Wood et al., 2015, Asranna et al., 2018, Bansal et al., 

2018, Blotière et al., 2020, Christensen et al., 2019, Cohen-Israel et al., 2018, 

Coste et al., 2020, Hagberg et al., 2018, Kerr et al., 2020, Richards et al., 2019, 

Singal et al., 2020, Smearman et al., 2020, Vajda et al., 2019, van der Veere 

et al., 2020, Yamamoto-Sasaki et al., 2019, Petersen et al., 2016). In general, 

there are two types of mother-child linkage methods, namely deterministic 

linkage and probabilistic linkage. Deterministic linkage is based on a full 

agreement of a unique identifier or a set of common identifiers (Li et al., 2006). 
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Studies using administrative databases/registries mostly included mother-child 

pairs identified through deterministic linkages. One example of an effective 

deterministic linkage method is the Clinical Data Analysis and Reporting 

System (CDARS) in Hong Kong, which matches the identification numbers of 

mother and child, together with the delivery date and hospital. Accuracy is 

further ensured by linking the records permanently and immediately after 

delivery (Man et al., 2017). Forty-two of the ninety-nine studies (Artama et al., 

2006, Barqawi, 2005, Boukhris et al., 2016, Bromley et al., 2013, Campbell et 

al., 2014, Cantarutti et al., 2017, Castro et al., 2016, Christensen et al., 2013, 

Clements et al., 2015, Davis et al., 2007, de Jonge et al., 2013, Diav-Citrin et 

al., 2008, El Marroun et al., 2014b, Gladstone et al., 1992, Hernandez-Diaz et 

al., 2012, Kaaja et al., 2003, Kaneko et al., 1988, Lennestal and Kallen, 2007, 

Malm et al., 2011, Malm et al., 2016, Man et al., 2017, Rai et al., 2013, Rai et 

al., 2017, Sorensen et al., 2013, Thomas et al., 2001, Veiby et al., 2009, 

Viktorin et al., 2017a, Viktorin et al., 2017b, Blotière et al., 2020, Christensen 

et al., 2019, Coste et al., 2020, Hagberg et al., 2018, Richards et al., 2019, 

Singal et al., 2020, Yamamoto-Sasaki et al., 2019, Asranna et al., 2018, Bansal 

et al., 2018, Cohen-Israel et al., 2018, Kerr et al., 2020, Smearman et al., 2020, 

Vajda et al., 2019, van der Veere et al., 2020) were conducted using 

deterministic linkage (Li et al., 2006). Probabilistic linkage is an approach using 

a set of variables to define the unique identity of an individual, such as maternal 

date of birth, maternal name and residence code (Herman et al., 1997) and 

linking up pregnant women with children that have a high probability to be a 

mother-child pair. Fifty-seven studies used probabilistic linkage. An example of 

a study using probabilistic linkage is the study using UK Clinical Practice 

Research Datalink (CPRD) which investigated the risks and benefits of 

psychotropic drugs use in pregnancy (Petersen et al., 2016). Pregnant women 

and their children were linked based on the same general practice registration 
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as well as the same family/household identifier. The maternal delivery date and 

child’s month of birth were also required to be within 6 months. 

2.3.4 Types of study designs adopted to deal with confounding factors 

Seventy-nine (64%) included studies compared women taking ADs/AEDs/APs 

with a control group defined as pregnant women without the corresponding 

exposure (Adab et al., 2004, Almgren et al., 2009, Alwan et al., 2007, Arpino et 

al., 2000, Artama et al., 2006, Bertollini et al., 1985, Campbell et al., 2014, 

Christensen et al., 2013, Davis et al., 2007, de Jonge et al., 2013, Diav-Citrin 

et al., 2008, Eroglu et al., 2008, Fonager et al., 2000, Gladstone et al., 1992, 

Guveli et al., 2017, Hirano et al., 2004, Hunt et al., 2008, Jentink et al., 2010a, 

Jentink et al., 2010b, Kallen, 1994, Kallen, 2004, Kallen and Reis, 2012, 

Kaneko et al., 1988, Kaneko et al., 1992, Katz et al., 2001, Kelly et al., 1984, 

King et al., 1996, Koch et al., 1996, Kondo et al., 2013, Leibovitch et al., 2013, 

Lin et al., 2004, Luteijn et al., 2016, Maged et al., 2016, Malm et al., 2011, 

Mawer et al., 2010, Mawer et al., 2002, Mawhinney et al., 2012, Mawhinney et 

al., 2013, Medveczky et al., 2004, Meijer et al., 2005, Nulman et al., 1997, 

Omtzigt et al., 1992, Ornoy and Cohen, 1996, Ozdemir et al., 2015, Polen et 

al., 2013, Queisser-Luft et al., 1996, Richmond et al., 2004, Sabers et al., 1998, 

Samren et al., 1999, Sawhney et al., 1996, Sorensen et al., 2013, Tanganelli 

and Regesta, 1992, Thomas et al., 2007, Titze et al., 2008, Vajda et al., 2013a, 

Vajda et al., 2013b, van der Pol et al., 1991, Vanya et al., 2015, Videman et al., 

2016, Viinikainen et al., 2006, Wen et al., 2006, Werler et al., 2011, Wide et al., 

2000, Winterfeld et al., 2016, Wood et al., 2015, Bansal et al., 2018, Blotière et 

al., 2020, Christensen et al., 2019, Cohen-Israel et al., 2018, Coste et al., 2020, 

Hagberg et al., 2018, Kerr et al., 2020, Richards et al., 2019, Singal et al., 2020, 

Smearman et al., 2020, Vajda et al., 2019, van der Veere et al., 2020, 

Yamamoto-Sasaki et al., 2019, Petersen et al., 2016). However, most of them 

did not mentioned information regarding whether the pregnant women were 
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untreated mothers with depression/epilepsy/schizophrenia or healthy mothers 

without depression/epilepsy/schizophrenia. Sibling-matched models were 

used to control for the shared genetic, maternal health status, familial and 

social factors in six (5%) studies (Man et al., 2017, Sujan et al., 2017, Laugesen 

et al., 2013, Rai et al., 2017, Hagberg et al., 2018, Richards et al., 2019). In 

addition, three (2%) studies (Rai et al., 2013, Man et al., 2017, Sujan et al., 

2017) conducted negative control analysis (Lipsitch et al., 2010). Negative 

control analysis is usually applied to explore common forms of selection and 

measurement bias in observational studies (Arnold et al., 2016). Two of the 

studies conducted using negative control analysis used paternal drug exposure 

(Sujan et al. (2017) and Rai et al. (2013)). Man et al. compared two negative 

control comparisons: pre-conception ADs users and never users; and never 

users with and without psychiatric disorders. To evaluate whether the exposure 

effect was due to the drug rather than the maternal disease state (e.g. 

depression/epilepsy/schizophrenia), control groups with alternative treatment 

were used in in thirty-four (30%) studies (Annegers et al., 1978, Artama et al., 

2005, Barqawi, 2005, Bromley et al., 2013, Cantarutti et al., 2017, Harrington 

et al., 2014, Hernandez-Diaz et al., 2012, Holmes et al., 1994, Holmes et al., 

2001, Hviid et al., 2013, Kaaja et al., 2003, Knickmeyer et al., 2014, Koch et al., 

1992, Koch et al., 1999, Kulaga et al., 2011, Lennestal and Kallen, 2007, 

Losche et al., 1994, Malm et al., 2016, Man et al., 2017, Nakane et al., 1980, 

Pastuszak et al., 1993, Rai et al., 2013, Rai et al., 2017, Thomas et al., 2001, 

Vajda et al., 2010, Vajda et al., 2007, Vajda et al., 2006, Vajda et al., 2003, 

Veiby et al., 2009, Viktorin et al., 2017a, Viktorin et al., 2017b, Vinten et al., 

2005, Blotière et al., 2020, Petersen et al., 2016). The propensity score method 

was applied to minimise the effect of confounding in one (1%) study (Rai et al., 

2017). 
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2.3.5 Statistical Analysis 

Of the 125 included studies, forty-five (36%) conducted univariate analysis in 

which only the mean, standard deviation, absolute risk, percentage and 

incidence of adverse outcomes were reported, or the results were merely 

tabulated in absolute counts (Adab et al., 2004, Almgren et al., 2009, Annegers 

et al., 1978, Barqawi, 2005, Eroglu et al., 2008, Gladstone et al., 1992, Guveli 

et al., 2017, Hirano et al., 2004, Holmes et al., 1994, Hunt et al., 2008, Kaneko 

et al., 1988, Kaneko et al., 1992, Katz et al., 2001, Kelly et al., 1984, Koch et 

al., 1996, Koch et al., 1992, Koch et al., 1999, Kulaga et al., 2011, Leibovitch 

et al., 2013, Lin et al., 2004, Losche et al., 1994, Mawer et al., 2002, Mawhinney 

et al., 2013, Medveczky et al., 2004, Nakane et al., 1980, Omtzigt et al., 1992, 

Ornoy and Cohen, 1996, Ozdemir et al., 2015, Pastuszak et al., 1993, 

Richmond et al., 2004, Sabers et al., 1998, Samren et al., 1999, Sawhney et 

al., 1996, Tanganelli and Regesta, 1992, Thomas et al., 2007, Titze et al., 2008, 

Vajda et al., 2003, van der Pol et al., 1991, Vanya et al., 2015, Videman et al., 

2016, Viinikainen et al., 2006, Wen et al., 2006, Asranna et al., 2018, Bansal 

et al., 2018, Cohen-Israel et al., 2018). The remaining eighty (64%) studies 

used multivariable regression analysis, such as multiple linear regression, 

Poisson regression, logistic regression or Cox proportional hazard regression 

to provide adjusted risk estimates in the form of odds ratios (OR) and hazard 

ratios (HR) (Alwan et al., 2007, Arpino et al., 2000, Artama et al., 2005, Artama 

et al., 2006, Bertollini et al., 1985, Boukhris et al., 2017, Boukhris et al., 2016, 

Bromley et al., 2013, Brown et al., 2017, Campbell et al., 2014, Cantarutti et al., 

2017, Castro et al., 2016, Christensen et al., 2013, Clements et al., 2015, Croen 

et al., 2011, Davis et al., 2007, de Jonge et al., 2013, Diav-Citrin et al., 2008, 

El Marroun et al., 2014b, Figueroa, 2010, Fonager et al., 2000, Gidaya et al., 

2014, Gurney et al., 1997, Harrington et al., 2014, Hayes et al., 2012, 

Hernandez-Diaz et al., 2012, Holmes et al., 2001, Hviid et al., 2013, Jentink et 
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al., 2010a, Jentink et al., 2010b, Kaaja et al., 2003, Kallen, 1994, Kallen, 2004, 

Kallen and Reis, 2012, King et al., 1996, Knickmeyer et al., 2014, Kondo et al., 

2013, Laugesen et al., 2013, Lennestal and Kallen, 2007, Luteijn et al., 2016, 

Maged et al., 2016, Malm et al., 2011, Malm et al., 2016, Man et al., 2017, 

Mawer et al., 2010, Mawhinney et al., 2012, Meijer et al., 2005, Nulman et al., 

1997, Polen et al., 2013, Queisser-Luft et al., 1996, Rai et al., 2013, Rai et al., 

2017, Sorensen et al., 2013, Sujan et al., 2017, Thomas et al., 2001, Vajda et 

al., 2010, Vajda et al., 2007, Vajda et al., 2006, Vajda et al., 2013a, Vajda et 

al., 2013b, Veiby et al., 2009, Viktorin et al., 2017a, Viktorin et al., 2017b, Vinten 

et al., 2005, Werler et al., 2011, Wide et al., 2000, Winterfeld et al., 2016, Wood 

et al., 2015, Blotière et al., 2020, Christensen et al., 2019, Coste et al., 2020, 

Hagberg et al., 2018, Kerr et al., 2020, Richards et al., 2019, Singal et al., 2020, 

Smearman et al., 2020, Vajda et al., 2019, van der Veere et al., 2020, 

Yamamoto-Sasaki et al., 2019, Petersen et al., 2016). 

The proportion of univariate and multivariable analysis for each data source 

subgroup is shown in Figure 2.3. In total, the proportion of studies using 

multivariable analysis and univariate analysis is 64% and 36%, respectively. 

Multivariable analysis was mostly used in studies utilising administrative 

databases/registries (45/53, 85%), and least in studies using ad hoc clinical 

samples as their data source (16/44, 36%). The reverse trend was seen for 

univariate analysis. 

More complex methods have been used in recent studies. Studies using 

univariate analysis were commonly found in the early years. 
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Figure 2.3 The proportion of univariate and multivariable analysis in each data source 
subgroup 

2.4 Discussion 

This is the first methodological review of observational studies of CNS drugs 

use in pregnant women and the CNS outcomes of their children. The findings 

show that most of the research to date has investigated the association 

between gestational CNS drugs use and infant CNS outcome using cohort 

studies. There has been an increase in these studies over the last 20 years 

and the vast majority of these have been reported in western countries. There 

has been more research on AEDs than ADs during the last five years. 

Due to the unfavourable prognosis of epilepsy in pregnant women, such as a 

higher risk of death, preeclampsia, preterm labour, and stillbirth, much effort 

was invested in developing a registry for epilepsy patients. Registries such as 

the European Registry of Antiepileptic Drugs and Pregnancy (EURAP), the UK 

Epilepsy and Pregnancy Registry, and the North American AED Pregnancy 

Registry contain detailed information about participants and have become a 

valuable data source for research (The European Registry of Antiepileptic 

Drugs and Pregnancy Study Group, 2006, Morrow et al., 2006, MacDonald et 

al., 2015, Hernandez-Diaz et al., 2012). The well-established teratogenicity of 
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AEDs may be associated with the gradual decrease in related observational 

studies as clinicians avoid prescribing teratogenic medications.  

Only one study was found investigating the relationship between the use of 

antipsychotics in pregnancy and CNS outcomes in children. The prescription 

of APs in pregnancy has increased over the last ten years, but the proportion 

of gestational APs use is still less than 1% (Lao et al., 2017, Toh et al., 2013). 

Further research in this area is warranted.  

2.4.1 Types of data source adopted 

2.4.1.1 Administrative database/registry 

A large sample size is one of the main advantages of using administrative 

databases/registries for observational studies. As well as being highly 

representative of the general population, using these registries can also 

increase the statistical power of the study, thus reducing standard error and 

improving accuracy in the detection of any effect. The pre-existing and on-going 

accrual of patient information in an administrative database/registry, with its 

primary purpose being to record health information saves time, money and the 

manpower involved in the data collection process compared to studies with ad 

hoc clinical samples as the data source.  

Nonetheless, administrative databases/registries are not without some 

limitations. For the identification of exposures and cases, most use international 

coding systems such as the Anatomical Therapeutic Chemical Classification 

System (ATC) for medications or the International Statistical Classification of 

Diseases and Related Health Problems (ICD) for diagnoses. In case of 

misclassification or changes in coding of disease over time, significant 

discrepancies in diagnosis may affect the validity of the study results. For 

instance, the diagnostic criteria of psychiatric disorders, the Diagnostic and 

Statistical Manual of Mental Disorders (DSM), has been evolving constantly 
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from DSM-III in 1980 to DSM-V in 2013. Moreover, many included studies use 

standard coding such as ICD codes, both 9th and 10th versions, but the 

accuracy of the coding varies between conditions, databases, and registries 

(Gliklich RE, 2014 Apr, Christensen et al., 2007, Quan et al., 2008, Bock et al., 

2009, Jette et al., 2010). Only Rai et al., Viktorin et al. and Sujan et al., which 

used data from Swedish databases, performed the relevant validation for the 

purposes of their study (Idring et al., 2012, Larsson et al., 2013, Lundstrom et 

al., 2015, Rai et al., 2017, Sujan et al., 2017, Viktorin et al., 2017b).  

Biases in the collection, analysis, or interpretation of the data may result in 

invalid study conclusions (Nathan and Pawlik, 2008). Three main types of bias 

are selection bias, information bias (also known as misclassification) and 

confounding bias (Kirkwood and Sterne, 2010). Limiting selection criteria to live 

births is common in administrative claims data and will lead to selection bias. 

Misclassification of the outcome disease(s), would bias the estimate towards 

null and consequently, underestimate the corresponding effect of the 

medications. Another type of misclassification, exposure misclassification, 

probably occurs in all observational studies as we often have data on 

prescriptions or dispensing, but not actual use (Blair et al., 2007). The 

misclassification of exposure or disease status can be considered as either 

differential or non-differential. Non-differential misclassification will bias the 

estimate towards the null (Ahrens and Pigeot, 2014). Conversely, differential 

misclassification occurs when the proportions of subjects misclassified differ 

between the study groups. That is, the probability of exposure being 

misclassified is dependent on outcome, and vice versa. The results could 

therefore be either overestimated or under-estimated (Copeland et al., 1977, 

Kirkwood and Sterne, 2010). An accurate exposure assessment is vital to 

minimise the bias. Although measurements of drug concentration in maternal 

blood are not available in most of the data sources, this could potentially an 
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ideal approach to validate exposure status. In terms of confounding bias, data 

from an administrative database/registry may not comprehensively cover all 

potential confounders, particularly lifestyle and behavioural characteristics, 

including diet, exercise, alcohol and tobacco use etc. (Gliklich et al., 2014).  

Record linkages between registries are generally classified into deterministic 

linkage and probabilistic linkage methods (Blakely and Salmond, 2002). 

Deterministic linkage methods require exact agreement of the pre-determined 

matching variables to result in a linkage. Probabilistic linkage methods use 

information on some matching variables and allow disagreement between 

matching variables if the degree of matching is determined to be greater than 

an accepted cut-off weight. The findings showed that most studies using an 

administrative database/registry perform linkage through unique personal 

identification numbers, the deterministic linkage method. The major limitation 

of deterministic linkage methods is that the method is prone to entry errors and 

missing values, which would reduce the number of true matches, and hence 

the sensitivity and positive predictive value of the linkage (Zhu et al., 2016). 

The type of identifiers used also has an effect on linkage quality. Direct 

identifiers, such as unique identifiable numbers (e.g., Social Security Number), 

are generally regarded as the gold standard (Setoguchi et al., 2014). However, 

indirect identifiers (e.g., name, sex, date of birth, address, date of admission 

etc.) are commonly used in different studies due to regulatory and availability 

issues. It was shown in a validation study that record linkage using name code 

in place of full name record has low sensitivity but high specificity, resulting in 

under-estimated risks (Swart et al., 2015). This illustrates that the quality of the 

linkage method can significantly affect the outcome of a database-based 

observational study, and reporting of linkage methods is necessary, especially 

in database and registry settings. Lastly, medical records used in private clinics 

or specialist care can often not be identified in or linked with records in 
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administrative databases/registries and this may contribute to the problem of 

underestimation of risk. Future studies could consider the use of probabilistic 

linkage to improve the quality of linkages if deterministic linkage is not possible. 

2.4.1.2 Ad hoc disease registry 

Ad hoc disease registries recruit patients with a specific exposure, for example, 

pregnant women with exposure to AEDs or epilepsy. They are usually set up 

for post marketing surveillance and monitoring of any potential adverse effects 

of medication or treatment, as well as providing data for research purposes.  

One strength of ad hoc disease registries is that they often have more complete 

data compared to administrative databases/registries, as the information on 

subject characteristics, treatment details and outcomes are better documented 

and reviewed by investigators. They also have long-term follow up, and comply 

with registry-specific standards and measurements, as required by the 

Registers of Patient Registries (RoPR), to ensure data validity (Gliklich et al., 

2014). Data quality is further enriched by having additional information that 

cannot be collected from administrative databases/registries, e.g., 

socioeconomic status and lifestyle characteristics of the study subjects.  

However, the coverage of an ad hoc disease registry is lower as it contains a 

much smaller sample size and requires the voluntary enrolment of subjects, 

e.g., the UK Epilepsy and Pregnancy Register (Hunt et al., 2008), thus reducing 

the representativeness and generalisability of study results. Selection bias 

could also be introduced as the people who are willing to enroll on the registry 

may be more health conscious or healthy, thus potentially underestimating the 

actual drug effect. 

A major limitation of an ad hoc disease registry is the lack of an untreated 

control group. An ad hoc disease registry in general enrols subjects with the 
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specific disease, and most likely, with the specific drug exposure 

(ADs/AEDs/APs) which could lead to a shortfall in calculating the incidence of 

the outcome of interest. However, studies using data from these ad hoc disease 

registries usually have active control groups i.e., monotherapy vs 

polypharmacy, which has the advantage of minimizing confounding by 

indication. For instance, a study using the North American AED Pregnancy 

Registry (Hernandez-Diaz et al., 2012) compared specific AED monotherapy 

such as valproate, phenobarbital and topiramate with lamotrigine treatment. It 

is worth noting that although such comparisons help to differentiate different 

drugs, they can only be used when teratogenicity is already well-established in 

the drug class.  

2.4.1.3 Ad hoc clinical sample 

Since an ad hoc clinical sample involves the direct recruitment of patients from 

hospitals, clinics or information services, sample sizes are usually small and 

more manpower, money and time is required for the primary data collection 

process. Results of single centre ad hoc clinical sample studies are not very 

generalisable. They also have an increased risk of participants being lost-to-

follow up due to their prospective nature. However, ad hoc clinical samples may 

have comprehensive data as any information which is not available in the 

database can be obtained from a questionnaire. 

Summaries of the advantages and disadvantages of different data sources are 

shown in Table 2.1. An administrative database/registry might be the primary 

choice as it is more likely to be representative of the general population when 

dealing with potential bias.  

2.4.2 Confounding factors management and study design 

While many studies have observed that congenital malformations or 

neurodevelopmental disorders in infants are associated with maternal use of 
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ADs and AEDs during pregnancy, confounders can impact the validity of 

estimates obtained from data and are a major source of bias (Wood et al., 2018, 

Man et al., 2017). Failing to explore the true effects of medication exposure can 

result in inappropriate therapies and adverse outcomes; thus, it is necessary to 

detect and control for confounding using suitable methods to obtain unbiased 

effect estimates (Bandoli et al., 2016, Wood et al., 2018). 

The general covariates in pregnancy observational studies are maternal age, 

parity, maternal smoking, and alcohol use. Multivariable adjustments in 

regression models were commonly applied to deal with these covariates in the 

included studies. The use of advanced methods such as propensity score (PS) 

methods, which is particularly beneficial for common treatments and rare 

outcome observations, was still limited. Applications including matching, 

stratification, adjustment, and weighting (Wood et al., 2018) can be used to 

balance patients’ characteristics in groups. PS can detect possible residual 

confounding and therefore decrease the potential bias (D'Agostino Jr, 1998). 

Logistic regression is the typical approach for estimating the PS with the 

exposure of interest as the dependent variable and confounders as 

independent variables. Although the application of PS has increased in safety 

studies, it is still used far less than multivariable regression (Huybrechts et al., 

2014, Wood et al., 2018).  

Confounding by indication seems to be one of the most significant residual 

confounding effects in the context of this review (Salas et al., 1999). Any CNS 

outcome in children might be a real effect of maternal CNS drug use during 

pregnancy but might also be a confounding effect due to the disease state of 

the pregnant mother who needs to take the medication. A straightforward 

analysis between users and non-users of CNS drugs fails to control for 

confounding by indication as the adverse effect might be due to the underlying 

disease of the mother, and not because of the maternal use of any medication. 
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In this review, most included studies used control groups (matching and 

restriction) to deal with confounding. For example, a study using Hong Kong 

population based electronic medical records selected a control group using 

antipsychotics as an active comparator in order to adjust for confounding by 

indication (Man et al., 2017). Furthermore, for some diagnoses such as 

depression, a scale measuring symptom severity is even better than just a 

dichotomous variable (e.g., depression: yes/no). For drugs used for several 

indications (e.g., lamotrigine and bipolar disorder/epilepsy), risks could be 

compared across indications as well. 
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Table 2.1 Advantages and disadvantages of different data sources 

DATA SOURCE ADVANTAGES DISADVANTAGES 

Administrative 

database/registry 

l Large sample size 

l More representative of the general population 

l Higher statistical power and accuracy 

l Reduction in standard error 

l Time, cost and manpower saving 

l May have significant discrepancies in diagnosis due to 

misclassifications or under-recording and/or change in coding of 

disease over time 

l Information captured may not be adequate to address all 

confounding factors 

l Accurate linkage method between mothers and children may not 

be available 

l Limited to the scope of the data coverage and may not have 

sufficient information from other healthcare providers 

l Selection bias (i.e., limiting selection criteria to live births), 

information bias (i.e., misclassification of the outcome and 

exposure) and confounding bias (i.e., underlying confounders 

such as lifestyle and behavioural characteristics) 

(continued) 

 

 

 



Chapter 2 Methodological review 

 

 

 

82 

Table 2.1 Advantages and disadvantages of different data sources (continued) 

DATA SOURCE ADVANTAGES DISADVANTAGES 

Ad hoc disease registry 
l More comprehensive subjects’ information 

l Additional information can be collected via 

surveys or interviews if necessary  

l Allows for long-term follow up if necessary 

l Active control group involved  

l Smaller sample size compared to administrative databases 

l Lower coverage and representativeness of the general population 

l Lack of untreated control group 

Ad hoc clinical sample 
l More comprehensive data than registry data 

l Additional information can be collected if 

necessary 

l Smaller sample size compared to both administrative databases 

and ad hoc disease registries 

l More manpower, cost and time required compared to both 

administrative databases and ad hoc disease registries 

l Lack of generalisability and representativeness 

l Higher risk of loss-to-follow-up 
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I identified sibling-matched analyses and negative control analyses to adjust 

crude estimates for confounding factors such as socioeconomic demographics 

and genetic factors in the included studies. Use of sibling-matched analyses is 

most suitable for ascertaining the relationship between prenatal exposures to 

CNS substances and foetal outcomes when confounders are shared between 

siblings, and there are no carryover effects between siblings (Donovan and 

Susser, 2011, Frisell et al., 2012). One main advantage is that, by separating 

the potential genetic and familial components of the disease status from 

exposure to medications (Wood et al., 2018), the results are less likely to be 

biased due to confounding. Sibling designs may be unbiased but only if all 

confounders are perfectly shared by within-pair members, and there is no 

random measurement error of the exposure (Frisell et al., 2012). However, the 

current approach normally assumes a stable familial context, i.e., the 

composition of family is assumed to be static and unchanging. This might not 

be the case as the family might not be the same over time. Also, by comparing 

between siblings, a significant proportion of children may be excluded as many 

of them may do not have any siblings. The socioeconomic status of the family 

might change, and the birth order or the inter-pregnancy interval between 

different foetuses might affect various outcome such as autism (Cheslack-

Postava et al., 2011). Since many real sibling comparisons may suffer from one 

or both of above biases, the application of sibling-matched analyses should be 

given due consideration (Frisell et al., 2012). 

Negative control analysis could eliminate the possibility that the adverse 

outcome is due to the effect of alternative variables instead of the exposure 

factor being studied. Measuring drug exposure before conception is common 

negative control method. If a significant difference in the risk of adverse CNS 

outcomes is found and associated with preconception drug exposure, this 
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indicates that potential maternal psychiatric disorders have an effect on 

adverse outcomes as the negative control group was not exposed to the drug 

of interest during pregnancy. Also, negative controls enable identification of the 

existence and direction of bias, both in terms of recall bias and selection bias 

due to uncontrolled confounding (Lipsitch et al., 2010). Paternal exposure to 

CNS substances during pregnancy period as the negative control exposure is 

biologically implausible as paternal exposure would not affect the foetal 

outcome. However, paternal exposure may, in theory, affect maternal exposure 

via behavioural, environmental, and social influences (Brew et al., 2017). In this 

case, if paternal exposure during pregnancy to some extent determines 

maternal exposure, the outcomes would be considered to be due to the 

confounding of unmeasured factors within the families rather than the exposure 

of interest.  

Marginal structural models (MSMs) and instrumental variable methods are 

advanced methods for confounding control in pregnancy medication safety 

studies (Wood et al., 2018). MSM use time-varying exposures and measure 

confounders which are highly related in pregnancy studies due to the variation 

in foetal vulnerability and the tendency of women to alter their gestational 

medication use (Lupattelli et al., 2015, Harris et al., 2017, Wood et al., 2018). 

However, MSMs cannot provide unbiased effect estimates when confounders 

are unmeasured. On the other hand, instrumental variable analyses can 

address both measured and unmeasured confounding factors, and so 

instruments which meet all the strict assumptions may imitate the results from 

a randomized trial (Wood et al., 2018), whereas untestable assumptions could 

result in bias amplification. As no included study has adopted these two 

methods, it is worth noting that there are alternatives for researchers to 

consider as primary or secondary analyses in further research. 
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I identified some issues in the included studies such as inadequate follow-up, 

unspecified time to exposure, or even use inappropriate confounding 

approaches, which could lead to overestimation or underestimation of potential 

risks.  An example is the inconsistent findings by several observational studies 

investigating the association between ADs and ADHD (Figueroa, 2010, 

Laugesen et al., 2013, Clements et al., 2015, Castro et al., 2016, Sujan et al., 

2017). While ADHD is often clinically diagnosed after the age of five (Man et 

al., 2017), few studies (Figueroa, 2010, Man et al., 2017) have restricted the 

samples to children at least five years old. Therefore, the resulting estimates 

may not truly reflect the actual risk. Methods such as the use of adequate 

follow-up and specified exposure time are therefore necessary to avoid 

underlying bias, imprecision, and confusing interpretation of estimates. When 

focusing on congenital malformations, investigators should attempt to study the 

time period of exposures relevant to the pathogenesis of the condition where 

appropriate. For instance, the critical period for neural tube development is 17-

30 days of gestation (Institute of Medicine (US) Committee on Nutritional Status 

During Pregnancy and Lactation, 1990). Thus, for any of the neural tube 

defects, e.g., anencephaly and spina bifida, they are more likely to be 

influenced by exposure factors in the first trimester and cannot be caused by 

exposure later in pregnancy. However, many included studies did not specify 

the time period of the drug exposure, or merely set it as ‘during pregnancy’, 

which could potentially affect the accuracy of results. Moreover, the definition 

of pregnancy period should be considered carefully that when counting 

gestational days, it could preferably be clarified that ‘days of gestation’ are 

calculated from the first day of the last menstrual bleeding day rather than the 

fertilization day which is two weeks later. 
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2.4.3 Limitations and challenges 

A limitation of this methodological review is that I only searched articles in 

PubMed, and I may not have included all potential studies on maternal CNS 

drug use and infant CNS outcomes. Also, methodological or review studies 

were not included in this review. For the purposes of this review, I selected a 

wide verity of observational studies focusing on pregnancy exposure with 

different methodological characteristics.  

It is hard to define whether the quality assessment such as Newcastle-Ottawa 

Scale (NOS) can provide the true study quality although we often consider a 

higher NOS score represent a higher study quality. Researchers are supposed 

to be critical when conducting a meta-analysis that the more ‘inferior’ studies 

included in the meta-analysis, the more misleading the conclusion could be. To 

exclude the ‘inferior’ studies from the meta-analysis might be a better choice 

which can provide reliable risk calculations. 

2.4.4 Clinical implication and recommendation  

Although there are some drawbacks of observational studies, they are currently 

the only way of assessing medication safety during pregnancy. There is no 

perfect study design for all studies. However, several suggestions for further 

studies could be considered. Firstly, using an appropriate time period of 

exposure (by trimester or even week of pregnancy) and adequate follow-up are 

vital for accurate results. Failure to evaluate the right observation period could 

mask a potential effect, i.e., bias towards null. Secondly, an administrative 

database/registry is a good first choice for a representative study sample, 

providing accurate and reliable record linkage between mothers and their 

children is possible. Inaccurate linkage between mother-child pairs could 

results in misclassification of both exposures and outcomes and would 
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underestimate the study findings. Third, regardless of the types of data source 

selected, it is important to address confounding, preferably with more than one 

of the above-mentioned advanced methods in order to avoid potential biases. 

In particular, confounding by indication is the most important factor to consider 

in observational studies on CNS drugs use in pregnancy and CNS outcomes 

in offspring. Unmeasured or unaddressed confounding could lead to biased 

results and subsequently to incorrect conclusions. Last but not least, in order 

to account for multiple confounding factors, multivariable analyses, such as 

logistic regression analysis, are recommended to provide more precise risk 

estimates. A flow chart of the study design process can be seen in Figure 2.4. 

 

Figure 2.4 Flow chart for development of study design to investigate children outcomes 
with maternity drug exposure 

2.5 Conclusion 

While publications of observational studies investigating the association 

between gestational CNS drug use and adverse CNS outcome in neonates 

have increased over the years, the findings have been inconsistent and 
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sometimes contradictory. This could be due to multiple factors, such as the 

underlying limitations of different study designs and estimations used. The 

discrete choices of control groups and data sources, whether potential 

confounders are addressed appropriately, the sample size involved, or even 

study period, duration, inclusion, and exclusion criteria may all also contribute 

to differences in the final results and conclusions. Investigators should be 

mindful of these issues and focus on optimizing study designs as well as 

adopting the most suitable statistical analysis method for their hypothesis in 

order to minimise potential bias and confounders. Addressing these factors will 

achieve better precision, validity, and generalisability of results. 
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Chapter 3 The use of antipsychotic medications 

during pregnancy and the risk of gestational 

diabetes mellitus: a systematic review and meta-

analysis 

This chapter has been published (Wang Z, Wong ICK, Man KKC, Alfageh BH, 

Mongkhon P, Brauer R (2020). The use of antipsychotic agents during 

pregnancy and the risk of gestational diabetes mellitus: a systematic review 

and meta-analysis. Psychological Medicine 1–10. 

https://doi.org/10.1017/S003329171900401X). 

3.0 Abstract 

Objective: To evaluate the association between antipsychotic use in 

pregnancy and GDM. 

Methods: A systematic literature search was conducted in PubMed, EMBASE, 

PsycINFO and Cochrane Library databases up to 14 March 2019, for data from 

observational studies assessing the association between gestational 

antipsychotic use and gestational diabetes mellitus (GDM). Non-English 

studies, animal studies, case reports, conference abstracts, book chapters, 

reviews and summaries were excluded. The primary outcome was GDM. 

Estimates were pooled using a random effect model, with the I2 statistic used 

to estimate heterogeneity of results. 

Results: 10 cohort studies met the inclusion criteria in this systematic review 

with 6,642 exposed and 1,860,290 unexposed pregnancies. Six studies were 

included in the meta-analysis with a pooled adjusted relative risk (RR) of 1.24 
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overall (95% Confidence Interval [CI]: 1.09-1.42). The I2 result suggested low 

heterogeneity between studies (I2=6.7%, p=0.373). 

Conclusion: The findings suggest that the use of antipsychotic medications 

during pregnancy is associated with increased risk of GDM in mothers. 

However, the evidence is still insufficient, especially for specific drug classes. 

More studies are recommended to investigate this association for specific drug 

classes, dosages and comorbidities to help clinicians to manage the risk of 

GDM if initiation or continuation of antipsychotic prescriptions during pregnancy 

is needed. 

3.1 Introduction 

Antipsychotics including first-generation antipsychotics (FGAs) and second-

generation antipsychotics (SGAs) are commonly utilised as pharmacological 

treatment for psychiatric disorders such as schizophrenia and bipolar disorder 

(Barbui et al., 2013, Buchanan et al., 2009, Gentile, 2008). Women with pre-

existing severe mental illness (SMI) sometimes require antipsychotics therapy 

during pregnancy to reduce symptoms and to prevent relapse. Furthermore, 

pregnancy can cause physiological, hormonal, and psychological changes 

(Jones et al., 2014, Vesga-Lopez et al., 2008, Andersson et al., 2003, Howard, 

2005) that may increase the risk of psychiatric disorders, such as postpartum 

mood disorders (Yonkers et al., 2012, O'hara et al., 1991). The benefits and 

the potential risks of the use of antipsychotic drugs during pregnancy should 

both be considered as well as any potential risks associated with stopping on-

going antipsychotic therapy. Abrupt discontinuation of treatment led to a higher 

risk of relapses during pregnancy (Tosato, et al., 2017), untreated mental 

disorders may increase the risk in both the mother (negative obstetrical 



Chapter 3 Systematic review and meta-analysis 

 

 

 

91 

outcomes and postpartum effects) and the child from foetus through childhood 

(Bonari et al., 2004, Moore and Pytlarz, 2013). In the past two decades, the 

use of antipsychotics in pregnant women, especially SGAs, has increased (Lao 

et al., 2017, Toh et al., 2013, Mitchell et al., 2011). Studies are vital to explore 

the comparative safety and effectiveness of these drugs with respect to other 

therapeutic choices in pregnancy. 

Gestational diabetes mellitus (GDM) is considered as a common adverse 

obstetric outcome in mothers with an estimated global prevalence of 4% to 16%, 

with differences between ethnicities and geographic regions (Guariguata et al., 

2014, Scholl et al., 2001, Brand et al., 2018). Any woman can develop GDM 

during pregnancy, but the risk is especially high in women with a higher BMI, a 

previous overweight baby, a previous GDM history, and parents or siblings with 

diabetes (The National Health Service, 2018a). Women with GDM are at higher 

risk for developing type 2 diabetes after pregnancy and more likely to have 

delivery complications including intrauterine foetal death, neonatal jaundice, 

preterm delivery, and infant macrosomia (Vesco et al., 2012, American 

Diabetes Association, 2004, DeSisto et al., 2014).  

It is well-known that treatment with antipsychotics is associated with metabolic 

side effects, such as weight gain and hyperglycaemia (Bak et al., 2014, 

Regenold et al., 2002). This association has been reported in clinical trials 

including children and adolescents, but no studies to date have included 

pregnant women (De Hert et al., 2011, Bobo et al., 2013). To my knowledge, 

the latest published systematic review on this topic included articles in PubMed 

up to 31 March 2018 (Uguz, 2019). This review included not only observational 

studies but also review studies and concluded that no adequate evidence 

indicated a causal association between antipsychotics exposure in pregnancy 

and the risk of GDM. Furthermore, they did not conduct a meta-analysis; hence 
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they were not able to provide an overall quantitative summary of their results. I 

therefore conducted a systematic review and meta-analysis on this topic 

including all observational studies published until March 2019 to demonstrate 

whether prenatal antipsychotics use can lead to a higher risk of GDM. 

3.2 Methods 

3.2.1 Search strategy and selection criteria 

A systematic literature search was conducted in PubMed, EMBASE, PsycINFO 

and Cochrane Library databases up to 14 March 2019 following the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

guidelines and checklist (Appendix 3). Observational studies that investigated 

the relationship between antipsychotic use during pregnancy and the risk of 

GDM were searched using comprehensive search terms (Appendix 4). Articles 

that met the following criteria were included in this review: 1) cohort or case-

control design; 2) reported the association between gestational antipsychotic 

use and the risk of GDM; and 3) published in English language. Other study 

types, including animal studies, case reports, conference abstracts, book 

chapters, reviews and summaries or articles written in other languages were 

excluded. This study protocol was registered in the International Prospective 

Register of Systematic Reviews database (PROSPERO: CRD42018095014). 

3.2.2 Data analysis 

All searched articles were screened independently by two investigators in order 

to identify the relevant papers based on titles, abstracts as well as full text 

contents. Discrepancies were resolved through discussion. My colleagues and 

I independently extracted information from eligible papers using a standardised 
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data collection form which included the publishing year, study site, study period, 

data source (categorised with reference to previous methodological study 

(Wang et al., 2019a), i.e., chapter 2), study design, sample size, medication 

exposure, exposure period and pregnancy definition, exposure as well as 

outcome ascertainment, selection of study and comparison group, confounding 

adjustment, and statistical analysis. Outcome metrics such as risk ratio (RR), 

odds ratio (OR) and the corresponding 95% confidence intervals (CI) were 

extracted and included in the meta-analysis if appropriate. For the articles that 

did not provide relevant outcome metrics, the corresponding risk estimates 

were calculated if sufficient information was reported in the study. 

The Newcastle-Ottawa Scale (NOS) was used to assess the methodological 

quality of observational studies. Separate NOS criteria were used for case-

control and cohort studies. The assessment focuses on three major sections: 

selection (definition of cases/exposed subjects, representativeness of the 

cases/exposed subjects, selection of control/non-exposed subjects), 

comparability (controls or adjustment for confounding factors) and 

outcome/exposure (assessment/ascertainment of outcome/exposure, 

adequate non-response rate or follow-up time) with the total score ranging from 

zero to nine (Higgins et al., 2019, Stang, 2010) and a higher score indicating a 

better quality. My colleagues and I independently assessed the quality of 

studies. The studies that were rated as good (a score of one or above in each 

section and a total score of six or above) were included in the meta-analysis. 

Estimates were pooled using a random-effect model with the corresponding 95% 

CI for each outcome in the meta-analyses (DerSimonian and Laird, 1986). 

Subgroup analyses were conducted for users of 1) FGAs only, 2) SGAs only, 

and 3) any antipsychotics. Heterogeneity among included studies was 

evaluated using I2, where a value of 0% is considered as no observed 

heterogeneity and larger values indicating increasing heterogeneity (Higgins et 
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al., 2003). A cut-off p-value of 0.1 was considered statistically significant for 

heterogeneity which indicates a high degree of variance among the included 

studies. For articles using the same data source or population, the study with 

the largest sample size was included in the meta-analyses. All analyses were 

conducted using STATA 15. I conducted several sensitivity analyses in which 

I removed the study with the largest weight from the meta-analysis. 

3.3 Results 

A total of 1,784 records were identified for screening after removing 254 

duplicates on 14 March 2019. Out of 22 full-text articles that were assessed for 

eligibility, 10 studies met the inclusion criteria for this systematic review with a 

total of 6,642 exposed pregnant women and 1,860,290 unexposed controls 

(McKenna et al., 2005, Reis and Kallen, 2008, Boden et al., 2012a, Sadowski 

et al., 2013, Bellet et al., 2015, Vigod et al., 2015, Panchaud et al., 2017, Park 

et al., 2018, Frayne et al., 2017, Petersen et al., 2016) (Figure 3.1). 

A summary of the characteristics of the included studies can be found in Table 

3.1 a-b. All studies were published in English from 2005 onwards: four 

prospective cohort studies (McKenna et al., 2005, Sadowski et al., 2013, Bellet 

et al., 2015, Panchaud et al., 2017), and six retrospective cohort studies (Reis 

and Kallen, 2008, Boden et al., 2012a, Vigod et al., 2015, Frayne et al., 2017, 

Park et al., 2018, Petersen et al., 2016). Four studies recruited subjects in 

European countries (Reis and Kallen, 2008, Boden et al., 2012a, Bellet et al., 

2015, Petersen et al., 2016), four in North America (Sadowski et al., 2013, 

Vigod et al., 2015, Panchaud et al., 2017, Park et al., 2018), one in Australia 

(Frayne et al., 2017), and one study was conducted by multiple centres 
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including Israel and western countries such as Canada and the UK (McKenna 

et al., 2005). 

 

Figure 3.1 PRISMA flow chart for studies inclusion  

Five studies were conducted with administrative databases/registries (Reis and 

Kallen, 2008, Boden et al., 2012a, Vigod et al., 2015, Park et al., 2018, 

Petersen et al., 2016), four used ad hoc disease registries (McKenna et al., 

2005, Sadowski et al., 2013, Bellet et al., 2015, Panchaud et al., 2017), and 

one used an ad hoc clinical sample (Frayne et al., 2017). Reis and Kallen (2008) 

identified exposures through interviews performed by midwives during 

antenatal care visits. All other administrative database/registry studies 
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identified exposures by prescriptions and/or filled prescription records (Boden 

et al., 2012a, Vigod et al., 2015, Park et al., 2018, Petersen et al., 2016). In 

studies conducted with ad hoc disease registries, exposure was assessed 

using questionnaire (McKenna et al., 2005, Bellet et al., 2015), interview 

(Panchaud et al., 2017) or self-report (Sadowski et al., 2013). Exposure in the 

ad hoc clinical sample was recorded by obstetric and psychiatric medical staff 

(Frayne et al., 2017). Women were considered exposed if they had one or more 

antipsychotic prescriptions between their last menstrual period date and 

delivery date. Vigod et al. (2015) and Park et al. (2018) restricted their study 

cohort to women with at least two prescriptions during pregnancy and 

Sadowski et al. (2013) required pregnant women to use a 2nd generation 

antipsychotic for a minimum of four weeks during pregnancy. Additionally, six 

studies limited the exposure period specifically for early pregnancy (usually 

before the end of the first trimester) (Reis and Kallen, 2008, Panchaud et al., 

2017), late pregnancy (Frayne et al., 2017) or a critical period for the outcome 

of interest: Vigod et al. (2015): within the first or second trimester; Petersen et 

al. (2016): between 31 to 105 days after pregnancy start; Park et al. (2018): 

first 140 days of pregnancy (Vigod et al., 2015, Park et al., 2018, Petersen et 

al., 2016) (Table 3.1 a-b). 

Five studies evaluated any antipsychotic exposure in mothers (Reis and Kallen, 

2008, Vigod et al., 2015, Frayne et al., 2017, Boden et al., 2012a, Petersen et 

al., 2016), while five focused on SGAs only (McKenna et al., 2005, Sadowski 

et al., 2013, Panchaud et al., 2017, Bellet et al., 2015, Park et al., 2018). None 

of the SGA studies provided details on whether the exposed group was co-

prescribed FGAs. Three studies reported the risk of GDM relating to a specific 

drug (Boden et al., 2012a, Bellet et al., 2015, Park et al., 2018). Boden et al. 

(2012) included women with olanzapine or clozapine alone or together with any 

other antipsychotics in the study cohort. Two studies investigated the same 
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drug (aripiprazole) but reported opposite results: Bellet et al. (2015) found a 15% 

increased risk (95% CI: 0.33-4.04) vs Park et al. (2018) who reported a 18% 

decreased risk (95% CI: 0.50-1.33). No study investigated the risk of GDM in 

users of FGAs only.  

Only Panchaud et al. (2017) and Park et al. (2018) reported the impact of the 

dosage on the risk of GDM. Both studies reported a positive dose-response 

association between the use of SGAs and the risk of GDM. In particular, Park 

et al. (2018) found the risk of GDM increased with increasing accumulated 

doses of olanzapine until approximately 700 mg and plateaued thereafter.  

Six of the included articles dealt with confounding factors either by using 

multivariable adjustments in the regression model, restriction in control group 

selection or with propensity score (PS) methods (Reis and Kallen, 2008, Boden 

et al., 2012a, Vigod et al., 2015, Panchaud et al., 2017, Park et al., 2018, 

Petersen et al., 2016). In addition to comparing the outcome rate between the 

exposed group and unexposed group, four studies used further control groups 

in order to address confounding by indication: Petersen et al. (2016) and Park 

et al. (2018) used ‘discontinuers’ (women who had taken prescriptions before 

pregnancy but had no prescriptions dispensed for an antipsychotic medication 

during pregnancy) as a control group; Panchaud et al. (2017) restricted 

pregnant women who were not exposed to SGAs but with a psychiatric 

condition as a control group; Boden et al. (2012) included women who had 

taken any other type of antipsychotics (e.g. less anabolic or other generation 

antipsychotics) as an active control group. Among the four studies, three 

addressed maternal psychiatric diagnosis as a confounding factor (Panchaud 

et al., 2017, Park et al., 2018, Petersen et al., 2016).  



Chapter 3 Systematic review and meta-analysis 

 

 

 

98 

Table 3.1 Summary of included studies (a) 

Study Study 
period 

Country Data source Study design Total number of 
participants  

Confounding 
adjustment 

McKenna et 
al. (2005) 

No data 
available 

Canada, 
Israel, UK 

The Motherisk Program at The Hospital for Sick Children 
in Toronto; Israeli Teratogen Information Service; The 
Drug Safety Research Unit in Southampton  

Prospective, 
cohort 

151 exposed, 151 
unexposed 

No data available 

Ad hoc disease registry 

Reis and 
Kallen (2008) 

1994-2005 Sweden Swedish Medical Birth Register  Retrospective, 
cohort 

2908 exposed, 
955821 

unexposed 

Yes 

Administrative database/registry 

Boden et al. 
(2012) 

2005-2009 Sweden Swedish Medical Birth Register, Swedish Prescribed 
Drug Register, National Patient Register  

Retrospective, 
cohort 

507 exposed, 
357696 

unexposed 

Yes 

Administrative database/registry 

Sadowski et 
al. (2013) 

2005-2009 Canada Motherisk Program at the Hospital for Sick Children in 
Toronto 

Prospective, 
cohort 

133 exposed, 133 
unexposed 

Yes 

Ad hoc disease registry 

(continued) 
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Table 3.1 Summary of included studies (a) (continued) 
 

Study Study 
period 

Country Data source Study design Total number of 
participants  

Confounding 
adjustment 

Bellet et al. 
(2015) 

2004-2011 France TIS  Prospective, 
cohort 

86 exposed, 172 
unexposed 

No data available 

Ad hoc disease registry 

Vigod et al. 
(2015) 

2003-2012 Canada Health administrative databases at 
ICES in Toronto  

Retrospective, 
cohort 

1913 exposed, 50702 
unexposed 

Yes 

Administrative database/registry 

Petersen et al. 
(2016) 

1995-2012 UK THIN and CPRD  Retrospective, 
cohort 

554 exposed, 495399 
unexposed 

Yes 

Administrative database/registry 

Frayne et al. 
(2017) 

2007-2013 Australia Tertiary maternity hospital Retrospective, 
cohort 

87 exposed, 67 
unexposed 

No data available 

Ad hoc clinical sample 

(continued) 
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Table 3.1 Summary of included studies (a) (continued) 

Study Study 
period 

Country Data source Study design Total number of participants  Confounding 
adjustment 

Panchaud et 
al. (2017) 

2008-
2016 

USA Massachusetts General Hospital Centre for 
Women’s Mental Health and the Centre’s 
website 

Prospective, 
cohort 

303 exposed, 149 unexposed Yes 

Ad hoc disease registry 

Park et al. 
(2018) 

2000-
2010 

USA Nationwide Medicaid Analytic Extract 
database 

Retrospective, 
cohort 

2872 exposed (continuers), 
7507 unexposed 
(discontinuers) 

Yes 

Administrative database/registry 

FGAs: First-generation antipsychotics; SGAs: Second-generation antipsychotics; GDM: Gestational diabetes mellitus; ENTIS: The European Network of Teratology 
Information Services; TIS: Teratology information service; ICES: The institute for clinical evaluative sciences; THIN: The health improvement network; CPRD: The 
clinical practice research datalink 
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Table 3.1 Summary of included studies (b) 

Study Medication 
exposure 

Exposure period Exposure 
identification 

Selection of study 
group 

Selection of comparison group Outcome assessment 

McKenna 
et al. 
(2005) 

SGAs Within 3 months of 
pregnancy or 
during pregnancy, 
no detailed 
description for 
pregnancy 
definition 

Questionnaire SGAs within 3 months 
of pregnancy or 
during pregnancy, no 
detailed descriptions 
for whether co-
medication with FGAs 

Women without psychiatric 
diagnosis/medication, matched for 
maternal age plus/minus 2 years, 
with cold medications, hair dyes, 
antibiotics, acetaminophen, 
antacids, antihistamines, etc. 

Telephone contact and 
physician report 

Reis and 
Kallen 
(2008) 

FGAs+SGAs Early pregnancy 
(usually before the 
end of the first 
trimester), no 
detailed 
description for 
pregnancy 
definition 

Recorded from 
interviews 
performed by the 
midwife at the first 
antenatal care visit 

Women who had 
reported the use in 
early pregnancy of 
antipsychotics 

All other pregnant women in 
register 

National health 
registers: the Medical 
Birth Register, the 
Swedish Register of 
Congenital 
Malformations, and the 
Hospital Discharge 
Register 

Boden et 
al. (2012) 

FGAs+SGAs From last 
menstrual period 
to parturition 

Prescriptions filled 
record 

Women who exposed 
to antipsychotics in 
pregnancy 

Mothers without antipsychotics in 
pregnancy 

A recorded diagnosis in 
the Medical Birth 
Register 

  (continued)
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Table 3.1 Summary of included studies (b) (continued) 

Study Medication 
exposure 

Exposure period Exposure 
identification 

Selection of study group Selection of 
comparison group 

Outcome assessment 

Sadowski 
et al. 
(2013) 

SGAs A minimum of 4 
weeks during 
pregnancy, no 
detailed description 
for pregnancy 
definition 

Self-reported Women who confirmed the use 
of SGAs for a minimum of 4 
weeks of pregnancy, no 
detailed descriptions for 
whether co-medication with 
FGAs 

Women who reported 
exposure to non-
teratogenic agents 

Telephone follow-up 
interview, data obtained 
from physicians were 
cross-referenced with 
information provided by 
the mothers  

Bellet et 
al. (2015) 

SGAs During 
embryogenesis 
(gestational weeks, 
i.e., weeks after the 
last menstrual 
period) 

Standardised 
questions at initial 
telephone contact 
and structured 
questionnaires after 
birth 

Women who exposed to 
aripiprazole during 
embryogenesis, co-exposed to 
known teratogens during 
embryogenesis were excluded, 
no detailed descriptions for 
whether co-medication with 
FGAs or other SGAs 

Women without 
exposure or exposed 
to agents known to be 
non-teratogenic; 
excluded if co-
exposed to known 
teratogenic as well 

Structured 
questionnaires after 
birth 

(continued) 
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Table 3.1 Summary of included studies (b) (continued) 

Study Medication 
exposure 

Exposure period Exposure 
identification 

Selection of study group Selection of 
comparison group 

Outcome 
assessment 

Vigod et 
al. (2015) 

FGAs+SGAs Between the conception date and 
the delivery date, at least one 
prescription within the first or second 
trimester  

Prescriptions filled 
record 

At least two antipsychotic 
medication was filled in 
pregnancy, one of which in 
the first or second 
trimester 

Non-users were 1:1 
matched by means 
of a HDPS algorithm 

Validated 
codes in 
Database 

Petersen 
et al. 
(2016) 

FGAs+SGAs Between 31 and 105 days 
(inclusive) after the start of 
pregnancy (the first day of last 
menstrual period or 280 days before 
delivery if no records suggested a 
different duration of pregnancy) 

Prescriptions filled 
record 

Women who have 
exposed to antipsychotics 
in pregnancy 

Women who have 
not exposed to 
antipsychotics 

Validated 
codes in 
Database 

Frayne et 
al. (2017) 

FGAs+SGAs The third trimester, no detailed 
description for pregnancy definition 

Record by 
obstetric and 
psychiatric 
medical staff  

women who took 
antipsychotics in the third 
trimester 

women who have 
not taken any 
psychotropic 
medication 

Booking visit 

(continued) 
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Table 3.1 Summary of included studies (b) (continued) 

Study Medication 
exposure 

Exposure 
period 

Exposure 
identification 

Selection of study group Selection of comparison 
group 

Outcome assessment 

Panchaud 
et al. 
(2017) 

SGAs The first 
trimester, 
no detailed 
description 
for 
pregnancy 
definition 

Interview Women who have taken one or more 
SGA(s) during the first trimester, no 
detailed descriptions for whether co-
medication with FGAs  

Women who have not 
exposed to SGAs 
throughout pregnancy 

Maternal report of diagnosis 
at the baseline pregnancy 
interview 

(continued) 
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Table 3.1 Summary of included studies (b) (continued) 

Study Medication 
exposure 

Exposure 
period 

Exposure 
identification 

Selection of study group Selection of comparison 
group 

Outcome assessment 

Park et al. 
(2018) 

SGAs First 140 
days of 
pregnancy 
(last 
menstrual 
period to 
the date of 
delivery) 

Prescriptions 
filled record 

Nondiabetic women who have taken 
one of the five most frequently used 
SGAs (aripiprazole, olanzapine, 
quetiapine, risperidone, or 
ziprasidone) during the 3 months 
before their last menstrual period and 
had two or more additional 
prescriptions dispensed during the 
first 140 days of pregnancy for the 
same antipsychotic agents they 
received before pregnancy. No 
detailed descriptions for whether co-
medication with FGAs or other SGAs  

Nondiabetic women who 
have taken one of the five 
most frequently used SGAs 
(aripiprazole, olanzapine, 
quetiapine, risperidone, or 
ziprasidone) during the 3 
months before their last 
menstrual period and had 
no prescriptions dispensed 
for an antipsychotic 
medication during the first 
140 days of pregnancy. 

Diagnosis codes for any 
diabetes between 141 days 
after last menstrual period 
and delivery and had a 
glucose tolerance test or a 
gestational diabetes 
diagnosis within the same 
time frame. Metformin 
medication prescription was 
included for identification as 
well. 

FGAs: First-generation antipsychotics; SGAs: Second-generation antipsychotics; GDM: Gestational diabetes mellitus; ENTIS: The European Network of Teratology 
Information Services; TIS: Teratology information service; ICES: The institute for clinical evaluative sciences; THIN: The health improvement network; CPRD: The 
clinical practice research datalink 
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Most studies were conducted from 2005 onwards. One study that was included 

in the meta-analysis (Reis and Kallen, [2008]) used data from 1995 until 2005. 

As SGAs were not widely used until 1995 (re-introduction of clozapine), their 

study sample mainly included women exposed to FGAs. As well as having a 

slightly different exposure group, Reis and Kallen (2008) used multivariable 

adjustment only to control for possible confounding. All other studies that were 

included in the meta-analysis used either PS methods or discontinuers as a 

control group to try to tease out confounding by indication. 

All included studies ascertained GDM in either a database, a physician’s 

diagnosis report, or by structured questionnaire and selected adequate follow-

up time for their outcome of interest. Two studies did not provide a description 

of those lost to follow-up (McKenna et al., 2005, Bellet et al., 2015).  

Six included studies were considered as of good quality according to NOS 

assessment (Appendix 5). McKenna et al. (2005), Sadowski et al. (2013), Bellet 

et al. (2015), and Frayne et al. (2017) were excluded due to the poor quality 

with a score of zero in the NOS comparability assessment. 

A summary of the individual study results can be found in Appendix 6. The 

results of this meta-analysis, with adjusted estimates for potential confounders, 

show that antipsychotic use in pregnancy can increase the risk of GDM by 24% 

(RR=1.24; 95% CI: 1.08-1.42) (Reis and Kallen, 2008, Boden et al., 2012a, 

Vigod et al., 2015, Panchaud et al., 2017, Park et al., 2018, Petersen et al., 

2016) (Figure 3.2). Within these six studies, four focused on any antipsychotic 

exposure with a pooled adjusted RR of 1.30 (95%CI: 1.06-1.60) (Reis and 

Kallen, 2008, Boden et al., 2012a, Vigod et al., 2015, Petersen et al., 2016).  

Two studies investigated the risk of GDM in users of SGAs only and reported 

a pooled adjusted RR of 1.12 (95% CI: 0.79-1.60) (Panchaud et al., 2017, Park 
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et al., 2018). No study specifically focused on FGAs. The heterogeneity of the 

meta-analysis was low (I2=6.7%, p=0.373). 

 

Figure 3.2 Forest plot of the meta-analysis for gestational diabetes mellitus 

I conducted a subgroup analysis according to the timing of exposure during 

pregnancy. Two studies specifically defined the exposure time as first trimester 

with an adjusted RR of 1.17 (95% CI: 0.64-2.16) (Reis and Kallen, 2008, 

Panchaud et al., 2017). However, the heterogeneity of the meta-analysis was 

high (I2=64.6%, p=0.093). Three studies (Vigod et al., 2015, Park et al., 2018, 

Petersen et al., 2016) selected patients exposed to antipsychotics in a specific 

period during pregnancy (Vigod et al. [2015]: within first or second trimester; 

Petersen et al. [2016]: between 31 to 105 days after pregnancy start; Park et 

al. [2018]: first 140 days of pregnancy). An increased risk of GDM was found 

among these three studies (adjusted RR: 1.19, 95% CI: 1.03-1.37, I2=0.0%, 

p=0.632). Only Boden et al. (2012) generally presented the exposure time as 

pregnancy rather than any trimester or specific period during pregnancy 

(Boden et al., 2012a). 
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3.4 Discussion 

I conducted a systematic review and meta-analysis to investigate whether the 

use of antipsychotic agents during pregnancy is associated with increased risk 

of GDM. All included studies were assessed for data quality based on the 

exposure identification method, adequate follow-up, outcome assessment 

method, and representativeness of the general population (Wang et al., 2019a). 

I found that exposure to antipsychotics during pregnancy is associated with an 

increased risk of GDM which is different from Uguz’s study (Uguz, 2019). This 

may be because Uguz summarised the results based on a narrative review 

rather than an overall quantitative summary of each study’s estimates. Similar 

results, indicating that antipsychotic use in pregnancy is associated with an 

increased risk of GDM, were observed in previous review studies which 

included both population-based studies and case reports (Galbally et al., 2014, 

Gentile, 2008, Kulkarni et al., 2015). Nevertheless, there is insufficient evidence 

to demonstrate the effect of specific drug classes (FGAs or SGAs) or individual 

antipsychotic drugs. Only two studies focused on a specific drug class (SGAs) 

with opposite results (Panchaud et al., 2017, Park et al., 2018) and no study 

particularly focused on FGAs. It is not possible to ascertain whether the effect 

of SGAs is due to the use of SGAs or perhaps the use of other psychotropic 

medications. FGAs and SGAs have different mechanisms of action which may 

result in different effects for pregnant women (Meltzer, 2013). The use of SGAs 

increased over FGAs through 1989 to 2010 in the UK (Margulis et al., 2014) 

and SGAs became a first-line treatment for schizophrenia (Meltzer, 2013). It 

has been well documented that the use of SGAs could lead to insulin resistance 

and therefore cause metabolic adverse effects such as weight gain, glucose 

dysregulation and hyperlipidaemia (Meltzer, 2013). These metabolic adverse 
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events could contribute to the development of GDM (Kulkarni et al., 2015). 

Recent studies suggested that certain SGAs, i.e., aripiprazole, might have less 

metabolic effects than other SGAs. It is therefore necessary to analyse the 

adverse outcomes in FGAs and SGAs separately, and ideally to examine the 

risks of specific antipsychotics individually. 

According to this review, the risk of GDM was higher among women on higher 

SGAs doses which is similar to the study conducted by Yood et al. (Yood et al., 

2011). Panchuad et al. (2017) explained that the dose effect might be explained 

by the higher BMI in women receiving higher doses. Moreover, different 

exposed time periods may lead to distinct results relevant to the pathogenesis, 

e.g., early pregnancy is a time of insulin sensitivity (American Diabetes 

Association, 2017, Wang et al., 2019a). Further studies should be conducted 

by stratifying results by specific exposed trimesters and drug dosage, where 

possible. 

In this systematic review, I found some methodological challenges. Firstly, 

studies using administrative databases/registries may be more representative 

of the general population but may not comprehensively cover all potential 

confounders such as diet, alcohol, and tobacco use (Wang et al., 2019a). 

Additionally, antipsychotics are often prescribed by specialist care providers 

rather than primary care providers, and most administrative 

databases/registries do not contain specialist information which may cause 

underestimation of exposure duration or overall exposure episodes. Studies 

conducted using ad hoc disease registries could potentially have more 

comprehensive information on subjects and may have longer follow-up periods 

(Wang et al., 2019a). However, major disadvantages of disease registries are 

selection bias and the lack of an untreated control group which may affect the 

actual drug effect (Wang et al., 2019a). 
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Moreover, poor antipsychotic adherence among patients with schizophrenia is 

common (Kane et al., 2013, Valenstein et al., 2004, Byerly et al., 2007). 

Referring to the methods in previous studies addressing drug misclassification 

(Sadowski et al., 2013, Vigod et al., 2015, Park et al., 2018), I recommend to 

only include women who are in receipt of at least two prescriptions or with 

continuous usage for a set period of time. 

Confounders can affect the validity of estimates obtained from data and are the 

main source of bias in observational studies. In most of the included studies, 

multivariable adjustments were still the most common method to deal with 

potential confounders. Maternal age, smoking and alcohol consumption are 

considered the most relevant factors which can influence pregnancy 

complications and birth outcomes (Parker et al., 1994, Luke and Brown, 2007, 

Cnattingius and Lambe, 2002). However, in this meta-analysis, only Petersen 

et al. (2016) adjusted all three of these factors. Four studies applied PS 

methods to minimise the effect of confounding factors (Vigod et al., 2015, 

Panchaud et al., 2017, Park et al., 2018, Petersen et al., 2016), while three 

latest studies conducted sensitivity analyses using different control groups 

(Panchaud et al., 2017, Park et al., 2018, Petersen et al., 2016). Additionally, 

maternal psychiatric diagnosis should be considered as a necessary 

confounding factor and, where possible, adjusted for in the main analysis as 

well as sensitivity analyses to minimise the influence of the disease itself. The 

results of the meta-analysis for FGAs and SGAs combined were largely driven 

by the results of the study by Reis and Kallen (2008) (weight: 17.76%). 

Removing this study from the meta-analysis in a post-hoc sensitivity analysis 

showed that there was only weak evidence for the association between 

antipsychotic use and GDM (RR 1.19 (95% CI 0.92-1.55)) (Figure 3.3). 
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Figure 3.3 Forest plot of the meta-analysis for gestational diabetes mellitus (sensitivity 
analysis, without Reis and Kallen [2008]) 

The potential consequences of an untreated psychotic episode may be severe 

and may lead to an increased risk of relapse or exacerbate symptoms, thus, 

antipsychotics should be prescribed if there is a clinical need (Jones et al., 

2014). Clinicians need to weigh the potential adverse outcomes of antenatal 

exposure to drugs against the potential risk of untreated illness. The study 

results indicate that antipsychotic exposure during pregnancy may lead to a 

higher probability of GDM and emphasise that women using antipsychotic 

agents in the antenatal period should be referred for GDM testing. NICE 

guidelines on the clinical management of antenatal and postnatal mental health 

recommend that gestational diabetes should be screened in women taking 

antipsychotic medication – blood glucose and Haemoglobin A1C (HbA1c) 

monitoring (National Institute for Health and Care Excellence, 2014a). A 

healthy diet and regular exercise during pregnancy would be of benefit to 

women to control blood glucose levels. It is also notable that clinicians should 
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not switch treatment e.g., from FGAs to SGAs in the absence of strong 

evidence that doing so may be of benefit to women. According to NICE 

guidelines, for women with GDM, in addition to dietary changes and blood 

glucose monitoring, treatment with antidiabetic agents should be considered to 

prevent further complications (National Institute for Health and Care Excellence, 

2015).  

This study is the first meta-analysis focused on the relationship between 

prenatal exposure to antipsychotics and the risk of GDM and included all 

relevant literature to date. Reviewer selection bias was minimised by using a 

comprehensive search strategy and independent text screening as well as data 

extraction. All studies included in the meta-analysis were conducted with 

administrative databases/registries or ad hoc disease registries which provided 

a relatively large sample size and good generalisability. There has been no 

published study in Asian populations, and I would recommend future studies to 

investigate whether the result is different for western and eastern populations. 

Methodological differences in study designs, the selection of the exposure and 

control groups, duration of follow-up, exposure, and outcome definitions, may 

influence the accuracy of the risk estimates. Future studies should be 

conducted using an appropriate exposure period, adequate follow-up time and 

a larger sample size for more accurate results and a higher validity and 

representativeness of the general population (Wang et al., 2019a). Studies 

focusing on individual agents, dose effect or comorbidities are also 

recommended in the future. I observed low heterogeneity in the adjusted 

pooled estimates which may represent the consistency of the results after 

adjusting for potential confounding factors. Studies included in this meta-

analysis may still have been affected by residual confounding factors. Future 

studies are therefore necessary to be conducted to address confounding with 

a more comprehensive approach. As some domains are not univocal in NOS 
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and researchers should usually adapt the scale modifying some items, 

Cochrane Risk of Bias tool for Observational studies (i.e., Risk of Bias In Non-

randomised Studies – of Interventions [ROBINS-I]) is recommended in the 

future updated meta-analysis to conjointly evaluate the study quality (Luchini 

et al., 2017, Sterne et al., 2016). 

3.5 Conclusion 

In conclusion, this systematic review and meta-analysis suggest that exposure 

to antipsychotic agents during pregnancy is associated with a higher risk of 

GDM. Future studies should focus on specific drug classes: typical or atypical 

antipsychotics, doses, interaction with comorbidities and/or different trimester 

exposure in order to help clinicians to manage the risk of GDM if initiation or 

continuation of antipsychotic prescriptions during pregnancy is needed. 
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Chapter 4 Aims and objectives of this PhD 

According to the literature reviews (chapter 2 and 3), there was a research gap 

in assessing the relationship between antipsychotics use during pregnancy and 

adverse outcomes in both mothers and their children. 

The aim of my PhD project is to investigate the associations between 

gestational antipsychotics use and GDM in mothers and CNS diseases (ADHD, 

ASD and seizure) as well as birth complications (PTB and SFGA) in children.  

Firstly, a drug utilisation study investigating the patterns of antipsychotics use 

during pregnancy in HK and the UK were conducted (chapter 6). Secondly, to 

specifically estimate the above associations, cohort studies were conducted to: 

1. Examine the association between antipsychotics use during pregnancy 

and the risk of GDM in mothers in the UK and HK (chapter 7). 

2. Examine the association between antipsychotics use during pregnancy 

and the risk of CNS diseases in offspring in HK (chapter 8: seizure and 

chapter 9: ADHD and ASD). 

3. Examine the association between antipsychotics use during pregnancy 

and the risk of birth complications in offspring in HK (chapter 10: PTB 

and SFGA). 
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Chapter 5 Data sources 

5.1 The Clinical Data Analysis and Reporting System (CDARS) 

5.1.1 Population coverage of CDARS in Hong Kong 

The Clinical Data Analysis and Reporting System (CDARS) is managed by 

Hong Kong (HK) Hospital Authority (HA) and currently contains 43 public 

hospitals, 73 general outpatient clinics, and 49 specialist outpatient clinics, 

which is available to all HK residents (more than 7.5 million people) (Hong Kong 

Hospital Authority, 2020, Wong et al., 2016, Hong Kong Special Administrative 

Region, 2016). In HK, there is no publicly funded primary care system like the 

one in the United Kingdom (UK) but HA does provide primary care service to 

all HK citizens (HKSAR, 2016). Over 90% of Hong Kong citizens choose the 

public healthcare service (Kong et al., 2015). Most women choose public 

sectors for giving birth instead of paying for the full-cost service in the private 

sectors (Internations Organisation, 2020). Patients with psychiatric 

consultation requirement would be referred to see a psychiatrist in public 

hospitals or psychiatry specialist outpatient clinics (Healthy Matters Hong Kong, 

2021). 

To protect patient confidentiality, patient records are completely anonymised, 

information such as name, HK identification card number, home address and 

telephone number are inaccessible in CDARS (Wong et al., 2016, Hong Kong 

Hospital Authority, 2019). For each individual case, a unique patient reference 

number is generated to facilitate data retrieval and further analyses (Wong et 

al., 2016, Hong Kong Hospital Authority, 2019). 
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5.1.2 Data accuracy in CDARS 

Data in CDARS have been available since 1993 (Wong et al., 2016). Records 

include patient demographic information, diagnoses, prescriptions, laboratory 

tests, hospital admission, and discharge information (Wong et al., 2016). 

Details of the medication dispensed and prescribed, including medication name, 

dose, quantity, frequency, drug route, and date of dispensing, are recorded by 

clinicians and other health care professionals in CDARS. Prescriptions of any 

medications listed in the British National Formulary (BNF), the pharmaceutical 

reference handbook for HA Drug Formulary in HK, can be directly extracted 

from the prescribing and dispensing records (Hong Kong Hospital Authority, 

2021). Diagnosis codes in the 9th Revision of the International Classification of 

Diseases, Clinical Modification (ICD-9-CM) are applied for diagnosis 

identification in CDARS (Sing et al., 2017).  

A valid mother-child link was defined as an exact match of patient reference 

numbers between mother and child, and date of delivery. It is highly accurate 

as the mother-child link is directly created by HA professionals after delivery 

based on the birth certificate in Hong Kong (Man et al., 2017). Siblings born to 

the same mother in CDARS were identified using the unique ID of the mothers. 

In sibling-matched analysis, an exposed child was matched to their unexposed 

sibling, comparison was analysed in the discordant-pair. 

5.2 The Health Improvement Network (THIN) 

5.2.1 Population coverage of THIN in the United Kingdom 

In the UK, primary care is usually the first point of contact and is primarily 

provided by general practices (GPs) and other health care professionals (e.g., 
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nursing and some clinical pharmacy services) within the National Health 

Service (NHS) (Smith et al., 2020, The National Health Service, 2021a). All UK 

residents are entitled to the services of a GP in their locality. Generally, GPs 

are generalists based in primary care; GPs who have additional training in a 

specific clinical area (i.e., GP with special interest [GPwSI]) works as a liaison 

between primary and secondary care (Malik, 2006). Special requirement such 

as mental health issue, may be referred to the second or tertiary care by GPs 

(The National Health Service, 2021a). The Health Improvement Network (THIN) 

database, now referred to as IQVIA Medical Research Data [IMRD] UK 

database, consists of anonymised electronic health records from UK primary 

care which covers more than 744 participating GP practices (The Health 

Improvement Network, 2021). Data has been collected from 1994 and now 

comprises over 15 million total patients (3.1 million active patients) meeting 

accepted data quality criteria and representing over 6% of the UK population 

(The Health Improvement Network, 2021). 

5.2.2 Data accuracy in THIN 

In the THIN database, the raw data from each practice have been organised in 

different files: patient file (demographics), therapy file (prescriptions), medical 

file (medical events), additional health data (AHD) file (prevention, lifestyle and 

diagnostics) and other linked files including consult file (location, time and 

length of consultation), practice file (dates of last collection, vision date, etc.), 

staff file (linked by staff identifier [ID]) and postcode variable indicators (PVI)) 

(IQVIA, 2017). Maternity details (e.g., last menstrual period record) could be 

found in AHD records (IQVIA, 2017). 

Using a unique patient ID to link different files, information on demographics, 

diagnoses, prescriptions, referrals, laboratory tests, immunisations, and 
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lifestyle can be found (IQVIA, 2017). Prescription details can be extracted using 

the drug dictionary according to BNF codes. Symptoms, diagnoses, 

investigations, and lifestyle information can be identified via Read codes, the 

national standard coding system used across primary and secondary care in 

the UK (The National Health Service Digital, 2020, IQVIA, 2017).  

In THIN, mother-baby link can only be manually established by delivery date 

and family reference number (IQVIA, 2017). 

5.3 Strengths and limitations of CDARS and THIN 

5.3.1 Strengths common to both CDARS and THIN 

Both CDARS and THIN have a large size of the population which is widely 

representative of the overall population and reflect the longitudinal real-life 

clinical practice in HK and the UK, respectively (The Health Improvement 

Network, 2021, Hong Kong Hospital Authority, 2019). Studies using CDARS 

and THIN can simultaneously compare and generalise the outcome in multi-

ethnic population, i.e., western, and eastern countries. Moreover, automated 

dispensing and/or prescribing records were used to identify exposures, which 

are free of recall bias (Man et al., 2017, Wong et al., 2016). Additionally, with 

many high-quality, population-based studies published, data validation has 

demonstrated high coding accuracy in both CDARS and THIN (Lau et al., 2017, 

Man et al., 2017, Wong et al., 2016, Petersen et al., 2017, Davé et al., 2010). 

5.3.1.1 Strengths of CDARS only 

The key strength of CDARS for pregnancy-related observational studies is it 

provides a very large population-based pregnancy cohort with highly accurate 
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and reliable information on the mother-child link and the gestational age of 

pregnancy (Wang et al., 2019a). Additionally, CDARS contains data from not 

only primary care but also secondary or tertiary care, studies aim at rare 

specialties outcomes tend to be allowed using CDARS (Lau et al., 2017, Man 

et al., 2017, Wong et al., 2016). 

5.3.1.2 Strengths of THIN only 

THIN has many lifestyle characteristics such as BMI, smoking, and alcohol 

consumption which are not commonly available in other databases (IQVIA, 

2017, The Health Improvement Network, 2021). Additionally, although only 

primary care records are available in THIN, additional secondary care 

information such as accident and emergency (A&E) attendances and critical 

care at NHS hospitals in England is accessible if linked THIN with Hospital 

Episode Statistics (HES) database (The Health Improvement Network, 2021).  

5.3.2 Limitations common to both CDARS and THIN 

Firstly, there is no measure of compliance, i.e., medication adherence cannot 

be verified in both CDARS and THIN. Poor antipsychotic adherence among 

patients with mental illness such as schizophrenia is common (Kane et al., 

2013, Valenstein et al., 2004, Byerly et al., 2007). An overestimation of use 

may occur in the observational studies that analyses were based on dispensing 

and/or prescribing records. Secondly, medications from private healthcare as 

well as over the counter (OTC) are not available in both databases (The Health 

Improvement Network, 2021, Hong Kong Hospital Authority, 2019). These two 

points may lead to an underestimate of the effect. However, the majority of the 

UK and HK residents are under HA and GP care (Smith et al., 2020, The 

National Health Service, 2021a); several sensitivity analyses were conducted 

to minimise the effect of misclassification (e.g., 7/14-day extension of the 
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exposure and at least one/two/56-day duration prescriptions restriction). 

Details could be found in the following chapters, Method section. Thirdly, as 

CDARS and THIN are not originally collected for research purposes, factors 

such as body mass index (BMI), smoking status, alcohol consumption status 

and family history of diabetes are not recorded in CDARS; ethnicity and 

economic status are limited in THIN. These factors were usually considered as 

potential confounding factors that affect both exposure and outcome status 

(Wang et al., 2019a). In the further cohort studies in my PhD project, I used 

propensity score to match on many baseline characteristics and conducted 

several additional analyses to minimise the impact by confounding factors. 

Details can be found in chapter 7-10. Lastly, minor type errors are inevitable 

due to manually entered medical data into the computer, e.g., data shows that 

very few mothers were with negative gestational age. Invalid records that 

cannot be repaired were removed at the first stage of data cleaning. 

5.3.2.1 Limitations of THIN only 

Antipsychotics are often initially prescribed by specialist care providers rather 

than primary care providers in the UK (The National Health Service, 2021b). 

This may have led to an underestimation of exposure duration or overall 

exposure episodes in THIN. However, primary care physicians may maintain 

or continue prescriptions initially started by a specialist. Additionally, mother-

baby linkage in THIN is not directly created by professionals after delivery. 

Therefore, I chose CDARS only to conduct cohort studies for children-related 

outcomes (chapter 8-10). 
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5.4 Ethics  

The study protocols were approved by the institutional review board of the 

University of Hong Kong/Hospital Authority Hong Kong West Cluster (UW15-

619, UW20-051) and THIN Scientific Review Committee (18THIN072, 

7THIN002). Informed patient consent was not required as the data in CDARS 

and THIN used in this study were anonymised. Protocols for the data analyses 

carried were not pre-registered on the Open Science Framework. 
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Chapter 6 Antipsychotic use in pregnancy: a 

drug utilisation study in the United Kingdom and 

Hong Kong 

This chapter has been published as parts of the multinational study from ten 

countries (Reutfors J, Cesta CE, Cohen JM, Bateman BT, Brauer R, 

Einarsdóttir K, Engeland A, Furu K, Gissler M, Havard A, Hernandez-Diaz S, 

Huybrechts KF, Karlstad Ø, Leinonen MK, Li J, Man KKC, Pazzagli L, Schaffer 

A, Schink T, Wang Z, Yu Y, Zoega H, Babriella B. Antipsychotic drug use in 

pregnancy: A multinational study from ten countries. Schizophrenia Research. 

doi: 10.1016/j.schres.2020.03.048). 

6.0 Abstract 

Objective: To describe and compare the patterns of antipsychotic drug use 

during pregnancy between the United Kingdom (UK) and Hong Kong (HK).  

Methods: The prevalence of antipsychotic use as the proportion of 

pregnancies was respectively estimated in UK THIN (2006-2016) and HK 

CDARS (2001-2015). Antipsychotic exposure was considered as a woman 

filled at least one antipsychotic prescription (defined using the World Health 

Organisation Anatomical Therapeutic Chemical classification codes) within 

three months before pregnancy until birth. To assess the relative change in use 

of antipsychotics across calendar years, I calculated the prevalence ratios with 

95% confidence intervals (CI) between the first and last year of available data 

for each population by antipsychotic class, with the first year as the reference. 

In addition, linear time trends in prevalence were calculated using linear 

regression models.  
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Results:1,183,745 pregnancies were included in this study totally. The overall 

prevalence of antipsychotic use during pregnancy was 0.34% in HK and 4.64% 

in the UK. After removing prochlorperazine, the prevalence of any antipsychotic 

use in pregnancy became similar in the UK (0.33%) and HK (0.34%). Use of 

antipsychotics decreased across the trimesters of pregnancy. Growth of 

second-generation antipsychotic use was found in both HK (β: 0.02) and the 

UK (β: 0.04) populations. While significant growth was only found in the UK (β: 

0.3) but not HK (β:0). 

Conclusion: The prevalence of antipsychotic medication use varied between 

the UK and HK, partly driven by variations in the capture of prochlorperazine, 

which is mainly used for nausea and vomiting in early pregnancy in the UK. 

Excluding prochlorperazine from first-generation antipsychotics, the use of 

antipsychotics was highest pre-pregnancy and at the beginning of the 

pregnancy. Both Hong Kong and the United Kingdom showed an increasing 

trend for the use of atypical antipsychotics which is consistent with the pattern 

in the general population. 

6.1 Introduction 

Antipsychotic medications are usually prescribed for schizophrenia and bipolar 

disorder and other mental disorders such as depression and anxiety 

(Hálfdánarson et al., 2017, Toh et al., 2013). The mechanism of actions and 

indications differ to a varying degree between the first-generation 

antipsychotics (FGAs) and the second-generation antipsychotics (SGAs). In 

general, SGAs have a stronger serotonin receptor antagonism and are used to 

treat mood disorders to a larger extent (Stahl, 2003). Details regarding 

antipsychotics could be referred to chapter 1. 
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Discontinuation of antipsychotic treatment during pregnancy may increase the 

risk of recurrence of mental disorders, including psychosis (Tosato et al., 2017) 

and bipolar disorder (Viguera et al., 2007). Conversely, potential risks 

associated with continued antipsychotic use during pregnancy include 

metabolic disturbances and abnormal foetal growth (Boden et al., 2012a). 

However, findings to date are inconsistent and some increased risks for 

adverse outcomes may be illness rather than drug related (Boden et al., 2012b). 

Thus, women treated with antipsychotics are facing with complex challenges 

of balancing the benefits and potential risks of antipsychotic use during 

pregnancy.  

Various antipsychotics have been developed and prescribed since the first 

antipsychotic, chlorpromazine, was introduced in the 1950s. Previous studies 

have found increasing use of antipsychotics in the general population 

(Hálfdánarson et al., 2017, Olfson et al., 2012) with expanding indications 

(Hálfdánarson et al., 2017, Højlund et al., 2019) in recent years. However, it is 

still unclear the international pattern of antipsychotic use among pregnant 

women. This study therefore aimed to describe the trend of antipsychotic drug 

use during pregnancy by different trimesters and different drug classes in the 

United Kingdom (UK) and Hong Kong (HK). 

6.2 Methods 

6.2.1 Study population 

This study included all pregnancies ending in live births or stillbirths between 

2001 to 2015 in the datasets from CDARS, and 2006 to 2016 from THIN. Data 

source details are presented in chapter 5. In brief, THIN contains primary care 

data from general practices includes information for each patient on 
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demographics, diagnoses, prescriptions, referrals, laboratory tests, 

immunisations and lifestyle information which represents over 6% of the UK 

population (Horsfall et al., 2013, Blak et al., 2011). CDARS contains individual 

information from public hospitals and outpatient clinics, including demographic 

information, diagnoses, prescriptions, laboratory tests, hospital admission, and 

discharge information which is available to all HK residents (over 7.5 million) 

(Wong et al., 2016).  

6.2.2 Drug exposure 

As this study was part of a multinational study from ten countries (Reutfors et 

al., 2020), antipsychotics were defined using corresponding World Health 

Organisation (WHO) Anatomical Therapeutic Chemical (ATC) classification 

codes prefixed with N05A (Appendix 7). Lithium (N05AN01) was excluded 

because it has a different mechanism of action (Malhi et al., 2013). 

Prochlorperazine (N05AB04) is listed in the British National Formulary (BNF) 

section 4.6 as an antiemetic drug (Joint Formulary Committee, 2021) and is 

commonly used for nausea and vertigo treatment during pregnancy (Taylor, 

2014, Reis and Kallen, 2008). Prochlorperazine is not approved in HK, thus 

cannot be captured in CDARS. Exposure to antipsychotic treatment during 

pregnancy was defined by at least one filled prescription for an antipsychotic in 

the interval between 90 days before the first day of the last menstrual period 

(LMP) until delivery date or end of pregnancy (Figure 6.1). Exposures are also 

presented according to different timing, i.e., pre-pregnancy (up to 90 days 

before LMP), first trimester (0-97 days after LMP), second trimester (98-202 

days after LMP), and third trimester (203 days after LMP to delivery). 
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Figure 6.1 Pregnancy period definition in this drug utilisation study 

LMP: Last menstrual period 

6.2.3 Data analysis 

The prevalence of antipsychotic use (any, FGAs, SGAs) was calculated as the 

proportion of pregnancies in each population where the woman had filled at 

least one prescription for an antipsychotic drug from 90 days before the first 

day of LMP and throughout the whole pregnancy period. The prevalence was 

described by maternal age category and by trimester. To assess the relative 

change in the use of antipsychotics across study periods, I calculated the 

prevalence ratios (PRs) with 95% confidence intervals (CI) between the first 

and last year of available data for each population by antipsychotic class, with 

the first year as the reference. In addition, linear time trends in prevalence were 

calculated using linear regression models. The resulting linear regression 

estimate (β) can be interpreted as the average percentage point change in 

prevalence per year. Moreover, five most commonly dispensed antipsychotics 

in the first and last year was identified. As prochlorperazine is almost 

exclusively used as an antiemetic during pregnancy (Fiaschi et al., 2019), I 

performed sub-analyses excluding users of prochlorperazine from the 

estimated prevalence of FGAs. The prevalence and trends of prochlorperazine 
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use were analysed separately. A P-value < 0.05 was considered statistically 

significant. SAS 9.4 was used for conducting statistical analyses. 

6.2.4 Ethical approvals 

This study was approved by the institutional review board of the University of 

Hong Kong/Hospital Authority Hong Kong West Cluster (UW15-619) and THIN 

Scientific Review Committee (18THIN072). 

6.3 Results 

This study included 1,183,745 pregnancies in total. Table 6.1 summarises the 

prevalence of antipsychotic use in pregnancy by population, maternal age at 

delivery, and antipsychotic class. The overall prevalence of antipsychotic use 

during pregnancy was 0.34% in HK and 4.64% in the UK during the study 

periods (Table 6.1). The use of SGAs was similar in both populations (HK: 

0.17%, UK: 0.28%), while the use of FGAs was extremely high in the UK 

(4.42%), dominated by prochlorperazine. After removing prochlorperazine in 

the sub-analysis, the prevalence of any antipsychotic use in pregnancy 

decreased to 0.33% in the UK, which was similar to that in HK (0.34%). Older 

women (≥35 years) had the highest use of antipsychotics in both populations 

when not taking account of prochlorperazine (HK: 0.46%, UK: 0.45%). 
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Table 6.1 Antipsychotic drug use during the pregnancy period by maternal age 

 
Total number of 
pregnancies, N 

Pregnancies with at least 1 prescription of: 
Any antipsychotic,  

N (%) 
FGA,  
N (%) 

SGA,  
N (%) 

Hong Kong, 2001-2015 
    

All ages 416,494 1,408 (0.34) 910 (0.22) 705 (0.17) 

≤24 years  43,205 187 (0.43) 113 (0.26) 110 (0.25) 

25-34 years 269,014 744 (0.28) 490 (0.18) 357 (0.13) 

≥35 years 104,274 477 (0.46) 307 (0.29) 238 (0.23) 

United Kingdom, 2006-2016 
    

All ages 767,251 35,577 (4.64) 33,884 (4.42) 2,115 (0.28) 

≤24 years  232,391 8,427 (3.63) 8,093 (3.48) 431 (0.19) 

25-34 years 374,185 20,053 (5.36) 19,187 (5.13) 1,096 (0.29) 

≥35 years 160,675 7,097 (4.42) 6,604 (4.11) 588 (0.37) 

United Kingdom, 2006-2016 (without prochlorperazine) * 
    

All ages 767,251 2550 (0.33) 857 (0.11) 2,115 (0.28) 

≤24 years  232,391 528 (0.23) 194 (0.08) 431 (0.19) 

25-34 years 374,185 1,296 (0.35) 430 (0.11) 1,096 (0.29) 

≥35 years 160,675 726 (0.45) 233 (0.15) 588 (0.37) 

FGA: first-generation antipsychotic; N: number; SGA: second-generation antipsychotic. 

* Patients taking prochlorperazine were not removed from the total number of pregnancies. 
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Figure 6.2 a-d show the trends in antipsychotic use during pregnancy by 

calendar year and population, and Table 6.2 shows the accompanying PRs 

with 95% CIs and β coefficient. 

Table 6.2 Prevalence ratios between the first (reference) and last year for each 

population by antipsychotic drug group 

Country Years Prevalence ratio (95% CI) * β (95% CI) ** 

Any antipsychotic 

Hong Kong 2001-2016 1.24 (0.61, 2.51) 0 (-0.01 to 0.01) 

United Kingdom 2006-2016 1.97 (1.87, 2.07) 0.3 (0.27 to 0.34) 

First-generation antipsychotic 

Hong Kong 2001-2016 0.48 (0.23, 1.00) -0.02 (-0.02 to -0.01) 

United Kingdom 2006-2016 1.90 (1.80, 2.00) 0.27 (0.24 to 0.30) 

Second-generation antipsychotic 

Hong Kong 2001-2016 NA *** 0.02 (0.02 to 0.03) 

United Kingdom 2006-2016 3.45 (2.75, 4.33) 0.04 (0.03 to 0.05) 

Prochlorperazine 

United Kingdom 2006-2016 1.94 (1.84, 2.05) 0.27 (0.24 to 0.30) 

First-generation antipsychotic excluding prochlorperazine 

United Kingdom 2006-2016 0.84 (0.59, 1.18) 0.00 (0.00 to 0.00) 

* Prevalence ratios with 95% confidence intervals (CI) between the first and last year of data 

calculated with the first year as the reference 

** The estimate (β) was calculated using linear regression models and can be interpreted as 

the average annual percentage point change in prevalence 

*** No atypical antipsychotic was captured in 2001, the prevalence ratio could not be calculated 

CI: confidence intervals; NA: not applicable.  
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Figure 6.2 a-d Trends in antipsychotic drug use during the pregnancy period by population per year 
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When comparing the first and last year of available data, the overall 

antipsychotic use increased from 3.15% to 6.24% in the UK and from 0.37% to 

0.46% in HK (Figure 6.2 a). There was significant growth in the UK across the 

study period (PR: 1.97, 95% CI: 1.87-2.07, β: 0.3), but no significant change in 

HK (PR: 1.24, 95% CI: 0.61-2.51, β: 0) (Table 6.2). The prevalence of FGA 

uses increased from 3.04% to 5.81% in the UK (PR: 1.90, 95% CI: 1.80-2.00, 

β: 0.27) (Figure 6.2 b, Table 6.2). In HK, the prevalence of FGA use decreased 

from 0.37% to 0.18%; a slightly reduced annual FGA use was identified (β: -

0.02) (Figure 6.2b, Table 6.2). Growth of SGA use was found in both HK (β: 

0.02) and the UK (β: 0.04) populations (Figure 6.2 c, Table 6.2). No significant 

increase was found when excluding prochlorperazine from FGAs in the UK (PR: 

0.84, 95% CI: 0.59-1.18, β:0) (Figure 6.2 d, Table 6.2). 

Figure 6.3 a-e present the prevalence of antipsychotic drug use in the pre-

pregnancy period and by different trimesters in HK and the UK. The overall use 

of antipsychotics was highest in the pre-pregnancy period in HK but in the first 

trimester in the UK.  

For FGAs, the use was markedly higher in the first trimester in the UK, whereas 

a slightly higher use in the pre-pregnancy period was found in HK (Figure 6.3 

b). For SGAs, the use was highest 90 days before pregnancy in both 

populations and thereafter decreased throughout pregnancy (Figure 6.3 c). 

Prochlorperazine use accounted for a large proportion of the use of FGAs in 

the UK (Figure 6.3 b and e) and was used the highest in the first trimester 

(Figure 6.3 d). However, a decreasing trend for FGAs was identified when 

prochlorperazine was excluded, and a U-shaped pattern was found over the 

trimesters (Figure 6.3 e). 
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Figure 6.3 a-e Prevalence of antipsychotic drug use during the pregnancy period by 
trimester and population.  

The pregnancy period is defined as 90 days before the date of the last menstrual period to the 
date of birth. Prochlorperazine was not licensed in Hong Kong. 

FGA: first-generation antipsychotic; SGA: second-generation antipsychotic. 

Table 6.3 shows the five most commonly used antipsychotics during pregnancy 

in the first and last year of available data by population. Prochlorperazine 

continued to be the most commonly used antipsychotic in the UK, while SGAs 

dominated in the most recent year in HK. Quetiapine was the most commonly 

used SGAs in both HK and UK, followed by olanzapine in HK and aripiprazole 

in the UK. The proportion of pregnancies exposed to SGAs increased markedly 

over time. 
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Table 6.3 Five most commonly dispensed antipsychotic drugs during the pregnancy period in the first and last year of available data by population 

Rank Antipsychotic % of all 
antipsychotics 

% of all 
pregnancies 

Rank Antipsychotic % of all 
antipsychotics 

% of all 
pregnancies 

Hong Kong 2001 
 

2015 
1 Haloperidol 25.00 0.09 1 Quetiapine 38.20 0.17 

2 Chlorpromazine 50.00 0.18 2 Haloperidol 20.22 0.09 

3 Trifluoperazine 25.00 0.09 3 Olanzapine 16.85 0.08 

4 Thioridazine 25.00 0.09 4 Risperidone 16.85 0.08 

5 NA NA NA 5 Trifluoperazine 16.29 0.07 

United Kingdom 2006 
 

2016 
1 Prochlorperazine 92.88 2.93 1 Prochlorperazine 91.39 5.71 

2 Olanzapine 1.86 0.06 2 Quetiapine 5.68 0.35 

3 Chlorpromazine 1.82 0.06 3 Aripiprazole 1.69 0.11 

4 Quetiapine 1.61 0.05 4 Olanzapine 1.48 0.09 

5 Flupentixol 1.4 0.04 5 Chlorpromazine 0.91 0.06 

Antipsychotic names in underline = first-generation antipsychotic; bold = second-generation antipsychotic; italic with underline = first-generation antipsychotic usually 

used as an antiemetic in pregnancy. 

NA: not applicable – no 5th antipsychotic prescribed in Hong Kong in 2001. 
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6.4 Discussion 

6.4.1 Key findings 

In this study of over one million pregnancies with data from 2001 to 2016 in two 

populations (HK and the UK), applying a uniform approach for data analysis, 

the use of antipsychotics during the pregnancy period varied considerably. In 

general, there was a statistically significant increase of antipsychotic use during 

pregnancy in the UK but not HK through the study periods. The annual growth 

was positive in the UK but stable in HK. The prevalence of FGAs was relatively 

high in the UK (4.42%, driven by the use of prochlorperazine). When excluded 

prochlorperazine from FGAs, the prevalence became lower in the UK (0.11%) 

compared to that in HK (0.22%). For SGAs, a higher prevalence was found in 

the UK (0.28%), compared to that in HK (0.17%). The use of SGAs increased 

over time in both CDARS and THIN databases. This is consistent with the 

pattern in the general population in both the UK and HK (López-Muñoz et al., 

2019, Xiang et al., 2016, Hálfdánarson et al., 2017, Lao et al., 2017). Although 

SGAs have replaced FGAs as the first-line treatment for schizophrenia (Heeg 

et al., 2008), a replacement of FGA by SGA was only found in HK but not in 

the UK. 

Most prochlorperazine was prescribed in early pregnancy (1st trimester) in the 

UK. Excluding prochlorperazine, there was a reduction of antipsychotic 

prescription from pre-pregnancy to mid-pregnancy (2nd trimester) in the UK; 

and a U-shaped pattern was identified over the trimesters. While in HK, the use 

of antipsychotics decreased with each trimester of pregnancy. 

The differences in antipsychotic use between the UK and HK could be 

explained by factors include varying clinical practices reflecting different 
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guidelines, pricing policies and reimbursement practices which may influence 

physicians' prescribing patterns (Parker et al., 2017). For instance, 

prochlorperazine, the unlicensed medication in HK, accounted for the high 

prevalence of FGAs in the UK. There may also be differences in the proportion 

of the antipsychotic medications distributed from outpatient pharmacies versus 

directly from psychiatric or other clinics. For instance, records from THIN do 

not contain information from secondary or tertiary care (e.g., psychiatric 

specialist hospitals). 

6.4.2 Comparison with other studies 

Lao et al. observed the prevalence of antipsychotic use in pregnancy ranged 

from 0.18% to 0.27%, with a stable annual increase between 2004 to 2014 in 

HK (Lao et al., 2017). A previous UK study found 0.29% of women were 

prescribed antipsychotics in the six months before they became pregnant and 

0.19% of women after the first six weeks of pregnancy, with an overall time 

trend of increasing use of SGAs whereas that of FGAs decreased from 1995 

to 2007 (Petersen et al., 2014). Another UK study reported a similar pattern to 

this study with the prevalence was the highest in the first trimester, driven by 

prochlorperazine from 1989 to 2010; when prochlorperazine was excluded, use 

of antipsychotics followed a U-shaped pattern (Margulis et al., 2014). My study 

covers more recent years and shows the trends have persisted. In a study of 

over eight million pregnancies with data from 2000 to 2017 in eleven 

populations (including the UK and HK), the use of FGA decreased or was stable, 

whereas SGA use increased over time (Reutfors et al., 2020). Overall AP use 

increased in Australia, Denmark, Finland, Germany, Iceland, and the UK, with 

the largest increase in Finland and Australia (Reutfors et al., 2020). While 

overall AP use decreased in Norway, Sweden, and US Medicaid Analytic 

eXtract (Reutfors et al., 2020). 
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During the study period, new SGAs have been marketed (e.g., aripiprazole, 

licensed for the treatment of mania in the US since 2005 and approved for 

moderate to severe manic episodes in bipolar I disorder in Europe in the same 

year) (Aitchison et al., 2009) and the indications have been expanded (Rani et 

al., 2008) which may explain the increase in the use of atypical antipsychotics 

in the study populations. SGAs have been increasingly recommended as a 

treatment for bipolar disorder and as an adjunctive treatment for unipolar 

depression, particularly in combination with quetiapine, olanzapine, and 

aripiprazole (Kennedy et al., 2016). Moreover, due to safety concerns about 

AEDs as mood stabilisers in pregnant women with bipolar disorder, SGAs may 

be preferred (Petersen et al., 2017). Quetiapine was the most commonly 

dispensed SGA in both HK and the UK, possibly as a result of its off-label use 

for indications such as insomnia (McKean and Monasterio, 2012). In this study, 

there was a similar pattern of increasing use for aripiprazole in the UK. The 

findings on the increasing use of SGAs in pregnant women in the UK and HK 

mirror the trend in the general population worldwide (Hálfdánarson et al., 2017, 

López-Muñoz et al., 2019, Xiang et al., 2016). 

For FGAs, the use was clearly the most prevalent during the first trimester, 

especially in the UK, where prochlorperazine use was captured. 

Prochlorperazine is almost exclusively used as an antiemetic (Fiaschi et al., 

2019), where nausea and vomiting are usually most observed in the first 

trimester (Louik et al., 2006). In this study, many women did not continue to 

refill their AP prescriptions, or physicians stopped prescribing, during the 

second and third trimesters. This validates findings from other studies for 

antipsychotic use in the UK (Margulis et al., 2014, Petersen et al., 2014), 

Sweden (Stephansson et al., 2011), and the US (Illoh et al., 2018). Even after 

excluding the women who were prescribed prochlorperazine, the pattern of 

decreased use persisted as the pregnancies progressed. A similar pattern has 
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also been identified for antidepressants (Illoh et al., 2018, Stephansson et al., 

2011, Zoega et al., 2015). Discontinuation of psychotropic medication during 

pregnancy is common due to concerns that foetal exposure to these 

medications may harm the child (Einarson et al., 2001), despite the fact that 

data on antipsychotics are not yet conclusive (Huybrechts et al., 2016). Some 

women who received AP prescriptions during the first trimester may not have 

realised that they were pregnant, and the pregnancy may have been 

unintended (Finer and Zolna, 2016). It is possible that discontinuing APs during 

the latter stages of pregnancy may reduce the risk of pregnancy complications, 

such as caesarean section (Petersen et al., 2016). Conversely, there is a high 

risk of relapse for those who discontinue medication for schizophrenia (Lin et 

al., 2010) and bipolar disorder (Viguera et al., 2007, Yonkers et al., 2004). 

Untreated psychiatric illness may lead to further health risks for both the mother 

and unborn child, as well as for the child after birth (Yonkers et al., 2004, Boden 

et al., 2012a). 

6.4.3 Strength & limitations 

This study used population-based data sources from the UK and HK, which are 

representative of the UK and HK general population. Additionally, this study 

was a part of a multinational study from ten countries with a wide population 

generalisation (Reutfors et al., 2020). Results were updated for both 

populations with comprehensive details about the patterns of antipsychotics 

use in pregnancy, which could be a foundation for further gestational 

antipsychotic-related studies in the UK and HK. 

There are some limitations to this study. Firstly, an overestimation of use may 

occur in the observational studies that analyses were based on dispensing or 

prescribing records. It is not clear whether patients adhered to the prescribed 
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antipsychotic medications. However, this current study aimed to describe the 

prescription patterns of antipsychotics in pregnancy, this will not affect the 

findings. Secondly, as THIN database only contains information from primary 

care, this study was not able to address drugs prescribed outside the records 

from general practices in the UK (The Health Improvement Network, 2021). 

Additionally, data from private sectors was not available in both CDARS and 

THIN. This may lead to an underestimation in the results (The Health 

Improvement Network, 2021, Hong Kong Hospital Authority, 2019). Thirdly, the 

UK and HK had different time periods of data availability for antipsychotic use 

during pregnancy, but it is unlikely to change the main patterns and trends 

identified in this study. 

6.5 Conclusion 

The prevalence of antipsychotic medication use varied between the United 

Kingdom and Hong Kong, partly driven by variations in the capture of 

prochlorperazine, which is mainly used for nausea and vomiting in early 

pregnancy. Excluding prochlorperazine from first-generation antipsychotics, 

the use of antipsychotics was highest pre-pregnancy and at the beginning of 

the pregnancy. Both Hong Kong and the United Kingdom showed an increasing 

trend for the use of atypical antipsychotics which is consistent with the pattern 

in the general population. 
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Chapter 7 Association between antipsychotic 

use in pregnancy and the risk of gestational 

diabetes: Population-based cohort studies from 

the United Kingdom and Hong Kong and an 

updated meta-analysis 

This chapter has been published (Z Wang, KKC Man, T Ma, LM Howard, L 

Wei, ICK Wong, R Brauer, Association between antipsychotic use in pregnancy 

and the risk of gestational diabetes: Population-based cohort studies from the 

United Kingdom and Hong Kong and an updated meta-analysis, 

Schizophrenia Research, 2020. ISSN 0920-9964, 

https://doi.org/10.1016/j.schres.2020.11.021.)  

7.0 Abstract 

Objective: To investigate whether exposure to antipsychotic medications 

during pregnancy is associated with gestational diabetes mellitus (GDM) in 

United Kingdom (UK) and Hong Kong (HK) population cohorts. 

Methods: Two population-based cohort studies were conducted using data 

from the UK The Health Improvement Network (THIN) and HK Clinical Data 

Analysis and Reporting System (CDARS). Nondiabetic women who received 

any type of antipsychotic medicine before their first pregnancy were included 

in the cohorts. The exposed group comprised women who continued using 

antipsychotics from the start of pregnancy to delivery (continuers), while the 

comparison group included women who were prescribed antipsychotics before 

the start of pregnancy but stopped during pregnancy (discontinuers). GDM 
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was identified using GDM diagnosis and/or clinicians reported GDM. Odds 

ratios (ORs) with a 95% confidence interval (CI) were calculated to assess the 

association between antipsychotic use during pregnancy and GDM. Propensity 

Score fine-stratification weighting was used to adjust for potential confounding 

factors. 

Results: 3,114 women with registered first pregnancies (2,351 in THIN and 

763 in CDARS) were included. 5.49% (2.55% in THIN and 14.55% in CDARS) 

were diagnosed with GDM. The adjusted OR of GDM in continuers was 0.73 

(95% CI: 0.43-1.25) in THIN and 1.16 (95% CI: 0.78-1.73) in CDARS compared 

with discontinuers.  

Conclusions: The results do not suggest an increased risk of GDM in women 

who continued using antipsychotics during pregnancy compared to women 

who stopped. Based on these results, women should not stop their regular 

antipsychotics prescriptions in pregnancy due to the fear of GDM. 

7.1 Introduction 

Gestational diabetes mellitus (GDM) is a common pregnancy complication, 

defined as hyperglycaemia, impaired glucose tolerance, and impaired fasting 

glycemia, first diagnosed at any time during pregnancy (World Health 

Organisation, 2013, National Institute for Health and Care Excellence, 2015). 

The global prevalence of GDM is estimated to be 1.6% to 34.9%, with 

differences between ethnicities and geographic regions (Behboudi-Gandevani 

et al., 2019). The prevalence is two- to three-fold greater in Asian populations 

compared to Caucasian populations (Farrar et al., 2016). Women with older 

age, higher body mass index (BMI) or family history of diabetes are more likely 

to develop GDM during pregnancy (Cypryk et al., 2008, National Institute for 



Chapter 7 Cohort study - GDM 

 

 

 

141 

Health and Care Excellence, 2015), and therefore have a higher possibility of 

preterm delivery, foetal macrosomia, or type 2 diabetes after pregnancy 

(American Diabetes Association, 2004, Wendland et al., 2012). 

To reduce symptoms and to prevent relapse, women with severe mental illness 

(SMI, such as schizophrenia) are commonly exposed to antipsychotics, both 

first-generation antipsychotics (FGAs) and second-generation antipsychotics 

(SGAs), at childbearing age (Barbui et al., 2013, Khalifeh et al., 2015). The 

prescribing of antipsychotics both before and during pregnancy has increased 

over the last ten years (Lao et al., 2017, Reutfors et al., 2020). Lao et al. (2017) 

reported a 1.5-fold increase in pregnant women who were prescribed 

antipsychotics from 2004 to 2014 in Hong Kong (HK), from 0.18% to 0.27% 

(Lao et al., 2017). Additionally, Petersen et al. (2014) reported that 0.19% of 

women in the United Kingdom (UK) were prescribed antipsychotics during 

pregnancy between 1995 to 2012, with an overall increase in use since 2007 

(Petersen et al., 2014). The findings of the drug utilisation study of this PhD 

work (chapter 6) who that the use of SGAs increased in both HK and the UK 

populations; overall antipsychotic use was increased in the UK through the 

study periods. In non-pregnant patients with SMI, treatment with antipsychotics 

is associated with metabolic side effects, such as weight gain and 

hyperglycaemia (Jibson, 2014, Jibson, 2016), but the evidence in pregnancy is 

limited. A recent meta-analysis including six western population-based cohort 

studies found a 24% increased risk of GDM in mothers with gestational use of 

antipsychotics compared to women without gestational antipsychotics 

exposure (Wang et al., 2019b). However, there are outstanding knowledge 

gaps that previous studies failed to address: 1) no study investigated this 

association in Asian populations; 2) there is insufficient evidence to 

demonstrate the effect on GDM of FGAs vs SGAs, despite their different 

pharmacological effects (Dazzan et al., 2005); 3) no study specifically identified 
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the differences between time of exposure (i.e. different trimesters); 4) lastly, 

whilst previous studies minimised bias by using methods such as high-

dimensional propensity score matching, most studies compared women with 

gestational antipsychotic exposure to unexposed women, without mental 

health considerations, (Boden et al., 2012a, Panchaud et al., 2017, Vigod et al., 

2015, Reis and Kallen, 2008, Petersen et al., 2016) which may lead to 

indication bias (Wang et al., 2019a). For instance, women who are not 

prescribed antipsychotics during pregnancy, in particular those without 

psychiatric disorders, are more likely to have a healthier lifestyle which can 

affect the risk of GDM (Tryggvadottir et al., 2016). 

The aim of this study was to assess whether women taking antipsychotics in 

pregnancy are at a possible increased risk of GDM. I conducted two separate 

cohort studies in UK and HK to evaluate this association and to discuss the 

difference in findings between these two different populations. In both study 

cohorts, I compared the risk of GDM in a group of women exposed to 

antipsychotics before and during pregnancy (continuers) to women exposed 

to antipsychotics before pregnancy only (discontinuers). Prespecified 

subgroup analyses were conducted for users of FGAs and SGAs and for 

different periods (trimester) of exposure. Additionally, I updated the results of 

previous meta-analysis. 

7.2 Methods 

I used data from the UK The Health Improvement Network (THIN) database 

and HK Clinical Data Analysis and Reporting System (CDARS) database. The 

study protocols and analysis plans were approved by the Scientific Review 

Committee for THIN database (Reference Number: 7THIN002, January 2017) 
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and the Institutional Review Board of the University of Hong Kong/Hospital 

Authority Hong Kong West Cluster for CDARS database research (Reference 

Number: UW20-051). 

7.2.1 Data source and study design 

Details of the data source could be seen in chapter 5. In brief, the THIN and 

CDARS databases consist of anonymised electronic health records from UK 

primary care and HK hospitals (Wong et al., 2016, Blak et al., 2011). THIN 

covers medical records of patients registered at 744 participating practices, 

comprising over 13 million patients meeting accepted data quality criteria and 

representing over 6% of the UK population (Horsfall et al., 2013, Blak et al., 

2011). CDARS is managed by HK Hospital Authority (HA) and currently 

contains 43 hospitals and institutions, 49 specialist outpatient clinics, and 73 

general out-patient clinics which is accessible to all HK residents (over 7.5 

million) (Hong Kong Hospital Authority, 2019, Wong et al., 2016). Data 

validation in both databases has demonstrated high coding accuracy with many 

high-quality, population-based studies published from the two databases (Lau 

et al., 2017, Man et al., 2017, Davé et al., 2010). I conducted two retrospective 

population-based cohort studies separately using data extracted from the THIN 

and CDARS database. 

7.2.2 Study population 

The study population consisted of the entire pregnancy population of THIN and 

CDARS aged between 15 and 50 years old from 1 January 1990 to 9 January 

2017 in THIN and 1 January 2001 to 31 December 2015 in CDARS. Women 

with a history of GDM are more likely to develop GDM in pregnancy (Nilofer et 

al., 2012), the study cohorts therefore comprised primiparous pregnancies 

resulting in a live or stillbirth. Pregnancies ending in a miscarriage or abortion 
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were excluded. To avoid potential bias, I also excluded women with a diagnosis 

of pre-existing diabetes (including both Type 1 and Type 2) before pregnancy; 

and those who had been prescribed any teratogenic medications (listed in 

Appendix 8) during pregnancy (Joint Formulary Committee, 2021).  

7.2.3 Pregnancy period and follow-up time  

Pregnancy period definition is shown in Figure 7.1. In THIN, follow-up started 

90 days prior to the theoretical start date of pregnancy (i.e., last menstrual 

period [LMP], start of pregnancy). Pregnancy start and end dates were derived 

from maternity-related information in the THIN health files. If the date of the 

LMP was not recorded, but a woman had a record of the gestational age of her 

fetus/duration pregnancy (i.e., 12 weeks), the theoretical start date of 

pregnancy was calculated by subtracting the pregnancy duration from the 

calendar date of the recording. In CDARS, follow-up started from the LMP (start 

of pregnancy), which was calculated by date of delivery minus gestational age 

at delivery. The pregnancy period was defined as the period between the start 

of pregnancy and the date of delivery. I defined all the time before the start of 

pregnancy as pre-pregnancy period. A 90-day grace period was chosen in 

THIN to allow for a period of time during which women were still exposed to 

antipsychotic, but no longer receiving new prescriptions. In CDARS, 

prescriptions are recorded by exact start and end date and a 90-day grace 

period was not deemed necessary. To identify the potential effects on the 

timing of exposure on the outcome, I further divided the pregnancy period into 

trimesters: first trimester (0-90 days after the LMP), second trimester (91-180 

days after the LMP) and third trimester (181 days after the LMP to delivery). 

Women who were pregnant for 24 weeks or more were included. Follow-up 

ended at the earliest of the following: diagnosis of GDM, end of pregnancy, 
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dates before end of pregnancy (death, patient left the practice [THIN]), or end 

dates of cohort (9 January 2017 [THIN], 31 December 2015 [CDARS]). 

 

Figure 7.1 Pregnancy period definition in THIN and CDARS 

THIN: The Health Improvement Network: CDARS: Clinical Data Analysis cuncand Reporting 
System; LMP: Last menstrual period 

7.2.4 Exposure and comparator cohorts 

Prescriptions of any antipsychotic listed in section 4.2.1 of the British National 

Formulary (BNF) were extracted from the prescribing and dispensing records 

(Table 1.1) (Joint Formulary Committee, 2021). To minimise drug 

misclassification, I restricted women who received at least two prescriptions in 

THIN (normally 28 days for one prescription) and at least 56 days coverage 

time of prescriptions in CDARS as the study population. I defined women who 

received any antipsychotic before and during pregnancy (continuers) as 

exposure cohort, while the comparator cohort comprised women who did not 

receive any antipsychotic during pregnancy but did before pregnancy 

(discontinuers). Additionally, I specifically identified the risk of GDM in users 
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of two different drug classes (i.e., exclusive FGAs and exclusive SGAs) and 

the most commonly prescribed antipsychotics in each database (mutually 

exclusive). 

7.2.5 Outcome definition 

GDM was defined as the earliest recording during pregnancy of the following: 

1) a first recorded diagnosis of GDM (diseases are coded using Read Code in 

THIN and the International Classification of Diseases, 9th Revision, Clinical 

Modification [ICD-9-CM] in CDARS) or 2) a clinician reported GDM in CDARS 

or 3) a recorded fasting plasma glucose level of 5.6 mmol/L or above or a 2-

hour plasma glucose level of 7.8 mmol/L or above in THIN (Hong Kong College 

of Obstetricians and Gynaecologists Committee, 2016, National Institute for 

Health and Care Excellence, 2015). 

7.2.6 Covariates 

The following variables were considered as covariates in both databases: 

maternal age and calendar year at the start of pregnancy, maternal underlying 

medical conditions (epilepsy, hypertension and SMI [e.g., schizophrenia, 

bipolar disorder, and depression]), time from the first prescription of any 

antipsychotics to start date of study, and use of other psychotropic drugs 

(antidepressants, BNF section 4.3 and lithium, BNF section 4.2.3) (Joint 

Formulary Committee, 2021). Additionally, the following variables were used in 

THIN only: BMI, smoking status, alcohol consumption status and family history 

of diabetes, and CDARS only: household income status.  
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7.2.7 Inclusion and exclusion criteria 

To summarise, primiparous pregnant women with a recorded live or stillbirth 

from January 1990 to January 2017 in THIN and January 2000 to December 

2015 in CDARS were included in the cohorts. Pregnancies with less than two 

consecutive prescriptions for an antipsychotic or 56 days prescriptions for an 

antipsychotic were excluded. Women with age <15 or >50 years, less than 24 

weeks gestation, or pre-existing diabetes were excluded in both databases. 

Moreover, women who did not have at least 6 months of follow-up prior to 

prescribing or exposed to teratogenic drugs were excluded in THIN. 

7.2.8 Statistical analysis 

Analyses were conducted separately in THIN and CDARS. Odds ratios (ORs) 

with a 95% confidence interval (CI) were calculated to assess the association 

between antipsychotic use during pregnancy and GDM using Propensity Score 

(PS) fine-stratification weighting. PS, defined as the probability of exposure 

treatment conditional on observed baseline information, can be used to 

account for a large number of confounders efficiently in pharmacoepidemiology 

studies (Desai et al., 2017, Rosenbaum and Rubin, 1983). In this study, I used 

PS fine-stratification weighting as this particular method performs better at low 

exposure prevalence (Desai et al., 2017). Subgroup analyses were 1) to 

assess the comparative safety of FGAs and SGAs during pregnancy; 2) to 

evaluate the risk of GDM in users of the most commonly prescribed individual 

antipsychotics in each database, and 3) to stratify users of antipsychotics by 

trimester of exposure. Moreover, adjusted logistic regression analyses without 

PS were conducted to identify the contribution of each individual confounding 

variable in a sensitivity analysis. Multiple imputation was used to replace 

missing BMI, smoking status, and alcohol consumption status (Leyrat et al., 
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2019). A P-value < 0.05 was considered statistically significant. STATA 15 and 

SAS 9.4 were used for conducting statistical analyses. 

7.2.9 Secondary analysis  

I conducted a post hoc meta-analysis to synthesize the results of THIN and 

CDARS and added the current study to the most recent meta-analysis 

evaluating the association between antipsychotics use in pregnancy and GDM 

(i.e., chapter 3) (Wang et al., 2019b). In particular, I did a meta-analysis to 

synthesize the results of relevant studies identifying the difference between 

continuers and discontinuers. Estimates (risk ratio [RR]) were pooled using 

the random-effect model with the corresponding 95% CI for each outcome 

(DerSimonian and Laird, 1986). Heterogeneity was evaluated using I2, where 

a value of 0% is considered as unobserved heterogeneity and larger values 

indicating increasing heterogeneity (Higgins et al., 2003). A p-value < 0.1 was 

considered statistically significant for heterogeneity which indicates a high 

degree of variance among the included studies.  

7.3 Results  

7.3.1 Primary analysis 

Study flow chart and a summary of characteristics of both study cohorts can be 

seen in Figure 7.2 and Table 7.1, respectively. Overall, 3,114 first pregnancies 

(2,351 in the UK and 763 in HK) were included in the analyses. The mean 

maternal age at delivery was 29.47 years old (Standard Deviation [SD]: 6.61 

years) in UK patients and 30.44 years (SD: 5.76 years) in HK patients. In both 

populations, continuers were more often diagnosed with underlying medical 

conditions compared to discontinuers. Also, continuers were more likely to 
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have a BMI of over 30 kg/m2 (21.83% vs 15.85%) and more likely to be 

prescribed antidepressants (THIN: 53.88% vs 30.82%; CDARS: 30.73% vs 

15.00%, respectively) and lithium (THIN: 2.33% vs 0.57%; CDARS: 2.60% vs 

0, respectively). Most of included women (58.41%) had their first prescription 

more than two years before pregnancy and were registered as current smoker 

(50.74%) and/or drinker (57.64%).      
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Figure 7.2 Flowchart of included women identification in THIN and CDARS cohorts 

THIN: The Health Improvement Network; CDARS: Clinical Data Analysis and Reporting System; N: Number 

Primiparous pregnant women with a recorded live or still 
birth from January 1990 to January 2017 (N=1,177,132)

Primiparous pregnant women with a recorded live or still 
birth from January 2000 to December 2015 (N=193,248)

2,351 women included:
Continuer N=774 

Discontinuer N=1,577

763 women included:
Continuer N=423 
Discontinuer N=340

Excluded:
Less than two consecutive prescriptions for an antipsychotic 
(N=1,168,543), did not have at least 6 months of follow-up 
prior to prescribing (N=5,936), maternal age <15 or >50 years 
(N=78), changed primary care physician or less than 24 weeks 
gestation (N=41), pre-existing diabetes (N=154), exposed to 
teratogenic drugs (N=29)

Excluded:
Did not have at least 56 days prescriptions for an antipsychotic 
(N=192,334), maternal age <15 or >50 years (N=129), less 
than 24 weeks gestation (N=10), pre-existing diabetes (N=12)

THIN                                                                     CDARS
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Table 7.1 Characteristics of study cohorts 

Characteristics THIN CDARS 

Continuers N=774 (%) Discontinuers N=1,577 (%) Continuers N=423 (%) Discontinuers N=340 (%) 
Age, Mean (SD) 29.58 (7.03) 29.40 (6.40) 31.02 (5.68) 29.71 (5.78) 

≤24 233 (30.10) 414 (26.25) 72 (17.02) 79 (23.24) 

25-29 179 (23.13) 425 (26.95) 96 (22.70) 88 (25.88) 

30-35 186 (24.03) 423 (26.82) 177 (41.84) 123 (36.18) 

36-39 120 (15.50) 244 (15.47) 58 (13.71) 44 (12.94) 

≥40 56 (7.24) 71 (4.50) 20 (4.73) 6 (1.76) 

Maternal medical condition 

    

Depression 565 (73.00)  1,044 (66.20)  NA† NA† 

SMI 180 (23.26)  133 (8.43)  329 (77.78) 144 (42.35) 

Hypertension 17 (2.20)  23 (1.46)  27 (6.38) 26 (7.65) 

Epilepsy 10 (1.30)  29 (1.84)  5 (1.18) <5 

Family history of diabetes <5  10 (0.63)  NA NA 

BMI, kg/m2 

    

<18.5 46 (5.94)  92 (5.83)  NA NA 

18.5-24.9 354 (45.74)  825 (52.31)  NA NA 

25-29.9 185 (23.90) 368 (23.34) NA NA 

≥30 169 (21.83)  250 (15.85)  NA NA 

Missing 18 (2.33)  44 (2.79)  NA NA 

(continued) 
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Table 7.1 Characteristics of study cohorts (continued) 

Characteristics THIN CDARS 

Continuers N=774 (%) Discontinuers N=1,577 (%) Continuers N=423 (%) Discontinuers N=340 (%) 
Smoking status 

    

Current smoker†† 415 (53.62)  778 (49.33)  NA NA 

Ex-smoker††† 158 (20.41)  331 (20.99)  NA NA 

Non-smoker 194 (24.06)  460 (29.17)  NA NA 

Missing 7 (0.90)  8 (0.51)  NA NA 

Alcohol consumption status 

    

Current drinker†† 397 (51.30)  958 (60.75)  NA NA 

Ex-drinker††† 61 (7.88)  106 (6.72)  NA NA 

Non-drinker 146 (18.86)  243 (15.41)  NA NA 

Excessive drinker 96 (12.40)  143 (9.07)  NA NA 

Missing 74 (9.56)  127 (8.05)  NA NA 

Antidepressants use 

    

Current user†† 417 (53.88)  486 (30.82)  130 (30.73) 51 (15.00) 

Past user††† 244 (31.52)  835 (52.95)  89 (21.04) 168 (49.41) 

Non-user 113 (14.60)  256 (16.23)  204 (48.23) 121 (35.59) 

(continued) 
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Table 7.1 Characteristics of study cohorts (continued) 

Characteristics THIN CDARS 

Continuers N=774 (%) Discontinuers N=1,577 (%) Continuers N=423 (%) Discontinuers N=340 (%) 
Lithium use 

    

Current user†† 18 (2.33)  9 (0.57)  11 (2.60) 0 (0) 

Past user††† 21 (2.71)  28 (1.78)  20 (4.73) 33 (9.71) 

Non-user 735 (94.96)  1540 (97.65)  392 (92.67) 307 (90.29) 

Time between 1st Rx and start date of study 

    

<1 year 253 (32.69)  306 (19.40)  129 (30.50) 44 (12.94) 

Between 1 and 2 years 137 (17.70)  290 (18.39)  81 (19.15) 55 (16.18) 

>2 years 384 (49.61)  981 (62.21)  213 (50.35) 241 (70.88) 

Median household income (HK$) 
    

<19300 NA NA 97 (22.93) 76 (22.35) 

19300-21999 NA NA 132 (31.21) 92 (27.06) 

22000-25999 NA NA 117 (27.66) 92 (27.06) 

≥26000 NA NA 77 (18.20) 80 (23.53) 

THIN: The Health Improvement Network; CDARS: Clinical Data Analysis and Reporting System; N: Number; GDM: Gestational Diabetes Mellitus; SD: Standard 

Deviation; SMI: severe mental illness; NA: No data available; BMI: Body Mass Index; Rx: A prescription; HK: Hong Kong 

† Women with depression were included in the cohort of women with SMI in CDARS. 

†† ‘Current’ refers to status during pregnancy 

††† ‘Past’ or ‘Ex-’ refers to status before start of pregnancy  
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In total, 171 women (5.49%; 2.55% in THIN and 14.55% in CDARS) were 

diagnosed with GDM in both databases, 91 of 171 women diagnosed with GDM 

(53.22%) had received continued treatment with antipsychotics into pregnancy 

(Table 7.2). Specifically, for continuers, the incidence of GDM was 16.78% 

(n=71) in CDARS and 2.58% (n=20) in THIN. The crude OR of antipsychotic 

use during pregnancy and GDM was 1.02 (95% CI: 0.60-1.76) in THIN and 

1.51 (95% CI: 0.99-2.30) in CDARS when continuers were compared with 

discontinuers. Weighted ORs (wORs) of THIN (0.73, 95% CI: 0.43-1.25) and 

CDARS (1.16, 95% CI: 0.78-1.73) showed no evidence of an association 

between continued use of antipsychotic medication during pregnancy and the 

onset of GDM. The contribution of each individual confounding variable is 

shown in Appendix 9, a higher risk of GDM can be found in mothers aged 30 

or older. 

Using UK data, 324 women continued the use of FGAs only during pregnancy 

of whom less than five (<1.54%) developed GDM (Table 7.2). 193 women in 

the HK database continued FGAs of whom 39 (20.21%) had a diagnosis of 

GDM. 349 mothers in THIN were continually prescribed SGAs in pregnancy of 

whom 14 (4.01%) were diagnosed with GDM, while 149 women received SGAs 

only of whom 22 (14.77%) developed GDM in CDARS. There was no evidence 

that either FGAs or SGAs were associated with an increased risk of GDM 

(THIN: FGAs: wOR: 0.57, 95% CI: 0.20-1.65, SGAs: wOR: 0.98, 95% CI: 0.51-

1.88; CDARS: FGAs: wOR: 1.15, 95% CI: 0.71-1.86, SGAs: wOR: 1.04, 95% 

CI: 0.58-1.85). There was no evidence of an association between antipsychotic 

exposure and GDM by stratifying trimesters in both populations.      
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Table 7.2 Results from analysis comparing continuers with discontinuers 

Exposures THIN CDARS 

N in 
continuers 

N in 
discontinuers 

Crude 
estimate 

PS weighted 
estimate 

N in 
continuers 

N in 
discontinuers 

Crude 
estimate 

PS weighted 
estimate 

GDM/Total 
(%) 

GDM/Total 
(%) 

OR, 95% CI OR, 95% CI GDM/Total 
(%) 

GDM/Total 
(%) 

OR, 95% CI OR, 95% CI 

Any antipsychotics 
        

During pregnancy 20/774  

(2.58) 

40/1,577  

(2.54) 

1.02  

(0.60-1.76) 

0.73  

(0.43-1.25) 

71/423  

(16.78) 

40/340  

(11.76) 

1.51  

(0.99-2.30) 

1.16  

(0.78-1.73) 

90 days pre-
pregnancy 

<5/64 40/1,577  

(2.54) 

1.05  

(0.24-4.55) 

0.95  

(0.22-4.15) 

NA NA NA NA 

until 1st 
trimester/only† 

<5/93 40/1,577  

(2.54) 

1.46  

(0.50-4.31) 

1.26  

(0.42-3.78) 

16/91  

(17.58) 

40/340  

(11.76) 

1.60  

(0.85-3.01) 

1.46  

(0.77-2.79) 

until 2nd trimester <5/36 40/1,577  

(2.54) 

0.93  

(0.12-7.07) 

0.84  

(0.11-6.48) 

5/58  

(8.62) 

40/340  

(11.76) 

0.71  

(0.27-1.87) 

0.58 

 (0.20-1.70) 

until 3rd trimester 7/156  

(4.49) 

40/1,577  

(2.54) 

1.53  

(0.65-3.61) 

0.90  

(0.38-2.10) 

47/245  

(19.18) 

40/340  

(11.76) 

1.78  

(1.13-2.82) 

1.21  

(0.77-1.90) 

(continued) 
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Table 7.2 Results from analysis comparing continuers with discontinuers (continued) 

Exposures THIN CDARS 

N in 
continuers 

N in 
discontinuers 

Crude 
estimate 

PS weighted 
estimate 

N in 
continuers 

N in 
discontinuers 

Crude 
estimate 

PS weighted 
estimate 

GDM/Total 
(%) 

GDM/Total 
(%) 

OR, 95% CI OR, 95% CI GDM/Total 
(%) 

GDM/Total 
(%) 

OR, 95% CI OR, 95% CI 

First-generation 
antipsychotics 

<5/324 40/1,577  

(2.54) 

0.51  

(0.18-1.46) 

0.57  

(0.20-1.65) 

39/193  

(20.21) 

40/340  

(11.76) 

1.90  

(1.17-3.08) 

1.15  

(0.71-1.86) 

Second-generation 
antipsychotics 

14/349  

(4.01) 

40/1,577  

(2.54) 

1.36  

(0.70-2.66) 

0.98  

(0.51-1.88) 

22/149  

(14.77) 

40/340  

(11.76) 

1.30  

(0.74-2.27) 

1.04  

(0.58-1.85) 

THIN: The Health Improvement Network; CDARS: Clinical Data Analysis and Reporting System; N: Number; GDM: Gestational Diabetes Mellitus; OR: Odds Ratio; 

CI: Confidence Interval; PS: Propensity Score; NA: No data available. 
† THIN: until the first trimester, CDARS: the first trimester only 
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The most commonly used antipsychotic agents in THIN were quetiapine 

(n=571), chlorpromazine (n=450) and olanzapine (n=450), while haloperidol 

(n=443), risperidone (n=353) and trifluoperazine (n=317) were the most 

common in CDARS. Numbers of GDM in each specific drug exposure were 

very limited and no statistically significant association was found in either THIN 

or CDARS (Table 7.3 and Table 7.4). 

Table 7.3 Results of the most common prescribed individual antipsychotics in THIN 

Exposures Drug 
class 

Number 
of GDM 

Crude estimates,  

OR (95% CI) 
PS weighted estimates,  

OR (95% CI) 
Quetiapine  SGAs 7 1.78 (0.69-4.60) 2.12 (0.38-16.66) 

Chlorpromazine FGAs <5 0.93 (0.20-4.38) 0.64 (0.28-1.40) 

Olanzapine  SGAs <5 1.23 (0.39-3.85) 1.53 (0.33-6.95) 

Aripiprazole SGAs <5 1.45 (0.38-5.62) 4.66 (0.87-25.03) 

Haloperidol FGAs <5 2.85 (0.52-15.60) 1.11 (0.10-15.70) 

GDM: Gestational diabetes mellitus; OR: Odds Ratio; CI: Confidence Interval; PS: Propensity 

Score 

Table 7.4 Results of the most common prescribed individual antipsychotics in CDARS 

Exposures Drug 
class 

Number 
of GDM 

Crude estimates,  

OR (95% CI) 
PS weighted estimates,  

OR (95% CI) 

Haloperidol FGAs <5 0.91 (0.31-2.70) 0.42 (0.12-1.44) 

Risperidone SGAs <5 0.36 (0.05-2.73) 0.32 (0.04-2.48) 

Trifluoperazine FGAs 13 1.95 (0.97-3.90) 1.60 (0.79-3.21) 

Quetiapine  SGAs 8 2.07 (0.88-4.84) 1.49 (0.57-3.85) 

Chlorpromazine FGAs 7 4.38 (1.63-11.76) 2.20 (0.81-5.95) 

Olanzapine  SGAs <5 1.07 (0.36-3.21) 0.82 (0.28-2.45) 

GDM: Gestational diabetes mellitus; OR: Odds Ratio; CI: Confidence Interval; PS: Propensity 

Score 

7.3.2 Secondary analysis 

Overall, when the results were combined in a meta-analysis, there was no 

statistically significant association between prenatal continued exposure to 

antipsychotics and the risk of GDM (wOR: 0.95, 95% CI: 0.61-1.49, I2=46.2%, 
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p=0.173) (Figure 7.3). Additionally, there was no evidence for an increased or 

a decreased risk of GDM in women who had continued treatment with FGAs or 

SGAs only during pregnancy (FGAs: wOR: 0.95, 95% CI: 0.52-1.75, I2=28.9%, 

p=0.236; SGAs: wOR: 1.01, 95% CI: 0.66-1.56, I2=0.0%, p=0.894). There was 

no evidence of a change in risk of GDM and prenatal exposure to haloperidol, 

quetiapine, chlorpromazine, or olanzapine (Figure 7.4). Adjusted results 

showed no statistically significant association between prenatal antipsychotic 

exposure in any trimester and the risk of GDM (Figure 7.5).  

 

Figure 7.3 Forest plots of fully adjusted results of risk of GDM from analysis for 
continuers compared with discontinuers 

THIN: The Health Improvement Network; CDARS: Clinical Data Analysis and Reporting 

System; FGAs: First-generation antipsychotics; SGAs: Second-generation antipsychotics; PS: 

Propensity Score; OR: Odds Ratio; CI: Confidence Interval; GDM: Gestational diabetes 

Mellitus 

.2 1 5
Decreased risk of GDM Increased risk of GDM

Any antipsychotics

THIN

FGAs

CDARS
Subtotal (I-squared = 46.2%, p=0.173)

THIN

CDARS
Subtotal (I-squared = 28.9%, p=0.236)

SGAs

THIN

CDARS
Subtotal (I-squared = 0.0%, p=0.894)

0.73 (0.43, 1.25)
1.16 (0.78, 1.73)
0.95 (0.61, 1.49)

0.57 (0.20, 1.65)

1.15 (0.71, 1.86)
0.95 (0.52, 1.75)

0.98 (0.51, 1.88)
1.04 (0.58, 1.85)
1.01 (0.66, 1.56)

PS weighted OR (95% CI)Exposure
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Figure 7.4 Forest plots of fully adjusted results from analysis for individual 
antipsychotics 

THIN: The Health Improvement Network: CDARS: Clinical Data Analysis and Reporting 

System; PS: Propensity Score; OR: Odds Ratio; CI: Confidence Interval; GDM: Gestational 

diabetes Mellitus 

Haloperidol
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.499)

Quetiapine
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.744)

Chlorpromazine
THIN
CDARS

Subtotal (I-squared = 72.0%, p=0.059)

Olanzapine
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.513)

Exposure PS weighted OR (95% CI)

Decreased risk of GDM
.06 1 16.7

Increased risk of GDM

1.11 (0.10, 15.70)
0.42 (0.12, 1.44)
0.51 (0.17, 1.55)

2.12 (0.38, 16.66)
1.49 (0.57, 3.85)
1.60 (0.68, 3.75)

0.64 (0.28, 1.40)
2.20 (0.81, 5.95)
1.14 (0.34, 3.83)

1.53 (0.33, 6.95)
0.82 (0.28, 2.45)
1.01 (0.42, 2.45)
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Figure 7.5 Forest plots of fully adjusted results from analysis stratified by trimesters 

THIN: The Health Improvement Network: CDARS: Clinical Data Analysis and Reporting 

System; PS: Propensity Score; OR: Odds Ratio; CI: Confidence Interval; GDM: Gestational 

diabetes mellitus 

I added the results to the previous meta-analysis (chapter 3) using a random 

effects model. The pooled RR reduced from 1.24 (95% CI: 1.09-1.42) to 1.19 

(95% CI: 1.02-1.37) for any antipsychotic prescriptions (Figure 7.6). The I2 was 

22.4%. Additionally, the pooled RR of studies comparing continuers to 

discontinuers was 1.11 (95% CI: 0.91-1.35, I2=21.6%, Figure 7.7). 

Exposure PS weighted OR (95% CI)

The first trimester only
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.821)

Until the second trimester
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.752)

Until the third trimester
THIN
CDARS

Subtotal (I-squared = 0.0%, p=0.548)

.11 1 9.09
Decreased risk of GDM Increased risk of GDM

1.26 (0.42, 3.78)
1.46 (0.77, 2.79)

1.42 (0.81, 2.45)

0.84 (0.11, 6.48)
0.58 (0.20, 1.70)
0.63 (0.24, 1.62)

0.90 (0.38, 2.10)

1.21 (0.77, 1.90)

1.13 (0.76, 1.69)
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Figure 7.6 Forest plots for updated meta-analysis, any antipsychotics  

THIN: The Health Improvement Network: CDARS: Clinical Data Analysis and Reporting 

System; PS: Propensity Score; RR: Risk Ratio; CI: Confidence Interval; GDM: Gestational 

diabetes mellitus 

 

Figure 7.7 Forest plots for updated meta-analysis, particularly compared continuers 
with discontinuers 

THIN: The Health Improvement Network: CDARS: Clinical Data Analysis and Reporting 

System; PS: Propensity Score; RR: Risk Ratio; CI: Confidence Interval; GDM: Gestational 

diabetes mellitus 
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7.4 Discussion 

In the two population-based cohort studies using electronic health records of 

women prescribed antipsychotic agents before their first pregnancy, the results 

suggest no evidence of a change in risk of GDM in women who were prescribed 

any type of antipsychotic agent during any time in pregnancy or in different 

trimesters. Although FGAs and SGAs have different mechanisms of action 

which may result in different risks of GDM (Meltzer, 2013), no evidence of an 

increased risk among women who continued treatment with either FGAs or 

SGAs was found. Results of the updated meta-analysis support the association 

between prenatal antipsychotics during pregnancy and the risk of GDM. 

However, there is weak evidence to support this association when I particularly 

compared continuers to discontinuers,  

In general, women who were prescribed antipsychotic medication during 

pregnancy had a more severe psychiatric illness, greater medical and social 

comorbidities than ill non-medicated and healthy women. Whether in UK or HK, 

the majority of women who were prescribed antipsychotics pre-pregnancy 

stopped using antipsychotics at the beginning of pregnancy (Lao et al., 2017, 

Petersen et al., 2014). Among the continuers, the majority of the women would 

continue antipsychotics treatment from the start of pregnancy to the third 

trimester in HK, but this was less common in the UK. Additionally, whether 

continuers or discontinuers, proportions of women with GDM in HK (n=71, 

14.55%) are much higher than those in UK (n=60, 2.55%). This may be partly 

explained by ethnicity and geographic region differences – the highest and 

lowest prevalence of GDM were reported in East-Asians and Caucasians, 

respectively (Farrar et al., 2016, Behboudi-Gandevani et al., 2019). 
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Only a few studies have investigated the association between prenatal 

exposure to antipsychotics and the risk of GDM (Wang et al., 2019b). These 

results are partly in line with the only previous studies comparing continuers 

with discontinuers (Park et al., 2018, Petersen et al., 2016), Park et al. (2018) 

is also the study that carried most weight in the recent meta-analysis (Wang et 

al., 2019b). Both Park et al. and the current study found no evidence of an 

increased risk of GDM among women who continued exposure to aripiprazole 

or risperidone. However, Park et al. (2018) reported that continued treatment 

with olanzapine (adjusted relative risk [aRR]: 1.61, 95% CI: 1.13-2.29) or 

quetiapine (aRR: 1.28, 95% CI: 1.01-1.62) was associated with a higher risk of 

GDM when compared with women who discontinued the treatment. Park et al. 

(2018) used similar statistical adjustment methods (PS weighting), but their 

sample only included women who were prescribed SGAs up to three months 

before the LMP. Additionally, the results in THIN are in the same direction as 

the results of the previous UK study using the THIN database with data until 

2012 (Petersen et al., 2016). Whilst neither Petersen et al. nor the current study 

found an increased risk of GDM in users of antipsychotic agents during 

pregnancy, Petersen et al. found a lower aRR of GDM in 416 women who 

received antipsychotic treatment in pregnancy compared to 670 women who 

discontinued antipsychotic treatment before pregnancy (aRR: 0.43, 95% CI: 

0.20-0.93) (Petersen et al., 2016). 

The results are also in line with another study that adjusted for potential 

confounding: Panchaud et al. (2017) compared pregnant women who took 

SGAs in pregnancy to psychiatrically ill women who were not exposed to SGAs 

in pregnancy and their results did not suggest an increased risk of GDM in 

exposed women (aRR: 0.79, 95% CI: 0.40-1.56) (Panchaud et al., 2017). 

Moreover, Boden et al. (2012) evaluated specific drugs (olanzapine and 

clozapine) and reported a statistically non-significant association between 
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women with olanzapine and/or clozapine exposure in pregnancy compared 

with women without any antipsychotics (aRR: 1.94, 95%: CI: 0.97-3.91) (Boden 

et al., 2012a). However, they did not use mutually exclusive comparison 

cohorts. Also, in a PS matched cohort study, Vigod et al. (2015) did not find an 

increased risk of GDM among women who were treated with any type of 

antipsychotics (aRR: 1.10, 95% CI: 0.77-1.57) (Vigod et al., 2015). Although 

Reis and Kallen observed an increased risk of GDM among women who self-

reported any antipsychotic use in early pregnancy (aRR: 1.78, 95% CI: 1.04-

3.01) using Swedish National registries, they did not fully address the effect of 

confounding by indication (Reis and Kallen, 2008). 

The potential consequences of an untreated mental disorder may contribute to 

a higher probability of relapse or exacerbate symptoms; therefore, 

antipsychotics should be prescribed where clinically necessary (Jones et al., 

2014). The study results may have a clinical implication that it is not necessary 

to stop or switch to other antipsychotics considering the potential harm of GDM. 

However, it is recommended to follow The National Institute for Health and 

Care Excellence (NICE) guidelines that regular screening for GDM (blood 

glucose and HbA1c) is necessary for pregnant women who are prescribed 

antipsychotics (National Institute for Health and Care Excellence, 2014a).  

This study has several strengths. This study is the first study using an Asian 

clinical database in addition to a UK population database. Both of which are 

representative of the general populations in the UK and HK (Wang et al., 

2019a). Moreover, this study is the first study evaluating the association 

between antipsychotic exposure and GDM by stratifying by different drug 

classes and specific individual drugs (mutually exclusive) and different timings 

of exposure which addressed previously published research gaps (Wang et al., 

2019b). To identify the exposures, I used automated dispensing and 
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prescribing records, which are free of recall bias. Additionally, although there 

isn’t really a way to address confounding by indication, I restricted the cohorts 

as continuers and discontinuers to minimise the effect of confounding by 

indication. Furthermore, I updated the meta-analysis, the results of which 

indicate that the association between prenatal use of antipsychotics and risk of 

GDM may be partially explained by confounding by indication of antipsychotics. 

If there is a causal association, the size of the effect is probably smaller than 

that reported previously. 

Nonetheless, this study is not without some limitations. Firstly, antipsychotics 

are often initially prescribed by specialist care providers rather than primary 

care providers in the UK, and this may have led to an underestimation of 

exposure duration or overall exposure episodes in the UK cohort. However, 

primary care physicians may maintain or continue prescriptions initially started 

by a specialist. All of the patients in the THIN cohort received a minimum of two 

primary care prescriptions for antipsychotic agents. CDARS includes public 

hospital and ambulatory clinic medical records so does not have this problem, 

and similarly presents non-significant results. Secondly, although I used two 

population-based databases, the overall sample size was relatively small. 

Future studies conducted with larger sample size or with more countries are 

recommended. Thirdly, data in the THIN and CDARS databases are not 

collected for research purposes. Factors such as BMI, smoking status, alcohol 

consumption status, and family history of diabetes are not recorded in CDARS; 

ethnicity, family history of diabetes and household income are not quantified 

for all patients in THIN. Townsend deprivation score was not used for 

socioeconomic status calculation in this study due to inaccuracy consideration 

(although enumeration district Townsend scores are good proxies for individual 

level deprivation, it is not the case in mobile populations and ward level [Adams, 

et al., 2005]), future THIN studies are recommended to adjust socioeconomic 



Chapter 7 Cohort study - GDM 

 

 

 

166 

status using Townsend score as well as index of multiple deprivation score. 

Although patients were well matched on many baseline characteristics using 

PS, it is possible that the observed comorbidities were insufficient to identify 

and account for patients experiencing a higher baseline risk of GDM. For 

instance, schizophrenia and psychotic disorders have been independently 

associated with metabolic and diabetic risk (Ventriglio et al., 2019) and whilst I 

considered these underlying diagnoses as confounding variables in the 

adjusted analyses, I did not take time since diagnosis into consideration. 

However, data in primary care (THIN) and secondary care (CDARS) can be 

considered complementary. Additionally, decisions to continue or discontinue 

medication during pregnancy may depend on other risk factors (e.g., BMI), thus, 

continuers and discontinuers may receive different metabolic monitoring and 

prenatal care during pregnancy, which is not free of bias. Lastly, as different 

diagnostic criteria for GDM have been used over time, non-differential 

misclassification of undiagnosed or wrongfully diagnosed GDM may have 

affected the results. The oral glucose tolerance test (OGTT) conducted at 24-

28 weeks of gestation is considered as the ‘gold standard’ (Behboudi-

Gandevani et al., 2019). The UK NICE guidelines published the current 

thresholds for the diagnosis of GDM in 2015 (National Institute for Health and 

Care Excellence, 2015). However, any bias resulting from nondifferential 

misclassification would be directed towards the null and is unlikely to have 

affected the interpretation of the results. 

7.5 Conclusion 

The results suggest no evidence of an increased risk of GDM in women who 

continue using antipsychotics during pregnancy compared to women who stop. 

Women should not stop their regular antipsychotics prescriptions in pregnancy 
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due to the fear of GDM and should discuss their individual cases with doctors. 

Routine screening for GDM is nevertheless indicated. 
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Chapter 8 Association between prenatal 

exposure to antipsychotics and the risk of 

seizure: a population-based cohort study 

This chapter has been accepted in May 2021 (Wang Z, Chan AYL, Ho PWH, 

Wong KHTW, Brauer R, Besag FMC, Ip P, Howard LM, Lau WCY, Wei L, Wong 

ICK, Man KKC. Prenatal exposure to antidepressants or antipsychotics and the 

risk of seizure in children: Letter to the editor. World Psychiatry, In Press). 

8.0 Abstract 

Objective: To evaluate the association between prenatal exposure to 

antipsychotics and the risk of seizures in children. 

Methods: A population-based cohort study was conducted using data from the 

Hong Kong CDARS. Pregnant women aged between 15 and 50 years old who 

delivered a live birth between 1 January 2001 to 31 December 2015 were 

included. Children were followed up until 31 December 2016. Hazard ratios 

(HRs) with a 95% confidence interval (CI) were evaluated to assess the 

association between antipsychotic use during pregnancy and seizure in 

children using propensity score fine-stratification weighting, Cox proportional 

hazards regression model, and sibling-matched analysis. 

Results: Among 410,587 mother-child pairs identified, 612 (0.15%) were 

exposed to antipsychotics during pregnancy. 57 of 612 (9.31%) were 

diagnosed with seizure. The mean follow-up time was 6.60 years (standard 

deviation [SD]: 3.91 years). Children with prenatal antipsychotics exposure 

were associated with an increased risk of seizure, compared to those without 
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(weighted HR [wHR]: 1.49, 95% CI: 1.11-1.99). A similar increase was found 

in the comparison between children of mothers who had used antipsychotics 

before but not during pregnancy and never users (wHR: 2.10, 95% CI: 1.69-

2.60). Sibling-matched analysis indicated no significant difference between the 

risk of seizure and the use of antipsychotics during pregnancy (wHR: 1.19, 95% 

CI: 0.29-4.82). 

Conclusion: The findings suggest that the association between prenatal 

exposure to antipsychotics and the risk of seizure in offspring might be 

explained by confounding. 

8.1 Introduction 

Perinatal mental health problems account for a substantial health burden 

across the world (Howard and Khalifeh, 2020). Prevalence of more severe 

psychiatric illnesses such as bipolar disorder, affective psychosis, and 

schizophrenia in pregnancy is estimated at 0.1-0.2% (VanderKruik et al., 2017, 

Jones et al., 2014). Antipsychotics (APs) has doubled in the past two decades, 

with a disproportionate increase among women at childbearing age and during 

pregnancy (Reutfors et al., 2020, Leucht et al., 2013, Lao et al., 2017). From 

the drug utilisation study in this PhD work (chapter 6), the increased use of 

second-generation antipsychotics (SGAs) has been demonstrated from 2001 

to 2015 in Hong Kong (HK). 

Despite the increase in prescribing, there is insufficient evidence that support 

the safety of AP use during pregnancy (Chisolm and Payne, 2016). When used 

during pregnancy, APs can cross the placenta and the foetal blood-brain barrier 

to exert potentially harmful effects on the foetuses (Ornoy et al., 2017). 

Recently, increasing attention is drawn to the possible risk of neurological 
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disorders in children with maternal psychotropic medication use during 

pregnancy (Man et al., 2015, Man et al., 2018, Man et al., 2017). Amongst 

neurological adverse outcomes, seizure is one of the most common but serious 

central nervous system (CNS) conditions in early childhood and is an important 

predictor of mortality, long-term disability, and poor prognosis (Fisher et al., 

2005, The National Health Service, 2017). It is estimated that of those that had 

neonatal seizures, up to 30%, 50%, and 35% developed cerebral palsy, 

developmental delay, and epilepsy respectively, while mortality rates can be as 

high as 25% in some countries (Wheless et al., 2013, Arpino et al., 2001, Kim 

and Ko, 2016, Sillanpää, 2004, Pellegrin et al., 2019). 

Being increasingly prescribed to women at childbearing age and during 

pregnancy, the safety of antipsychotic medication in pregnancy is also of 

significant clinical concern. All APs can lower the seizure threshold, which may 

aggravate risks of seizure in exposed children (Muench and Hamer, 2010). 

This has led to hesitancy in perinatal psychiatric treatment where high rates of 

psychotropics discontinuation have been observed in pregnant women with 

mental illnesses (Petersen et al., 2011, Petersen et al., 2014, Leong et al., 

2017). There can be significant adverse effects to both maternal and foetal 

health when stopping medication abruptly or withholding treatment during 

pregnancy (Szegda et al., 2014, Petersen et al., 2011, Andersson et al., 2004, 

Tosato et al., 2017, Viguera et al., 2007). 

Given the ongoing controversy of antipsychotic use during pregnancy and the 

risk of this highly morbid outcome, I examined the risk of seizure in offspring 

associated with gestational antipsychotic use in a large cohort of pregnant 

women in Hong Kong. 
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8.2 Methods 

8.2.1 Data source and study design 

Details of the data source could be seen in chapter 5. In brief, a retrospective 

cohort study nested within the Hong Kong Clinical Data Analysis and Reporting 

System (CDARS) was carried out. CDARS, managed by Hong Kong Hospital 

Authority (HA), a statutory body that manages all public hospital and their 

ambulatory clinics in HK, contains more than 7.5 million local residents’ 

information in 43 hospitals and institutions, 49 specialist outpatient clinics and 

73 general outpatient clinics (Hong Kong Hospital Authority, 2019). Clinical 

information is directly recorded by clinicians and other health care 

professionals. This database has been used to conduct high-quality 

epidemiological studies (Lau et al., 2017, Lau et al., 2020, Raman et al., 2018), 

including studies on the risk of seizures (Man et al., 2020) and the safety of 

prenatal psychiatric medication use (Man et al., 2017). 

8.2.2 Study population 

This study cohort consisted of all pregnant women aged between 15 and 50 

years old who gave a live birth between 1 January 2001 to 31 December 2015. 

All children would have at least one-year follow-up by the end of the study 

period (31 December 2016). A valid mother-child linkage was defined as an 

exact match of mother and child patient identification numbers and delivery 

date. The mother-child linkage is created by HA for clinical management, and 

the mother and child records are linked permanently immediately after delivery; 

hence this linkage is highly accurate (Man et al., 2017). Children without valid 

mother-child linkage were excluded to avoid potential bias. 
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8.2.3 Pregnancy period  

The gestational age of pregnancy was directly recorded by healthcare 

professionals, and the last menstrual period (LMP) was calculated by date of 

delivery minus gestational age at delivery (Figure 8.1). The pregnancy period 

was defined as the period between the LMP and the date of delivery. I defined 

the time before the LMP as pre-pregnancy period. To identify the potential 

effects on the timing of exposure on the outcome, I further divided the 

pregnancy period into trimesters: first trimester (0-90 days after the LMP), 

second trimester (91-180 days after the LMP) and third trimester (181 days 

after the LMP to delivery).  

 

Figure 8.1 Pregnancy period definition 

LMP: Last menstrual period  

8.2.4 Exposure and comparator cohorts 

Prescriptions of any antipsychotic listed in section 4.2.1 of the British National 

Formulary (BNF) were extracted from the prescribing and dispensing records 

(Table 1.1) (Joint Formulary Committee, 2021). Children were considered to 

have been exposed prenatally if their mother received any antipsychotic during 

pregnancy period (gestational users). Mothers with prenatal antidepressant 

or lithium treatment or epilepsy may have increased risk of having a child with 

seizure (El Marroun et al., 2014a), I therefore removed the pregnant women 

who had epilepsy diagnosis and antidepressant as well as lithium prescriptions 

Pre-pregnancy Pregnancy

Start of follow-up 

1st trimester 2nd trimester 3rd trimester

End of pregnancy

DeliveryLMP 90 days 
after LMP

180 days 
after LMP

Start of pregnancy 

End of follow-up 

Seizure/epilepsy or death 
or 31 December 2016

Follow-up
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during pregnancy to minimise the effect. To minimise drug misclassification, I 

restricted mothers who received at least two prescriptions. Additionally, I 

specifically identified the risk of seizure in users of two different drug classes 

(i.e., exclusive first-generation antipsychotics [FGAs] and exclusive SGAs). 

Based on maternal APs use in different risk periods, I classified the children 

into three comparator groups: 1) those whose mothers did not use APs during 

pregnancy (gestational non-users); 2) those whose mothers used APs any 

time before pregnancy but stopped treatment when pregnant (past users 

[negative control group 1]); 3) those who had never used APs before and 

during pregnancy (never users), in subgroup analyses I further classified this 

group into (a) never users with psychiatric disorders (negative control 

group 2), coded using International Classification of Diseases, 9th Revision, 

Clinical Modification (ICD-9-CM) 290-319, and (b) never users without 

psychiatric disorders (negative control group 3).  

8.2.5 Outcome definition 

Study outcome in the liveborn children was an incident seizure/epilepsy 

diagnosis, identified by ICD-9-CM diagnosis code 333, 345, 779 and 780, with 

the exception of febrile convulsion (ICD-9-CM: 780.31, 780.32). I further 

classified seizure in general (diagnosed at any time during follow-up) by 

different time points: first diagnosis of seizure in 1-week (perinatal seizure), 4-

week (neonatal seizure) and 1-year (infancy seizure). 

8.2.6 Follow-up 

Follow-up started on the date of delivery and ended on the date of seizure 

diagnosis, date of death, or 31 December 2016, whichever came first. 
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8.2.7 Covariates 

Covariates for confounding adjustment were maternal age at delivery, calendar 

year at delivery, birth hospital, infant gender, parity, maternal underlying 

medical conditions (hypertension, psychiatric disorders, gestational diabetes 

and pre-existing diabetes) and socioeconomic status.  

8.2.8 Statistical analysis 

Propensity score (PS) fine-stratification weighting was applied to address the 

differences in baseline covariates. PS, defined as the probability of receiving 

treatment conditional on observed baseline information, can be used to 

account for a large number of confounders efficiently (Desai et al., 2017, 

Webster-Clark et al., 2021). In this study, I used PS fine-stratification weighting 

as it provides greater precision than other PS approaches at low exposure 

prevalence (Desai et al., 2017, Desai and Franklin, 2019). In this approach, PS 

is used to create fine strata rather than directly calculate weights; weights for 

both exposed and reference patients in all strata are subsequently calculated 

based on the total number of patients within each stratum, while strata with no 

exposed or reference patients are dropped out before weight calculation (Desai 

and Franklin, 2019). 120 equally sized strata were created based on the PS 

distribution of the cohort. Cox proportional hazard regression models with PS 

fine-stratification weighting was used to estimate the hazard ratios (HRs) with 

a 95% confidence interval (CI) to assess the association between the use of 

antidepressants or antipsychotics during pregnancy and seizure. Robust 

standard error was used to adjust for data clustering. 
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8.2.8.1 Other comparison analyses 

To explore the impact of confounding by indication, I carried out several 

additional approaches. Firstly, I compared past users with never users. An 

increased risk of seizure in the children of mothers among past users indicates 

confounding by indication due to the infant was not exposed to APs. Similarly, 

gestational users were compared with past users to assess whether there is 

a difference in the risk of seizure in children. Secondly, to evaluate the role of 

maternal psychiatric disorder, I restricted comparison cohorts to never users 

and estimate if there is an association between maternal psychiatric disorders 

and the risk of seizure in the children. Sibling-matched analysis was conducted 

to control for shared genetic and social confounding factors at the family level. 

Stratified Cox regression with a separate stratum for each family identified by 

the mother’s unique identification number was used. Only inconsonant sibling 

pairs for maternal antipsychotic use and seizure could contribute to the 

estimation of results. 

8.2.8.2 Subgroup analyses 

Two subgroup analyses were conducted: 1) To further identify the risk of study 

outcomes in exposed individuals with different drug classes, I classified FGAs 

only and SGAs only subgroups; 2) As seizure/epilepsy are more common in 

boys than girls (McHugh et al., 2008), to ascertain gender difference, I 

conducted additional subgroup analyses in boy and girl groups respectively. 

8.2.8.3 Sensitivity analyses 

Several sensitivity analyses were conducted to test the validity of the initial 

analyses. To assess the effect of exposure misclassification, I restricted 

mothers who received at least 56 days of coverage time of prescriptions and at 
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least one prescription during pregnancy, respectively. I also restricted the 

analyses to the first pregnancy only to investigate the potential clustering effect 

of children who were born to the same mother. 

A p-value < 0.05 was considered statistically significant in all statistical 

analyses. All analyses were conducted using SAS 9.4 and STATA 15. The 

programming and results were crosschecked for accuracy and consistency. 

The study protocol and analysis plan were approved by the Institutional Review 

Board of the University of Hong Kong/Hospital Authority Hong Kong West 

Cluster for CDARS database research (Reference Number: UW20-051). 

8.3 Results 

This study included 410,587 pairs of mother-child records (Figure 8.2). The 

mean maternal age at delivery was 31.56 years (standard deviation [SD] 5.01 

years) (Table 8.1). Overall, 612 children (0.15%) had prenatal exposure to APs, 

57 of them (9.31%) were diagnosed with seizure, while 4.46% of gestational 

non-users (n=18,291) developed seizure. The mean follow-up time was 6.60 

years (SD 3.91 years). Covariates balances were achieved after PS weighting 

with all standardized difference less than 15% (Appendix 10). 
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Figure 8.2 Flowchart of mother-child pairs identification  

Mother-child pairs with valid identification number (n= 416,494)

Mother-child pairs included (n= 410,587 )

Excluded:
Perinatal death or abortion (n=503)
Birth with missing infant’s gender (n=38)
Birth with missing infant’s birthdate (n=1)
Birth with missing maternal gestational week (n=203)
Birth with missing Apgar Score (n= 838)
Mother’s age less than 15 or more than 50 (n=159)
Mother with seizure/epilepsy diagnosis (n=694)
Mother with antidepressant and/or lithium treatment 
during pregnancy (n=3,471)

Mothers who used 
antipsychotics during 

pregnancy (n=612)

Mothers who did not use 
antipsychotics during 

pregnancy (n=409,975 )
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Table 8.1 Characteristics of children and their mothers  

 

Exposure group N (%) Non-exposure group N (%) 
Children 

  

Mean (SD) follow-up time (years) 6.42 (4.36) 6.60 (3.91) 

Seizure/epilepsy in general 57/612 (9.31) 18291/409975 (4.46) 

Perinatal seizure 10/612 (1.63) 6186/409975 (1.51) 

Neonatal seizure 30/612 (4.90) 12939/409975 (3.19) 

Infancy seizure 54/612 (8.82) 17245/409975 (4.21) 

Only FGAs 33/350 (9.43) 18291/409975 (4.46) 

Only SGAs 9/163 (5.52) 18291/409975 (4.46) 

Boy 34/332 (10.24) 9443/212702 (4.44) 

Girl 23/280 (8.21) 8848/197273 (4.49) 

Multiple pregnancy 11/612 (1.80) 13537/409975 (3.30) 

Timing of Apgar score <7: 
  

1 minute 35/612 (5.72) 13398/409975 (3.27) 

5 minutes 4/612 (0.65) 1393/409975 (0.34) 

Birth weight (g): 
  

<1500 11/612 (1.80) 4567/409975 (1.11) 

1500-2499 64/612 (10.46) 31399/409975 (7.66) 

≥2500 537/612 (87.75) 374009/409975 (91.23) 

(continued) 
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Table 8.1 Characteristics of children and their mothers (continued) 

 

Exposure group N (%) Non-exposure group N (%) 
Gestation weeks: 

  

<33 16/612 (2.61) 7132/409975 (1.74) 

33-36 65/612 (10.62) 26609/409975 (6.49) 

>36 531/612 (86.76) 376234/409975 (91.77) 

Mothers 

  

Mean (SD) maternal age at delivery (years) 32.22 (5.74) 31.56 (5.01) 

Maternal underlying conditions: 
  

Pre-existing diabetes 8/612 (1.31) 1067/409975 (0.26) 

Gestational diabetes mellitus 122/612 (19.93) 47071/409975 (11.48) 

Hypertension 28/612 (4.58) 15234/409975 (3.72) 

Psychiatric illness 462/612 (75.49) 3706/409975 (0.90) 

Parity: 
  

0 345/612 (56.37) 215569/409975 (52.58) 

1 155/612 (25.33) 153299/409975 (37.39) 

2 71/612 (11.50) 32468/409975 (7.92) 

≥3 41/612 (6.70) 8639/409975 (2.11) 

(continued) 
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Table 8.1 Characteristics of children and their mothers (continued) 

 

Exposure group N (%) Non-exposure group N (%) 
Median household income (HK$) 

  

<19300 194/612 (31.70) 115166/409975 (28.09) 

19300-21999 172/612 (28.10) 105126/409975 (25.64) 

22000-25999 148/612 (24.18) 95882/409975 (23.39) 

≥26000 98/612 (16.01) 93801/409975 (22.88) 

Note: Values are numbers (percentages) unless stated otherwise.  

N: number; SD: standard deviation; FGA: first-generation antipsychotics, SGA: second-generation antipsychotics; HK$: Hong Kong dollar  
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8.3.1 Associations between prenatal exposure of antipsychotics and 

seizure 

The PS weighted hazard ratio (wHR) of maternal antipsychotic exposure during 

pregnancy and the risk of seizure was 1.49 (95% CI 1.11-1.99), when 

comparing gestational users with gestational non-users. Similar 

associations were observed for infancy seizure (wHR 1.48, 95% CI 1.10-2.00), 

but not for neonatal seizure (wHR 1.14, 95% CI 0.77-1.68) or perinatal seizure 

(wHR 0.98, 95% CI 0.51-1.88) (Table 8.2 and Figure 8.3).  

For different antipsychotics, no significant association was found when 

comparing the risk of seizure in children between SGA users (wHR 0.86, 95% 

CI 0.44-1.65) and gestational non-users, while a higher risk of seizure was 

found in FGA users (wHR 1.56, 95% CI 1.08-2.26) (Table 8.3). No difference 

was found between exclusive FGA users and SGAs users (wHR 1.59, 95% 

CI 0.61-4.18).      
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Table 8.2 Results from analysis comparing gestational users with gestational non-users  

Different timings of exposure N in exposure N in non-exposure Crude estimate PS weighted estimate 

N/Total (%) N/Total (%) HR, 95% CI HR, 95% CI 

Seizure in general 
    

Anytime during pregnancy 57/612 18291/409975 2.12 1.49 

9.31 4.46 (1.63-2.75) (1.11-1.99) 

only 1st trimester 5/59 18291/409975 1.91 1.60 

8.47 4.46 (0.80-4.59) (0.67-3.79) 

1st trimester and 2nd trimester 6/71 18291/409975 1.91 1.51 

8.45 4.46 (0.86-4.26) (0.68-3.38) 

Entire pregnancy 37/379 18291/409975 2.24 1.53 

9.76 4.46 (1.62-3.09) (1.06-2.20) 

Perinatal seizure 
    

Anytime during pregnancy 10/612 6186/409975 1.08 0.98 

1.63 1.51 (0.58-2.01) (0.51-1.88) 

only 1st trimester 1/59 6186/409975 1.13 1.13 

1.69 1.51 (0.16-7.97) (0.16-7.96) 

1st trimester to 2nd trimester 2/71 6186/409975 1.86 1.89 

2.82 1.51 (0.47-7.45) (0.47-7.58) 

Entire pregnancy 6/379 6186/409975 1.05 0.92 

1.58 1.51 (0.47-2.33) (0.40-2.10) 

(continued) 
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Table 8.2 Results from analysis comparing gestational users with gestational non-users (continued) 

Different timings of exposure N in exposure N in non-exposure Crude estimate PS weighted estimate 

N/Total (%) N/Total (%) HR, 95% CI HR, 95% CI 

Neonatal seizure 
    

Anytime during pregnancy 30/612 12939/409975 1.57 1.14 

4.90 3.19 (1.10-2.24) (0.77-1.68) 

only 1st trimester 2/59 12939/409975 1.07 0.92 

3.39 3.19 (0.27-4.28) (0.23-3.67) 

1st trimester to 2nd trimester 3/71 12939/409975 1.35 1.11 

4.23 3.19 (0.44-4.19) (0.36-3.49) 

Entire pregnancy 22/379 12939/409975 1.85 1.33 

5.80 3.19 (1.22-2.81) (0.84-2.08) 

Infancy seizure 
    

Anytime during pregnancy 54/612 17245/409975 2.12 1.48 

8.82 4.21 (1.63-2.77) (1.10-2.00) 

only 1st trimester 5/59 17245/409975 2.03 1.68 

8.47 4.21 (0.84-4.87) (0.70-4.00) 

1st trimester to 2nd trimester 5/71 17245/409975 1.72 1.34 

7.04 4.21 (0.72-4.10) (0.56-3.25) 

Entire pregnancy 35/379 17245/409975 2.23 1.52 

9.23 4.21 (1.60-3.11) (1.04-2.21) 

N: number; PS: propensity score; HR: hazard ratio; CI: confidence interval 
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Figure 8.3 Propensity score weighted results from analysis comparing gestational users 
with gestational non-users 

PS: propensity score; HR: hazard ratio; CI: confidence interval 
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Table 8.3 Results from different drug class analyses 

Sub-groups Crude estimate PS weighted 
estimate 

HR, 95% CI HR, 95% CI 
Only FGAs (gestational exposed vs 
gestational non-exposed) 

2.12 (1.51-2.99) 1.56 (1.08-2.26) 

Only SGAs (gestational exposed vs 
gestational non-exposed) 

1.25 (0.65-2.41) 0.86 (0.44-1.65) 

FGAs (gestational exposed) vs SGAs 
(gestational exposed) 

1.74 (0.83-3.64) 1.59 (0.61-4.18) 

PS: propensity score; HR: hazard ratio; CI: confidence interval; FGAs: first-generation 
antipsychotics; SGAs: second-generation antipsychotics; vs: versus 

Results were different when I divided groups by infant’s gender: the wHR was 

1.67 (95% CI: 1.15-2.41) for boys and 1.33 (95% CI: 0.85-2.08) for girls (Table 

8.4). There was no substantial difference in risk between male and female 

offspring (wHR: 1.33, 95% CI: 0.71-2.49). 

Table 8.4 Results from different gender analyses 

Sub-groups Crude estimate PS weighted 
estimate 

HR, 95% CI HR, 95% CI 
Boys (gestational exposed vs 
gestational non-exposed) 

2.35 (1.68-3.29) 1.67 (1.15-2.41) 

Girls (gestational exposed vs 
gestational non-exposed) 

1.85 (1.23-2.78) 1.33 (0.85-2.08) 

Boys (gestational exposed) vs Girls 
(gestational exposed) 

1.25 (0.74-2.12) 1.33 (0.71-2.49) 

PS: propensity score; HR: hazard ratio; CI: confidence interval; vs: versus 
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8.3.2 Analyses using comparison groups of different exposure periods 

When considering the association between maternal antipsychotic exposure 

during pregnancy and risk of seizure by comparing with negative control groups, 

no statistically significant difference was observed between gestational users 

and past users (wHR 0.98, 95% CI 0.64-1.50) nor never users with 

psychiatric disorder (wHR 1.32, 95% CI 0.93-1.89) (Figure 8.4 and Table 8.5).  
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Figure 8.4 Propensity score weighted results from analyses of different comparisons  

PS: propensity score; HR: hazard ratio; CI: confidence interval; vs: versus 
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Table 8.5 Results from analyses of comparison groups  

Comparison groups Crude estimate PS weighted 
estimate 

HR, 95% CI HR, 95% CI 
Gestational users vs past users 0.86 (0.62-1.19) 0.98 (0.64-1.50) 

Gestational users vs never users with 
psychiatric disorder 

1.53 (1.13-2.08) 1.32 (0.93-1.89) 

Gestational users vs never users without 
psychiatric disorder 

2.14 (1.65-2.77) 1.93 (1.47-2.53) 

Past users vs never users with psychiatric 
disorder 

1.79 (1.39-2.31) 1.54 (1.16-2.06) 

Past users vs never users without psychiatric 
disorder 

2.50 (2.05-3.05) 2.35 (1.91-2.89) 

Past users vs never users 2.49 (2.04-3.03) 2.10 (1.69-2.60) 
Never users with psychiatric disorder vs never 
users without psychiatric disorder 

1.40 (1.19-1.64) 1.41 (1.20-1.66) 

PS: propensity score; HR: hazard ratio; CI: confidence interval; vs: versus 

The risk of seizure in children was significantly increased in past users when 

compared with all never users (wHR 2.10, 95% CI 1.69-2.60). When the 

analysis was restricted to mothers who had never used antipsychotics, the risk 

of seizure in children was significantly higher in never users with psychiatric 

disorder than those without psychiatric disorder (wHR 1.41, 95% CI 1.20-

1.66) (Figure 8.4 and Table 8.5). 

8.3.3 Sibling-matched analysis 

The sibling-matched analysis for antipsychotics contained 39,996 mothers with 

83,476 children (4.58% had seizure) respectively. No significant association 

between antipsychotics exposure during pregnancy and risk of seizure in 

children was observed (wHR 1.19, 95% CI 0.29-4.82) (Figure 8.4 and Table 

8.6). 
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Table 8.6 Results from sibling-matched analysis – compared gestational exposed child 
to their unexposed sibling  

N in exposure N in non-exposure Crude estimate PS weighted estimate 

N/Total (%) N/Total (%) HR, 95% CI HR, 95% CI 
19/177 (10.73) 3806/83299 (4.57) 2.40 (1.53-2.76) 1.19 (0.29-4.82) 

N: number; PS: propensity score; HR: hazard ratio; CI: confidence interval 

8.3.4 Sensitivity analyses 

Sensitivity analyses returned similar results as the main analyses except 

increased seizure risk were not found when restricting to only first pregnancies 

(wHR 1.20, 95% CI 0.82-1.76) (Table 8.7). 

Table 8.7 Results from sensitivity analyses 

Comparison groups Crude estimate PS weighted estimate 

HR, 95% CI HR, 95% CI 
At least 1 prescription gestational 
users vs gestational non-users 

2.09 (1.63-2.67) 1.50 (1.14-1.97) 

At least 56 days prescription 
gestational users vs gestational 
non-users 

2.02 (1.55-2.63) 1.43 (1.06-1.92) 

Gestational users (only first 
pregnancies) vs gestational non-
users 

1.71 (1.20-2.45) 1.20 (0.82-1.76) 

PS: propensity score; HR: hazard ratio; CI: confidence interval; vs: versus  

8.4 Discussion 

Results of this population-based cohort study suggested that prenatal use of 

APs is associated with a 49% increased risk of seizure in children, when 

compared with unexposed children. However, the increased risk was not 

observed when gestational users were compared to the negative control 

groups (past users and never users). Moreover, when the analyses were 
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restricted to never users of APs, the risks of seizure in children were 

consistently higher in mothers with psychiatric disorder, compared to those 

without. Comparisons between gestational users and the sibling matched 

gestational non-users also showed no statistically significant difference. 

These results therefore do not support a causal relationship between prenatal 

APs exposure and the risk of seizure in children. If there is a potential 

association between gestational exposure to antipsychotics and the risk of 

seizure in the children, maternal underlying psychiatric disorders, at least partly, 

play a role in this association. 

To my knowledge, no previous human study specifically focused on the 

association between APs use in pregnancy and the risk of seizure in children. 

One study using primary care health records in the United Kingdom found that 

women prescribed antipsychotics during pregnancy were at a higher risk of 

delivering a baby with neurodevelopmental disorders than those not exposed 

(Petersen et al., 2016). However, there was no previous evidence to 

demonstrate whether this finding was applicable to the risk of seizure. Another 

similar epilepsy capturing study explored the effect of prenatal exposure to 

antidepressants, another commonly used psychotropic drugs (Mao et al., 2016). 

Mao et al. (2016) drew a similar conclusion with this this study’s that maternal 

underlying depression played a major role in the observed positive association 

between maternal antidepressant use in pregnancy and the risk of epilepsy 

among children. Previous studies indicated that CNS related disorders 

contributes to the development of both schizophrenia and epilepsy with 

potential genetic commonalities (Cascella et al., 2009, Chang et al., 2011). I 

may boldly hypothesise that if there is a potential association between prenatal 

exposure to APs and seizure in offspring, it may be partly explained by the 

genetic shared biological roots between mental health disorders and epilepsy.  
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Around 0.15% of children in this cohort were exposed to APs during pregnancy, 

which is slightly lower than the previous drug utilisation study conducting in HK 

(Lao et al., 2017). This may be explained that I excluded mothers with 

seizure/epilepsy diagnosis and antidepressant as well as lithium prescriptions 

during pregnancy - psychotropic medications are often concomitantly 

prescribed in patients with psychiatric disorders (Dong et al., 2019). 

8.4.1 Strength and limitation 

This study has several strengths. This is the first study that used population-

based database with highly accurate and reliable information on the mother-

child link identifying the association between prenatal exposure to APs and the 

risk of seizure in children. The results could be representative of the general 

population in HK. Concurrently, automated dispensing and prescribing records 

were used to identify exposures, which are free of recall bias. Additionally, I 

evaluated the association by stratifying by different drug classes and different 

timings of exposure. Moreover, to explore the possibility of confounding by 

indication, which is difficult to address fully in conventional observational 

research designs, I used complementary negative control analyses and sibling-

matched analyses to interpret the results: the observed positive association 

between prenatal use of antipsychotics and seizure in children may be partially 

explained by confounding by indication. 

This study also has some limitations. Firstly, CDARS only includes public 

healthcare medical records, data from private hospitals and medical 

practitioners cannot be captured. However, seizure is a serious neurological 

condition that generally requires emergency management, often with 

hospitalization, usually leading to public care in Hong Kong (Leung et al., 2009). 

In other words, the majority of the children with seizure events have been 
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included in this study cohort. Secondly, poor medication adherence among 

patients with psychiatric disorders is common which may bias the results 

towards null and may lead to an underestimate of the effect (Valenstein et al., 

2004). I accessed the impact of misclassification by using at least two 

prescriptions as exposure and conducted sensitivity analyses – at least 56-

day/one prescription records in the database. Thus, the potential for missing 

medication records is minimal which would not affect the conclusions of this 

study. Thirdly, data in CDARS is not primarily collected for research purposes. 

Factors such as BMI, smoking status and alcohol consumption status are not 

recorded in CDARS which may affect accounting for children with a higher 

baseline risk of seizure. However, shared genetic and social confounding was 

controlled in the sibling matched analysis which is unlikely to influence the 

interpretation of the findings. Lastly, I defined any seizure as outcome of 

interest rather than separately assessed epileptic seizures and epilepsy. 

Previous studies regarding seizure/epilepsy prevalence often calculate the 

prevalence of lifetime epilepsy or active epilepsy. This is why a higher 

prevalence of seizure was found in this study as well.  

8.4.2 Clinical implications and recommendations 

Abrupt discontinuation of treatment led to a higher risk of relapses during 

pregnancy (Tosato, et al., 2017), untreated mental disorders may increase the 

risk in both the mother (negative obstetrical outcomes and postpartum effects) 

and the child from foetus through childhood (Bonari et al., 2004, Moore and 

Pytlarz, 2013). Although APs are known to lower the seizure threshold (Muench 

and Hamer, 2010), potentially could cross the placenta, and lead to unintended 

effects on neonatal CNS development (Iqbal et al., 2005), results of this study 

do not support a causal relationship between maternal use of APs and the risk 

of seizure in children. However, it is still much to be learned about both 
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antipsychotics and seizure for future study. When generating evidence, 

methodological considerations such as adequate adjustment for known 

confounders and increase in precision of estimates should be taken into 

account wherever possible, to minimise uncertainties of the results. Clinicians 

are supposed to weight and inform families the benefits and potential risks 

individually for decision making. Further studies are needed to corroborate 

these findings. 

8.5 Conclusion 

Although I cannot completely exclude the possibility that taking APs during 

pregnancy is a causal factor of seizure in offspring, I suggest that the potential 

observed association might be confounded by the underlying familial factors. 

Decision making about psychotropic medication use in pregnancy remains 

important and personal to the individual patient and family.      
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Chapter 9 Associations between prenatal 

exposure to antipsychotics and the risk of 

attention-deficit/hyperactivity disorder and 

autism spectrum disorder: population-based 

cohort studies 

This chapter has been published (Wang Z, Chan AYL, Coghill D, Ip P, Lau 

WCY, Simonoff E, Brauer R, Wei L, Wong ICK, Man KKC. Associations 

between prenatal exposure to antipsychotics and attention-deficit/hyperactivity 

disorder, autism spectrum disorder, preterm birth and small for gestational age: 

a population-based cohort study. JAMA Internal Medicine. Published online 

August 16, 2021. doi: 10.1001/jamainternmed.2021.4571)  

9.0 Abstract 

Objective: To identify whether prenatal exposure to antipsychotics is 

associated with the risk of attention-deficit/hyperactivity disorder (ADHD) and 

autism spectrum disorders (ASD) in children. 

Methods: This population-based cohort study included children born between 

2001 to 2015 with follow-up to 2019 who were identified by the Hong Kong 

Clinical Data Analysis and Reporting System. Study outcomes were a first 

diagnosis of ADHD and ASD in children. Hazard ratios (HRs) with a 95% 

confidence interval (CI) were evaluated to assess the association between 

antipsychotic use during pregnancy and ADHD/ASD in children using 

propensity score fine-stratification weighting, Cox proportional hazards 

regression model, and sibling-matched analysis. 
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Results: The cohorts included 333,749 mother-child pairs for ADHD (mean 

[SD] maternal age at delivery, 31.46 [5.03] years) and 411,251 pairs for ASD 

analyses (mean [SD] maternal age at delivery, 31.56 [5.01] years). There were 

13,196 children (3.95%) with a diagnosis of ADHD and 8,715 (2.12%) with ASD. 

The weighted hazard ratio (wHR) was 1.16 (95% CI, 0.83-1.61) for ADHD and 

1.06 (95% CI, 0.70-1.60) for ASD when comparing gestationally exposed with 

gestationally nonexposed individuals. Additional analyses showed no 

association when comparing gestationally exposed individuals with those with 

past exposure (ADHD: wHR, 0.99; 95% CI, 0.60-1.61; ASD: wHR, 1.10; 95% 

CI, 0.58-2.08) and in a sibling-matched analysis (ADHD: wHR, 0.41; 95% CI, 

0.04-4.93; ASD: wHR, 0.90; 95% CI, 0.40-2.01). 

Conclusion: In this cohort study, the findings did not suggest that prenatal 

antipsychotics exposure increased the risk of ADHD or ASD. Given the benefits 

of treating psychosis during pregnancy, the findings do not support a 

recommendation for women to discontinue receipt of their regular antipsychotic 

treatment during pregnancy. 

9.1 Introduction 

Antipsychotics (APs) including first-generation antipsychotics (FGAs) and 

second-generation antipsychotics (SGAs) are increasingly prescribed for 

pregnant women (Reutfors et al., 2020, Lao et al., 2017), however, the safety 

of AP use during pregnancy remains unclear. Recent studies found that the 

use of antidepressants (another commonly used psychotropic medication) 

during pregnancy may be related to an increased risk of neurodevelopmental 

disorders such as autism spectrum disorders (ASD) (Boukhris et al., 2016, 

Croen et al., 2011), attention-deficit/hyperactivity disorder (ADHD) (Clements 
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et al., 2015). However, these associations may be a consequence of 

confounding by indication of antidepressants and/or genetic factors (Man et al., 

2017, Sujan et al., 2017, Lichtenstein et al., 2010). 

There are limited studies about the association between the use of APs in 

pregnancy and the risk of neurodevelopmental disorders in children. A UK 

study with 2-3 years follow-up found no association between AP use in 

pregnancy and the risk of neurodevelopmental disorders in infants (Petersen 

et al., 2016). However, this follow-up time was not long enough to capture 

outcomes like ADHD, where a diagnosis is often deferred until a child is five or 

six years old (Baughman, 2001). Thus, any association between the risk of 

neurodevelopmental disorders and AP use in pregnancy remains uncertain. 

Randomised clinical trials were not able to evaluate the safety of AP use during 

pregnancy because pregnant women are typically excluded from these studies. 

Thus, an observational study is a practical approach to investigate these 

associations (Wang et al., 2019a). The current study explored the associations 

between prenatal AP exposure and neurodevelopmental complications (ADHD 

and ASD) in children. Besides using a propensity score (PS) approach to 

address measured confounding from pregnancy and maternal characteristics, 

I also applied sibling-matched analysis to account for unmeasured genetic and 

environmental factors that could be shared among the siblings; negative control 

analyses further support the study conclusions.  

9.2 Methods 

9.2.1 Data source and study design 

Clinical Data Analysis and Reporting System (CDARS) was used to conduct a 

retrospective cohort study. Data source details can be found in chapter 5. 
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9.2.2 Study population 

This study cohort included all pregnant episodes of women aged between 15–

50 years old who delivered a live birth between 1 January 2001 and 31 

December 2015. For ASD, all children would have at least three-years follow-

up by the end of the study period (31 December 2018). For ADHD, I limited 

inclusion to deliveries between 1 January 2001 and 31 December 2013 to have 

at least six-years follow-up by the end of the study period (31 December 2019). 

A valid mother-child linkage was defined as an exact match of mother and child 

patient identification numbers and delivery date which is linked permanently 

and immediately after delivery; hence this linkage is highly accurate (Man et al., 

2017). Children without valid mother-child linkage and incomplete birth 

information (such as gender, birth date, gestational week, and Apgar Score) 

were excluded. 

9.2.3 Pregnancy period 

Figure 9.1 shows the pregnancy period definition, which was defined as same 

as that in chapter 8. Details can be seen in chapter 8, 8.2.3. 

 

Figure 9.1 Pregnancy period definition 

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder; LMP: Last 

menstrual period 

Pre-pregnancy Pregnancy

Start of follow-up 

1st trimester 2nd trimester 3rd trimester

End of pregnancy

DeliveryLMP 90 days 
after LMP

180 days 
after LMP

Start of pregnancy 

End of follow-up 

ADHD/ASD or death or 31 December 2018/2019

Follow-up



Chapter 9 Cohort study – ADHD/ASD 

 

 

 

198 

9.2.4 Exposure and comparator cohorts 

Prescriptions of any AP listed in section 4.2.1 of the British National Formulary 

(BNF) were extracted from the prescribing and dispensing records (Table 1.1) 

(Joint Formulary Committee, 2021). Children were considered to have been 

exposed prenatally if their mother received any APS during the pregnancy 

period (gestational-exposed). Although unlikely to be causal, previous studies 

showed some association between prenatal antidepressants or lithium 

treatment exposure and the risk of the study outcomes (Clements et al., 2015, 

Man et al., 2017, Sujan et al., 2017). I therefore removed the pregnancy 

episodes with maternal exposure to antidepressants or lithium during 

pregnancy to minimise the effect.  

Based on maternal AP use at different risk periods, I further classified the 

children into three groups: 1) those whose mothers did not use APs during 

pregnancy (gestational non-exposed), I further specified a subgroup as 

gestational non-exposed with psychiatric disorders (coded using 

International Classification of Diseases, 9th Revision, Clinical Modification 

[ICD-9-CM] 290-319); 2) those with mothers who used APs before pregnancy 

but who stopped treatment when pregnant (past-exposed); 3) those who 

never used APs either before or during pregnancy (never-exposed), in 

subgroup analyses I further classified this group into (a) never-exposed with 

psychiatric disorders, and (b) never-exposed without psychiatric 

disorders. 

9.2.5 Outcome definition 

Study outcomes were ADHD (ICD-9-CM: 314, or prescription for ADHD 

medication, namely methylphenidate or atomoxetine [BNF chapter 4.4] - the 

only available medications for ADHD during the study period in HK) (Raman et 
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al., 2018, Joint Formulary Committee, 2021) and ASD (ICD-9-CM: 299). ADHD 

and ASD are typically diagnosed clinically in HK in accordance with the 

Diagnostic and Statistical Manual of Mental Disorders 5 (DSM-5) (Cheung et 

al., 2015). 

9.2.6 Follow-up 

Participants were followed up until the outcome onset, the end of the study 

period (31 December 2018 or 31 December 2019) or death. 

9.2.7 Covariates 

Covariates for confounding adjustment were maternal age at delivery, calendar 

year at delivery, birth hospital, infant’s gender, parity, maternal underlying 

medical conditions (hypertension, psychiatric disorders [ICD-9-CM: 290-319], 

epilepsy, gestational diabetes, and pre-existing diabetes), and socioeconomic 

status. 

9.2.8 Statistical analyses 

Hazard ratios (HRs) with a 95% confidence interval (CI) were estimated to 

study the associations for neurodevelopmental outcomes using Cox 

proportional hazard regression models. Propensity score (PS) fine-stratification 

weighting was used to address the differences in baseline covariates. PS, the 

probability of receiving treatment conditional on the observed characteristics at 

baseline, can be applied to account for confounding effects efficiently in 

pharmaco-epidemiology studies (Desai et al., 2017, Webster-Clark et al., 2021). 

I used PS fine-stratification weighting for greater precision, less residual and 

equivalent bias control at low exposure prevalence compared to traditional PS 

methods (Desai et al., 2017, Desai and Franklin, 2019). In PS fine-stratification 
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weighting, the PS was used to estimate the average treatment effect by 

creating fine strata rather than directly calculating weights. Following 

stratification, weights for both exposure and reference patients in all strata were 

subsequently calculated based on the total number of patients within each 

stratum, while strata with no exposure or reference patients were dropped out 

before weight calculation (Desai and Franklin, 2019). Based on the PS 

distribution of the whole cohort, 150 equally sized strata were created. Robust 

standard error was applied to adjust for data clustering. All variables listed in 

the covariates section were included in the PS model.  

9.2.8.1 Other comparison analyses 

I conducted several additional analyses to evaluate the effect of confounding 

by indication: 1) I compared past-exposed with never-exposed. An increased 

risk of outcomes in the children of mothers among past-exposed indicates 

confounding by indication as the infant was not exposed to APs. Similarly, 

gestational-exposed were compared with past-exposed to assess whether 

there is a difference in the risk of study outcomes; 2) to assess the role of 

maternal psychiatric disorder, I restricted comparison cohorts to never-

exposed. If maternal psychiatric disorder is associated with risk of outcomes 

in the children, this introduces the possibility of confounding by indication; 3) to 

focus on the population of women most clearly at risk for treatment with APs 

during pregnancy, I also compared gestational-exposed to gestational non-

exposed with psychiatric disorders; and 4) sibling-matched analysis was 

conducted to control for shared genetic and social confounding factors at the 

family level. Stratified Cox/logistic regression with a separate stratum for each 

family identified by the mother’s unique identification number was used. Only 

inconsonant sibling pairs for maternal AP use and study outcomes could 

contribute to the estimates. 
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9.2.8.2 Subgroup analyses 

Two subgroup analyses were conducted: 1) To further identify the risk of study 

outcomes in exposed individuals with different drug classes, I classified FGAs 

only and SGAs only subgroups; 2) As neurodevelopmental outcomes are more 

common in boys than girls, to ascertain gender difference, I conducted 

additional subgroup analyses in boy and girl groups respectively. 

9.2.8.3 Sensitivity analyses 

Three sensitivity analyses were conducted to test the validity of the initial 

analyses: 1) To assess the impact of potential exposure misclassification, I 

restricted inclusion to mothers who had received at least two prescriptions 

during pregnancy and extended the prescription period by 7 and 14 days; I also 

limited women who had at least 56 days coverage time of prescriptions to test 

the effect of length of the prescription period; 2) To investigate the potential 

clustering effect of children who were born to the same mother, I restricted the 

analyses to the first pregnancy episode only; 3) I conducted an additional 

sensitivity analysis that did not exclude offspring born to women with 

antidepressant and lithium use during pregnancy. 

A p-value < 0.05 was considered statistically significant in all statistical 

analyses. SAS 9.4 and STATA 15 were used for data management and 

analysis.  

Study protocols were approved by the Institutional Review Board of the 

University of Hong Kong/Hospital Authority Hong Kong West Cluster for 

CDARS database research (Reference Number: UW20-051).  
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9.3 Results  

The final cohorts included 411,251 pairs of mother-child records for ASD 

analyses and 333,749 pairs for ADHD analyses (Figure 9.2).  

 

Figure 9.2 Flowchart of mother-child pairs identification 

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder 

Table 9.1 summarises the patients’ characteristics. Overall, 706 children 

(0.17%) were prenatally exposed to APs between 2001 and 2015, 3.82% 

(n=27), 13.03% (n=92) and 2.69% (n=19) were diagnosed with ASD. While 547 

(0.16%) were exposed to APs during pregnancy between 2001 and 2013, 8.23% 

(n=45) developed ADHD. Covariate balances were achieved after PS 

weighting with all standardized differences less than 10% (Appendix 11).  

Mother-child pairs with valid identification number between 2001 and 2015 (n=416,494)

Mother-child pairs identified (n= 411,251 )

Excluded:

Perinatal death or abortion (n=503)

Birth with missing infant’s gender (n=38)

Birth with missing infant’s birthdate (n=1)

Birth with missing maternal gestational week (n=203)

Birth with missing Apgar Score (n=838)

Mother’s age less than 15 or more than 50 (n=159)

Mother with antidepressant and/or lithium treatment during pregnancy (n=3,501)

Mothers who exposed to 

antipsychotics during 

pregnancy 

(n=706)

Mothers who did not 

expose to antipsychotics 

during pregnancy 

(n=410,545 )

Mothers who exposed to 

antipsychotics during 

pregnancy 

(n= 547)

Mothers who did not 

expose to antipsychotics 

during pregnancy 

(n= 333,202 )

Mother-child pairs included 

for ASD analyses 

(n=411,251)

Mother-child pairs included 

for ADHD analyses 

(n= 333,749)

Excluded:

Mother-child pairs between 

2014 and 2015 (n=77,502)
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Table 9.1 Characteristics of children and their mothers 

Characteristics 
Attention-deficit/hyperactivity disorder Autism spectrum disorder 

Gestational exposed 
Gestational non-

exposed 
Gestational exposed Gestational non-exposed 

Any antipsychotic 45/547 (8.23) 

13151/333202 (3.95) 

27/706 (3.82) 

8688/410545 (2.12) 
Different drug classes  

Only FGAs: Only FGAs: 

33/345 (9.57) 16/405 (3.95) 

Only SGAs: Only SGAs: 

7/122 (5.74) 3/199 (1.51) 

Children 
    

Mean (SD) follow-up time 
(years) 

10.45 (3.55) 10.37 (3.26) 8.23 (4.09) 8.30 (3.78) 

Boy 32/289 (11.07) 10224/172942 (5.91) 24/381 (6.30) 7415/212990 (3.48) 

Girl 13/258 (5.04) 2927/160260 (1.83) 3/325 (0.92) 1273/197555 (0.64) 

Singleton pregnancy 540/547 (98.72) 322730/333202 (96.86) 691/706 (97.88) 396997/410545 (96.70) 

Multiple pregnancy 7/547 (1.28) 10472/333202 (3.14) 15/706 (2.12) 13548/410545 (3.30) 

Timing of Apgar score <7: 
    

1 minute 31/547 (5.67) 11072/333202 (3.32) 42/706 (5.95) 13424/410545 (3.27) 

5 minutes 3/547 (0.55) 1063/333202 (0.32) 4/706 (0.57) 1395/410545 (0.34) 

(continued) 
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Table 9.1 Characteristics of children and their mothers (continued) 

Characteristics 
Attention-deficit/hyperactivity disorder Autism spectrum disorder 

Gestational exposed 
Gestational non-

exposed 
Gestational 

exposed 
Gestational non-

exposed 
Birth weight (g): 

    

<1500 12/547 (2.19) 3729/333202 (1.12) 13/706 (1.84) 4576/410545 (1.11) 

1500-2499 49/547 (8.96) 25446/333202 (7.64) 72/706 (10.20) 31450/410545 (7.66) 

≥2500 486/547 (88.85) 304027/333202 (91.24) 621/706 (87.96) 374519/410545 (91.22) 

Gestation weeks: 
    

<33 17/547 (3.11) 5899/333202 (1.77) 19/706 (2.69) 7142/410545 (1.74) 

33-36 48/547 (8.78) 21852/333202 (6.56) 73/706 (10.34) 26657/410545 (6.49) 

>36 482/547 (88.12) 305451/333202 (91.67) 614/706 (86.97) 376746/410545 (91.77) 

Mothers 
    

Mean (SD) maternal age at delivery (years) 31.81 (5.70) 31.46 (5.03) 31.93 (5.85) 31.56 (5.01) 

Maternal underlying conditions: 
    

Pre-existing diabetes 3/547 (0.55) 814/333202 (0.24) 9/706 (1.27) 1071/410545 (0.26) 

Gestational diabetes mellitus 101/547 (18.46) 36688/333202 (11.01) 135/706 (19.12) 47142/410545 (11.48) 

Hypertension 20/547 (3.66) 12135/333202 (3.64) 34/706 (4.82) 15259/410545 (3.72) 

Psychiatric disorder 396/547 (72.39) 2664/333202 (0.80) 509/706 (72.10) 3714/410545 (0.90) 

Epilepsy 4/547 (0.73) 511/333202 (0.15) 9/706 (1.27) 655/410545 (0.16) 

(continued) 
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Table 9.1 Characteristics of children and their mothers (continued) 

Characteristics 
Attention-deficit/hyperactivity disorder Autism spectrum disorder 

Gestational exposed Gestational non-exposed Gestational exposed Gestational non-exposed 
Parity: 

    

0 289/547 (52.83) 174625/333202 (52.41) 391/706 (55.38) 215922/410545 (52.59) 

1 146/547 (26.69) 124389/333202 (37.33) 178/706 (25.21) 153470/410545 (37.38) 

2 69/547 (12.61) 26872/333202 (8.06) 86/706 (12.18) 32496/410545 (7.92) 

≥3 43/547 (7.86) 7316/333202 (2.20) 51/706 (7.22) 8657/410545 (2.11) 

Median household income (HK$) 
    

<19300 133/547 (24.31) 68510/333202 (20.56) 225/706 (31.87) 115323/410545 (28.09) 

19300-21999 169/547 (30.90) 94461/333202 (28.35) 200/706 (28.33) 105272/410545 (25.64) 

22000-25999 143/547 (26.14) 85435/333202 (25.64) 168/706 (23.80) 96003/410545 (23.38) 

≥26000 102/547 (18.65) 84796/333202 (25.45) 113/706 (16.01) 93947/410545 (22.88) 

Values are numbers (percentages) unless stated otherwise. 

N: number; SD: standard deviation; FGAs: first-generation antipsychotics; SGAs: second-generation antipsychotics; HK$: Hong Kong dollar 
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When comparing gestational-exposed with gestational non-exposed, the 

PS weighted HRs (wHRs) was 1.16 (95%CI 0.83-1.61) for ADHD and 1.06 

(95%CI 0.70-1.60) for ASD (Table 9.2). Most exposed women had long-term 

AP treatment throughout the entire pregnancy period; the evidence did not 

support any association between gestational AP exposure at different 

trimesters and the risk of study outcomes. 

9.3.1 Other Comparisons 

All comparison group results are found in Table 9.3. 

Gestational-exposed versus past-exposed – there was no statistically 

significant difference in the risk of ADHD (wHR 0.99, 95%CI 0.60-1.61) or ASD 

(wHR=1.10, 95%CI=0.58-2.08). 

Past-exposed versus never-exposed – the risk of ADHD (wHR 2.72, 95%CI 

2.16-3.44) was statistically significantly increased. There is no evidence to 

support an increased risk of ASD (wHR 1.35, 95%CI 0.92-1.98). 

Never-exposed with psychiatric disorders versus never-exposed without 

psychiatric disorders – when the analysis was restricted to mothers who had 

never used APs, the risk of neurodevelopmental disorders was higher in 

mothers with psychiatric disorders (ADHD: wHR 2.08, 95%CI 1.75-2.48; ASD: 

wHR 1.97, 95%CI 1.60-2.43).      
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Table 9.2 Results from analysis comparing gestational-exposed to antipsychotics with gestational non-exposed 

Different exposed time N in exposed N in non-exposed Crude estimate PS weighted estimate 
N/Total (%) N/Total (%) HR, 95% CI HR, 95% CI 

Attention-deficit/hyperactivity disorder 
    

Anytime during pregnancy 45/547 13151/333202 2.10 1.16 
8.23 3.95 (1.57-2.82) (0.83-1.61) 

1st trimester only 6/94 13151/333202 1.77 0.94 
6.38 3.95 (0.80-3.92) (0.40-2.23) 

Both 1st trimester and 2nd trimester 5/61 13151/333202 2.07 1.06 
8.20 3.95 (0.86-4.96) (0.44-2.54) 

All trimesters 26/285 13151/333202 2.34 1.17 
9.12 3.95 (1.60-3.44) (0.77-1.80) 

Autism spectrum disorder 
    

Anytime during pregnancy 27/706 8688/410545 1.86 1.06 
3.82 2.12 (1.27-2.71) （0.70-1.60） 

1st trimester only 1/115 8688/410545 0.42 0.29 
0.87 2.12 (0.06-3.00) (0.04-2.02) 

Both 1st trimester and 2nd trimester 5/73 8688/410545 3.17 1.91 
6.85 2.12 (1.32-7.61) (0.78-4.65) 

All trimesters 17/385 8688/410545 2.21 1.12 
4.42 2.12 (1.37-3.55) (0.66-1.89) 

N: number; PS: propensity score; HR: hazard ratio; CI: confidence interval. 
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Table 9.3 Results from analyses of different comparisons 

Comparison groups Attention-deficit/hyperactivity disorder Autism spectrum disorder 
Crude estimate PS weighted 

estimate 
Crude estimate PS weighted 

estimate 
HR, 95% CI HR, 95% CI HR, 95% CI HR, 95% CI 

Gestational-exposed vs gestational non-exposed with psychiatric 
disorders 

1.00 (0.70-1.42) 1.09 (0.73-1.62) 0.98 (0.63-1.54) 0.90 (0.55-1.48) 

Gestational-exposed vs past-exposed 0.81 (0.56-1.17) 0.99 (0.60-1.61) 1.50 (0.88-2.55) 1.10 (0.58-2.08) 

Gestational-exposed vs never-exposed with psychiatric disorders 1.03 (0.73-1.44) 0.83 (0.55-1.25) 0.96 (0.63-1.48) 0.93 (0.58-1.50) 

Gestational-exposed vs never-exposed without psychiatric 
disorders 

2.15 (1.60-2.88) 2.16 (1.59-2.93) 1.88 (1.29-2.75) 1.87 (1.26-2.77) 

Past-exposed vs never-exposed 2.69 (2.15-3.36) 2.72 (2.16-3.44) 1.25 (0.86-1.81) 1.35 (0.92-1.98) 

Past-exposed vs never-exposed with psychiatric disorders 1.27 (0.96-1.69) 1.08 (0.76-1.54) 0.65 (0.42-0.99) 0.73 (0.46-1.15) 

Past-exposed vs never-exposed without psychiatric disorders 2.70 (2.16-3.38) 2.72 (2.16-3.44) 1.25 (0.86-1.82) 1.36 (0.93-1.99) 

Never-exposed with psychiatric disorders vs never-exposed without 
psychiatric disorders 

2.11 (1.78-2.50) 2.08 (1.75-2.48) 1.94 (1.58-2.39) 1.97 (1.60-2.43) 

PS: propensity score; HR: hazard ratio; CI: confidence interval; vs: versus 
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9.3.2 Sibling-matched analysis 

Sibling-matched analysis contained 23,308 mothers with 48,275 children in the 

ADHD cohort and 40,756 mothers with 85,257 infants in the ASD cohort. 11.25% 

of exposed and 3.96% of unexposed siblings were diagnosed with ADHD; 2.79% 

of exposed and 1.92% of unexposed siblings had ASD. There was no 

significantly increased risk of ADHD (wHR 0.41, 95%CI 0.04-4.93) or ASD 

(wHR 0.90, 95%CI 0.40-2.01) in siblings of mothers who were gestational-

exposed to APs compared with gestational non-exposed (Table 9.4).  

Table 9.4 Results from the sibling-matched analysis – compared gestational exposed 
child to their unexposed sibling 

Outcome Crude estimate 

HR, 95% CI 
PS weighted estimate 

HR, 95% CI 
ADHD 3.05 (1.92-4.85) 0.41 (0.04-4.93) 

ASD 1.52 (0.69-3.39) 0.90 (0.40-2.01) 

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder; PS: propensity 

score; HR: hazard ratio; CI: confidence interval  

9.3.3 Subgroup analyses  

Subgroup analyses by FGAs or SGAs showed no significantly increased risk 

of ADHD or ASD (Table 9.5). No difference was found between prenatal 

exposure to different drug classes for ADHD and ASD. 

No matter in boys or girls, lack of evidence could demonstrate an increased 

risk of ADHD or ASD (Table 9.6). However, compared to girls, boys had a 

higher risk for ADHD (wHR 2.62, 95%CI 1.14-6.04) or ASD (wHR 5.80, 95% CI 

1.68-20.00). 
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Table 9.5 Results from different drug class analyses 

Sub-groups ADHD ASD 

Crude 
estimate 

PS 
weighted 
estimate 

Crude 
estimate 

PS 
weighted 
estimate 

HR, 95% CI HR, 95% CI HR, 95% CI HR, 95% CI 
Only FGAs 

(gestational exposed vs 
gestational non-exposed) 

2.31 1.29 1.76 1.03 

(1.65-3.25) (0.88-1.87) (1.08-2.88) (0.60-1.78) 

Only SGAs 

(gestational exposed vs 
gestational non-exposed) 

1.69 0.85 0.88 0.46 

(0.81-3.53) (0.37-1.92) (0.29-2.71) (0.15-1.45) 

FGAs (gestational exposed) 
vs SGAs (gestational 
exposed) 

1.36 1.20 2.10 3.96 

(0.60-3.07) (0.41-3.56) (0.61-7.25) (0.87-18.04) 

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder; PS: propensity 

score; HR: hazard ratio; CI: confidence interval; FGAs: first-generation antipsychotics; SGAs: 

second-generation antipsychotics; vs: versus.  

Table 9.6 Results from different gender analyses 

Sub-groups ADHD ASD 

Crude 
estimate 

PS 
weighted 
estimate 

Crude 
estimate 

PS 
weighted 
estimate 

HR, 95% CI HR, 95% CI HR, 95% CI HR, 95% CI 
Boys (gestational exposed 
vs gestational non-exposed) 

1.93 1.16 1.91 1.10 

(1.36-2.73) (0.79-1.69) (1.28-2.85) (0.71-1.72) 

Girls (gestational exposed vs 
gestational non-exposed) 

2.71 1.26 1.43 0.72 

(1.57-4.68) (0.67-2.35) (0.46-4.44) (0.22-2.36) 

Boys (gestational exposed) 
vs Girls (gestational 
exposed) 

2.37 2.62 7.36 5.80 
(1.24-4.52) (1.14-6.04) (2.22-24.45) (1.68-20.00) 

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder; PS: propensity 

score; HR: hazard ratio; CI: confidence interval; vs: versus. 
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9.3.4 Sensitivity analyses  

The results of the sensitivity analysis for at least two prescriptions, at least 56 

days exposure, only first pregnancies, 7-day prescription extension and 14-day 

prescription extension were similar to the main analyses, i.e., non-statistical 

significance in ADHD or ASD (Table 9.7). No evidence supports the higher risk 

for ADHD or ASD in the sensitivity analysis that does not exclude offspring born 

to women with antidepressant and lithium use during pregnancy. 

Table 9.7 Results from analyses of sensitivity analyses 

Comparison groups ADHD ASD 

Crude 
estimate 

PS 
weighted 
estimate 

Crude 
estimate 

PS 
weighted 
estimate 

HR, 95% 
CI 

HR, 95% CI HR, 95% 
CI 

HR, 95% CI 

At least 2 Rx gestational-
exposed vs gestational non-
exposed 

2.29  
(1.71-3.08) 

1.24  

(0.89-1.73) 

1.85  
(1.24-2.76) 

1.00  

(0.64-1.56) 

At least 56 days Rx 
gestational-exposed vs 
gestational non-exposed 

2.06  
(1.50-2.82) 

1.11  

(0.78-1.57) 

1.86  
(1.25-2.78) 

1.02  

(0.65-1.58) 

Gestational-exposed (only 
first pregnancies) vs 
gestational non-exposed 

1.75  
(1.16-2.64) 

1.01  

(0.65-1.57) 

1.61  

(0.97-2.68) 

1.04  

(0.60-1.79) 

Gestational-exposed (extend 
Rx period by 7 days) vs 
gestational non-exposed 

2.13  
(1.60-2.85) 

1.19  

(0.86-1.65) 

1.84  
(1.26-2.68) 

1.04  

(0.68-1.57) 

Gestational-exposed (extend 
Rx period by 14 days) vs 
gestational non-exposed 

2.10  
(1.58-2.81) 

1.19  

(0.86-1.65) 

1.82  
(1.25-2.65) 

1.03  

(0.68-1.56) 

Gestational-exposed vs 
gestational non-exposed * 

2.41  
(1.96-2.97) 

1.23  

(0.97-1.56) 

1.99  
(1.51-2.62) 

1.10  

(0.81-1.49) 
* Analysis does not exclude offspring born to women with antidepressant and lithium.  

ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum disorder; PS: propensity 

score; HR: hazard ratio; CI: confidence interval; vs: versus; Rx: prescription 
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9.4 Discussion 

Taking the analyses of negative control (Table 9.3), sibling-matched (Table 9.4) 

and several sensitivity and subgroup analyses (Table 9.5-7) into consideration 

with the primary analysis (Table 9.2), this study does not support increased risk 

of ADHD or ASD associated with prenatal exposure to APs. 

However, among pregnant women who were never exposed to APs, children 

born to mothers with psychiatric disorders had a higher risk of 

neurodevelopmental disorders (ASD and ADHD), compared to those with 

mothers without psychiatric disorders. Furthermore, the risk was the same for 

unexposed siblings and exposed siblings. These results suggest that maternal 

psychiatric disorders are associated with higher risk of neurodevelopmental 

disorders rather than gestational exposure to APs. Although the estimates had 

relatively wide intervals, given the benefits of AP treatment, the findings do not 

support a recommendation for women to stop their regular AP treatment during 

pregnancy. 

Previous studies were limited by including relatively low numbers of women 

prescribed APs during pregnancy, inadequate duration of follow-up, 

inadequate mother-child record linkage, with exposure time often poorly 

specified in study design (Wang et al., 2019a). Previous studies have usually 

addressed confounding by health and lifestyle factors, and concomitant 

medication using simple matching methods (Petersen et al., 2016, Vigod et al., 

2015). This study not only addressed these limitations but has expanded on 

them by using several advanced approaches (sibling-matched analyses and a 

series of sensitivity analyses with negative control) to address potential 

confounding factors and strengthen the reliability of the conclusion. 
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The findings are consistent with those of Petersen et al. (2016) which focused 

on general developmental disorders in children and had a limited follow-up time 

(Petersen et al., 2016). Both Petersen et al. (2016) and this study found no 

evidence to support an association between AP medication use during 

pregnancy and an increased risk of neurodevelopmental disorders in children. 

Petersen et al. (2016) did not report any difference between the AP classes or 

sex of the child (Petersen et al., 2016). However, this study shows that AP use 

during pregnancy does not cause an additional risk of ADHD or ASD when 

compared to past-exposed and never-exposed (with and without psychiatric 

disorders). It is important in future studies to identify whether a pregnant woman 

with active psychotic disorders would benefit from taking APs, including 

effective control of psychotic symptoms and minimal adverse effect to herself, 

offspring, and her family. 

9.4.1 Strengths and limitations 

This study has several strengths. This is the first study to use a population-

based database to identify the association between prenatal APs exposure and 

the risk of ADHD or ASD in children separately with adequate follow-up time. 

In addition, I evaluated the association using stratification by drug class and 

timing of exposure. To identify the exposures, I used electronic dispensing and 

prescribing records, which are free from recall bias. Moreover, I used 

complementary negative control analyses and sibling-matched analyses to 

address the possibility of confounding by indication. Deterministic linkage 

records between mothers and children, as well as explicit gestation age records 

were available in CDARS which enhanced the accuracy and reliability of the 

findings (Wang et al., 2019a). 
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There are several limitations. Firstly, CDARS only includes public healthcare 

medical records, data from private hospitals and medical practitioners cannot 

be captured. However, children with neurodevelopmental disorders require 

comprehensive long-term treatment, thus in HK they usually come under the 

care of the public sector (Leung et al., 2009). Secondly, poor AP adherence 

among patients with psychiatric disorders is common (Valenstein et al., 2004), 

and I cannot confirm whether patients took the prescribed medication, which 

may influence the accuracy of the results. I addressed the usage 

misclassification using at least two or 56-day prescription records and one/two-

week prescription extension in the sensitivity analyses which had similar results 

to the primary analyses. Thirdly, CDARS is not primarily for research purposes. 

Factors that may affect the risk of study outcomes such as BMI, smoking and 

alcohol consumption status are not recorded in CDARS. However, I used 

complementary negative control, and sibling-matched analyses which are 

unlikely to influence the interpretation of the findings. Fourthly, as analyses 

were conducted using HK population data, it is unclear whether the results are 

generalisable worldwide. Although, the study results are consistent with 

previous western studies (Vigod et al., 2015, Petersen et al., 2016), future 

research should be conducted in other settings. Lastly, large samples with 

adequate statistical power are necessary for sibling-matched analyses 

(Gauderman et al., 1999). Although I included all HK sibling samples, the 

sample size has insufficient power to detect small differences. Also, as 

exposed patients are limited, I lack adequate power for dose-response analysis 

of each drug. 

9.4.2 Clinical implications and recommendations 

The study results suggest that if pregnant women have a clinical need for APs 

(including both FGAs and SGAs), clinicians should not stop regular treatment 
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due to fear of birth outcome with ADHD or ASD. There has been a lengthy 

debate about a possible association between in-utero exposure to psychotropic 

medications and neurodevelopmental disorders in children. Patients and 

clinicians have encountered difficulties in managing women with severe 

affective/psychotic disorders when trying to conceive and during pregnancy. 

Previous studies found that parents with psychiatric disorders are more likely 

to have offspring with neurodevelopmental disorders such as ASD (Daniels et 

al., 2008), clinicians should observe on a case by case basis. Major adverse 

effects can occur if ongoing treatment is discontinued abruptly, or APs withheld 

during pregnancy. The present findings provide useful data to guide clinicians 

in decision-making.  

9.5 Conclusion 

This study does not support an association between prenatal exposure to APs 

and the risk of ADHD or ASD. Given that maternal psychiatric disorders may 

increase neurodevelopmental disorder risk in children (Daniels et al., 2008), 

clinicians should inform individual patients about the benefits and potential risks 

of using APs during pregnancy. 



Chapter 10 Cohort study – PTB/SFGA 

 

 

 

216 

Chapter 10 Associations between prenatal 

exposure to antipsychotics and the risk of 

preterm birth and small for gestational age: 

population-based cohort studies 

This chapter has been published (Wang Z, Chan AYL, Coghill D, Ip P, Lau 

WCY, Simonoff E, Brauer R, Wei L, Wong ICK, Man KKC. Associations 

between prenatal exposure to antipsychotics and attention-deficit/hyperactivity 

disorder, autism spectrum disorder, preterm birth and small for gestational age: 

a population-based cohort study. JAMA Internal Medicine. Published online 

August 16, 2021. doi: 10.1001/jamainternmed.2021.4571)  

10.0 Abstract 

Objective: To identify whether prenatal exposure to antipsychotics is 

associated with the risk of preterm birth (PTB) and small for gestational age 

(SFGA) in children. 

Methods: This population-based cohort study included children born between 

2001 to 2015 with follow-up to 2018 who were identified by the Hong Kong 

Clinical Data Analysis and Reporting System. Study outcomes were PTB (<37 

gestational weeks) and SFGA (birth weight <2 standard deviations [SDs] below 

the mean for gestational age) in children. Hazard ratios (HRs) with a 95% 

confidence interval (CI) were evaluated to assess the association between 

antipsychotic use during pregnancy and PTB/SFGA in children using 

propensity score fine-stratification weighting, Cox proportional hazards 

regression model, and sibling-matched analysis. 
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Results: The cohorts included 411,251 pairs for PTB/SFGA analyses (mean 

[SD] maternal age at delivery, 31.56 [5.01] years). There were 33 891 children 

(8.24%) with a diagnosis of PTB and 7009 (1.70%) with SFGA. The weighted 

odds ratio (wOR) was 1.40 (95% CI, 1.13-1.75) for PTB and 1.36 (95% CI, 

0.86-2.14) for SFGA when comparing gestationally exposed with gestationally 

nonexposed individuals. Additional analyses showed no association when 

comparing gestationally exposed individuals with those with past exposure 

(PTB: wOR, 0.93; 95% CI, 0.70-1.24; SFGA: wOR, 1.21; 95% CI, 0.66-2.20) 

and in a sibling-matched analysis (PTB: wOR, 1.25; 95% CI, 0.85-1.82; SFGA: 

wOR, 0.86, 95% CI, 0.32-2.31). 

Conclusion: In this cohort study, the findings did not suggest that prenatal 

antipsychotics exposure increased the risk of SFGA. In the primary analysis, 

there was a small increased risk of PTB, but additional analyses comparing 

gestationally exposed individuals with those with past exposure and comparing 

gestationally exposed with gestationally nonexposed siblings did not support 

an increased risk. Given the benefits of treating psychosis during pregnancy, 

the findings do not support a recommendation for women to discontinue receipt 

of their regular antipsychotic treatment during pregnancy. 

10.1 Introduction 

Although antipsychotics (APs) including first-generation antipsychotics (FGAs) 

and second-generation antipsychotics (SGAs) are increasingly prescribed for 

pregnant women (Reutfors et al., 2020, Lao et al., 2017), it is still unclear its 

safety. Recent studies found that antidepressants (another commonly used 

psychotropic medication) use during pregnancy may be related to an increased 

risk of adverse birth outcome such as preterm birth (PTB) and small for 
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gestational age (SFGA) (Huang et al., 2014, Sujan et al., 2017). However, 

these associations may be a consequence of confounding by indication of the 

drug itself and/or genetic factors (Sujan et al., 2017).  

A systematic review which included studies published up to 2015 reported an 

increased risk of preterm birth/small for gestational age in APs exposures 

(Coughlin et al., 2015), however, most of the included studies had limited 

adjustment for confounders. Furthermore, a later study found contradictory 

results and therefore generated further uncertainties to these associations 

(Vigod et al., 2015). The current study explored the associations between 

prenatal AP exposure and adverse birth outcomes (PTB and SFGA) in children. 

Besides using a propensity score (PS) approach to address measured 

confounding from pregnancy and maternal characteristics, I also applied 

sibling-matched analysis to account for unmeasured genetic and 

environmental factors that could be shared among the siblings; negative control 

analyses further support the study conclusions.  

10.2 Methods 

10.2.1 Data source, study design and study population 

Clinical Data Analysis and Reporting System (CDARS) was used to conduct a 

retrospective cohort study. Data source details can be found in chapter 5. This 

study cohort included all pregnant episodes of women aged between 15–50 

years old who delivered a live birth between 1 January 2001 and 31 December 

2015. PTB and SFGA were identified and recorded at the delivery date. 

Children without valid mother-child linkage and incomplete birth information 

(such as gender, birth date, gestational week, and Apgar Score) were excluded. 
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10.2.2 Pregnancy period and follow-up 

Figure 10.1 presents the pregnancy period definition, which was defined as 

same as that in chapter 8. Details can be seen in chapter 8, 8.2.3. It is noted 

that, participants were followed up until the outcome onset (i.e., on the delivery 

date), the end of the study period or death. 

 

Figure 10.1 Pregnancy period definition 

LMP: Last menstrual period; PTB: Preterm birth; SFGA: Small for gestational age. 

Details regarding exposure and comparator cohorts, covariates, general 

statistical methods, additional comparison analyses refer to chapter 9. 

10.2.3 Outcome definition 

Study outcomes were PTB (<37 gestational weeks) and SFGA (birth weight <2 

standard deviations [SDs] below the mean for gestational age (Lee et al., 

2003)).  

10.2.4 Statistical analyses 

Subgroup analyses and sensitivity analyses were conducted to test the validity 

of the initial analyses. As mode of delivery is available in the dataset, except 

for the subgroup analyses mentioned in chapter 9, I added one more for PTB 

– by defining spontaneous preterm birth as preterm cases with normal 

spontaneous delivery, and others as non-spontaneous preterm birth. Moreover, 

history of preterm birth is a strong predictor of future preterm birth; to further 

Pre-pregnancy Pregnancy

Start of follow-up 

1st trimester 2nd trimester 3rd trimester

End of pregnancy

DeliveryLMP 90 days 
after LMP

180 days 
after LMP

Start of pregnancy 

End of follow-up 

PTB/SFGA or death or 31 December 2018

Follow-up
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adjust for this factor, I added a sensitivity analysis on top of those mentioned 

in chapter 9 by removing the first pregnancy episode and included history of 

preterm birth as an additional covariate. 
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10.3 Results  

The final cohorts included 411,251 pairs of mother-child records for PTB/SFGA 

analyses (Figure 10.2). Table 10.1 summarises the patients’ characteristics. 

Overall, 706 children (0.17%) were prenatally exposed to antipsychotics 

between 2001 and 2015, 13.03% (n=92) and 2.69% (n=19) were diagnosed 

with PTB, SFGA, respectively. Covariate balances were achieved after PS 

weighting with all standardized differences less than 10% (Appendix 11).  

When comparing gestational-exposed with gestational non-exposed, the 

PS ORs (wORs) was 1.40 (95%CI 1.13-1.75) for PTB and 1.36 (95%CI 0.86-

2.14) for SFGA (Table 10.2). Most exposed women had long-term AP 

treatment throughout the entire pregnancy period; the evidence did not support 

any association between gestational AP exposure at different trimesters and 

the risk of study outcomes.  
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Figure 10.2 Flowchart of mother-child pairs identification 

PTB: preterm birth; SFGA: small for gestational age. 

Mother-child pairs with valid identification number between 2001 and 2015 (n=416,494)

Mother-child pairs identified for PTB/SFGA analyses (n= 411,251 )

Excluded:
Perinatal death or abortion (n=503)
Birth with missing infant’s gender (n=38)
Birth with missing infant’s birthdate (n=1)
Birth with missing maternal gestational week (n=203)
Birth with missing Apgar Score (n=838)
Mother’s age less than 15 or more than 50 (n=159)
Mother with antidepressant and/or lithium treatment 
during pregnancy (n=3,501)

Mothers who exposed to 
antipsychotics during pregnancy 

(n=706)

Mothers who did not expose to 
antipsychotics during pregnancy 

(n=410,545 )



Chapter 10 Cohort study – PTB/SFGA 

 

 

 

223 

Table 10.1 Characteristics of children and their mothers 

Characteristics Preterm birth Small for gestational age 
Gestational exposed  

N/Total (%) 
Gestational non-exposed  

N/Total (%) 
Gestational exposed  

N/Total (%) 
Gestational non-exposed  

N/Total (%) 
Any antipsychotic 92/706 (13.03) 33799/410545 (8.23) 19/706 (2.69) 6990/410545 (1.70) 
Different drug 
classes  

Only FGAs: Only FGAs: 
59/405 (14.57) 11/405 (2.72) 

Only SGAs: Only SGAs: 
28/199 (14.07) 3/199 (1.51) 

Children 
    

Boy 52/381(13.65) 18745/212990 (8.80) 7/381 (1.84) 2578/212990 (1.21) 
Girl 40/325 (12.31) 15054/197555 (7.62) 12/325 (3.69) 4412/197555 (2.23) 
Singleton 
pregnancy 

691/706 (97.88) 396997/410545 (96.70) 691/706 (97.88) 396997/410545 (96.70) 

Multiple pregnancy 15/706 (2.12) 13548/410545 (3.30) 15/706 (2.12) 13548/410545 (3.30) 
Timing of Apgar score <7: 

   

1 minute 42/706 (5.95) 13424/410545 (3.27) 42/706 (5.95) 13424/410545 (3.27) 
5 minutes 4/706 (0.57) 1395/410545 (0.34) 4/706 (0.57) 1395/410545 (0.34) 

(continued) 
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Table 10.1 Characteristics of children and their mothers (continued) 

Characteristics Preterm birth Small for gestational age 
Gestational 

exposed  
N/Total (%) 

Gestational non-
exposed  

N/Total (%) 

Gestational 
exposed  

N/Total (%) 

Gestational non-
exposed  

N/Total (%) 
Birth weight (g): 

    

<1500 13/706 (1.84) 4576/410545 (1.11) 13/706 (1.84) 4576/410545 (1.11) 
1500-2499 72/706 (10.20) 31450/410545 (7.66) 72/706 (10.20) 31450/410545 (7.66) 

≥2500 621/706 (87.96) 374519/410545 (91.22) 621/706 (87.96) 374519/410545 (91.22) 
Gestation weeks: 

    

<33 19/706 (2.69) 7142/410545 (1.74) 19/706 (2.69) 7142/410545 (1.74) 
33-36 73/706 (10.34) 26657/410545 (6.49) 73/706 (10.34) 26657/410545 (6.49) 

>36 614/706 (86.97) 376746/410545 (91.77) 614/706 (86.97) 376746/410545 (91.77) 
Mothers 

    

Mean (SD) maternal age at delivery (years) 31.93 (5.85) 31.56 (5.01) 31.93 (5.85) 31.56 (5.01) 
Maternal underlying conditions: 

   

Pre-existing diabetes 9/706 (1.27) 1071/410545 (0.26) 9/706 (1.27) 1071/410545 (0.26) 
GDM 135/706 (19.12) 47142/410545 (11.48) 135/706 (19.12) 47142/410545 (11.48) 

Hypertension 34/706 (4.82) 15259/410545 (3.72) 34/706 (4.82) 15259/410545 (3.72) 
Psychiatric disorder 509/706 (72.10) 3714/410545 (0.90) 509/706 (72.10) 3714/410545 (0.90) 

Epilepsy 9/706 (1.27) 655/410545 (0.16) 9/706 (1.27) 655/410545 (0.16) 
(continued) 
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Table 10.1 Characteristics of children and their mothers (continued) 

Characteristics Preterm birth Small for gestational age 
Gestational non-exposed 

N/Total (%) 
Gestational non-exposed 

N/Total (%) 
Gestational exposed 

N/Total (%) 
Gestational non-exposed 

N/Total (%) 
Parity: 

    

0 391/706 (55.38) 215922/410545 (52.59) 391/706 (55.38) 215922/410545 (52.59) 
1 178/706 (25.21) 153470/410545 (37.38) 178/706 (25.21) 153470/410545 (37.38) 
2 86/706 (12.18) 32496/410545 (7.92) 86/706 (12.18) 32496/410545 (7.92) 

≥3 51/706 (7.22) 8657/410545 (2.11) 51/706 (7.22) 8657/410545 (2.11) 
Median household income (HK$) 

   

<19300 225/706 (31.87) 115323/410545 (28.09) 225/706 (31.87) 115323/410545 (28.09) 
19300-21999 200/706 (28.33) 105272/410545 (25.64) 200/706 (28.33) 105272/410545 (25.64) 
22000-25999 168/706 (23.80) 96003/410545 (23.38) 168/706 (23.80) 96003/410545 (23.38) 

≥26000 113/706 (16.01) 93947/410545 (22.88) 113/706 (16.01) 93947/410545 (22.88) 
N: number; SD: standard deviation; FGAs: first-generation antipsychotics; SGAs: second-generation antipsychotics; GDM: gestational diabetes mellitus; HK$: Hong 

Kong dollar 
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Table 10.2 Results from analysis comparing gestational-exposed to antipsychotics with gestational non-exposed 

Different exposed time N in exposed N in non-exposed Crude estimate PS weighted estimate 

N/Total (%) N/Total (%) OR, 95% CI OR, 95% CI 

Preterm birth 

    

Anytime during pregnancy 92/706 33799/410545 1.67 1.40 

13.03 8.23 (1.34-2.08) (1.13-1.75) 

1st trimester only 15/115 33799/410545 1.67 1.55 

13.04 8.23 (0.97-2.88) (0.90-2.66) 

Both 1st trimester and 2nd trimester 11/73 33799/410545 1.98 1.75 

15.07 8.23 (1.04-3.76) (0.92-3.32) 

All trimesters 46/385 33799/410545 1.51 1.31 

11.95 8.23 (1.11-2.06) (0.96-1.78) 

Small for gestational age 

    

Anytime during pregnancy 19/706 6990/410545 1.60 1.36 

2.69 1.70 (1.01-2.52) (0.86-2.14) 

1st trimester only 5/115 6990/410545 2.62 2.39 

4.35 1.70 (1.07-6.43) (0.98-5.87) 

Both 1st trimester and 2nd trimester 1/73 6990/410545 0.80 0.70 

1.37 1.70 (0.11-5.77) (0.10-5.02) 

All trimesters 12/385 6990/410545 1.86 1.78 

3.12 1.70 (1.04-3.30) (1.00-3.16) 

N: number; PS: propensity score; OR: odds ratio; CI: confidence interval 
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10.3.1 Other Comparisons 

All comparison group results are found in Table 10.3. 

Gestational-exposed versus past-exposed – there was no statistically 

significant difference in the risk of PTB (wOR 0.93, 95%CI 0.70-1.24) or SFGA 

(wOR 1.21, 95%CI 0.66-2.20). 

Past-exposed versus never-exposed – the risk of PTB (wOR 1.47, 95%CI 

1.23-1.75) or SFGA (wOR 1.88, 95%CI 1.36-2.59) was statistically significantly 

increased.  

Never-exposed with psychiatric disorders versus never-exposed without 

psychiatric disorders – when the analysis was restricted to mothers who had 

never used antipsychotics, there is no evidence to support the risk of PTB 

(wOR 1.08, 95%CI 0.93-1.24) or SFGA (wOR 1.14, 95%CI 0.85-1.53).     
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Table 10.3 Results from analyses of different comparisons 

Comparison groups Preterm birth Small for gestational age 
Crude estimate PS weighted 

estimate 
Crude estimate PS weighted 

estimate 
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI 

Gestational-exposed vs gestational non-exposed with 
psychiatric disorders 

1.46 (1.09-1.94) 1.23 (0.92-1.65) 1.47 (0.82-2.63) 1.25 (0.70-2.23) 

Gestational-exposed vs past-exposed 1.15 (0.87-1.52) 0.93 (0.70-1.24) 0.87 (0.50-1.53) 1.21 (0.66-2.20) 

Gestational-exposed vs never-exposed with psychiatric 
disorders 

1.60 (1.23-2.08) 1.31 (1.01-1.70) 1.45 (0.84-2.49) 1.41 (0.81-2.48) 

Gestational-exposed vs never-exposed without psychiatric 
disorders 

1.67 (1.34-2.09) 1.50 (1.20-1.87) 1.60 (1.02-2.53) 1.55 (0.98-2.44) 

Past-exposed vs never-exposed 1.46 (1.23-1.74) 1.47 (1.23-1.75) 1.84 (1.33-2.54) 1.88 (1.36-2.59) 
Past-exposed vs never-exposed with psychiatric disorders 1.40 (1.12-1.75) 1.45 (1.15-1.81) 1.66 (1.07-2.57) 1.46 (0.95-2.22) 

Past-exposed vs never-exposed without psychiatric 
disorders 

1.46 (1.23-1.74) 1.47 (1.23-1.75) 1.84 (1.33-2.54) 1.88 (1.36-2.60) 

Never-exposed with psychiatric disorders vs never-exposed 
without psychiatric disorders 

1.05 (0.91-1.21) 1.08 (0.93-1.24) 1.11 (0.83-1.48) 1.14 (0.85-1.53) 

PS: propensity score; OR: odds ratio; CI: confidence interval; vs: versus 
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10.3.2 Sibling-matched analysis 

Sibling-matched analysis contained 40,756 mothers with 85,257 infants. 14.88% 

of exposed and 10.90% of unexposed were PTB; 1.86% of exposed and 1.88% 

of unexposed were SFGA. There was no significantly increased risk of PTB 

(wOR 1.25, 95%CI 0.85-1.82) or SFGA (wOR 0.86, 95%CI 0.32-2.31) in 

siblings of mothers who were gestational-exposed to antipsychotics 

compared with gestational non-exposed (Table 10.4).  

Table 10.4 Results from the sibling-matched analysis – compared gestational exposed 
child to their unexposed sibling 

Outcome Crude estimate 
OR, 95% CI 

PS weighted estimate 
OR, 95% CI 

Preterm birth 1.43 (0.98-2.08) 1.25 (0.85-1.82) 
Small of gestational age 0.99 (0.37-2.67) 0.86 (0.32-2.31) 

PS: propensity score; OR: odds ratio; CI: confidence interval  

10.3.3 Subgroup analyses  

Subgroup analyses by FGAs or SGAs showed no significantly increased risk 

of SFGA (Table 10.5). However, an increased risk of PTB was found in both 

FGAs (wOR 1.57, 95% CI 1.19-2.07) and SGAs subgroup (wOR 1.59, 95% CI 

1.07-2.37). No difference was found between prenatal exposure to different 

drug classes for all study outcomes. 
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Table 10.5 Results from different drug class analyses 

Sub-groups Preterm birth Small for gestational age 
Crude 

estimate 
PS weighted 

estimate 
Crude 

estimate 
PS weighted 

estimate 
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI 

Only FGAs (gestational 
exposed vs gestational 
non-exposed) 

1.90 1.57 1.61 1.45 
(1.44-2.51) (1.19-2.07) (0.88-2.94) (0.79-2.63) 

Only SGAs 
(gestational exposed 
vs gestational non-
exposed) 

1.83 1.59 0.88 0.81 
(1.22-2.72) (1.07-2.37) (0.28-2.76) (0.26-2.54) 

FGAs (gestational 
exposed) vs SGAs 
(gestational exposed) 

1.04 1.42 1.82 1.93 
(0.64-1.69) (0.84-2.39) (0.50-6.61) (0.50-7.51) 

PS: propensity score; OR: odds ratio; CI: confidence interval; FGAs: first-generation 
antipsychotics; SGAs: second-generation antipsychotics; vs: versus. 

For boys, antipsychotic use during pregnancy was significantly associated with 

PTB (wOR 1.56, 95% CI 1.16-2.10), but not with risk of SFGA (Table 10.6). 

Lack of evidence could demonstrate an increased risk of either PTB or SFGA 

in girls. Compared to girls, boys had a lower risk of SFGA, while no difference 

was found for preterm birth. 
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Table 10.6 Results from different gender analyses 

Sub-groups Preterm birth Small for gestational age 
Crude 

estimate 
PS weighted 

estimate 
Crude 

estimate 
PS weighted 

estimate 
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI 

Boys (gestational 
exposed vs gestational 
non-exposed) 

1.64 1.56 1.53 1.47 
(1.22-2.20) (1.16-2.10) (0.72-3.23) (0.70-3.12) 

Girls (gestational 
exposed vs gestational 
non-exposed) 

1.70 1.23 1.68 1.35 
(1.22-2.37) (0.88-1.72) (0.94-2.99) (0.75-2.40) 

Boys (gestational 
exposed) vs Girls 
(gestational exposed) 

1.13 1.24 0.49 0.37 
(0.72-1.75) (0.79-1.95) (0.19-1.26) (0.15-0.93) 

PS: propensity score; OR: odds ratio; CI: confidence interval; vs: versus. 

An increased risk of spontaneous preterm birth was found (wOR 1.59, 95% CI 

1.16-2.16), with no evidence to demonstrate a higher risk of non-spontaneous 

preterm birth (wOR 1.24, 95% CI 0.92-1.66, Table 10.7).  

Table 10.7 Results from spontaneous/non-spontaneous preterm analyses 

Sub-groups Preterm birth 
Crude estimate PS weighted estimate 

OR, 95% CI OR, 95% CI 
Spontaneous preterm 1.69 1.59 

(1.24-2.30) (1.16-2.16) 
Non-spontaneous preterm 1.65 1.24 

(1.23-2.22) (0.92-1.66) 

PS: propensity score; OR: odds ratio; CI: confidence interval; vs: versus. 

10.3.4 Sensitivity analyses 

The results of the sensitivity analysis for at least two prescriptions, at least 56 

days exposure, only first pregnancies, 7-day prescription extension and 14-day 

prescription extension were similar to the main analyses, i.e., non-statistical 

significance in SFGA, but statistical significance in PTB (Table 10.8). An 
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increased risk of PTB/SFGA was found in the sensitivity analysis that does not 

exclude offspring born to women with antidepressant and lithium use during 

pregnancy. After additionally adjusting history of preterm birth, there was no 

evidence to demonstrate an association between prenatal exposure to 

antipsychotics and the risk of PTB. 
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Table 10.8 Results from analyses of sensitivity analyses 

Comparison groups Preterm birth Small for gestational age 
Crude 

estimate 
PS weighted 

estimate 
Crude 

estimate 
PS weighted 

estimate 
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI 

At least 2 Rx gestational-
exposed vs gestational 
non-exposed 

1.72  
(1.37-2.17) 

1.42  
(1.13-1.79) 

1.53  
(0.93-2.51) 

1.36  
(0.83-2.24) 

At least 56 days Rx 
gestational-exposed vs 
gestational non-
exposed 

1.65  
(1.31-2.09) 

1.37  
(1.08-1.73) 

1.71  
(1.07-2.73) 

1.56  
(0.97-2.49) 

Gestational-exposed 
(only first pregnancies) 
vs gestational non-
exposed 

1.63  
(1.22-2.18) 

1.37  
(1.03-1.84) 

0.92  
(0.46-1.85) 

0.89  
(0.44-1.79) 

Gestational-exposed 
(extend Rx period by 7 
days) vs gestational 
non-exposed 

1.65  
(1.33-2.06) 

1.39  
(1.12-1.73) 

1.58  
(1.00-2.50) 

1.34  
(0.85-2.11) 

Gestational-exposed 
(extend Rx period by 14 
days) vs gestational 
non-exposed 

1.66  
(1.33-2.06) 

1.38  
(1.11-1.72) 

1.57  
(0.99-2.47) 

1.35  
(0.85-2.13) 

Gestational-exposed vs 
gestational non-
exposed * 

1.73  
(1.47-2.03) 

1.44  
(1.23-1.69) 

1.68  
(1.21-2.35) 

1.59  
(1.14-2.22) 

Gestational-exposed vs 
gestational non-
exposed ** 

1.71  
(1.21-2.39) 

1.02  
(0.72-1.44) 

NA NA 

* Analysis does not exclude offspring born to women with antidepressant and lithium.  
** Analysis removing first pregnancy episodes and including history of preterm birth as an 
additional covariate. 
PS: propensity score; OR: odds ratio; CI: confidence interval; vs: versus; Rx: prescription; NA: 
not applicable 
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10.4 Discussion 

From the primary analysis, I can only rule out more than 1.75 and 2.14-fold 

higher risk for PTB and SFGA between children with and without prenatal 

exposure to antipsychotics. However, taking the analyses of negative control 

(Table 10.3), sibling-matched (Table 10.4) and several sensitivity and subgroup 

analyses (Table 10.5-8) into consideration, this study does not support 

increased risk of PTB or SFGA associated with prenatal exposure to APs. 

Additionally, among pregnant women who were never exposed to 

antipsychotics, no evidence supported children born to mothers with psychiatric 

disorders had a higher risk of PTB and SFGA, compared to those with mothers 

without psychiatric disorders. Furthermore, the risk was the same for 

unexposed siblings and exposed siblings. These results suggest that 

gestational exposure to antipsychotic drugs is unlikely to pose a significant risk 

of PTB and SFGA in children. Although the estimates had relatively wide 

intervals, given the benefits of AP treatment, the findings do not support a 

recommendation for women to stop their regular AP treatment during 

pregnancy. 

The results are consistent with a Canadian population-based study (Vigod et 

al., 2015) which found no evidence to support an increased risk of PTB or 

SFGA in children with AP exposure during pregnancy. Vigod et al. (2015) did 

not report any difference between the antipsychotic classes or sex of the child 

(Vigod et al., 2015). However, this study shows that antipsychotic use during 

pregnancy does not cause an additional risk of PTB or SFGA when compared 

to past-exposed and never-exposed (with and without psychiatric disorders). 

It is important in future studies to identify whether a pregnant woman with active 
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psychotic disorders would benefit from taking antipsychotics, including effective 

control of psychotic symptoms and minimal adverse effect to herself, offspring, 

and her family. 

10.4.1 Strengths and limitations 

This study has several strengths. This is the first study to use a population-

based database to identify the association between prenatal antipsychotics 

exposure and the risk of PTB and SFGA in children by different drug classes 

and different timings of exposure. To identify the exposures, I used electronic 

dispensing and prescribing records, which are free from recall bias. Moreover, 

I used complementary negative control analyses and sibling-matched analyses 

to address the possibility of confounding by indication. Deterministic linkage 

records between mothers and children, as well as explicit gestation age records 

were available in CDARS which enhanced the accuracy and reliability of the 

findings (Wang et al., 2019a). 

There are several limitations. Firstly, CDARS only includes public healthcare 

medical records, data from private hospitals and medical practitioners cannot 

be captured. However, the majority of women give birth in public hospitals in 

HK. Secondly, poor antipsychotic adherence among patients with psychiatric 

disorders is common (Valenstein et al., 2004), and I cannot confirm whether 

patients took the prescribed medication, which may influence the accuracy of 

the results. Similar to the method using in chapter 8 and 9, I addressed the 

usage misclassification using at least two or 56-day prescription records and 

one/two-week prescription extension in the sensitivity analyses which had 

similar results to the primary analyses. Thirdly, CDARS is not primarily for 

research purposes. Factors that may affect the risk of study outcomes such as 

BMI, smoking and alcohol consumption status are not recorded in CDARS. 
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However, I used complementary negative control, and sibling-matched 

analyses which are unlikely to influence the interpretation of the findings. 

Fourthly, as analyses were conducted using Hong Kong population data, it is 

unclear whether the results are generalisable globally. Although, the study 

results are consistent with previous western study (Vigod et al., 2015), future 

research should be conducted in other settings. Fifthly, data extraction for this 

study was restricted based on the data minimization principle, therefore I only 

have the relevant variables as presented in this study; information on the 

indications for non-spontaneous cases was not available in the dataset. Thus, 

I was unable to conduct the analysis on other birth defect outcomes at the time. 

As suggested in a recent review (Wang et al., 2021), further studies on birth 

defects or malformation should be conducted. Lastly, large samples with 

adequate statistical power are necessary for sibling-matched analyses 

(Gauderman et al., 1999). Although I included all Hong Kong sibling samples, 

the sample size has insufficient power to detect small differences. Also, as 

exposed patients are limited, I lack adequate power for dose-response analysis 

of each drug. 

10.4.2 Clinical implications and recommendations 

Similar to the suggestions mentioned in previous chapters. The study results 

suggest that if pregnant women have a clinical need for APs (including both 

FGAs and SGAs), clinicians should not stop regular treatment due to fear of 

birth outcome with preterm birth or small for gestational age. There has been a 

lengthy debate about a possible association between in-utero exposure to 

psychotropic medications and birth complications in children. Patients and 

clinicians have encountered difficulties in managing women with severe 

affective/psychotic disorders when trying to conceive and during pregnancy. 

Major adverse effects can occur if ongoing treatment is discontinued abruptly, 
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or antipsychotics withheld during pregnancy. The present findings provide 

useful data to guide clinicians in decision-making.  

10.5 Conclusion 

This study does not support an association between prenatal exposure to APs 

and the risk of PTB or SFGA. It is not necessary to stop regular APs treatment 

once pregnant. Clinicians should inform individual patients about the benefits 

and potential risks of using APs during pregnancy. 
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Chapter 11 Overall discussion and conclusion 

This PhD research focused on the safety of antipsychotic use in pregnancy. 

Firstly, a methodology review (chapter 2) and a systematic review and meta-

analysis (chapter 3) were conducted to explore the advances in 

epidemiological methods of observational studies on drug use in pregnancy 

and the research gap in assessing the association between antipsychotics 

(APs) use during pregnancy and adverse outcomes in both the mothers 

(gestational diabetes mellitus [GDM]) and offspring (seizure, attention-

deficit/hyperactivity disorder [ADHD], autism spectrum disorder [ASD], preterm 

birth [PTB] and small for gestational age [SFGA]). This was followed by a drug 

utilisation study to investigate the prescription patterns of antipsychotic 

medication use in pregnancy in the United Kingdom (UK) and Hong Kong (HK) 

(chapter 6). A cohort study with an updated meta-analysis was conducted to 

assess the relationship between gestational antipsychotics use and GDM in 

both the UK and HK populations (chapter 7). Followed studies focused on the 

adverse child outcomes: seizure (chapter 8), ADHD and ASD (chapter 9), PTB 

and SFGA (chapter 10). Key findings of this PhD study, implications of clinical 

practice, strengths and weakness, recommendations for future research and 

contribution to current knowledge are reported in this chapter. 
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11.1 Overview of the key findings 

11.1.1 A methodological review of observational studies on central 

nervous system drugs use in pregnancy and central nervous system 

outcomes in children 

This methodological review assessed the methodological characteristics of 

existing cohort and case-control studies, which identify the association 

between CNS drug use in pregnancy and adverse CNS outcomes in neonates 

and children. The results of this review show that although there have been 

increased studies over the last 20 years, the majority of studies focus on ADs 

and AEDs. The only study that identified the relationship between APs and 

CNS disorders was focusing on neurodevelopment disorders with an 

insufficient follow-up period. This inspired the exposure and outcome 

identification of this PhD project that there is a huge research gap on APs use 

in pregnancy and adverse CNS outcomes in offspring. Additionally, differences 

of different data sources were presented in this comprehensive review which 

helped further cohort studies to choose a more appropriate data source. 

Furthermore, comprehensive confounding factors management methods were 

concluded in this review which were subsequently applied in further cohort 

studies included in this PhD thesis. 

11.1.2 The use of antipsychotic medications during pregnancy and the 

risk of gestational diabetes mellitus: a systematic review and meta-

analysis 

This systematic review and meta-analysis of observational studies assessed 

the association between gestational APs use and GDM in mothers. The results 

showed that exposure to antipsychotics during pregnancy is associated with a 
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24% increased risk of GDM. However, there are outstanding knowledge gaps 

that the included studies failed to address: 1) no evidence from Asian 

populations; 2) insufficient evidence on different drug classes; 3) no evidence 

regarding different time of exposure, i.e., gestational exposure in different 

trimesters; and 4) limited evidence when considering maternal mental health 

status. Further cohort studies (chapter 7) were designed by addressing the 

above research gaps.  

11.1.3 Antipsychotics use in pregnancy: a drug utilisation study in the 

United Kingdom and Hong Kong 

This drug utilisation study was conducted to provide a comprehensive overview 

of antipsychotics use in pregnancy in the UK and HK. Overall antipsychotic use 

during pregnancy increased in the UK from 2006 to 2016. No evidence 

demonstrated the increased prevalence in HK between 2001 and 2015. The 

prevalence of FGAs use increased in the UK but decreased in HK. SGAs use 

increased in both UK and HK populations. The use of overall APs, as well as 

different drug classes (FGAs and SGAs), were highest in the pre-pregnancy 

period in HK. Excluding prochlorperazine (mainly used as antiemetic for 

nausea and vomiting) from FGAs (Taylor, 2014, Reis and Kallen, 2008), pattern 

of FGAs use in the UK was similar to that in HK. The most five commonly used 

APs changed from the first year to the last year of available data in both HK 

and the UK. However, in the UK, prochlorperazine contributed the majority 

(>90%) of APs use in pregnancy over the whole study period. Quetiapine was 

the most commonly prescribed SGA during pregnancy in both the UK and HK 

in the last year of available data. 
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11.1.4 Association between antipsychotic use in pregnancy and the risk 

of gestational diabetes: Population-based cohort studies from the United 

Kingdom and Hong Kong and an updated meta-analysis 

These two cohort studies reported no evidence of a change in risk of GDM who 

continue using any type of APs during any time in pregnancy or during different 

trimesters, compared to women who stopped when pregnant. There was no 

evidence of an increased risk among women who continued treatment with 

either FGAs or SGAs. Results of the updated meta-analysis supported the 

association between gestational APs exposure and the risk of GDM, which was 

in line with my previous study (chapter 3). However, weak evidence supports 

this association particularly when comparing women who continued to use 

antipsychotics during pregnancy to women who had stopped. 

11.1.5 Association between prenatal exposure to antipsychotics and 

seizure: a population-based cohort study 

Results of the primary analysis suggested that prenatal use of APs was 

associated with a 49% increased risk of seizure when compared with 

unexposed children. However, the increased risk was not found from further 

negative control, sibling-matched, sensitivity and subgroup analyses. The 

overall results of this cohort study, therefore, do not support a causal 

association between prenatal APs exposure and the risk of seizure in children. 

However, a higher risk of seizure was found in mothers with psychiatric 

disorders, compared to those without. This indicated that maternal underlying 

psychiatric disorders, at least partly, play a role in the association between 

prenatal exposure to APs and the risk of seizure in the children. This finding 

was similar to the finding of the cohort studies regarding neurodevelopmental 

disorders in my PhD project (chapter 8).  
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11.1.6 Associations between prenatal exposure to antipsychotics and 

attention-deficit/hyperactivity disorder and autism spectrum disorder: a 

population-based cohort study 

This cohort study found no evidence of an increased risk of 

neurodevelopmental disorders (ADHD and ASD) in children associated with 

prenatal exposure to APs. However, among pregnant women who were never 

exposed to antipsychotics, children born to mothers with psychiatric disorders 

had a higher risk of ADHD and ASD, compared to those with mothers without 

psychiatric disorders. The risk was the same for unexposed siblings and 

exposed siblings. These results suggest that maternal psychiatric disorders are 

associated with a higher risk of ADHD and ASD rather than prenatal exposure 

to antipsychotic drugs. This finding was similar to that of the cohort study 

focused on another CNS outcome – seizure in children in my PhD project 

(chapter 8). 

11.1.7 Associations between prenatal exposure to antipsychotics and 

preterm birth and small for gestational age: a population-based cohort 

study 

Comparing gestational APs exposed individuals to those unexposed in the 

primary analysis, a 40% increased risk of PTB was found; no evidence was 

found for an increased risk of SFGA. However, taking the analyses of negative 

control, sibling-matched, several sensitivity and subgroup analyses into 

consideration, results do not support increased risks of PTB or SFGA 

associated with prenatal exposure to APs. Contrary to the findings of CNS-

related cohort studies (seizure/ADHD/ASD, chapter 8-9), maternal psychiatric 

disorders are not associated with higher risks of birth outcomes (PTB/SFGA). 
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11.2 Implications of clinical practice 

Based on findings from cohort studies (chapter 7-10), the following implications 

for clinical practice in antipsychotics use in pregnancy have been identified: 

1) If pregnant women have a clinical need for antipsychotics (including both 

FGAs and SGAs), clinicians should not stop regular treatment or switch to other 

antipsychotics due to the fear of mother outcome with GDM or children 

outcome with seizure/ADHD/ASD/PTB/SFGA. Major adverse effects can occur 

if ongoing treatment is discontinued abruptly, or antipsychotics withheld during 

pregnancy (The National Health Service, 2016a, Lambert, 2007, Chemerinski 

et al., 2002, Moncrieff, 2006, Dilsaver, 1994, Wyatt, 1995, Keks et al., 2019). It 

is also recommended to regularly screen for GDM for pregnant women who are 

prescribed APs, following the local guidelines (National Institute for Health and 

Care Excellence, 2014a, Hong Kong College of Obstetricians and 

Gynaecologists Committee, 2016).  

2) Maternal psychiatric disorders seem to be associated with potential CNS 

outcomes (seizure/ADHD/ASD) in children. In particular, the severity of the 

symptoms in children with seizure/ADHD/ASD was significantly associated with 

their mother’s psychiatric history (López Seco et al., 2015, Okewole et al., 2016, 

Fairthorne et al., 2016). It is necessary for clinicians to screen for 

psychopathology in clinical practice and observe on a case-by-case basis to 

decide on APs use in pregnancy (López Seco et al., 2015, Okewole et al., 2016, 

Fairthorne et al., 2016).  
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11.3 Strengths and limitations 

This section emphasises the overall strengths and limitations of the PhD project. 

11.3.1 Overall strengths 

1. I did the first methodological review observational studies of CNS drugs use 

in pregnant women and the CNS outcomes of their children (chapter 2). Except 

for exploring the research gaps, I comprehensively concluded several 

recommended methodological approaches for future studies that aim to 

investigate child outcomes with maternal drug exposure. Additionally, I did the 

first systematic review and meta-analysis focused on the relationship between 

gestational exposure to APs and the risk of GDM and explored the limitations 

of previous studies and research gaps in this area (chapter 3). These two 

studies provided a strong research background for the following studies in my 

PhD project. 

2. The most appropriate databases in the UK and HK were chose for my PhD 

studies. The drug utilisation study (chapter 5) and cohort studies (chapter 7-10) 

were based on the UK and/or HK population-based databases which are likely 

to reflect the healthcare in the UK and HK and may on behalf of Western 

countries and East-Asian countries to some extent. Specifically, the drug 

utilisation study and the mother-related outcome cohort studies used both the 

UK and HK databases (chapter 6-7), which provided not only a larger sample 

size, but also the richness of patient characteristics measured in the databases 

that could obtain a better estimate by addressing confounding factors. For 

children-related outcome cohort studies, I chose CDARS only because of its 

key strength for pregnancy studies – highly accurate and reliable information 
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on the mother-baby linkage and the gestational age of pregnancy. This can 

enhance the results’ precision and interpretation. 

3. Research gaps regarding the safety of AP in pregnancy were addressed in 

my cohort studies. Automated dispensing and prescribing records were used 

to identify exposure, which are free of recall bias. I also evaluated the 

associations by stratifying APs exposure to different drug classes and even 

specific individual drugs (mutually exclusive) and by different timings of 

exposure. Sensitivity analyses such as at least one, two or 56-day duration 

prescriptions were conducted to access the impact of potential exposure 

misclassification. 

4. The cohort study regarding seizure outcome is the first study identifying the 

risk of seizure-associated prenatal APs exposure. The cohort study regarding 

ADHD and ASD is the first study assessing the association between prenatal 

APs exposure and neurodevelopmental disorders with a sufficient follow-up 

period. 

5. It is difficult to fully address confounding by indication influence in 

conventional observational research designs, the effect of confounding by 

indication was minimised in the cohort studies by conducting several negative 

control analyses and sibling-matched analysis. 

6. PS fine-stratification weighting was used through my PhD projects. It 

performs better at low exposure prevalence compared to traditional PS 

methods, which is particularly applicable for pregnancy cohort studies related 

antipsychotic exposure. 
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11.3.2 Overall limitations 

1. Both THIN and CDARS databases only provide prescribed and/or 

dispensing records. Additionally, poor medication adherence among patients 

with psychiatric disorders is common. I therefore cannot determine whether 

medications were actually used by patients in line with the directions for 

administration. I addressed the usage misclassification using at least two or 56-

day prescription records and one/two-week prescription extension. Results 

were similar to those from the primary analyses. 

2. APs are often initially prescribed by specialist care providers rather than 

primary care providers in the UK (The National Health Service, 2021b), and 

this may result in an underestimation of exposure duration or exposure 

episodes in the UK cohort. However, primary care clinicians may maintain or 

continue prescriptions initially started by the specialist. For the cohort study 

using the UK population (chapter 7), all patients were restricted to receive at 

least two prescriptions for APs during pregnancy. Additionally, CDARS 

includes public hospital and ambulatory (both specialist and general) clinic 

medical records so does not have this issue. Results from these two databases 

could be complementary and thus the impact was minimal. 

3. Both THIN and CDARS databases do not contain data from private hospitals. 

However, regardless of whether in HK or the UK, the vast majority of women 

usually manage regular prenatal check and give birth in public healthcare 

(Smith et al., 2020, The National Health Service, 2021a, Internations 

Organisation, 2020). Additionally, birth outcomes such as PTB and SFGA were 

usually recorded at delivery, while children with CNS disorders require 

comprehensive long-term treatment which is usually under the care of the 
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public sector in HK (Leung et al., 2009). Thus, my PhD studies should include 

the majority of necessary records in HK and the UK. 

4. Common confounding factors such as BMI, smoking status, alcohol 

consumption status, are not recorded in CDARS. Although patients were well 

matched on many baseline characteristics using PS, the observed 

comorbidities might be insufficient to identify and account for patients 

experiencing a higher baseline risk of outcomes of interest. However, data in 

THIN and CDARS can be considered complementary in the GDM study. For 

child outcomes, studies that only used CDARS for data interpretation, 

complementary negative control and sibling-matched analyses were 

conducted to further explain my findings. 

5. Data extraction for my PhD studies were restricted based on the data 

minimization principle, therefore I do not have other detailed information such 

as the indications for non-spontaneous cases. 

6. My study lacked adequate statistical power for dose-response analysis of 

each drug due to limited exposed individuals, 

11.4 Contribution to current knowledge  

1. The methodological review presents a comprehensive guide of study design 

process for future pregnancy and paediatric observational pharmaco-

epidemiology studies 

2. The drug utilisation study investigates a comprehensive overview of 

antipsychotics use in pregnancy in UK and HK patients. SGAs have been 
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increasingly prescribed among pregnant women in both HK and the UK, which 

is consistent with the pattern in the general population. 

3. The mother-related cohort study reported no evidence of an increased risk 

of GDM in women who continued taking APs in pregnancy compared to those 

stop. Women should not stop their regular AP treatment in pregnancy due to 

the fear of GDM and should discuss their individual cases with physicians. 

Routine screening for GDM is nevertheless indicated. 

4. The children-related cohort studies indicated that no evidence could 

demonstrate the association between any type of APs use any time during 

pregnancy or in different trimesters and the risk of seizure/ 

ADHD/ASD/PTB/SFGA in children. Women should not stop their regular AP 

treatment in pregnancy due to the fear of delivering a baby with seizure/ 

ADHD/ASD/PTB/SFGA and should discuss their individual cases with 

physicians.  

5. Maternal psychiatric disorders may increase the risk of seizure/ADHD/ASD 

in offspring. Clinicians should inform individual patients with maternal 

psychiatric disorders about the benefits and potential risks of using APs during 

pregnancy. Psychopathology screen is recommended for women with mental 

illness before or during pregnancy. 

11.5 Recommendations for future research 

The findings of this PhD project act as a foundation for future observational 

studies on antipsychotics use in pregnancy and both mother and child 

outcomes. Following suggestions are recommended for further research: 
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1. Further studies, in particular outcomes on seizure/ADHD/ASD/PTB/SFGA, 

are recommended to be conducted in different large populations (e.g., CPRD 

in the UK) with longer follow-up period to explore ethnicity as well as income 

level differences.  

2. Future studies are recommended to identify the safety of APs use in 

pregnancy by dose-response analysis of each specific drug. It is unclear if any 

specific antipsychotic or any dosage could affect the association between AP 

in pregnancy and the risk of outcomes of interest. 

3. Other birth defects or malformation-related studies are recommended to 

further detect the safety of APs use in pregnancy regarding adverse birth 

outcomes. 

4. Further comprehensive studies are recommended to explore the impact of 

other kinds of psychotropic medications, in particular, to explore the association 

between psychotropic medication and the risk of CNS diseases. This will help 

us to understand more on maternal psychiatric disorders, psychotropic 

medications in pregnancy and CNS disorders in offspring. 

5. Psychosocial interventions are effective in treating some mental disorders 

with or without concurrent pharmacological treatment (National Institute for 

Health and Care Excellence, 2009, National Institute for Health and Care 

Excellence, 2014b). Future studies are recommended to discover the impact 

of psychosocial intervention if relevant data is available. 

6. Future studies are also advised to be conducted using large clinical 

databases with actual medication use information from clinicians on adherence 

to prescribing (e.g., tablet counts).  



Chapter 11 Overall discussion and conclusion 

 

 

 

250 

7. Although RCTs are not available in pregnant women due to ethical concerns, 

new therapeutics safety studies are recommended to be discovered in animal 

studies. 

11.6 Conclusions 

This project has filled multiple research gaps in the area of antipsychotics use 

in pregnancy. Overall antipsychotics use during pregnancy increased over the 

years in the UK and HK. Both UK and HK showed an increasing trend for the 

use of SGAs. However, the prevalence of FGAs use increased in the UK but 

decreased in HK. No evidence demonstrated an increased risk of GDM in 

women who continue using antipsychotics compared to women who 

discontinued during pregnancy. There is no evidence to support the association 

between prenatal exposure to antipsychotics and the risk of 

seizure/ADHD/ASD/PTB/SFGA. Maternal psychiatric disorders may increase 

the risk of ADHD/ASD/seizure in children. Clinicians should inform individuals 

about the benefits and potential risks of using antipsychotics in pregnancy. If 

there is a clinical need for pregnant women, clinicians should not stop regular 

antipsychotics treatment or switch to other antipsychotics due to the concern 

of outcome with GDM/seizure/ADHD/ASD/PTB/SFGA. 
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Appendices 

Appendix 1 Chapter 2, Full list of PUBMED search terms used 

Antidepressants (ADs): 

((antidepress* OR anti-depress* OR "anti depress*" OR maoi OR maois OR 

rima OR rimas OR "monoamine oxidase inhibit*" OR ((serotonin OR 

norepinephrine OR noradrenaline OR neurotransmitt* OR dopamin*) and 

(uptake OR reuptake OR re-uptake OR "re uptake")) OR ssri OR ssris OR snri 

OR ssris OR nari OR naris OR sari OR saris OR ndri OR ndri OR TCA OR tcas 

OR tricyclic* OR tetracyclic* OR (agomelatine OR alaproclate OR amoxapine 

OR amineptine OR Amitriptylin* OR amitriptylinoxide OR atomoxetine OR 

befloxatone OR benactyzine OR binospirone OR brofaromine OR (bupropion 

OR amfebutamone) OR butriptyline OR caroxazone OR cianopramine OR 

cilobamine OR cimoxatone OR citalopram OR (Chlorimipramin* OR 

Clomipramin* OR Chlomipramin* OR clomipramine) OR clorgyline OR 

clovoxamine OR (CX157 OR tyrimu) OR demexiptiline OR deprenyl OR 

(Desipramin* OR pertofrane) OR desvenlafaxine OR dibenzepin OR 

diclofensine OR Dimetacrin* OR dosulepin OR dothiepin OR doxepin OR 

duloxetine OR desvenlafaxine OR DVS-233 OR escitalopram OR etoperidone 

OR femoxetine OR fluotracen OR fluoxetine OR fluvoxamine OR Imipramin* 

OR iprindole OR Iproniazid* OR ipsapirone OR Isocarboxazid* OR 

levomilnacipran OR Lofepramin* OR ("Lu AA21004" OR vortioxetine) OR 

"LuAA24530" OR (LY2216684 OR edivoxetine) OR maprotiline OR 

melitracene OR metapramine OR mianserin OR milnacipran OR minaprine OR 

mirtazapine OR moclobemide OR nefazodone OR nialamide OR nitroxazepine 

OR nomifensine OR norfenfluramine OR Nortriptylin* OR Noxiptilin* OR 

opipramol OR oxaflozane OR paroxetine OR phenelzine OR pheniprazine OR 

pipofezine OR pirlindole OR pivagabine OR pizotyline OR propizepine OR 

Protriptylin* OR quinupramine OR reboxetine OR rolipram OR scopolamine OR 

selegiline OR sertraline OR setiptiline OR setiptiline OR thozalinone OR 
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Tianeptin* OR toloxatone OR Tranylcypromin* OR trazodone OR trimipramine 

OR venlafaxine OR viloxazine OR vilazodone OR viqualine OR zalospirone))) 

Antipsychotic agents (APs): 

Antipsy* OR anti-psy* OR anti psy* OR Agents, Antipsychotic OR 

Antipsychotics OR Antipsychotic OR Major Tranquilizers OR Tranquilizers, 

Major OR Tranquillizing Agents, Major OR Agents, Major Tranquillizing OR 

Major Tranquillizing Agents OR Neuroleptic Drugs OR Drugs, Neuroleptic OR 

Neuroleptics OR Tranquilizing Agents, Major OR Agents, Major Tranquilizing 

OR Major Tranquilizing Agents OR Antipsychotic Drugs OR Drugs, 

Antipsychotic OR Neuroleptic Agents OR Agents, Neuroleptic OR 

Antipsychotic Effect OR Effect, Antipsychotic OR Antipsychotic Effects OR 

Effects, Antipsychotic OR 3,4,4a,10b-tetrahydro-4-propyl-2H,5H-1-

benzopyrano-4,3-b-1,4-oxazin-9-ol OR 3-4-4-chlorophenyl-piperazin-1-yl-

methyl-1H-pyrrolo-2,3-b-pyridine OR Acepromazine OR aceprometazine OR 

amitriptyline, perphenazine drug combination OR amperozide OR 

Aripiprazole OR aripiprazole lauroxil OR Asenapine OR Azaperone OR 

Benperidol OR bromperidol OR bromperidol decanoate OR Butaclamol OR 

Chlorpromazine  OR Chlorprothixene  OR Clopenthixol OR clopenthixol 

acetate ester OR clopenthixol decanoate OR clothiapine OR Clozapine OR 

dapiprazole OR dicarbine OR dixyrazine OR DN 1417 OR Droperidol OR DuP 

734 OR ecopipam OR Etazolate OR Fananserin OR fencamfamine OR 

fluanisone OR Flupenthixol OR fluperlapine OR Fluphenazine OR 

fluphenazine depot OR fluphenazine enanthate OR Fluspirilene OR 

Haloperidol OR haloperidol decanoate OR isofloxythepin OR Loxapine OR 

Lurasidone Hydrochloride OR Mesoridazine OR Methiothepin OR 

Methotrimeprazine OR metylperon OR Molindone OR N,N-dipropyl-2-4-

methoxy-3-2-phenylethoxy-phenyl-ethylamine monohydrochloride OR 

nemonapride OR norclozapine OR olanzapine OR Ondansetron OR 

Paliperidone Palmitate OR Penfluridol OR Perazine OR perospirone OR 

Perphenazine OR piflutixol OR pimavanserin OR Pimozide OR 

pipamperone OR Prochlorperazine OR Promazine OR Quetiapine 

Fumarate OR Raclopride OR Remoxipride OR Reserpine OR rimcazole OR 
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Risperidone OR Ritanserin OR Ro 22-1319 OR sertindole OR (SK^ and F 

10047) OR Spiperone OR SR 142801 OR stepholidine OR sulforidazine OR 

Sulpiride OR sultopride OR tetrahydropalmatine OR Thioridazine OR 

Thiothixene OR Tiapride Hydrochloride OR timiperone OR Trifluoperazine OR 

Trifluperidol OR Triflupromazine OR veralipride OR zetidoline OR 

ziprasidone OR zotepine 

Antiepileptic agents (AEDs): 

1,3-ditolylguanidine OR 1-(4-chlorophenyl)-4-piperidin-1-yl-1,5-

dihydroimidazol-2-one OR 2,3-dioxo-6-nitro-7-sulfamoylbenzo(f)quinoxaline 

OR 2,3-piperidinedicarboxylic acid OR 2-(2,3-dicarboxycyclopropyl)glycine OR 

2-amino-4-methyl-5-phosphono-3-pentenoic acid OR 2-amino-4-

phosphonobutyric acid OR 2-amino-7-phosphonoheptanoic acid OR 2-fluoro-

2-phenyl-1,3-propanediyl dicarbamate OR 2-propyl-2-pentenoic acid OR 3-(2-

carboxypiperazin-4-yl)propyl-1-phosphonic acid OR 4-amino-3-phenylbutyric 

acid OR 5-(2-cyclohexylidene-ethyl)-5-ethylbarbiturate OR 6-(1H-imidazol-1-

yl)-7-nitro-2,3(1H,4H)-quinoxalinedione OR 6-methoxytryptoline OR 7-

nitroindazole OR abecarnil OR Acetazolamide OR alpha-

hexachlorocyclohexane OR angelicin OR anthranilic acid OR bemethyl OR 

benzobarbital OR bretazenil OR brivaracetam OR Bromides OR 

Carbamazepine OR CGP 39551 OR chlordesmethyldiazepam OR 

Chlormethiazole OR clobazam OR Clonazepam OR Clorazepate OR 

Dipotassium OR denzimol OR deramciclane OR Diazepam OR Dimethadione 

OR dipropylacetamide OR DN 1417 OR doramectin OR eperisone OR 

Estazolam OR Ethosuximide OR ethotoin OR ethylphenylhydantoin OR 

etiracetam OR ezogabine OR felbamate OR fludiazepam OR Flunarizine OR 

fosphenytoin OR gabapentin OR gaboxadol OR gidazepam OR glutamic OR 

acid OR diethyl OR ester OR GYKI 52466 OR indeloxazine OR indol-3-yl 

pyruvic acid OR kavain OR L 701324 OR lacosamide OR lamotrigine OR 

Lorazepam OR loreclezole OR Magnesium OR Sulfate OR mebeverine OR 

Medazepam OR Mephenytoin OR Mephobarbital OR Meprobamate OR 

methsuximide OR milacemide OR N-(4,4-diphenyl-3-butenyl)nipecotic acid OR 

N-desmethylclobazam OR NCS 382 OR neo-kyotorphin OR neurotropin OR 
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nimetazepam OR Nitrazepam OR NNC 711 OR Org 2766 OR oxcarbazepine 

OR Paraldehyde OR PD 117302 OR phenazepam OR pheneturide OR 

Phenobarbital OR Phenytoin OR pipequaline OR Pregabalin OR Primidone OR 

progabide OR progabide acid OR remacemide OR Riluzole OR rimcazole OR 

ryodipine OR sidnocarb OR stiripentol OR sulthiame OR taglutimide OR 

Thiopental OR thioperamide OR tiagabine OR Tiletamine OR tizanidine OR 

topiramate OR tramiprosate OR Trimethadione OR U 54494A OR Valproic Acid 

OR vanillin OR Vigabatrin OR Vigabatrin OR zaleplon OR ZK 91296 OR ZK 

93423 OR ZK 93426 OR zonisamide OR Anticonvulsive Agents OR 

Anticonvulsive Drugs OR Anticonvulsant Drugs OR Antiepileptic Agents OR 

Antiepileptics OR Antiepileptic Drugs 

Central nervous system (CNS): 

Neural tube defects OR Defect, Neural Tube OR Defects, Neural Tube OR 

Neural Tube Defect OR Developmental Neural Tube Defects OR Neural Tube 

Developmental Defects OR Developmental Defects, Neural Tube OR 

Craniorachischisis OR Craniorachischises OR Diastematomyelia OR 

Diastematomyelias OR Tethered Cord Syndrome OR Tethered Cord 

Syndromes OR Occult Spinal Dysraphism Sequence OR Tethered Spinal Cord 

Syndrome OR Occult Spinal Dysraphism OR Dysraphism, Occult Spinal OR 

Dysraphisms, Occult Spinal OR Occult Spinal Dysraphisms OR Spinal 

Dysraphism, Occult OR Spinal Dysraphisms, Occult OR Iniencephaly OR 

Iniencephalies OR Neurenteric Cyst OR Cyst, Neurenteric OR Cysts, 

Neurenteric OR Neurenteric Cysts OR Neuroenteric Cyst OR Cyst, 

Neuroenteric OR Cysts, Neuroenteric OR Neuroenteric Cysts OR Spinal Cord 

Myelodysplasia OR Myelodysplasia, Spinal Cord OR Myelodysplasias, Spinal 

Cord OR Spinal Cord Myelodysplasias OR Acrania OR Acranias OR 

Exencephaly OR Exencephalies 

OR Anencephaly OR Congenital Absence of Brain OR Brain Congenital 

Absence OR Anencephalus OR Absence of Brain, Congenital OR 

Anencephalia OR Anencephalias OR Incomplete Anencephaly OR 

Anencephaly, Incomplete OR Partial Anencephaly OR Anencephalies, Partial 

OR Anencephaly, Partial OR Partial Anencephalies OR Hemicranial 
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Anencephaly OR Anencephaly, Hemicranial OR Aprosencephaly OR 

Aprosencephalies 

OR Arnold-Chiari Malformation OR Arnold Chiari Malformation OR 

Malformation, Arnold-Chiari OR Malformation, Arnold Chiari OR Arnold-Chiari 

Deformity OR Arnold Chiari Deformity OR Deformity, Arnold-Chiari OR Arnold-

Chiari Syndrome OR Arnold Chiari Syndrome OR Syndrome, Arnold-Chiari OR 

Arnold-Chiari Malformation, Type II OR Arnold Chiari Malformation, Type II OR 

Chiari Malformation Type 2 OR Chiari Malformation Type II OR Arnold-Chiari 

Malformation, Type 2 OR Arnold Chiari Malformation, Type 2 OR Type II 

Arnold-Chiari Malformation OR Type II Arnold Chiari Malformation OR Arnold-

Chiari Malformation, Type IV OR Arnold Chiari Malformation, Type IV OR Type 

IV Arnold-Chiari Malformation OR Type IV Arnold Chiari Malformation OR 

Arnold-Chiari Malformation, Type 4 OR Arnold Chiari Malformation, Type 4 OR 

Arnold-Chiari Malformation, Type I OR Arnold Chiari Malformation, Type I OR 

Chiari Malformation Type I OR Type I Arnold-Chiari Malformation OR Type I 

Arnold Chiari Malformation OR Arnold-Chiari Malformation, Type 1 OR Arnold 

Chiari Malformation, Type 1 OR Arnold-Chiari Malformation, Type III OR Arnold 

Chiari Malformation, Type III OR Type III Arnold-Chiari Malformation OR Type 

III Arnold Chiari Malformation OR Arnold-Chiari Malformation, Type 3 OR 

Arnold Chiari Malformation, Type 3 

OR Encephalocele OR Encephaloceles OR Cephalocele OR Cephaloceles OR 

Cranial Meningoencephalocele OR Cranial Meningoencephaloceles OR 

Meningoencephalocele, Cranial OR Meningoencephaloceles, Cranial OR 

Cranium Bifidum OR Bifidum, Cranium OR Bifidums, Cranium OR Cranium 

Bifidums OR Hernia, Cerebral OR Cerebral Hernia OR Cerebral Hernias OR 

Hernias, Cerebral OR Bifid Cranium OR Bifid Craniums OR Cranium, Bifid OR 

Craniums, Bifid OR Craniocele OR Cranioceles OR Frontal Encephalocele OR 

Encephaloceles, Frontal OR Frontal Encephaloceles OR Encephalocele, 

Frontal OR Cerebellar Herniation OR Cerebellar Herniations OR Herniation, 

Cerebellar OR Herniations, Cerebellar OR Tonsillar Hernia OR Hernia, 

Tonsillar OR Hernias, Tonsillar OR Tonsillar Hernias OR Tonsillar Herniation 

OR Herniation, Tonsillar OR Herniations, Tonsillar OR Tonsillar Herniations OR 
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Cerebellar Hernia OR Cerebellar Hernias OR Hernia, Cerebellar OR Hernias, 

Cerebellar OR Acquired Encephalocele OR Acquired Encephaloceles OR 

Encephaloceles, Acquired OR Encephalocele, Acquired OR Encephalocele, 

Sincipital OR Encephaloceles, Sincipital OR Sincipital Encephaloceles OR 

Sincipital Encephalocele OR Occipital Encephalocele OR Encephaloceles, 

Occipital OR Occipital Encephaloceles OR Notoencephalocele OR 

Notoencephaloceles OR Encephalocele, Occipital 

OR Meningocele OR Meningoceles OR Meningeal Herniation OR Herniation, 

Meningeal OR Herniations, Meningeal OR Meningeal Herniations OR 

Herniation of Meninges OR Meninges Herniation OR Meninges Herniations OR 

Meningocele, Traumatic OR Meningoceles, Traumatic OR Traumatic 

Meningocele OR Traumatic Meningoceles OR Rudimentary Meningocele OR 

Meningocele, Rudimentary OR Meningoceles, Rudimentary OR Rudimentary 

Meningoceles OR Acquired Meningocele OR Acquired Meningoceles OR 

Meningocele, Acquired OR Meningoceles, Acquired 

OR Meningomyelocele OR Meningomyeloceles OR Myelomeningocele OR 

Myelomeningoceles OR Acquired Meningomyelocele OR Acquired 

Meningomyeloceles OR Meningomyelocele, Acquired OR Meningomyeloceles, 

Acquired OR Myelomeningocele, Acquired OR Acquired Myelomeningocele 

OR Acquired Myelomeningoceles OR Myelomeningoceles, Acquired OR 

Myelocele OR Myeloceles 

OR Pentalogy of Cantrell OR Thoracoabdominal Syndrome OR 

Thoracoabdominal Syndromes OR Cantrell's Pentalogy OR Cantrells 

Pentalogy OR Pentalogy, Cantrell's OR Cantrell Haller Ravitch syndrome OR 

Cantrell Pentalogy OR Pentalogy, Cantrell 

OR Spinal Dysraphism OR Dysraphism, Spinal OR Dysraphisms, Spinal OR 

Spinal Dysraphisms OR Spinal Dysraphia OR Dysraphia, Spinal OR 

Dysraphias, Spinal OR Spinal Dysraphias OR Schistorrhachis OR Spina Bifida 

OR Bifida, Spina OR Spina Bifidas OR Cleft Spine OR Open Spine OR Status 

Dysraphicus OR Dysraphicus, Status OR Rachischisis OR Rachischises 
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OR Spina Bifida Cystica OR Spina Bifida Manifesta OR Spina Bifida Aperta OR 

Spina Bifida, Open OR Open Spina Bifida 

OR Spina Bifida Occulta OR Spinal Bifida, Closed OR Closed Spinal Bifida OR 

Occult Spina Bifida OR Spina Bifida, Occult OR Dermal Sinus OR Sinus, 

Dermal 

OR Nervous System Malformations OR Malformation, Nervous System OR 

Malformations, Nervous System OR Nervous System Malformation OR 

Abnormalities, Nervous System OR Abnormality, Nervous System OR Nervous 

System Abnormality OR Anomalies, Nervous System OR Anomaly, Nervous 

System OR Nervous System Anomaly OR Congenital Abnormalities, Nervous 

System OR Congenital Anomalies, Nervous System OR Nervous System 

Malformations, Congenital OR Malformations, Nervous System, Congenital OR 

Nervous System Abnormalities OR Nervous System Anomalies OR Nervous 

System Congenital Abnormalities OR Nervous System Congenital 

Malformations OR Abnormalities, Congenital, Nervous System OR Congenital 

Malformations, Nervous System OR Cranioschisis OR Cranioschises 

OR Agenesis of Corpus Callosum OR Acrocallosal Syndrome OR Aicardi 

Syndrome OR Holoprosencephaly OR Central Nervous System Cysts OR 

Arachnoid Cysts OR Colloid Cysts OR Central Nervous System Vascular 

Malformations OR Central Nervous System Venous Angioma OR 

Hemangioma, Cavernous, Central Nervous System OR Intracranial 

Arteriovenous Malformations + OR Sinus Pericranii OR Dandy-Walker 

Syndrome OR Hereditary Sensory and Autonomic Neuropathies OR 

Dysautonomia, Familial OR Hereditary Sensory and Motor Neuropathy OR 

Alstrom Syndrome OR Charcot-Marie-Tooth Disease OR Giant Axonal 

Neuropathy OR Refsum Disease OR Spastic Paraplegia, Hereditary OR 

Hydranencephaly OR Malformations of Cortical Development OR 

Malformations of Cortical Development, Group I + OR Malformations of Cortical 

Development, Group II + OR Malformations of Cortical Development, Group III 

+ OR Septo-Optic Dysplasia 
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OR Autistic Disorder OR Disorder, Autistic OR Disorders, Autistic OR Autism, 

Early Infantile OR Early Infantile Autism OR Infantile Autism, Early OR Kanner's 

Syndrome OR Kanner Syndrome OR Kanners Syndrome OR Autism OR 

Autism, Infantile OR Infantile Autism 

OR Autism Spectrum Disorder OR Spectrum Disorders, Autism OR 

Autism Spectrum Disorders 

OR Attention Deficit Disorder with Hyperactivity OR Attention Deficit Disorders 

with Hyperactivity OR Attention Deficit Hyperactivity Disorders OR Attention 

Deficit-Hyperactivity Disorder OR Attention Deficit-Hyperactivity Disorders OR 

Deficit-Hyperactivity Disorder, Attention OR Deficit-Hyperactivity Disorders, 

Attention OR Disorder, Attention Deficit-Hyperactivity OR Disorders, Attention 

Deficit-Hyperactivity OR Hyperkinetic Syndrome OR Syndromes, Hyperkinetic 

OR ADDH OR Attention Deficit Hyperactivity Disorder OR Attention Deficit 

Disorder OR Attention Deficit Disorders OR Deficit Disorder, Attention OR 

Deficit Disorders, Attention OR Disorder, Attention Deficit OR Disorders, 

Attention Deficit OR Brain Dysfunction, Minimal OR Dysfunction, Minimal Brain 

OR Minimal Brain Dysfunction 

OR Seizures OR Seizure OR Seizures, Visual OR Seizure, Visual OR Visual 

Seizure OR Visual Seizures OR Convulsive Seizures OR Convulsive Seizure 

OR Seizure, Convulsive OR Seizures, Motor OR Motor Seizure OR Motor 

Seizures OR Seizure, Motor OR Seizures, Convulsive OR Jacksonian Seizure 

OR Seizure, Jacksonian OR Seizures, Auditory OR Auditory Seizure OR 

Auditory Seizures OR Seizure, Auditory OR Seizures, Clonic OR Clonic 

Seizure OR Clonic Seizures OR Seizure, Clonic OR Seizures, Focal OR Focal 

Seizure OR Focal Seizures OR Seizure, Focal OR Seizures, Generalized OR 

Generalized Seizure OR Generalized Seizures OR Seizure, Generalized OR 

Seizures, Gustatory OR Gustatory Seizure OR Gustatory Seizures OR Seizure, 

Gustatory OR Seizures, Olfactory OR Olfactory Seizure OR Olfactory Seizures 

OR Seizure, Olfactory OR Convulsion, Non-Epileptic OR Convulsion, Non 

Epileptic OR Convulsions, Non-Epileptic OR Non-Epileptic Convulsion OR 

Non-Epileptic Convulsions OR Seizures, Somatosensory OR Seizure, 

Somatosensory OR Somatosensory Seizure OR Somatosensory Seizures OR 
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Seizures, Tonic OR Seizure, Tonic OR Tonic Seizure OR Tonic Seizures OR 

Seizures, Tonic-Clonic OR Seizure, Tonic-Clonic OR Seizures, Tonic Clonic 

OR Tonic-Clonic Seizure OR Tonic-Clonic Seizures OR Seizures, Vertiginous 

OR Seizure, Vertiginous OR Vertiginous Seizure OR Vertiginous Seizures OR 

Seizures, Vestibular OR Seizure, Vestibular OR Vestibular Seizure OR 

Vestibular Seizures OR Seizures, Sensory OR Seizure, Sensory OR Sensory 

Seizure OR Sensory Seizures OR Convulsions OR Convulsion 

OR neurodevelopment* OR neurodevelopmental 

Pregnancy (P): 

trimester* OR prenatal* OR antenatal* OR gestation* OR pregnan* OR matern* 

OR perinatal* OR postnatal* OR (prepregnancy OR pre-pregnancy OR “pre 

pregnancy” OR preconception* OR “pre conception” OR pre-conception* OR 

“pre conceptionally” OR periconceptional*) OR antepart* OR postpart* OR 

intrapart* OR obstetric*  
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Appendix 2 Chapter 2, Descriptive summaries 

eTable 2.1 Descriptive summary (A) 

Study  Country Study Period Data source Single or multi 
centre 

Linkage between mother/child 

Adab 2004 UK 2000-2001 Ad hoc clinical 

sample 

Multi-centre By recruitment and interview 

Almgren 
2009 

Sweden 1995-2005 Administrative 

database/registry 

Multi-centre National board of health, established by linkage of Swedish national 

registers using the unique individual Swedish national registration 

number. 

Alwan 2007 United 

States 

1997-2002 Ad hoc clinical 

sample 

Multi-centre N/A 

Annegers 
1978 

USA 1922-1976 Administrative 

database/registry 

Single centre Linkage system 

Arpino 2000 9 countries 1990-1996 Administrative 

database/registry 

Multi-centre N/A 

Artama 
2005 

Finland 1991-2000 Administrative 

database/registry 

Multi-centre Through computerized record linkage with the unique personal 

identification number 

Artama 
2006 

Finland 1/1/1993 - 

31/12/2000 

Administrative 

database/registry 

Multi-centre Linkages between medical birth register and personal ID 

Asranna 
2018 

India 1998 to 2014 Ad hoc Registry Single centre Not mentioned, probably by visit and follow-up 

Bansal 2018 India 2011-2016 Ad hoc clinical 

sample 

Single centre Not mentioned, probably by visit and follow-up 

Barqawi 
2005 

Jordan 

(Arab 

Kingdom) 

N/A Ad hoc clinical 

sample 

single centre N/A 

Bertollini 
1985 

Italy 1980-1983 Administrative 

database/registry 

Multi-centre N/A 
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Blotière 
2020 

France Jan 2011 to 

Dec 2014 

Administrative 

database/registry 

Multi-centre Valid identifier 

Boukhris 
2016 

Canada 

(Quebec) 

Jan 1 1998-

Dec 31 2009 

Administrative 

database/registry 

Multi-centre Linked using unique personal identifiers 

Boukhris 
2017 

Canada 

(Quebec) 

1998-2009 Administrative 

database/registry 

Multi-centre Linked using unique personal identifiers 

Bromley 
2013 

UK 2000-2004 Ad hoc clinical 

sample 

Multi-centre Maternal interview and checked against medical records. 

Brown 2017 Canada 2002-2010 Administrative 

database/registry 

Multi-centre Births were identified using the MOMBABY database that 

successfully links 98% of maternal and new-born health records for 

in-hospital births 

Campbell 
2014 

UK and 

Ireland 

Dec1996-Dec 

2012 

Ad hoc Registry Multi-centre Registry 

Cantarutti 
2017 

Italy Jan 2005-

Dec 2010 

Administrative 

database/registry 

Multi-centre The linking of records across HUC databases, which is made 

possible through a unique patient-identifying code included in all 

databases, allows to identify a large and unselected birth cohort and 

to reconstruct relevant sociodemographic characteristics and care 

pathways of mothers and new-borns. 

Castro 2016 United 

States 

1997-2010 Administrative 

database/registry 

Multi-centre Additional maternal and paternal data, as well as confirmation of 

matching accuracy between mothers and offspring were obtained 

from the Massachusetts Registry of Vital Records and Statistics. 

(confirmed by Massachusetts state birth certificates.) 

Christense
n 2013 

Denmark 1996-2006 Administrative 

database/registry 

Multi-centre The unique personal identification number includes information on 

sex and age and was used to ensure complete linkage of individual 

information in all national registries used in this study 

Christense
n 2019 

Denmark 1 Jan 1997 - 

31 Dec 2011 

Administrative 

database/registry 

Multi-centre Personal identification number 

Clement 
2015 

United 

States 

1997-2010 Administrative 

database/registry 

Multi-centre Mothers were identified on the basis of matching child’s date of birth 

and surname, insurance identifiers, and hospital encounter date. As 

a further confirmation of match, and to address cases where children 

might have different last names or where they might have been 

removed from maternal custody, Massachusetts state birth 

certificates were queried for all identified children. Where mother–
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child matches could not be confirmed, those pairs were omitted from 

analysis. 

Cohen-
Israel 2018 

Israel Jan 2005 - 

Aug 2014 

Ad hoc clinical 

sample 

Single centre Medical charts, medical files and telephone interview 

Coste 2020 France 1 Jan 2011 to 

31 Dec 2014 

Administrative 

database/registry 

Multi-centre Mother–child data linkage 

Croen 2011 United 

States 

1995-2002 Administrative 

database/registry 

Multi-centre N/A 

Davis 2007 United 

States 

1996-2000 Administrative 

database/registry 

Multi-centre We performed the maternal–infant linkage using unique identifiers 

that have been previously used for epidemiologic studies of 

maternal–child pairs in these health systems 

de Jonge 
2013 

 

Netherlands  

1998-2008 Administrative 

database/registry 

Multi-centre Identified by connecting a child in the IADB to a female patient aged 

15–50 years with the same address code as the child, providing 

there were no other female patients of this age with the same 

address code 

Diav-Citrinn 
2008 

Israel 1994-2004 Ad hoc clinical 

sample 

Single centre Followed up by telephone interview about their pregnancy outcome 

using a structured questionnaire 

El Marroun 
2014 

The 

Netherlands 

2002-2012 Ad hoc clinical 

sample 

Multi-centre Questionnaire 

Eroglu 2008 Turkey March 1996-

April 2006 

Ad hoc clinical 

sample 

Single centre N/A 

Figueroa 
2010 

United 

States 

1997-2006 Administrative 

database/registry 

Multi-centre N/A 

Fonager 
2000 

Denmark Jan 1991-

Dec1998 

Administrative 

database/registry 

Multi-centre Use of the 10-digit personal identification number (CPR-number), 

record linkage between the population-based prescription database 

and the Danish Medical Birth Registry 

Gidaya 2014 Denmark 1 Jan 1997 - 

31 Dec 2006 

Administrative 

database/registry 

Multi-centre N/A 

Gladstone 
1992 

Canada N/A Ad hoc clinical 

sample 

Multi-centre Details of the delivery were recorded on a separate Offspring Form 

Gurney 
1997 

United 

States 

1989-1994 Administrative 

database/registry 

Multi-centre N/A 
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Guveli 2017 Turkey 1990-2006 Ad hoc clinical 

sample 

Multi-centre N/A 

Hagberg 
2018 

UK 1989-2011 Administrative 

database/registry 

Multi-centre Mother–child data linkage 

Harrington 
2014 

United 

States 

April 2003 - 

August 2010 

Ad hoc clinical 

sample 

Multi-centre By recruitment and interview 

Hayes 2012 United 

States 

1995-2007 Administrative 

database/registry 

Multi-centre Birth certificates 

Hernandez 
2012 

North 

American 

1997-2011 Ad hoc Registry Multi-centre Data on AED use and maternal characteristics were collected 

through phone interviews at enrollment, at 7 months’ gestation, and 

postpartum. Malformations were confirmed by medical records 

Hirano 2004 Japan N/A N/A N/A N/A 

Holmes 
1994 

United 

States 

1986-1988 Ad hoc clinical 

sample 

Multi-centre Questionnaire 

Holmes 
2001 

United 

States 

1986-1993 Ad hoc clinical 

sample 

Multi-centre Questionnaire 

Hunt 2008 UK through Aug 

31 2007 

Ad hoc Registry Multi-centre Registry 

Hviid 2013 Denmark 1/11996 - 

31/122005 

Administrative 

database/registry 

Multi-centre Linking using the unique personal ID of mother and children in 

various registries 

Jentink 
2010 

Europe 1995-2005 Administrative 

database/registry 

Multi-centre Depends on the linkage of the individual population-based registries 

Jentink 
2010  

Europe 1995-2005 Administrative 

database/registry 

Multi-centre Depends on the linkage of the individual population-based registries 

Kaaja 2003 Finland 1990-1998 Ad hoc clinical 

sample 

Single centre Follow up 

Kallen 1994 Sweden 1973-1991 Administrative 

database/registry 

Multi-centre Depends on the linkage of registries 

Kallen 2004 Sweden Between July 

1, 1995 and 

December 

31, 2001 

Administrative 

database/registry 

Multi-centre Registry  
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Kallen 2012 Sweden 2006-2008 Administrative 

database/registry 

Multi-centre Each woman is identified with the identification number. Data on 

antenatal care, delivery, and the neonatal examination of the new-

born are obtained from medical documents, either electronic copies 

or copies of the original document 

Kaneko 
1988 

Japan 1978-1984 Ad hoc clinical 

sample 

Multi-centre N/A 

Kaneko 
1992 

Japan 1985-1989 Ad hoc clinical 

sample 

Multi-centre N/A 

Katz 2001 United 

States 

1990-2000 Ad hoc clinical 

sample 

Single centre N/A 

Kelly 1984 United 

States 

initiated in 

1977 

Ad hoc clinical 

sample 

Single centre Letters and telephone calls were used to facilitate the follow-up. 

Kerr 2020 Canada, 

United 

States 

1976-2015 Ad hoc Registry Multi-centre Not mentioned, probably by interview  

King 1996 Norway 1967-1992 Administrative 

database/registry 

Multi-centre The registry holds information about mothers' health before and 

during the pregnancy, about the delivery, and about the child 

Knickmeyer 
2014 

United 

States 

Not 

mentioned 

Ad hoc clinical 

sample 

Multi-centre N/A 

Koch 1992 Germany 1976-1990 N/A N/A N/A 

Koch 1996 Germany N/A N/A N/A N/A 

Koch 1999 Germany 1976-1984 N/A N/A N/A 

Kondo 2013 Japan 2001-2012 Ad hoc clinical 

sample 

Multi-centre Interview 

Kulaga 2011 Canada 1998-2003 Administrative 

database/registry 

Multi-centre Linkage between databases was done using subjects’ unique 

personal identifier 

Laugesen 
2013 

Denmark 1996-2010 Administrative 

database/registry 

Multi-centre Civil registration number obtained from medical birth registry, 

number by midwives or physicians overseeing delivery. Linkages 

between different registries via the civil registration number 

Leibovitch 
2013 

Isreal Jan 2007 - 

Dec 2011 

Ad hoc clinical 

sample 

Single centre Not mentioned 
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Lennestal 
2007 

Sweden Up to the end 

of 2004 

Administrative 

database/registry 

Multiple centre Patients are identified with the unique personal ID given to every 

Swedish citizen. Linkage is not explicitly mentioned 

Lin 2004 United 

States 

1/5/1998 - 

31/12/2000 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably by medication review 

Losche 
1994 

Germany 1976-1983 Ad hoc clinical 

sample 

Multiple centre Not mentioned, probably by continuous follow-up and ascertained 

during the conducting of psychological tests 

Lutejin 2016 13 

European 

countries 

1995-2011 Ad hoc registry Multiple centre Linkages between individual registries are not specified 

Maged 2016 Egypt Between 

June 2011 to 

June 2014 

Ad hoc clinical 

sample 

Single centre Not mentioned, directly scanned 

Malm 2016 Finland 1996-2010 Administrative 

database/registry 

Multiple centre Personal ID of the baby and other links to the three registers 

Man 2017 Hong Kong 1/1/2001 - 

31/12/2009 

Administrative 

database/registry 

Multi-centre Exact match of mother/child patient IDs, delivery date and delivery 

hospital; created by HA, linked permanently and immediately after 

delivery 

Mawer 2002 England Jan 1990 - 

Dec 1999 

Ad hoc clinical 

sample 

Single centre Not mentioned 

Mawer 2010 England 2000-2006 Ad hoc clinical 

sample 

Multiple centre Not mentioned 

Mawer 2010 England 2000-2006 Ad hoc clinical 

sample 

Multiple centre Not mentioned 

Mawhinney 
2012 

UK Dec 1996 - 

April 2010 

Ad hoc registry Multi-centre Not mentioned 

Mawhinney 
2013 

UK Oct 2000 - 

Aug 2011 

Ad hoc registry Multi-centre Not mentioned 

Medveczky 
2004 

Hungary 1980-1996 Ad hoc registry Multi-centre Not mentioned, probably by registry data and questionnaire follow-

up 

Meijer 2005 Netherlands 1997-2002 Ad hoc registry Multi-centre Case identified from EURCAT registry with maternal information 

Nakane 
1980 

Japan 1974 - 1980; 

before 1974? 

Ad hoc clinical 

sample 

Multi-centre Not mentioned, probably linked as followed by the psychiatrist 
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Nulman 
1997 

Canada 1987-1992 Ad hoc clinical 

sample 

Multi-centre Not mentioned, probably linked as follow-up in interviews and 

retrieved from medical records 

Omtzigt 
1992 

Netherland 1/11/1985 - 

1/7/1990 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably by follow-up with the 

neurologist/obstetrician in charge 

Ornoy 1996 Isreal 1988 - 1994 Ad hoc registry Multi-centre Not mentioned, probably by ascertained during direct examination 

of the developmental paediatrician 

Ozdemir 
2015 

Turkey Mar 2009 - 

Jan 2015 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably by internal linkages in-house in hospital 

Pastuszak 
1993 

Canada, 

United 

States 

Not 

mentioned 

Ad hoc registry Multi-centre Not mentioned, probably by telephone interview and corroboration 

of written documentation by child's physician 

Polen 2013 United 

States 

Oct 1 1997 - 

Dec 31 2007 

Ad hoc registry Multi-centre Not mentioned, probably by database linkage within the study 

Queisser-
Luft 1996 

United 

States 

1990 -1994 Ad hoc registry Multi-centre Not mentioned, probably by sources from health report of 

gynaecologist and the linked personal information from the program 

Rai 2013 Sweden 2001 - 2007 Administrative 

database/registry 

Multi-centre Linked by unique national ID numbers of mothers 

Rai 2017 Sweden 2001 - 2011 Administrative 

database/registry 

Multi-centre Linked by unique national ID numbers of mothers 

Richards 
2019 

New 

Zealand 

2008-2012 Administrative 

database/registry 

Multi-centre Unique alphanumeric identifier 

Richmond 
2004 

Canada 1978 - 2000 Ad hoc clinical 

sample 

Single centre Not mentioned, probably by database linkage within the hospital 

Sabers 1998 Denmark 1978 - 1992 Ad hoc clinical 

sample 

Single centre Not mentioned, probably by database linkage within the hospital 

Samren 
1999 

Netherland 1972 - 1994 Ad hoc clinical 

sample 

Multi-centre Not specified, inferred from medical records 

Sawhney 
1996 

India 1987 - 1994 Ad hoc clinical 

sample 

Single centre Not mentioned, probably by database linkage within the hospital 

Singal 2020 Canada 1 April 1996 

to 31 March 

2014 

Administrative 

database/registry 

Multi-centre Linked by personal health information numbers 
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Smearman 
2020 

United 

States 

N/A Ad hoc Registry Single centre Follow-up interview, questionnaires 

Sorensen 
2013 

Denmark From 1 Jan 

1996 - 31 Dec 

2006 

Administrative 

database/registry 

Multi-centre The CRS contains information about the personal identification 

number – the CRS number – that is assigned to all persons having 

permanent residence in Denmark. The CRS also contains 

information on sex, date of birth, death, immigration status, maternal 

identity, paternal identity if known, and sibling identity. The CRS 

number allows linkage of individual information from the CRS with 

information from a range of other national registries. We obtained 

information on age, sex, and family relations from the CRS, and we 

used the CRS number to link individual information from all national 

registries used in the study. 

Sujan 2017 Sweden Between 

1996 and 

2012 

Administrative 

database/registry 

Multi-centre "Linking" - but exact mechanism not mentioned 

Tanganelli 
1992 

Italy Between 

1980 - ? 

Ad hoc clinical 

sample 

Multi-centre Not mentioned, probably by follow-up 

Thomas 
2001 

India June 1998-

Nov 1998 

Ad hoc Registry N/A N/A 

Thomas 
2007 

India Dec-20 Ad hoc Registry N/A N/A 

Titze 2008 West 

Germany 

Between 

1976 - 1984 

Ad hoc clinical 

sample 

Multi centre Not mentioned, probably by follow-up 

Vajda 2003 Australia Between Jul 

1999 - Dec 

2001 

Ad hoc Registry Multi-centre Treating medical practitioners are contacted to confirm details. 

Vajda 2006 Australia Between 

1999 - 2003 

(52m) 

Ad hoc Registry Multi-centre Treating medical practitioners are contacted to confirm details. 

Vajda 2007 Australia Between 

1999 - Dec 

2006 

Ad hoc Registry Multi-centre Treating medical practitioners are contacted to confirm details. 
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Vajda 2010 Australia Between 

1999 - ? 

Ad hoc Registry Multi-centre Treating medical practitioners are contacted to confirm details. 

Vajda 2013 
(1) 

Australia Between 

1999 - ? 

Ad hoc registry Multi-centre Treating medical practitioners are contacted to confirm details. 

Vajda 2013 
(2) 

Australia Between 

1999 to 2012 

Ad hoc registry Multi-centre Treating medical practitioners are contacted to confirm details. 

Vajda 2019 Australia Almost 20 

years ago to 

the begging 

of 2018 

Ad hoc Registry Single centre Not mentioned, probably by telephone interview  

Van der Pol 
1991 

Netherlands 1973 - 1981 Ad hoc clinical 

sample 

Single centre Not mentioned, probably by follow-up assessment of the children 

Van der 
Veere 2020 

Netherlands May 2007 to 

April 2010 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably by follow-up visit 

Vanya 2015 Hungary Dec 31 2000 - 

Mar 31 2014 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably by follow-up assessment of the children 

Veiby 2009 Norway Dec 1 1998 - 

Oct 6 2005 

Administrative 

database/registry 

Multi-centre Complete ascertainment of all births is ensured through a record 

linkage to the National Population Registry of Norway. 

Videman 
2016 

Finland Nov 2010 - 

Jan 2015 

(examined) 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably ascertained during the examinations at the 

age of 7 months 

Viinikainen 
2006 

Finland Jan 1989 - 

Oct 2000 

Ad hoc clinical 

sample 

Single centre Not mentioned, probably ascertained during the pre-decided follow-

up 

Viktorin 
2017 (1) 

Sweden Jan 1 2006 - 

Dec 31 2007 

Administrative 

database/registry 

Multi-centre Established by linkage of Swedish national registers using the 

unique individual Swedish national registration number. 

Viktorin 
2017 (2) 

Sweden Jan 1 2006 - 

Dec 31 2007 

Administrative 

database/registry 

Multi-centre Established by linkage of Swedish national registers using the 

unique individual Swedish national registration number. 

Vinten 2005 England Not found Ad hoc clinical 

sample 

Multi-centre Not mentioned, probably ascertained during follow-up 

Wen 2006 Canada Jan 1 1990 - 

Dec 31 2000 

Administrative 

database/registry 

Multi-centre Mothers were identified for each birth (probably by linkage between 

physician and hospital data) 

Werler 2011 United 

States 

Oct 1997 - 

Dec 2005 

Administrative 

database/registry 

Multi-centre Not mentioned, probably from the info of the study and follow-up 

during phone interview 
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Wide 2000 Sweden 1985 - 1995 Ad hoc clinical 

sample 

Single centre Not mentioned, probably from examination of the new-born infant 

within 4 days of birth 

Winterfeld 
2016 

8 European 

countries 

2004 -2013 Administrative 

database/registry 

Multi-centre Not mentioned, probably by follow-up interview either by phone or 

mail 

Wood 2015 Australia Between Nov 

2007 - May 

2010 

Ad hoc Registry Multi-centre Women previously followed by the registry and recruited via the APR 

Yamamoto-
Sasaki 2019 

Japan Jan 2005 to 

July 2014 

Administrative 

database/registry 

Multi-centre Linked by unique family identification code 

 

eTable 2.2 Descriptive summary (B) 

Study  Study Design Total number of participants Type of drug used Single agent/ 
multiple specific 
agents/ 
pharmacological 
class/ indication? 

Type of CNS outcome 
of interest in child 

Adab 2004 Case-control 375 children (274 exposed, 101 

unexposed) 

AED AED Cognitive development 

Almgren 2009 Cohort 900,739 new-borns (2426 

exposed) 

AED AED Birth-weight-adjusted 

mean head 

circumference 

Alwan 2007 Case-control N=13714 (9622 cases and 4092 

control) 

SSRIs SSRI Anencephaly, spina 

bifida 

Annegers 1978 Cohort A total of 382 births to 194 

women who had had epilepsy 

diagnosed at some time during 

their lives were identified. There 

were 177 births to women who 

AED AED Seizure disorder 
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had taken anticonvulsants during 

the first trimester and 82 to 

women who had had active 

epilepsy but had not taken 

anticonvulsants during the first 

trimester. comparison group of 

748 births  

Arpino 2000 Case-control N=8005  ATC AED Spin bifida ICD-9/BPA 

Artama 2005 Cohort 939 births occurred among the 

561 untreated patients and 1,411 

occurred among the 857 patients 

using AEDs 

AED AED Congenital malformation 

inc. spina bifida 

Artama 2006 Cohort 7575 live births Proxy: women entitled to 

fully reimbursable 

antiepileptic medication for 

epilepsy from Social 

Insurance Institution (SII) 

AED Spina bifida, 

anencephaly and other 

congenital anomalies of 

CNS 

Asranna 2018 Cohort 1547 pregnancies AED AED Foetal malformation or 

cognitive development 

Bansal 2018 Cohort 99 AED Levetiracetam Major congenital 

malformation - neural 

tube defects 

Barqawi 2005 Cohort 50 (Group A (n=16) received 

monotherapy with 

carbamazepine, group B (n=16) 

received combined therapy with 

carbamazepine and phenytoin, 

and group C (n =18) received no 

drugs) 

Group A had monotherapy 

with carbamazepine. Group 

B had combined 

therapy of carbamazepine 

and phenytoin and group C 

had no antiepileptic 

medication 

AED Seizures, minor 

congenital anomalies, 

major congenital 

anomalies 

Bertollini 1985 Case-control N=439717 (total births) (case: 

7607 malformed babies) 41 

cases with maternal epilepsy (40 

cases with known treatment) 

AED  AED Spina Bifida 
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Blotière 2020 Cohort 9034 AED AED Primary outcomes: 

neurodevelopmental 

disorders and two 

specific subcategories - 

pervasive 

developmental disorders 

and mental retardation; 

secondary outcome: 

communication-related 

disorders 

Boukhris 2016 Cohort 145 456 singleton full-term 

infants (4724 exposed, 140732 

not exposed) 

SSRIs, SNRIs, TCAs, other 

antidepressants, combined 

use 

AD ASD 

Boukhris 2017 Cohort 144 406 singleton full-term 

liveborn 

the RAMQ Prescription 

Drug database 

AD ADHD 

Bromley 2013 Cohort 528 (243 WWE and 285 controls) 

n=415 followed till 6 y/o 

59 were exposed to CBZ, 59 

to VPA, 36 to lamotrigine 

(LTG), 14 to other 

monotherapy treatments 

and 41 to polytherapy. 

Thirty-four children were 

born to WWE who were not 

taking medication during 

their pregnancy. 

AED Neurodevelopmental 

delays 

Brown 2017 Cohort 35 906 singleton births Serotonergic 

antidepressant: SSRI or 

SNRI 

AD ASD 

Campbell 2014 Cohort N=5206 valproate, carbamazepine 

and lamotrigine. 

AED Neural tube defect 

Cantarutti 2017 Cohort 9825 deliveries (3283 exposed 

during pregnancy, 6542 exposed 

before pregnancy only) 

Information on prescriptions 

were retrieved from the 

Lombardy outpatient 

drug prescriptions registry. 

AD Neonatal convulsion 
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Antidepressant exposure 

was defined as 

reimbursement of 

prescription medicines with 

the Anatomical Therapeutic 

Code N06A 

Castro 2016 Case-control ASD: N=4650 (1245 cases and 

3405 controls) 

ADHD: N=5498 (1701 cases and 

3797 controls) 

1) SSRIs (citalopram 

hydrobromide, fluoxetine, 

fluvoxamine maleate, 

paroxetine hydrochloride, 

and sertraline 

hydrochloride); 2) dual-

action antidepressants 

(nefazodone hydrochloride, 

trazodone hydrochloride, 

and venlafaxine 

hydrochloride), including 

serotonin-noradrenergic-

reuptake inhibitors, 

noradrenergic and specific 

serotoninergic 

antidepressants, and 

noradrenaline-reuptake 

inhibitors; 3) tricyclic 

antidepressants 

(amitriptyline hydrochloride, 

desipramine hydrochloride, 

doxepin hydrochloride, 

imipramine hydrochloride, 

nortriptyline hydrochloride, 

and protriptyline 

hydrochloride). 

AD ASD; 

ADHD 
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Christensen 2013 Cohort n=655615  The Danish Prescription 

Register holds information 

on all prescriptions filled 

since January 1, 1996. 

Valproate ASD 

Christensen 2019 Cohort 913,302 Valproate and other AED AED ADHD 

Clement 2015 Case-control ASD: N=5399 (1377 cases and 

4022 controls) 

ADHD: N=7874 (2243 cases and 

5631 controls) 

1) SSRIs (citalopram 

hydrobromide, fluoxetine, 

fluvoxamine maleate, 

paroxetine hydrochloride, 

and sertraline 

hydrochloride); 2) dual-

action antidepressants 

(nefazodone hydrochloride, 

trazodone hydrochloride, 

and venlafaxine 

hydrochloride), including 

serotonin-noradrenergic-

reuptake inhibitors, 

noradrenergic and specific 

serotoninergic 

antidepressants, and 

noradrenaline-reuptake 

inhibitors; 

3) tricyclic antidepressants 

(amitriptyline hydrochloride, 

desipramine hydrochloride, 

doxepin hydrochloride, 

imipramine hydrochloride, 

nortriptyline hydrochloride, 

and protriptyline 

hydrochloride). 

AD ASD; 

ADHD 
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Cohen-Israel 2018 Cohort 83 Lamotrigine AED Short term and long-

term neurological 

outcomes 

Coste 2020 Cohort 1,721,990 Valproate and other AED AED Neurodevelopmental 

disorders 

Croen 2011 Case-control N=1805  

(298 cases, 1507 control) 

SSRIs, TCAs, DAAs (Dual 

action antidepressants) 

((1) SSRIs (2) dual-action 

antidepressants and (3) 

tricyclic antidepressants 

AD ASD 

Davis 2007 Cohort Analysis of congenital 

malformations N=49836 (805 

exposed to SSRIs and 49031 not 

exposed to SSRIs; 167 exposed 

to TCAs and 49669 not exposed 

to TCAs); Analysis of perinatal 

complications: N=76093 (874 

exposed to SSRIs and 75219 not 

exposed to SSRIs; 136 exposed 

to TCAs and 75957 not exposed 

to TCAs); 

SSRI, TCAs, paroxetine AD Congenital malformation 

inc. CNS malformation, 

anencephalous, spina 

bifida, other congenital 

anomalies of nervous 

system, convulsions in 

new-born 

de Jonge 2013 Case-control N=32435 (3212 cases and 

29223 controls) 

AED +AD AED +AD Anomalies of CNS 

Diav-Citrinn 2008 Cohort 154 valproate-exposed 

pregnancies, 1315 pregnancies 

of women in the TIS database 

who were counselled for 

nonteratogenic exposures 

Valproate Valproate Major congenital 

anomalies inc. Severe 

mental retardation,  

El Marroun 2014 Cohort N=5976 (69 exposed to SSRIs;  

376 with depressive symptoms 

and no maternal SSRI use; 5531 

with no exposure to SSRIs and a 

SSRIs (paroxetine, 

fluoxetine, sertraline, 

fluvoxamine, and 

citalopram) 

SSRI 1) Autistic symptoms 

(pervasive 

developmental problems 

at age 1.5, 3 and 6 

years); 
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low score of maternal depressive 

symptoms) 

2) Autistic symptoms 

(Autistic traits at age 6 

years - social cognition, 

social communication 

and autistic mannerism); 

3) Affective problems; 

4) Head size; 

5) birth weight (g); 

6) Gestational age at 

birth (week) 

Eroglu 2008 Cohort n= 84 AED AED Congenital malformation 

Figueroa 2010 Cohort N=38074 

Bupropion: (114 exposed; 37960 

not exposed); 

SSRIs:(916 exposed; 37158 not 

exposed); 

Other antidepressants: (119 

exposed; 37955 not exposed) 

1) Bupropion; 

2) SSRIs (not specified); 

3) Other antidepressants 

(tricyclics, tetracyclic, 

mirtazapine, and 

venlafaxine) 

AD ADHD 

Fonager 2000 Cohort 235 exposed and 17259 

unexposed 

AED AED Neural tube defects 

Gidaya 2014 Case-control N=628408 SSRI SSRI ASD 

Gladstone 1992 Cohort 59 epileptic women Carbamazepine, Phenytoin AED Lumbar 

myelomeningocele, 

hydrocephalus, 

Developmental delay  

Gurney 1997 Case-control N= 1341 (540 cases and 801 

control) 

AED (Anticonvulsant) 

Medications were classified 

for this analysis according to 

whether they contained 

barbiturates. Phenobarbital, 

Dilantin with phenobarbital, 

and Mebaral were the only 

AED Paediatric brain 

tumours,  

Epilepsy 
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barbiturate-containing 

anticonvulsants reported. 

Guveli 2017 Cohort n=117 children (91 were born to 

71 of the mothers on AEDs and 

26 born to 17 of the mothers 

were not exposed to AED during 

pregnancy) 

AED AED neural tube defects 

Hagberg 2018 Cohort 40,387 AED AED ASD 

Harrington 2014 Case-control N=966 (ASD=492, DD=154, TD 

=320) 

SSRI SSRI ASD and other 

developmental delays 

(DD) 

Hayes 2012 Cohort N=228876 (Not depressed = 

195079; depressed (0,1-2,3+) = 

16901, 10700, 6196) 

AD AD Convulsion 

Hernandez 2012 Cohort n=5265 AED AED Major congenital 

malformation inc. neural 

tube defects 

Hirano 2004 Cohort 71 offspring born to mothers with 

epilepsy and 99 born to healthy 

mothers 

AED AED Physical and 

Psychomotor 

development 

Holmes 1994 Cohort 180 drug-exposed and 218 

epilepsy-history infants and 979 

unexposed 

AED AED Microcephaly 

Holmes 2001 Cohort 509 exposed to AED, 606 

seizures without AED, 1186 

control 

AED AED Microcephaly 

Hunt 2008 Cohort N=203 Topiramate and AED Topiramate and 

AED 

MCM inc. Plagiocephaly 

Hviid 2013 Cohort 626,875 pairs of mother-child ATC Code: N06AB SSRI ASD 

Jentink 2010 Case-control 3 881 592 births in Europe in 

1995-2005 and 98 075 major 

congenital malformations: 

AED Carbamazepine and 

AED 

Congenital 

malformations incl. 

spina bifida 
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86 291 non-chromosomal and 11 

784 chromosomal 

Jentink 2010  Case-control 3881592 pairs of mother-child Medical records of the 19 

registries, by ATC code or 

complete drug names 

Valproic Acid and 

AED 

Congenital 

malformations incl. 

spina bifida, 

microcephaly, 

craniosynostosis 

Kaaja 2003 Cohort 979 offspring born to WWE (740 

with AED during first trimester 

and 239 not exposed) 

AED AED Congenital malformation 

inc. eight had a CNS 

anomaly 

Kallen 1994 Case-control 9 cases and 18 controls Carbamazepine and 

Valproic Acid  

Carbamazepine and 

Valproic Acid  

Spina Bifida 

Kallen 2004 Cohort N = 573728 (SSRI = 987) 

mothers 

Among the 987 mothers, 

395 had used TCA 

(clomipramine =353, 

amitriptyline=281), 558 had 

used SSRIs 

(citalopram=285, 

paroxetine=106, 

fluoxetine=91, 

sertraline=77), and 63 had 

used other antidepressants 

(venlafaxine=24) 

AD Neonatal outcome inc. 

convulsions 

Kallen 2012 Cohort N=307,873 SSRI drug (ATC code 

N06AB) or one or more of 

the following drug 

categories were identified in 

from PDR: 1. Opioids 

except dextropropoxyphene 

or codeine 2. 

Dextropropoxyphene or 

codeine in combination with 

paracetamol or ASA 3. 

AD and CNS active 

drugs: include 

antipsychotics and 

AEDs 

convulsions, or other 

CNS pathologic 

abnormalities 
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Anticonvulsants 4. 

Antipsychotic respectively) 

and lithium 5. Lithium 

6. Benzodiazepines 

7. Hypnotic benzodiazepine 

receptor agonists, HBRA  

8. Other 

sedatives/hypnotics 9. 

Other antidepressants than 

SSRI 

Kaneko 1988 not cohort N=172 infants born to epileptic 

mothers, n=20 non-AED treated 

mothers with epilepsy 

AED AED MCM inc. spina bifida,  

Kaneko 1992 not cohort N=145 infants born to AED-

treated mothers 

AED AED MCM inc. spina bifida,  

Katz 2001 not cohort N=103 new-borns AED AED MCM (inc. neural tube), 

minor anomalies and 

developmental delay 

Kelly 1984 not cohort N=171 children AED AED numerous inc. 

microcephaly 

Kerr 2020 Case-control 10236 controls + 405 neural tube 

defects cases 

AED AED Neural tube defects, 

spina bifida 

King 1996 Cohort n= 1506851 AED AED Spina bifida  

Knickmeyer 2014 Cohort N = 129 (SSRI + depression = 

33, no depression and SSRI = 

66, depression without AD= 30) 

SSRI SSRI Chiari I malformations  

Koch 1992 Cohort Pregnant women with epilepsy 

treated with AEDs (E-I), women 

with epilepsy without AED 

treatment (E-111, and women 

whose partners had epilepsy (E-

111) were entered into the study 

as soon as they gave informed 

AED AED anomaly inc. 

brachycephaly, 

Craniosynostosis 

(trigonocephaly), 

Meningomyelocele 
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consent. For each of these three 

epilepsy groups, we established 

a pair-matched control (C) group. 

E-I, n = 116; E-11, n = 25; E-111, 

n = 22; C-I, n = 116; C-11, n = 25; 

and C-111, n = 22. 

Koch 1996 Cohort N= 40 children exposed in utero 

to a single antiepileptic drug 

(phenobarbitone, phenytoin, 

valproic acid).and 66 controls 

AED AED Neonatal behaviour and 

later neurological 

functions 

Koch 1999 Cohort N= 116. 67 were born to mothers 

with epilepsy [no drugs during 

pregnancy (n = 13), 

monotherapy (n = 31), 

polytherapy (n = 23)]; 49 were 

non-affiliated control children. 

AED AED Neuropsychological 

Consequences 

Kondo 2013 Case-control 360 women who gave birth to 

spina-bifida-affected offspring 

and 2333 women who gave birth 

to offspring without spina bifida 

AED AED Spina Bifida 

Kulaga 2011 Cohort N=349 pregnancies AED AED Major congenital 

malformation (without 

mentioning what MCM) 

Laugesen 2013 Cohort N=877778 (15008 exposed in 

utero; 45978 not exposed in 

utero and born to former users; 

816792 not exposed in utero and 

born to never users) 

SSRIs, serotonin-

norepinephrine reuptake 

inhibitor, tricyclic 

antidepressive agents, 

other antidepressants 

and combinations of 

antidepressants 

Pharmacological 

class: SSRI 

ADHD 

Leibovitch 2013 Cohort N=38036 term infants SRI Pharmacological 

class: SRI 

Convulsions/jitteriness/ 

sleepiness/restlessness 
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Lennestal 2007 Cohort N = 873876 infants SNRI/NRI compared to 

SSRI 

Multiple 

pharmacological 

classes:  

SNRI/NRI 

Neonatal convulsions 

Lin 2004 Cohort N = 28565 infants Clonazepam Single agent Major malformations 

Losche 1994 Cohort N = 138 AED AED Psychological 

development 

Lutejin 2016 Case-control N = 14950 malformed foetuses All medications, including 

AED and ADs 

Multiple indications Malformations 

Maged 2016 Case-control N = 97 (cases of spina bifida) AED AED Spina bifida 

Malm 2016 Cohort N=64754 (15729 SSRI exposed, 

9651 psychiatric disorder no 

medication, 7980 SSRI 

discontinued, 31394 unexposed) 

SSRIs (fluoxetine, 

citalopram, paroxetine, 

sertraline, fluvoxamine, 

escitalopram) 

Pharmacological 

class: SSRI 

Depression, ASD, 

ADHD 

Man 2017 Cohort 190618 pairs of mother-child Drugs in BNF chapter 4.3 AD ADHD 

Mawer 2002 Cohort? N = 46 AED AED Developmental delay 

and structural anomalies 

Mawer 2010 Cohort N = 277 (WWE) + 315 (control AED AED Major malformations 

Mawer 2010 Cohort N = 277 (WWE) + 315 (control AED AED Major malformations 

Mawhinney 2012 Cohort N = 814 (standard release) / 295 

(controlled release) 

Valproate Single agent Major malformations 

Mawhinney 2013 Cohort N = 671 Levetiracetam Single agent Major malformations 

Medveczky 2004 Case-control N = 1202 + 38151/22475 AED AED Neural-tube defects 

Meijer 2005 Case-control N = 815 + 1402 AED + DHFRI Multiple 

pharmacological 

classes:  

AED/DHFRI 

Neural-tube defects 

Nakane 1980 Cohort N = 902 AED AED Major malformations 

Nulman 1997 Cohort N = 70 + 9 Phenytoin and 

carbamazepine 

Multiple specific 

agents 

Major Malformations 
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Omtzigt 1992 Cohort N = 261 AED AED Major malformations 

Ornoy 1996 Cohort N = 47 Carbamazepine Single agent Neurodevelopment 

outcomes and 

congenital anomalies 

Ozdemir 2015 Cohort N = 149 mother AED AED Foetal malformation 

Pastuszak 1993 Cohort N = 128 + 74 + 74 Fluoxetine Single specific agent Congenital 

malformations 

Polen 2013 Case-control N = 27045 Venlafaxine Single specific agent Congenital 

malformations 

Queisser-Luft 1996 Case-control N = 20248 AED AED Congenital 

malformations 

Rai 2013 Case-control N = 589114 AD AD ASD 

Rai 2017 Cohort N = 254610 AD AD ASD 

Richards 2019 Cohort 765 AED AED Neurodevelopmental 

disorders 

Richmond 2004 Cohort N = 414 + 81759 AED AED Congenital 

malformations 

Sabers 1998 Case-control N = 151 + 39211 AED AED Congenital 

malformations 

Samren 1999 Cohort 3411 live births Not specified, typical AED 

regimens +/- caffeine 

AED Spina bifida, 

anencephaly and other 

congenital anomalies of 

CNS 

Sawhney 1996 Cohort N = 160 + 476 AED AED Congenital 

malformations 

Singal 2020 Cohort 3048 AD AD Neurodevelopmental 

outcomes, cognitive 

development 

Smearman 2020 Cohort 178 AD Serotonin Reuptake 

Inhibitor 

ASD 
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Sorensen 2013 Cohort N = 655615 AD AD Congenital 

malformations 

Sujan 2017 Cohort N = 1580629 offspring AD AD ASD/ADHD 

Tanganelli 1992 Cohort N = 97 + 140 AED AED Congenital 

malformations 

Thomas 2001 Cohort N= 32 (Only 23 (71.9%) of them 

were taking AED, whereas nine 

(28.1%) were not on any AED. 

Nineteen were on monotherapy 

and 4 (12.5%) were on 

polytherapy.) 

AED AED Malformations inc. 

neural tube defects 

Thomas 2007 Cohort 71 Children of mothers with 

epilepsy and 201 children of 

parents without epilepsy 

AED AED Intellectual and 

language functions 

Titze 2008 Cohort N = 67 + 49 AED AED Cognitive development 

Vajda 2003 Cohort N = 292 AED AED Significant birth defect 

Vajda 2006 Case control N = 565 AED AED Major malformations 

Vajda 2007 Cohort N = 1002 AED AED Major malformations 

Vajda 2010 Cohort N = 1052 AED AED Major malformations 

Vajda 2013 (1) Cohort N = 1703 AED AED Major malformations 

Vajda 2013 (2) Cohort N = 1705 AED AED Major malformations 

Vajda 2019 Cohort 2148 AED AED Malformations, spina 

bifida 

Van der Pol 1991 Cohort N = 57 + 55 infants Carbamazepine or 

phenobarbital 

Multiple specific 

agents 

Neurologic dysfunction 

Van der Veere 2020 Cohort 111 AD SSRI Neurodevelopmental 

outcomes 

Vanya 2015 Cohort (wrong 

claim of case-

control) 

N = 91 + 182 AED AED MCM 
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Veiby 2009 Cohort N = 2861 + 369267 AED AED MCM / seizure 

Videman 2016 Cohort N = 56 + 67 AED AED Neurodevelopment 

Viinikainen 2006 Cohort N = 179 + 16598 AED AED Major malformations 

Viktorin 2017 (1) Cohort N = 3982 + 172646 AD AD Intellectual disabilities 

Viktorin 2017 (2) Cohort N = 3982 + 172646 AD AD ASD 

Vinten 2005 Cohort N = 219 AED AED IQ 

Wen 2006 Cohort N = 972 + 3878 SSRI Pharmacological 

Class 

Seizure 

Werler 2011 Case-control N = 18631 + 6807 AED AED Major malformations 

Wide 2000 Cohort N = 100 + 100 AED AED Psychomotor 

development, minor 

anomalies 

Winterfeld 2016 Cohort N = 164 + 656 Pregabalin Single specific agent Major birth defects 

Wood 2015 Cohort N = 105 AED AED ASD 

Yamamoto-Sasaki 
2019 

Cohort 53,864 AD SSRI SNRI ASD 

 

eTable 2.3 Descriptive summary (C) 

Study  Inclusion Criteria Identification of exposed 
group/cases 

Identification of unexposed 
group/controls 

Exclusion criteria 

Adab 2004 Between January 2000 and May 

2001, women with epilepsy with 

children aged 6 months to 16 years 

were identified from the data source. 

Either monotherapy or 

polytherapy AED exposed 

during pregnancy 

No AED exposed in pregnancy Women with a progressive 

neurological deficit, significant 

learning difficulty, or symptomatic 

generalised epilepsy 
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Almgren 
2009 

All infants born 1995-2005 where the 

mother reported use of AED were 

selected 

Among the mothers to the 2426 

new-borns exposed in utero to 

AED in 1995-2005 

No AED exposed in utero Six with reported CNS 

malformation and 64 who were 

twins or triplets, and 223 infants 

without known birth weight or HC 

Alwan 2007 Infants born on or after October 1, 

1997, and who had an estimated 

date of delivery on or before 

December 31, 2002 

Diagnosis of at least one 

selected birth defect and were 

ascertained by population-

based birth-defects surveillance 

system at eight study sites. Born 

alive or died at 20 weeks or 

more of gestation. Pregnancies 

with reliably ascertained defects 

that were electively terminated.  

Liveborn infants with no major 

birth defects who were randomly 

selected from hospital or state 

birth-certificate records from the 

same geographic areas 

Infants with recognized or strongly 

suspected chromosomal 

abnormalities or single-gene 

conditions. Cases with complex 

sequences (omphalocele-

exstrophy-imperforated anus-

spinal defects phenotype).  

Annegers 
1978 

The medical records linkage system 

of the Rochester Project at the Mayo 

Clinic was used to identify all local 

women with epilepsy who delivered 

at Rochester hospitals during the 

years from 1922 through 1976. 

Identification of men with epilepsy 

led to the medical records of their 

wives, who were included if they had 

borne any children in Rochester 

hospitals during the same 55-year 

period. 

Births to women who had had 

epilepsy diagnosed at some 

time during their lives were 

identified 

Birth to parents both without 

epilepsy 

N/A 

Arpino 2000 During the first 6 years of data 

collection (1990-1996), 8005 cases 

of congenital malformations 

(including livebirths, stillbirths, and 

induced abortions) with a positive 

history of first-trimester drug 

exposure of the mother were notified 

Cases were defined as infants 

presenting with a specific 

malformation, alone, or in 

combination with other defects. 

Two different definitions of 

controls were used, first including, 

and then excluding infants with 

malformations already known to 

be associated with AEDs (spina 

bifida, congenital heart defects, 

cleft lip and/or cleft palate, and 

hypospadias) 

Excluding infants with 

malformations known to be 

associated with antiepileptic drugs 

from the control group. 
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to the registries participating in the 

network 

Artama 
2005 

Only children born after diagnosis of 

maternal epilepsy and born during 

the study period (from January 1, 

1991, to December 31, 2000) were 

included in the analyses. 

Women treated with AED, 

monotherapy/polytherapy 

Untreated 

women 

Information on congenital 

malformations was missing for 36 

births  

Artama 
2006 

All live births from SII, matched 

controls 

Live births to Women with 

epilepsy who gave birth during 

the follow-up 

Live births to Women without 

epilepsy who gave birth during the 

follow-up 

Malformations that were 

categorized as minor according to 

EUROCAT definition were 

excluded 

Asranna 
2018 

All pregnancies leading to live birth in 

the register 

Via pregnancy diary - women 

with epilepsy have to document 

usage of AED and folic acid on 

a daily basis. The AED usage in 

the first trimester is taken as the 

baseline. The AED addition, 

dose escalation, unchanged 

continuation, dose reduction or 

stoppage during the second or 

third trimester in comparison to 

the first trimester was tabulated 

for each drug.  

See previous box N/A 

Bansal 2018 Women with epilepsy who were 

evaluated in medical-surgical 

disorder antenatal clinic of the 

department of obstetrics and 

gynaecology at a tertiary care 

teaching hospital and referral centre 

Via every visit, exposure group - 

monotherapy with levetiracetam 

Via every visit, unexposed group - 

monotherapy with phenytoin, 

carbamazepine and valproate 

N/A 

Barqawi 
2005 

50 pregnant women in our study, 

each with a history of epilepsy. They 

were aged 25–35 years, multiparous, 

with known past history of epilepsy 

Group A had monotherapy 

with carbamazepine. Group B 

had combined therapy of 

carbamazepine and phenytoin 

Group C No AED N/A 
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for the last 5 years, and with no 

obvious cause of the disease. All 

women were regular attenders of the 

internal medicine clinic at King 

Hussein Medical Centre, Amman, 

Jordan, and were receiving various 

drug therapies for epilepsy 

management. 

Bertollini 
1985 

In order to examine the specific 

association between malformations 

and drugs, the analysis was 

restricted to subjects with maternal 

epilepsy. 

Malformed babies born to 

epileptic mothers with one or 

more specific malformations. 

All babies with malformations 

other than the ones included in the 

case 

group, 

Controls: exclusion of babies with 

Spina Bifida (SB), Clefts, 

Congenital Heart Diseases (CHD), 

Diaphragmatic Hernia (DH) and 

Hypospadias. 

These latter malformations were 

excluded because they have been 

previously reported in association 

with epilepsy or anticonvulsants 

Blotière 
2020 

Mothers enrolled in the national 

health insurance general scheme 

with live births 

ATC classification and medical 

procedures are coded 

according to the French medical 

classification of clinical 

procedures, Women were 

considered to be exposed 

during the 30 days following 

dispensing of an AED, as AED 

prescriptions are dispensed with 

a 30-day supply in France 

Pregnant women exposed to 

lamotrigine monotherapy for the 

following reason: active-

comparator designs minimise 

confounding by indication 

compared with the use of an 

unexposed control group; 

lamotrigine is the most commonly 

used AED in France for the 

treatment of epilepsy; prenatal 

exposure to lamotrigine has been 

mostly shown to be associated 

with favourable 

neurodevelopmental outcomes; 

comparing all individual AEDs with 

lamotrigine addresses a clinically 

Pregnancies that could not be 

linked to neonatal data and twin 

pregnancies were excluded, as 

well as pregnancies for which the 

child had no valid identifier 

allowing follow-up and 

pregnancies for which gestational 

ages or birth weights were not 

available. Children with a hospital 

discharge diagnosis of brain 

malformation documented at birth 

were also excluded. For each 

woman, only the first birth 

occurring during the study period 

was considered. Only pregnancies 

exposed to AED monotherapy 
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relevant question: which is the 

safest AED? 

were included in the study 

population. 

Boukhris 
2016 

All full term (≥37 weeks' gestation) 

singleton infants born between Jan 

1, 1998 and Dec 31, 2009 and whose 

mothers were covered by the RAMQ 

drug plan for at least 12 months 

before and during pregnancy 

At least 1 prescription filled at 

any time during pregnancy, or a 

prescription filed before 

pregnancy that overlapped the 

first day of gestation. 

Infants who were not exposed in 

utero to antidepressants 

N/A 

Boukhris 
2017 

All full-term (≥37 weeks of gestation) 

singletons born alive between 1 

January 1998 and 31 December 

2009, and whose mothers were 

covered by the RAMQ drug plan for 

at least 12 months before and during 

pregnancy were eligible for this 

study. 

Infants exposed to AD in utero Infants not exposed to AD in utero Infants with ASD diagnosis were 

excluded given that children with 

ASD often have some form of 

ADHD 

Bromley 
2013 

Between 2000 and 2004, 628 

pregnant women were recruited from 

antenatal clinics in the northwest of 

England 

Children born to WWE (Women 

with Epilepsy) 

Control group of women without 

epilepsy 

Twenty pregnancies were 

excluded due to foetal or child 

death, or on the basis that the 

children or mothers had conditions 

likely to influence 

neurodevelopmental outcome 

(including chromosomal disorders 

and hydrocephalus) 

Brown 2017 We considered singleton children 

born in Ontario hospitals between 

April 1, 2002, and March 31, 2010, 

whose mothers were between the 

ages of 16 and 50 years and eligible 

for public drug benefits during 

pregnancy 

Pregnancies were considered 

exposed during a specific 

trimester if 1 or more 

prescriptions were filled during 

that trimester, or if the 

prescription duration 

overlapped with that trimester 

Women with no serotonergic 

antidepressants prescribed 

during pregnancy or within 90 

days prior to conception 

We excluded children born to non-

Ontario residents, those without a 

valid health card number (<1%), 

and those who died before the age 

of 2 years. 
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Campbell 
2014 

WWE who became pregnant while 

taking valproate, carbamazepine or 

lamotrigine in monotherapy, and who 

were referred before the outcome of 

the pregnancy was known 

See inclusion criteria  N/A Cases that are referred following 

antenatal diagnosis of a probable 

or definite MCM are excluded 

Cantarutti 
2017 

Using the CeDAP database, we 

identified all pregnancies in women 

aged between 12 and 55 years with 

gestational age, based on last 

menstrual date (LMP), between 22 

and 46 weeks. To ensure the 

complete certainty of exposures, 

outcomes, and covariates, we 

required that all women had at least 

9 months of continuous enrolment 

before LMP through to at least 1 

month after delivery 

Women were considered 

exposed if they filled at least 

one prescription for an 

antidepressant medication 

during pregnancy (exposed 

during pregnancy). 

The reference group consisted of 

women who discontinued 

treatment before the start of 

pregnancy (exposed only before 

pregnancy) 

Excluded pregnancies of mothers 

who were not beneficiaries of the 

National Health Service in 

Lombardy (25 474 pregnancies) 

and who did not have a hospital 

admission ICD‐9 code for 

deliveries (6688 pregnancies). We 

excluded pregnancies in which the 

infant could not be linked to the 

mother because of a missing 

identification code (119392 

pregnancies), who had multiple 

births (9485), who did not have an 

Apgar score (1551 pregnancies), 

and/or who have a birth weight 

less than 100 g (166 pregnancies) 

Castro 2016 Children aged 2–19 between 1997 

and 2010 who were delivered at 

Massachusetts General Hospital 

(MGH), Brigham and Women’s 

Hospital (BWH), and Newton-

Wellesley Hospital (NWH). 

ASD: Children had at least one 

ICD-9 code of 299 (pervasive 

developmental disorder) 

ADHD: Children had at least 

one ICD-9 code of 314.x  

Children with both ADHD and 

ASD diagnostic codes were 

included in the ASD group. 

Children with any history of ASD, 

ADHD or intellectual disability 

(ICD-9 of 299, 314 or 317 − 319) 

were excluded from the control 

population. If fewer than three 

matches could be identified for a 

case, year of birth was relaxed so 

that controls were born within 3 

years of a given case 

Cases that were unable to match 

any controls even after relaxing 

the birth year criteria; Mother–child 

matches that could not be 

confirmed by Massachusetts state 

birth certificates. 

Christensen 
2013 

All children born alive in Denmark 

between January 1, 1996, and 

Children were defined as having 

been exposed to monotherapy if 

their mothers 

Unexposed to Valproate We excluded children with likely 

errors in gestational age (23 

weeks or 45 weeks) (1489 [0.2%]), 
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December 31, 2006, using data from 

the Danish Civil Registration System 

had filled prescriptions for only 1 

type of antiepileptic drug and as 

exposed 

to polytherapy if their mothers 

had filled prescriptions for more 

than 

1 type of antiepileptic drug. 

those with missing values for 

gestational age (6275 [0.9%]), 

those with missing information 

about the mother (5 [0.001%]), 

adopted children (3461 [0.5%]), 

and those who died during the first 

year of life (1623 [0.2%]). 

Christensen 
2019 

All singleton children born alive Exposure to AEDs was defined 

as any redeemed prescriptions 

with the Anatomical Therapeutic 

Chemical code N03A (AEDs), 

including N03AG01 (valproate) 

or N05BA09 (clobazam), within 

the exposure window. 

Unexposed to AED N/A 

Clement 
2015 

Children aged 2–19 between 1997 

and 2010 who were delivered at 

Massachusetts General Hospital 

(MGH), Brigham and Women’s 

Hospital (BWH), and Newton-

Wellesley Hospital (NWH). 

ASD: Children had at least one 

ICD-9 code of 299 (pervasive 

developmental disorder)  

ADHD: Children had at least 

one ICD-9 code of 314.x  

Children with both ADHD and 

ASD diagnostic codes were 

included in the ASD group. 

The ASD cases and ADHD cases 

were matched 1:3 with healthy (i.e. 

with no prior history of ASD, ADHD 

or intellectual disability [ICD-9 of 

299, 314 or 317–319]) control 

children with the same year of 

birth, birth hospital, sex, insurance 

type as a proxy for socioeconomic 

status, race/ethnicity and preterm 

versus full-term status. If fewer 

than three matches could be 

identified for a case, year of birth 

was relaxed so that controls were 

born within 3 years of a given 

case.  

Cases that were unable to match 

any controls even after relaxing 

the birth year criteria; Mother–child 

matches that could not be 

confirmed by Massachusetts state 

birth certificates. 

Cohen-
Israel 2018 

Only patients for whom the system 

contained complete records were 

included in the study. 

Women were treated with 

lamotrigine, identified by 

Beilinson Teratology 

Information service. 

Not mentioned, should be without 

lamotrigine 

Women with any chronic diseases 

other than epilepsy were 

excluded, as were women who 

were using medications known to 
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influence their child’s short and 

long-term outcome including 

opioids, selective serotonin 

reuptake inhibitors or serotonin–

norepinephrine reuptake 

inhibitors. 

Coste 2020 The mother had to be covered by the 

national health insurance general 

scheme for salaried workers and to 

have had at least one health 

expenditure reimbursement over the 

2 years preceding the onset of 

pregnancy. Only first single liveborn 

child during the study period was 

included. 

In utero exposure to each AED 

was defined by at least one 

dispensing of the drug to the 

mother between the beginning 

of the month preceding onset of 

pregnancy and the end of 

pregnancy. Children considered 

to be exposed to each AED 

were those whose mother had 

used this drug as monotherapy, 

defined by the use of a single 

drug indicated for epilepsy 

during pregnancy. 

Not mentioned, should be without 

AED 

Children who could not be linked 

to their mother’s data, those with 

missing data for sex, gestational 

age and birth weight and those 

with a diagnosis of brain 

malformation during their stay in 

the maternity unit were excluded. 

Croen 2011 All infants born at a KPNC facility 

between Jan 1995 and Jun 1999 and 

who remained health plan members 

for at least 2 years following birth. 

Case sample further restricted for 

women with both a case and a 

control child in the original sample. 

Children with at least 1 

diagnosis of autism (ICD-9-CM 

299.0), Asperger syndrome 

ICD-9-CM 299.8), or pervasive 

developmental disorder not 

otherwise specified (ICD-9-CM 

299.8) recorded in the KPNC 

outpatient clinical databases 

between January 1995 and 

November 2002 

Children without an ASD 

diagnosis, frequency matched to 

case children by sex, birth year, 

and hospital of birth 

16 Controls whose medical 

records contained an ASD  

Davis 2007 Female members older than 15 

years of age who were admitted to a 

hospital between Jan 1, 1996 and 

Dec 31, 2000 for delivery of an infant 

Dispensing of SSRI or TCA 

during trimester one for the 

analysis of congenital 

anomalies, or dispensing during 

Infants born to mothers who were 

not prescribed antidepressants at 

any time during pregnancy, but 

Infants for whom 30 days or 365 

days of post-delivery follow-up 

were not available. 
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and were continuously enrolled with 

prescription drug coverage for 1 year 

prior to the admission. Infants that 

had a requisite follow-up of either 

365 days (for the evaluation of 

congenital anomalies) or 30 days (for 

the evaluation of the perinatal 

outcomes. 

trimester three for the analysis 

of perinatal complications 

who might have had other 

medications prescribed. 

de Jonge 
2013 

We defined 3,212 cases from the 

EUROCAT NNL database, a 

population-based birth defect 

registry in the Northern Netherlands 

and 29,223 population controls from 

the IADB, a prescription database 

with data from community 

pharmacies in the same 

geographical area, born between 

1998 and 2008. 

According to organ system 

(based on the International 

Classification of Diseases 

codes and the EUROCAT 

guidelines) 

All 29,223 children, born from 

28,528 pregnancies, with a date of 

birth between 1998 and 2008 were 

included in this study, including 

1,320 twins and 56 multiple births. 

We excluded cases without 

complete pharmacy records and 

without complete information 

regarding medication use (n = 

1,606; 26.7%). Because genetic 

and chromosomal disorders are 

not thought to be related to 

maternal medication use [15], 

cases with a genetic or 

chromosomal disorder (n = 1,207; 

20.0%) were also excluded. 

Diav-Citrinn 
2008 

All women who contacted (directly or 

through their healthcare provider) the 

Israeli TIS between 1994 and 2004 

for information about gestational 

exposure to valproate were enrolled 

Women who contacted the TIS 

about valproate exposure 

during pregnancy 

Callers who were counselled for 

nonteratogenic exposures over 

the same timeframe. 

Cases where an anomaly was 

prenatally diagnosed by the time 

of initial contact were not include- 

Categorical data were compared 

by chi-squared in the study. 

El Marroun 
2014 

Children born to all pregnant women 

resident in Rotterdam; delivered from 

April 2002 to January 2006; 

participating in the pre- and postnatal 

follow-up; information on child 

behavioural and emotional problems 

was obtained 

Children born to mothers with 

exposure to SSRIs during 

pregnancy. Two sources of 

information were used: (a) self-

report assessed with 

questionnaires and (b) 

prescription records from 

pharmacies. In each trimester, 

pregnant mothers filled out the 

Children born to mothers with no 

exposure to SSRIs and a low 

score of maternal depressive 

symptoms 

Information on maternal SSRI use 

was unavailable; Use of SSRIs 

before pregnancy only 



Appendix 2 

 

 

 

340 

type of medication taken and 

when it was used. From these 

questionnaires, SSRI exposure 

before or during pregnancy was 

assessed. To validate the use of 

filled prescription, we asked 

women for permission to 

contact their pharmacy.  

Eroglu 2008 Only pregnant women with epilepsy 

who delivered at this hospital and 

had complete medical records were 

included in the study. 

Pregnant women with epilepsy 

on AEDs 

N/A N/A 

Figueroa 
2010 

Children born during 1997-2002;  

available information on service 

utilisation by the mother during 

pregnancy and by the children until 

they were 4 years old; 

hospitalizations for delivery where 

the mother was between the ages of 

15 and 50 were included (When 

women had multiple deliveries during 

the observation period, only the first 

delivery was included.) 

The presence of claims for 

antidepressants, identified by 

using national drug coding 

numbers, in the period before 

pregnancy, during each 

trimester of pregnancy, and 

after pregnancy.  

Absence of claims for 

antidepressants in the period 

before pregnancy, during each 

trimester of pregnancy, and after 

pregnancy 

Cases where the year of the 

delivery was different from the 

year of birth reported in the child's 

claims; mismatches in the 

relationship among presumptive 

mother, spouse and child; all 

children whose length of 

observation was <4 years after the 

delivery date; hospitalizations with 

any ICD-9-CM codes incompatible 

with a live delivery (e.g. abortion, 

ectopic pregnancy; ie. 630-639) 

Fonager 
2000 

Identify prescriptions for 

anticonvulsant drugs for all singleton 

pregnant women in the county who 

gave birth between January 1, 1991 

and December 31, 1998. 

Pregnancies exposed to 

anticonvulsants around 

conception and/or during 

pregnancy 

The mother had not received any 

prescription immediately before or 

during pregnancy. 

N/A 

Gidaya 2014 All children born in Denmark 

between January 1, 1997 and 

December 31, 2006 were identified 

through the Danish Civil Registration 

Subjects’ records from January 

1, 1999 to March 31, 2011 were 

searched for International 

Classification of Diseases 

Controls were defined from the 

Danish Civil Registration System 

as individuals without ASD 

admission diagnoses. 

Children were also excluded if 

they could not be linked to their 

biological mother (n = 1,139), if 

she was not living in Denmark a 
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System (DCRS). The study 

population (n = 628,408) was then 

drawn from all biological singletons 

and one child randomly selected 

from multiple births. 

codes (ICD-10) of: F840, F841, 

F845, F848, and F849 

(childhood autism, atypical 

autism, Asperger’s syndrome 

and pervasive developmental 

disorder-unspecified, 

respectively). Subjects were 

considered a case if any of 

these codes were present. 

year before delivery (n = 10,806), 

or if the child was of gestational 

age less than 23 weeks or greater 

than 43 weeks (n = 1,774). 

Gladstone 
1992 

During the first 4 years of the 

program, 91 women with seizure 

disorders consulted the clinic about 

the safety of the anticonvulsant 

medications they were regularly 

taking. Nonepileptic patients given 

AEDs for seizure prophylaxis 

following 

brain surgery and patients with 

manic depressive disorders on CBZ 

were included in this group. 

Women treated with 

carbamazepine (CBZ), those 

treated with diphenylhydantoin 

(phenytoin, DPH), 

Women who were exposed to 

agents not considered teratogenic 

and who had experienced 

no medical complications 

N/A 

Gurney 
1997 

Refer to identification of cases and 

controls 

Children diagnosed between 

1984 and 1991 with a primary 

tumour of the brain, cranial 

nerves, or cranial meninges 

(International Classification of 

Discases-Oncology, 1976, 

topography codes 191.0-192.1) 

were identified from the cancer 

registry of each area 

Population-based controls were 

identified and recruited from the 

same geographic regions from 

which the cases arose using a 

two-step random digit dialling 

procedure. 

14% of the mothers could not be 

located, 10% declined to 

participate, 3% could not complete 

the interview because of other 

reasons 

Guveli 2017 Involving children born from mothers 

with epilepsy, who got pregnant 

between 1990-2006, while they were 

either followed up by the epilepsy 

AED group (If the mother 

stopped taking their AEDs after 

learning she was pregnant; she 

was included in the AED group 

Non-AED group Data from mothers who declined 

to participate were not included 
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outpatient clinics of Department of 

Neurology, Istanbul Faculty of 

Medicine, Istanbul University; or 

Department of Neurology, Bakirkoy 

Research and Training Hospital for 

Psychiatry, Neurology, and 

Neurosurgery; or applied to our clinic 

after birth. 

considering that the foetus had 

been exposed to AED until the 

time of disuse) 

Hagberg 
2018 

Mothers aged 13-44 years and their 

live-born, singleton infants. Mothers 

were required to have at least 12 

months of recorded history before 

the baby’s delivery date, and the 

children were required to have at 

least 3 years of follow-up after birth.  

According to Read code. 1) 

those with depression treated 

with antidepressants (diagnosis 

and ≥1 antidepressant 

prescription during the exposure 

period), 2) those with untreated 

depression (recent history of 

treated depression but no 

antidepressants during the 

exposure period), and 3) those 

who were prescribed 

antidepressants for other 

indications (women in this group 

had no history of depression).  

Matched (4:1) unexposed women 

who had neither depression nor 

prescriptions for antidepressants 

prior to the baby’s delivery date 

and matched on mother’s year of 

birth (±2 years), baby’s year of 

birth (±2 years), and general 

practice attended 

Mother-baby sets where the 

delivery date could not be 

identified 

Harrington 
2014 

Families enrolled in the CHARGE 

study. CHARGE eligibility criteria 

included being 2 to 5 years old, born 

in California, having a parent who 

speaks English or Spanish, and 

living with at least 1 biological parent 

and in the study catchment area of 

specified California Regional 

Centres. 

Children with ASD and DD were 

identified from those qualifying 

for services through California's 

Department of Developmental 

Services, providers referrals, 

public outreach, and self-

referrals. ASD diagnoses are 

made by assessment with the 

Autism Diagnostic Interview-

Revised (ADI-R) and the Autism 

Diagnostic Observation 

Population controls were identified 

by using state birth files and were 

frequency matched to autism 

cases by age, gender (targeted 

4:1 male:female ratio), and 

regional centre. 

Siblings of probands were 

excluded regardless of case 

status. 

Preterm birth and low birth weight 

were not included in multivariate 

models  
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Schedule (ADOS). A final 

diagnosis required meeting 

criteria on the communication, 

social interaction, and the 

repetitive behaviour domains of 

the ADI-R and scoring at or 

above the social plus 

communication cutoff for autism 

on the ADOS. Children with DD 

diagnosed by regional centres 

and general population controls 

were screened for autism by 

using the Social Communication 

Questionnaire (SCQ).  

Hayes 2012 All singleton pregnancies among 

women aged 15-44 years who were 

enrolled in the Tennessee Medicaid 

program, with 180 days of 

continuous enrolment before their 

last menstrual period (LMP) through 

90 days after delivery 

Women were classified as 

depressed if (1) an ICD code of 

296.2, 296.3, 300.4 or 311 was 

recorded in any diagnostic field 

on an inpatient or outpatient 

professional claim from 180 

days before LMP to LMP or (2) 

they filled a prescription for at 

least 1 antidepressant 

medication from 180 days 

before LM, during each 

trimester of pregnancy, and for 

90 days after delivery. 

Those without these codes in the 

database 

N/A 

Hernandez 
2012 

Women self-enrolled by calling a toll-

free telephone number. To be 

eligible, a woman must be pregnant 

and have taken AEDs at some point 

during her pregnancy. Women are 

interviewed 

infants exposed to specific 

AEDs in monotherapy 

Reference group was women 

exposed to lamotrigine 

Ineligible if they had a 

spontaneous abortion, withdrew 

from the Registry, or were lost to 

follow-up 
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Hirano 2004 N/A Offspring born to mothers with 

epilepsy  

Offspring born to healthy mothers N/A 

Holmes 
1994 

See source  Exposed to AED or seizure 

history  

To select unexposed mothers, the 

RA selected from the birth 

registers the ten births 

immediately following 

each drug-exposed or seizure 

history infant, and contacted 

each mother in turn until the 

required number (from one to 

three) agreed to participate 

(1) The infant was the product of a 

multiple gestation; (2) the mother 

took a potentially teratogenic drug 

(e.g., coumadin) during pregnancy 

or was an insulin-dependent 

diabetic; (3) the mother did not 

speak English; (4) the infant was a 

sib of a previously enrolled infant; 

and (5) if the mother had a history 

of seizures, but was not taking 

anticonvulsant medication during 

pregnancy, her most recent 

seizure had occurred more than 

ten years previously 

Holmes 
2001 

See source  Those exposed to 

anticonvulsant drugs, those 

unexposed to anticonvulsant 

drugs but with a maternal 

history of seizures 

Those unexposed to 

anticonvulsant drugs with no 

maternal history of seizures 

(control group) (control was 

recruited from the 10 infants born 

closest in time to him or her.) 

Multiple births (because they are 

associated with an increased risk 

of malformations.) 

Hunt 2008 Suitable cases are women with 

epilepsy who became pregnant 

while taking topiramate, either singly 

or along with other AEDs, and who 

were referred before the outcome of 

the pregnancy was known. 

See inclusion criteria  N/A Cases where any prenatal test 

(foetal ultrasound, blood test) had 

shown an abnormality and cases 

resulting in a pregnancy loss 

(induced abortion, spontaneous 

abortion, stillbirth) in which an 

abnormality had been identified 

before referral to the register had 

been made were excluded. 
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Hviid 2013 All singleton live births National Prescription Registry: 

dispensing records of the 

studied drugs at all Danish 

pharmacies 

Pregnancies in women who had 

no exposure to SSRIs from 2 

years before the beginning of 

pregnancy through the end of the 

pregnancy. 

National Patient register: livebirths 

with genetic conditions and 

congenital rubella syndromes 

Jentink 
2010 

Refer to identification of cases and 

controls 

Cases were defined as all live 

births, foetal deaths from 

20 weeks’ gestation, and 

terminations of pregnancy 

after prenatal diagnosis, non-

chromosomal and non-

monogenic, with at least one of 

the following major congenital 

malformations: spina bifida, 

total anomalous 

pulmonary venous return, cleft 

lip (with or without 

palate), diaphragmatic hernia, 

and hypospadias. 

We excluded all cases of 

diagnosed monogenic 

syndrome (n=180). 

Control group 1 included live 

births, foetal deaths from 20 

weeks’ gestation, and terminations 

of pregnancy 

after prenatal diagnosis that 

involved major malformations 

other than the five malformations 

under study. Control group 2 

included live births, foetal deaths 

from 20 weeks’ gestation, and 

terminations of pregnancy 

after prenatal diagnosis with 

chromosomal syndromes. 

Control 1: We excluded 

chromosomal syndromes as well 

as registrations with cleft palate or 

Pierre Robin sequence (n=2320) 

and all anencephaly or 

encephalocele (n=1860) to avoid 

possible misclassification from an 

etiologically similar diagnosis. Five 

controls were excluded because of 

unknown type of birth. 

Control 2: Two controls in this 

group were excluded because of 

unknown type of birth. We 

excluded all registrations with an 

associated reported diagnosis of 

maternal epilepsy but without 

maternal use of antiepileptic drugs 

in the first trimester 

Jentink 
2010  

Refer to identification of cases and 

controls 

Cases were defined as all live 

births, foetal deaths after at 

least 20 weeks of gestation, and 

terminations of pregnancy after 

prenatal diagnosis with at least 

one of the following 

malformations: 

spina bifida, microcephaly, 

ventricular septal defect, atrial 

septal defect, tetralogy of Fallot, 

Control group 1 included live 

births, foetal deaths after 20 

weeks or more of gestation, and 

pregnancy terminations after 

prenatal diagnosis that involved 

major malformations other than 

the 14 malformations under study. 

Control group 2 comprised live 

births, foetal deaths after 20 

weeks or more of gestation, and 

Malformations that were 

categorized as minor according to 

EUROCAT definition were 

excluded All cases with a 

diagnosed chromosomal or 

monogenic syndrome were 

excluded. Control 1: We excluded 

chromosomal disorders (the 

disorders in control group 2), as 

well as identified syndromes (1806 
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pulmonary-valve atresia, 

hypoplastic right 

heart, cleft palate (without 

associated cleft lip), 

diaphragmatic hernia, 

gastroschisis, hypospadias, 

clubfoot, polydactyly, and 

craniosynostosis 

pregnancy terminations after 

prenatal diagnosis that involved 

malformations associated with 

chromosomal abnormalities 

registrations); cleft lip, cleft lip and 

palate, or the Pierre Robin 

sequence without a reported cleft 

palate (3382); limb-reduction 

defects (1704); and anencephaly 

or encephalocele (1759). We also 

excluded five controls for which 

type of birth was unknown. 

Control 2: We excluded two of the 

entries in this group because type 

of birth was unknown. We 

excluded all registrations for which 

there had been a previous 

diagnosis of maternal epilepsy but 

for which there was no history of 

maternal antiepileptic-drug use in 

the first trimester 

Kaaja 2003 Between January 1980 and 

September 1998, a total of 988 

pregnant women with established 

epilepsy diagnosed before 

pregnancy were referred for follow-

up to the Department of Obstetrics 

and Gynaecology of Helsinki 

University Central Hospital 

Women with epilepsy with AED Women with epilepsy without AED Eighteen of these pregnancies 

were excluded from our study 

because of early miscarriage, 

termination of pregnancy because 

of a maternal indication, or loss of 

follow-up data due to the subject’s 

relocation. 

Kallen 1994 By linking the Hospital Discharge 

Registry to the Medical Birth 

Registry (possible only up to 1985, 

after that year the records lack 

individual identification) women were 

identified who had been treated in 

hospital with a diagnosis of epilepsy 

and had delivered a baby during 

Infants with spina bifida were 

identified from the diagnoses in 

the Medical Birth Registry. We 

retrieved the original hospital 

records for the spina bifida 

cases 

two controls to each case: 

Controls were chosen from infants 

whose mothers had epilepsy and 

were matched for year of birth, 

maternal age (5-year class), and 

parity (1, 2, 3, 4+). 

N/A 
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the period 1973 to 1989. This 

identification does not necessarily 

mean that the woman had epilepsy 

during pregnancy or had been 

treated for it, but a majority probably 

had. The two data sets were fused 

and weeded for duplicates by using 

the unique identification number of 

each woman. A total of 954 infants 

were identified only from the Medical 

Birth Registry, 1,660 only via the 

Hospital Discharge Registry, and 

1,011 from both. 

In this way, infants were identified 

where there was a reasonably high 

probability that the mother used 

anticonvulsants during pregnancy 

Kallen 2004 A total of 997 infants whose mothers 

received antidepressant therapy 

after the first antenatal care centre 

visit were identified 

Women using AD in late 

pregnancy 

All women giving birth Infants with missing data were 

excluded 

Kallen 2012 Women who had given birth the 

years 2006Y2008 and had 

redeemed prescriptions of an SSRI 

drug (ATC code N06AB) or one or 

more of the following drug categories 

were identified in from PDR: 

1. Opioids except 

dextropropoxyphene or codeine 

(ATC code N02A except N02AC04 

or N02AA59) 

2. Dextropropoxyphene or codeine in 

combination with paracetamol or 

With drugs population The exclusion of dixyrazine and 

prochlorperazine from group 4 is 

because these 2 drugs to a large 

extent are used for nausea and 

vomiting during pregnancy and 

only sometimes at psychiatric 

diagnoses 
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ASA (used as a mild analgesic in 

Sweden, ATC code N02AC04, 

N02AA59) 

3. Anticonvulsants (ATC code N03) 

4. Antipsychotic (ATC code N05A) 

except dixyrazine or 

prochlorperazine (ATC codes 

N05AB01 and N05AB04, 

respectively) and lithium 

5. Lithium (ATC code N02AN01) 

6. Benzodiazepines (ATC codes 

N05BA and N05CD) 

7. Hypnotic benzodiazepine receptor 

agonists, HBRA (ATC code N05CF) 

8. Other sedatives/hypnotics (ATC 

code N05B or N05C except N05BA, 

N05CD, and N05CF) 

9. Other antidepressants than SSRI 

(ATC code N06A except N06AB). 

These were not further analyzed but 

were recorded to identify women 

who had used only 1 type of the other 

CNS-active drugs. 

Kaneko 
1988 

In each case, the epilepsy had 

started before pregnancy and had 

been treated during the first trimester 

of pregnancy. 

See inclusion criteria  See inclusion criteria  N/A 

Kaneko 
1992 

In each case, the epilepsy had 

started before pregnancy and had 

been treated during the first trimester 

of pregnancy. 

See inclusion criteria  See inclusion criteria  N/A 

Katz 2001 We reviewed the clinical histories of 

84 consecutive women cared for at 

See inclusion criteria  See inclusion criteria  N/A 
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our centre, contributing 100 

pregnancies and 103 new-borns 

from August 1990 to April 2000. 

Sixty-nine percent of the patients 

were taking only one AED during 

pregnancy, and 21% were on 

polytherapy (18% on two AEDs and 

3% on three AEDs). Ten patients 

took no AEDs while pregnant. These 

10 all had documented epileptiform 

activity on EEG, and all had clinical 

histories consistent with epilepsy and 

not consistent with alternate 

aetiologies 

Kelly 1984 Through the epilepsy clinics and 

private clinics of the Department of 

Neurology, 468 women of 

childbearing age with epilepsy were 

enrolled. 

See inclusion criteria  See inclusion criteria  During the 5-year study period, 15 

infants born to mothers enrolled in 

the study could not be evaluated 

adequately by one of the 

investigators and are therefore not 

included in the data. 

Kerr 2020 During the study period, mothers 

with deliveries at participating 

hospitals or in birth defect registries 

Neural tube defects cases via 

interview 

Controls were liveborn infants 

without any major malformation 

Any case with chromosomal or 

syndrome abnormalities, 

conjoined twins, or those with 

amniotic band diagnoses; subjects 

whose birth hospital did not 

contribute at least one case and 

one control infant to the study; 

subjects with extreme folic acid 

intake. 

King 1996 see source  7558 children had mothers with 

a recorded history of epilepsy 

either before or during 

pregnancy 

Mothers without epilepsy were 

used as a control group. 

N/A 
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Knickmeyer 
2014 

Refer to the supplementary figure 1 

(not attached to the study) 

We identified 33 children (20 

male; 13 singletons, 10 twin 

pairs) with scans at 1 and/or 2 

years of age whose mothers 

took SSRIs during pregnancy 

(confirmed by maternal self-

report and medical record 

review) and who had received a 

diagnosis of depression (self-

report or medical record review) 

before or during pregnancy. 

Mothers of comparison children 

did not take SSRIs during 

pregnancy (confirmed by self-

report and medical record review). 

Exclusion criteria in the mother 

were major medical illness or 

substance abuse during 

pregnancy. Use of a psychiatric 

drug other than an SSRI was an 

exclusion criterion for the current 

analysis except for trazodone, low-

dose benzodiazepines, and 

psychostimulants. Exclusion 

criteria for children were 

gestational age at birth o32 weeks, 

major postnatal complications, 

major congenital anomalies, and 

metal in the body. 

Koch 1992 Pregnant women with epilepsy 

treated with AEDs (E-I), women with 

epilepsy without AED treatment (E-

111, and women whose partners had 

epilepsy (E-111) were entered into 

the study as soon as they gave 

informed consent 

Pregnant women with epilepsy 

treated with AEDs (E-I), women 

with epilepsy without AED 

treatment (E-111, and women 

whose partners had epilepsy (E-

111) 

pair-matched control (C) group. N/A 

Koch 1996 Forty children born to epileptic 

women who had been treated during 

pregnancy with AED monotherapy of 

either primidone/phenobarbitone, 

phenytoin or valproic acid were 

studied in detail. 

See inclusion criteria  See inclusion criteria  N/A 

Koch 1999 All participants in the study were also 

members of the prospective 

longitudinal panel on “Epilepsy, 

pregnancy, and child development”. 

They were born between 1976 and 

67 were born to mothers with 

epilepsy [no drugs during 

pregnancy (n=13), 

monotherapy (n=31), 

polytherapy (n=23)] 

49 were non-afflicted control 

children. 

Reasons for nonparticipation 

included refusal (n=30), unknown 

residency (n =1), repeated non-

attended appointments (n=7), and 

relocation outside Berlin (n=1). 
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1984 and were last examined in the 

period from 1994 to 1997 

Kondo 2013 The case mothers were recruited by 

20 neurosurgeons, orthopaedists, 

and urologists who handed 140 

questionnaires to the patients’ 

parents at their outpatient clinic. 

Additionally, the Spina Bifida 

Association of Japan, a patient 

association, collaborated to dispatch 

the questionnaire by post from 2011 

to 2012 to 402 members eligible for 

the subject. The control mothers 

were recruited by 177 obstetricians 

gynaecologists residing all over 

Japan, who sent the questionnaire to 

two mothers randomly selected from 

their birth records each year from 

2001 to 2012. Recruitment was 

conducted from June 2011 to 

January 2013. 

Case mothers who had given 

birth to a live-born infant with 

spina bifida Aperta 

Control mothers who had given 

birth to a live-born infant without 

spina bifida during the last 12 

years from 2001 to 2012. 

Case: excluding occult spina bifida 

Kulaga 2011 Within the Quebec Pregnancy 

Registry, we selected all women who 

were between 15 and 45 years of 

age on the first day of gestation (date 

of entry in the Registry) and were 

continuously insured by the RAMQ 

drug plan for at least 12 months prior 

to and during pregnancy. 

We stratified the pregnant 

epileptic women cohort into 3 

groups based on their AED 

exposure during pregnancy: (1) 

no AED, (2) AED monotherapy 

and (3) AED polytherapy 

(women who filled one 

prescription for at least two 

different AEDs). 

N/A N/A 

Laugesen 
2013 

All singletons born alive identified in 

the Danish Medical Birth Registry 

from 1996 until the end of 2009; 

From Danish National 

Prescription Registry, linked 

with the civil registration number 

See previous box Mothers not exposed to 

antidepressants 31 days prior to or 

during pregnancy, patients with 
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Mothers exposed to antidepressants 

30 days prior to or during pregnancy;  

of the patient to find the 

corresponding ATC codes 

missing data were excluded from 

the analyses 

Leibovitch 
2013 

All term infants whose mothers are 

exposed to SRIs during pregnancy, 

up to delivery 

Retrospectively reviewed 

medical file data of term new-

born infants at the Sheba 

Medical Centre 

See previous box Preterm infants, infants born to 

mothers who in addition to SRIs 

used either psychiatric 

medications or other medications 

that may impact postnatal clinical 

signs and affect the impact of 

SRIs, as well as infants born to 

mothers who used alcohol or 

drugs during pregnancy 

Lennestal 
2007 

All infants born in Sweden Obtained at midwife interviews 

in early pregnancy during the 

free antenatal care service 

By the same interview Not mentioned 

Lin 2004 Patients recruited from ongoing 

Active Malformation Surveillance 

Program (AMSP) 

Review of the mother's medical 

record, confirmed by research 

assistant; a brief questionnaire 

was administered to determine 

medication use, dose, duration, 

and indication; info would be 

seek from medication record 

instead if the mother did not 

consent 

By the medication review 

conducted 

Conditions associated with 

prematurity, "ultrasound only" 

diagnoses, positional deformities' 

minor anomalies; birth marks and 

any genetic disorders or 

chromosome abnormalities 

Losche 
1994 

Randomly recruited Not mentioned, probably by 

interview 

See previous box Not mentioned 

Lutejin 2016 Population-based ATC codes, ATC-4 exposures 

and ATC-5 exposures 

See previous box Registries without cases and 

registries without exposures 

Maged 2016 All pregnant women scanned by 

ultrasound 

Not explicitly mentioned, might 

be from verbal questioning 

during scanning 

See previous box maternal age >42 or <18 years 

old, presence of multiple foetal 

anomalies, non-viable fetus, 

multiple gestation 

Malm 2016 Offspring prenatally exposed to 

SSRIs, born between January 1, 

1 or more purchases of SSRIs 

during the period from 30 days 

Psychiatric disorder, no 

medication: diagnosed with 

Women using multiple 

psychotropic medications. 
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1996 and December 31st, 2010, as 

identified through the Finnish 

national data register. Offspring 

unexposed to antidepressants and 

psychiatric disorders, born between 

January 1, 1996 and December 31st, 

2010, also identified through the 

Finnish national data register.  

before pregnancy until the end 

of pregnancy; the date of 

purchase indicated the 

beginning date for each 

exposure. 

maternal psychiatric disorder but 

no use of SSRI. SSRI 

discontinued: mothers had 1 or 

more purchases of SSRIs during 1 

year to 3 months before 

pregnancy, but no purchases of 

antidepressant or antipsychotic 

drugs during 3 months before 

pregnancy until delivery. 

Unexposed: mothers who had no 

diagnosis of depression or other 

related psychiatric disorders and 

no purchases of antidepressants 

or antipsychotics. 

Man 2017 All live births ICD-9-CM code for disease 

status; dispensing /prescribing 

records for drug 

exposure/duration of 

antidepressant uses 

See exposed group Still-birth, invalid mother-child 

linkages, born to mothers who 

were not HK residents, likely to 

have incomplete medical record 

Mawer 2002 Not mentioned Not explicitly mentioned, might 

be from the record of the clinic 

Not real cohort study Not mentioned 

Mawer 2010 Women on AEDs and controls were 

recruited from antenatal clinics via 

mid-wives 

Not explicitly mentioned, might 

be from interviewing by mid-

wives 

See previous box, untreated 

epileptic patients are also 

identified 

Not mentioned 

Mawer 2010 Women on AEDs and controls were 

recruited from antenatal clinics via 

mid-wives 

Not explicitly mentioned, might 

be from interviewing by mid-

wives 

See previous box, untreated 

epileptic patients are also 

identified 

Not mentioned 

Mawhinney 
2012 

All pregnant women in the registry 

record who received valproate 

monotherapy 

Not explicitly mentioned, 

probably via the registry record 

control groups are those receiving 

<1000mg valproate; or controlled-

release formulation of valproate 

Spontaneous abortions/still births, 

lost to follow up, no dose or 

administration schedule 

Mawhinney 
2013 

Women with epilepsy who became 

pregnant while taking levetiracetam, 

either in monotherapy or 

The UK Epilepsy and 

Pregnancy Register records 

AED name and dosage at 

Not real cohort study Cases that are referred following 

antenatal diagnosis of a probable 

or definite MCM are excluded. 
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polytherapy, and who were referred 

before the outcome of the pregnancy 

was known 

registration only in the majority 

of cases. 

Medveczky 
2004 

NTD cases recorded in registry, the 

reporting is mandatory in Hungary 

By registry, drug exposure by 

questionnaire, obstetrician’s 

logbook and regional district 

nurses visiting records 

See the previous box Not mentioned 

Meijer 2005 Pertinent live births, stillbirths and 

abortions from 1997 - 2002 from the 

registry, which contains data with 

congenital anomalies 

By registry, drug exposure by 

written questionnaire, pharmacy 

data and phone interview 

See the previous box Births with chromosomal or 

monogenic defect, missing drug 

exposure information 

Nakane 
1980 

Not mentioned, probably all pregnant 

women taking AED 

Demographic and clinical state 

was recorded by the psychiatrist 

in charge, information on the 

course of pregnancy and 

delivery was collected by the 

psychiatrist from obstetrician 

See the previous box Pregnancy preceded epilepsy 

Nulman 
1997 

Recruited either by the Motherisk 

Program at the Hospital for Sick 

Children, by neurologists at The 

North York General Hospital, 

Toronto, and the Toronto Hospital 

(Western Division), or by the Genetic 

Services at Oshawa General 

Hospital (Ontario) 

Interviewed during the first 

trimester of pregnancy 

See the previous box Mothers that ingested alcohol 

routinely or were binging 

Omtzigt 
1992 

Pregnant women with epilepsy using 

AED 

Confirmed by amniocentesis 

and/or structural ultrasound 

examination 

See the previous box Unbalanced chromosomal 

abnormalities for which one of the 

parents was a carrier, and 

monogenic disorders with 

mendelian inheritance that were 

not caused by a de novo mutation 



Appendix 2 

 

 

 

355 

Ornoy 1996 Pregnant women with epilepsy using 

AED 

Each woman was interviewed 

by us in relation to drug use and 

dosage and presence of 

convulsion during pregnancy 

Controls are matched by birth 

weight, gestational age, and 

parental socioeconomic status 

Prematurity 

Ozdemir 
2015 

Epileptic pregnant women Demographic features of the 

patients such as age, gravida, 

and parity along with type and 

duration of epileptic seizure, 

time of diagnosis, date of last 

seizure prior to pregnancy, 

number and duration of seizures 

during pregnancy, type of AEDs 

etc. 

Not a real cohort study Diagnosis was not made by 

specialists of neurology or who 

had a history of suspicious 

epileptic seizures long years ago 

Pastuszak 
1993 

All cases of women contacting one of 

the above TIS during pregnancy 

Obstetric, medical, genetic and 

drug exposure history was 

obtained from both the mother 

and biological father of the 

foetus 

See previous box Not mentioned 

Polen 2013 Cases include live births, stillbirths, 

and elective termination diagnosed 

with one of the more than 30 

selected major birth defects 

All case records are reviewed 

by clinical geneticists to 

determine if they meet by 

clinical geneticists 

Control infants are liveborn infants 

without birth defects randomly 

selected from hospital birth 

records or birth certificate records 

from the same source population 

and time period as the case infants 

infants with recognized or strongly 

suspected chromosomal 

abnormalities or single-gene 

disorders are excluded; pre-

pregnancy diabetes, other 

periconceptional antidepressant 

use, missing info on the time of 

exposure 

Queisser-
Luft 1996 

These birth defects were defined 

according to EUROCAT [Eurocat 

report 6, 19951 and the International 

Clearing house for Birth Defects 

Monitoring Systems [International 

Clearing house for Birth Defects 

Monitoring Systems, 19911. 

All examinations were 

performed in the first week of life 

by four paediatricians trained in 

clinical genetics. For stillbirths 

and abortions, we used 

pathological findings instead of 

clinical and sonographic results. 

See previous box Spontaneous abortions between 

conception and a gestational age 

of <15 weeks 
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Rai 2013 All young people aged 0 - 17 years 

residing in Stockholm County 

between 2001 - 2007 

ICD-9/ICD-10 code Matched each case of AD to 10 

living controls by date of birth and 

sex 

those with missing maternal 

identification numbers, adopted 

children, those living in Stockholm 

County for less than four years 

(thus also excluding all children 

aged 0-3 years who would be too 

young to have a reliable diagnosis) 

Rai 2017 All young people aged 4 - 17 years 

residing in Stockholm County 

between 2001 - 20011 

ATC codes (N06A) See previous box We excluded cohort members 

born before 1996 as medication 

data were reliably collected only 

after this date. We also excluded 

individuals not linked to the 

medical birth register (such as 

those born abroad), those who 

could not be linked to their 

biological mothers, adopted 

children, and those living in 

Stockholm County for less than 

four years. The residence 

requirement also allowed us to 

exclude children aged under 4 in 

whom a diagnosis of autism might 

be less reliable. 

Richards 
2019 

During the study period, all recorded 

pregnancies 

We defined AED exposure as 

any redeemed prescription of an 

antiepileptic drug belonging to 

the Anatomical Therapeutic 

Chemical (ATC) class N03A, 

the exposure window was 

defined as nine months before 

the day a birth was recorded. 

Not mentioned, should be against 

from the exposure group 

N/A 

Richmond 
2004 

All women with pregnant epilepsy 

who were delivered at the RVH from 

MNH/MOND data, followed up 

monthly during pregnancy with 

See previous box Women with a history of childhood 

febrile convulsions only, women 
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Jan 1 1978 - Mar 31 2000 were 

identified 

the monitoring of seizure activity 

and the measurement of AED 

levels. 

who were seen for the first time 

with seizure activity, 

eclamptic/hypoglycaemia-induced 

seizures in women with no 

outstanding epilepsy 

Sabers 1998 The study included all women with 

epilepsy who had given birth at the 

Department of Obstetrics and 

Gynaecology, Hvidovre University 

Hospital, during the years 1978-

1992. 

The study population was 

derived from the hospital 

computerized database 

registrations of discharge 

diagnoses. The hospital has a 

one in whole case record 

system for each patient, which 

guarantees identification of the 

epilepsy diagnosis for those 

associated to the neurological 

department (85%). In these 

cases, the epilepsy 

classification was determined 

by an epileptologist (M.D. or 

L.G.). The ascertainment of the 

epilepsy diagnosis of the 

pregnant women who were not 

associated to the neurological 

department depended on self-

reported obstetrical request 

forms 

See previous box Twin births (1 case) were excluded 

due to the general high risk of 

obstetric complications in these 

patients, 

Samren 
1999 

All live births by mothers taking AED 

during T1 which take place in these 

28 hospitals, matched controls 

Outpatient clinic records, 

obstetrical history, hospital 

delivery books, hospital delivery 

system, national delivery 

registration systems 

See exposed group Neural tube defects (e.g., spinal 

bifida, w/wo hydrocephalus) 
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Sawhney 
1996 

Two hundred nineteen pregnant 

patients with epilepsy, registered at 

the Medical Surgical Disorder 

Antenatal Clinic of the Department of 

Obstetrics and Gynaecology of 

Nehru Hospital, Chandigarh, were 

studied. 

Documentation of exposures 

was done (but don't know by 

whom, maybe neurologist) 

Each case who delivered at our 

hospital, three age- and parity-

matched healthy gravidas (n = 

471) who had delivered at the 

hospital within 48 h of the study 

case, were chosen as controls 

 Sixty-one patients were lost to 

follow-up and did not deliver at our 

hospital. One patient had a missed 

abortion. 

Singal 2020 All mother-child dyads for mothers 

with a live hospital birth during study 

period 

At least 2 prescriptions filled for 

SSRIs or SNRIs from the time of 

conception to birth 

Mothers who had no recorded 

prescriptions for antidepressants 

during pregnancy 

Excluded for the following factors: 

there was no continuous health 

coverage of mothers from 90 days 

before conception to birth; there 

was no linkage between the 

mother and child, or the child was 

linked to .1 mother; the infant was 

stillborn or a multiple; the infant did 

not have a recorded gestational 

age; the mother did not have at 

least 1 diagnosis of a mood or 

anxiety disorder from 90 days 

before conception, had only 1 filled 

SSRI or SNRI prescription, had a 

prescription for an antidepressant 

other than SSRIs or SNRIs during 

pregnancy, or was exposed to 

antipsychotics, benzodiazepines, 

or opioids during pregnancy. From 

eligible mother-child dyads, those 

with children with no recorded EDI 

were removed. 

Smearman 
2020 

Women with prenatal AD medication 

use and self-reported depression 

were invited to participate in an initial 

Prenatal Serotonin Reuptake 

Inhibitor Exposure, no details 

No prenatal Serotonin Reuptake 

Inhibitor Exposure, no details 

Children were excluded from the 

final database if their mother 

completed questionnaires on an 

older sibling in the cohort 
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follow-up study when their children 

were 2–5 years of age 

Sorensen 
2013 

We identified all children born alive in 

Denmark between January 1, 1996 

and December 31, 2006 in the 

Danish Civil Registration System 

(CRS). 

From the Danish National 

Prescription Registry (DNPR): 

We defined users of 

antidepressants as women who 

filled a prescription for 

antidepressant medication 

during the exposure window 

with the Anatomical Therapeutic 

Chemical code N06A 

(antidepressant drugs). We 

specifically assessed 

prescriptions of three, not 

mutually exclusive, subgroups 

of antidepressants: SSRIs; 

serotonin–norepinephrine 

reuptake inhibitors (SNRIs); and 

tricyclic antidepressants (TCA)  

From the DNPR We excluded children with missing 

(n=6,275; 0.9%) or extreme values 

of gestational age (<23 weeks 

and >45 weeks) (n=1,489; 0.2%), 

missing information about the 

mother (n=5; 0.001%), adopted 

children (n=3,461; 0.5%), and 

children who died during the first 

year of life (n=1,623; 0.2%). 

Children who died later than one 

year after birth (n=40; 0.01%) and 

children who emigrated 

(n=14,492; 2.2%) were censored 

at time of death or emigration. 

Sujan 2017 We obtained a population-based 

data 

Exposure was defined 

according to 2 sources of 

information: maternal self-

reports (available for offspring 

born between 1996 and 2012) 

and dispensation records 

(available for both parents of 

offspring born between 2006 

and 2012). 

See the previous box Cases of multiple births, missing 

father identifier, missing/invalid 

responses on covariates and 

missing the SGA variable were 

excluded 

Tanganelli 
1992 

A prospective study of pregnant 

women with epilepsy who were 

attending our centre, comparing 

them with mothers without epilepsy 

who were matched for age. 

Determination of plasma levels 

of AEDs and EEG recordings 

were performed every month for 

exposed group 

See the previous box Not mentioned 
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Thomas 
2001 

85 WWE were enrolled in the registry 

between June 1998 and November 

1998. 

Exposed to AED   Not exposed to AED Follow up was incomplete in four 

of them and they were excluded 

from the analysis 

Thomas 
2007 

As of December 2005, there were 

141 children in the registry who were 

live born before six years. 

Children of mothers with 

epilepsy 

Age-matched control Four babies expired and 13 

mother–child pairs had moved. 

Others declined to participate or 

did not respond to the invitation. 

Three children who had significant 

birth asphyxia or early cerebral 

insult in infancy were excluded. 

Titze 2008 Original longitudinal, prospective 

study on the long-term effects of 

prenatal AED exposure initiated in 

1977 

Information on maternal 

medication received was 

available from the original study 

See the previous box Not mentioned, most likely by 

dropouts (>50%) 

Vajda 2003 All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

retrieving relevant medical 

records 

See the previous box Lost to follow up 

Vajda 2006 All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

retrieving relevant medical 

records 

See the previous box Lost to follow up 

Vajda 2007 All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

retrieving relevant medical 

records 

See the previous box Lost to follow up 

Vajda 2010 All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

See the previous box Spontaneous abortions, stillbirths 

and intrauterine deaths were 

excluded. Data relating to 

pregnancies in which more than 
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retrieving relevant medical 

records 

one AED was taken 

simultaneously during the first 

trimester of pregnancy were then 

excluded 

Vajda 2013 
(1) 

All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

retrieving relevant medical 

records 

See the previous box Lost to follow up 

Vajda 2013 
(2) 

All pregnancies in the Register, 

whether or not took AED in at least 

the first trimester of pregnancy 

By telephone interview, treating 

medical practitioners are 

contacted to confirm details by 

retrieving relevant medical 

records 

See the previous box Lost to follow up 

Vajda 2019 Pregnant women who are interested 

in enrolling 

N/A N/A N/A 

Van der Pol 
1991 

(1) documentation of maternal 

epilepsy by a neurologist; (2) 

antiepileptic medication: none, 

phenobarbital, and/or 

carbamazepine; (3) absence of 

seizures during pregnancy and 

delivery; (4) no evidence of 

intrauterine infection or 

chromosomal abnormalities; and (5) 

absence of additional drug exposure. 

Not mentioned, probably by 

reviewing medical records 

Control children of nonepileptic 

mothers were selected from 

singletons born in the same 

period. They were matched for 

their mother's parity and for birth 

weight, gestational age, sex, age 

at follow-up, and social class. 

Lost to follow up 

Van der 
Veere 2020 

The inclusion criteria for the SSRI 

group were treatment with SSRIs for 

depression and/or anxiety disorder 

during pregnancy and already taking 

this medication before conception.  

Women taking < 200 mg venlafaxine 

were included in the SSRI group. 

Treatment with SSRIs for 

depression and/or anxiety 

disorder during pregnancy and 

already taking this medication 

before conception.  Women 

taking < 200 mg venlafaxine 

were included in the SSRI 

No psychotropic medication during 

pregnancy. 

See inclusion criteria 
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Women who had stopped taking 

medication before delivery remained 

in the SSRI group. Exclusion criteria 

were the use of psychotropic drugs 

other than SSRIs, antiepileptic 

drugs, and multiple congenital 

anomalies of the infant. The inclusion 

criterion for the non-SSRI group was 

no psychotropic medication during 

pregnancy. Exclusion criteria were 

maternal treatment with antiepileptic 

drugs and, in the case of the infant, 

multiple congenital anomalies.  

group. Women who had 

stopped taking medication 

before delivery remained in the 

SSRI group.  

Vanya 2015 All pregnant women with epilepsy 

(n=91) who contacted 

Department of Obstetrics and 

Gynaecology and Department of 

Neurology between 31st December 

2000 and 31st March 2014. 

Not mentioned, probably by 

reviewing medical records 

The members of the control group 

were selected from among 

pregnant women with no diagnosis 

of epilepsy or any other 

neuropsychiatric disorders and 

who delivered in our tertiary care 

centre during the period 

mentioned above. 

Chromosomal anomalies and 

genetic syndromes 

Veiby 2009 Patients were identified through 

MBRN, a national registry 

established in 1967 based on the 

compulsory notification of all births at 

12 or more weeks of gestation. 

MBRN is placed under the 

Norwegian Institute of Public Health. 

ATC-5-digit codes See previous box Not found 

Videman 
2016 

Not mentioned in this study, might be 

found in reference 

Background information, 

exposure data (including daily 

doses and serum levels for 

oxcarbazepine (OXC), 

carbamazepine (CBZ), valproic 

See previous box Lost to follow up 
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acid (VPA), lamotrigine (LTG), 

and levetiracetam (LEV)), 

pregnancy outcome data, and 

results of the mothers' 

neurocognitive evaluation were 

gathered prospectively and are 

described in detail in a previous 

report along with a description 

of the recruitment process. 

Viinikainen 
2006 

All women who gave birth between 

Jan 1989 - Oct 2000 

The obstetric data derived from 

the pregnancy registry were 

supplemented with detailed 

neurologic data retrieved from 

the medical records for the 

patients with epilepsy; 

information about the AED 

treatment and numbers and 

types of seizures and the course 

of epilepsy were obtained for 

WWAE 

See previous box Multiple pregnancies and 

pregnancies with evident neonatal 

chromosomal abnormalities were 

excluded 

Viktorin 
2017 (1) 

A birth cohort based on all live-born 

children conceived from July 1, 2005, 

and born from January 1, 2006, 

through December 31, 2007, was 

established by linkage of Swedish 

national registers using the unique 

individual Swedish national 

registration number 

Offsprings were considered to 

be exposed if the mother had at 

least 2 dispensations of 

antidepressants with 

medication periods that 

overlapped the pregnancy. 

Offspring of mothers with only a 

single medication dispensation 

that overlapped the pregnancy 

were not included as exposed or 

unexposed but were analysed 

separately because of 

uncertainty of exposure 

The offspring were classified as 

unexposed to antidepressants if 

they were born to mothers without 

any antidepressant medication 

periods that overlapped the 

pregnancy, defined as the period 

from the estimated conception 

date until the birth date 

Excluding children with an ASD 

ICD-10code of F84 
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Viktorin 
2017 (2) 

A birth cohort based on all live-born 

children conceived from July 1, 2005, 

and born from January 1, 2006, 

through December 31, 2007, was 

established by linkage of Swedish 

national registers using the unique 

individual Swedish national 

registration number 

Offspring were considered to be 

exposed if the mother had at 

least 2 dispensations of 

antidepressants with 

medication periods that 

overlapped the pregnancy. 

Offspring of mothers with only a 

single medication dispensation 

that overlapped the pregnancy 

were not included as exposed or 

unexposed but were analysed 

separately because of 

uncertainty of exposure 

The offspring were classified as 

unexposed to antidepressants if 

they were born to mothers without 

any antidepressant medication 

periods that overlapped the 

pregnancy, defined as the period 

from the estimated conception 

date until the birth date 

Excluding children with an ASD 

ICD-10code of F84 

Vinten 2005 Mothers with epilepsy were recruited 

retrospectively from specialist 

epilepsy clinics and obstetric clinics 

from the Liverpool and Manchester 

region. 

All of the women recruited were 

initially interviewed to ascertain 

information about their child’s 

behaviour and a full medical and 

pregnancy history was taken for 

each mother– child pair. Clinical 

records were used to confirm 

the medical information 

See previous box Women were excluded from the 

study if they had a progressive 

neurologic deficit, a major learning 

difficulty (defined as inability to live 

independently), or symptomatic 

generalised epilepsy. 

Wen 2006 We first identified all live births and 

stillbirths in Saskatchewan-to-

Saskatchewan residents between 

January 1, 1990, and December 31, 

2000 (SSRIs were introduced into 

the Saskatchewan Formulary in 

1989) 

Pregnant women with at least 1 

SSRI prescription that was 

dispensed in the 1-year period 

before delivery were selected as 

the exposed group. 

See previous box Not found 

Werler 2011 All cases and controls in the NBDPS 

ascertained population-based study 

Eligible cases include 

pregnancies affected with any of 

30 major structural 

malformations but without 

known chromosomal or single-

Control subjects were infants 

without any known birth defects 

selected from births at hospitals 

where cases were ascertained or 

Women who reported a history of 

seizure, but no diagnosis of 

epilepsy or AED use most likely 

experienced childhood febrile 

seizures only (n = 534) were 
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gene disorders Mothers were 

interviewed by telephone within 

2 years of delivery with a 

standardized, computerized 

questionnaire that included 

questions about demographic, 

reproductive, medical, and 

behavioural factors, and 

whether they had ever had 

seizures, were told by a doctor 

they had epilepsy, if they had 

taken any medications, and, if 

so, what medication and when 

taken 

by random sample of births in the 

case catchment areas. 

excluded from analyses. 

In addition, women whose seizure 

history was unknown or missing (n 

= 25) or who reported seizure, but 

not epilepsy history, and used 

AEDs before or after the first 

trimester (n = 14) were excluded. 

Wide 2000 One hundred consecutive children 

born to mothers with epilepsy 

between 1985 and 1995 were 

prospectively studied. 

(1) the mothers were 

continuously treated with AEDs 

from conception throughout 

pregnancy; (2) the mothers 

were identified during the first 

trimester, from which time they 

attended the outpatient clinic for 

pregnant women with epilepsy 

at the department of neurology, 

and followed the protocol at this 

clinic, i.e. the women were 

clinically assessed and drug 

plasma levels were determined 

at monthly intervals; (3) the 

parents gave permission for 

their children to participate in 

the follow-up; (4) the children 

were born at one of the two 

delivery wards in the 

The control subjects were born in 

the same hospital within 2 days of 

the study subjects and matched 

for gestational age and mode of 

delivery to enable blind evaluation 

of minor malformations, and for 

sex to evaluate psychomotor 

development, as described below. 

Not found 
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departments of paediatrics and 

neurology at the South Hospital; 

(5) one of the participating 

paediatricians (KW, BW, KS-Z, 

EB) was available to organize 

the examination of the new-born 

infant within 4 days of birth 

Winterfeld 
2016 

Case and control patients included in 

the study were women who 

themselves or whose physician 

contacted one of the centres 

Maternal characteristics (age, 

tobacco use, alcohol 

consumption, medical and 

obstetric history) and 

information on medication 

exposure (indication, timing in 

pregnancy, duration, dose, and 

concomitant medication) were 

collected at initial contact. 

Randomly selected controls 

matched 4:1 according to centre, 

year of contact, maternal age, 

stage of pregnancy at time of call 

Exposure during pregnancy to any 

known major teratogen or fetotoxic 

ant (acitretin, isotretinoin, 

mycophenolate, or thalidomide; 

angiotensin-converting enzyme 

inhibitors or angiotensin II receptor 

antagonists during second and 

third trimester) and to any 

treatment for malignancy Offspring 

with chromosomal aberration 

syndromes 

Wood 2015 Pregnant women previously 

recruited in the registry 

Refer to the methods of other 

Australian Pregnancy Register 

for Women on AED medications 

See previous box Neonatal epilepsy or malformation 

diagnosis 

Yamamoto-
Sasaki 2019 

Mother-baby pairs where the 

children’s data were available for at 

least 24 months after birth 

AD prescription identified via 

ATC code. The pregnancy 

period of mothers was taken as 

9months calculated from the 

month preceding the birth 

month of the child.  

Not mentioned, should be without 

AD 

Mother-baby pairs where the 

children’s data did not cover the 24 

months after birth or pairs where 

the children had a diagnosis of 

ASD within only 23 months of birth 

to ensure an appropriate diagnosis 

of ASD 



Appendix 3 

 

 

 

367 

Appendix 3 Chapter 3, PRISMA checklist 

Section/topic  # Checklist item  Reported 
on page 
#  

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  88 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; 

conclusions and implications of key findings; systematic review registration number.  

NA 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  89-90 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS).  

90-91 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 

provide registration information including registration number.  

91 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as criteria for eligibility, giving rationale.  

91 
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Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 

additional studies) in the search and date last searched.  

91 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 

repeated.  

91 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 

applicable, included in the meta-analysis).  

91 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 

processes for obtaining and confirming data from investigators.  

91 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 

and simplifications made.  

91 

Risk of bias in individual 

studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this 

was done at the study or outcome level), and how this information is to be used in any data synthesis.  

92 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  92 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 

consistency (e.g., I2) for each meta-analysis.  

92 

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 

selective reporting within studies).  

NA 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 

indicating which were pre-specified.  

93 

RESULTS   
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Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram.  

93 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 

period) and provide the citations.  

97-104 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  97-104 

Results of individual 

studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

97-104 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  105-106 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  NA 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 

16]).  

106 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers).  

107 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval 

of identified research, reporting bias).  

111 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 

research.  

112 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders NA 
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for the systematic review.  
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Appendix 4 Chapter 3, Search term 

PubMed: 
 Key words MeSH/ Pharmacological 

Action term 
Terms as a free text Search terms 

A Antipsychotics Antipsychotic Agents Agents, Antipsychotic 
Antipsychotics 
Major Tranquilizers 
Tranquilizers, Major 
Tranquillizing Agents, 
Major 
Agents, Major 
Tranquillizing 
Major Tranquillizing Agents 
Neuroleptic Drugs 
Drugs, Neuroleptic 
Neuroleptics 
Tranquilizing Agents, Major 
Agents, Major Tranquilizing 
Major Tranquilizing Agents 
Antipsychotic Drugs 
Drugs, Antipsychotic 

((((((((((((((((((((((“Antipsychotic Agents”[MeSH]) OR 
Antipsychotic Agent*) OR Agents, Antipsychotic) OR 
Antipsychotics) OR Major Tranquilizers) OR Tranquilizers, Major) 
OR Tranquillizing Agents, Major) OR Agents, Major 
Tranquillizing) OR Major Tranquillizing Agents) OR Neuroleptic 
Drugs) OR Drugs, Neuroleptic) OR Neuroleptics) OR 
Tranquilizing Agents, Major) OR Agents, Major Tranquilizing) OR 
Major Tranquilizing Agents) OR Antipsychotic Drugs) OR Drugs, 
Antipsychotic) OR Neuroleptic Agents) OR Agents, Neuroleptic) 
OR Antipsychotic Effect) OR Effect, Antipsychotic) OR 
Antipsychotic Effects) OR Effects, Antipsychotic 
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Neuroleptic Agents 
Agents, Neuroleptic 
Antipsychotic Effect 
Effect, Antipsychotic 
Antipsychotic Effects 
Effects, Antipsychotic 

B Antipsychotics Antipsychotic Agents  “Antipsychotic Agents”[Pharmacological Action] 
C Pregnancy Pregnancy Pregnancies  

Gestation 
(((“Pregnancy”[MeSH]) OR Pregnan*) OR Pregnancies) OR 
Gestation 

D Pregnancy 
complication 

Pregnancy 
Complications 

Complication, Pregnancy 
Pregnancy Complication 
Complications, Pregnancy 

((((“Pregnancy complications”[MeSH]) OR Pregnancy 
complication*) OR Complication, Pregnancy) OR Pregnancy 
Complication) OR Complications, Pregnancy 

E Gestational 
Diabetes 

Diabetes, gestational  Diabetes, pregnancy-
induced 
Diabetes, pregnancy 
induced 
Pregnancy-induced 
diabetes 
Gestational diabetes 
Diabetes mellitus, 
gestational 
Gestational diabetes 
mellitus 

(((((((“Diabetes, gestational” [MeSH]) OR “Diabetes, pregnancy-
induced”) OR “diabetes, pregnancy induced”) OR “Pregnancy-
induced diabetes”) OR “Gestational diabetes”) OR “Diabetes 
mellitus, gestational”) OR “Gestational diabetes mellitus”) 
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1. A OR B; 2. D OR E; 3. 1 AND C AND 2 
 
EMBASE: 
 Key words Map Term Terms as a free text Search terms 
A Antipsychotics Neuroleptic Agent Agents, Antipsychotic 

Antipsychotics 
Major Tranquilizers 
Tranquilizers, Major 
Tranquillizing Agents, 
Major 
Agents, Major 
Tranquillizing 
Major Tranquillizing 
Agents 
Neuroleptic Drugs 
Drugs, Neuroleptic 
Neuroleptics 
Tranquilizing Agents, 
Major 
Agents, Major 
Tranquilizing 
Major Tranquilizing Agents 
Antipsychotic Drugs 

Neuroleptic Agent.mp. or Neuroleptic Agent/ OR (Antipsychotic 
Agent* or Agents, Antipsychotic or Antipsychotics or Major 
Tranquilizers or Tranquilizers, Major or Tranquillizing Agents, 
Major or Agents, Major Tranquillizing or Major Tranquillizing 
Agents or Neuroleptic Drugs or Drugs, Neuroleptic or 
Neuroleptics or Tranquilizing Agents, Major or Agents, Major 
Tranquilizing or Major Tranquilizing Agents or Antipsychotic 
Drugs or Drugs, Antipsychotic or Neuroleptic Agents or Agents, 
Neuroleptic or Antipsychotic Effect or Effect, Antipsychotic or 
Antipsychotic Effects or Effects, Antipsychotic) 
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Drugs, Antipsychotic 
Neuroleptic Agents 
Agents, Neuroleptic 
Antipsychotic Effect 
Effect, Antipsychotic 
Antipsychotic Effects 
Effects, Antipsychotic 

B Pregnancy Pregnancy Pregnancies  
Gestation 

Pregnancy.mp. or Pregnancy/ OR (Pregnan* or Pregnancies or 
Gestation) 

C Pregnancy 
complication 

Pregnancy Complication Complication, Pregnancy 
Pregnancy Complication 
Complications, Pregnancy 

Pregnancy complication.mp. or Pregnancy complication/ OR 
(Pregnancy complication* or Complication, Pregnancy or 
Pregnancy Complication or Complications, Pregnancy) 

D Gestational 
Diabetes  

Pregnancy Diabetes 
Mellitus 

Diabetes, pregnancy-
induced 
Diabetes, pregnancy 
induced 
Pregnancy-induced 
diabetes 
Gestational diabetes 
Diabetes mellitus, 
gestational 
Gestational diabetes 
mellitus 

Pregnancy diabetes mellitus.mp. or Pregnancy diabetes mellitus/ 
OR (Diabetes, pregnancy-induced OR Diabetes, pregnancy 
induced OR Pregnancy-induced diabetes OR Gestational 
diabetes OR Diabetes mellitus, gestational OR Gestational 
diabetes mellitus) 
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1. C OR D; 2. A AND B AND 1 
 
Cochrane Library: 
 Key words MeSH Terms as a free text Search terms 
A Antipsychotics Antipsychotic Agents Agents, Antipsychotic 

Antipsychotics 
Major Tranquilizers 
Tranquilizers, Major 
Tranquillizing Agents, Major 
Agents, Major Tranquillizing 
Major Tranquillizing Agents 
Neuroleptic Drugs 
Drugs, Neuroleptic 
Neuroleptics 
Tranquilizing Agents, Major 
Agents, Major Tranquilizing 
Major Tranquilizing Agents 
Antipsychotic Drugs 
Drugs, Antipsychotic 
Neuroleptic Agents 
Agents, Neuroleptic 
Antipsychotic Effect 
Effect, Antipsychotic 

MeSH descriptor: [Antipsychotic Agents] explode all trees OR 
(Antipsychotic Agent* or Agents, Antipsychotic or Antipsychotics 
or Major Tranquilizers or Tranquilizers, Major or Tranquillizing 
Agents, Major or Agents, Major Tranquillizing or Major 
Tranquillizing Agents or Neuroleptic Drugs or Drugs, Neuroleptic 
or Neuroleptics or Tranquilizing Agents, Major or Agents, Major 
Tranquilizing or Major Tranquilizing Agents or Antipsychotic 
Drugs or Drugs, Antipsychotic or Neuroleptic Agents or Agents, 
Neuroleptic or Antipsychotic Effect or Effect, Antipsychotic or 
Antipsychotic Effects or Effects, Antipsychotic) 
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Antipsychotic Effects 
Effects, Antipsychotic 

B Pregnancy Pregnancy Pregnancies  
Gestation 

MeSH descriptor: [Pregnancy] explode all trees OR (Pregnan*) 
OR (Pregnan* or Pregnancies or Gestation) 

C Pregnancy 
complication 

Pregnancy 
Complications 

Complication, Pregnancy 
Pregnancy Complication 
Complications, Pregnancy 

MeSH descriptor: [Pregnancy Complications] explode all trees 
OR (Pregnancy complication* or Complication, Pregnancy or 
Pregnancy Complication or Complications, Pregnancy) 

D Gestational 
Diabetes 

Diabetes, Gestational Diabetes, pregnancy-
induced 
Diabetes, pregnancy 
induced 
Pregnancy-induced 
diabetes 
Gestational diabetes 
Diabetes mellitus, 
gestational 
Gestational diabetes 
mellitus 

MeSH descriptor: [Diabetes, Gestational] explode all trees OR 
("diabetes, pregnancy-induced" or "diabetes, pregnancy 
induced" or "pregnancy-induced diabetes" or "gestational 
diabetes" or "diabetes mellitus, gestational" or "gestational 
diabetes mellitus") 

1. C OR D; 2. A AND B AND 1 
 
PsycINFO 
 Key words Map Term Terms as a free text Search terms 



Appendix 4 

 

 

 

377 

A Antipsychotics Neuroleptic Agent Agents, Antipsychotic 
Antipsychotics 
Major Tranquilizers 
Tranquilizers, Major 
Tranquillizing Agents, 
Major 
Agents, Major 
Tranquillizing 
Major Tranquillizing 
Agents 
Neuroleptic Drugs 
Drugs, Neuroleptic 
Neuroleptics 
Tranquilizing Agents, 
Major 
Agents, Major 
Tranquilizing 
Major Tranquilizing Agents 
Antipsychotic Drugs 
Drugs, Antipsychotic 
Neuroleptic Agents 
Agents, Neuroleptic 
Antipsychotic Effect 

Neuroleptic Agent.mp. or Neuroleptic Agent/ OR (Antipsychotic 
Agent* or Agents, Antipsychotic or Antipsychotics or Major 
Tranquilizers or Tranquilizers, Major or Tranquillizing Agents, 
Major or Agents, Major Tranquillizing or Major Tranquillizing 
Agents or Neuroleptic Drugs or Drugs, Neuroleptic or 
Neuroleptics or Tranquilizing Agents, Major or Agents, Major 
Tranquilizing or Major Tranquilizing Agents or Antipsychotic 
Drugs or Drugs, Antipsychotic or Neuroleptic Agents or Agents, 
Neuroleptic or Antipsychotic Effect or Effect, Antipsychotic or 
Antipsychotic Effects or Effects, Antipsychotic) 
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Effect, Antipsychotic 
Antipsychotic Effects 
Effects, Antipsychotic 

B Pregnancy Pregnancy Pregnancies  
Gestation 

Pregnancy.mp. or Pregnancy/ OR (Pregnan* or Pregnancies or 
Gestation) 

C Pregnancy 
complication 

Pregnancy Complication Complication, Pregnancy 
Pregnancy Complication 
Complications, Pregnancy 

Pregnancy complication.mp. or Pregnancy complication/ OR 
(Pregnancy complication* or Complication, Pregnancy or 
Pregnancy Complication or Complications, Pregnancy) 

D Gestational 
Diabetes  

Pregnancy Diabetes 
Mellitus 

Diabetes, pregnancy-
induced 
Diabetes, pregnancy 
induced 
Pregnancy-induced 
diabetes 
Gestational diabetes 
Diabetes mellitus, 
gestational 
Gestational diabetes 
mellitus 

Pregnancy diabetes mellitus.mp. or Pregnancy diabetes mellitus/ 
OR (Diabetes, pregnancy-induced OR Diabetes, pregnancy 
induced OR Pregnancy-induced diabetes OR Gestational 
diabetes OR Diabetes mellitus, gestational OR Gestational 
diabetes mellitus) 

1. C OR D; 2. A AND B AND 1 
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Appendix 5 Chapter 3, Quality assessment of included articles 

Stud

y 

Year of 

publication 

Selection Comparability Outcome Tota

l Representativen

ess of the 

exposed cohort 

Selection 

of the 

unexpose

d cohort 

Ascertainme

nt of 

exposure 

Demonstrati

on that 

outcome of 

interest was 

not present 

at start of 

study 

study 

controls 

for mother 

age, 

smoking, 

alcohol 

consumpti

on 

study 

controls 

for any 

addition

al factor  

Assessme

nt of 

outcome  

Was 

follow-

up long 

enough 

for 

outcome

s to 

occur 

Adequac

y of 

follow 

up of 

cohorts 

McKenna et 

al. 

2005 1 1 1 1  0 0 1 1 0 6 

Reis and 

Kallen 

2008 1 1 1 1 0 1 1 1 1 8 

Boden et al.  2012 1 1 1 1 0 1 1 1 1 8 

Sadowski et 

al. 

2013 1 1 0 1 0 0 0 1 1 5 

Bellet et al. 2015 1 1 1 1 0 0 1 1 0 6 
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Study Year of 

publicati

on 

Selection Comparability Outcome Tota

l Representativen

ess of the 

exposed cohort 

Selection 

of the 

unexpos

ed 

cohort 

Ascertainm

ent of 

exposure 

Demonstrati

on that 

outcome of 

interest was 

not present 

at start of 

study 

study 

controls 

for mother 

age, 

smoking, 

alcohol 

consumpti

on 

study 

controls 

for any 

addition

al factor  

Assessme

nt of 

outcome  

Was 

follow-

up long 

enough 

for 

outcom

es to 

occur 

Adequa

cy of 

follow 

up of 

cohorts 

Vigod et al. 2015 1 1 1 1 0 1 1 1 1 8 

Petersen et 

al. 

2016 1 1 1 1 1 1 1 1 1 9 

Frayne et al.  2017 1 1 1 1 0 0 1 1 1 7 

Panchaud et 

al. 

2017 1 1 1 1 0 1 1 1 1 8 

Park et al. 2018 1 1 1 1 0 1 1 1 1 8 
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Appendix 6 Chapter 3, Summary of the included studies results 

Study Results Adjusted confounding factors Adjustment method Adjusted Results 
McKenna et al. 

(2005) 
Non-teratogenic agent: 6/93; 

Atypical Antipsychotic: 6/78 

N/A N/A N/A 

Reis and 

Kallen (2008) 
N/A Maternal (year of delivery, maternal 

age, parity, maternal smoking in 

early pregnancy, previous 

miscarriages, subfertility, maternal 

BMI, maternal cohabitation, work 

outside home, maternal country of 

birth) 

Mantel Haenszel method and 

Miettinen's method  

Dixyrazine or 

prochlorperazine: OR 1.37, 

95% CI 0.94-2.01; other 

antipsychotics: OR 1.78, 95% 

CI 1.04-3.01 

Boden et al. 

(2012) 
Clozapine/olanzapine: OR 

2.44, 95% CI 1.14-4.24; other 

antipsychotics: OR 2.53, 95% 

CI 1.48-4.34 

Maternal country of origin, smoking, 

height, cohabitation status at the 

first antenatal visit, maternal age 

when giving birth, birth order of the 

infant. 

Multivariate regression: 'women who 

had taken any other type of 

antipsychotics' as an active control 

group 

Clozapine/olanzapine: OR 

1.71, 95% CI 0.82-3.56; other 

antipsychotics: OR 1.46, 95% 

CI 0.84-2.53 

Sadowski et al. 

(2013) 
Healthy comparison group: 

5/133; exposed group: 11/133 

N/A N/A N/A 

Bellet et al. 

(2015) 
OR 1.15, 95% CI 0.33-4.04 N/A N/A N/A 

Vigod et al. 

(2015) 
RR 1.15, 95% CI 0.82-1.61 Adjusting for additionally prescribed 

non-antipsychotic psychotropic 

medications (a prescribed selective 

serotonin reuptake inhibitor (SSRI), 

non-SSRI, mood stabiliser, or 

benzodiazepine during the index 

pregnancy) 

PS method; regression model RR 1.10, 95% CI 0.77-1.57 

 



Appendix 6 

 

 

 

382 

Study Results Adjusted confounding factors Adjustment method Adjusted Results 
Petersen et al. 

(2016) 
RR 1.61, 95% CI 0.89-2.91 Age at delivery, calendar year of 

delivery, obesity, illicit drug use, 

alcohol problem, smoking status, 

pre-existing medical conditions 

(depression, epilepsy, psychosis, 

hypertension, diabetes), 

prescriptions of concomitant 

medication listed in the BNF chapter 

4 including antidepressants, 

anxiolytics, hypnotics, 

anticonvulsant mood stabiliser and 

lithium. 

PS method; 'discontinuers' as a 

control group 

RR 0.95, 95% CI 0.53-1.69 

Frayne et al. 

(2017) 
no medication: 4/67; 

antipsychotic medication: 

13/87 

N/A N/A N/A 

Panchaud et 

al. (2017) 
OR 1.02, 95% CI 0.54-1.91 Maternal age, marital status, race, 

employment status, level of 

education, smoking, primary 

psychiatric diagnosis, BMI 

PS method; regression model; 

'pregnant women not exposed to 

SGAs but with a psychiatric 

condition' as a control group 

OR 0.79, 95% CI 0.40-1.56 
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Study Results Adjusted confounding factors Adjustment method Adjusted Results 
Park et al. 

(2018) 
Aripiprazole: RR 1.06, 95% CI 

0.65-1.72; ziprasidone: RR 

1.12, 95% CI 0.48-2.61; 

quetiapine: RR 1.75, 95% CI 

1.36-2.24; risperidone: RR 

1.56, 95% CI 0.98-2.49; 

olanzapine: RR 2.55, 95% CI 

1.44-2.04 

demographic data (age, race, and 

Medicaid eligibility type), psychiatric 

diagnoses (anxiety disorders, 

attention deficit hyperactivity 

disorder, bipolar disorder, 

depression, schizophrenia or other 

psychoses, and other psychiatric 

disorders), comorbidity (pain 

disorders, hypertension, obesity, 

and dyslipidaemia), other 

medication use (anticonvulsants, 

antidepressants, anxiolytics, 

benzodiazepines, mood stabilisers 

other than antipsychotics, opioids, 

other hypnotics, stimulants, and 

antihypertensives), history of 

gestational diabetes, and the 

duration of antipsychotic treatment 

received during the 3 months before 

the last menstrual period 

PS method; regression model; 

'discontinuers' as a control group 

Aripiprazole: RR 0.82, 95% CI 

0.50-1.33; ziprasidone: RR 

0.76, 95% CI 0.29-2.00; 

quetiapine: RR 1.28, 95% CI 

1.01-1.62; risperidone: RR 

1.09, 95% CI 0.70-1.70; 

olanzapine: RR 1.61, 95% CI 

1.13-2.29 

N/A: not applicable, OR: odds ratio; RR: risk ratio; 95 % CI: 95% confidence interval; PS method: Propensity score method 
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Appendix 7 Chapter 6, List of antipsychotic medications 
corresponding to Anatomical Therapeutic Chemical 
classification codes 

eTable 7.1 List of first-generation antipsychotics  

ATC Code Name ATC Code Name 
N05AA01 Chlorpromazine N05AD03 Melperone 

N05AA02 Levomepromazine N05AD04 Moperone 

N05AA03 Promazine N05AD05 Pipamperone 

N05AA04 Acepromazine N05AD06 Bromperidol 

N05AA05 Triflupromazine N05AD07 Benperidol 

N05AA06 Cyamemazine N05AD08 Droperidol 

N05AA07 Chlorproethazine N05AD09 Fluanisone 

N05AB01 Dixyrazine N05AE01 Oxypertine 

N05AB02 Fluphenazine N05AE02 Molindone 

N05AB03 Perphenazine N05AF01 Flupentixol 

N05AB04 Prochlorperazine N05AF02 Clopenthixol 

N05AB05 Thiopropazate N05AF03 Chlorprothixene 

N05AB06 Trifluoperazine N05AF04 Tiotixene 

N05AB07 Acetophenazine N05AF05 Zuclopenthixol 

N05AB08 Thioproperazine N05AG01 Fluspirilene 

N05AB09 Butaperazine N05AG02 Pimozide 

N05AB10 Perazine N05AG03 Penfluridol 

N05AC01 Periciazine N05AH01 Loxapine 

N05AC02 Thioridazine N05AH06 Clotiapine 

N05AC03 Mesoridazine N05AL03 Tiapride 

N05AC04 Pipotiazine N05AL06 Veralipride 

N05AD01 Haloperidol N05AX07 Prothipendyl 

N05AD02 Trifluperidol 
  

ATC: Anatomical Therapeutic Chemical  
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eTable 7.2 List of second-generation antipsychotics  

ATC Code Name ATC Code Name 
N05AE03 Sertindole N05AL05 Amisulpride 

N05AE04 Ziprasidone N05AL07 Levosulpiride 

N05AE05 Lurasidone N05AX08 Risperidone 

N05AH02 Clozapine N05AX10 Mosapramine 

N05AH03 Olanzapine N05AX11 Zotepine 

N05AH04 Quetiapine N05AX12 Aripiprazole 

N05AH05 Asenapine N05AX13 Paliperidone 

N05AL01 Sulpiride N05AX14 Iloperidone 

N05AL02 Sultopride N05AX15 Cariprazine 

N05AL04 Remoxipride N05AX16 Brexpiprazole 

ATC: Anatomical Therapeutic Chemical  
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Appendix 8 Chapter 7, List of teratogenic medications 

Antineoplastic medications (BNF section 8.1) 

Alkylating Agents  
 Busulfan  
 Chlorambucil  
 Cyclophosphamide  
 Estramustine Phosphate  
 Melphalan  
 Treosulfan  
Anthracyclines and cytotoxic antibiotics  
 Bleomycin  
 Dactinomycin  
 Doxorubicin Hydrochloride  
 Mitomycin  
 Mitoxantrone  
Antimetabolites  
 Azacitidine  
 Capecitabine  
 Cytarabine  
 Fludarabine Phosphate  
 Fluorouracil (Antimetabolites)  
 Mercaptopurine  
 Methotrexate  
 Nelarabine  
 Tegafur  
 Tioguanine  
Vinca alkaloids and etoposide  
 Etoposide 
Other antineoplastic drugs  
 Abemaciclib  
 Afatinib  
 Arsenic  
 Axitinib  
 Bexarotene  
 Bosutinib  
 Carboplatin  
 Celecoxib  
 Dasatinib  
 Docetaxel 
 Encorafenib  
 Erlotinib  
 Everolimus  
 Gefitinib  
 Hydroxycarbamide  
 Ibrutinib  
 Imatinib Mesilate  
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 Lapatinib  
 Midostaurin  
 Mitotane  
 Nilotinib  
 Nintedanib  
 Olaparib  
 Osimertinib  
 Paclitaxel  
 Palbociclib  
 Pazopanib  
 Pipobroman  
 Ponatinib  
 Procarbazine Hydrochloride  
 Ruxolitinib  
 Sorafenib  
 Sunitinib  
 Temozolomide  
 Topotecan  
 Trametinib  
 Trastuzumab  
 Tretinoin  
 Vandetanib 
 
Methotrexate 

Misoprostol 

Retinoids 

Thalidomide 

Valproate 
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Appendix 9 Chapter 7, Factors associated with receiving antipsychotic prescriptions 

 
THIN CDARS 

PS weighted OR (95%CI) PS weighted OR (95%CI) 

Continuers vs Discontinuers 0.73 (0.39-1.36) 1.17 (0.72-1.91) 

Age, years 
  

≤24 1 1 
25-29 1.08 (0.47-2.47) 1.37 (0.58-3.23) 
30-35 1.22 (0.53-2.81) 3.11 (1.46-6.61) 

36-39 1.87 (0.81-4.32) 4.79 (2.10-10.90) 

≥40 0.43 (0.05-3.46) 5.86 (1.91-17.99) 

Maternal medical condition 
  

Depression 1.61 (0.74-3.53) NA† 
SMI 1.40 (0.69-2.82) 1.48 (0.90-2.43) 

Hypertension 1.94 (0.42-9.03) 0.72 (0.35-1.50) 
Epilepsy 2.44 (0.54-10.99) 1.37 (0.15-12.41) 

Family history of diabetes NA NA 

BMI, kg/m2 
  

<18.5 1 NA 
18.5-24.9 2.60 (0.34-19.87) NA 

25-29.9 3.78 (0.50-29.47) NA 
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>=30 4.16 (0.53-32.57) NA 

Smoking status 
  

Non-smoker 1 NA 
Current smoker†† 0.70 (0.37-1.35) NA 

Ex-smoker††† 0.57 (0.26-1.27) NA 

Alcohol consumption status 
  

Non-drinker 1 NA 
Current drinker† 0.89 (0.37-2.15) NA 

Ex-drinker†† 1.61 (0.66-3.96) NA 
Excessive drinker 0.72 (0.33-1.58) NA 

Antidepressants use 
  

Non-user 1 1 
Current user†† 0.84 (0.29-2.42) 1.32 (0.79-2.21) 

Past user††† 0.75 (0.27-2.04) 1.18 (0.70-1.99) 

Lithium use 
  

Non-user 1 1 
Current user†† NA 0.53 (0.06-4.55) 

Past user††† 1.41 (0.31-6.42) 0.98 (0.44-2.22) 

Time between 1st Rx and start date of study 
 

<1 year 1 1 
Between 1 and 2 years 0.55 (0.18-1.65) 0.93 (0.47-1.83) 

>2 years 0.95 (0.46-1.99) 0.76 (0.43-1.35) 

Median household income (HK$) 
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<19300 NA 1 
19300-21999 NA 0.92 (0.51-1.68) 
22000-25999 NA 1.00 (0.54-1.85) 

≥26000 NA 1.43 (0.78-2.64) 

THIN: The Health Improvement Network; CDARS: Clinical Data Analysis and Reporting System; N: Number; GDM: Gestational Diabetes Mellitus; SMI: severe 
mental illness; NA: No data available; BMI: Body Mass Index; Rx: A prescription; HK: Hong Kong 
† Women with depression were included in the cohort of women with SMI in CDARS. 
†† ‘Current’ refers to status during pregnancy 
††† ‘Past’ or ‘Ex-’ refers to status before start of pregnancy 
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Appendix 10 Chapter 8, Standardised mean differences before & after PS weighting in different covariates 

 
Before PS weighting After PS weighting 

Standardized mean difference (%) Standardized mean difference (%) 

Calendar year at delivery 
 

-6 -11.1 
Maternal age at delivery 

 
12.2 3.7 

Median household income (HK$) <19300 7.9 -2.1 
 

19300-21999 5.6 2 
 

22000-25999 1.9 3.8 
 

≥26000 -17.4 -4.1 
Mother with hypertension Yes 4.3 0.4 
Mother with psychiatric disorders Yes 239.5 7.5 
Mother with pre-existing diabetes  Yes 11.9 3.6 
Mother with gestational diabetes mellitus Yes 23.4 6.2 
Baby gender Girl -4.7 -1.6 
Parity 0 7.6 3.4 

 
1 -26.2 -6.7 

 
2 12.4 -0.1 

 
≥3 22.5 5.5 

PS: propensity score; HK: Hong Kong 
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Appendix 11 Chapter 9-10, Standardised mean differences before & after PS weighting in different covariates 

eTable 11.1 ADHD cohort 
Covariate categories ADHD 

Before PS weighting After PS weighting 

Standardized difference (%) Standardized difference (%) 

Calendar year at delivery 
 

-8.9 -5 
Maternal age at delivery 

 
6.7 -0.8 

Median household income (HK$) <19300 9 1.2 
 

19300-21999 5.6 -1.2 
 

22000-25999 1.1 -0.5 
 

≥26000 -16.5 0.8 
Mother with hypertension Yes 0.1 -0.4 
Mother with psychiatric disorders Yes 222.1 7.7 
Mother with pre-existing diabetes  Yes 4.8 0.5 
Mother with epilepsy Yes 8.7 0.8 
Mother with gestational diabetes mellitus Yes 21.1 1.2 
Baby gender Girl -1.9 -0.1 
Parity 0 0.9 0.7 

 
1 -23 -0.9 

 
2 15 -0.1  
≥3 26.1 0.3 

ADHD: attention-deficit/hyperactivity disorder; HK: Hong Kong; PS: propensity score. 
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eTable 11.2 ASD/PTB/SFGA cohort 

Covariate categories ASD/PTB/SFGA 
Before PS weighting After PS weighting 

Standardized difference (%) Standardized difference (%) 

Calendar year at delivery 
 

-0.2 -0.5 
Maternal age at delivery 

 
6.9 -1 

Median household income (HK$) <19300 8.3 1.2 
 

19300-21999 6.1 -0.7 
 

22000-25999 1 -0.4 
 

≥26000 -17.4 -0.2 
Mother with hypertension Yes 5.4 -0.9 
Mother with psychiatric disorders Yes 219.6 9.7 
Mother with pre-existing diabetes  Yes 11.6 2.2 
Mother with epilepsy Yes 13.2 0.6 
Mother with gestational diabetes mellitus Yes 21.3 -0.2 
Baby gender Girl -4.2 0.5 
Parity 0 5.6 1.5 

 
1 -26.5 -0.4 

 
2 14.2 -0.9  
≥3 24.4 -1.2 

ASD: autism spectrum disorder; HK: Hong Kong; PS: propensity score; PTB: preterm birth; SFGA: small for gestational age. 

 


