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ABSTRACT
In observational studies, significant associations have 
often been identified between antidepressant drug 
prescription during pregnancy, on the one hand, and 
autism spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD), on the other. Interpreting 
these associations is problematic because they are 
based on analyses that could not adjust for inadequately 
measured, unmeasured, and unknown confounds. Recent 
clinical data suggest that a genetic relationship exists 
between depression and neurodevelopmental disorders. 
A very recent study identified many genetic loci that were 
common to depression, ASD, and ADHD. These findings 
suggest the possibility that depression in a pregnant 
woman may predispose to neurodevelopmental 
disorders in offspring through shared genes and not 
through antidepressant use during pregnancy. Previous 
studies that significantly associated gestational exposure 
to antidepressants with adverse pregnancy outcomes 
could not adjust for genetic factors because they were 
unknown confounds at the time. Now that common risk 
loci have been identified, at least some of the unknown 
(genetic) confounds are no longer unknown; however, 
unless specifically examined in prospective studies, they 
will remain as unmeasured confounds that will continue 
to compromise the interpretation of study results. The 
possibility of confounding by inadequately measured, 
unmeasured, and unknown risk factors must therefore be 
considered before indicting antidepressant use during 
pregnancy in neurodevelopmental risks. In this context, 
the importance of genetic factors as unmeasured and 
unknown confounds must be acknowledged.
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Many observational studies have identified a statistically 
significant association between antidepressant prescription 

during pregnancy and neurodevelopment disorders such as autism 
spectrum disorder (ASD),1–3 attention-deficit/hyperactivity disorder 
(ADHD),4,5 and intellectual disability (ID)6 in the offspring. In many 
of these studies, the association was observed to remain statistically 
significant even after adjusting for confounding variables such as 
maternal age, maternal body mass index, indices of socioeconomic 
status, medical comorbidities, and others.

In all of these studies, because depressed pregnant women had not 
been randomized to receive antidepressant medication vs treatment 
as usual, it is very likely that the medicated women differed from 
unmedicated women in many ways, some of which could explain why 
they were at higher risk of bearing offspring with neurodevelopmental 
disorders. The results of these studies are therefore suspect because they 
did not or could not control for inadequately measured, unmeasured, 
and unknown confounds.2,7

Inadequately Measured, Unmeasured,  
and Unknown Confounds

The authors of an observational study (with data extracted from 
health care records) may have adjusted their analyses for past history 
of depression, past medication history, past history of hospital visits, 
and so on, as measures of severity of illness. However, these variables 
inadequately capture the actual severity of depression and the nature of 
depression-related behaviors during pregnancy, many or all of which 
might compromise maternal and fetal health. In such studies, therefore, 
severity of depression is an inadequately measured confound.

Most observational studies do not adjust analyses for use of 
tobacco, alcohol, and illicit substances because the necessary data are 
unavailable in the databases from which the information is extracted, 
so use of these licit and illicit substances during pregnancy is an 
unmeasured confound. Recent research suggests that preeclampsia,8 
polycystic ovaries,9 and maternal inflammation during pregnancy10 are 
also relevant to neurodevelopment and, therefore, are also examples 
of unmeasured confounds to the extent that they are not recorded, 
extracted, and adjusted for in analyses. Other examples of potential 
unmeasured confounds are listed elsewhere.11

In the previous article in this column,12 maternal anemia during 
pregnancy was presented as yet another, strongly relevant example of 
an unmeasured confound that might increase the risk of ASD, ADHD, 
and ID in the offspring of women who use antidepressant drugs during 
pregnancy.

What about the unknown confounds? This article examines how 
genetic factors were and still are unknown confounds in observational 
studies that associate gestational exposure to antidepressant drugs 
with the risk of developing neurodevelopmental disorders during 
childhood.
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Genetic Factors as Unknown Confounds
Unknown confounds, by definition, cannot be listed 

because they are not known. However, recent research 
has offered clues. In a nationwide, population-based study 
conducted in Taiwan, Chen et al13 analyzed data from a 
national health insurance database and found that the risk of 
major depressive disorder (MDD) was increased in the first 
degree relatives of persons with ADHD relative to the first 
degree relatives of control subjects (rates, 2.11% vs 1.02%; 
relative risk, 2.08; 95% confidence interval [CI], 2.02–2.13).

In a study based on data from 7,543 adolescents in 
the Avon Longitudinal Study of Parents and Children, 
UK, Rice et al14 found that depression with onset in early 
adolescence was associated with a polygenic risk score for 
MDD (odds ratio [OR], 1.24; 95% CI, 1.06–1.46) as well 
as with a polygenic risk score for ADHD (OR, 1.32; 95% 
CI, 1.13–1.54). Early onset depression was also associated 
with childhood ADHD, pragmatic language difficulties, 
and social communication difficulties; that is, with 
neurodevelopmental disturbances.

The findings of these 2 studies imply the presence of a 
genetic relationship between neurodevelopmental disorders 
and MDD. So a woman with MDD may be at increased risk 
of having children with neurodevelopmental disorders for 
reasons related to genes, regardless of whether or not she 
uses an antidepressant during pregnancy.

Identification of Common Genetic Loci Between 
Depression and Neurodevelopmental Disorders

Lee et al15 analyzed data from 232,964 cases and 494,162 
controls, all of European ancestry. The data were obtained 
from genome-wide single nucleotide polymorphism 
(SNP) studies of 8 neuropsychiatric disorders: anorexia 
nervosa, ADHD, ASD, bipolar disorder, major depression, 
obsessive-compulsive disorder, schizophrenia, and Tourette 
syndrome. They found that major depression was closely 
correlated with ASD (rg = 0.45) and with ADHD (rg = 0.44); 
the correlations were lower between major depression and 
bipolar disorder (rg = 0.36) and between major depression 
and schizophrenia (rg = 0.34). The relationship of major 
depression with ASD and ADHD was confirmed in factor 
analysis.

In further analysis, the authors15 identified 23 
pleiotropic genetic loci that were common to 4 or more 
of the 8 neuropsychiatric disorders. There were 20 loci 
common to major depression and ASD, 10 loci common 
to major depression and ADHD, and 9 loci common 
to all 3 disorders. Many of the shared loci had obvious 
importance. For example, one of the loci lay within DCC, 
a gene that is important in the early development of white 
matter connectivity in the brain, and dysfunction of which 
is associated with neurodevelopmental syndromes. Lee et 
al15 observed that variation in DCC would be consistent 
with effects on the early organization of neural circuits 
as well as effects on the later maturation of mesolimbic 
dopaminergic connections with the prefrontal cortex. Other 
loci of neurodevelopmental significance were also identified. 

Importantly, the expression of many of the pleiotropic 
genes peaked during the second trimester of pregnancy and 
remained overexpressed all through the lifespan.

Academic Importance
The genetic studies described in the previous 

sections have important implications for research that 
associates antidepressant drug use during pregnancy with 
neurodevelopmental disorders in the offspring. In short, the 
discovery of genetic overlap across major depression, ASD, 
and ADHD suggests that offspring ASD and ADHD may 
be linked to maternal depression during pregnancy through 
gestational antidepressant drug exposure. Thus, genes are 
examples of the unmeasured and unknown confounds to 
which reference was made at the beginning of this article. 
When these confounds cannot be adjusted for, gestational 
antidepressant drug exposure cannot be considered to 
causally increase the risk of ASD and ADHD in children.

Clinical Importance
A large number of observational studies have associated 

antidepressant prescription during pregnancy with the risk of 
neurodevelopmental disorders in the offspring.1,2 The results 
of these studies have repeatedly been widely disseminated 
in the scientific and lay media. As a result, health care 
professionals hesitate to advise antidepressant medication 
to depressed pregnant women; some may even discourage 
the use of these drugs during pregnancy. Additionally, 
depressed pregnant women who are aware of such studies 
may hesitate to accept antidepressant drugs, thereby 
exposing themselves, the pregnancy, and the unborn child 
to the risks associated with untreated depression.16–21 Finally, 
women with adverse pregnancy outcomes and mothers of 
children with neurodevelopmental disorders may experience 
guilt or be blamed had they used antidepressant drugs 
during pregnancy. It is therefore important for health care 
professionals and the general public to know that inadequately 
measured, unmeasured, and unknown confounds, rather 
than antidepressant drug use, may explain the relationship 
between gestational exposure to antidepressants and 
neurodevelopmental disorders in the offspring. As this article 
points out, genes that are responsible for both depression and 
neurodevelopmental disorders are important examples of 
unmeasured and unknown confounds.

Parting Note
Neurodevelopmental disorders have multifactorial 

origins. Environmental triggers may be required for genes, 
even “bad” genes, to express themselves. It is theoretically 
possibly that antidepressant use during pregnancy is one such 
trigger. However, given that depression is associated with a 
large range of unhealthy behaviors and with many adverse 
changes in the internal (physiological) environment, it is 
more likely that the triggers for gene expression are related to 
depression or to whatever was responsible for the depression. 
All said and done, it must be emphasized that all decision-
making needs to be shared between clinician and patient.



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

     e3J Clin Psychiatry 81:3, May/June 2020

Clinical and Practical Psychopharmacology

Published online: May 26, 2020.

REFERENCES

 1. Andrade C. Antidepressant exposure during pregnancy and risk of autism 
in the offspring, 1: meta-review of meta-analyses. J Clin Psychiatry. 
2017;78(8):e1047–e1051. PubMed CrossRef

 2. Andrade C. Antidepressant exposure during pregnancy and risk of autism 
in the offspring, 2: do the new studies add anything new? J Clin Psychiatry. 
2017;78(8):e1052–e1056. PubMed CrossRef

 3. Zhou XH, Li YJ, Ou JJ, et al. Association between maternal antidepressant 
use during pregnancy and autism spectrum disorder: an updated meta-
analysis. Mol Autism. 2018;9(1):21. PubMed CrossRef

 4. Jiang HY, Peng CT, Zhang X, et al. Antidepressant use during pregnancy 
and the risk of attention-deficit/hyperactivity disorder in the children: a 
meta-analysis of cohort studies. BJOG. 2018;125(9):1077–1084. PubMed CrossRef

 5. Man KKC, Chan EW, Ip P, et al. Prenatal antidepressant exposure and the 
risk of attention-deficit hyperactivity disorder in children: a systematic 
review and meta-analysis. Neurosci Biobehav Rev. 2018;86:1–11. PubMed CrossRef

 6. Viktorin A, Uher R, Kolevzon A, et al. Association of antidepressant 
medication use during pregnancy with intellectual disability in offspring. 
JAMA Psychiatry. 2017;74(10):1031–1038. PubMed CrossRef

 7. Flores JM, Avila-Quintero VJ, Bloch MH. Selective serotonin reuptake 
inhibitor use during pregnancy: associated with but not causative of 
autism in offspring. JAMA Psychiatry. 2019;76(12):1225–1227. PubMed CrossRef

 8. Sun BZ, Moster D, Harmon QE, et al. Association of preeclampsia in term 
births with neurodevelopmental disorders in offspring [published online 
ahead of print April 1, 2020]. JAMA Psychiatry. PubMed CrossRef

 9. Cesta CE, Öberg AS, Ibrahimson A, et al. Maternal polycystic ovary 
syndrome and risk of neuropsychiatric disorders in offspring: prenatal 
androgen exposure or genetic confounding? Psychol Med. 
2020;50(4):616–624. PubMed CrossRef

10. Girchenko P, Lahti-Pulkkinen M, Heinonen K, et al. Persistently high levels 
of maternal antenatal inflammation are associated with and mediate the 
effect of prenatal environmental adversities on neurodevelopmental 

delay in the offspring. Biol Psychiatry. 2020;87(10):898–907. PubMed CrossRef
11. Andrade C. Antidepressant use in pregnancy and risk of autism spectrum 

disorders: a critical examination of the evidence. J Clin Psychiatry. 
2013;74(9):940–941. PubMed CrossRef

12. Andrade C. Antidepressant prescription in pregnancy: the importance of 
prenatal maternal anemia as a potential confound in studies on 
neurodevelopmental and other outcomes. J Clin Psychiatry. 
2020;81(2):20f13347. PubMed CrossRef

13. Chen MH, Pan TL, Huang KL, et al. Coaggregation of major psychiatric 
disorders in first-degree relatives of individuals with attention-deficit/
hyperactivity disorder: a nationwide population-based study. J Clin 
Psychiatry. 2019;80(3):18m12371. PubMed CrossRef

14. Rice F, Riglin L, Thapar AK, et al. Characterizing developmental trajectories 
and the role of neuropsychiatric genetic risk variants in early-onset 
depression. JAMA Psychiatry. 2019;76(3):306–313. PubMed CrossRef

15. Lee PH, Anttila V, Won H, et al. Cross-Disorder Group of the Psychiatric 
Genomics Consortium. Genomic relationships, novel loci, and pleiotropic 
mechanisms across eight psychiatric disorders. Cell. 2019;179(7):1469–1482.
e11. PubMed CrossRef

16. Bonari L, Pinto N, Ahn E, et al. Perinatal risks of untreated depression 
during pregnancy. Can J Psychiatry. 2004;49(11):726–735. PubMed CrossRef

17. O’Keane V, Marsh MS. Depression during pregnancy. BMJ. 
2007;334(7601):1003–1005. PubMed CrossRef

18. Grote NK, Bridge JA, Gavin AR, et al. A meta-analysis of depression during 
pregnancy and the risk of preterm birth, low birth weight, and intrauterine 
growth restriction. Arch Gen Psychiatry. 2010;67(10):1012–1024. PubMed CrossRef

19. Davalos DB, Yadon CA, Tregellas HC. Untreated prenatal maternal 
depression and the potential risks to offspring: a review. Arch Women Ment 
Health. 2012;15(1):1–14. PubMed CrossRef

20. Grigoriadis S, VonderPorten EH, Mamisashvili L, et al. The impact of 
maternal depression during pregnancy on perinatal outcomes: a 
systematic review and meta-analysis. J Clin Psychiatry. 2013;74(4):e321–
e341. PubMed CrossRef

21. Gentile S. Untreated depression during pregnancy: short- and long-term 
effects in offspring. a systematic review. Neuroscience. 2017;342:154–166. PubMed CrossRef

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28994903&dopt=Abstract
https://doi.org/10.4088/JCP.17f11903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29099558&dopt=Abstract
https://doi.org/10.4088/JCP.17f11916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29599960&dopt=Abstract
https://doi.org/10.1186/s13229-018-0207-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29243299&dopt=Abstract
https://doi.org/10.1111/1471-0528.15059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29247762&dopt=Abstract
https://doi.org/10.1016/j.neubiorev.2017.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28700807&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2017.1727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31577332&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2019.2193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32236510&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2020.0306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30857571&dopt=Abstract
https://doi.org/10.1017/S0033291719000424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31987493&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2019.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24107768&dopt=Abstract
https://doi.org/10.4088/JCP.13ac08607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32237297&dopt=Abstract
https://doi.org/10.4088/JCP.20f13347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31090279&dopt=Abstract
https://doi.org/10.4088/JCP.18m12371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30326013&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2018.3338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31835028&dopt=Abstract
https://doi.org/10.1016/j.cell.2019.11.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15633850&dopt=Abstract
https://doi.org/10.1177/070674370404901103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17494021&dopt=Abstract
https://doi.org/10.1136/bmj.39189.662581.55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20921117&dopt=Abstract
https://doi.org/10.1001/archgenpsychiatry.2010.111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22215285&dopt=Abstract
https://doi.org/10.1007/s00737-011-0251-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23656857&dopt=Abstract
https://doi.org/10.4088/JCP.12r07968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26343292&dopt=Abstract
https://doi.org/10.1016/j.neuroscience.2015.09.001

