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Abstract
Introduction Ten per cent of all pregnant women
are depressed. Standard therapy of pregnant women
with moderate depression is selective serotonin
reuptakeinhibitors (SSRI). Observational studies on
neurodevelopment after fetal SSRI exposure show
conflicting results. Our primary objective is to compare the
cognitive development in children exposed to sertraline
and maternal depression with those exposed to maternal
depression and placebo in utero. We hypothesise that
there is a significant neurodevelopmental difference
between the groups. As a secondary objective, we study
the add-on effect of sertraline to internet-based cognitive
behavioural therapy (ICBT) to treat moderate depression
during pregnancy.
Methods and analysis MAGDALENA is a randomised,
placebo-controlled, double-blinded trial in Stockholm
Healthcare Region with 2.3 million inhabitants. The women
are recruited in weeks 9–21 of pregnancy either through
Antenatal Health Clinics or through social media. They
are to be diagnosed with moderate depression without
ongoing antidepressive therapy or any serious comorbidity.
The women in the intervention arm receive sertraline
combined with a 12-week period of ICBT; the control arm
is treated with placebo and ICBT. We assess the cognitive
development in the offspring at the age of 2 years using
Bayley Scales of Infant and Toddler Development, third
edition (BSID-III). We aim at recruiting 200 women, 100
women in each treatment arm, to ensure statistical power
to detect a clinically relevant difference between the
groups.
Ethics and dissemination This randomised trial will
provide long-sought evidence about the effects of SSRI
and maternal depression during pregnancy on the
neurodevelopment in the offspring. The study is approved
by the Regional Ethical Review Board at Karolinska
Institutet in Stockholm and the Swedish Medical Products
Agency. It is registered with the European Clinical Trials
Database (EudraCT), Number: 2013-004444-31. Results
will be disseminated at scientific conferences, published
in peer-reviewed journals and made available to the
public.

Strengths and limitations of this study
►► To our knowledge, this is the first randomised con-

trolled trial to separate the neurodevelopmental effects of fetal selective serotonin reuptake inhibitor
exposure from the possible effects from the underlying maternal depression. We consider that a randomised controlled trial is the most valid method to
find answers to this complex question.
►► The highly structured and homogenous nature of the
internet-based cognitive-behavioural therapy (ICBT)
given to both groups reduces the risk of confounding by therapist factors and should make the add-on
effects of sertraline clear-cut.
►► The ICBT protocol is in Swedish only and cannot
be performed with an interpreter, which requires
Swedish literacy. Therefore, the generalisability of
our study results is reduced, and the recruitment
potential is limited in multicultural areas.
►► The severity of depression is monitored with
Montgomery-Åsberg Depression Scale, which contains items that can be related both to depression
and to pregnancy, which complicates the interpretation of the results.
►► Due to the evaluation at 2 years of age, we cannot
answer the question about autism since it is not easily diagnosed at this early age. We plan to follow up
our cohort long term.

Trial registration number EudraCT2013-004444-31;
Pre-results.

Introduction
Background
Although approximately 10% of pregnant
women are depressed, the prescription rate of
antidepressants decreases during pregnancy
as compared with the preceding months.1–3
Untreated prenatal depression is associated
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choice of therapy. Severe depression should be treated
with antidepressants or electroconvulsive therapy (ECT).
The recommendation does not give guidance on the
value of combination therapies for any level of depression.25 Combination therapy with CBT and antidepressants appear more effective than antidepressant therapy
alone in treatment of major depression,26 but this has
not been studied in pregnant women. Given the in utero
effects of untreated depression during pregnancy,7 it
might be rational with a dual treatment to achieve prompt
symptom reduction. The effects of ICBT are comparable
with the effects seen with traditional CBT, hence having
the potential to be a cost-effective and accessible treatment alternative.19 24 27 28 Our large group of patients
and unique design with and without sertraline treatment
allows us also to pursue exploratory tertiary studies in the
pregnant women and in the newborns.29 30
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Objectives
Primary and secondary objectives
Our primary objective is to study cognitive development at
2 years of age in children prenatally exposed to moderate
maternal depression treated either with sertraline and
ICBT (intervention) or with ICBT and placebo (control).
Our hypothesis is that there is a significant neurodevelopmental difference between 2-year-old children exposed to
the intervention treatment (sertraline) as compared with
the control treatment, measured with established scoring
methods. If no difference is detected, we will include a
non-inferiority analysis to test if the neurodevelopment
in the exposed group is at least as good as for the control
group of children.
Our secondary objective is to evaluate the add-on effect
of treatment with sertraline to an ICBT programme for
antenatal depression. Our hypothesis is that sertraline
provides a significant add-on effect to ICBT therapy.
Exploratory tertiary objectives
The large material and unique design with one SSRI-exposed and one placebo-treated arm allows exploratory
studies on tertiary aspects related to physiological and
adaptive changes in depressed pregnant women and in
their newborns. We will study the risk of pre-eclampsia,
bleeding and caesarean section and potential changes of
biochemical parameters and hormones during the course
of pregnancy in the two study groups.4 31–33 Paediatric
exploratory objectives include clarification of type and
prevalence of signs and symptoms of neonatal maladaptation and risk of admission to a neonatal care unit. The
design allows a subgroup study of maternal–fetal attachment and bonding style differences between the groups.34
We will explore interindividual variation in sertraline
pharmacokinetics during and after pregnancy and in
newborns and how it might relate to different genetic
variants of drug metabolising enzymes in pregnant
women and newborns.35–37 Likewise we will explore the
epigenetic differences between the groups in mothers
and newborns.38
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with pregnancy complications such as pre-eclampsia,4
low birth weight and prematurity5 and increased plasma
levels of stress hormones in the pregnant woman and the
neonate.6 7 Published data show that 2.4% of pregnant
women in Sweden during years 2006–201288 and 6% of
the ones in USA during the years 2001–20139 were treated
with selective serotonin reuptake inhibitor (SSRIs). Our
own unpublished data of prescriptions for Stockholm
Healthcare Region extracted from the Swedish Drug
Registry show that this percentage is constant at 5% in
pregnant women in Stockholm during the period 2014–
2016. Increased risk for SSRI-related birth defects has not
been reported for most SSRIs except that fluoxetine and
paroxetine seem to be associated with a small increase in
the risk for heart defects.10
The question if fetal SSRI exposure causes long-term
neurodevelopmental effects remains unanswered.11
Observational studies have reported a twofold increased
risk for autism spectrum disorder,12–15 but recently
two large register studies explained this increase by
confounding factors, emphasising the role of genetic and
social factors as opposed to drug exposure alone.16 17 A
recent review also concluded that the increase was not
significant when comparing with women with previous
affective disease or in sibling studies.18 To our knowledge,
there is no previous randomised controlled trial in this
field.
Our main objective is to clarify the cognitive effects
on the children by pursuing a randomised, controlled,
double-blind study. We compare the cognitive development at 2 years of age in children with women with
moderate depression during pregnancy, treated with
either internet-based cognitive-behavioural therapy
(ICBT) and sertraline (an SSRI compound) or ICBT and
placebo. The Swedish acronym of the study, MAGDALENA, reflects this main objective: ‘Maternal Affective
Disease during Pregnancy: Depression and Antidepressant Drugs
and Effects on the Neurological Development and Adaptation’.
Our secondary objective is to understand the add-on
effect of sertraline to ICBT, a web-based self-treatment
programme with active therapist support over the
internet. ICBT is a well-documented treatment for depression used in regular psychiatric care.19 It has been shown
that pregnant women feel that psychotherapy needs to
take the special case of being pregnant into account to be
credible and engaging.20 Postpartum depression has been
targeted in online trials20–23 but not antenatal depression.
Because of this, we developed an ICBT programme to
be useful for treatment of antenatal depression based
on the ICBT for depression used at our Internet Psychiatry Clinic. The modified ICBT was tested in a pilot RCT
with good results. The effect size compared with regular
maternity care was of clinical importance and significant
(Hedges g=1.21, p<0.001).24
The Swedish guidelines state that mild and moderate
depression should primarily be treated with psychotherapy or antidepressants. Cognitive-behavioural therapy
and interpersonal therapy are recommended as the first
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Recruitment and blinding
Pregnant women are recruited either from the antenatal
health clinics (figure 1, pathway A) or through social
media and our study website www.magdalenastudien.se
(figure 1, pathway B). Pregnant women visit their midwives
at the antenatal clinics, commonly with their partners,
around 10 times during pregnancy free of charge. In
pathway A, the midwives inform about the study at a
regular visit. The recruitment through the study website,
pathway B, is simplified by informing about the study to
potential subjects continuously through social media,
pregnancy-related information platforms, different blogs
and podcasts. Smartphone pregnancy applications are
popular, reaching about 75% of pregnant women in
cross-sectional studies in English and Spanish speaking
countries. We assume similar, if not higher, usage in
Sweden.39 40 In both pathways, the women are directed
our study platform at the internet psychiatry website, www.
internetpsykiatri.se. They are asked to fill the Edinburgh
Postnatal Depression Scale (EPDS)41 self-test to assess
the degree of depressive symptoms as well as to sign the
first informed consent form. Regardless of recruitment
pathway, the women will continue their regular visits at
their home antenatal clinic.
We have chosen 13 or more points on the EPDS for
further evaluation of eligibility for the study. The reason
is that it has been found to be the optimal cut-off point
with 77% sensitivity and 94% specificity for detection of
depressive symptoms during pregnancy.41 The subjects
that score 13 points or more on the EPDS self-test and
do not fill any exclusion criteria are scheduled to meet
one of our three study psychiatrists for clinical evaluation,
including Structured Clinical Interview for DSM IV axis
I (SCID-I) directed interview (SCID-I disorders),42 review
of eligibility criteria and signing of the final informed
consent form (visit 1, figure 1, table 1). The included
women are allocated to the next consecutive patient
number and randomised to treatment by Karolinska Trial
Alliance (KTA) (see below). The KTA will also ensure
correct blinding for all trial participants, care providers,
Heinonen E, et al. BMJ Open 2018;8:e023281. doi:10.1136/bmjopen-2018-023281

outcome assessors and data analysts, including labelling
of the study drug packages. The drug treatment with
study drug (sertraline or placebo) is initiated after visit 2
(figure 1). At the same time, the women start ICBT treatment using the internet psychiatry website.19 24 Both study
and control groups receive capsules of identical appearance and packing (see below). The treatment code is
broken, and a new clinical evaluation is performed by the
study psychiatrist 1 month after the delivery. The treatment will be continued for 1 year after the delivery for
all patients in the active treatment arm. The women in
the placebo group that have not reached remission will
also be offered treatment with SSRI. Both the women and
the psychiatrist are forbidden to inform anyone in the
study about which group they have belonged to to ensure
the continued blinding of the study. This is particularly
important regarding the paediatricians and paediatric
psychologists assessing the children.
The study drugs
Sertraline is one of the two first-line recommended drugs
for depression during pregnancy according to the Drug
and Therapeutics Committee in Stockholm Healthcare
Region.43–45 Sertraline is also widely used across Europe
for treatment of depression during pregnancy.3 46 47 This
is why sertraline was the preferred choice as the study
drug.
The investigational medicinal product (IMP) is a capsule
containing either sertraline hydrochloride or placebo
manufactured by APL (Apoteket Produktion & Laboratorier AB, Stockholm, Sweden). The capsules of active
drug are made of hard gelatine and filled with sertraline
hydrochloride corresponding to 25 mg sertraline using
Zoloft (25 mg sertraline film-coated tablets, Pfizer, New
York, USA) and with a microcrystalline cellulose filler.
The placebo capsules are made of identical microcrystalline cellulose filler embedded into an identical hard
gelatine capsule. The IMP is delivered by the producer
in sealed HD polyethylene containers, labelled according
to a randomisation list. Patients are randomised to treatment by KTA with block randomisation. The size of these
blocks is blinded for the investigators.
The treatment with sertraline (or placebo) starts with
titration of a dose of one capsule (25 mg sertraline or
placebo) once daily for 5 days, after which the dose is
increased to two capsules (50 mg of sertraline or placebo)
once daily until the first treatment evaluation (visit 3,
figure 1). At visit 3, the daily dose can be increased to
four capsules (100 mg of sertraline or placebo) once daily
if clinically indicated, with titration of three capsules
(75 mg of sertraline or placebo) once daily for 5 days.
At visit 4 after 13 weeks of treatment, the dose can be
increased further to a maximum 150 mg daily, without
titration, if clinically needed. The decision of need to
increase drug dosages is based on MADRS scores and
a clinical evaluation made by the study psychiatrist. To
follow and increase the adherence to treatment, the
women will get a limited amount of capsules at each visit,
3
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Methods and analysis
Trial design and setting
The MAGDALENA study is a prospective, randomised,
placebo-controlled, double-blinded, single-centred, clinical investigation of pregnant women with moderate
depression recruited from the Stockholm catchment area
(2.3 million inhabitants and 28 000 deliveries annually)
with multiple delivery units. The study group receives
sertraline (or placebo) clinically titrated to a maximum
daily dose of 150 mg. The study and control groups are
both treated with ICBT.24 The trial design includes two
different recruitment pathways (A and B) (figure 1). The
primary outcome is achieved with scoring of the neurodevelopment of the child at 2 years of age. The framework
for neurodevelopment is primarily a superiority test. The
add-on effect of SSRI to ICBT is also a superiority test.
The tertiary objectives are exploratory.
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Figure 1 Trial design and participant timeline for the two recruitment pathways. The figure also shows the treatment
with placebo/sertraline, the investigational medical product (IMP) from visit 2 (pregnancy weeks 13–24) to visit 6 (4 weeks
postpartum) and the internet-based cognitive-behavioural therapy (ICBT) for both groups for 12 weeks, between visit 2 and
visit 4 (pregnancy weeks 26–36) and monitoring of therapy for the two groups. The postpartum follow-up of both mother and
child are shown. The different scales and examinations are as presented in the figure: (1) Edinburgh Postnatal Depression Scale
(EPDS),41 (2) diagnosis of moderate depression is confirmed according to clinical standard evaluation. Inclusion and exclusion
criteria presented in table 1. (3) Evaluation with Montgomery-Åsberg Depression Scale (MADRS),64 (4) Modified Finnegan
Neonatal Abstinence Scale (NAS),58 (5) Hammersmith Neonatal Neurological Examination (HNNE),57 (6) Hammersmith Infant
Neurological Examination (HINE)65 and (7) Bayley Scales of Infant and Toddler Development III (BSID III).48

Open access

Inclustion citeria

►► Age >18 years.
►► Pregnant in week 9–21 after last menstrual period.
►► Verified moderate depression according to SCID-I (Structured Clinical Interview for DSM IV axis I

disorders),with or without a concomitant anxiety disorder, and a clinical evaluation.

►► Ability to use the internet platform for ICBT in Swedish as assessed by the study midwife.
►► Reported ability to participate in all study visits for mother and child.

Exclusion criteria

►► Reported abuse of alcohol or drugs.
►► Reported serious psychiatric disorder.*
►► Known allergy or idiosyncratic reaction to sertraline.
►► Ongoing medication with antidepressants, mood stabilisers, central stimulants, antiepileptic drugs,

opiates, insulin, oral antidiabetics, antiarrhythmics or steroids.

►► A severe somatic disease† that requires medical treatment.
►► A high suicidal risk during screening or when included into the study. These women will be

excluded from the study and actively transferred to necessary psychiatric care.

*Psychosis, bipolar disorder, severe melancholic or psychotic depression, severe personality disorder, autism, mental retardation or attention
deficit and hyperactivity disorder (ADHD)/attention deficit disorder (ADD) with ongoing drug treatment or contact with specialist psychiatry
clinic.
†Severe heart and lung disease, kidney disease, liver disease, diabetes mellitus, epilepsy with drug treatment and any severe somatic disease
that requires regular treatment with systemic steroids.

motivating them to return for the next visit and giving the
study midwife a way to notice if the subject is not taking
the drug. Additional telephone contacts with the psychiatry nurse are performed if concerns about the treatment
effect are raised, and an additional visit to the psychiatrist
is scheduled if necessary. The study protocol attached
as an online supplementary appendix gives a detailed
description of the treatments, monitoring of mothers and
follow-up of both mothers and infants.
The ICBT
The ICBT treatment is 12 weeks long and guided by a
psychologist who is available online. It consists of an
online platform where patients log in to answer questionnaires and work with self-help material covering the core
materials in CBT for depression including interactive
worksheets and exercises. They are also assigned weekly
homework to report to their personal therapist. A direct
messaging system allows for asynchronous correspondence with one of the therapists at any time and get a
reply within a day or two. The platform allows monitoring
to what extent the patients adhere to the therapeutic
sessions.
The pregnancy-related adaptations of the ICBT treatment consist of an extra module on pregnancy-related
symptoms that can lower mood at the beginning of the
treatment and an extra module on relationships at the
end of treatment. Other than that, the interventions
mostly mirror those described and used by us in our
ICBT-platform for non-pregnant adults.19 The examples
and cases included in the treatment concern pregnant
women and their thoughts on pregnancy and becoming
a parent and expanding their family. The core methods
of the treatment are behavioural activation (increasing
positive and valued activities) and cognitive restructuring
(challenging own thoughts and distance oneself from
dysfunctional thoughts and rumination).
Heinonen E, et al. BMJ Open 2018;8:e023281. doi:10.1136/bmjopen-2018-023281

Outcome measurements
Primary outcome: effect on neurodevelopment at 2 years of age
The cognitive development at 2 years of age is the
primary outcome. The outcome in children exposed and
not exposed to sertraline in utero is measured with the
standardised Bayley Scales of Infant and Toddler Development III (BSID-III)48 and compared between the
groups. The BSID-III consists of the Cognitive, Language
and Motor Scales that are performed by a child psychologist, and the Social Emotional and the Adaptive Scales
that are parental questionnaires. The Cognitive and
Language scales of the BSID-III have proven to be good
predictors of preschool mental test performance.49 These
scales are largely used in screening for cognitive developmental delays50 and have been used in studies of cognitive development after intrauterine drug exposure.51–53
Results from the subscales will be converted to composite
scores with a median of 100 and an SD of 15. For each
subscale, a composite score of <85 (<−1SD) will be considered abnormal. A difference of 7 points (0.5 SD) between
the groups will be considered significant, which is in line
with the assumptions made in previous similar studies.50
Sample size calculation
A difference of 7 points (SD 0.5) in the results of BSID-III
at 2 years of age is considered a minimally important
clinical difference based on the previous follow-up
studies performed with BSID.50 52 54 We calculated that,
with a power of 80% (α: 0.05), this would show a significant difference in a sample of 73 participating children
in each group. We hypothesise that there is a significant
difference between the groups and have performed a
calculation for a superiority test (effect on BSID for the
sertraline exposed study group). We aim at recruiting
100 mothers in each group to rely on a result that has
a margin for loss to follow-up, considering the longterm nature of this study. If no difference is found our
5

BMJ Open: first published as 10.1136/bmjopen-2018-023281 on 5 August 2018. Downloaded from http://bmjopen.bmj.com/ on August 17, 2022 by guest. Protected by copyright.

Table 1 Inclusion and exclusion criteria for the MAGDALENA study
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Secondary outcome
The main psychiatric secondary outcome is the add-on
effect of sertraline to the treatment with ICBT on depressive symptoms measured with Montgomery-Åsberg
Depression Rating Scale, Self-Report (MADRS-S),56 which
is performed weekly throughout the 12 week treatment
period.
Sample size calculation for the secondary outcome
The additional effect of sertraline as compared with standard ICBT plus placebo will be evaluated by comparing
effects on MADRS-S scores between the groups. Data on the
total effect of CBT combined with antidepressant therapy
is limited. The standardised effect of psychotherapy can
be as high as 0.74 when compared with placebo and 0.38
when compared with face-to-face psychotherapy.26 ICBT
is largely self-directed even with therapist guidance, which
is likely to put a higher demand on the patients in terms
of initiative and maintaining the motivation compared
with face-to-face-treatment. Therefore, it is likely that the
added effect of SSRI will be larger than what has been
found in face-to-face CBT, though not as large as when
compared with placebo alone. We therefore hypothesise
a standardised effect size of d=0.50 (Cohen). This is also
the minimal added effect that we would consider clinically relevant considering the possibility of negative side
effects and the documented efficacy of ICBT alone.24 A
sample size calculation with standardised effect equal to
0.5 (Cohen), alfa-value=0.05 and power 80% requires 64
persons in each group. Therefore, to recruit 100 patients
in each group will fulfil the power calculation.
Exploratory tertiary studies
Exploratory maternal outcomes include the effects on
levels on prolactine and cytokines and the risk for postpartum bleeding measured in millilitres and postpartum
anaemia measured with haemoglobin day 2 for the
SSRI-exposed women as compared with the placebo-exposed women. We also evaluate the risk of pre-eclampsia,
placental abruption and increased caesarean section rate.
The neonatal exploratory outcomes include admission to neonatal care, neurological evaluation with
Hammersmith Neonatal Neurological Examination57
and modified Finnegan Neonatal Abstinence Scales58 and
measurement of glucose and concentrations of sertraline
in plasma.
6

In a subcohort, blood samples from the umbilical cord
and placental biopsies are taken to study epigenetic effects
(DNA methylation, genome width, and gene and mRNA
expression) between SSRI exposed and the non-exposed
within this cohort.
We will study differences in maternal–child bonding/
attachment during and after birth and also breastfeeding
occurrence. Prenatal Attachment Inventory-Revised
questionnaires and video recordings analysed by ‘Dr
Feldman’s micro-coded behaviours’ will be used, which
is a valid tool to study attachment.59 A comparison will be
made between the two groups.
The pharmacokinetic analyses include studies of interindividual variability in plasma sertraline concentrations
and its change during the course of pregnancy and postpartum (mean concentration/(dose in mg/kg) with CIs.
Pharmacogenetic variants of drug metabolising enzymes
and transporters will be studied in pregnant women and
newborns. Umbilical cord blood and venous blood from
the neonate will be taken, and plasma sertraline levels are
assayed. Variability in exposure to sertraline between the
neonates will be investigated, and the levels will be related
to the degree of maladaptation syndrome.
Data management
Each subject will receive a study number for identification. Data will be collected continuously and entered
into the electronic case report file (eCRF) within 2 weeks
from collection. The eCRF includes range checks for
data values to promote data quality. For the study database, we are using an electronic system, Pheedit version
3.0, provided by Stockholm Healthcare Region, Sweden.
The data are encrypted and safely stored on an electronic server at the Karolinska Institute in Stockholm.
The e-CRF is previously used in randomised controlled
studies.60 After completed data collection, the investigators will receive unidentified patient data withdrawn from
the CRF and synchronised with data from the internet
psychiatry platform. The internet psychiatry platform was
also used in our previous study.24 The investigators will
analyse these data for the different endpoints of the study.
The samples from whole blood (mainly to extract DNA
for pharmacogenetic analyses in the mother and in the
newborns), plasma, cord blood, placenta biopsies and the
buccal swabs will be stored in the biobank at Karolinska
Institutet in Stockholm, available for analyses and future
research.
Statistical methods
The main analyses will be done according to the intentionto-treat principle. Data will also be analysed per protocol
to achieve an efficacy analysis. The primary endpoint,
results of BSID III will be analysed with Student’s t-test.
According to the hypothesis for the primary objective,
a superiority analysis will be carried out. In case of no
difference in BSID-scores, non-inferiority analyses with a
tolerance level of 7 points in the BSID III will be used. We
may also include a more conservative sensitivity analysis
Heinonen E, et al. BMJ Open 2018;8:e023281. doi:10.1136/bmjopen-2018-023281
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study design will also provide enough power to test
the non-inferiority hypothesis. According to a non-inferiority power calculation method,55 we will need 50
patients in each group to have power of 80% (α: 0.05)
to confirm that the SSRI-exposed children lies within a
tolerance margin of 7 points below the control children.
This corresponds to an effect size of 0.5 (Cohen’s d).
As a more conservative sensitivity test for non-inferiority,
we will also use a tolerance margin of 5 points, which
would correspond to an effect of d=0.36. This requires
97 patients in each group.

Open access

Patient and public involvement
No patients or public have been involved in the design,
recruitment or conduction of the study.

pregnancy.3 46 47 Thereby the therapeutic profile, the
adverse effects and the adverse reactions are well known
to the study psychiatrists.
An AE is defined as any undesirable experience
associated with the use of the trial drug, sertraline or
placebo. A serious adverse event (SAE) is defined as
death, a life-threatening event, hospitalisation (initial or
prolonged), disability, permanent damage or a congenital birth defect. Expected serious adverse reactions are
listed in the Summary of Product Characteristics (SPC).
A Suspected Unexpected Serious Adverse Reaction is
defined as an AE not listed in the SPC and not mentioned
in the SPC as anticipated due to pharmacokinetic properties of the drug, or as a reaction that has occurred with
other drugs in this class, but not with the study drug.
Unexpected AEs to ICBT will also be reported. All AEs
occurring after enrolment are documented in the eCRF.
The AEs will be reported to the principal investigator,
who will report to the sponsor, and in due cases the
KTA for registration in EduraVigilance. All unexpected
serious adverse reactions have to be reported within
24 hours after notification by the study personnel. In case
of a SAE such as death or a life-threatening event, the
primary investigator (PI) will raise the issue of breaking
the code and termination of the study with the Data
Monitoring and Safety Committee (see below). The
committee are responsible for the final decision of study
termination. The sponsor will file a yearly Development
Safety Update Report (DSUR) to Swedish Medical Products Agency (SMPA).

Adverse events (AEs)
Sertraline is one of the recommended drugs for depression during pregnancy in Stockholm Healthcare
Region by the Drug and Therapeutics Committee with
high adherence.44 45 Sertraline is also one of the most
prescribed SSRIs in the Nordic countries and is widely
used across Europe for treatment of depression during

Monitoring and study safety
An independent monitor from KTA, Karolinska University Hospital, will continuously control that the study
follows approved protocol, with regular audits with the
study midwife and the PI. The staff at KTA have all relevant certifications for Good Clinical Practice procedures.
Participation in the study is voluntary and women are
free to discontinue their participation at any time and
for whatever reason without explanations. Midwives at
the outpatient clinics and at the delivery clinic have been
made aware of this. A Data Monitoring and Safety Board
(DSMB) with senior experts in biostatistics, psychiatry,
clinical pharmacology (subspecialised in paediatrics)
and neonatology. The committee can at any time break
the code and undertake necessary precautions including
stopping the study if there is any suspicion of an SAE.
The committee is independent from the sponsor with
no competing interests or involvement in the design,
planning or management of the study. The DMSB is also
responsible for developing guidelines for interruption
of the study and for any interim analyses. The DMC is
responsible for deciding if substudy exploratory investigations can be carried out before the recruitment of all 200
mothers, and all 2year neurodevelopment investigations
are completed.
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Ethics and dissemination
Ethics approval and consent to participate
The Swedish Medical Products Agency (SMPA) approved
this study with the approval number 5.1-2016-51237 with
the last amendment approved 20160701. The included
online supplementary appendix to this article includes
a few clarifications in the protocol and is submitted to
the Regional Ethical Review Board and the SMPA to be
approved as an amendment. Written consent is obtained
from all participants at inclusion. At the end of the
pregnancy, written consent is obtained from the child’s
other guardian. All protocol amendments are sent to the
Regional Ethical Review Board and the Medical Products
Agency for approval before taken in practice. A copy is
also sent to Clinicaltrials.gov.
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using a tolerance level of 5 points. Multiple imputation
will be used for missing data. The variables used in the
imputation mode will be smoking, education level, gestational age and parity. Preterm children will be included
in the analysis as the chosen psychological and neurological tests are performed at corrected age. All patients’
demographic data will be analysed by descriptive (mean,
median and range) statistics. Fisher’s exact test will
be used for dichotomous variables such as infant sex,
mother’s smoking and optimal/suboptimal neurology
at Hammersmith neonatal neurological examination.
Throughout the analysis, the mean and SD will be calculated for all continuous data using Student’s t-test. The
non-normally distributed continuous variables, including
the results from Hammersmith neurological scales will be
analysed with the Mann-Whitney U test and the results
of MADRS-S by Cohen’s effect size. For categorical variables, absolute frequency, percentages and/or proportions are calculated and Fisher’s exact test will be used.
The treatment effect analysis will be a multilevel model
for longitudinal data with timepoints nested within individuals (also known as growth curve modelling) using
MADRS-S scores from baseline, each of the 12 weeks
in treatment and post-treatment. A p value of <0.05 will
be considered significant. Subgroup analyses will be
performed for prematurity, smokers, parity, maternal age
and education level. Spearman’s correlation test will be
used to test the correlation between maternal and infant
drug concentration.

Open access

Dissemination plan
This study has as main aim to clarify if any long-term
effect on neurodevelopment can be detected in children
exposed to sertraline therapy in utero. Other issues will
be studied as secondary and tertiary objectives including
evaluation of the add-on effect of sertraline to ICBT in
moderately depressed pregnant women. The study team
will design and implement a knowledge translation
(KT) plan using established methods for dissemination
of scientific results and modern communication strategies using social media. The KT plan will benefit from
strength of being a multidisciplinary scientific group with
access to numerous regional, national and international
scientific and clinical communities and active involvement of many of the study group scientists in communication with patient groups on psychiatric health and
drug therapy during pregnancy. The team has combined
years of experience to communicate with colleagues on
drug recommendations and achieve high adherence to
them using a combination of multifaceted (marketing,
continuous medical education, decision support and
quality network with colleagues).44 45 In summary, we
will use established scientific channels to communicate
our findings (A): (1) at national and international scientific meetings, (2) as international scientific publications including publishing our study protocol and (3) by

Discussion
We hypothesise that sertraline exposure in therapeutic
dosage during pregnancy can cause a recognisable effect
on the cognition in the offspring as assessed by BSID-III
at 2 years of age. A balanced review supports this hypothesis.11 Recent large register-based studies16 17 imply the
importance of a randomised controlled trial to receive
sound evidence in this question. As the previous observational studies comment,12 13 they have not found a way to
adequately adjust for unmeasurable confounders, such as
genetic inheritance and disease severity, that we suspect
play a significant role when interpreting the results. Using
a randomised design in the MAGDALENA study, we minimise the risk for confounding factors.
We also aim to clarify whether combination therapy with
ICBT and sertraline is an adequate treatment alternative
for moderate depression during pregnancy. This new treatment option provides the pregnant women relevant pregnancy-related questions and the possibility to individually
schedule the treatment sessions. Also to our knowledge,
no prior placebo-controlled clinical trials have assessed
whether combination treatment is superior to treatment
with ICBT alone, which we are doing. The risks for the
participating women and their offspring are not increased
compared with the regular treatment available, as sertraline
is widely used in clinical routine in Sweden today. On the
contrary, the participating women will have a more thorough follow-up than in clinical practice.
The ethics of performing an RCT in this field has been
discussed.61 62 Our study design with ICBT and sertralin
or placebo for depression during pregnancy was enabled
by recent studies that confirmed the safety and efficacy of
ICBT in treating depression, including prenatal depression.24 28 To date, there is to our knowledge no other study
group performing a similar study with the neurodevelopment of the offspring as the main outcome measure. An
ongoing Dutch study group randomise clinically undepressed women on antidepressive treatment to either
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Figure 2 The recruitment base in Stockholm Healthcare
Region. Numbers based on an analysis of prescription
of SSRIs in pregnant women in years 2013–2016 in the
Stockholm Healthcare Region with 2.3 million inhabitants.
See acknowledgements. SSRIs, selective serotonin reuptake
inhibitors.
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contacting relevant international bodies for development
of guidelines on best practice in treatment of psychiatric
diseases during pregnancy including WHO. We will also
use modern communication methods44 45 (B): (1) to
summarise our findings for laymen and pregnant groups
in Swedish and English and (2) to cooperate with these
groups to have information disseminated through their
publications and websites. Our aim is to improve knowledge about the need to a higher degree treat depression during pregnancy with the alternatives that we and
others have found effective. If we, as hypothesised, will
find no effect of sertraline therapy on neurodevelopment
in 2-year-old infants, it will be one of the most relevant
findings to communicate scientifically and to laymen.
The legitimacy of our findings will be high if the results
are published in peer-reviewed journals and presented at
national and international scientific conferences for scrutiny and discussion.
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