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Abstract: Women are exposed to increased burden of mental disorders during the perinatal period:
13-19% experience postpartum depression. Perinatal psychological suffering affects early mother-
child relationship, impacting child’s emotional and cognitive development. Return-to-work brings
additional vulnerability given the required balance between parenting and job demands. The
MAternal Mental Health in the WORKplace MAMH@WORK) project aims to develop and evaluate
the effectiveness of a brief and sustainable intervention, promoting (a) maternal mental health
throughout pregnancy and first 12 months after delivery, and (b) quality of mother—child
interactions, child emotional self-regulation, and cognitive self-control, while (c) reducing perinatal
absenteeism and presenteeism. MAMH@WORK is a three-arm randomized controlled trial. A short-
term cognitive-behavioral therapy-based (CBT-based) psychoeducation plus biofeedback
intervention will be implemented by psychiatrists and psychologists, following a standardized
procedure manual developed after consensus (Delphi method). Participants (n = 225, primiparous,
singleton pregnant women at 28-30 weeks gestational age, aged 18-40 years, employed) will be
randomly allocated to arms: CBT-based psychoeducation intervention (including mindfulness);
psychoeducation plus biofeedback intervention; and control. Assessments will take place before and
after delivery. Main outcomes (and main tools): mental health literacy (MHLS), psychological
wellbeing (HADS, EPDS, KBS, CD-RISC, BRIEF COPE), quality of mother—child interaction, child—
mother attachment, child emotional self-regulation and cognitive self-control (including PBQ,
Strange Situation Procedure, QDIBRB, SGS-II, CARE-Index), job engagement (UWES), and
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presenteeism. Intention-to-treat and per-protocol analyses will be conducted; Cohen’s d coefficient,
Cramer’s V and odds ratio will be used to assess the effect size of the intervention. MAMH@WORK
is expected to contribute to mental health promotion during the perinatal period and beyond. Its
results have the potential to inform health policies regarding work-life balance and maternal mental
health and wellbeing promotion in the workplace.

Keywords: biofeedback; cognitive self-control; emotional self-regulation; mental health literacy;
perinatal psychological wellbeing; postpartum depression; program evaluation; psychoeducation;
work-life balance

1. Introduction

Pregnancy and childbirth are transition events that encompass major physiological,
physical and psychological changes in a woman'’s life. Although it is usually considered a
pleasant life stage, the perinatal period (i.e., the period encompassing pregnancy and one
year after childbirth; [1]) is often very challenging and requires continuous psychosocial
adjustment of the parents-to-be [2], in particular of the mother, who becomes more
vulnerable and likely to develop mental disorders [3,4]. Throughout pregnancy, women
often experience psychological distress related to rapid changes in body size and shape to
which they must adapt, and this can be a potential trigger for body dissatisfaction [5,6]. Such
physical changes become intertwined with those at the psychological level. Parents-to-be
frequently experience ambivalence during the first trimester of pregnancy, a period during
which they adjust themselves to the prospect of parenthood [7]. This effect is more common
in women and precedes the mother’s imaginings of her baby and the production of her own
representation of the child (the “imaginary baby”). Childbirth poses a challenge to this
antenatal representation, requiring that the mother adjusts to the “real baby” [8].

In the first few days after childbirth, approximately 50% of recent mothers are likely to
experience postpartum blues [3], which is mainly characterized by transient mild mood
disturbance and tearfulness [4,9]. Postpartum blues symptomatology tends to disappear
within approximately ten days after childbirth and no medical intervention is usually
required [4]. Despite being a common non-pathological condition, postpartum blues has
been associated to the onset of postpartum depression (PPD) [3,10,11]. PPD is the most
common mental disorder diagnosed among women during the perinatal period [1,12], with
an estimated prevalence of 13-19% [13]. PPD symptomatology is indistinguishable from any
other non-psychotic major depression episode at a different stage in a woman’s life, the only
difference being the onset, as acknowledged in DSM-5 [14]. Depressed parturients
experience depressed mood most of the day or loss of interest and pleasure in usual
activities, in combination with at least four of the following symptoms: significant weight
loss or weight gain, insomnia or hypersomnia, psychomotor agitation or retardation, fatigue
or loss of energy, feelings of worthlessness or excessive guilt, diminished ability to think or
concentrate, and recurrent thoughts of death or suicide [14]. The onset of PPD is influenced
by several factors, such as history of mental disorders [3,4,15], perinatal body dissatisfaction
[16], marital satisfaction [17], perceived social support through close relatives and friends
[3], life events [15], pregnancy-related complications [15], and hormonal changes [4]. Given
the multifactorial nature of PPD and its prevalence and severity, it is crucial to screen for
mental disorders during pregnancy and within four weeks of delivery [14].

The short to long-term negative effects of maternal mental disorders on parenting,
child physical health, behavior, and cognitive development are well recognized [13,18,19].
Depressed mothers often experience difficulties in establishing affective and protective
feelings towards their infant, a process that usually initiates during pregnancy and
extends after childbirth [20,21]. Impaired mother—child bonding has been associated with
PPD (e.g., [22-26]), with consequences for the emotional and cognitive development of
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the child that might persist from childhood into adulthood [13]. However, the direction
of the association between PPD and impaired bonding should be interpreted cautiously,
as poor bonding also occurs among non-depressed mothers [27]. On the other hand, the
establishment of a relationship of affection, warmth, trust, and sense of safety from the
child towards the mother (i.e., infant-mother attachment) is potentially impaired by PPD.
The latter is a relevant predictor of subsequent child externalizing behaviors (e.g.,
impulsive behavior, hyperactivity, aggression, and delinquency) and poor social
outcomes [28].

Available evidence also indicates that maternal mental disorders influence
breastfeeding-related outcomes [13], and that mothers suffering from PPD tend to have
shorter and earlier ending breastfeeding patterns when compared to non-depressed
women [29]. This is of special significance because breastfeeding is one of the earliest
postpartum interactions between mother and child, offering a wide range of benefits for
both of them [29]. In addition to impaired bonding (characterized by negative affect
towards the child and the inability to adequately respond to their demands), mothers with
PPD are also less likely to engage in health-related behaviors. Negligent behavior in
regard to sleeping practices, as well as increased odds for child abuse have been identified
in a literature review addressing the impact of PPD in parenting [13]. All these factors
have consequences for the health and wellbeing of the child (e.g., [18,30]).

Children of mothers with persistent depression are at increased risk for behavioral
and developmental negative outcomes (e.g., [31,32]). Stein and colleagues have reviewed
epidemiological evidence on the effects of disruptive mother—child relationships in
children and adolescents in the context of perinatal mental disorders [33]. They found
long-term effects of the exposure to perinatal maternal mental disorders on the behavioral
competence and cognitive development of these children. For example, exposure to PPD
has been described as a relevant predictor of externalizing behaviors, such as inattention
and hyperactivity during childhood (e.g., [34-36]). As for cognitive development, data
from the Avon Longitudinal Study of Parents and Children, United Kingdom, reveals that
adolescents of postpartum depressed mothers were 1.5 times more likely to fail
mathematics at age 16; ca. 16% of this association was explained by attentional control
[37]. Similar results were obtained for receptive vocabulary and inattention for children
aged 4 to 5 years that were enrolled in the Canadian National Longitudinal Survey of
Children and Youth [38]. Children from postpartum depressed mothers were 1.94 times
more likely to display low receptive vocabulary and increased inattention. It should be
noted that the association between perinatal maternal mental disorders and offspring
negative outcomes is mediated by several factors [33]. For example, after controlling for
family background covariates, the effect reported by Letourneau and colleagues on
receptive vocabulary was no longer significant [38].

1.1. Return to Work after Childbirth

Maternal mental disorders impair the life of a woman as a whole, including her
functioning in the workplace [13,39]. Healthy and motivated employees are fundamental
at the organizational level and for the socioeconomic wellbeing of any country [40].
Engaged employees are less likely to experience absenteeism or presenteeism, thus
contributing to increased productivity [41]. In addition to individual (e.g., health
conditions, and resiliency) and family (e.g., spouse support, and financial strain)
characteristics, the workplace in all its dimensions (i.e., interpersonal relations and group
dynamics, organizational culture, productivity and quality/safety-related challenges, and
external environment) represents a potentially major stress factor to employees [42].

During the postpartum period, many women return to paid work. Maternity leave
in Portugal is of 42 mandatory days after childbirth. Portuguese parents are also eligible
for 120 or 150 days of paid leave at 100% and 80%, respectively. The specificities of
maternal and parental leave vary across the European Union-28. For example, German
mothers are eligible for up to 42 non-mandatory days during the antenatal period and
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paid postpartum leaves of 56 mandatory days. In Sweden, parental leave is up to 240 days
of paid plus unpaid leave until 18 months postpartum [43]. These differences in national
legislation imply that, depending on the country, European women return to work at
different stages of physical and psychological postpartum recovery.

Despite latent psychosocial benefits from being employed [44] and empirical
evidence that women respond positively to returning to work after childbirth, recent
mothers may perceive this moment as a stressful event [45]. In a qualitative study
addressing the perceptions of recent mothers when returning to work within one year
after childbirth, several resilience-related challenges were identified, the most common
one being role conflict (i.e., the difficulty in balancing work and childcare responsibilities)
[45]. This arises from three major forms of conflict between roles: time, strain- and
behavior-based conflict [46]. For example, a full-time non-flexible work schedule reduces
mother’s time with her child, whereas low levels of social support by either her co-
workers or partner can result in conflict between work and childcare responsibilities.

Having a child can interfere with career prosecution, and this can represent a
discouraging factor to motherhood. Indeed, women in developed countries are having
their first child at an older age. In 2018, Portuguese women were giving birth to their first
child at age 30.4 vs. 25.0 back in 1960 [47]. Under this scenario, organizational support is
fundamental, and the path to a healthy workplace does require the commitment of
organizational leaders [48,49]. The continuous motivation and engagement of all
employees implies that leaders adopt an empathic mindset towards the different life and
career phases of employees. Towards this end, the European Commission has recently
approved a new directive on work-life balance for parents and carers—Directive EU
2019/1158 [50]. With regards to parenting, Directive EU 2019/1158 encourages a gender-
balanced use of family-related leaves and flexible working arrangements, thus increasing
women'’s participation in the labour market (by reducing role conflict).

Maternal mental disorders during the perinatal period and beyond represent an issue
of clear societal significance. This strongly argues for interventions targeting the
prevention rather than the treatment of such conditions. Available evidence indicates that
recent mothers who go through psychological and psychoeducational interventions are at
alower risk of developing PPD when compared to women who receive care-as-usual from
their health units [39,51-53]. As previously mentioned, multiple factors are involved in
the onset of PPD, which implies that identifying the most effective intervention type is
difficult and context-dependent [51]. Thus, it is not surprising that both individually-
based interventions, including home-visiting interventions, and group interventions have
proven effective in reducing PPD, either applied during pregnancy or postpartum [39,53].
In addition, interventions making use of wearable devices providing biofeedback have
also been implemented. In these cases, physiological signals known to vary under
stressful situations [54] are monitored through sensors. The processing of these signals
provides information regarding the individual’s physiological activity, which in turn
allows her/him to respond accordingly [55]. For example, biofeedback on heart rate
variability has been proven effective in reducing depression symptomatology during the
perinatal period, as measured by Edinburgh Postnatal Depression Scale scores [56,57].

More recently, mindfulness-based therapy (MBT) interventions have also been
implemented to reduce perinatal maternal depression, anxiety and perceived stress
[58,59]. Mindfulness refers to the non-judgmental experiencing of everyday life [60], and
available evidence shows that MBT may reduce anxiety and depression in clinical
populations [61,62]. The few studies that assessed the effectiveness of MBT on perinatal
mental health outcomes suggest a reduction in anxiety [58,59] and depression symptoms
[63]. To the best of our knowledge, no study combining psychoeducational interventions,
including short training sessions of mindfulness as a stress coping mechanism, with
biofeedback-coupled monitoring of physiological signals have been implemented in
pregnant and postpartum women. This is a promising approach, since it combines
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cognitive, behavioral, emotional, and physiological dimensions, and these are all known
to be involved in depression and anxiety phenomena.

The MAternal Mental Health in the WORKplace (MAMH@WORK) project assumes
an integrated approach to the promotion of perinatal maternal mental health and is based
on three key aspects. First, maternal mental disorders do not only affect mothers—it
affects the physical and mental health and wellbeing of her partner and closest family
[13,18,19]. Second, possible negative effects for the child (i.e., externalizing behaviors and
cognitive development) may go beyond the perinatal period and extend throughout
adolescence and into adulthood [33]. Third, work-life balance strategies are essential to
reduce the distress associated with the return to work [45] and to promote wellbeing [64].
To tackle these issues, the MAMH@WORK project proposes to develop, implement and
assess the effectiveness of an intervention directed at perinatal mental health promotion.
This project will combine e-mental health tools and face-to-face intervention methods to
promote maternal mental health starting from late pregnancy until one year after
childbirth, including the return to work.

1.2. Aims and Objectives

The main aims of MAMH@WORK are: (a) to promote perinatal mental health, from
the last trimester of pregnancy up to the first 12 months after childbirth, (b) to foster the
healthy psychosocial and emotional development of children via an improved quality of
early mother—child interactions, and (c) to reduce sickness absence and presenteeism of
working-age women during this period. Considering these aims, the main goals of this
project are to develop a maternal mental health and wellbeing promotion program and to
evaluate its effectiveness. To achieve these goals, it is proposed the design,
implementation and effectiveness assessment of a brief group cognitive-behavioral
therapy-based (CBT-based) psychoeducation, including mindfulness e-training,
combined with biofeedback. Specific objectives are to (a) design an intervention program
to promote wellbeing and prevent perinatal mental disorders in Portuguese pregnant
women; (b) develop a smartphone app that will provide women with targeted
biofeedback based on the continuous (wearable-based) biomonitoring of selected
physiological signals; and (c) assess the impact of the intervention on maternal perinatal
mental health outcomes, on the interaction between mother and child (namely regarding
the quality of mother—child interaction, child-mother attachment and child emotional
self-regulation and cognitive self-control), and on the reduction of women'’s absenteeism
and presenteeism after childbirth.

2. Materials and Methods
2.1. Study Design and Setting

This is an open-label, three-arm randomized controlled trial of pregnant women who
will be followed throughout pregnancy (starting at 28-30 weeks of pregnancy) until 12
months postpartum. The MAMH@WORK project will be conducted at the Environmental
Health Institute of Lisbon School of Medicine (ISAMB-FMUL), Portugal, with clinical data
being collected at three primary health care units, three hospitals and in a network of
private clinics (all part of the MAMH@WORK consortium).

2.2. Sampling Details and Characteristics of the Sample

The target population of this mental health promotion project are pregnant women
living in Portugal, with no diagnosis of depression, and employed at the time of
recruitment. Women will be recruited at 28-30 weeks of gestational age, since antenatal
depression is a relevant predictor for PPD [65,66]; thus, the potential effectiveness of the
intervention should increase if it starts during pregnancy. All women booked for delivery
at Portuguese hospitals attend various antenatal routine appointments in primary and
secondary health care units, which are intended to reduce complications during
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pregnancy and to improve the chances of positive pregnancy outcomes. These
appointments also serve for counselling about health behaviors during the antenatal and
postpartum periods. Recruitment will take place in the Lisbon Metropolitan Area from
three primary health care units and a network of private clinics. Women at 28-30 weeks
of gestation attending an antenatal routine appointment will be invited, by their doctors
or nurses, to participate with their babies in the study according to inclusion and exclusion
criteria detailed below. In case of agreement, women will be asked to sign a data
agreement form and will later receive a formal invitation addressed by the research team.
To assess their eligibility to be enrolled in the study, women will be presented with a
screening questionnaire conducted by trained psychiatrists and psychologists. In
addition, clinical inclusion and exclusion criteria, namely serious mental disorders
diagnosed, will be evaluated by antenatal healthcare professionals (i.e.,, general
practitioners, obstetricians, psychiatrists, and psychologists).

To be enrolled in the study, women must meet the following inclusion criteria: native
Portuguese speakers or women living in Portugal for at least 5 years; intended pregnancy;
primiparous, singleton pregnant women at gestational age of 28-30 weeks; aged 1840
years; employed; eligible for maternal leave; with access to a smartphone; and have had
understood and signed the project’s informed consent form.

Exclusion criteria at the baseline are: diagnosis of (a) a serious mental disorder (e.g.,
schizophrenia, schizoaffective disorder, other psychotic disorders, bipolar and related
disorders, and personality disorders), (b) a chronic disease resulting in functional
impairment, or (c) a neurodevelopmental disorder (e.g., autism spectrum disorders and
intellectual disability); history of major depression; being under antidepressant
medication; alcohol and/or drug addiction; high-risk pregnancy; and fetal malformations.
These criteria were defined to ensure that relevant stress-related heterogeneity at the
baseline will be reduced in the study. In addition to these exclusion criteria, mother—child
dyads will be excluded from the study (after enrolment) in case of preterm birth (less than
37 weeks of gestational age), very-low weight at birth (less than 1500 g), or unexpected
newborn malformations.

Randomization will follow the minimization procedure [67] aiming for a balanced
sample size for educational level and age groups at the baseline (18-24 years old, 25-34
years old, and 35-40 years old). Random numbers and their assignment will be sealed in
envelopes, kept in sequence and opened consecutively by trained researchers as pregnant
women are screened for eligibility and enrolled in the study.

The minimum sample size for MAMH@WORK project will be 159, that is 53 women
in each group. Attrition rate is considered to be approximately 40% and thus, a total of
225 pregnant women, 75 in each arm, will be enrolled in the study. These calculations are
based on a literature review on psychological interventions for PPD prevention, which
found mean depression scores (+ standard deviation) of intervention and control groups
of 11.00 + 14.63 and 11.52 + 14.93, respectively, at the final assessment of the study [39].
These sample size calculations assume the average difference between intervention and
control arms reported by Dennis and Dowswell [39], considering a 95% confidence
interval and a 80% power of the test to detect a difference between depression scores of
both arms. This sample size allows for a medium effect size of the intervention to be
detected for depression and anxiety scores.

2.3. Description of the Intervention

The intervention will be developed in three phases: (1) a scoping literature review
followed by a Delphi panel for consensus building on the contents and structure of a brief
group CBT-based psychoeducation intervention, (2) the implementation and (3)
effectiveness assessment of the intervention. In order to produce culture-specific
recommendations for the intervention, Portuguese general practitioners, obstetricians,
pediatricians, neurologists, psychiatrists, health and clinical psychologists, and nurses
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specialized in perinatal mental health care will be invited to take part in the Delphi panel,
which will be informed by the scoping literature review.

The intervention will address maternal mental health and wellbeing protection and
promotion during late pregnancy, postpartum and return to work. More specifically, it
will target women’s psychosocial adjustment and resilience during this life stage, while
promoting several strategic skills: recognition of signals and symptoms of mental
disorders; reduction of stigma against mental disorders; coping skills for stressful
situations, with a special focus on e-training of mindfulness; enhancement of help-seeking
efficacy; and strengthening of emotional and cognitive self-regulation. It will follow a
cognitive-behavioral and psychoeducational paradigm, and it is planned as a short-term
group intervention of 20 h to be delivered in two blocks, one immediately before delivery
and the other before returning to work. The first block will consist of two sessions, four
hours each, whereas the second block will be organized into three sessions, four hours
each. To better meet the objectives of this intervention, group size will not be larger than
15 women per session. Intervention block 1 will also include mindfulness exercises for
coping with stress, and short videos with easy-to-follow exercises will be available at the
private area of the website (details provided below). Block 2 will recap the main contents
of block 1 and focus on resilience-promoting skills for the return to work. Women enrolled
in the study will have access to e-mental health literacy materials (details provided below).

A standardized operation procedure (SOP) manual based on the literature reviews
and expert consensus (Delphi panel) will be developed for healthcare professionals (i.e.,
trained psychologists and psychiatrists) and for the certified mindfulness coaches
delivering the intervention. Sections to be covered in the SOP manual include: mental
health literacy about mood and anxiety disorders; self- and perceived stigma towards
mental illness; work-life balance; healthcare system accessibility; early signs of mental
disorders; referral to mental health services and intervention options for treatment;
mother—child interaction and promotion of secure attachment; social support guidelines;
information about biofeedback, including technical details about the wearable devices,
health benefits from combining biofeedback with brief group CBT-based
psychoeducation interventions; and mindfulness concepts and exercises. With regards to
the list of procedures to be used, these include group discussion of vignettes, discussion
of illustrative cases (i.e., cases of PPD, poor and adequate mother—child interaction),
emotional and cognitive expression exercises, video demonstration, roleplay of mother—
child interactions, and demonstration followed by practical exercises on how to use
biofeedback devices and interpret biofeedback outputs.

The RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance)
framework will be used to assess this evidence-based intervention in terms of its potential
for translation and public health impact [68]. To assess the reach dimension of this project,
the participation rate given as the proportion of invited pregnant women that accepted to
participate in the intervention will be calculated. The effectiveness of the intervention will
be assessed through a three-arm randomized controlled trial (Figure 1). The intervention
group 1 will go through CBT-based psychoeducation sessions (including mindfulness e-
training) by formally trained psychiatrists and psychologists; the intervention group 2 will
benefit from the same CBT-based psychoeducation sessions (with mindfulness e-training)
in addition to a biofeedback intervention; the control group will receive the care-as-usual
from their health units. The development of a website for the project is planned and will
include public and private areas. The public area will be accessible to the public and will
contain information on mental health literacy, a description of the project’s objectives and
its progress. Each participant allocated to the intervention arms will be provided with
credentials to access her own private area. This area will contain personal, biomonitoring
data (if applicable) and mindfulness e-training materials. Progressive Web Apps
mimicking the website will be developed for smartphone use (Android and iOS).

Throughout the project, several physical and mental health outcomes will be
measured and compared across groups. Since this intervention will be delivered by
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members of the research team, the adoption dimension (i.e., settings and staff that agree
to deliver the intervention) does not apply in this case. However, the adequacy of the
syllabus and a set of progress objectives (e.g., number of the psychoeducation intervention
hours delivered, costs associated, and number of hours of online mindfulness exercises
completed) will be used as a measure of its implementation. Finally, maintenance at both
individual and setting levels will be measured at the last moment of data collection
respectively by (a) the extent to which attendees maintain behavioral change after
participating in the intervention and (b) the willingness of health unit managers to
provide their users with this intervention.

Life events with potential confounding effects at the time of effectiveness assessment
include becoming unemployed, diagnosis of cancer and life-limiting illnesses, newborn
death, complications during delivery that severely impair mother and/or child,
gestational diabetes, preeclampsia and eclampsia diagnosis, as well as losing the spouse,
either by getting divorced or after death. See Statistical Analyses subsection for further
details on how these will be handled.

2.4. Data Collection and Variables under Study

Data collection will be performed through self-administered questionnaires,
wearable devices for biomonitoring physiological signals (in association with a
smartphone app), and direct observations of mother—child interactions. It will be
conducted on five different moments (Figure 1): baseline (to; 28-30 gestation weeks), one
week after enrolment (t1; 29-31 gestation weeks), two weeks postpartum (t2), five months
postpartum (t3), and twelve months postpartum (ts). Data collection will be performed by
members of the research team. Women in the intervention group with biofeedback will
wear a smartwatch to biomonitor several physiological signals combined with the use of
a sleep analyzer device (for details, see Table 1). Both devices will communicate through
Bluetooth with a datahub and send physiological data to the supplier’s cloud. The server
will communicate on a regular basis, via a secure oAuth2 authentication method, with the
supplier’s cloud and retrieve all data to be stored in a relational database including
wearables-collected information, questionnaires filled in by the participants and health
data gathered by healthcare professionals. Health indices computed out of these data will
be made available to participants in their website/app private areas, alongside trend
graphics and other simple although insightful data visualizations of relevant information
such as sleep pattern, accelerometry, pulse rate, pulse rate variability, among others. The
system to be developed will also support the project throughout its course, namely by
generating reports on its evolution (e.g., successful contacts), listing scheduled contacts,
and asking participants to fill in questionnaires, among others.

Strategies to reduce attrition during the experimental period will be implemented.
At recruitment, pregnant women will be provided with detailed information about the
project, including the objectives and participant’s role in the study. During post-allocation
period, referrals to other healthcare professionals will be performed as necessary, and the
required logistic support for data collection will be provided, such as scheduling suitable
data collection appointments [69]. Reminders will be sent to enrolled women one week
before the scheduled date of each data collection moment. Women in the intervention
group with biomonitoring of physiological signals will receive tailored health-related
information based on data collected through wearable devices (biofeedback), whereas
women in both the control and intervention arms will receive general health information
via a smartphone app (also accessible in the private area of the project’s website). This app
will be developed specifically for MAMH@WORK project and will be available for
download by all women enrolled in the study. It will mirror information available at the
website and facilitate communication between the research team and participants.
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Study Period
Enrolment Allocation Post-Allocation Close-Out
Timepoint 222 w'eeks il w.eeks el w.eeks 2 weeks 5 months 12 months
gestation gestation gestation
Enrolment:
Eligibility screen X
Informed consent X
Randomization X
Interventions:
CBT-based psychoeducation X X
intervention
CBT-based psychoeducation N R
intervention plus biomonitoring M M
Care-as-usual & 9
Assessments:
Sociodemographic data X X X X X
Data on life events X X X X X
Workplace characterization X X
Mental health literacy X X
Mother psychological wellbeing X X X X X
Social support X X
Mother—child interaction X X X
Child-mother attachment X X X
Child emotional self-regulation X
Child cognitive self-control X
Work-life balance X X
Biomonitoring of physwl.oglcal X X X X
signals

Figure 1. Schedule of enrolment, interventions and assessments of MAMH@WORK project following SPIRIT 2013
checklist.

The main outcomes that will be used to assess the effectiveness of the intervention
are women’s psychological wellbeing (mood disorders and anxiety disorders, assessed by
the Hospital Anxiety and Depression Scale/HADS and by the Edinburgh Postnatal
Depression Scale/EPDS), subjective wellbeing (Self-Report of Happiness), quality of
mother—child interactions (assessed by the CARE-Index) and child-mother attachment
(assessed by the Strange Situation Procedure and by the Postpartum Bonding
Questionnaire/PBQ). Secondary outcomes include child emotional self-regulation and
cognitive self-control; women’s job engagement and presenteeism; and women’s
physiological signals (pulse rate, pulse rate variability, and sleep patterns).
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In order to characterize the sample and adjust outcome indicators, sociodemographic
data will be collected and will include women’s age, marital status, household size,
educational level, main occupation, monthly income, and child’s gender. Women will be
asked to characterize their workplace (e.g., company size, work-life balance policies, and
workload) and to provide data on life events, such as previous miscarriages, divorce/loss
of spouse, death of a close relative, serious illness diagnosis (of the mother, the child or of
a close relative), moving out, and changes in household income. Additional moderation
or mediation variables to be collected are mental health literacy, stress-related coping
style, resilience, and quality of relationship with partner/husband, perceived support
from partner/husband in childcare, kindergarten-related variables (e.g., time per day, and
satisfaction with care), and job satisfaction before maternity leave.

All questionnaires to assess the constructs under study were selected taking into
account their psychometric properties for the Portuguese population. Table 1 provides an
overview of the instruments to be used under MAMH@WORK project.

2.5. Statistical Analyses

Statistical analyses will be performed using IBM/SPSS 26.0 (or a more recent version
at the time of data analysis) (IBM Corporation, NY, USA) [70] and R Software (R
Foundation for Statistical Computing, Vienna, Austria) [71]. For all statistical analyses, the
significance level will be set to « = 0.05.

Two strategies for data analysis will be performed: intention-to-treat (ITT) and per-
protocol (PP) analyses. ITT considers all participants allocated to arms at the baseline, thus
providing a more conservative estimate of the treatment effect, allowing for
noncompliance and protocol deviations. In this case, the last observation carried forward
method will be used to deal with missing data. PP analysis includes the subset of
participants who completed all evaluations. Results from both types of analyses will be
reported when comparing control and intervention groups. For effect size estimation, only
PP results will be used, since these allow the identification of the treatment effect under
optimal conditions, i.e., without major deviations from the protocol. Sensitivity analyses
will be carried out to identify potential effects of data strata and missing data on the
outcome.
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Table 1. Instruments to be used in the effectiveness assessment of the intervention.

Questionnaire/Measure Scale Description Timing of Assessment
Mental Health Literacy

. MHLS is a 35-item questionnaire that assesses six attributes of mental health literacy: recognition of disorders,
knowledge on how to seek mental health information, knowledge on risk factors and causes, knowledge of self-treatment,

. Mental Health Literacy Scale knowledge of professional help available, and attitudes that promote recognition and appropriate help-seeking. High scores Pregnancy
(MHLS) [72] S . . Postpartum
indicate high levels of mental health literacy.
. Instrument validated for the Portuguese population [73].
Psychological Wellbeing, Resilience and Stress-related Coping Style
. Hospital Anxiety and Depression . HADS is a 14-item screening tool composed of two subscales, one for anxiety and other for depression. High scores
indicate the presence of a mood disorder. Pregnancy
Scale (HADS) [74] . .
. Instrument validated for the Portuguese population [75].
. Edinburgh Postnatal Depression . EPDS is a 10-item q.ues.tlormalre that screens for depression in pregnant women and during the first postpartum year.
Depressed women score high in EPDS. Postpartum
Scale (EPDS) [76] . .
. Instrument validated for the Portuguese population [77].
. KBS is an 18-item screening tool for postpartum blues. Women are asked to rate current emotions according to how
. Kennerley Blues Scale (KBS) [9] different they feel compared to usual. It is composed of seven clusters: primary blues, reservation, hypersensitivity, Postpartum
depression, despondency, retardation, and decreased self-confidence.
J The original CD-RISC is a 25-item scale that measures resilience as the ability of overcoming adversity and stress
. Connor-Davidson Resilience Scale coping ability. Two shorter versions of this scale are authorized for use, CD-RISC-10 and CD-RISC-2. Pregnancy
(CD-RISC) [78] . CD-RISC-25 [79] and CD-RISC-10 [80] have been validated for the Portuguese population. In this study, either the CD- Postpartum
RISC-10 or the CD-RISC-2 (to be validated in this study if applicable) will be used.
. Stress-Related Coping Style (BRIEF e The BRIEF COPE characterizes coping styles and strategies following Lazarus & Folkman’s model [82] and the Pregnancy
COPE) [81] behavioral self-regulation model. Postpartum
J Self-Report on Happiness [83] J Self-report single-item on happiness to be measured in a daily basis via the smartphone application. Ifcfsetiagr;i?:ri
Social Support and Marital Satisfaction
. .. PSQ is a 34-item scale composed of four subscales for perceived social support assessment: material support, emotional
. Postpartum Support Questionnaire . . . . . .
(PSQ) [84] support, informational support, and comparison support. Respondents are asked to score how important support is perceived Postpartum
to be and how much support is received.
. The EASAVIC (Escala de Avaliagio da Satisfagio em Areas da Vida Conjugal) is a 44-item self-administered scale that
. Marital Life Areas Satisfaction assesses five dimensions of functional relationship (instrumental components of the relationship) and five dimensions of Pregnancy
Evaluation Scale (EASAVIC) [85] romantic affects. Postpartum
. Developed, tested and validated for the Portuguese population.
Child-mother Attachment, Child Emotional Self-regulation and Cognitive Self-control
J This task involves a sequence of eight 3-min episodes designed to place moderate although increasing levels of stress
J The Strange Situation Procedure  on infants (i.e., unfamiliar play room, interacting with a stranger, and two separations from the mother). Videotapes of Postpartum

infants” attachment behavior during the Strange Situation Procedure will be scored by trained, reliable coders following the
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procedures developed by Ainsworth and colleagues [86]. Infants will be classified as either securely attached (B), insecure-
avoidant (A), insecure-ambivalent (C), or disorganized-disoriented (D).

J PBQ is a screening tool for mother-child bonding impairment. Women are asked to rate how often they agree with sev-
J Postpartum Bonding Questionnaire eral statements on their feelings or attitudes towards their child. It is composed of four subscales: impaired bonding, rejection
. . . s . . . Postpartum
(PBQ) [87] and anger, anxiety about care, and risk of abuse. High scores indicate impaired bonding.
o Instrument validated for the Portuguese population [88].
J QDIBRB-30 screens for differences between mother’s prenatal and postnatal perceptions in three dimensions: child
. Questionnaire on the Difference Im- positive emotional expressions, mother’s fears about behavioral meaning, and child appealing behavior. Respondents indicate
aginary Baby vs. Real Baby (QDIBRB) [89] their agreement with each statement in a 5-point Likert scale ranging from completely disagree to completely agree. High Postpartum
ginary Baby vs. Y scores indicate large differences between imaginary and real baby.
o Developed, tested and validated for Portuguese women.
. SGS-I1 is a screening tool for psychomotor development that considers nine areas: passive posture, active posture, loco-
. chedule of Growing Skills - motion, manipulation, visual, hearing and language, speech and language, interactive social, self-care social and cognition.
Schedule of Growing Skills IT (SGS: i ipulati isual, hearing and language, speech and language, i i ial, self- ial and cogniti
. e . Postpartum
1I) [90] Children are classified as having an adequate or delayed development.
. Instrument validated for the Portuguese population [91].
. Toy Removal Task [92] . 2-min toy r?mOV?l episode preceded by. 90 s of Playmg between mother and Chll.d. During removal and after returning Postpartum
the toy, mothers will be instructed to stay non-interactive and assume a neutral expression.
J Object permanence is one of the cognitive developmental milestones. This experiment involves hiding a toy from the
. ect Permanence child to assess if the child would look for it (ca. 8 months old) or retrieving the toy at location B even though it was previous ostpartum
Object P hild if the child 1d look for i 8 hs old ieving the toy at location B hough i previously Postp
hidden several times at location A (A-not-B experiment; ca. 12 months old).
. The CARE-Index assesses mother-infant interaction from birth to about two years of age. Mothers and infants are vid-
. Child—Adult Relationship Experi- eotaped for 5 min during an unstructured free play session. A standard set of age-appropriate toys are arranged on a quilt on
the tloor of a laboratory playroom and mothers are instructed to play with their infant as they usua 0. The -Index ostpartum
memallndex(CARE_IndeX)[93]p P he floor of a laboratory play d moth, i d to play with their inf hey usually do. The CARE-Ind. Postp
system focuses on seven aspects of the infant’s and mother’s interactive behavior: facial expression, verbal expression, posi-
tion and body contact, affection, turn-taking contingencies, control, and choice of activity.
Work-life Balance
. The Utrecht Work Engagement Scale® UWES-17 is a three-dimensional scale that assesses vigor, dedication and absorption. Respondents are asked to score
(UWES) [94] 838 several emotions on a 7-point frequency scale. High scores indicate high engagement levels. Postpartum
o Instrument validated for the Portuguese population [95].
. Work-Family Balance Scale (WFB) e WEB is a 5-item scale that assesses the extent to which women were able to balance work and their family life. High
o - O Postpartum
[96] scores indicate good ability to balance work and family life demands.
* Presen.t eel.sm’questlons of the World These questions are part of the full HPQ and measure the actual performance versus possible performance. High
Health Organization’s Heath and Work o . . Postpartum
Performance Questionnaire (HPQ) [97] scores indicate low amount of lost performance, i.e., low presenteeism.
. Self-reported absenteeism . Self-reported absenteeism is measured by asking individuals if they have missed work in the last year, how many days Postpartum
and what was the reason for that.
Biomonitoring of Physiological Signals
J PR, PRV SP, BCG, and PA will be monitored using a Hybrid Smartwatch. The Hybrid Smartwatch combined with the
. Pulse rate (PR) . . . . . Pregnancy
. Sleep Analyzer will allow sleep-stage characterization. A sleep score based on six factors is also calculated: sleep duration,
. Pulse rate variability (PRV) Postpartum

sleep regularity, time to sleep, sleep depth, frequency of sleep interruptions, and time to get up.
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. Body motion generated by the ejec- o
tion of the blood at each cardiac cycle (Bal-
listocardiography, BCG)

. Peripheral capillary oxygen satura-
tion (SpOz2)

J Sleep patterns (SP)

. Physical activity (PA) tracking and
sleep-time movement tracking

. Electrocardiogram (ECG)

Women will be invited to ask for an ECG once a week using the Hybrid Smartwatch.
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Univariate description of sociodemographic and outcome variables will be per-
formed by providing central tendency (mean and median) and dispersion (standard de-
viation and range) measures for each moment of data collection. Normality tests (Kolmo-
gorov-Smirnov test or Shapiro-Wilk test) in combination with kurtosis and symmetry
analyses will be used to assess the distribution of the variables under study. Levene's test
will be used to assess homoscedasticity. Baseline between-groups comparisons, i.e., con-
trol versus intervention groups, will be tested through ANOVA or its non-parametric
equivalent (Kruskal-Wallis) for continuous variables, and chi-square test for categorical
variables. Mixed model repeated measure (MMRM) analyses will be used for the analyses
of main and secondary outcomes, comparing between control and intervention groups
and adjusting for relevant covariates (including potential confounding factors). Mediation
and moderation analyses will be explored using structural equation modelling. Concep-
tually and statistically relevant variables will be selected to adjust the models. The size of
the intervention effect will be assessed by calculating Cohen'’s d coefficient [98] Cramer’s
V, and odds ratio.

2.6. Ethics Approval and Consent to Participate

This study follows the Code of Ethics of the Declaration of Helsinki [99], and it will
comply with the applicable national and EU legislation on ethical principles, privacy and
data protection. More specifically, it will comply with (a) Directive 2002/58/EC on the pro-
cessing of personal data and protection of privacy in the electronic communications sector
(Directive on privacy and electronic communications) of the European Parliament and of
the Council of 12 July 2002, and the (b) EU Regulation 679/2016 on the protection of natural
persons with regard to the processing of personal data and on the free movement of such
data, and repealing Directive 95/46/EC (General Data Protection Regulation). All research-
ers involved in the study will sign a confidentiality statement before recruitment or enrol-
ment of pregnant women in the study. A referral plan will be developed to assist research-
ers in referring women to health services during the project whenever necessary. All par-
ticipants will be asked to sign a data agreement form and an informed consent form (ICF)
before their and of their babies enrolment in the study. The later document will include a
detailed explanation of the objectives and methods of the study, as well as their right to
refuse or quit their participation at any time. Women who agree to participate in the study
also agree with their babies’ participation as stated in the ICF. Delphi panel members will
also be asked to read and, in case of agreement, to sign an ICF before their enrolment in
the study. Participants will receive the devices for physiological data collection free-of-
charge.

The research protocol was approved by the Ethics Committee of the Lisbon Aca-
demic Medical Centre of the University of Lisbon. Selection and recruitment of partici-
pants will only start after the ethical approval of the Regional Health Administration of
Lisbon and Tagus Valley and of the administration board of each healthcare unit. Data
confidentiality will be guaranteed and its access will only be granted to team members of
the MAMH@WORK project.

3. Discussion

The transition to motherhood encompasses numerous changes that require continu-
ous psychosocial adjustment. This places mothers-to-be and recent mothers at an in-
creased risk of developing mental disorders [2-4]. At the same time, the perinatal period
is a window of opportunity for promoting women’s health/wellbeing and enhancing
mother-infant relationships, since these aspects are routinely monitored by healthcare
professionals. Here we describe a community-based randomized study protocol to assess
the effectiveness of a CBT-based psychoeducation intervention, with or without a biofeed-
back system, targeting pregnant women at the time of recruitment. MAMH@WORK goes
beyond similarly-themed projects (e.g., [100,101]) by adopting an integrated approach in
which mother—child relationship, child behavioral, and emotional and cognitive
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regulation development are addressed, and so is the return to work. Moreover, traditional
methods for effectiveness assessment of the intervention are combined with technology-
driven approaches providing women with biofeedback on selected physiological indica-
tors. Taking this into consideration, MAMH@WORK emerges as a strategic project for the
prevention of mental disorders and for the promotion of mental health and wellbeing
during a very challenging period for women and their spouses. Importantly, the interven-
tion will be delivered by trained psychiatrists and psychologists who will follow the re-
ferral plan whenever needed, thus contributing for no relevant risks of this intervention
to the mother and her child.

Several challenges are anticipated. Recruitment of pregnant women will take place
at two different settings (primary health care units and private clinics) and thus, two dis-
tinct sociodemographic groups are expected to be enrolled, namely, in terms of their in-
come: pregnant women from high income families have the financial capacity to pay for
obstetric appointments at a private clinic, whereas women from low income families will
mainly be followed during pregnancy at primary health care centers and public hospitals.
Thus, the added-value of this intervention must be stratified according to socioeconomic
characteristics. In addition, since the assessment of effectiveness requires repeated
measures through time, several strategies to reduce attrition are planned (e.g., periodic
telephone contacts, a webpage for project-related communication purposes, and a
smartphone app).

This is a small-scale project to be conducted in the Lisbon Metropolitan Area, and
thus it will not mirror the Portuguese reality as a whole. However, if it proves effective in
the promotion of maternal mental health/wellbeing, we will scale-up MAMH@WORK to
the nation-wide level by establishing a strong network with primary healthcare units and
obstetricians from other Portuguese metropolitan areas. This would also contribute to the
sustainability of the project beyond its closure, in tandem with several other actions that
are planned to ensure that the outcomes can be used after the project ends. For example,
expected results will contribute to bring together several stakeholders, including
healthcare professionals (i.e., general practitioners, obstetricians, psychiatrists, psycholo-
gists, and nurses), employers, and organizational leaders, and it will ultimately inform
policy makers and support the elaboration of policy briefs regarding work-life balance
and perinatal mental health promotion in the workplace. In addition to policy briefs, a
training program on perinatal mental health and organizational leadership styles support-
ing healthy workplaces will be specifically designed for staff at all levels within the or-
ganizations (top-level leaders, intermediate-level leaders, employees). The latter will in-
clude a good practices manual for mental health promotion at the workplace.

4. Conclusions

Overall, the expected impacts of MAMH@WORK project will ultimately contribute
to meet national and international strategic goals. These include (a) to implement mental
health promotion programs and to set early childhood and adolescence mental health as
a priority in health agendas, as disclaimed in the current Portuguese National Mental
Health Plan [102], (b) to increase health gains in the workplace by monitoring and pro-
moting mental health, as well as to promote healthy workplaces, as defined in the current
Portuguese National Occupational Health Plan [103], (c) to promote overall health and
wellbeing of women and their children in a sensitive phase of their lives, which is in line
with the EU Horizon 2020 societal challenges and the UN Sustainable Development Goal
3 (SDG 3), (d) to empower women and promote their participation in the labour market
(SDG 1, SDG 5), with a potential positive impact in fertility rates, and finally, (e) to support
smart, sustainable and inclusive economic growth (SDG 8) as outlined in the Europe 2020
Strategy by the European Commission [104].
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