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ABSTRACT
Introduction Postpartum depression affects 10%–15% of 
women and has a recurrence rate of 40% in subsequent 
pregnancies. Women who develop postpartum depression 
are suspected to be more sensitive to the rapid and large 
fluctuations in sex steroid hormones, particularly estradiol, 
during pregnancy and postpartum. This trial aims to 
evaluate the preventive effect of 3 weeks transdermal 
estradiol treatment immediately postpartum on depressive 
episodes in women at high risk for developing postpartum 
depression.
Methods and analysis The Maternal Mental Health Trial 
is a double- blind, randomised and placebo- controlled 
clinical trial. The trial involves three departments of 
obstetrics organised under Copenhagen University 
Hospital in Denmark. Women who are singleton pregnant 
with a history of perinatal depression are eligible to 
participate. Participants will be randomised to receive 
either transdermal estradiol patches (200 µg/day) or 
placebo patches for 3 weeks immediately postpartum. The 
primary outcome is clinical depression, according to the 
Diagnostic and Statistical Manual of Mental Disorders- V 
criteria of Major Depressive Disorder with onset at any 
time between 0 and 6 months postpartum. Secondary 
outcomes include, but are not limited to, symptoms of 
depression postpartum, exclusive breastfeeding, cortisol 
dynamics, maternal distress sensitivity and cognitive 
function. The primary statistical analysis will be performed 
based on the intention- to- treat principle. With the inclusion 
of 220 participants and a 20% expected dropout rate, 
we anticipate 80% power to detect a 50% reduction in 
postpartum depressive episodes while controlling the type 
1 error at 5%.
Ethics and dissemination The study protocol is approved 
by the Regional Committees on Health Research Ethics 
in the Capital Region of Denmark, the Danish Medicines 
Agency and the Centre for Data Protection Compliance in 
the Capital Region of Denmark. We will present results at 
scientific meetings and in peer- reviewed journals and in 
other formats to engage policymakers and the public.

Trial registration number NCT04685148.

INTRODUCTION
Major Depressive Disorder (MDD) is currently 
the leading cause of disability worldwide1 and 
affects more women than men.1 Women are 
at increased risk for depression when the 
endogenous sex steroid hormone milieu 
changes such as in puberty, during late preg-
nancy to postpartum and during the meno-
pausal transition.2 3 This includes postpartum 
depression (PPD) that affects 10%–15% of 
mothers and has a recurrence rate of 40%.4–6 
PPD is a disabling disorder that affects the 
entire family, including infant development 
and future health.7–9

The underlying risk and resilience mecha-
nisms in MDD, including PPD, are far from 
clear.10–12 Consequently, current treatment 
and preventive strategies are suboptimal. 
Women who develop PPD might be partic-
ularly sensitive to the transition from high 

Strengths and limitations of this study

 ► First trial to evaluate short- term transdermal estra-
diol treatment to prevent postpartum depression in 
women at high risk.

 ► Double- blind, randomised placebo- controlled multi-
centre design.

 ► It may pose a challenge for breastfeeding women to 
participate in a trial involving a drug.

 ► Evaluation of offspring neurodevelopmental and 
physical health consequences of intervention is lim-
ited due to a relatively short follow- up period of 6 
months.
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levels of sex steroid hormones, in particular, estradiol, in 
pregnancy to low levels in the hormone withdrawal phase 
postpartum.2 13 Thus, PPD is most likely to have a distinct 
pathophysiology, which may provide a unique opportu-
nity for protecting mental health by targeted short- term 
prevention in the immediate postpartum period. Intrigu-
ingly, recent human data have provided evidence for sex 
hormone manipulation to provoke subclinical depres-
sive symptoms in about 12% of healthy volunteers. The 
phenomenon was linked to changes in estradiol, which 
were induced by the pharmacological manipulation with 
a gonadotrophin- releasing hormone agonist14 15 that first 
stimulates and subsequently suppresses ovarian hormone 
production, primarily estradiol, to menopausal levels. 
Estradiol affects critical domains and key brain regions 
known to be dysfunctional in women with MDD.13 16 
Estradiol sensitivity appears to predispose to PPD, which 
can be demonstrated at the level of gene transcription 
in clinical cohorts3 17 18 and is also directly supported by 
recent research results in a sex hormone manipulation 
model.17 19 Such peripheral markers of estradiol sensitivity 
may, therefore, prove useful in identifying individuals at 
excess risk for PPD and may help direct preventive efforts. 
Also, the hypothalamic–pituitary–adrenal (HPA) axis 
appears to be involved in the dysregulation of perinatal 
mental health both in human studies,20 possibly in inter-
action with psychological stressors and interaction with 
endocrine profiles,21 and in rats, where blunting of HPA- 
axis dynamics was related to depressive- like behaviour in 
a model of PPD.22 Furthermore, compromised serotonin 
signalling may be involved in the mechanisms by which 
sex hormone transitions add to the risk of developing 
depressive symptoms, at least in a certain subgroup of 
susceptible individuals.14 18 19 This has been shown in a 
human sex hormone manipulation study15 and may also 
affect HPA axis dynamic capacities.23 24 Evidence for sero-
tonergic contributions to risk for depressive symptoms 
across peripartum also comes from rodent work, which, 
in particular, highlights estradiol- dependent changes in 
key features of the serotonin signalling system.25–27 Some 
disturbances of serotonin signalling may, from high estra-
diol stimulated states (ie, late pregnancy), carry over 
to the early postpartum phase. Also, earlier findings of 
ours14 28 and others29 support that the brain architecture 
of hormonal transition includes key targetable features 
beyond serotonin that ostensibly contribute to an 
increased risk for depressive episodes and are most likely 
linked to the estradiol withdrawal phase.

Transdermal estradiol emerges as a promising preven-
tive treatment for PPD.30 Previously, a randomised 
controlled trial (RCT) showed effect of transdermal estra-
diol treatment on manifest PPD.31 Meanwhile, a recent 
pilot RCT with transdermal estradiol as a treatment for 
PPD failed to achieve its primary outcome but, notably, 
did reduce depressive symptoms postpartum compared 
with placebo.32 Another study aimed to evaluate the effi-
cacy of transdermal estradiol compared with placebo as 
treatment of PPD, with sertraline as an antidepressant 

comparator. However, this study was stopped as it revealed 
non- significant estradiol concentration differences 
between the treatment groups.33 Furthermore, trans-
dermal estradiol appears to be effective in preventing 
clinically significant depressive symptoms among peri-
menopausal women, which is another group of women 
who undergo a hormonal transition.34

Rather than treating manifest depressive episodes post-
partum, we propose a different approach: to target and 
potentially prevent early postpartum risk mechanisms 
and to direct this preventive strategy towards women at 
high risk. This immediate and early postpartum timing 
corresponds to the peak risk period and covers the peak 
of hormonal decline postpartum.4 35

This trial aims (1) to evaluate the preventive effect 
of transdermal estradiol treatment for 3 weeks immedi-
ately postpartum on depressive episodes in a subgroup 
of women who are at high risk due to a history of peri-
natal depression and (2) to determine if a set of genomic 
biomarkers can identify women within this high- risk group 
who benefit from the intervention (or vice versa become 
depressed in the placebo group) and, thus inform future 
personalised prevention or treatment.

METHODS
The Maternal Mental Health (MAMA) Trial is designed 
as a double- blind, 1:1 randomised, placebo- controlled 
multicentre trial. The MAMA trial was designed in accor-
dance with the Consolidated Standards of Reporting 
Trials recommendation for RCTs36 (figure 1) and with the 
Standard Protocol Items: Recommendations for Inter-
ventional Trials guidelines for reporting trial protocols 
(additional file 1).37

Study setting
The trial is conducted in a multicentre setting involving 
maternity wards at four university hospitals in the Capital 
Region of Denmark. The four maternity wards have 
more than 20 000 deliveries in total per year, of which a 
minimum of 250 are deliveries of women with previous 
perinatal depression (estimated by personal communica-
tion with midwives from the specialised team for women 
with psychiatric history and social challenges).38

The three maternity units have teams of experienced 
midwives, nurses and obstetricians working with pregnant 
women with current or previous psychiatric disorders and 
collaborate with psychiatrists in severe cases. The teams 
at two maternity units include psychologists and all teams 
include social workers, who are specialised in taking care 
of women with psychiatric history and social challenges. 
At all three maternity units, women with a history of peri-
natal depression are offered to stay with their infant at the 
postnatal ward after the delivery, typically for 2–5 days.

Eligibility criteria
Women who are singleton pregnant in gestational 
week ≥34+0 with a history of perinatal depression (onset 
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during pregnancy or before 6 months postpartum) and 
aged 18–45 years are eligible to participate. The women 
must be unmedicated and otherwise untreated for MDD 
at inclusion.

Exclusion criteria include moderate to severe depres-
sion with onset in the current pregnancy; severe psychi-
atric disorders; previous suicide attempts without having 
a depressive episode; neurological disorders; severe 
somatic illness; risk factors for any thromboembolic disor-
ders; deep vein thrombosis or pulmonary embolism in 
the current pregnancy; pregnancy- induced hypertension 
or preeclampsia; contraindication for estrogenic treat-
ment; use of psychotropic drugs; non- fluency in Danish; 
prepregnancy body mass index >35 kg/m2; ongoing 
alcohol or illicit drug abuse; severe postpartum haemor-
rhage (>1500 mL); severe illness or perinatal death of the 
infant.

A full list of inclusion and exclusion criteria is provided 
in table 1.

Interventions
Participants will be randomised to either transdermal 
estradiol patches (200 µg/day, Vivelle Dot) or placebo 

patches for 3 weeks. The patches will be administered by 
a research assistant either on the day of delivery or day 
after the delivery. After detailed instructions, the trial 
participants self- administer the patches two times weekly 
for 3 weeks. Participants confirm the subsequent admin-
istrations by filling in a form on the date for changing 
the patch to monitor adherence. If participants fail to 
administer their patches for 4 days or more of the 3- week 
period, they will be considered non- adherent and treated 
as such in the analyses.

We will perform an interim analysis on the first 40 
participants to assess estradiol levels during transdermal 
estradiol treatment compared with placebo (ie, blood 
samples at 3 weeks postpartum). Should the interim anal-
ysis indicate that the treatment is insufficient for changing 
estradiol levels, we will consider if there are elements of 
the intervention that need to be modified, such as the 
dose or type of administration.

Side effects
Using transdermal estradiol for a limited time in the 
immediate postpartum period is not expected to pose 
any unacceptable risk or adverse side effects to the 

Figure 1 CONSORT flow diagram of MAMA trial. CONSORT, Consolidated Standards of Reporting Trials; MAMA, Maternal 
Mental Health.
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participants. However, there are some known side effects 
to consider such as risk of deep vein thrombosis, which 
is already increased due to pregnancy and childbirth.39 
Women who are at a known increased risk of venous 
thromboembolism will not be included in the trial.

The most frequently reported side effects of trans-
dermal estradiol treatment are headache, redness or irri-
tation of the skin (where the patch was worn), bloating, 
nausea and abdominal pain.

There are only a few trials investigating potential side 
effects regarding breastfeeding. A study that investigated 
100 µg transdermal estradiol per 24 hours found no 
traces in breast milk.40 Another study evaluated between 
50 and 200 µg transdermal estradiol and found no signif-
icant association between the mother’s and the infant’s 
serum estradiol level.41 In the same study, no associations 
were found between the infant’s growth, measured by 
weight, length and head circumference and estradiol 
treatment.41 In the MAMA trial, participants will be moni-
tored and assessed through a breastfeeding questionnaire 
developed for the purpose and by using both weight 
change as percentage of birth weight and frequency of 
exclusive breastfeeding (without supplemental nutrition) 
after 3 weeks as outcome parameters.

Participants will be prompted to contact the investiga-
tors if they experience any adverse side effects. Moreover, 
participants will be asked about side effects 1 week post-
partum and 3 weeks postpartum (at the end of the trial 
drug administration). The investigator at each site will 
assess severity and possible association to trial medication. 
Serious adverse events will be reported to the sponsor 

investigator, monitor, and relevant authorities immedi-
ately, and unblinding is permissible.

Outcomes
The primary outcome of interest is clinical depression, 
according to the Diagnostic and Statistical Manual of 
Mental Disorders criteria of MDD with onset at any time 
between week 0 and 6 months postpartum diagnosed by a 
medical doctor specialised in psychiatry.

The participants will be screened for depressive symp-
toms at the follow- up assessments 3 and 8–10 weeks post-
partum by the Edinburgh Postnatal Depression Scale 
(EPDS) and the Major Depression Inventory (MDI). 
Moreover, the participants will be screened for depres-
sive symptoms at 8–10 weeks postpartum by a semistruc-
tured interview using the 17 items Hamilton Depression 
Rating Scale (HAMD- 17). In case the participants present 
depressive symptoms (EPDS score of ≥9 or MDI score ≥20 
or HAMD- 17 ≥11) or if there is a clinical suspicion 
without scores on EPDS, MDI or HAMD- 17 over cut- off, 
the participants will be booked for a clinical psychiatric 
interview with a doctor specialised in psychiatry. The 
participants are also encouraged to contact the research 
team if they experience depressive symptoms outside 
the follow- up assessments. Moreover, if the participants 
are admitted to the hospital, the researchers get a noti-
fication through the regional e- health platform. At the 
follow- up assessment 6 months postpartum, the partici-
pants are also asked about any depressive episodes during 
the follow- up period.

Table 1 Inclusion and exclusion criteria of the MAMA trial

Inclusion Exclusion

 ► Singleton pregnant in gestational week ≥34+0
 ► History of perinatal depression
 ► Age between 18 and 45 years

 ► Moderate to severe depression with onset during the current pregnancy.
 ► Severe psychiatric disorders (eg, disorders with psychotic symptoms, 
schizophrenia, bipolar disorders, inpatient eating disorders and inpatient 
obsessive- compulsive disorders).

 ► Previous suicide attempts without having a depressive episode.
 ► Use of psychotropic pharmacology, except for short- term sleep support 
treatment.

 ► Severe somatic illness.
 ► History of or ongoing cancer.
 ► History of venous thromboembolism, myocardial infarction, 
cerebrovascular thromboembolism or thrombophilia, or other risk factors 
clinically assessed after thrombophilia screening.

 ► Deep vein thrombosis or pulmonary embolism in current pregnancy.
 ► Pregnancy- induced hypertension or preeclampsia.
 ► Other contraindications for oestrogen treatment (eg, acute liver failure, 
severe varicose veins).

 ► Non- fluent in Danish or pronounced vision or hearing loss.
 ► Prepregnancy BMI>35 kg/m2.
 ► Ongoing alcohol or drug abuse.
 ► Severe postpartum haemorrhage (>1500 mL).
 ► Severe illness or perinatal death of the infant.

BMI, body mass index; MAMA, Maternal Mental Health.
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Secondary outcomes include, but are not limited to, 
symptoms of depression postpartum, exclusive breast-
feeding, cortisol dynamics, maternal distress sensitivity, 
cognitive function and developmental functioning of the 
infants. The secondary outcomes are described in table 2.

Recruitment
The women are assessed for eligibility by a midwife or 
obstetrician when attending antenatal care at the outpa-
tient clinic (figure 2). Eligible participants who verbally 
consent to receive more information about the trial are 
subsequently contacted by telephone for more detailed 
information about participating in the trial. On request, a 
face- to- face meeting is also possible. Written information 
is provided after the telephone (or face- to- face) infor-
mation. A second call/face- to- face meeting is arranged 
to give the potential participant and her partner at time 
to consider participation and to have the opportunity to 
ask questions. Written informed consent will be obtained 
before inclusion in the MAMA trial.

Allocation and blinding
Participant allocation to active or placebo group will be 
conducted by the capital region pharmacy. The partic-
ipants will be block randomised with a fixed block size 
(unknown to the investigator). Trial participants, clin-
ical care providers, research assistants, investigators, 
outcome assessors and data analysists will all be blinded 
to allocation.

Participant timeline
Participation in the MAMA trial includes four visits lasting 
between 20 min and 3 hours. In addition, the participants 
are asked to answer an online questionnaire at 6 months 
postpartum (table 3).

All participants have follow- up assessments at 1 week 
postpartum (by telephone to assess any side effects), 
3 weeks postpartum (at the hospital), 8–10 weeks post-
partum (at the hospital) and 6 months postpartum (by 
telephone).

Baseline assessment at gestational week ≥34+0
The participants receive a basic physical screening, 
including somatic status and medical history, blood pres-
sure measurement and routine blood samples. Further-
more, at baseline, we perform cognitive testing, and the 
participants are asked to fill in the baseline question-
naires covering questions on sociodemographic, life-
style and obstetric history (table 3). The participants will 
randomly undergo toxicology urine tests for detection of 
drug abuse within the last month.

Psychometrics
Depressive symptom severity will be assessed with a face- 
to- face, semistructured interviews (Hamilton Depression 
Rating Scale six items, HAMD- 6) by a trained healthcare 
professional.42

Self- reported questionnaires are filled in at gesta-
tional week ≥34+0 (for screening purposes and baseline 

measurements) and 3 weeks, 8–10 weeks and 6 months 
postpartum (table 3).

Psychometric measures of psychological traits include 
trait questionnaires indexing personality (NEO Person-
ality Inventory and State Trait Anxiety Inventory (STAI)- 
trait); early life stress information (Child Abuse and 
Trauma Scale); quality of parental bonding (Parental 
Bonding Instrument) and substance abuse and psychi-
atric family history (Online Stimulant and Family History 
Assessment).

Furthermore, psychometric measures of psycholog-
ical states include questionnaires indexing mental well- 
being (WHO- 5)43; depressive symptoms (EPDS and 
MDI)44; anxiety (STAI- state)45; stress (Cohen Perceived 
Stress Scale, Cohen Parental Stress Scale, PSS); antenatal 
attachment (Maternal Antenatal Attachment Scale)46; 
sleep quality (Pittsburgh Sleep Quality Index)47; plea-
sure (Snaith- Hamilton Pleasure Scale), obsessive compul-
sive behaviour (Obsessive- Compulsive Inventory); PSS48; 
parental reflection functioning (Parental Reflective Func-
tioning Questionnaire)49 and parental sense of compe-
tence (Parenting Sense of Competence) Scale.50 Finally, 
the infants’ social- emotional development is assessed by 
the mother and the assessor in cooperation by using the 
semistructured Ages & Stages Questionnaires, second 
edition.51

Neuropsychological tests
Neuropsychological testing covers a range of emotion- 
independent (cold) and emotion- dependent (hot) cogni-
tive domains. Cognitive testing is placed two times in the 
study programme, at baseline and follow- up assessment 
week 8–10 postpartum.

Cold cognitive task domains include simple reac-
tion time, declarative verbal memory (Verbal Affective 
Memory Test- 24),52 working memory (WAIS- IV Letter- 
Number Sequence)53 and cognitive flexibility (Intra- 
Extra Dimensional) and hot cognitive task domains 
include facial emotion recognition (ERT- e) and emotion 
detection threshold (IM).54

Further infant emotion recognition (infant emotion 
detection) is assessed using the iMotions software, V.8.0, 
and integrated hardware.55 56 Two infant video clips, 
a ‘distress’ and a ‘laughter’ video, will be shown to the 
participants. The ‘distress video’ displays a 4- month old 
infant crying heavily, unattended by a caregiver. The 
‘laughter video’ displays a mother and her quadruplets all 
laughing continuously. During the infant videos, partici-
pants’ facial expressions and galvanic skin responses will 
be recorded using specialised software. Participants will 
be instructed to watch the videos passively, and the dura-
tion of the task is less than 2 min.

Also, set of 50 infant vocalisations of each 2 s duration 
in five intensities: most happy, moderately happy, neutral, 
moderately distressed and most distressed will be played 
and the women will rate how happy or distressed they 
think the infant is on a continuous numerical Likert 
scale ranging from –4 (most distressed) to +4 (most 
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Table 2 Secondary outcomes of the MAMA trial

Secondary outcomes

Maternal well- 
being

Level of depressive symptoms postpartum measured as mean continuous score on the Edinburgh Postnatal 
Depression Scale (EPDS) at 8–10 weeks postpartum.

Level of depressive symptoms postpartum measured as mean continuous score at the Hamilton Depression 
Rating Scale, 6 items (HAMD- 6) at 8–10 weeks postpartum.

Maternal mental well- being measured as mean continuous score at WHO- 5 Well- Being Index (WHO- 5).

Level of anxiety postpartum measured as continuous score at the State Trait Anxiety Inventory (STAI) at 8–10 
weeks postpartum.

Maternal sleep quality rated by mean continuous score on the Pittsburgh Sleep Quality Index (PSQI) 8–10 
weeks postpartum.

Maternal 
capacity

Level of maternal antenatal attachment to the unborn child rated by mean continuous score on the Maternal 
Antenatal Attachment Scale at third trimester of pregnancy.

Level of parental stress measured as mean continuous score at the Parental Stress Scale (PSS) at 8–10 weeks 
postpartum.

Level of parental reflection measured as mean continuous score at the Parental Reflective Functioning 
Questionnaire (PRFQ) and Parenting Sense of Competence scale (PSOC), 8–10 weeks postpartum.

Proportion of women who exclusively breastfeed their infants at 8–10 weeks postpartum (questionnaire).

Maternal 
cognitive 
performance

Performance on non- emotional (cold) cognitive domains including: reaction time assessed with the Simple 
Reaction Time (SRT) task; declarative memory performance assessed with Verbal Affective Memory Test 
(VAMT- 24); working memory performance assessed with WAIS- IV Letter- Number Sequence (LNS); and 
cognitive flexibility assessed with the Intra- Extra Dimensional Set Shifting task (IED).

Performance on emotional (hot) cognitive domains including emotion recognition assessed with the Emotion 
Recognition Task- eyes (ERT) and emotion detection threshold assessed with the Emotional Intensity Morphing 
Task (IM).

Performance on the iMotions Infant Emotion Test (maternal distress sensitivity and infant emotion detection 
(IET)) including eye- tracking and facial emotion analysis, and galvanic skin response to emotional infant 
vocalisations and videos.

Maternal 
biological 
markers

Genome- wide genetic polymorphisms, gene expression and DNA methylation levels from peripheral blood at 
baseline (third trimester of pregnancy) and 3 weeks postpartum.

Cortisol dynamics measured as Cortisol Awakening Response (CAR) in saliva indexed as area under the curve 
with respect to baseline from 0 to 60 min from awakening at 3–5 weeks postpartum.

Evening cortisol concentrations in saliva 3–5 weeks postpartum.

Hair cortisol level dynamics, that is, concentration of cortisol in hair from mother, estimating cortisol exposure 
up to 6 months prior to delivery.

Estradiol level in third trimester of pregnancy, that is, gestational week >34. Estradiol level in peripheral blood.

Postpartum estradiol level in peripheral blood measured at 3 weeks postpartum.

Changes in estradiol level in peripheral blood from baseline (third trimester of pregnancy) to 3 weeks 
postpartum.

Postpartum progesterone level in peripheral blood measured at 3 weeks postpartum.

Changes in progesterone level in peripheral blood from baseline (third trimester of pregnancy) to 3 weeks 
postpartum.

Allopregnanolone level in third trimester of pregnancy, that is, gestational week >34. Allopregnanolone level in 
peripheral blood.

Postpartum allopregnanolone level in peripheral blood measured at 3 weeks postpartum.

Changes in allopregnanolone level in peripheral blood from baseline (third trimester of pregnancy) to 3 weeks 
postpartum.

Infant 
outcomes

Epigenetic markers for HPA axis control (stress hormone axis), FKBP5 methylation index, from the infant.

Developmental functioning of the infants rated by mean continuous score at Bayley Scales of Infant and 
Toddler Development—third edition (Bayley- III).

Social- emotional development in the infants rated by mean continuous score at the Ages and Stages 
Questionnaire—Social- Emotional, second edition (ASQ:SE- 2).

HPA, hypothalamic–pituitary–adrenal ; MAMA, Maternal Mental Health.
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happy).57–59 During the display of infant vocalisations and 
faces, participants’ facial expressions will be recorded and 
rated using iMotions software and integrated hardware.

In addition, the infants’ fine and gross motor function 
and prelinguistic behaviours will be assessed by Bayley 
Scales of Infant and Toddler Development—third edition 
(Bayley- III) at 8–10 weeks of age. The interaction lasts 
approximately 20 min.60

Information from medical records
Information on pregnancy and delivery outcomes will 
be obtained from patient records. The information 
comprises: labour onset (spontaneous or induced); use 
of epidural anaesthesia during delivery (yes or no); dura-
tion of labour (measured in hours); mode of delivery 
(spontaneous delivery, vacuum extraction or caesarean 
section (emergency or planned)); blood loss at delivery 
(measured in ml); gestational age at delivery (measured 
in weeks and days); birth weight (measured in grams); 
Apgar score at 5 min; admission to neonatal intensive 
care unit; hospitalisation and complications postpartum.

Saliva
Saliva is collected to determine the total cortisol output 
across 1 day as well as dynamics of the HPA- axis, as indexed 
by Cortisol Awakening Response.61 62 Serial saliva samples 
will be sampled at home and collected 3–5 weeks post-
partum. Participants will be instructed to take samples 
immediately after awakening in the morning and again 
after 15, 30, 45 and 60 min and at 22:00 before going 
to sleep. Saliva will be collected with Salivette Cortisol 
(Sarstedt, Nümbrecht, Germany). To ensure accurate 
saliva sampling, participants will be instructed about the 
procedure by trained study personnel and receive written 
take- home instructions for use. Compliance is assessed by 
a self- reported form.

Hair cortisol
Hair samples (20 mg) will be collected 0–1 day post-
partum from the mother to determine cortisol levels 

during pregnancy.63 The concentration is determined in 
the 3 cm hair closest to the scalp and in the 3–6 cm hair 
from the scalp. Based on an average hair growth of 1 cm/
month, this represents cortisol in the last 3 months and 
3–6 months, respectively, before the sample is collected.

Blood samples
At baseline, all participants are screened for somatic 
disease markers to exclude somatic conditions with 
possible influence on depressive symptoms. Corre-
sponding blood samples for determining relevant blood 
biomarkers including sex steroid hormones, DNA, 
PAXgene tubes for mRNA (for candidate biomarker18 64) 
analyses are taken at inclusion in late pregnancy and at 
follow- up 3 weeks postpartum.

Serum estradiol, estrone and estriol concentrations will 
be quantified by a specific and validated by isotope dilu-
tion online TurboFlow- Liquid chromatography- tandem 
mass spectrometry (LC- MS/MS) methodology.65

DNA samples from the infant saliva
Buccal swabs from the infant are collected 0–1 day post-
partum for epigenetic data and to determine genetic 
polymorphisms of importance for stress regulation.66 67

Data management
Questionnaire and neuropsychological paper- and- pencil 
data are managed and stored using REDCap, a secure 
web application for managing online questionnaires.68 
Computer- based neuropsychological data are managed 
and stored in the Center for Integrated Molecular Brain 
Imaging (Cimbi) database while biological data are stored 
in the Cimbi biobank at Neurobiological Research Unit at 
Copenhagen University Hospital, Rigshospitalet.69

Sample size
The recurrence (baseline) risk for PPD is 40% within 6 
months postpartum.4 We calculated that a sample of 2*88 
complete cases would provide the trial with 80% power 
(at a two- sided alpha level of 0.05) to detect a reduction 
in PPD of 50%. Thus, with a study number of 2*110, the 
design is considered solid and can tolerate 22% dropouts. 
Since women with a history of perinatal depression are at 
high risk of depressive episodes, we expect that at least 
50 participants will develop manifest depressive episodes 
untreated and more will display subclinical depressive 
symptoms. This will allow for comparison of depres-
sive episode frequencies between active and placebo 
groups and correlation analyses with relevant outcome 
parameters.

Statistical analysis
The primary statistical analysis will be performed based 
on the intention- to- treat principle. We will compare 
data on the primary outcome in terms of proportions of 
depressive episodes in the group with transdermal estra-
diol treatment versus placebo with a melded binomial 
test.70 We will also report a p value from a Pearson’s χ2 
test.

Figure 2 Recruitment pathways for the MAMA trial. MAMA, 
Maternal Mental Health.
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Table 3 Time schedule of enrolment, intervention and outcome measures of the MAMA trial

Study period

Gestational 
week
<34

Gestational 
week
≥34+0

0–1 day 
postpartum

1 week 
postpartum

3 weeks 
postpartum

8–10 weeks 
postpartum

6 month 
postpartum

Timepoint   Baseline     T1 T2 T3

Face- to- face 
meeting

  X X   X X   

Enrolment               

Eligibility screening X             

Informed consent   X           

Allocation     X         

Intervention               

Transdermal 
estradiol/placebo 
patch

           

Assessment of side 
effects

      X X X   

Outcomes and 
measures

              

Medical history   X           

Obstetric history   X           

Socio- demography/
lifestyle

  X           

Blood samples   X     X     

Blood pressure   X X   X     

Saliva sample mother 
(cortisol)

        X     

Saliva sample infant 
(DNA)

    X         

Hair sample mother     X         

HAMD- 6   X       X   

STAI- AD   X           

CATS   X           

OS- FHAM short   X           

PBI (mother)   X           

PBI (father)   X           

NEO- P- IR   X           

EPDS   X     X X X

WHO- 5   X     X X X

SHAPS   X     X X X

MDI   X     X X X

Cohen PSS   X     X X X

RRS   X     X X X

STAI   X     X X X

PSQI   X     X X X

OCI   X     X X X

MAAS   X           

PSS         X X X

Continued
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Demographic and other baseline variables will be 
displayed using descriptive statistics (eg, means, SD, 
median, IQR, proportions). We will test the group balance 
achieved by randomisation by appropriate statistical tests 
(eg, Student’s t tests, Pearson’s χ2 tests).

Secondary outcomes with a continuous distribution will 
be compared between groups using the mean (Student’s 
t test). Pearson’s χ2 test will be used for binary categorical 
data.

In case of participant dropout and when possible, we 
will use a mixed effect model to model the distribution 
of the outcome over time. It will enable us to include 
patients for which the outcome is missing (eg, depression 
score at 8–10 weeks) but have an intermediate measure-
ment (eg, depression score at 3 weeks). We will test the 
mean or proportion difference between the two groups 
using a Wald test based on mixed- effects model estimates. 
Compared with complete- case analysis, this approach will 
be valid under weaker assumptions about the dropout 
mechanism and provide more precise estimates (ie, 
higher statistical power). Missing data due to participant 
drop- out will be handled using imputation when the cause 
of censoring makes the primary outcome predictable (eg, 
questionnaire information on psychological distress may 
inform expected primary outcome). Participants who 
experience depression at one assessment will be classified 
as depressed even when they may have missing values at 
other assessments. To deal with potential non- random 
dropout, we will use inverse probability of censoring 
weighting, where the censoring weights are estimated by 
a Cox regression with, for example, treatment group or 
depression severity as covariates.

As an attempt to estimate the causal treatment effect in 
the case that non- adherence is not occurring at random, 
we will also use an instrumental variable approach using 
randomisation as an instrument.71 72

Development of novel genomic biomarkers for PPD
This will build on gene expression and/or DNA methyl-
ation profiles of genes involved in hormonal signalling 
pathways.

Oestrogen sensitivity as a predictor of estradiol patch versus 
placebo group differences in postpartum depressive episodes in 
high-risk women
Based on earlier observed gene expression profiles of 
women in third trimester who later developed a PPD3 17 
and women who in a sex- hormone manipulation study 
responded with depressive symptoms,19 we will test if 
such patterns translate in the current study. Specifically, 
we will derive a polygenic gene expression profile score 
(PGES) based on the effect sizes of the previous studies 
and test if this ‘cumulative PGES’ is higher in estradiol 
patch- treated women who did not develop a postpartum 
depressive episode (defined as interview- based diagnosis) 
compared with women who did. Likewise, we will eval-
uate if women in the placebo group who developed a 
postpartum depressive episode has a higher ‘cumulative 
PGES’ relative to placebo- treated women who did not 
develop such an episode. Similarly, for the DNA meth-
ylation from the same set of transcripts, we will derive 
a combined polygenic DNA methylation profile score 
(PDMS) and perform the same set of analyses. All the 
above analyses will be repeated using EPDS scores at 8–10 
weeks postpartum as the outcome measure of depressive 
symptoms in order to capture any patterns with subclin-
ical depression.

An exploratory analysis will be performed on genome 
wide gene expression and DNA methylation profiles. 
The results for these analyses will be corrected for 
multiple testing using the Bonferroni method for the 
number of tests performed for gene expression and the 
study wide epigenome wide significant p value threshold 

Study period

Gestational 
week
<34

Gestational 
week
≥34+0

0–1 day 
postpartum

1 week 
postpartum

3 weeks 
postpartum

8–10 weeks 
postpartum

6 month 
postpartum

PCOS         X X X

PRFQ             X

Breast feeding         X X X

ASQ:SE- 2           X   

Bayley- III           X   

Neuropsychological 
tests

  X       X   

ASQ:SE- 2, Ages and Stages Questionnaire; Bayley- III, Bayley Scales of Infant and Toddler Development—third edition; CATS, Child Abuse 
and Trauma Scale; EPDS, Edinburgh Postnatal Depression Scale; MAAS, maternal Antenatal Attachment Scale; MDI, Major Depression 
Inventory; NEO- PI- R, Revised NEO Personality Inventory; OCI, Obsessive- Compulsive Inventory; PBI, Parental Bonding Instrument; PCOS, 
Parents’ Sense of Competence Scale; PRFQ, Parental Reflective Functioning Questionnaire; PSQI, Pittsburgh Sleep Quality Index; PSS, 
Parental Stress Scale; Cohen PSS, Perceived Stress Scale; RRS, Rumination Response Scale; SHAPS, Snaith- Hamilton Pleasure Scale; 
OS- FHAM short, substance abuse and family history; STAI, State- Trait Anxiety Inventory—State; STAI- AD, State Trait Anxiety Inventory- Trait; 
WHO- 5, WHO- 5 Well- being index.

Table 3 Continued
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of p<9×10–8.73 First, individual gene- level analyses will 
be performed via linear mixed- effects models with 
random intercepts fitted to example gene expression/
DNA methylation differences between the time points 
across the groups. Next, to determine whether the genes 
identified to be different across the groups are enriched 
for oestrogen- signalling genes, targeted examination of 
oestrogen signalling pathway genes will be performed via 
a Monte- Carlo approach. Finally, gene expression/DNA 
methylation dynamics across time will be examined via 
more advanced and statistically powerful methods such 
as K- means clustering and time- course Gene Set anal-
ysis74 to identify sets if genes showing similar patterns via 
longitudinal gene set trajectories. Such gene set methods 
can be applied to the set of differentially expression/
methylated genes from above or implemented on the 
predefined set of oestrogen pathway genes to identify 
specific group dynamics of genes over the two time 
points.

Oestrogen sensitivity as a predictor of recurrent PPD
Second, based on the same earlier observed gene expres-
sion/methylation profiles of women in third trimester 
who later developed a PPD, we will test whether such 
patterns translate in the current study. Thus, we will 
test if the ‘cumulative PGES and PDMS’ defined above 
are associated with the onset of a depressive episode 
(interview- based diagnosis). This analysis will disre-
gard any potential effects of oestrogen versus placebo 
treatment.

Again, to capture potential patterns of associations with 
subclinical PPD, we will also perform the analysis using 
EPDS scores at 8–10 weeks postpartum.

Patient and public involvement
During the preparation and design phase of the MAMA 
trial, we interviewed pregnant women with a history of 
perinatal depression who would have been considered 
eligible participants. The interviews lasted approximately 
30 min. They were asked about their willingness to partic-
ipate in such trial, about possible concerns regarding 
the trial medication and the amount of time required to 
participate in the trial. In addition, they were asked to 
assess the recruitment strategy.

They provided valuable insight, which led to consider-
ations of ethical issues as well as feasibility, resulting in 
changes in the number of questionnaires to fill out post-
partum and in the recruitment strategy.

During the trial, participants are invited to comment 
on any concerns on the setup or discomfort regarding 
the intervention. The comments will be taken into 
considerations for possible adjustments. We will comply 
with the General Data Protection Regulation by sending 
e- mails with sensitive personal information to the partici-
pants through an online digital mailbox (e- Boks). Using 
personal registration numbers, e- Boks is subjected to very 
restrictive legislation and is controlled and approved by 
the Danish Data Protection Agency.

ETHICS AND DISSEMINATION
Ethical considerations
The short- term transdermal estradiol treatment is not 
expected to pose unacceptable or intolerable side effects, 
disrupt breastfeeding or pass to the infant in any dosages 
that may pose a risk to the infant. Should adverse side 
effects for mother or infant occur or be suspected, the 
treatment will be discontinued immediately. When 
removing the patch, serum concentrations of estradiol 
return to baseline levels within 24 hours. Participants 
who develop mental distress or depressive symptoms that 
approach clinical thresholds will be referred to relevant 
care by a trained clinician. All potential participants 
receive oral and written information about the trial and 
all enrolled participants will provide written informed 
consent prior to inclusion. The partner receives written 
information about the trial regarding the infant and is 
offered oral information. Both parents provide written 
informed consent for the participation of the infant. 
Participants and parents can at any time withdraw their 
consent.

All potentially sensitive personal data will be anony-
mised. The trial will adhere to the Declaration of 
Helsinki.75

Approvals and registrations
The trial protocol is approved by the Regional Commit-
tees on Health Research Ethics in the Capital Region of 
Denmark (H- 20036213), the Danish Medicines Agency 
(EudraCT: 2020- 001592- 33) and the Knowledge Centre 
on Data protection Compliance in the Capital Region of 
Denmark (P- 2020–712). The manufacturers of estradiol 
patches and placebo patches have been notified about 
the trial, as standard procedure from Danish Medicines 
Agency. They have not contributed to the protocol, nor 
have they made financial contributions to the trial.

Dissemination
We will present results at scientific meetings and in peer- 
reviewed journals. Results will be presented to policy-
makers and engage the public, for example, via news 
media.

The results of this trial may be integrated in future 
recommendations on the clinical management of women 
at high- risk for PPD.

Monitoring
The trial is monitored ongoing by the Danish units for 
Good Clinical Practice in accordance with International 
Conference on Harmonisation for Good Clinical Practice.

Trial status
The MAMA trial was initiated on 4 January 2021. The first 
participant was included on 3 February 2021, the inclu-
sion period is expected to run for 2–3 years, and the trial 
is expected to be completed by December 2026.
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