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Abstract

Background: Up to 20% of mothers experience antenatal depression and approximately 30% of these women are treated with
serotonergic psychotropic pharmacological therapy during pregnancy. Serotonergic antidepressants readily cross the placenta
and the fetal blood-brain barrier, altering central synaptic serotonin signaling and potentially altering serotonin levels in the
developing fetal brain.

Objective: The aim of this study is to assess the impact of prenatal exposure to serotonergic antidepressants, accounting for
maternal mood disturbances, on markers of stress regulation during childhood.

Methods: We will follow PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and
will search MEDLINE, Embase, CINAHL, PsycINFO, and ClinicalTrials.gov for full-length studies that assessed physiological
(eg, cortisol level, heart rate variability, salivary amylase, pupillary size, C-reactive protein) indices of stress regulation in children
of pregnant people who were treated with a serotonergic antidepressant at any point during pregnancy. We will assess the quality
of observational studies using the Newcastle-Ottawa Scale and the quality of experimental studies using the Cochrane risk-of-bias
tool. When possible, we will conduct a random-effects meta-analysis. If meta-analysis is not possible, we will conduct a narrative
review. If a sufficient number of studies are found, we will perform subgroup analysis and assess outcomes measured by drug
class, dose, trimester of exposure, and child’s age and gender.

Results: We registered our review protocol with PROSPERO (International Prospective Register of Systematic Reviews;
CRD42021275750), completed the literature search, and initiated title and abstract review in August 2021. We expect to finalize
this review by April 2022.
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Conclusions: Findings should identify the impact of prenatal antidepressant effects on stress regulation and distinguish it from
the impact of prenatal exposure to maternal mood disturbances. This review should inform decisions about serotonergic
antidepressant use during pregnancy.

Trial Registration: PROSPERO CRD42021275750; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=275750

International Registered Report Identifier (IRRID): PRR1-10.2196/33363

(JMIR Res Protoc 2022;11(3):e33363) doi: 10.2196/33363
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Introduction

Background
Up to 20% of mothers experience antenatal depression and
approximately 30% of these women are treated with a
serotonergic antidepressant during pregnancy [1,2]. Selective
serotonin reuptake inhibitors (SSRI) are the most common
serotonergic medications prescribed [3-7]. They readily cross
the placenta and the fetal blood-brain barrier, potentially altering
serotonin (or 5-hydroxytryptamine [5-HT]) signaling in the fetal
brain [8-14], and such exposure has been paradoxically reported
to be associated with an increased risk for anxiety, attention,
and behavioral disorders in children of mothers with depression
treated with an SSRI during pregnancy [15-17]. Importantly,
childhood behaviors have been associated with altered indices
of stress regulation [18-21], raising critical questions about
whether prenatal exposure to serotonergic psychotropic
medications alters stress reactivity, thereby contributing to an
increased risk for behavioral disturbances.

Long before 5-HT becomes a neurotransmitter in the mature
brain, it plays a role as a neurodevelopmental signal regulating
cell growth and function [22,23]. In the fetal brain, 5-HT and
its receptors are overexpressed and widespread in regions where
they are absent in adults, pointing to a time-dependent specificity
to 5-HT expression during development [24,25]. Early 5-HT
alterations, either via pharmacological, genetic, or other
manipulations, potentially alter these processes via the
presynaptic, membrane-bound serotonin transporter protein
(5-HTT), the target of SRI antidepressants. 5-HTT is a key
regulator of brain 5-HT [26,27].

Serotonin is central to the development and function of two key
stress response systems—the locus-coeruleus-norepinephrine
(autonomic nervous system [ANS]) and the
hypothalamic-pituitary-adrenal (HPA) systems [28-30], which
may illustrate sites affected by prenatal exposure to serotonin
reuptake inhibitors on stress responses [31-33]. The relationship
between 5-HT and stress reactivity is bidirectional; stressors
appear to alter 5-HT metabolism as well as bias how one copes
with subsequent stressful challenges [32,34]. ANS activation
leads to a rapid “flight or fight” response, in turn leading to
increased cardiac activity (heart rate) and release of
catecholamines (norepinephrine) [35]. Central to our
understanding of how prenatal exposure to serotonergic
medications such as antidepressants influences early brain
development is understanding the diverse roles the
neurotransmitter 5-HT plays in early brain development, stress

regulation, and mental health [23,28,36]. Prenatal maternal
mood disturbances, the very disorders that lead to antidepressant
treatment, have also been shown to shape the development of
the HPA axis [37,38].

5-HT and cardiovascular/autonomic stress regulation are highly
interrelated via links between reflex control of parasympathetic
outflow to the heart and other organs that involve central
5-HT1A receptors located in the vicinity of preganglionic vagal
neurons. Further, 5-HT3 receptors are implicated in afferent
regulation of central sympathetic and parasympathetic tone [39].
The development and function of the HPA stress response and
the serotonergic regulatory systems are highly interrelated and
exquisitely sensitive to the effects of early adverse experience
[40,41]. Serotonin influences how an individual copes with
subsequent social stressors and plays a role in mediating the
effects of adverse experience [42]. Early differences in maternal
care alter central 5-HT levels that change HPA axis stress
function, reflected as an altered capacity to regulate stress
responses [40,43].

Considering the importance of serotonin in neurodevelopment,
it is conceivable that early changes to 5-HT, secondary to
prenatal serotonergic medication exposure or maternal mood
disorders, could have developmental consequences [26,44] and
may modify the formation and function of key stress regulatory
systems such as the ANS and HPA axis in ways that may affect
subsequent responses to stress challenges and may have life-long
implications for the offspring’s health and behavior.
Understanding relationships between stress response systems
and children’s behavior may provide essential insight into the
developmental origins of physiological processes that contribute
to disrupted behavior. Taken together, it is possible that prenatal
exposure to serotonergic psychotropic medications used to
manage mood disturbances during pregnancy could alter stress
reactivity/regulation in offspring.

Objectives
Our study aims to assess the impact of prenatal exposure to
serotonergic medications, and distinguish these effects from the
impact of maternal mood disturbances on neonatal, infant,
childhood, and adolescent indices of stress regulation.

Methods

Overview
We will adhere to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines for reporting
systematic reviews [45] and have used the PRISMA for
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systematic review protocols (PRISMA-P) [46]. Our research
protocol was designed a priori, defining methods for searching
the literature, including and examining articles, and extracting
and analyzing data.

Eligibility Criteria

Inclusion Criteria
This systematic review will consider studies that included
pregnant people diagnosed with prenatal mood disorders
(depression and/or anxiety) who were exposed to serotonergic
medications at any point during pregnancy. We will assess stress
regulation outcomes in the offspring and the way they relate to
behavior. We will include monopharmacy use of antidepressants.
We will include both singleton and multiple gestation
pregnancies as well as both nulliparous and
multiparous pregnancies. We will include intervention studies
(randomized controlled trials, pre-post trials) and observational
trials (case-control studies, cross-sectional studies, cohort
studies, case reports or case series). We will only include
full-text studies published in English or French. Studies that
meet our inclusion criteria will be included in this review.

Exclusion Criteria
We will exclude polypharmacy use of multiple antidepressant
medications from several classes, as well as animal studies,
gray literature (including theses and dissertations), review

studies, letters to the editor, conference abstracts, and posters.
If we come across different studies that include the same
population and outcome, the study that involves a longer
follow-up will be included.

Outcome Measures
We will assess physiological outcomes and how they relate to
each other. Specifically, our outcome includes the following
physiological outcomes: cortisol, heart rate variability, salivary
amylase, pupillary size, C-reactive protein (CRP), and
immunological biomarkers (cytokines, chemokines,
lymphokines, IL-6, etc).

Information Sources and Literature Search
We developed our search strategy with the consultation of a
librarian and will search the literature by population and
intervention (Table 1). The following databases will be searched:
MEDLINE (Ovid), Embase (Ovid), CINAHL (EBSCOhost),
PsycINFO (EBSCOhost), and ClinicalTrials.gov. We will use
both Medical Subject Headings (MeSH) terms and keywords.
Our search strategy for the MEDLINE database is outlined in
Multimedia Appendix 1. We will adjust the MeSH terms and
keywords used to accommodate the different databases’
requirements and limitations. We will limit our search to studies
published in English or French. We will not limit for year of
publication and will include original studies of all study types.

Table 1. Eligibility criteria to be included in the review.

CriteriaItem

Pregnant people diagnosed with antepartum depression, prenatal depression, or maternal mood disordersPopulation

Exposure to a serotonergic drug:Intervention/exposure

• SSRIa: citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline
• SNRIb: desvenlafaxine, duloxetine, levomilnacipran, venlafaxine
• Second-generation antipsychotics: aripiprazole, brexpiprazole, olanzapine, quetiapine, risperidone
• Serotonin modulators: trazodone, vilazodone, vortioxetine
• Tricyclic antidepressants: amitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline,

trimipramine
• 5-HT1A (serotonin receptor) agonist: buspirone

NoneComparison/control

Physiological outcomes: cortisol, cardiac autonomic function (heart rate variability, pre-ejection period), salivary
amylase, pupillary size, C-reactive protein, immunological biomarkers (cytokines, chemokines, lymphokines,
IL-6).

Outcome

aSSRI: selective serotonin reuptake inhibitor.
bSNRI: serotonin–norepinephrine reuptake inhibitor.

We will use the following keywords and MeSH terms:
Pregnancy Trimesters/ or Pregnancy/ or Pregnancy Trimester,
Third/ or pregnancy.mp. or Pregnancy Trimester, First/ or
Pregnancy, or Pregnancy Trimester, Second/, pregnant.mp. or
Pregnant Women/, or gestation.mp. or perinatal.mp. or
prenatal.mp. or pregnant* AND Depression/ or depressive
disorder/ or depressive disorder, major/ or depressive disorder,
treatment-resistant/ or Anxiety Disorders/ or Anxiety/ or
anxiety.mp., or Mood Disorders/, AND antidepressants.mp. or
Antidepressive Agents/, serotonergic drugs.mp. or Serotonin
Agents/, selective serotonin reuptake inhibitors.mp. or Serotonin
Uptake Inhibitors/, citalopram.mp. or Citalopram/,

escitalopram.mp. or Citalopram/, fluoxetine.mp. or Fluoxetine/,
fluvoxamine.mp. or Fluvoxamine/, paroxetine.mp. or
Paroxetine/, sertraline.mp. or Sertraline/, “Serotonin and
Noradrenaline Reuptake Inhibitors”/ or Serotonin Uptake
Inhibitors/ or serotonin-norepinephrine reuptake Inhibitor.mp.,
desvenlafaxine.mp., or Desvenlafaxine Succinate/,
duloxetine.mp. or Duloxetine Hydrochloride/,
levomilnacipran.mp. or Levomilnacipran/, venlafaxine.mp. or
Venlafaxine Hydrochloride/, Antipsychotic Agents/ or Second
generation antipsychotics.mp., aripiprazole.mp., or
Aripiprazole/, brexpiprazole.mp., olanzapine.mp., or
Olanzapine/, quetiapine.mp. or Quetiapine Fumarate,
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risperidone.mp. or Risperidone/, Serotonin Modulators.mp.,
trazodone.mp., or Trazodone/, vilazodone.mp. or Vilazodone
Hydrochloride/, vortioxetine.mp. or Vortioxetine/, tricyclic
antidepressants.mp. or Antidepressive Agents, Tricyclic/,
amitriptyline.mp. or Amitriptyline/, clomipramine.mp. or
Clomipramine/, desipramine.mp. or Desipramine/, doxepin.mp.
or Doxepin/, imipramine.mp. or Imipramine/, nortriptyline.mp.
or Nortriptyline/, trimipramine.mp. or Trimipramine/ or
buspirone.mp. or Buspirone/.

We will conduct a manual search of the journals
Psychoneuroendocrinology, Early Human Development,
Neuroscience, and Neuroscience & Biobehavioral Reviews, as
well as a forward and backward citation search through Google
Scholar [47] on all included papers to locate additional papers
that may have been missed in our literature search.

Study Selection Process
Using our predetermined selection criteria, two authors (EZZ
and AL) will independently screen all retrieved papers at level
1 (title and abstract) for inclusion in the study using Covidence,
a screening and data extraction tool for systematic reviews [48].
Once a list of studies is determined, the selected papers will be
reviewed at level 2 (full text) to select a final list of review
studies. Screening questions can be found in Multimedia
Appendix 2. At any point, authors will meet to discuss
discrepancies and a third author (SH) will be consulted if
disagreement occurs.

Data Collection Process
Two authors (EZZ and AL) will independently extract the
following information from all included studies: year of
publication, country, sample size, study design, study setting,
trimester of pregnancy, drug exposure class, drug exposure
generic name, drug dose, cortisol level (diurnal), cortisol level
(stress challenge), heart rate variability, salivary amylase,
pupillary size, CRP, cytokines, chemokines, lymphokines, IL-6,
maternal depression, maternal depression diagnosis method,
maternal anxiety, and maternal anxiety diagnosis method.
Authors will meet to discuss discrepancies and a third author
(SH) will be consulted if disagreement occurs. If needed, we
will contact study corresponding authors for unpublished or
missing data.

Quality and Risk of Bias Assessment
To assess the methodological quality of the included studies
and their risk of bias, we will use different checklists and scales.
Two authors (EZZ and AL) will independently screen each
included paper according to its methodology. We will use the
Newcastle-Ottawa Scale for observational cohort studies [49],
the modified Newcastle-Ottawa Scale for observational
cross-sectional studies [50], and the Cochrane risk-of-bias tool
for randomized controlled trials and experimental studies [51].

We will use funnel plots to assess for publication bias [52]. In
case of a publication bias, we will use the trim-and-fill method.
We will remove (“trim”) the studies that give rise to the funnel
plot’s asymmetry and then impute (“fill”) the suggested missing
studies based on the bias-corrected overall estimate [53].

Synthesis of Included Studies
We will pool studies based on their reported outcome and will
present the characteristics of included studies both descriptively
and in a table. Where possible, we will pool reported levels of
cortisol, heart rate variability, salivary amylase, pupillary size,
and CRP. We will calculate the Cochrane Q test (chi-square)

and Higgins I2 score to assess the statistical heterogeneity of
effect size estimates across our included studies before running
a meta-analysis. When meta-analysis is possible, we will
calculate pooled mean differences for continuous data and
perform a random-effects meta-analysis for dichotomous data
[54]. If meta-analysis is not possible, we will conduct a narrative
synthesis of the data. When a sufficient number of studies are
found, we will perform subgroup analysis and assess outcomes
measured by drug class, dose, trimester of exposure, and child’s
age and gender. We will consider method of assessment for
pooling. We will perform all data analysis using Stata (version
15; StataCorp LLC).

Results

We registered our review protocol with PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42021275750) [55], completed the literature search, and
initiated title and abstract review in August 2021. We expect
to finalize this review by April 2022.

Discussion

Antepartum depression is a common condition that is often
treated with different serotonergic drugs, leading to altered
central serotonin signaling in the developing brain. As serotonin
plays a key role in fetal neurodevelopment that shapes key
components of stress regulation pathways, understanding how
prenatal exposure to these medications affects physiological
stress responses could elucidate pathways to behavioral
outcomes in the offspring of mothers with depression. This
study will add to the existing body of knowledge by integrating
data that will lead to new insights about early origins of mental
health disorders and the risks and benefits of use of serotonergic
medications. The impact of prenatal serotonergic medication
exposure and early origins of mental health will be essential for
both theoretical and clinical reasons, specifically to inform
decisions about serotonergic medication use in pregnancy and
to inform interventions that promote healthy child development.

Acknowledgments
EZZ is supported by a Vanier Canada Graduate Scholarship from the Canadian Institutes of Health Research (CIHR) and a
University of British Columbia Killam Doctoral Scholarship.

JMIR Res Protoc 2022 | vol. 11 | iss. 3 | e33363 | p. 4https://www.researchprotocols.org/2022/3/e33363
(page number not for citation purposes)

Zusman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conflicts of Interest
None declared.

Multimedia Appendix 1
Search strategy for MEDLINE database.
[PNG File , 304 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Reviewers' literature search screening questions.
[DOCX File , 15 KB-Multimedia Appendix 2]

References

1. Millard SJ, Weston-Green K, Newell KA. The effects of maternal antidepressant use on offspring behaviour and brain
development: Implications for risk of neurodevelopmental disorders. Neurosci Biobehav Rev 2017 Sep;80:743-765. [doi:
10.1016/j.neubiorev.2017.06.008] [Medline: 28629713]

2. Biaggi A, Conroy S, Pawlby S, Pariante CM. Identifying the women at risk of antenatal anxiety and depression: A systematic
review. J Affect Disord 2016 Feb;191:62-77 [FREE Full text] [doi: 10.1016/j.jad.2015.11.014] [Medline: 26650969]

3. Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Neonatal outcomes after prenatal exposure to selective
serotonin reuptake inhibitor antidepressants and maternal depression using population-based linked health data. Arch Gen
Psychiatry 2006 Aug 01;63(8):898-906. [doi: 10.1001/archpsyc.63.8.898] [Medline: 16894066]

4. Ashley JM, Harper BD, Arms-Chavez CJ, LoBello SG. Estimated prevalence of antenatal depression in the US population.
Arch Womens Ment Health 2016 Apr 21;19(2):395-400. [doi: 10.1007/s00737-015-0593-1] [Medline: 26687691]

5. Molenaar NM, Bais B, Lambregtse-van den Berg MP, Mulder CL, Howell EA, Fox NS, et al. The international prevalence
of antidepressant use before, during, and after pregnancy: A systematic review and meta-analysis of timing, type of
prescriptions and geographical variability. J Affect Disord 2020 Mar 01;264:82-89. [doi: 10.1016/j.jad.2019.12.014]
[Medline: 31846905]

6. O'Connor E, Senger CA, Henninger ML, Coppola E, Gaynes BN. Interventions to Prevent Perinatal Depression: Evidence
Report and Systematic Review for the US Preventive Services Task Force. JAMA 2019 Dec 12;321(6):588-601. [doi:
10.1001/jama.2018.20865] [Medline: 30747970]

7. Brown HK, Ray JG, Wilton AS, Lunsky Y, Gomes T, Vigod SN. Association Between Serotonergic Antidepressant Use
During Pregnancy and Autism Spectrum Disorder in Children. JAMA 2017 Apr 18;317(15):1544-1552. [doi:
10.1001/jama.2017.3415] [Medline: 28418480]

8. Goodnick PJ, Goldstein BJ. Selective serotonin reuptake inhibitors in affective disorders — I. Basic pharmacology. J
Psychopharmacol Oxf Engl 1998;12(3 suppl B):5-20. [doi: 10.1177/0269881198012003021]

9. Holland J, Brown R. Neonatal venlafaxine discontinuation syndrome: A mini-review. Eur J Paediatr Neurol 2017
Mar;21(2):264-268. [doi: 10.1016/j.ejpn.2016.11.003] [Medline: 27931774]

10. Dubovicky M, Belovicova K, Csatlosova K, Bogi E. Risks of using SSRI / SNRI antidepressants during pregnancy and
lactation. Interdiscip Toxicol 2017;10(1):30-34. [doi: 10.1515/intox-2017-0004]

11. Newport DJ, Calamaras MR, DeVane CL, Donovan J, Beach AJ, Winn S, et al. Atypical antipsychotic administration
during late pregnancy: placental passage and obstetrical outcomes. Am J Psychiatry 2007 Aug;164(8):1214-1220. [doi:
10.1176/appi.ajp.2007.06111886] [Medline: 17671284]

12. Dalmizrak O, Kulaksiz-Erkmen G, Ozer N. The inhibition characteristics of human placental glutathione S-transferase-π
by tricyclic antidepressants: amitriptyline and clomipramine. Mol Cell Biochem 2011 Sep 13;355(1-2):223-231. [doi:
10.1007/s11010-011-0858-6] [Medline: 21567209]

13. Oberlander TF. Fetal serotonin signaling: setting pathways for early childhood development and behavior. J Adolesc Health
2012 Aug;51(2 Suppl):S9-16. [doi: 10.1016/j.jadohealth.2012.04.009] [Medline: 22794534]

14. de Montigny C, Chaput Y, Blier P. Modification of serotonergic neuron properties by long-term treatment with serotonin
reuptake blockers. J Clin Psychiatry 1990 Dec;51 Suppl B:4-8. [Medline: 2175309]

15. Borue X, Chen J, Condron BG. Developmental effects of SSRIs: lessons learned from animal studies. Int J Dev Neurosci
2007 Oct 07;25(6):341-347 [FREE Full text] [doi: 10.1016/j.ijdevneu.2007.06.003] [Medline: 17706396]

16. Rotem-Kohavi N, Williams LJ, Oberlander TF. Advanced neuroimaging: A window into the neural correlates of fetal
programming related to prenatal exposure to maternal depression and SSRIs. Semin Perinatol 2020 Apr;44(3):151223.
[doi: 10.1016/j.semperi.2020.151223] [Medline: 32122645]

17. Ornoy A, Koren G. SSRIs and SNRIs (SRI) in Pregnancy: Effects on the Course of Pregnancy and the Offspring: How Far
Are We from Having All the Answers? Int J Mol Sci 2019 May 14;20(10):2370 [FREE Full text] [doi: 10.3390/ijms20102370]
[Medline: 31091646]

JMIR Res Protoc 2022 | vol. 11 | iss. 3 | e33363 | p. 5https://www.researchprotocols.org/2022/3/e33363
(page number not for citation purposes)

Zusman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v11i3e33363_app1.png&filename=5718c83e244717a2a98b917dacb503b6.png
https://jmir.org/api/download?alt_name=resprot_v11i3e33363_app1.png&filename=5718c83e244717a2a98b917dacb503b6.png
https://jmir.org/api/download?alt_name=resprot_v11i3e33363_app2.docx&filename=ee09c20b269879a090db66db3a06d4f7.docx
https://jmir.org/api/download?alt_name=resprot_v11i3e33363_app2.docx&filename=ee09c20b269879a090db66db3a06d4f7.docx
http://dx.doi.org/10.1016/j.neubiorev.2017.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28629713&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0165-0327(15)30233-0
http://dx.doi.org/10.1016/j.jad.2015.11.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26650969&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.63.8.898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16894066&dopt=Abstract
http://dx.doi.org/10.1007/s00737-015-0593-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26687691&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2019.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31846905&dopt=Abstract
http://dx.doi.org/10.1001/jama.2018.20865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747970&dopt=Abstract
http://dx.doi.org/10.1001/jama.2017.3415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28418480&dopt=Abstract
http://dx.doi.org/10.1177/0269881198012003021
http://dx.doi.org/10.1016/j.ejpn.2016.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27931774&dopt=Abstract
http://dx.doi.org/10.1515/intox-2017-0004
http://dx.doi.org/10.1176/appi.ajp.2007.06111886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17671284&dopt=Abstract
http://dx.doi.org/10.1007/s11010-011-0858-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21567209&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2012.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22794534&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2175309&dopt=Abstract
http://europepmc.org/abstract/MED/17706396
http://dx.doi.org/10.1016/j.ijdevneu.2007.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17706396&dopt=Abstract
http://dx.doi.org/10.1016/j.semperi.2020.151223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32122645&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms20102370
http://dx.doi.org/10.3390/ijms20102370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31091646&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Shirtcliff EA, Essex MJ. Concurrent and longitudinal associations of basal and diurnal cortisol with mental health symptoms
in early adolescence. Dev Psychobiol 2008 Nov;50(7):690-703. [doi: 10.1002/dev.20336]

19. Gunnar M, Quevedo K. The neurobiology of stress and development. Annu Rev Psychol 2007 Jan;58(1):145-173. [doi:
10.1146/annurev.psych.58.110405.085605] [Medline: 16903808]

20. Gunnar MR, Vazquez DM. Low cortisol and a flattening of expected daytime rhythm: potential indices of risk in human
development. Dev Psychopathol 2001 Sep 27;13(3):515-538. [doi: 10.1017/s0954579401003066] [Medline: 11523846]

21. Eisenberg N, Spinrad TL, Eggum ND. Emotion-related self-regulation and its relation to children's maladjustment. Annu
Rev Clin Psychol 2010 Mar 01;6(1):495-525 [FREE Full text] [doi: 10.1146/annurev.clinpsy.121208.131208] [Medline:
20192797]

22. Azmitia E. Serotonin Neurons, Neuroplasticity, and Homeostasis of Neural Tissue. Neuropsychopharmacology 1999
Aug;21(2):33S-45S. [doi: 10.1016/s0893-133x(99)00022-6]

23. Whitaker-Azmitia PM, Druse M, Walker P, Lauder JM. Serotonin as a developmental signal. Behavioural Brain Research
1995 Dec;73(1-2):19-29. [doi: 10.1016/0166-4328(96)00071-x]

24. Huether G, Thömke F, Adler L. Administration of tryptophan-enriched diets to pregnant rats retards the development of
the serotonergic system in their offspring. Developmental Brain Research 1992 Aug;68(2):175-181. [doi:
10.1016/0165-3806(92)90059-6]

25. Di Pino G, Moessner R, Lesch K, Lauder J, Persico A. Roles for Serotonin in Neurodevelopment: More than just Neural
Transmission. CN 2004 Oct 01;2(4):403-417. [doi: 10.2174/1570159043359495]

26. Brummelte S, Mc Glanaghy E, Bonnin A, Oberlander T. Developmental changes in serotonin signaling: Implications for
early brain function, behavior and adaptation. Neuroscience 2017 Feb 07;342:212-231 [FREE Full text] [doi:
10.1016/j.neuroscience.2016.02.037] [Medline: 26905950]

27. Houwing DJ, Buwalda B, van der Zee EA, de Boer SF, Olivier JDA. The Serotonin Transporter and Early Life Stress:
Translational Perspectives. Front Cell Neurosci 2017 Apr 26;11:117 [FREE Full text] [doi: 10.3389/fncel.2017.00117]
[Medline: 28491024]

28. St-Pierre J, Laurent L, King S, Vaillancourt C. Effects of prenatal maternal stress on serotonin and fetal development.
Placenta 2016 Dec;48:S66-S71. [doi: 10.1016/j.placenta.2015.11.013]

29. Côté F, Fligny C, Fromes Y, Mallet J, Vodjdani G. Recent advances in understanding serotonin regulation of cardiovascular
function. Trends Mol Med 2004 May;10(5):232-238. [doi: 10.1016/j.molmed.2004.03.007] [Medline: 15121050]

30. Kermorgant M, Pavy-Le TA, Senard J, Arvanitis D. Serotonergic Receptor 5-HT2A in the Cardiosympathovagal System.
In: Guiard BP, Giovanni G, editors. 5-HT2A Receptors in the Central Nervous System. Switzerland: Springer International
Publishing; 2018:137-145.

31. Fisher LA, Brown MR. 3 Central regulation of stress responses: regulation of the autonomic nervous system and visceral
function by corticotrophin releasing factor-41. Baillière's Clinical Endocrinology and Metabolism 1991 Mar;5(1):35-50.
[doi: 10.1016/s0950-351x(05)80095-3]

32. Chaouloff F, Berton O, Mormède P. Serotonin and Stress. Neuropsychopharmacology 1999 Aug;21(2):28S-32S. [doi:
10.1016/s0893-133x(99)00008-1]

33. Mitchell JB, Iny LJ, Meaney MJ. The role of serotonin in the development and environmental regulation of type II
corticosteroid receptor binding in rat hippocampus. Developmental Brain Research 1990 Sep;55(2):231-235. [doi:
10.1016/0165-3806(90)90204-c]

34. Chaouloff F. Physiopharmacological interactions between stress hormones and central serotonergic systems. Brain Research
Reviews 1993 Jan;18(1):1-32. [doi: 10.1016/0165-0173(93)90005-k]

35. Everly G, Lating J. The Anatomy and Physiology of the Human Stress Response. In: A Clinical Guide to the Treatment of
the Human Stress Response. New York, NY: Springer; 2019:19-56.

36. Lv J, Liu F. The Role of Serotonin beyond the Central Nervous System during Embryogenesis. Front Cell Neurosci 2017
Mar 13;11:74 [FREE Full text] [doi: 10.3389/fncel.2017.00074] [Medline: 28348520]

37. Kapoor A, Dunn E, Kostaki A, Andrews M, Matthews SG. Fetal programming of hypothalamo-pituitary-adrenal function:
prenatal stress and glucocorticoids. J Physiol 2006 Apr 01;572(Pt 1):31-44 [FREE Full text] [doi:
10.1113/jphysiol.2006.105254] [Medline: 16469780]

38. Glover V, O'Connor TG, O'Donnell K. Prenatal stress and the programming of the HPA axis. Neurosci Biobehav Rev 2010
Sep;35(1):17-22. [doi: 10.1016/j.neubiorev.2009.11.008] [Medline: 19914282]

39. Ramage AG. Central cardiovascular regulation and 5-hydroxytryptamine receptors. Brain Research Bulletin 2001
Nov;56(5):425-439. [doi: 10.1016/s0361-9230(01)00612-8]

40. Laplante P, Diorio J, Meaney MJ. Serotonin regulates hippocampal glucocorticoid receptor expression via a 5-HT7 receptor.
Developmental Brain Research 2002 Dec;139(2):199-203. [doi: 10.1016/s0165-3806(02)00550-3]

41. Kofman O. The role of prenatal stress in the etiology of developmental behavioural disorders. Neuroscience & Biobehavioral
Reviews 2002 Jun;26(4):457-470. [doi: 10.1016/s0149-7634(02)00015-5]

42. Weinstock M. Alterations induced by gestational stress in brain morphology and behaviour of the offspring. Progress in
Neurobiology 2001 Dec;65(5):427-451. [doi: 10.1016/s0301-0082(01)00018-1]

JMIR Res Protoc 2022 | vol. 11 | iss. 3 | e33363 | p. 6https://www.researchprotocols.org/2022/3/e33363
(page number not for citation purposes)

Zusman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/dev.20336
http://dx.doi.org/10.1146/annurev.psych.58.110405.085605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16903808&dopt=Abstract
http://dx.doi.org/10.1017/s0954579401003066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11523846&dopt=Abstract
http://europepmc.org/abstract/MED/20192797
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20192797&dopt=Abstract
http://dx.doi.org/10.1016/s0893-133x(99)00022-6
http://dx.doi.org/10.1016/0166-4328(96)00071-x
http://dx.doi.org/10.1016/0165-3806(92)90059-6
http://dx.doi.org/10.2174/1570159043359495
http://europepmc.org/abstract/MED/26905950
http://dx.doi.org/10.1016/j.neuroscience.2016.02.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26905950&dopt=Abstract
https://doi.org/10.3389/fncel.2017.00117
http://dx.doi.org/10.3389/fncel.2017.00117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28491024&dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2015.11.013
http://dx.doi.org/10.1016/j.molmed.2004.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121050&dopt=Abstract
http://dx.doi.org/10.1016/s0950-351x(05)80095-3
http://dx.doi.org/10.1016/s0893-133x(99)00008-1
http://dx.doi.org/10.1016/0165-3806(90)90204-c
http://dx.doi.org/10.1016/0165-0173(93)90005-k
https://doi.org/10.3389/fncel.2017.00074
http://dx.doi.org/10.3389/fncel.2017.00074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28348520&dopt=Abstract
https://doi.org/10.1113/jphysiol.2006.105254
http://dx.doi.org/10.1113/jphysiol.2006.105254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16469780&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2009.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19914282&dopt=Abstract
http://dx.doi.org/10.1016/s0361-9230(01)00612-8
http://dx.doi.org/10.1016/s0165-3806(02)00550-3
http://dx.doi.org/10.1016/s0149-7634(02)00015-5
http://dx.doi.org/10.1016/s0301-0082(01)00018-1
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Francis D, Diorio J, LaPlante P, Weaver S, Seckl JR, Meaney MJ. The role of early environmental events in regulating
neuroendocrine development. Moms, pups, stress, and glucocorticoid receptors. Ann N Y Acad Sci 1996 Sep 20;794:136-152.
[doi: 10.1111/j.1749-6632.1996.tb32517.x] [Medline: 8853600]

44. Rayen I, Gemmel M, Pauley G, Steinbusch HWM, Pawluski JL. Developmental exposure to SSRIs, in addition to maternal
stress, has long-term sex-dependent effects on hippocampal plasticity. Psychopharmacology (Berl) 2015 Apr
12;232(7):1231-1244. [doi: 10.1007/s00213-014-3758-0] [Medline: 25304865]

45. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ
2009 Jul 21;339:b2700-b2700 [FREE Full text] [doi: 10.1136/bmj.b2700] [Medline: 19622552]

46. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan 01;4:1 [FREE Full text]
[doi: 10.1186/2046-4053-4-1] [Medline: 25554246]

47. Schroeder R. Pointing Users Toward Citation Searching: Using Google Scholar and Web of Science. portal: Libraries and
the Academy 2007;7(2):243-248. [doi: 10.1353/pla.2007.0022]

48. Babineau J. Product Review: Covidence (Systematic Review Software). J Can Health Libr Assoc 2014 Aug 01;35(2):68-71.
[doi: 10.5596/c14-016]

49. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 2010 Sep;25(9):603-605. [doi: 10.1007/s10654-010-9491-z] [Medline: 20652370]

50. Herzog R, Álvarez-Pasquin MJ, Díaz C, Del BJL, Estrada JM, Gil Á. Are healthcare workers' intentions to vaccinate related
to their knowledge, beliefs and attitudes? A systematic review. BMC Public Health 2013 Feb 19;13:154 [FREE Full text]
[doi: 10.1186/1471-2458-13-154] [Medline: 23421987]

51. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias
in randomised trials. BMJ 2019 Aug 28;366:l4898. [doi: 10.1136/bmj.l4898] [Medline: 31462531]

52. Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis. J Clin Epidemiol 2001
Oct;54(10):1046-1055. [doi: 10.1016/s0895-4356(01)00377-8] [Medline: 11576817]

53. Shi L, Lin L. The trim-and-fill method for publication bias: practical guidelines and recommendations based on a large
database of meta-analyses. Medicine (Baltimore) 2019 Jun;98(23):e15987 [FREE Full text] [doi:
10.1097/MD.0000000000015987] [Medline: 31169736]

54. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Analysing data and undertaking meta-analyses. In:
Cochrane Handbook for Systematic Reviews of Interventions. Chichester (UK): John Wiley & Sons; 2019:241-284.

55. Booth A, Clarke M, Dooley G, Ghersi D, Moher D, Petticrew M, et al. The nuts and bolts of PROSPERO: an international
prospective register of systematic reviews. Syst Rev 2012 Feb 09;1:2 [FREE Full text] [doi: 10.1186/2046-4053-1-2]
[Medline: 22587842]

Abbreviations
5-HT: 5-hydroxytryptamine (serotonin)
5-HTT: serotonin transporter
ANS: autonomic nervous system
CRP: C-reactive protein
HPA: hypothalamic-pituitary-adrenal
MeSH: Medical Subject Headings
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PRISMA-P: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols
PROSPERO: International Prospective Register of Systematic Reviews
SNRI: serotonin–norepinephrine reuptake inhibitor
SSRI: selective serotonin reuptake inhibitor

Edited by T Leung; submitted 03.09.21; peer-reviewed by J Hwang, C Weerth; comments to author 17.01.22; revised version received
19.01.22; accepted 26.01.22; published 28.03.22

Please cite as:
Zusman EZ, Lavu A, Pawliuk C, Pawluski J, Hutchison SM, Platt RW, Oberlander TF
Associations Between Prenatal Exposure to Serotonergic Medications and Biobehavioral Stress Regulation: Protocol for a Systematic
Review and Meta-analysis
JMIR Res Protoc 2022;11(3):e33363
URL: https://www.researchprotocols.org/2022/3/e33363
doi: 10.2196/33363
PMID:

JMIR Res Protoc 2022 | vol. 11 | iss. 3 | e33363 | p. 7https://www.researchprotocols.org/2022/3/e33363
(page number not for citation purposes)

Zusman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1749-6632.1996.tb32517.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8853600&dopt=Abstract
http://dx.doi.org/10.1007/s00213-014-3758-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25304865&dopt=Abstract
http://europepmc.org/abstract/MED/19622552
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622552&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://dx.doi.org/10.1353/pla.2007.0022
http://dx.doi.org/10.5596/c14-016
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20652370&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-154
http://dx.doi.org/10.1186/1471-2458-13-154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23421987&dopt=Abstract
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
http://dx.doi.org/10.1016/s0895-4356(01)00377-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11576817&dopt=Abstract
https://doi.org/10.1097/MD.0000000000015987
http://dx.doi.org/10.1097/MD.0000000000015987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31169736&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-1-2
http://dx.doi.org/10.1186/2046-4053-1-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22587842&dopt=Abstract
https://www.researchprotocols.org/2022/3/e33363
http://dx.doi.org/10.2196/33363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Enav Z Zusman, Alekhya Lavu, Colleen Pawliuk, Jodi Pawluski, Sarah M Hutchison, Robert W Platt, Tim F Oberlander.
Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 28.03.2022. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2022 | vol. 11 | iss. 3 | e33363 | p. 8https://www.researchprotocols.org/2022/3/e33363
(page number not for citation purposes)

Zusman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

