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Lay Abstract

Postpartum depression (PPD) is common and has consequences for both mothers and their infants. The negative impact of PPD exposure on infant emotion regulation (ER) is especially harmful because of its association with later psychopathology. As a result, the objectives of the present thesis were to i) determine whether task-shifting the treatment of PPD is effective in treating mothers while ii) mitigating the potential negative effects of PPD exposure on infant ER. The results of this thesis indicate that a task-shifted, peer-delivered treatment is effective in treating mothers with PPD and that treating mothers with a task-shifted treatment may also lead to adaptive changes in infant ER. This thesis indicates that task-shifting the treatment of PPD may improve outcomes for mothers, prevent PPD-related consequences on infant ER development, and ultimately, improve future outcomes for their infants. 











Abstract
Objectives: To determine whether task-shifting the treatment of Postpartum depression (PPD) is effective in both treating mothers and mitigating the potential negative effects of PPD exposure on infant emotion regulation (ER).
Methods: In Study 1, a randomized controlled trial (RCT) with a waitlist control group was used to examine whether a nine-week group Cognitive Behavioural Therapy (CBT) intervention delivered by peers can effectively treat PPD in mothers. Study 2 used data from this same RCT to determine if maternal PPD treatment with peer-delivered group CBT intervention would lead to adaptive change in markers of ER in their infants. Finally, Study 3 used data from a RCT with a treatment-as-usual control group to examine whether maternal treatment with a Public Health Nurse (PHN)-delivered group CBT intervention led to adaptive change in markers of infant ER.  In both Studies 2 and 3, markers of infant ER included two neurophysiological measures and a maternal-report measure of infant temperament.
Results: Study 1 found that peer-delivered group CBT led to significant improvements in symptoms of depression and anxiety in mothers and reductions in symptoms remained stable six months after treatment initiation. Study 2 found evidence of change in two neurophysiological measures of infant ER following maternal treatment with peer-delivered intervention, but not in the maternal-report measure of infant temperament.  Finally, Study 3 found evidence of change in a single neurophysiological marker of infant ER following maternal treatment with the PHN-delivered intervention, but found no change following maternal treatment in a second neurophysiological marker and maternal-report measure of infant ER. 
 Conclusions: The studies in this thesis highlight the potential of using task-shifting to fill a gap in the healthcare system’s treatment of PPD. This work suggests that interventions delivered by peers and PHNs may not only be effective in treating those with PPD, but may also benefit their infants by mitigating any PPD-related consequences on infant ER development. This thesis contributes to the evidence that suggests timely maternal treatment of PPD may disrupt the transmission of psychiatric risk from parent to infant. 
Keywords: Emotion regulation, Neurophysiology, Infancy, Postpartum depression, Cognitive behavioural therapy
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Chapter 1. Background
1.1. Maternal Postpartum Depression: A Modifiable Risk Factor for Mental Illness in Offspring
Over the past several decades, research in both human and animal models (Kalmakis & Chandler, 2015; McEwen, 2003) have highlighted the negative impact of exposure to adverse early life experiences (also known as adverse childhood experiences or ACEs). The most common ACEs include emotional, sexual, or physical abuse, neglect, other dysfunctional home environments, and exposure to parental mental illness (Felitti et al., 1998). As they threaten the foundations of stable relationships, cognitive development and emotion regulatory capacity, ACEs disrupt optimal emotional, cognitive, behavioural, social, and psychological development (Felitti et al., 1998; Weiss & Wagner, 1998). Adverse childhood experiences have even been found to lead to suboptimal development of the structure and function of the brain and increase the risk of developing a psychiatric disorder in adulthood (Anda et al., 2006; Edwards et al., 2003). The Centers for Disease Control and Prevention (2019) reports that rates of depression among adults can be reduced by up to 44% if efforts are made to reduce exposure to ACEs in the population. 
Exposure to a parental mental illness is a common and deleterious form of ACE (Anda et al., 2006; Felitti et al., 1998). The offspring of depressed parents are three to four- times more likely to develop major depressive disorder (MDD) (Weissman et al., 2006), and are at elevated risk for anxiety disorders, substance dependence, and poorer functioning over the life course (Weissman et al., 2005). One study found that nearly 60% of the grandchildren of individuals with a depressive disorder eventually developed one themselves (Weissman et al., 2005).Offspring exposed to maternal postpartum depression (PPD) in particular, have a greater risk of experiencing depression in adolescence and adulthood (Halligan et al., 2007; Netsi et al., 2018; Sanger et al., 2015), highlighting the importance of the very early environment. As early as three to six -months of age, exposure to PPD has been associated with markers of future psychiatric disorder (Field et al., 1988; Field et al., 1995).
1.2 Maternal Postpartum Depression 
 	Over the last three decades, mental health research has focused heavily on the consequences of postpartum depression (PPD) on both mother and infant (Brummelte & Galea, 2016; Duffett-Leger et al., 2012; Letourneau et al., 2017). About one in five mothers and birthing parents will suffer from PPD (Gaynes et al., 2005). An even greater proportion, as many as one in three, will experience at least subclinical levels of depression (Meaney, 2018). Postpartum depression typically occurs in the first four to 12 weeks after childbirth and can persist for 12 months (O’Hara, 2009; Wisner et al., 2002), or even longer in some cases (Goodman, 2004b). Symptoms of PPD are those of DSM-5 major depressive disorder (MDD), including depressed mood, loss of interest and pleasure in activities, loss of energy, sleep and appetite disturbance, difficulty concentrating, irritability, and suicidal ideation (American Psychiatric Association, 2022). In addition to these symptoms, PPD frequently involves feelings of inadequacy as a mother, loneliness and emptiness, and feelings of the loss of control (Beck & Gable, 2000; Jolley & Betrus, 2007). Along with these symptoms, many individuals struggle with the stereotype that the early periods of motherhood are blissful and easy (Lee, 1997). Qualitative studies of those with PPD report that they feel fear and shame, and struggle with the thoughts that they are not meeting their infant’s needs (Coates et al., 2014). Unsurprisingly, these factors can keep many from disclosing their symptoms to healthcare providers and seeking timely treatment.
	If left untreated, PPD can increase the risk of future depression (Woolhouse et al., 2015), substantially affecting the quality of their overall wellbeing in the long-term. The presence of PPD in a family increases the risk of relationship problems within marriages and familial conflict and disharmony (Goodman, 2004a). In fact, maternal PPD has been found to be the strongest predictor of paternal depression throughout the postpartum period (Goodman, 2004a). The incidence of paternal depression increases from 10%, to nearly 50% in the presence of maternal PPD (Goodman, 2004a). The presence of maternal PPD in a family can also significantly impact the development of both newborn infants and other children in a family. Studies investigating the long-term effects of PPD  (Halligan et al., 2007; Murray et al., 2011; Netsi et al., 2018; Sanger et al., 2015) highlight the devastating and long-lasting implications that untreated PPD can have on mothers and their infants. 
          In addition to the overwhelming symptoms it imposes on mothers and birthing parents, PPD can adversely affect the mother-infant relationship and parenting (Barry et al., 2015; Brummelte & Galea, 2016; Burke, 2003), and the development and health of their offspring (Barry et al., 2015; Burke, 2003; Lovejoy et al., 2000; Murray et al., 2015; O’Hara & McCabe, 2013; Paulus et al., 1996). Individuals with PPD have been found to be more likely to be less empathetic, sensitive, and responsive to their infants’ needs (Field, 2010; Stein et al., 2014). They also tend to breastfeed their infants less often (Dias & Figueiredo, 2015), and report having a harder time connecting with their newborns (Coates et al., 2014). Not only are those with PPD more likely to be irritable, hostile, towards their infants, less warm and practice harsh parenting behaviours (Lovejoy et al., 2000), they are also less likely to engage positively during face-to-face interactions with their infant or display nurturing behaviours (Field, 2010; Field et al., 2006). Given these challenges, it is not surprising that maternal PPD can have severe developmental consequences for newborns in the short and long-term. 
1.3 Transmission of Psychiatric Disorder from Mothers to Infants 
Extensive research has demonstrated that maternal PPD is a risk factor for later mental health problems in their offspring (Halligan et al., 2007; Netsi et al., 2018; Sanger et al., 2015). However, it remains unclear to what extent the transmission of depression risk from mother to offspring is a result of heritability, environmental factors, or a combination of the two. Although research in genetics has been unable to identify a single gene related to risk, over a hundred gene variants believed to increase depression risk have been identified (Lohoff, 2010). A growing consensus in the field of developmental psychology is that individuals inherit genetic vulnerabilities to traits that place them at risk of later problems like depression (e.g., neuroticism), as opposed to inheriting depression itself (Shadrina et al., 2018). Therefore, when depression or other psychiatric disorders do occur, it is likely due to a combination of genetic predisposition to certain traits and environmental risk factors as opposed to a single candidate gene.
There are a number of environmental risk factors in early life that contribute to the risk of developing emotional and/or behavioural problems following exposure to maternal PPD. Some of these factors include excess stress exposure in utero and/or postnatally, suboptimal mother-infant relationship and exposure to maternal and familial stressors.  
Prenatal Stress Exposure 
Fetal exposure to maternal depression and/or stress in utero has been identified as a potential risk factor for later psychiatric disorder in offspring (Kinsella & Monk, 2009). Unfortunately, many with PPD likely experienced prenatal depression or at least elevated symptoms of depression at that time. Prenatal depression is often accompanied by other life stressors like lower socioeconomic status, single parenthood, and lower social support (Goyal et al., 2010), adding further to fetal stress exposure in utero.  Cortisol levels in mothers  prenatally have even been found to predict their infant’s levels of cortisol (O’Connor et al., 2013). Exposure to excess cortisol in utero is known to affect the development of the key physiological systems involved stress regulation, particularly the hypothalamic-pituitary-adrenal (HPA) axis (Kinsella & Monk, 2009). Extensive research has reported that suboptimal development of the HPA axis and poorer stress regulation capacity is a potent risk factor for depression (Heim et al., 2008; Herman et al., 2016). 
Postnatal Stress Exposure
Postnatally, exposure to excessive stress due to maternal PPD can also have a programming effect on the HPA axis and subsequent stress regulation (Barry et al., 2015). Infants of postnatally depressed mothers have been found to exhibit higher baseline levels of cortisol (Brennan et al., 2008), and in one study, adult offspring exposed to PPD in infancy demonstrated higher baseline cortisol and cortisol reactivity to a social stressor task when compared to adults not exposed to PPD (Barry et al., 2015). The stress-diathesis model highlights that in addition to a range of vulnerabilities (e.g., genetic predisposition, behavioural, socio-emotional, contextual) exposure to excessive stress may be a key deciding factor in the development of depression (Colodro-Conde et al., 2018).
The Mother-Infant Relationship 
Given that mothers and birthing parents with PPD struggle with parenting, research in developmental psychology has implicated exposure to these parenting practices as a potential risk factor for later depression. Observational studies have reported that mothers with PPD display more hostility and are more anxious during interactions with their infants (Diego et al., 2006; Field, 2010; Lovejoy et al., 2000). They are also less responsive and sensitive during interactions with their infants, and often fail to meet their infant’s socio-emotional needs. One study found that mothers who scored at least 13 on the Edinburgh Postnatal Depression Scale (EPDS) were five times more likely to have poorer infant bonding than women who scored below this threshold (O’Higgins et al., 2013). Exposure to insensitive parenting during infancy is associated with  a risk of developing disorganized attachment and a subsequent risk of psychopathology (e.g., externalizing behaviour; Groh et al., 2017). Postpartum depression has also been associated with higher rates of unhealthy parenting practices towards infants including poorer feeding behaviours and sleep practices (McLearn et al., 2006a, 2006b).
Other Maternal and Familial Stressors
	Lastly, given that PPD often occurs in the context of other life challenges, there are a number of stressors that infants are often exposed to in addition to PPD itself. Factors like lower socioeconomic status, single parenthood, and lack of a social support network often precede the development of PPD (Goyal et al., 2010). Maternal PPD is also commonly accompanied by familial discord, including marital problems and poorer parenting towards newborns and other children (Apter-Levi et al., 2016; Burke, 2003; Goodman, 2004a). One longitudinal study found familial discord to be associated with a greater risk of developing depression in adolescence and young adulthood (Nomura et al., 2002). The presence of parental depression has been associated with higher rates of child abuse and intra-family violence (Berger, 2005), all factors that may contribute to future depression risk in offspring.
1.4 Emotion Regulation
Although it appears that multiple exposures converge to increase the risk of depression in the offspring of those with PPD, suboptimal development of offspring emotion regulation (ER) appears to be a potent mediator. As young as three to six -month old infants exposed to PPD exhibit difficulty with ER measured with behavioural and neurophysiological markers (Field et al., 1988; Field et al., 1995). Given that difficulty with ER is one of the traits that may make someone more susceptible to depression, and its development has been found to be affected by multiple risk factors (e.g., prenatal and postnatal stress exposure, and suboptimal mother-infant relationship), focusing on infant ER may be key to preventing future psychiatric disorder.
	Emotion regulation (ER) is the process by which an individual appraises and then modifies their emotions in the service of a future goal (Thompson, 1994). Emotion regulatory capacity refers to the level of control an individual has over the positive and negative emotions they experience, as well as when and how they occur. Individuals with strong ER capacity can better refrain from impulsive and less appropriate behaviours, control their bodily arousal, and refocus their attention when experiencing strong negative or positive emotions (Thompson, 1994). 
	Brain-imaging studies have uncovered that ER involves the activity of complex brain networks that span cortical (e.g., prefrontal cortex (PFC), anterior insula (AI) and anterior cingulate cortex (ACC)) and subcortical regions (e.g., amygdala, ventral striatum and periaqueductal grey (PAG; Kohn et al., 2014; Morawetz et al., 2017). While the dorsolateral PFC appears to be involved in cognitive processes and governs executive functions involved in ER such as motivation and attention, the ventrolateral PFC appears to signal the dorsolateral PFC once an emotion is perceived. Kohn and colleagues (2014) identified a region in the ACC positioned to allow connections to and from subcortical and cortical regions. However, since infants have yet to develop higher order cortical processes involved in ER and the prefrontal cortical (e.g., dorsolateral PFC, ventrolateral PFC) connections that govern ER mature much more slowly than subcortical regions, individuals are left to rely heavily on their caregivers to regulate their emotional and internal physiological states during infancy (Porges & Furman, 2011). 
1.5 Development of Emotion Regulation is Dependent on Early Experiences with Caregivers 
In his seminal piece on the origins of ER, Fox (1994) explains that ER development does not occur in a “vacuum”. Instead, its development is influenced by the infant’s early environment and their interactions with their caregivers. In the early postnatal period, infants depend heavily on continuous “give and take” exchanges with their caregivers to regulate their emotional distress. Tronick’s mutual regulation model (MRM) outlines the importance of early mother-infant interactions in forming a dyadic regulatory system (Gianino & Tronick, 1988; Tronick & Beeghly, 2011). Infants may use vocal cues (e.g., babbling), facial expressions, and physical gestures to communicate with their caregivers, and to express their socioemotional and homeostatic needs. In turn, mothers help to regulate their infants by responding to infants attempts at interaction. During optimal interactions, mothers recognize their infant’s cues and respond in a timely and appropriate manner. This “give and take” between mothers and infants helps infants to develop the foundation of their future self-regulatory capacity beyond infancy (Tronick & Beeghly, 2011).
 Sensitive mothers can identify their infant’s distress and provide immediate regulatory support, thereby helping the infant return to a calm state. Infants with sensitive mothers have been found to have more secure attachment (Ainsworth, 1979) and demonstrate greater behavioural and cognitive development in childhood (Belsky & Fearon, 2002; Ding et al., 2014). Given that one of the common consequences of maternal PPD is reduced sensitivity to newborns and caregiving behaviours (Brummelte & Galea, 2016; Field, 1992; Slomian et al., 2019),  infants exposed to PPD may receive less of the regulatory support that they require and so they learn that their caregiver may not be able to effectively support them (Feldman, 2007b). This leads to a dysfunctional dyadic regulatory system that may have consequences beyond an infant’s current emotional distress not being immediately addressed, including behavioural and socio-emotional problems, and an increased risk of psychiatric disorder.
The process of dyadic regulation through mother-infant interaction occurs both at the behavioural and physiological level (Feldman, 2007b). In fact, interactions with mothers in the early postnatal period are supported by the coordinated activity of the neurophysiological systems (e.g., corticolimbic and autonomic nervous systems) that underlie attachment and socioemotional functioning (Atzil et al., 2011, 2014; Feldman, 2007a, 2016). These systems provide a mechanism through which interactions with mothers and maternal socioemotional input can shape infant ER development. As early as three months old, mothers and infants demonstrate rhythmic coordination of their behaviours and physiology (Feldman, 2007b). Feldman coined the term “biobehavioural synchrony” to describe this process (Feldman, 2007b). Early non-human animal work by Hofer showed that maternal interactions regulated the affective state and physiology (e.g., heart rate, sleep-wake patterns) of rat pups shortly after birth (Hofer, 1994). Following this work, researchers began to report that synchrony in infant physiology and behaviour, and maternal physiology (e.g., heart rate) and behaviour (e.g., touch, vocalizations) is key to the development of an optimal dyadic regulatory system.
Following Hofer’s research, Feldman examined the effects of maternal touch and contact on infant autonomic reactivity (Feldman et al., 2014). Feldman and colleagues (2014) found that mothers who provided daily skin-to-skin contact to their preterm neonates had children with higher baseline vagal tone to emotional stressors ten years later. Vagal tone, a measure of the flexibility of the parasympathetic nervous system (PSNS) to adapt to the environment (Propper & Moore, 2006), is a key marker of ER ability (Porges, 2007; Thayer et al., 2009).  Feldman’s important work highlighted the lasting impact of maternal physical contact on infant physiology. Later, Feldman and colleagues examined dyadic synchrony by studying the face-to-face interactions of mothers and infants while recording cardiac output, and behavioural interactions like gaze, affect, and vocalizations (Feldman et al., 2011). They found that dyads synchronized their heart rhythms with less than one second lags, and when they displayed vocal or affective synchrony, synchrony in the dyad’s heart rhythms increased even further. 
Recently, Krzeczkowski and colleagues examined the way in which maternal regulatory inputs may be transmitted to infants at a moment-to-moment basis (Krzeczkowski et al., 2022). They found that increases in maternal High Frequency -Heart Rate Variability (HF-HRV), a measure of vagal tone, influenced subsequent decreases in infant HF-HRV during distress. Decreases in infant HF-HRV during distress is thought to indicate a better ability in using their socioemotional environment to regulate their physiological states (Porges & Furman, 2011). Among mother-infant dyads where mothers had PPD, this level of synchrony was only found after mothers had their PPD treated. This work highlighted the possibility that the PSNS of mothers and their infants may coordinate to ensure adaptive functioning of the dyadic regulatory system at times of infant distress.  Given that maternal regulation of infant distress is crucial to the development of infant’s ability to eventually regulate their own emotions, this study highlights the potential for maternal treatment of PPD to possible mitigate at least some issues with dyadic regulation and mitigating possible long-term consequences for infants. 
1.6 Measurement of Emotion Regulation in Infants
	Given that ER occurs across multiple domains in infants (e.g., behavioural, physiological), both observational measurements of infant behaviour and measurements of neurophysiological activity (e.g., electroencephalography (EEG) and electrocardiography (ECG)) have been used to assess its functioning (Field et al., 2002; Fox, 1991; Lusby et al., 2014, 2016; Porges, 2007; Thayer et al., 2009).
	Using EEG, infant corticolimbic brain activity can be measured to quantify patterns of resting frontal alpha asymmetry (FAA), the relative activity of the right and left frontal hemisphere of the brain. This pattern of activity is believed to be indicative of an individual’s approach-withdrawal motivations (Harmon-Jones & Gable, 2017). While approach motivations are connected to positive emotionality, withdrawal motivations are linked to avoidance and negative emotionality. Individuals who display greater right FAA are thought to have a more dominant withdrawal motivation which may place them at a greater risk of  poor ER and psychopathology (Harmon-Jones & Allen, 1997).
	In section 1.4, the role of subcortical regions in ER and their key role in emotion processing was highlighted. The amygdala has connections to two cortical regions involved in the identification of the level of threat (e.g., anterior insula (AI) and dorsolateral ACC; Seeley et al., 2007), as well as subcortical regions responsible for initiating a bodily response following stimulus detection (e.g., hypothalamus, periaqueductal grey (PAG; Rodrigues et al., 2009)).  Approach-avoidance motivations involve the regulation of the amygdala by the PFC (Kaldewaij et al., 2016), and given the role of the early socioemotional environment on approach-avoidance motivation development, PPD-related deficits in the quality of mother-infant socio-emotional interactions may alter the activity of the infant amygdala and its connection to the PFC. With this as rationale, maternal treatment for PPD may improve an infant’s socioemotional environment, alter infant amygdala activity and lead to more approach behaviours, and greater left FAA.
	Heart rate variability (HRV), the variation in time between each heartbeat, is another neurophysiological marker of infant ER as it measures the activity of the parasympathetic nervous system (PSNS) within the Autonomic nervous system (ANS). The ANS’s key role is in regulating the body’s different physiological processes (e.g., heart rate, respiration, digestion) to ensure that the body remains in homeostasis (Berntson et al., 1993). 
	The two branches of the ANS, the sympathetic nervous system (SNS) and PSNS actively operate to counteract one another. While the SNS mobilizes the body’s physiological systems to react to stress, the PSNS promotes bodily relaxation. A key component of the PSNS, the vagus nerve, innervates the heart and controls the cardiovascular system, and works to inhibit the activity of the SNS on the cardiac system (Thayer & Brosschot, 2005). But, in stressful situations, vagal activity is supressed and the SNS takes over to allow for stress reactions. This “withdrawal of vagal activity” can be quantified to represent PSNS control and provides a measurement of how individuals respond physiologically to stressors (Propper & Moore, 2006). Heart rate variability at the frequency of respiration (HF-HRV) can be used to quantify vagal tone. In infants, this frequency is typically between 0.24 to 1.04 Hz (Laborde et al., 2017). Greater ER is represented by an increase in HF-HRV at rest as it indicates optimal activity of the PSNS in flexibly adapting to the environment (Propper & Moore, 2006).
	Lastly, infant ER is also commonly measured using informant-reports of infant temperament. Rothbart explained that temperament is indicative of differences in individual behaviour based on individual psychobiology (Rothbart, 2007). Parental reports of infant temperament have been found to represent stable, trait-related differences in ER capacity and provide an indication of the way infants interact with their environments. Individuals are thought to be born with an innate disposition and ways in which they react behaviourally and emotionally to stimuli in their environment (Rothbart, 2007). This individual, natural disposition is referred to as their temperament. The Infant Behaviour Questionnaire -Revised (IBQR) is a widely-used, and validated informant-report measure of infant regulatory temperament (Putnam et al., 2014).The regulatory capacity/orienting domain of the IBQR in particular, is a reliable indicator of infant ER and has been used in studies of maternal intervention to assess the effect of PPD treatment on infant ER (Krzeczkowski et al., 2021a; Putnam et al., 2008).
1.7 Consequences of PPD on Infant Emotion Regulation Development
As PPD can affect the quality of mother-infant interactions, it can interfere with the ability of mothers to identify and respond to their infant’s cues in an optimal manner (Feldman, 2007a). Mothers who fail to respond to infant cues and regulate their infants’ emotional states, can impede the development of infant ER (Feldman, 2007a). This disruption in optimal ER development may have a programming effect on the sensitive neuronal circuits that rapidly develop during the early postnatal period (Van den Bergh, 2011). Infants exposed to PPD have displayed both functional and morphometric changes in brain regions key to emotion regulation. Morphometrically, increased amygdala volume has been found in a longitudinally- followed group of children exposed to maternal depression early in life (Lupien et al., 2011). Functionally, infants exposed to PPD display brain activity indicative of a tendency towards negative emotionality (right FAA) and less flexibility of the autonomic nervous system (lower levels of HF-HRV; Field & Diego, 2008; Lusby et al., 2014a).
Optimal ER capacity is vital to healthy cognitive, socioemotional, and behavioural functioning (Calkins et al., 2021). Consequently, problems with ER are predictive of future behavioural problems and conduct disorder in adolescence (Beauchaine et al., 2007). Difficulties with ER during infancy can have profound long-term consequences such as a greater risk of criminal convictions and substance abuse (Moffitt et al., 2011) and psychiatric disorder later in life (Netsi et al., 2018). Fortunately, if mothers are treated while their infants are still in a period of enhanced neuroplasticity, we may be able to mitigate any serious developmental consequences before they occur.	
Although the research that has identified PPD as being responsible for a number of developmental consequences in offspring is robust, the studies that have attempted to assess whether maternal intervention can mitigate these consequences are relatively sparse. For example, just one study appears to have assessed whether maternal treatment of PPD can elicit change in neurophysiological and behavioural markers of infant ER (Krzeczkowski et al., 2021b). In their observational study, Krzeczkowski and colleagues reported adaptive changes in two neurophysiological markers of ER (FAA, HF-HRV) as well as a behavioural measure of ER (orienting/regulatory capacity domain of the IBQR) in the infants of mothers who received a 9-week intervention. However, while this work added invaluable insights, there are a number of limitations in the PPD intervention that limit its ability to treat a large population of mothers and birthing parents. In this study, the PPD intervention was delivered by expert therapists in a specialized perinatal psychiatric clinic.  Given the knowledge that PPD exposure is associated with suboptimal ER, and impairments in infant ER are linked to a host of negative consequences, focusing on increasing access to maternal PPD treatment may be an important step toward reducing the rates of psychiatric disorder in the population.
[bookmark: _Hlk85389173]2. Developing Scalable, Evidence-Based Mental Health Interventions

2.1 Access to Treatment during the Postpartum Period 

Untreated PPD can significantly affect the long-term physical and mental well-being of mothers and birthing parents with PPD. If left untreated, PPD can develop into persistent major depression (Horowitz & Goodman, 2004) and can increase the risk of several other difficulties including alcohol and recreational substance misuse (Chapman & Wu, 2013), and weight problems (Milgrom et al., 2012). However, treating maternal PPD early appears to circumvent future physical and mental health problems. Early intervention therefore may be key to drastically improving long-term outcomes in mothers and may be capable of mitigating negative effects that longer-term exposure to maternal depression could have on infants.
Despite the well-known burden of PPD and the potential for its treatment to benefit both women and their infants, it remains undertreated. Even in the presence of effective screening measures, just one in four mothers and birthing parents with PPD are detected (Coates et al., 2004). Of those detected, just 30% seek treatment (Reay et al., 2011). This is largely due to the many barriers to treatment that exist in the present health care system that prevent these individuals from both seeking and receiving evidence-based treatment. As a result, as few as one in ten receive evidence-based care for PPD (Cox et al., 2016).
The National Institute for Health and Clinical Excellence (NICE) clinical guidelines for antenatal and postnatal mental health from the UK recommend evidence-based psychological interventions such as cognitive behavioural therapy (CBT) or interpersonal therapy (IPT) as first-line treatments for women with PPD (NICE, 2007). Past randomized controlled trials (RCT) have highlighted the effectiveness of structured therapies like CBT (Sockol, 2015) and IPT (Sockol, 2018) in treating maternal PPD. Although antidepressants also appear to be effective (Butler et al., 2006) individuals with PPD are reluctant to use medication out of fear of exposing their newborns to medication through breast milk (MacQueen et al., 2016). Additionally, the NICE guidelines (2015) recommend that a greater threshold be used when resorting to psychopharmacological treatment for mild to moderate depression, and that efforts be made to make psychological treatments more readily available.
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Unfortunately, at present the traditional health care system is ill-equipped to deal with common, time-sensitive conditions that require psychological treatment like PPD. As a result, even when PPD is detected, women rarely have access to evidence-based psychotherapies or are faced with long wait times and expensive private services (Bina, 2020; Boyd et al., 2011; Edge & MacKian, 2010). Additionally, most individuals with PPD are primarily treated by their family physicians who often lack the specialized training and the time to provide psychotherapy. These factors, along with the stigma surrounding PPD and reluctance to openly disclose their mental health difficulties out of fear that they will be reported to child protective services keep many from disclosing their symptoms (Byatt et al., 2013; Edwards & Timmons, 2005; Hadfield & Wittkowski, 2017; Heneghan et al., 2004; Prevatt et al., 2018; Santoro & Peabody, 2010; Thomas et al., 2014). As many mothers find it difficult to speak to their physician or other healthcare professionals, they are also unable to obtain the referrals needed to access mental health services. Treatment options that can address these barriers, encourage more women to seek treatment, and can ensure the timely treatment of PPD are needed to mitigate the burden of PPD on women and their infants. 
2.2 Social Support an Important Factor during the Postpartum Period
Not only do mothers report experiencing a lack of social support during the postnatal period (Negron et al., 2013), but social isolation has been found to be a predictor of PPD development (Nielsen et al., 2000). Research that has sought to identify protective factors for PPD has highlighted the importance of a strong social support and community (Slomian et al., 2019). As mothers with PPD are riddled with feelings of guilt and shame about their ability as a mother, group interventions with other mothers may be especially beneficial to their treatment success. In fact, group interventions in informal community settings may especially encourage more women to seek and participate in treatment all while providing them with the opportunity to build strong networks of support within their communities.  
2.3 Potential for Group CBT to Target Barriers to PPD Treatment 
Presently, existing healthcare systems in Canada are unable to meet the needs of women and individuals with PPD and just one out of every ten women will receive evidence-based care (Cox et al., 2016).  As such, innovative methods of treating PPD are needed that are designed to reduce barriers to access, while being potentially amenable to widespread dissemination. Although evidence-based psychotherapeutic interventions like CBT are preferred by those with PPD (MacQueen et al., 2016) and are recommended by clinical practice guidelines (NICE, 2007), access to individual psychotherapy is limited and there are many barriers to its receipt. These barriers include, but are not limited to time constraints, excessive cost, and a lack of available services (Mohr et al., 2010). Group delivery may be one solution to increasing the number of women able to receive psychotherapy. Group CBT appears to be effective in treating PPD (Honey et al., 2002; Milgrom et al., 2005), and is preferred as many individuals with PPD value the support and normalization of symptoms (Dennis & Chung-Lee, 2006; Lavender et al., 2016).
Cognitive behavioural therapy (CBT) is ideal for group delivery because its content allows participants to discuss scenarios, work together to problem solve, and allows participants to learn from other members in their group.  Because group CBT allows for more individuals to receive treatment at one time, this format of therapy also has the potential to reduce treatment costs and reduce waitlists. 
This treatment modality may also encourage more mothers and birthing parents to seek out treatment. Since social isolation is a common symptom of PPD (Dennis, 2014; Mills et al., 1995), having the opportunity to connect with a group of individuals experiencing the same challenges, may be especially encouraging.  Taken together, a group CBT intervention may be an efficacious and cost-effective solution to timely PPD treatment, that may encourage more mothers to seek treatment, while directly addressing their social needs.
2.4 Task-Shifting the Treatment of PPD
CBT is traditionally delivered by licensed mental health practitioners with formal training in medical settings, creating further hurdles for women hoping to access treatment. For most mothers and birthing parents, accessing even group CBT is unrealistic as the cost of care is too high, medical professionals are seen as too intimidating and the availability for these forms of treatment are low and so wait lists are long (Bina, 2020; Boyd et al., 2011; Edge & MacKian, 2010). 
Task-shifting, the redistribution of tasks from specialized experts to those with less training has become increasingly popular in mental health care service delivery over the last two decades (Fuhr et al., 2019; Rahman et al., 2016; Sikander et al., 2015; Singla et al., 2020; Van Lieshout et al., 2022). Moreover, since a key barrier to up-scaling mental health treatments is the scarcity of skilled human resources, task-shifting the treatment of PPD will allow for those with formal psychiatric training to focus on more severe psychiatric disorders and potentially reduce the overall burden on the healthcare system. 
Task-shifting has largely been used in low and middle-income countries (e.g., Pakistan, Zimbabwe) to increase healthcare access in rural communities that have few health care resources available (Chibanda et al., 2014; Rahman et al., 2016). A review of evidence-based psychological treatments delivered by lay people have highlighted the effectiveness of these treatments (Singla et al., 2017). In India, Patel and colleagues  (2017) had non-specialist lay counsellors deliver a psychological treatment using the principles of behavioural activation to individuals with moderate to severe depression. Their task-shifted intervention significantly improved symptoms of depression in its participants and nearly two-thirds of participants experienced remission. In this study, the lay people delivering treatment were mostly community health workers or individuals with an existing relationship with others in the community. Although we cannot say for certain, the familiarity of the participants with the individuals delivering the treatment may have contributed to the treatment success. 
In Zimbabwe, Chibanda and colleagues had trained peer counselors use problem solving therapy to treat mothers with PPD (Chibanda et al., 2014). Like Patel and colleagues, they found their task-shifted intervention to be effective in reducing morbidity among their study participants. These studies suggest that task-shifting to lay persons may be a key strategy in reducing disparities in receipt of psychological evidence-based treatments. Given the significant burden that PPD places on mothers and birthing parents, and the future health of their infants, finding scalable, evidence-based methods of treating PPD that are engaging to women and easy for them to access is of utmost importance.  
2.5 Task-Shifting PPD Treatment to Public Health Nurses
Public Health Nurses (PHNs) are a frequent, first point of contact for many mothers in the postpartum period, as they already have an existing role in the screening for PPD. As part of their existing roles in postpartum care, PHNs often provide mothers with support, despite not having the psychiatric training to offer formal psychotherapies. In a qualitative study, PHNs reported that they believe that their roles should involve the management of PPD and the delivery of psychotherapy (Segre et al., 2010). However, lack of formal training is a key barrier (Higgins et al., 2018). Given PHNs’ existing skills in providing women in the postpartum period with care, if given the opportunity to take part in formal training, they could play a key role in increasing treatment access. In fact, a recent study reported that most women with PPD felt that nurses were the optimal non-specialist provider of psychotherapeutic interventions (Singla et al., 2020).
To date, there is evidence to suggest that nurses can play a greater role in the psychological treatment of women with PPD. However, a majority of the research that has assessed the effective of nurse-delivered psychotherapeutic interventions for PPD have grouped nurses with other healthcare professionals and so isolating the effect of nurses alone is difficult. For example, using a randomized controlled trial (RCT) design, Murray and colleagues (Cooper et al., 2003) demonstrated that a group of nurses, midwives, and psychologists could deliver effective individual CBT for PPD. Interestingly, clinical improvements were greater following a nurse or midwife-delivered intervention, compared to the psychologist-delivered intervention. Morrell and colleagues used a cluster RCT to demonstrate that 8 weeks of individual CBT or person-centered therapy delivered by health visitors (nurses or midwives) led to symptom improvements at 6 and 12 months following maternal intervention (Morrell et al., 2009).
Using an 8-week psychoeducation group intervention with a CBT component, Honey and colleagues demonstrated that nurses and midwives could deliver an intervention that led to improvements in mothers’ symptoms 6 months following intervention completion (Honey et al., 2002). 
Recently, Dennis and colleagues conducted a RCT to test the effectiveness of individual IPT delivered by nurses over the phone and found IPT to be more effective than treatment as usual (Dennis et al., 2020). Although these studies highlight the potential for nurses to deliver effective psychotherapy to women with PPD, many of these studies aggregated nurses with other healthcare workers and just one study included a group intervention.  
Given this background, Van Lieshout and colleagues recently conducted an RCT to test the effectiveness of a PHN-delivered group CBT intervention designed to treat mothers with PPD in a community setting (Van Lieshout et al., 2020). This PHN-delivered intervention effectively treated symptoms of depression and anxiety in mothers, and changes appeared to remain stable six months following treatment.  In fact, changes in maternal symptoms following this intervention were similar in magnitude to other studies of psychotherapeutic interventions delivered by expert therapists (Sockol, 2015, 2018).
[bookmark: _Hlk118741733]2.6 Task-Shifting to Peers with Lived Experience
Still, the unique experiences of women and individuals with PPD often may make them reluctant to disclose their symptoms to healthcare professionals. For this reason, provisioning the treatment of PPD to those who have a history of PPD, but have since recovered (e.g., peers) may play a key role in increasing treatment among those with PPD. In a qualitative study looking at mothers’ support needs, Letourneau and colleagues (2007) found that women had a desire to receive support from someone who understands them and has had similar experiences. Support facilitated by peers has been found to show the promise when compared to other interventions, including those delivered by professionals and paraprofessionals (Leger & Letourneau, 2015). Given that peer support may be especially beneficial for women with PPD, designing psychotherapeutic interventions delivered by peers may be especially effective for PPD treatment. The ability to truly empathize with the individual receiving support is what can set peer support apart from other forms of social support. In fact, a key characteristic of peer support providers that may be beneficial is that they have experiential knowledge and have “been through it” themselves (Nicole et al., 2007). To those with PPD, this may have a dramatic impact on their motivation to seek and remain in treatment.
To mothers and birthing parents with PPD, peers are a particularly credible source of information, and are seen as less judgemental, less stigmatizing, and more approachable than healthcare professionals (Bryan & Arkowitz, 2015; Montgomery et al., 2012; Singla et al., 2014). Those with PPD may see peers as less likely to report common problems to child welfare authorities, they promote the normalization of symptoms, and have valuable experiential knowledge. They also serve as positive role models, highlighting potential pathways to recovery for PPD sufferers while providing support and guidance. Importantly, feelings of mutual empathy and empowerment may be a particularly important aspect of peer treatment delivery for those with PPD.  Being given the opportunity to facilitate the recovery of individuals currently experiencing PPD provides peers with the opportunity to serve as a role model, enhance their own problem-solving skills and learn vicariously through their treatment of others. Importantly, recent reviews suggest that peers may be just as effective as professionals at treating individuals with depression using CBT (Bryan & Arkowitz, 2015; Lavender et al., 2016). 
To date, few studies have examined the effectiveness of a peer-delivered intervention on the treatment of PPD. Dennis and colleagues assessed the effectiveness of an individual, peer, telephone-based intervention for pregnant women and found this peer-based intervention to be effective in preventing PPD in those classified as being at-risk of PPD (Dennis et al., 2009). Yet in another study, LeTourneau and colleagues used a peer-delivered intervention with women who currently had PPD and found that their individual, home-based peer intervention did not lead to reductions in symptoms of PPD (Letourneau et al., 2015). 
More recently, Fuhr and colleagues conducted a RCT in rural India where pregnant women with depression participated in a behaviourally-based psychosocial intervention delivered by other women in their community (Fuhr et al., 2019). They found no differences in depression symptom severity in their treatment and control groups. This intervention was also implemented in an RCT that took place in Pakistan (Sikander et al., 2019).While some improvement in symptoms of PPD were found, these improvements did not persist at 6-months of follow up. However, it is not clear whether the peers in these trials had lived experience of PPD. Because these trials were conducted in low and middle-income countries, it is also difficult to apply their findings to the context of high-income countries like Canada. Considering the potential for peer delivery to have a major impact on PPD treatment, there is a need to design peer interventions for PPD that are in treatment formats that those with PPD prefer (e.g., group CBT in community settings) and are delivered by individuals that make them feel comfortable (peers).  
Postpartum depression is relatively common (Gaynes et al., 2005) and recovery rates are high, highlighting the large population of recovered “peers” that could exist to help current sufferers. Given this large supply of potential peers, women’s desire to help others recover from PPD, and the possibility that they may be able to deliver CBT as effectively as trained professionals (Bryan & Arkowitz, 2015; Montgomery et al., 2010), task-shifting the psychotherapeutic treatment of PPD to peers, particularly in group format, offers a potentially effective, accessible, and cost-effective way to reduce the burden of PPD on women and mitigate any negative developmental consequences on their infants. Providing mothers with PPD with effective and accessible treatments that they prefer may be an impactful step towards reducing the prevalence of mental health disorder in the Canadian population.  
[bookmark: _Hlk118741776]3. Objectives of the Present Thesis
A key paradigm in mental health research has been that developmental outcomes have their origin in the perinatal period. Despite the substantial amount of evidence that has connected PPD to a number of negative outcomes in infants, we have yet to sufficiently examine whether treating maternal PPD could reduce these effects. Interventions designimped to allow for timelier PPD treatment may reduce the transmission of psychiatric risk from mother to infant, and therefore reduce the risk of psychiatric disorders across the lifespan. Furthermore, early prevention of psychiatric disorder may be much more cost- effective, less burdensome on the healthcare system, and may provide a more effective solution to reducing the prevalence of mental illness in Canada and beyond.  
The following chapters in this dissertation include three studies that sought to assess whether maternal treatment of PPD with task-shifted, group CBT interventions can begin to interrupt the transmission of psychiatric risk from mother to infant. The first study tested the efficacy of a novel, peer-delivered group CBT PPD intervention in treating symptoms of depression in mothers, while the second study examined whether maternal participation in this peer-delivered intervention would also lead to adaptive change in multiple markers of infant ER following maternal treatment. The third and final study examined whether a PHN-delivered intervention that was effective in treating maternal PPD can also result in changes across multiple markers of infant ER. Taken together, this body of work sought to determine whether task-shifted interventions for maternal PPD are effective in both treating mothers and mitigating the negative effects of PPD exposure on infant ER. 
Chapter 2: Peer-Delivered Cognitive-Behavioural Therapy for Postpartum Depression: A Randomized Controlled Trial

In the first study, we used a randomized controlled trial (RCT) with a waitlist control group to examine whether a nine-week Cognitive Behavioural Therapy (CBT) group delivered by peers in a community centre could treat PPD in mothers. Peers included women who had a history of PPD but had since recovered and were willing to be trained to deliver group psychotherapy in a community-setting. We found that this peer-delivered group CBT significantly improved symptoms of depression and anxiety in women. We assessed stability in symptom improvement and found that reductions in symptoms remained stable six months after treatment initiation.
Chapter 3: The Impact of Peer-Delivered Cognitive Behavioural Therapy for     Postpartum Depression on Infant Emotion Regulation: A Randomized Controlled Trial
After finding the peer-delivered group CBT intervention to be effective in treating maternal PPD, we sought to determine if maternal PPD improvement by way of this treatment would also lead to adaptive changes in markers of ER in their infants. Markers of infant ER included two measures of infant physiology and one maternal-report measure of behaviour. We found evidence of adaptive change in two physiological measures of infant ER but not a behavioural measure of infant temperament following maternal treatment. No change was observed in infant physiology following maternal treatment in infants of mothers who were taking part in a nine-week waitlist period.  
Chapter 4: PHN-Delivered CBT for PPD: A Randomized Controlled Trial Assessing the Effects of Maternal PPD Treatment on Infant Emotion Regulation

Finally, we examined whether a second task-shifted intervention that included group CBT delivery in a community setting by Public Health Nurses (PHNs) would also lead to adaptive change in infant ER. This study used an RCT design with a control group of women with PPD who received treatment-as-usual. Following nine weeks of maternal treatment, we found evidence of infant ER change in a single physiological marker of infant ER, while we found no change in two other markers.
We sought to examine whether maternal treatment with a task-shifted intervention for PPD would translate to adaptive changes in their infants, break the familial cycle of mental health risk, and potentially have a large public health impact. Overall, our findings suggest that PPD interventions delivered by non-professionals, may lead to adaptive changes in infant ER following just nine weeks of maternal treatment. These results hint at the potential of timely maternal treatment to disrupt the transmission of psychiatric risk from parent to infant. 
The first study in this thesis has been published, while the second study is under review, and the final study is in the process of being prepared for submission. The first and second study of this thesis include data from the same randomized controlled trial and as a result, there is duplication in the methods. The second and third study used the same outcome measures to assess their main outcome, infant ER, as such, there are instances of duplication in the methods sections of these two studies.
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Context and Implications: As discussed in Chapter 1, maternal Postpartum depression (PPD) has harmful effects for mothers and their infants. Yet, the healthcare system is unable to provide those with PPD with timely, accessible, evidence-based treatments. As a result, this study sought to determine if a task-shifted intervention, peer-delivered group Cognitive Behavioural Therapy (CBT) is effective in treating those with PPD.
Our findings that a peer-delivered intervention effectively treated symptoms of PPD, anxiety, and may have led to improvements in mother-infant interactions, are promising. Task-shifting the treatment of PPD may be an effective solution to the limitations of existing healthcare systems and may ensure that more women are able to access the treatment they need.
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Abstract
Objective: To determine if a 9-week group cognitive-behavioural therapy (CBT) intervention delivered by women who have recovered from postpartum depression (peers) can effectively reduce symptoms of postpartum depression (PPD) and anxiety and improve social support and the mother-infant relationship.
Methods: A sample of 73 mothers living in Ontario, Canada, were randomized into experimental and waitlist control groups between March 2018 and February 2020. Participants were ≥ 18 years of age, had an infant < 12 months old, were fluent in English, and scored ≥ 10 on the Edinburgh Postnatal Depression Scale. The experimental group completed the 9-week group CBT intervention immediately after study enrollment, while the control group did so after a 9-week waiting period. All outcomes were assessed at enrollment (n = 54) and 9 weeks later (n = 38). Outcomes were assessed in the experimental group at 6 months to assess treatment stability.
Results: Peer-delivered group CBT for PPD led to clinically and statistically significant improvements in symptoms of depression (F1,47 = 22.52, P < .01) and anxiety (F1,45 = 20.56, P < .05) in the experimental group, and these improvements were stable at the 6-month follow-up. Perceptions of impaired mother-infant bonding (t15 = 3.72, P < .01) and rejection and pathological anger (t15 = 3.01, P < .01) also decreased at the 6-month follow-up in the experimental group.
Conclusions: Peer-delivered group CBT for PPD effectively treats symptoms of PPD and anxiety and may lead to improvements in the mother-infant relationship. This intervention is an effective and potentially scalable means by which access to a treatment that meets the needs and wants of mothers with PPD can be increased.

Clinical Trials Registration: ClinicalTrials.gov Identifier: NCT03285139




Introduction
Postpartum depression (PPD) affects up to 1 in 5 mothers and can have profound effects on them and their families (Gluckman et al., 2010; Heim & Binder, 2012). Even though PPD increases the risk of future depressive episodes, parenting problems, and emotional, behavioural, and cognitive difficulties in offspring (Barry et al., 2015; Burke, 2003; Judd et al., 1996; Lovejoy et al., 2000; Murray et al., 2015; O’Hara & McCabe, 2013), just 15% of mothers with PPD receive evidence-based care (Cox et al., 2016; Kingston et al., 2015). Although primary health care providers routinely see women in the puerperium, they often lack the time and expertise to provide the treatment most women prefer: psychotherapy (Goodman, 2009; O’Mahen & Flynn, 2008; Simhi et al., 2019).
Barriers to the receipt of evidence-based care include mothers’ reluctance to disclose symptoms for fear of being misunderstood or judged (O’Mahen & Flynn, 2008), lengthy waitlists for specialized psychiatric services (Bina, 2020; Boyd et al., 2011; Edge & MacKian, 2010), the high costs of private psychotherapy (Bina, 2020; Singla et al., 2020), and a lack of compliance with more accessible options like computerized psychotherapy (Carlbring et al., 2018; Gilbody et al., 2015).
Peer-administered interventions (PAIs), those delivered by former sufferers, are increasingly recognized as alternatives to traditional mental health services and can overcome some barriers to PPD treatment (Bryan & Arkowitz, 2015; Dennis & Chung-Lee, 2006; Goodman, 2009; Newman et al., 2019). They capitalize on the number of women who have experienced PPD and the fact that levels of therapist training may not predict psychotherapy effectiveness (Bickman, 1999; Dennis et al., 2017). Studies that have examined the impact of PAIs for depression among the general population suggest that they have the most impact if they are structured and use evidence-based interventions (e.g., Cognitive Behavioural Therapy (CBT); Bryan & Arkowitz, 2015).
Women who have recovered from PPD are an approachable and empathic source of support and experiential knowledge (Mead et al., 2001; Montgomery et al., 2012; Resnick & Rosenheck, 2008; Solomon, 2004). If trained to deliver structured evidence-based psychotherapies, peers could improve treatment access and uptake (Bryan & Arkowitz, 2015), reduce stigma (Dennis & Chung-Lee, 2006; Holopainen, 2002), and broaden social networks (Prevatt et al., 2018). Participation in group-based interventions during the perinatal period can be particularly helpful as they foster feelings of support and connectedness and can lead to reductions in PPD symptoms (Klier et al., 2001; Pessagno & Hunker, 2013).
Studies of peer-based interventions for PPD have been undertaken, but these are not widely used clinically. Unstructured, individual, telephone-based peer support reduced PPD symptoms in one study (Letourneau et al., 2015), while another trial of one-on-one peer support in home visits (Letourneau et al., 2011) did not. A recent trial of a psychosocial intervention delivered in pregnancy by community-dwelling women in rural India led to no differences in depression symptom severity between intervention and control groups (Fuhr et al., 2019). The same intervention was used in a randomized controlled trial (RCT) in rural Pakistan, where it led to modest improvements in PPD symptoms that did not persist 6 months later (Sikander et al., 2019). In both studies, women were from the community, but had not necessarily experienced PPD.
The primary objective of the present study was to determine if a 9-week group CBT intervention delivered by women who had previously recovered from PPD can effectively reduce PPD in current sufferers. Secondary objectives included examining its impact on maternal anxiety, social support, and the mother-infant relationship.
Methods
Trial Design
Mothers living in the city of Brantford, Ontario, Canada, and outlying areas were recruited between March 2018 and February 2020 into this one-site RCT with experimental and waitlist control groups. This study took place between March 2018 and February 2020 (ClinicalTrials.gov identifier: NCT03285139). Participants were randomized in a 1:1 ratio to receive the 9-week intervention at enrollment (experimental group) or 9 weeks later (waitlist control group). Mothers in both groups could receive usual care (e.g., medication, psychotherapy) during the study. No changes to study methods were made after study commencement. It received ethical approval from the Hamilton Integrated Research Ethics Board, and all participants provided informed consent.
Data were collected at study enrollment (T1), 9 weeks post-randomization (T2), and 6 months later (T3). Data were collected electronically using REDCap (Harris et al., 2009, 2019).
Participants
Women were recruited via online advertising (ie, Facebook), our community partner, local health care providers, or self-referral. Participants were ≥ 18 years old, had an infant < 12 months of age, were fluent in English, and had an Edinburgh Postnatal Depression Scale (EPDS) score ≥ 10 (Cox & Sagovsky, 1987). They had to be free of bipolar, psychotic, or current substance use disorders per the Mini-International Neuropsychiatric Interview (MINI; Sheehan, Lecrubier, Janavs, Knapp, 1998). Eligibility was determined by EPDS cutoff to optimize uptake and maximize generalizability since up to 30% of mothers have these levels of symptoms (Meaney, 2018).
Intervention
The 9-week peer-delivered intervention was based on a previously developed and validated program (Van Lieshout et al., 2020; Van Lieshout, Yang, Haber, 2017). Weekly 2-hour sessions were delivered by 2 peer facilitators. The first half of each session involved instruction and practice of core CBT skills, followed by 1 hour of unstructured discussion on topics relevant to those with PPD (e.g., sleep, supports; Sheehan, Lecrubier, Janavs, Knapp, 1998). Core cognitive skills (e.g., cognitive restructuring) are introduced and practiced from week 1. Behavioural techniques (behavioural activation, relaxation, goal-setting) are introduced in week 2 and continue throughout. The 9-week intervention was administered at a centrally located community center to maximize accessibility.
Peer facilitator recruitment/training. Peer facilitators had recovered from PPD and were identified via responses to social media advertising (ie, Facebook). Ten peers were selected after completing a written application and telephone interview and having depression/anxiety levels below clinical cut-offs (Beck Depression Inventory-II score < 1744 and 7-item Generalized Anxiety Disorder scale [GAD-7] score < 10; (Spitzer et al., 2006)) at recruitment.
Their training included 2 days of in-classroom instruction, participation in a 9-week observership of the CBT intervention delivered by 2 experienced therapists in a hospital setting (followed by a 1-hour discussion post-session), and the delivery of the intervention in pairs. An experienced therapist listened to session recordings and provided 1 hour of supervision to peer facilitators weekly.
Outcome Measures
Participants’ sociodemographic characteristics (e.g., age, household income) and clinical data were self-reported. Participants provided data on our primary outcome (PPD) and the secondary outcomes anxiety (GAD-7), social support (Social Provisions Scale; SPS), and mother-infant relationship (Postpartum Bonding Questionnaire; PBQ) at T1 and T2. The experimental group provided data on these measures 6 months after study initiation (T3) to assess treatment stability. After completing the intervention (T2), participants also completed the Scale to Assess the Therapeutic Relationship-Patient (STAR-P; McGuire-Snieckus et al., 2007).This 12-item measure assesses the nature of the therapeutic relationship between participants and peers using 3 subscales: positive collaboration, positive clinician input, and non-supportive clinician input.
Our primary outcome (PPD) was assessed using the EPDS, a 10-item self-report scale. A score ≥ 10 is indicative of possible depression (Cox & Sagovsky, 1987). The MINI was also administered to examine change in current major depressive disorder (MDD) diagnosis from T1 to T2.
Secondary outcomes included anxiety, which was assessed using the GAD-7 (Spitzer et al., 2006), a commonly used 7-item self-report scale measuring symptoms of generalized anxiety disorder, the most frequent comorbidity of PPD. Social support was measured with the SPS, a 24-item self-report measure of the degree to which the social relationships within an individual’s life provide support (Weiss, 1974). Feelings of low support and social isolation are common with PPD, and group-based interventions are potentially beneficial in the perinatal period because they increase social support and feelings of connectedness (Milgrom et al., 2005).
Mother-infant relationship quality was measured using the PBQ (Brockington, Fraser, 2006), a 25‐item measure of disorders of the mother‐infant relationship. It includes 4 subscales: impaired bonding, rejection and pathological anger, infant‐focused anxiety, and incipient abuse. Problems with mother-infant relationship quality are harmful potential consequences of PPD, but since some studies suggest that psychotherapy can improve mother-infant relationship quality (Cooper et al., 2003), it was assessed in this study.
Sample Size and Statistical Analysis
An a priori power analysis suggested that a sample of 74 women was adequate to detect a group-by-time interaction effect of medium effect size between treatment groups based on a type I error of 0.05 and 80% power (Bryan & Arkowitz, 2015; Huang et al., 2020; Van Lieshout et al., 2020). Data analyses were conducted using SPSS version 26 (Lachin, 2000). T-tests and χ2 tests compared baseline sociodemographic and clinical characteristics between groups. We also examined predictors of loss to follow-up.
Outcome data were analyzed on an intention-to-treat basis in which all follow-up data were analyzed according to participants’ randomization. Linear mixed effects models (LMMs) with restricted maximum likelihood estimation were used to examine the effect of the intervention. Data were structured as a 2-level hierarchy in which outcomes at T1 and T2 were nested within participants to examine the effect of the intervention between groups and over time. Group assignment was included as a fixed effect predictor to account for participants’ being nested within CBT groups. Logistic regression assessed whether randomization increased the odds of (1) a clinically meaningful change from T1 to T2 in EPDS scores (≥ 4 points; (Matthey, 2004) )and (2) remission of current MDD at T2 among participants with MDD at T1. Finally, the Matthey Reliable Change Index (RCI) criteria for the EPDS were also used to classify T1 to T2 score change into 4 categories: (1) “recovered”: EPDS score decreased by ≥ 4 points and was < 10, (2) “improved (but not fully recovered)”: EPDS score decreased by ≥ 4 points but had scores ≥ 10, (3) “deteriorated”: EPDS score increased by ≥ 4 points, and (4) “unchanged”: EPDS score decreased by < 3 points.
Treatment stability. To examine whether the effects of the intervention were stable in the experimental group, paired-samples t-tests were conducted to compare means at T2 and T3 within the experimental group. The Pearson r was also used to define intervention effect stability.
Results
Of 105 women screened, 73 met eligibility criteria and were randomized between March 2018 and February 2020 (Figure 1). Thirty-seven were randomized to the experimental group and 36 to the control group. The onset of COVID-19 prevented us from recruiting our target sample of 74 participants. Fifty-four participants (74%) provided data at T1, 38 (52%) at T2, and 17 experimental group participants provided data at T3.
Baseline demographic characteristics did not significantly differ between groups (Table 1). Table 2 includes outcome means and effect sizes. At T1, the mean (SD) experimental group EPDS score was 16.0 (3.7), and 70.4% of participants (19/27) had current MDD. In the control group, the mean (SD) EPDS score was 16.8 (4.0), and 65.4% of participants (17/26) had current MDD. Generalized anxiety disorder (GAD; 58.3% [21/36]), panic disorder (38.9% [14/36]), and obsessive-compulsive disorder (27.8% [10/36]) were the most common comorbidities across groups. Of those without current MDD, the most common diagnoses were panic disorder (47.1% [8/17]) and GAD (29.4% [5/17]). At T1, 88.9% of participants (48/54) reported lifetime MDD. From T1 to T2, there were no changes in the number of mental health care visits and in psychotropic medication use in the experimental and control groups.
Peer facilitators were between 20 and 57 years old at recruitment and held a wide range of occupations (e.g., administrative assistant, early childhood educator). Three had prior work experience in health care.
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There were no differences in baseline characteristics of participants who provided data at T1 and T2, and those lost to follow-up. Eighty-four percent of participants (38/45) attended 5 or more of their 9 weekly sessions. Ten groups were delivered with a mean of 5 participants assigned to each group. 
There was a significant group-by-time interaction for change in EPDS scores between T1 and T2 (F1,44.22 = 13.74, p < .01). We analyzed results separately by treatment group and found the main effect of time on EPDS scores was significant (F1,47 = 22.52, p  < .01), and mean scores decreased by 5.4 after treatment in the experimental group. From T1 to T2, participants in the experimental group were 32 times more likely to experience a clinically significant improvement in EPDS scores (≥ 4 points) than control participants (OR = 32.14; 95% CI, 3.51 to 294.22). Those in the experimental group also had 9 times the odds of no longer meet diagnostic criteria for current MDD at T2 relative to control participants (OR = 9.00; 95% CI, 1.14 to 71.04).       [image: Table

Description automatically generated]
Using the Matthey RCI criteria, 40.9% of experimental participants (9/22) were classified as recovered, 54.5% (12/22) as improved, and 4.5% (1/22) as deteriorated at T2. Among the control group, 6.3% of the participants (1/16) were classified as recovered, 31.3% of participants (5/16) as improved, 25.0% (4/16) as deteriorated, and 37.5% (6/16) as unchanged. These proportions differed between groups (χ23 = 14.8, p < .01).
Paired-samples t-tests suggested that EPDS scores were not statistically significantly different from T2 (mean [SD] = 11.1 [4.4]) to T3 (10.6 [6.1]) in the experimental group (t15 = 0.48, p= .64). The Pearson correlation also showed that stability from T2 to T3 was high (r = 0.81, p < .01).
A statistically significant group-by-time interaction predicted GAD-7 scores between T1 and T2 (F1,38.85 = 20.77, p < .01). In the experimental group, the main effect of time on GAD-7 scores was also statistically significant (F1,45 = 20.56, p < .01), such that participants improved over time with mean scores decreasing by approximately 5.5 points at T2. A paired-samples t test showed that GAD-7 scores were not significantly different from T2 (mean [SD] = 7.56 [4.27], n = 16) to T3 (8.13 [4.87]) in the experimental group (t15 = 0.82, p = .42). Pearson correlation determined that stability from T2 to T3 was also high (r = 0.83, p < .01), suggesting that intervention effects were stable for anxiety as well.
There was no statistically significant group-by-time interaction to predict social support from T1 to T2, and SPS scores were not different from T2 to T3 in the experimental group. There were also no statistically significant group-by-time interactions predicting mother-infant relationship outcomes for any PBQ subscale from T1 to T2. However, scores on the impaired bonding subscale changed from T2 (mean [SD] = 10.81 [3.49], n =16) to T3 (6.69 [4.06]) in the experimental group (t15 = 3.72, p ≤ .01), as did scores on the rejection and pathological anger subscale (T2 (6.38 [2.66], n = 16), T3 (3.69 [3.32]; t15 = 3.01,p ≤ .01).
STAR-P results also highlighted that participants experienced a high level of positive collaboration with their peer facilitators, (mean [SD] = 21.47 [2.92], total score = 24, n = 17), positive peer facilitator input (10.35 [2.03], total score = 12), and low levels of non-supportive peer facilitator input (11.24 [1.35], total score = 12).
Discussion
The findings of this study suggest that peers can deliver effective group CBT to women currently struggling with PPD to produce statistically and clinically significant improvements in symptoms of depression and anxiety, effects that were stable up to 6 months. Nearly 95% of women in the experimental group reported recovery or improvement in PPD post-intervention. The intervention did not impact mothers’ perceptions of social support. This lack of impact may be because CBT does not target social support directly (as interpersonal therapy [IPT] does). Peer-delivered group CBT for PPD did not affect the mother-infant relationship immediately post-treatment, but improvements were observed at 6-month follow-up, suggesting that the effects of treatment on this outcome may take more time to manifest.
The magnitude of treatment effect on PPD symptoms in the present study is similar to those found in previous treatment trials of IPT (Sockol, 2018) and CBT (Sockol, 2015) delivered by professionals. The effect of the current intervention may be larger than those for prior peer-delivered treatments for PPD (Huang et al., 2020) because it is based on an evidence-based treatment (Bryan & Arkowitz, 2015) and delivered in a group (Harris et al., 2009; Letourneau et al., 2011, 2015; Sikander et al., 2019).  Not only does group therapy tend to be more cost-effective, it also has the added benefit of building networks of support, reducing stigma and shame. The strengths of the peer intervention are further highlighted by STAR-P results suggesting that participants experienced a mutual openness and trust with their facilitators and felt encouraged and listened to and that peer facilitators could empathize with them.
Peer-delivered group CBT also reduced symptoms of anxiety. Despite anxiety’s being the most common comorbidity of PPD (Taylor & Johnson, 2013), relatively little research has focused on its treatment in the perinatal period (Dennis et al., 2009; Fawcett et al., 2019) particularly in the context of PPD. The observed effects may be due to the fact that CBT is also an effective treatment for anxiety (Beck, 1993).
We also found that intervention effects on depression and anxiety were stable up to 6 months post-randomization. Our use of a validated CBT protocol, participants’ ability to access other treatments, and peer delivery could have contributed to the stability of our findings. Our results are consistent with those from studies of group psychotherapy for PPD delivered by professionals that found a continuation of treatment effects long-term (Klier et al., 2001; Pessagno & Hunker, 2013).
Despite this study’s strengths, its limitations should be noted. Although we had sufficient statistical power to detect meaningful changes, our sample was relatively small. In keeping with the geographic region from which we recruited participants, there was little ethnic diversity, which could affect the generalizability of the results. That said, the sociodemographic characteristics of our sample were similar to those of other RCTs of PPD treatment conducted in higher-income countries (Milgrom et al., 2005; O’Mahen et al., 2013; Wozney et al., 2017). Our study took place in Canada, where health care is universally available, which could limit the applicability of our findings to other countries. Participants in our study were permitted to access other mental health care resources, which could have influenced the observed findings. This study also encountered substantial loss to follow-up between study timepoints. However, our attrition rates were similar to those reported in other RCTs of treatments for PPD (Huang et al., 2020; Lachin, 2000; Matthey, 2004). Additionally, the use of a waitlist control group (rather than placebo control) may have led to larger effects than had a different control group been used (Gold et al., 2017). A waitlist control group was selected because placebo-controlled trials tend to be avoided in new mothers for ethical reasons, and evidence suggests that PPD is not characterized by a significant worsening of symptoms over 3 months (Beeghly et al., 2002; Goodman, 2004).
Another limitation is that we did not measure peer leaders’ adherence to the CBT intervention delivery. Although our results suggest women benefited from the intervention, we did not assess the impact of fidelity to the CBT model on these outcomes. Lastly, we were unable to assess whether there were differential treatment effects based on peer facilitators, as individual peers were randomly assigned to deliver each group. Moreover, while peers were effective in reducing symptoms of PPD, it is not known if peer facilitators need to have experienced PPD to deliver the intervention effectively. For example, it is not clear that women who have suffered from depression at other points in their lives would have been more or less effective.
Future studies should examine the effectiveness of peer-delivered group CBT for PPD in larger trials and in settings where universal health care may not be available. They should also assess cost-effectiveness and attempt to determine if peers can deliver effective group CBT for PPD in the absence of psychotherapy supervision. Given the impact of COVID-19 on treatment availability coupled with the challenges of accessing treatment in rural communities, the effectiveness of online delivery could also be investigated. If successful, virtual interventions could reduce further barriers to treatment and increase access to care.
Despite the substantial burden of PPD on women, children, and their families, the health care system currently struggles to address the treatment needs and preferences of many mothers. Peer-delivered group CBT for PPD has the potential to address these gaps, reducing waitlists and impacts on specialized psychiatric services. Not only does this intervention target the many barriers to PPD treatment, it also was designed with the needs and preferences of mothers in mind. This intervention therefore represents a special opportunity to foster a sense of community among women with PPD, with which feelings of isolation and stigma are common. Peer-delivered group CBT may be an effective and scalable means of addressing the limitations of existing health care systems to address PPD and has the potential to reach women who would otherwise not receive treatment, significantly improving outcomes for them, their families, and society.
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Context and Implications: In Chapter 1 I highlight the importance of early experiences with mothers for optimal infant emotion regulation (ER) development and the consequences to ER development when infants are exposed to PPD. Study 2 examined whether treating mothers with a peer-delivered intervention can lead to adaptive changes in infant emotion regulation (ER) following just nine weeks.
		Study 2 determined that infant of mothers who received peer-delivered treatment exhibited adaptive changes in two neurophysiological markers of ER, although no change was found in a maternal-report measure of infant temperament. This suggests that a potentially scalable, peer-delivered intervention may have the potential to aid in the disruption of the intergenerational transmission of psychiatric risk from mother to infant. 
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Abstract

[bookmark: _Hlk118736573]Background 
Postpartum depression (PPD) affects up to one in five mothers and can have a significant negative impact on their infants. The effects of maternal PPD exposure on infant emotion regulation (ER) may be particularly harmful given their association with later psychopathology. Despite these links and the putative benefits of treating maternal PPD, it remains unclear if treatment can mitigate these risks.

Methods
Seventy-three mothers with PPD from Ontario, Canada were randomized to receive group cognitive behavioural therapy (CBT) delivered by women who had previously recovered from PPD (peers) plus treatment as usual (TAU) or TAU alone. Mothers were ≥18 years of age, had an infant <12 months-old, were fluent in English, and had an Edinburgh Postnatal Depression Scale (EPDS) score ≥10. Mothers in the experimental (CBT+TAU) group participated in the nine-week group CBT intervention, while control group mothers were placed on a waitlist for treatment for nine weeks. Infant ER was assess using two physiological measures (frontal alpha asymmetry (FAA) and High Frequency-Heart Rate Variability (HF-HRV)), as well as maternal reports of infant temperament. Infant data were collected at baseline (T1) and nine weeks later (T2).

Results 
Infants of mothers who received peer-delivered group CBT for PPD plus TAU displayed more adaptive changes in two physiological markers of infant ER from T1 to T2 (FAA (F(1,56)=4.16, p=.046) and HF-HRV (F(1,28.1)=5.57, p=.03)) than the offspring of control mothers. The effect size of these changes for both markers was medium (FAA: Hedges' g = 0.52; HF-HRV: Hedges’ g = 0.73).  Despite improvements in maternal PPD, no differences were noted in infant temperament from T1 to T2.

Conclusions
A brief, task-shifted, scalable intervention for mothers with PPD symptoms may be capable of treating PPD as well as adaptively improve infant ER. Replication in larger, more heterogenous samples will help determine if peer-delivered group CBT for PPD can help disrupt the transmission of psychiatric risk from mothers to their infants.












 Introduction

Postpartum depression (PPD) affects up to one in five mothers and can have profound negative effects on them and their infants (Gaynes et al., 2005; Priel et al., 2019). Offspring exposed to PPD are at an increased risk for emotional, behavioural, and cognitive problems in childhood (Slomian et al., 2019), as well as psychiatric problems later in life (Netsi et al., 2018).
The adverse effects of PPD on infant emotion regulation (ER), the processes involved in modifying emotions in the service of future goals (Thompson, 1994), are common and particularly detrimental to offspring. Emotion regulatory capacity is established in infancy and early problems have been linked to an elevated risk for psychiatric disorders, school failure, and poverty (Calkins et al., 2019; Moffitt et al., 2011).
In the first postnatal year, elevated neuroplasticity of ER systems and their sensitivity to maternal affect and behaviour render it especially vulnerable to the effects of PPD (Calkins et al., 2019; Tottenham, 2019). However, since the development of ER is largely shaped by maternal interactions, the malleability of the brain during this period provides an opportunity to adaptively change infant physiology through maternal treatment. 
To date, evidence from trials examining whether treating PPD can improve infant outcomes is inconsistent, and the impact of maternal treatment on offspring remains unclear. While some RCTs have found that treating PPD has benefits for infants (e.g, Cicchetti et al., 2000; Handley et al., 2017; Stein et al., 2018) others have not (e.g., Ammerman et al., 2015; Bilszta et al., 2012). However, most of these studies have relied on maternal reports alone and/or individual observational methods.
Only two RCTs have examined the impact of treating maternal PPD on infant ER, and both (Cohen et al., 2002; Stein et al., 2018) used a single method to assess ER despite recommendations that multiple modalities be used (Fox, 1998). As infant ER involves the activity of the nervous system and behavioural responses (Fox, 1998), multimodal approaches (e.g., physiological, behavioural) are needed to capture the full scope of functioning. 
[bookmark: _Hlk75346518]	Physiological measures of ER provide the sensitivity to detect subtle changes in infants that may not manifest behaviourally. Since environmental changes can alter the development of the neurophysiological circuits underlying ER, it has been recommended that studies utilize sensitive, objective, physiological measures of infant ER systems. Past research has found that infants exposed to PPD display elevated right frontal asymmetry on electroencephalography (EEG; Lusby et al., 2014) as well as lower heart rate variability (HRV; Field & Diego, 2008), two markers of reduced ER capacity and later mental health risk (Allen & Reznik, 2015; Brunoni et al., 2013). Krzeczkowski and colleagues’ (2021) study of 80 mother-infant dyads recently observed improved ER in infants following maternal receipt of group cognitive behavioural therapy (CBT) for PPD. While a shift from greater right to left FAA and significant increases in HRV were observed in the infants following maternal treatment, this study used an observational design, comparing mothers with major depressive disorder (MDD) in a specialized tertiary care outpatient setting to healthy mother-infant dyads. It lacked an untreated PPD control group, and the intervention was delivered by expert therapists. Since most mothers with PPD receive treatment outside of these settings, it is important to examine the impact of interventions delivered in the community. 
Cost-effective psychotherapies that can optimize engagement and be scaled are needed to maximize the societal impact of treating maternal PPD. Task shifting evidence-based psychotherapies like CBT is one potential way to increase uptake and impact. Individuals who have previously recovered from PPD (i.e., peers; Lavender et al., 2016) are seen as a particularly trustworthy and credible source of support and could be capable of providing effective treatment for PPD (Bryan & Arkowitz, 2015). Investigating infant outcomes associated with efficient evidence-based treatments delivered in the community would not only provide compelling evidence on whether this approach could increase maternal treatment uptake, but if intervening can adaptively alter infant ER.
The objective of this study was to compare the effects of peer-delivered group CBT intervention added to treatment as usual (TAU) for mothers with PPD to TAU alone on infant ER using two neurophysiological markers of ER (FAA, HRV) and maternal report of infant temperament. 
Methods
Trial Design
This study included mothers recruited as part of a single-site, randomized controlled trial (RCT) that took place between March 2018 and March 2020 and assessed the effectiveness of peer-delivered group CBT for PPD in Brantford and Brant Region in Ontario, Canada. (ClinicalTrials.gov identifier: NCT03285139). After consent was obtained, participants were randomized in a 1:1 ratio to receive the nine-week peer-delivered group CBT intervention at enrollment (experimental group) or nine weeks later (control group). 
[bookmark: _Hlk74057630][bookmark: _Hlk74578969]Data were collected from mothers and infants at baseline (T1), and nine weeks later (T2). Physiological data were obtained in a private room, and questionnaire data were collected electronically using REDCap (Harris et al., 2009). Mothers in both groups could access treatment as usual (e.g., psychotherapy, medication). In Ontario, Canada, healthcare is universally available, so TAU may include medications and/or psychotherapy from a physician and/or clinician at a provincially-funded facility/program. Private therapists and other treatments could also be utilized by mothers. 
Approval for research conducted with human participants was granted by the Hamilton Integrated Research Ethics Board and all participants provided informed consent. No study methods changed after trial commencement. Study methods are reported following the CONSORT guidelines (Amani et al., 2021). 
Participants
Mothers were recruited through online advertisements (e.g., Facebook), community partners (e.g., Kids Can Fly), healthcare providers (e.g., family physicians), and self-referral. Mothers had to be ≥18 years of age, have an infant <12 months-old, be fluent in English, and have an Edinburgh Postnatal Depression Scale (EPDS) score ≥10 at enrollment. This EPDS score is one of the most commonly used cut-offs for identifying mothers who might have PPD (Cox & Sagovsky, 1987; O’Connor et al., 2016) and was selected to maximize eligibility. Up to one in three mothers have these levels of symptoms (Meaney, 2018) and this cut-off has a sensitivity >85% for major depressive episodes (Levis et al., 2020). Participants also had to be free of a bipolar, psychotic, or current substance use disorder as per the Mini International Neuropsychiatric Interview (MINI; Sheehan, Lecrubier, Janavs, Knapp, 1998).
Intervention
The nine-week peer-delivered group CBT intervention was based on a validated and manualized program (Van Lieshout, Yang, Haber, 2017) that had previously been task-shifted to public health nurses (Van Lieshout et al., 2020). It involved nine weekly two-hour sessions delivered by a pair of randomly-assigned peer facilitators. The first half of each weekly session involved instruction and practice of core CBT skills and was followed by an hour of unstructured discussion of a topic relevant to mothers with PPD (e.g., transitions, sleep). The intervention was delivered at a centrally-located community centre in Brantford, Ontario. Mothers were free to bring their infants to the weekly group. 
Peer Recruitment and Training: Peer facilitators were recruited via social media to identify mothers who had recovered from PPD and were willing to be trained to deliver group CBT. Ten peers were selected based on their written application, a telephone interview, and scores below clinical cut-offs on the Beck Depression Inventory-II (<17; Beck et al., 1988) and Generalized Anxiety Disorder-7 scale (<10; Spitzer, Kroenke, Williams, 2006). The training program included two days of in-classroom learning, followed by a nine-week observership, and then group delivery and supervision after each session (Amani et al., 2021).
Infant Outcome Measures
Sociodemographic characteristics and clinical data were reported by mothers, and infant physiological data were acquired during study visits at T1 (baseline) and T2 (nine weeks later) with mother-infant dyads. Given that ER is best captured using a combination of modalities, the present study included two common physiological indices of ER, (a) frontal alpha asymmetry (FAA) and (b) high frequency-heart rate variability (HF-HRV), as well as an informant measure of ER. 
Procedure: Physiological data were collected from infants during six-minutes of quiet rest. Recordings were taken after dyads were given time to acclimate to the testing room and at a time when infants were in a calm but alert state. Mothers were asked to hold their infants and sit upright during EEG and electrocardiographic (ECG) recordings.
	Frontal Alpha Asymmetry (FAA): FAA was calculated using EEG recordings taken during six-minutes of rest. EEG was recorded using a custom, research-grade, wireless dry-EEG headband developed for infants by InteraXon. These were used for their portability and their potential to measure FAA reliably and validly in infants. The band was placed across the infant’s forehead and wrapped behind the ears. The band includes 5 sensors, two temporoparietal (TP9 and TP10), two frontal (AF7 and AF8), and a reference electrode in the centre of the forehead (Fpz). Data were transmitted from the sensors to the MINDMonitor app where data were epoched to one second intervals and underwent real-time Fast Fourier Transformation (FFT). Data were visually inspected for indications of segments with noise or weak signals that were then excluded. FAA was calculated by subtracting the log-transformed alpha power (4-8 Hz) at AF7 from AF8. Alpha frequency bands in infants have been identified as being within the 4-9 Hz range (Fox et al., 2001). 
	High Frequency-Heart Rate Variability (HF-HRV): Data were recorded by placing pediatric ECG electrodes on the infants’ right shoulder blade and their left-most lower back. HF-HRV was calculated from the ECG trace by extracting the power spectrum (0.24 to 1.04 Hz) that corresponds with respiration for infants (Laborde et al., 2017). Data were then acquired during the six-minute resting-state task using Biolab software (version 3.2.3, Mindware Technologies). Mindware HRV Analysis software was first used to visually inspect data for artifacts, and then to analyze the data in the 0.24 to1.04 Hz frequency domain. 
	Temperament: Mothers reported on infant temperament using the Infant Behavior Questionnaire-Revised (IBQ-R) Short-Form where 91-items on infant behaviour are rated on a seven-point scale (Putnam, Helbig, Gartstein, Rothbart, 2014). A priori, we chose to focus on the orienting/regulatory capacity domain of the IBQ-R to assess ER as it combines the following subscales: soothability, duration of orientation, low intensity pleasure, and cuddliness. This domain is predictive of later effortful control and is a reliable index of ER system functioning (Putnam et al., 2008). Higher scores are indicative of more regulatory behaviours and greater ER capacity. Previous work has linked increased ER capacity measured with physiological measures with increased orienting/regulatory scores (Krzeczkowski et al., 2021). 
	Maternal Postpartum Depression: To determine the effect of the CBT intervention on mothers, we also examined maternal EPDS scores at T1 and T2. The EPDS is a gold standard measure of PPD that consists of ten items (0-3 points) with higher scores suggesting worse symptoms of depression (Cox & Sagovsky, 1987).
Statistical Analysis
[bookmark: _Hlk59188954]Potential predictors of attrition were examined for those who completed the study versus those who enrolled but did not complete the intervention and/or T2 measures. Linear mixed effects models (LMM) with restricted maximum likelihood estimation were used. Data were structured as a two-level hierarchy with outcomes at T1 and T2 nested within each participant to assess the effect of the intervention over time between experimental and control groups. A random-effects intercept was included to adjust for unobserved heterogeneity at the level of the individual participant and control for clustering effects. Group assignment was included as a fixed effect predictor to account for participants being nested within CBT groups. Models with significant interactions were then stratified by group to identify the magnitude of change following the completion of the intervention by the experimental group. Hedges’ g was calculated using experimental group means before and after treatment to determine the magnitude of the treatment effect.
Results
Sociodemographic data stratified by group are in Table 1. At study initiation, 105 mothers were screened for participation, 73 met eligibility criteria and were randomized to either experimental or waitlist control groups (Figure 1). On average, mothers in the present study were 31.2 years old (SD=4.7), 95.8% were married/common-law and mothers had on average 14.6 (SD=1.7) years of education. Nearly 68 % had a diagnosis of current MDD. Infants were 5.3 months-old (SD=3.9), and 55.1% were male. Ten CBT groups were delivered and an average of five mothers were assigned to each group. Eighty-four percent of mothers attended at least five CBT sessions.
Figure 1. CONSORT Flow Diagram
[image: Diagram
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Table 1.  Baseline Characteristics of Participating Mothers and Infants 
	 
	Experimental Group 
	Waitlist Control Group

	Sample Size, N
	25
	23

	Infant Age, months, mean (SD)
	5.0 (4.5)
	5.6 (3.3)

	Infant Birthweight m(SD), grams
	3426.0 (562.8)
	3538.5 (593.0)

	Infant Gestational age m(SD) weeks
	38.0 (7.3)
	38.4 (4.3)

	Infant Sex, male, %                                                               
	65.4%
	43.5%

	Maternal Age, Years, mean (SD) 
	32.4(4.4)
	29.9(4.7)

	Household Income, mean (SD) a

	$75,652.2 (22,120.8)
	$67,000 (21,788.5)

	Marital Status, %
	
	

	Married/Common-law
	100%
	91.0%

	Maternal Ethnicity, %
	
	

	                    White
	96.0%
	95.7%

	Maternal Education (# Years, mean (SD))
	14.5 (18)
	14.2 (1.4)

	Baseline EPDS, mean (SD)
	15.8 (3.7)
	17.0 (4.1)

	Baseline GAD-7, mean (SD)
	12.7 (4.4)
	12.1 (4.7)

	Number of MINI diagnoses in Mothers, mean (SD)
	2.3 (1.4)
	2.5 (1.6)

	Maternal Psychiatric Comorbidity, Yes, %
	69.2 %
	70.8%

	Maternal Psychotropic Medication Use %
	30.8%
	26.3%






















a Before Tax, $CAD
Abbreviations: EPDS, Edinburgh Postnatal Depression Scale; GAD-7, Generalized Anxiety Disorder-7, MINI= Mini International Neuropsychiatric Interview, SD=standard deviation


The 10 peer facilitators ranged from 20-57 years old, had various occupational backgrounds (e.g., administrative assistant, early childhood educator), and three had prior experience working in healthcare (Amani et al., 2021).
Forty-eight participants provided data on at least one outcome measure at T1 and 32 participants provided data at T2 (Figure 1). From T1 to T2, attrition rates were 32% in the experimental group and 34.8% in the control group. All baseline sociodemographic and clinical characteristics were examined as potential predictors of attrition. There were no differences in any of our baseline sociodemographic or clinical characteristics between participants who did not complete the study in either the experimental or control groups. Those who completed data collection did not differ from those who did not. Psychotropic medication use or psychotherapy participation outside of the trial intervention were not different between groups. Table 2 includes means, standard deviations, and sample sizes on infant outcome measures.
Table 2. Outcome Measure Means Before (T1) and After the Nine-Week Intervention (T2) in the Experimental and Control Group Infants
	
	Time 1
	Time 2
	

	Outcome


	   Experimental 
Mean (SD)



	

n
	
Control
Mean (SD)


	

n
	  Experimental
Mean (SD)


	

n
	
Control
Mean (SD)
	

n
	
Hedges’ g

	FAA
	-.02 (.08)
	
20
	-.01 (.11)
	
18
	.03 (.11)

	
15
	
-.04 (.08)

	
14
	
.52

	HF-HRV
	
3.12 (1.40)

	
24
	
3.57 (.84)

	
23
	4.09 (1.10)

	
15
	
3.47 (.79)

	
15
	
.73

	
IBQ-R-REG

	5.07 (.56)
	
25
	
5.21 (.70)

	
21
	4.79 (.72)

	
17
	
5.22 (.62)
	
15
	
 .44


HF-HRV; High Frequency-Heart Rate Variability; FAA, Frontal Alpha Asymmetry; IBQ-R-REG; Infant Behavior Questionnaire-Revised, Orienting/Regulatory Capacity; SD=standard deviation
[bookmark: _Hlk87173858]
High Frequency Heart Rate Variability  
[bookmark: _Hlk87173901][bookmark: _Hlk87173965]	At baseline, infants in the experimental and control group did not differ in HF-HRV. LMM analyses revealed a significant group by time interaction to predict change in HF-HRV between T1 and T2 (F(1,28.1)=5.57, p=.03), suggesting that maternal treatment predicted infants’ mean HF-HRV at T2. Next, we analyzed by group and determined that the main effect of time on HF-HRV scores was statistically significant (F(1,16.1)=10.9, p=.00). The size of this effect was medium (Hedges’ g = 0.73) from T1 to T2, and mean HF-HRV values (Table 2) at T1 and T2 suggested that following treatment, infants in the experimental group manifested an increase in HF-HRV following the nine-week intervention period.  Data collected via ECG could not be analyzed from one control participant at T1 and one experimental participant at T2.
Frontal Alpha Asymmetry
Mean FAA at baseline was not statistically significantly different between experimental and control group infants. LMM analysis revealed a significant group by time interaction to predict change in FAA between T1 and T2 (F(1,56)=4.16, p=.046), suggesting that group assignment predicted change in FAA over time. To further examine the effect of the intervention in the experimental group, we stratified by group and found that the main effect of time on infant FAA was not statistically significant, though p=.05 (F(1,17.4)=4.42) and the size of the effect was medium (Hedges’ g =0.52). Means reported in Table 2 suggest that while the experimental group infants demonstrated a shift to left frontal asymmetry (FAA=.03) at T2, the control group did not. EEG data from one experimental and one control participant at T1, and one experimental participant at T2 were unanalyzable.
Orienting/Regulatory Capacity (Temperament)
At baseline these IBQ-R scores were not statistically significantly different between groups. The results of the LMM analysis did not show a statistically significant group by time interaction to predict orienting/regulatory capacity (F(1,31.1)=.868, p=.36) between T1 and T2. 
Maternal Depression
In the present study, mothers in the experimental group had a mean EPDS score of 15.8(SD=3.7) at T1, and 10.6 (SD=4.2) at T2. Mothers in the waitlist control group had a mean EPDS score of 17.0 (SD=4.1) at T1, and 16.8 (SD=5.2) at T2. The results of our LMM analysis supported a statistically significant group by time interaction predicting change in EPDS scores between T1 and T2 (F(1,41.8)=13.0, p<.01). We analyzed EPDS score by group and found that the main effect of time on EPDS was significant (F(1,23.76)=25.7, p=.00), suggesting that mothers in the experimental group experienced a clinically significant reduction in depression symptoms following treatment. 
[bookmark: _Hlk76215953]Discussion
[bookmark: _Hlk80786546][bookmark: _Hlk87174507]In the present study, maternal treatment of PPD with a nine-week peer-delivered group CBT intervention led to adaptive changes in two neurophysiological markers of infant ER (FAA and HF-HRV). However, while the effect size of these changes was large, and the intervention improved maternal symptoms of PPD, mothers did not report a statistically significant improvement in infant temperament. 
To our knowledge, just three studies have examined changes in measures of offspring ER following maternal treatment for PPD (Cohen et al., 2002; Krzeczkowski et al., 2021; Stein et al., 2018). One RCT (Stein et al., 2018) examined whether CBT combined with a parenting treatment or active control treatment differentially affected an observational measure of infant ER (e.g., Barrier paradigm). They found that infants in both groups displayed ER that matched non-clinical norms after treatment, although this study did not measure infant ER prior to maternal treatment. In another randomized trial that included two different mother-infant PPD interventions (e.g., mother–infant psychodynamic psychotherapy and infant-focused therapy), Cohen et al. (2002) found that an observational measure of infant ER (e.g., Bayley Infant Behavior Rating Scale) improved six months after the intervention. In both RCTs, offspring ER were measured after two years of age and only measured through examiner-rated observations of behaviour. The single study (Krzeczkowski et al., 2021) that used multiple measures of ER suggested that maternal treatment with group CBT for PPD delivered by expert therapists could lead to adaptive changes in FAA, HF-HRV, and parent reports of infant temperament. However, that study’s observational design raises the possibility that regression to the mean could have contributed to findings. 
This study appears to be the first to use an RCT design to assess the impact of maternal PPD treatment on multiple measures of infant ER. In keeping with the findings of Krzeczkowski and colleagues, we found that maternal PPD treatment led to changes in FAA and HF-HRV. However, we did not observe changes in maternal report of infant temperament. The exact reasons for the differences in these studies are unclear, but could have been contributed by differences in participants between the two studies. All mothers in Krzeczkowski and colleagues' study required an MDD diagnosis to participate, and over half (55%) were on antidepressants. In addition, all mothers in that study had been referred to a specialized perinatal mental health clinic and had been receiving treatment for up to two months prior to trial initiation.
Our study found evidence of adaptive changes to both corticolimbic (FAA) and parasympathetic (HF-HRV) systems of infant ER following maternal PPD treatment. Since mothers with PPD are at increased risk for less empathic, sensitive, and responsive behaviour to their infants’ needs (Slomian et al., 2019), and are more likely to be intrusive or withdrawn in their interactions with infants (Field et al., 2003), and because the physiological systems that regulate ER are highly sensitive to the caregiving environment (Calkins et al., 2008; Moore & Calkins, 2004), the changes that we observed in infant ER may be contributed to by alterations to caregiving and mother-infant relationship. In the present study, infants whose mothers were in the experimental group experienced adaptive changes to HF-HRV following maternal treatment. Past research has connected mother-infant synchrony (Moore & Calkins, 2004) and maternal sensitivity (Calkins et al., 2008) to increased vagal tone and higher resting HR. The present study also found a shift to left FAA in the experimental group infants which could be suggestive of a possible change in amygdala-prefrontal cortex circuity (Gee et al., 2013) and its subsequent regulation of amygdala activity. Perhaps mothers became less withdrawn after treatment since withdrawal has been linked with right frontal asymmetry among infants exposed to PPD (Diego et al., 2001). While not assessed directly in this study, improvements in the quality of mother-infant interactions may be a potential mechanism through which treatment affects infant ER, though future work is needed to examine this association further.
The following study limitations should also be noted. Given the challenges of collecting physiological data from infants, recruiting mothers with PPD, and the early cessation of this study due to the COVID-19 pandemic, our sample size is relatively small. This may have reduced statistical power to detect changes, for example in measures of infant temperament. However, the size of our sample is comparable to studies that have collected physiological data from infants (Field et al., 1995; Lusby et al., 2014) and there were no differences between participants who were lost to follow-up versus those who completed the study. Second, participants were primarily white, married or common-law, and lived in a region where universal healthcare is available, affecting the generalizability of our findings. We used the Muse EEG band to assess FAA because it allowed for mobile EEG data from infants in a community setting. It is important to highlight that the Muse EEG band is a newer technology and has not been as widely used in infant research, though our results were consistent with those from a study that used traditional dense-array EEG (Krzeczkowski et al., 2021). Additionally, we did not measure other key ER systems, such as the hypothalamic pituitary adrenal (HPA) axis, and infant outcomes were only measured before and after treatment. Although a later, longer-term follow-up visit was planned, because of the COVID-19 pandemic, it was not possible. 
Future work should aim to replicate our findings in a larger sample over a longer period of follow-up to assess the stability of ER changes in infants. Assessing the impact of PPD interventions delivered virtually is an important next step to reduce barriers to treatment and ensure widespread reach. The peer intervention should also be tested in areas without universal healthcare to determine if treatments for PPD can lead to similar changes across different contexts. Lastly, because we examined resting-state measures of ER, and stress reactivity is an important indicator of ER capacity (Fox, 1998), future work should examine whether maternal treatment affects infant stress reactivity using a combination of observational stress paradigms and measures of HPA axis activity (e.g., salivary cortisol).
Our findings suggest that an affordable and brief task-shifted intervention designed to meet the needs and preferences of mothers may lead to adaptive changes in infant ER. This work highlights the importance of early intervention, the potential role it may play in ensuring optimal infant development, and the potential of the peer intervention to have a significant public health impact.
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[bookmark: _Hlk118746433]Study 3: Public Health Nurse-Delivered Cognitive Behavioural Therapy for Postpartum Depression: Assessing the Effects of Maternal Treatment on Infant Emotion Regulation
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Context and Implications: Considering the consequences of PPD exposure on infant emotion regulation (ER) that are highlighted in Chapter 1, finding effective interventions for maternal PPD is of utmost importance. Study 3 examined whether a second task-shifted intervention, Public health nurse (PHN)-delivered intervention previously found to be effective in treating mothers, may also lead to adaptive changes in infant emotion regulation (ER) following just nine weeks.
		Infants of mothers who participated in the PHN-delivered intervention exhibited adaptive changes in a single neurophysiological marker of ER. These findings provide further support for the effectiveness of PPD interventions delivered by non-professionals. A PHN-delivered intervention that is effective in treating symptoms of PPD in mothers, appears to also lead to adaptive changes in infant ER following just nine weeks of maternal treatment. Evidence of adaptive changes in infants following maternal treatment suggests that we may be able to break the familial cycle of mental health risk and ensure better outcomes for both mothers and infants.
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Abstract 


[bookmark: _Hlk118736747]Background 
Postpartum depression (PPD) has consequences for both mothers and their infants. The effects of PPD on offspring emotion regulation (ER) are particularly deleterious as difficulties with ER predict an increased risk of psychopathology. The present study sought to examine the impact of maternal participation in a public health nurse (PHN)-delivered group cognitive behavioural therapy (CBT) intervention on infant ER. 

Methods
One-hundred and forty-one mother-infant dyads were randomized between April 2017 to January 2020 to experimental (intervention and treatment as usual (TAU)) or control groups (TAU). Infant ER was measured at baseline (T1) and nine weeks later (T2) using two neurophysiological measures (frontal alpha asymmetry (FAA) and High Frequency-Heart Rate Variability (HF-HRV)), and informant-report of infant temperament. 

Results
We found a statistically significant group by time interaction to predict change in HF-HRV between T1 and T2 (F(1,68.3)=4.04, p=.04), but no significant group by time interaction was found to predict change in FAA or temperament. 

Conclusions
The results of this study suggest that PHN-delivered group CBT for PPD may lead to adaptive changes in a neurophysiological marker of infant ER. These findings highlight the importance of early maternal intervention and its potential to disrupt the transmission of risk from mothers to infants. 










Introduction
 	Postpartum depression is a major public health problem that can have long-term adverse effects on mothers and birthing parents, and their infants (Gaynes et al., 2005; Heim & Binder, 2012; Kingston et al., 2012; Tronick & Reck, 2009). One in five mothers/birthing parents will develop postpartum depression (PPD; Gaynes et al., 2005) while up to one in three experience elevated levels of symptoms that do not exceed diagnostic thresholds for a diagnosis of major depressive disorder (MDD; Meaney, 2018). Left untreated, PPD costs $125,000 (CAD; Bauer et al., 2016) over the lifespan, 72% of which is attributed to emotional, behavioural, and/or cognitive problems in offspring (Bauer et al., 2016; S. H. Goodman et al., 2011; Slomian et al., 2019). The effects of PPD on offspring emotion regulation (ER) may be particularly deleterious since difficulties with ER predict an increased risk of most forms of psychopathology, as well as sub-optimal educational and labour market outcomes (Calkins et al., 2019; Panari et al., 2020; Shannon et al., 2007).
[bookmark: _Hlk75173148]The development of the physiological systems involved in infant emotion regulatory capacity are influenced by early postnatal interactions with caregivers, particularly their mothers (Calkins et al., 2019; Tottenham, 2019). The autonomic nervous system (ANS; Porges, 2007; Thayer et al., 2009) and corticolimbic circuits in the brain (Field et al., 2002; Fox, 1991; Lusby et al., 2014, 2016) are key systems involved in the development of ER, and measures of their activity are robust indicators of emotion regulatory capacity. High Frequency Heart Rate Variability (HF-HRV) is a measure of the flexibility of the ANS to adapt to environmental conditions (Propper & Moore, 2006), while Frontal alpha asymmetry (FAA) indexes the relative activation of the left versus right frontal regions of the brain. Both HF-HRV and FAA can be used to measure ER in preverbal infants and are among the earliest markers of infant ER capacity (Field et al., 2002; Fox, 1991; Lusby et al., 2014, 2016; Porges, 2007; Thayer et al., 2009). Infants exposed to PPD tend to exhibit lower HRV and greater right FAA at rest, both of which predict poorer ER and an increased risk of psychiatric problems (Bornstein & Suess, 2000; Coan & Allen, 2004; Mason, 1975; Thayer & Brosschot, 2005).
Despite the long-term adverse effects of PPD and its impact on ER in infants, just 15% of mothers in developed countries will receive evidence-based treatment for PPD (Ko et al., 2012). Numerous barriers to care for mothers/birthing parents with PPD exist including a lack of affordable and preferred treatment options (e.g., psychotherapy) and long waitlists (Goodman, 2009; Jones, 2019). Task-shifting the treatment of PPD from specialized experts to those with less psychiatric training (e.g., public health nurses) is one means through which treatment access can be improved (Van Lieshout et al., 2021). While some evidence suggests that PHNs can deliver effective individual interpersonal psychotherapy (IPT; Dennis et al., 2020) and group Cognitive behavioural therapy (CBT) for PPD (Van Lieshout et al., 2020), it is not clear if such interventions can benefit infant ER. 
To date, just three studies have examined the impact of treating maternal PPD on infant ER (Cohen et al., 2002; Krzeczkowski et al., 2021; Stein et al., 2018). Two of these studies used an experimental design (e.g., RCT; Cohen et al., 2002; Stein et al., 2018) and found evidence to suggest that maternal treatment for PPD may have a positive influence on infant ER. However, maternal treatment began after the first postnatal year, despite this period of time being important for infant ER development (Calkins et al., 2019; Tottenham, 2019) and in both studies, only single observational measures of infant behaviour were used to assess ER. It is important to note that observational and parent-report measures of infant behaviour alone may not capture the full scope of ER (Fox, 1998) and may lack the sensitivity to detect important changes. To date, just one study has measured infant ER following maternal treatment using physiological measures of infant ER (Krzeczkowski et al., 2021). Using an observational study design, Krzeczkowski and colleagues found increased HF-HRV and a shift from right to left FAA following nine weeks of group CBT for PPD delivered by experts to mothers in a specialized perinatal mental health clinic meeting DSM-5 diagnostic criteria for MDD (Krzeczkowski et al., 2021). However, given the observational design and a lack of a depressed control group, this study was not able to rule out whether changes in infants were due to treatment or potential confounding factors (Metelli & Chaimani, 2020).
 Relative to treatments delivered by expert therapists in hospital settings, structured group interventions delivered by PHNs in community settings could have the potential to be more broadly, effectively, and efficiently scaled to improve PPD and infant ER. To help realize this substantial public health potential, the objective of the present study was to determine if participation in a nine-week PHN-delivered group CBT intervention could lead to potentially adaptive changes in infant ER as indexed by two neurophysiological markers (HF-HRV and FAA) and parental reports of infant temperament.
Methods
This study included mother-infant pairs who were part of a parallel-group, single-site, randomized controlled trial (RCT) assessing the effectiveness of a nine-week PHN-delivered group CBT intervention for PPD (Van Lieshout et al., 2021). This study took place in Ontario, Canada (ClinicalTrials.gov identifier: NCT03039530) between April 1, 2017 to January 20, 2020. Mother-infant dyads were randomized in a 1:1 ratio to experimental or control groups. Blocked randomization with block sizes of four, six, and eight was conducted by a statistician using R and implemented by the study coordinator using Research Electronic Data Capture (REDCap; Harris et al., 2009).
Experimental group participants enrolled in the nine-week intervention in addition to receiving treatment as usual (TAU) from their healthcare providers, while control participants received TAU alone. Since healthcare is universally available in Ontario, Canada, TAU could include medications and/or psychotherapy from a physician and/or clinician at a provincially-funded facility/program. Participants could also access private therapists or any other treatments they wished.
The current study was a secondary analysis of a study whose primary objective was to examine if PHN-delivered group CBT for PPD could lead to a clinically significant change in maternal PPD. A priori power analysis determined that a sample of 136 participants (68 per arm) would provide adequate statistical power to address this maternal objective. In addition, other studies examining infant ER have been of a similar sample size (Field et al., 1995; Lusby et al., 2014).
Data were collected at baseline (T1) and nine weeks later (post-treatment in the experimental group; T2). No data were collected at a T3 time point (6 months post-treatment) because of COVID-19 pandemic-related restrictions on face-to-face research in Ontario, Canada. Mothers completed questionnaires electronically using REDCap (Harris et al., 2009) and infant physiological data were collected during in-person study visits at T1 and T2. In-person study visits took place at Niagara Region Public Health. The present study was approved by the Hamilton Integrated Research and the Niagara Region Public Health Ethics Boards. Participants provided informed consent prior to randomization. No study methods changed after trial commencement.
Mother-infant dyads were recruited both through social media advertising (e.g., Facebook, Instagram) and healthcare providers (e.g., public health nurses, midwives, physicians, etc.). Mothers could self-refer to the study or be referred by a healthcare provider. Participants had to be ≥18 years-old, have an infant <12 months, and an Edinburgh Postnatal Depression Scale (EPDS) score ≥10. This EPDS cut-off is typically used in primary care settings to detect PPD (Earls et al., 2010), and was selected because almost 30% of postpartum women experience these levels of symptoms(Meaney, 2018). In addition, the use of EPDS enabled us to maximize eligibility and the public health relevance of our findings. Participants were also free of bipolar, psychotic, borderline or antisocial, or current substance use disorders as per the Mini International Neuropsychiatric Interview (MINI; Sheehan et al., 1998)
Six PHNs were trained to deliver the nine-week group CBT intervention which was effective in improving depression and anxiety in mothers (Van Lieshout et al., 2022). The intervention consisted of nine weekly two-hour sessions delivered by two PHNs. The first half of each session consisted of core CBT content, while the second half included psychoeducation and a group discussion of relevant topics (e.g., sleep, utilizing supports; Van Lieshout et al., 2017, 2020). No formal psychotherapy supervision took place during the intervention delivery, but an expert therapist was available to the PHNs to provide clinical support. 
Sociodemographic, clinical, and infant temperament data were self-reported by mothers, while in-person physiological data were acquired from infants during in-person study visits. 
Physiological data were collected from infants during a six-minute resting-state task. Electrocardiographic (ECG) and EEG recordings were taken while mothers were asked to hold their infants while sitting upright and facing a screensaver. Mothers were instructed not to speak to their infant and to refrain from moving them. Physiological recordings did not begin until dyads were given time to acclimate to the testing room and at a time when infants were calm but alert. Testers remained hidden behind a partition during physiological recordings. 
High Frequency- Heart Rate Variability (HF-HRV): ECG data were collected with the Mindware Mobile Impedance Cardiograph (Mindware Technologies Ltd. Gahanna, OH). ECG electrodes were placed on infants' right shoulder blade and their left-most lower back. HF-HRV was calculated from the ECG trace by extracting the power spectrum that corresponds with respiration for infants (0.24 to 1.04 Hz; Laborde et al., 2017). Data were acquired during the six-minute resting-state task using Biolab software (version 3.2.3, Mindware Technologies Ltd. Gahanna, OH). Mindware HRV Analysis software was used to first inspect the data visually for artifacts, and next to analyze it on a 0.24 to 1 Hz frequency range. Higher values of resting HF-HRV are reflective of more adaptive control and flexibility of the nervous system to handle stress (Porges, 2007; Thayer et al., 2009). 
Frontal Alpha Asymmetry (FAA): EEG data were collected using a custom dry-EEG headband developed by InteraXon for infant use (Krigolson et al., 2017; Ratti et al., 2017). In addition to their portability and ease-of-use, other infant studies suggest that they can collect reliable EEG data (Krigolson et al., 2017; Neto et al., 2021). Each headband includes 5 sensors, two temporoparietal (TP9 and TP10), two frontal (AF7 and AF8), and a fifth reference electrode in the center of the forehead (Fpz). Data were sent from the headband sensors to the MINDMonitor app where they were epoched to one second intervals before a real-time Fast Fourier Transformation (FFT) was performed. Data were then saved in comma separated value (CSV) format. Next, they were visually inspected for segments with noise or weak signals (e.g., repeating values). To calculate FAA, the log-transformed alpha power (4-8 Hz) at the left frontal hemisphere (AF7) was subtracted from the right frontal hemisphere (AF8). Alpha frequency bands in infants are typically within the 4-9 Hz range (Fox et al., 2001; Marshall et al., 2002). Greater resting relative right frontal asymmetric activity (indicated by values <0) reflects a predisposition to experiencing negative emotions, having more withdrawal-related tendencies, and is predictive of later psychopathology (Coan & Allen, 2004), while greater relative left frontal asymmetric activity is reflective of more approach-oriented behaviour and positive emotionality.
Temperament: Mothers reported infant temperament using the Infant Behaviour Questionnaire-Revised (IBQ-R) Very Short-Form, a 37-item questionnaire where infant behaviour is rated on a 7-point scale (Putnam et al., 2006; Putnam et al., 2014). A priori, we decided to examine the orienting/regulatory capacity domain of the IBQ-R as the maternally reported measure of infant ER. This domain is a reliable marker of infant ER (Putnam et al., 2008). Higher scores on this domain suggest greater ER capacity and correlate with greater infant HF-HRV and left FAA (Krzeczkowski et al., 2021).
T-tests and chi-square tests were used to analyze differences in baseline characteristics between groups. Potential predictors of attrition on offspring ER outcomes (HF-HRV, FAA, IBQ-R) were also examined. Maternal depressive symptoms (mean EPDS scores) stratified by group at T1 and T2 were calculated to assess the treatment effect in mothers included in the present study sample. 
We used linear mixed effects models (LMM) with restricted maximum likelihood estimation to examine the effect of the intervention on all three infant outcomes. Using a two-level hierarchy, outcome data at T1 and T2 were nested within each participant to assess the effect of the intervention over time between groups. To account for unobserved heterogeneity at the level of the individual participant and control for clustering effects, a random-effects intercept was included in the model. Lastly, group assignment was included as a fixed-effect predictor to account for participants being nested within different CBT groups. For outcomes that showed a statistically significant group by time interaction, we stratified by intervention group to identify the magnitude of change following the completion of treatment. Intervention effect was calculated for each outcome using means and standard deviations of outcome measures at T1 and T2 in the experimental group.
Results
Table 1 includes a summary of maternal and infant characteristics stratified by treatment group. A total of 141 mothers were randomized to experimental or control groups between April 1, 2017 to January 20, 2020 (Figure 1). Mothers were 30.8 years old (SD=4.7), 92.3% were married or common-law, and had 17.9 (SD=3.4) years of education. Of those in the present study, 67.3% had a MDD diagnosis and 29.9% were taking a psychotropic medication. Infants were a mean age of 5.4 months-old (SD=3.1) at enrollment, and 52.1% were male. No statistically significant differences were found in sociodemographic or clinical characteristics between experimental and control groups at baseline. On average, six mothers attended each CBT group, and 88.3% of participants attended 5 or more sessions.
At T1, 107 participants provided data on at least one outcome measure and 78 participants provided these data at T2. At T1, 53 experimental mother-infant dyads and 40 control group dyads attended in-person study visits. At T2, 37 experimental mother-infant dyads and 24 control group dyads attended in-person study visits. Table 2 includes means, standard deviations, and sample sizes on all measures.


Figure 1. CONSORT Flow Diagram
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We examined baseline characteristics of mothers and infants as potential predictors (infant age, infant sex, maternal age, income, marital status, education, MDD diagnosis, and psychiatric medication) of loss to follow-up for each outcome. None were found to be associated with any infant outcome (HF-HRV, FAA, IBQR-REG). From T1 to T2, attrition did not differ between groups for HF-HRV or IBQ-R scores, but loss to follow-up for FAA was 22.2% in the experimental group and 51.5% in the control group (X2=9.23, p<.01). 
	 
	Experimental 
Group 
	Control Group

	Sample Size, N
	57
	50

	Infant Age, months, mean (SD)
	5.2 (2.8)
	5.5 (3.4)

	Infant Sex, male, %                                                               
	57.7%
	45.5%

	Maternal Age, Years, mean (SD) 
	31.4(4.9)
	30.2(4.5)

	Household Income, mean (SD) a

	$77,663(42,052.9)
	$78,693 (43,859.9)

	Marital Status, %
	
	

	Single
	4.3%
	11.4%

	Married/Common-law
	95.6%
	88.6%

	Maternal Education (# Years, mean (SD))
	17.7(3.5)
	18.0 (3.3)

	Baseline EPDS, mean (SD)
	16.1 (4.4)
	15.7 (3.7)

	Baseline PSWQ-7, mean (SD)
	64.6(8.8)
	63.9(9.4)

	Maternal Psychotropic Medication Use %
	29.8%
	30%

	Current MDD Diagnosis, Yes, %
	66.7 %
	68%


Table 1.  Baseline Characteristics of Participating Mothers and their Infants

aBefore Tax, In Canadian dollars
Abbreviations: EPDS, Edinburgh Postnatal Depression Scale; PSWQ, Penn State Worry Questionnaire, SD=Standard Deviation, MDD, Major Depressive Disorder 
*p<0.05

Maternal PPD Symptoms: In the present study, mothers in the experimental group had EPDS scores that decreased from 16.1 (SD=4.4) to 10.6 (SD=4.6) after treatment, while mothers in the control group manifested a slight decrease in EPDS scores from 15.8 (SD=3.8) at T1 to 13.1 (SD=5.0) at T2. Improvement in the experimental group was greater than the control group (p<0.05). 

Table 2. Impact of Group CBT for PPD on Physiological and Parent-Report Measures of Infant Emotion Regulation 
	
	Time 1
	Time 2
	

	Outcome


	   Experimental 
Mean (SD)



	

n
	
Control
Mean (SD)


	

n
	  Experimental
Mean (SD)


	

n
	
Control
Mean (SD)
	

n
	
Hedge’s g

	FAA
	.08 (.22)
	
45
	.07 (.24)
	
33
	.05 (.16)

	
35
	
.07 (.16)

	
16
	
.15

	HF-HRV
	
3.40 (.99)

	
47
	
3.32 (.87)

	
37
	4.20 (1.11)

	
34
	
3.55 (.83)

	
22
	
.76*

	
IBQ-R-REG

	5.23 (.82)

	
56
	
5.07 (.77)


	
50
	  5.30 (.64)


	
45
	
5.19 (.67)
	
33
	 
.09



HF-HRV; High Frequency-Heart Rate Variability; FAA, Frontal Alpha Asymmetry; IBQ-R-REG; Infant Behavior Questionnaire-Revised Very Short Form, Orienting/Regulatory Capacity; SD=Standard Deviation
*statistically significant change (p<.05) in infant HF-HRV from T1 to T2 in the experimental group
High Frequency- Heart Rate Variability: Infant HF-HRV was not different between experimental and controls groups at T1. A statistically significant group by time interaction predicted change in HF-HRV between T1 and T2 (F(1,68.3)=4.04, p=.04), suggesting that maternal treatment predicted change in infant HF-HRV. After stratifying by group, we found that the main effect of time on HF-HRV scores was also statistically significant (F(1,36.6)=14.26, p=.001). After treatment, experimental group infants had an increase of 0.82 in HF-HRV while the control group experienced a mean increase of 0.22. The magnitude of this treatment effect was medium (Hedges’ g=.76) and suggests that infants’ ER improved with maternal treatment. 
Frontal Alpha Asymmetry: At T1, mean FAA was not statistically significantly different between the experimental and control group infants. Results of the LMM indicated that there was no statistically significant group by time interaction to predict change in FAA scores over time (F(1,57.7)=.25, p=.62), suggesting that maternal treatment did not lead to changes in infant FAA. Experimental group means in Table 2 indicate that at T1 (FAA=.08) and T2 (FAA=.05), mean frontal asymmetric activity did not change substantially and remained as more left FAA following maternal treatment. 
Orienting/Regulatory Capacity (Temperament): At baseline, infants in the experimental and control group did not differ in IBQ-R. Mean scores at T1 and T2, stratified by group are presented in Table 2. To assess the effect of the intervention on maternal reports of infant ER, we used LMM to examine the orienting/regulatory capacity domain of the IBQ-R. Results of LMM indicated that there was no statistically significant group-by-time interaction to predict orienting/regulatory capacity (F(1,85.8)=.000, p=.99). Means reported in Table 2 suggest that maternal report of infant temperament was similar at both time points in both treatment arms.
Discussion
The results of this study suggest that PHN-delivered group CBT for PPD can lead to clinically significant improvements in PPD symptoms in mothers, as well as adaptive changes in a neurophysiological marker of infant ER (HF-HRV). However, it did not lead to statistically significant improvements in infant FAA or maternal reports of infant ER.	
An increasing number of studies are examining the impact of maternal PPD treatment on infant outcomes, including markers of emotional, behavioural, and cognitive development (Ammerman et al., 2015; Bilszta et al., 2012; Cicchetti et al., 2000; Cohen et al., 2002; Cooper et al., 2003; Fonagy et al., 2016; Forman et al., 2007; Handley et al., 2017; Hart et al., 1998; Kersten-Alvarez et al., 2010; Meager & Milgrom, 1996; Misri et al., 2006; Onozawa et al., 2001; Stein et al., 2018b; Toth et al., 2006; Van Doesum et al., 2008; Verduyn et al., 2003). While only three of these measured offspring ER, they did report some positive influence of maternal treatment (Cohen et al., 2002; Krzeczkowski et al., 2021; Stein et al., 2018). However, two of these examined infant ER following maternal interventions delivered after the first postnatal year and both relied on observational assessments alone (Cohen et al., 2002; Stein et al., 2018). While the third study intervened in the first year of life and used physiological measures of ER, their sample was restricted to patients in a specialty perinatal mental health clinic and used an observational design with no PPD controls. The current study utilized a stronger study design (e.g., RCT), included mothers with a range of levels PPD symptoms living in the community, and a cost-effective and preferred, scalable treatment delivered by public health professionals (PHNs). 
After nine weeks of treatment with group CBT for PPD, the present study found a statistically significant increase in infant HF-HRV of medium effect size. This is consistent with Krzeczkowski and colleagues’ observational study of an intervention delivered by expert therapists (Krzeczkowski et al., 2021) and a second RCT of group CBT delivered by mothers who had previously recovered from PPD (Amani et al., 2022 under review). Increases in infant HF-HRV suggest greater flexibility of the autonomic nervous system (ANS) through the activity of the vagus nerve (Porges, 2007; Porges et al., 2011; Quigley & Moore, 2018). 
[bookmark: _Hlk96345009]During the first year of life, the vagal circuitry that governs an infant’s sympathetic nervous system’s fight or flight response begins coordinating its circuits with higher-order cortical processes (Porges, 2007), resulting in the biobehavioural pathway that underlies the social engagement system (SES; Porges, 2007; Porges et al., 2011). This enables infants to use their social environment to regulate their emotions rather than relying on the more primitive fight or flight system (Porges et al., 2011).  In fact, resting state HF-HRV indexes the balance of activity between these two systems (Porges et al., 2011). Since the socioemotional environment plays a key role in SES development (Porges et al., 2011), maternal PPD can negatively impact its development. Infants actively facilitate SES development by seeking out opportunities to engage with their mothers (Atzil et al., 2018). However, mothers with PPD are more likely to miss their infants’ cues and can fail to help their infants’ regulate their emotions (Moore & Calkins, 2004). Given the sensitivity of the SES to an infant’s social environment, even subtle changes (e.g., better recognition of infants’ cues by mothers) may have contributed to the adaptive changes in resting state HF-HRV observed. Indeed, maternal treatment may have reduced mothers’ symptoms of depression and/or anxiety and enabled their infants to better self-regulate, or maternal symptomatic improvements might have helped them to better engage their infants and enhance their self-regulation. However, since we did not specifically examine the factors that may change in mothers following treatment, we cannot say for certain why maternal treatment led to an increase in infant HF-HRV.
[bookmark: _Hlk94001189]Unlike our previous trial of a peer-delivered PPD intervention (under review) and Krzeczkowski et al.’s observational study, we did not observe changes in FAA or maternally reported ER following treatment. It is not clear why our results differ, but it could be due to differences in sample characteristics and/or intervention delivery. Our sample was recruited from the community, and just 67.3% were diagnosed with MDD, compared to Krzeczkowski et al.’s clinical sample where all had MDD (Krzeczkowski et al., 2021). Moreover, participants in the peer-led RCT had fewer years of education and a lower mean household income (Amani et al., 2022 under review) than the present study. As a result, infants in the present study may have had less exposure to negative environmental factors (maternal depression, socioeconomic disadvantage) and so were more limited in the amount they could improve, reducing their ability to initiate changes to large-scale neural networks. Frontal alpha asymmetry and temperament assess stable (Brooker et al., 2017; Müller et al., 2015), trait-related (Fox, 1994; Rothbart, 2007; Smith et al., 2016) mechanisms through which infants interact with their environment (e.g., approach-withdrawal tendencies; Harmon-Jones & Gable, 2017) and both result from the coordinated activity of multiple brain regions (Davidson, 2000; Posner et al., 2012). Therefore, changes in FAA and temperament may require larger changes in an infant’s environment relative to infant HF-HRV, which is sensitive to more acute changes in socioemotional environments (Atzil et al., 2018), or take longer to manifest.
	There may be additional reasons why we did not find change in infant FAA and temperament following maternal treatment. First, infants in our treatment group exhibited greater left frontal asymmetric activity prior to treatment (0.08), while infants in Krzeczkowski et al. presented greater right frontal asymmetric activity at baseline (Krzeczkowski et al., 2021). Second, we used a relatively new mobile, dry EEG system to measure FAA outside, and we may have also had inadequate statistical power to detect changes in FAA and temperament. For instance, while a post-hoc power calculation revealed that we had sufficient statistical power (0.96) to detect changes in HF-HRV, the power to detect differences in FAA and IBQ-R changes was much lower (0.16 and 0.12, respectively).  
	The results of this study should also be examined in the context of some further limitations. In our study, most of our participants were white, married, had several years of post-secondary education, and all lived in a region where healthcare is universally available. Therefore, our findings may not be generalizable to all groups with PPD. It is also important to note that our sample size is small and post-hoc power calculations suggest that we may not have had adequate statistical power to detect changes in two of our infant outcomes (FAA and IBQ-R). Additionally, more participant attrition was observed in the control group, and attrition on FAA was also significantly higher. Because physiological data from infants was collected in community settings, we used the MUSE EEG band for its portability and practicality. While it may have affected our FAA findings, a previous RCT by our group using this technology did replicate the findings of an observational study that used a full dense array EEG system (Krzeczkowski et al., 2021). Lastly, the pandemic limited our ability to examine timepoints beyond the immediate post-treatment period, highlighting the need to examine the longer-term effects of maternal PPD treatment on infant ER. 
The findings of this study suggest that delivery of group CBT for PPD task-shifted to PHNs effectively reduced symptoms of depression in mothers and led to adaptive increases in infant HF-HRV after just nine weeks. These results suggest that treating maternal PPD could have the potential to alter infant ER and neurophysiology at the level of the ANS. However, maternal treatment did not lead to changes in FAA or maternal reports of temperament, and so studies of larger samples examining outcomes over longer time periods are required. While our work highlights the importance of early maternal intervention and its potential public health impact, more work is needed to further our understanding of the mechanisms responsible for putative infant ER change, and the potential long-term impact of early PPD treatment.
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Chapter 5. Discussion
To ensure better outcomes for both parents and their infants, this thesis aimed to contribute to the literature seeking to improve access to evidence-based treatment for PPD and the potential for treatment to benefit infants exposed to PPD. This thesis found that a nine-week, peer-delivered group cognitive behavioural therapy (CBT) intervention for PPD appeared to effectively treat maternal PPD. Mothers who participated in the nine-week intervention experienced clinically significant improvements in symptoms of depression and anxiety, changes that remained even six months after treatment. There was also evidence that maternal participation in a nine-week group CBT intervention for PPD led to adaptive change in at least one physiological marker of ER in their infants. The studies in this thesis highlight the potential of using task-shifting to fill a gap in the current healthcare system’s treatment of common, time-sensitive conditions like PPD. It appears that treating mothers may not only help improve their symptoms but may also mitigate PPD-related consequences for ER development and potentially disrupt the familial cycle of mental health risk. 
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Clinical practice guidelines for the treatment of PPD recommend (NICE, 2007), and those with PPD (O’Mahen & Flynn, 2008) prefer, psychotherapeutic interventions like cognitive behavioural therapy (CBT). However, CBT is traditionally delivered by licensed mental health practitioners in medical settings, creating a number of potential impediments to treatment. Accessibility of even group CBT is rare, as costs are high (Payne & Myhr, 2010) and it requires referrals from healthcare professionals. In a qualitative study, Dennis and Chung-Lee explained that a common-barrier for women in accessing help for their PPD was not being able to disclose their symptoms publicly (Dennis & Chung-Lee, 2006). This reluctance to disclose their symptoms was further reinforced by women’s perceptions that their family members and healthcare providers would be unable to meet their needs and respond appropriately to their unique challenges (Dennis & Chung-Lee, 2006). Indeed, many with PPD decide to not seek treatment out of fear that their desire for psychotherapy will be dismissed and instead, they will be prescribed medication (Holopainen, 2002). One review found that women were reluctant to seek PPD treatment because they were told in the past to “wait and see what happened” by their healthcare providers (Hansotte et al., 2017). Understandably, experiences like these can leave mothers and birthing parents feeling ignored and dismissed by the healthcare system and can deter them from seeking future treatment for PPD. In order to truly increase access, major changes are needed in the way we deliver services to women and birthing parents to ensure that they can receive the treatment options for PPD that they prefer in a timely manner. 
While past peer interventions have highlighted the potential of task-shifting the treatment of PPD, none appear to have been scaled and used widely in clinical practice to date. In one trial, Dennis and colleagues found that treatment with individual, telephone-based peer support led to half the risk of PPD at three months postpartum compared to a control group of untreated mothers with PPD (Dennis et al., 2009). In a second trial, when individual telephone-based peer support was used to treat those currently with PPD, Dennis and colleagues found significant change in depressive symptoms among participants (Letourneau et al., 2015). However, 11% of participants (four out of 34 participants) experienced symptom persistence or relapse. Following peer-delivered group CBT in the present thesis, just one participant (of 22 participants) experienced symptom worsening following treatment completion. Even once group CBT is over, participants are able to use the CBT strategies that they have learned, whereas in a peer support intervention, the benefits of the treatment may no longer be remain once treatment is over. Not only may our peer intervention be more effective, but its group delivery and structured format may give it more potential for scaling up. More recently, Prevatt and colleagues tested the effectiveness of a peer support intervention for PPD delivered in a group (Prevatt et al., 2018). While this group peer intervention appeared to reduce symptoms of depression in program participants, when post-treatment depression scores were compared to a sample of women with PPD who did not receive treatment, there were no differences in symptom reduction at the post-treatment follow-up between these two groups. In the present thesis however, peer-delivery of group CBT resulted in significant differences between our treatment and control group. Notably, Prevatt and colleagues peer intervention involved weekly support groups that were facilitated by maternal health professionals in addition to peers. Although we cannot say for certain, in keeping with past peer-delivered interventions (Bryan & Arkowitz, 2015) co-facilitation of the peer groups by mental health professionals may also have affected the effectiveness of their peer intervention. 
Recently, a systematic review identified seven studies that tested the effectiveness of peer support interventions for PPD and found a medium treatment effect in maternal depression improvement following treatment (SMD=-0.51; Fang et al., 2022). In the present thesis, peer-delivered group CBT intervention appears to have a greater treatment effect (hedges’ g = 1.2). Evidence from peer interventions for depression in the general population have identified the use of structured and evidence-based psychotherapy as being key to ensuring that treatment has the greatest impact (Bryan & Arkowitz, 2015).While the present thesis only describes one study, it is possible that evidence-based psychotherapies that are delivered by peers may be capable of producing larger positive effects than non-specific support alone. 
In Singla and colleagues’ recent meta-analysis of non-specialist (e.g., midwives, nurses, peers) treatments for perinatal depression, 15 studies that examined a PPD treatment were identified (Singla et al., 2021). Overall, these interventions had a treatment effect that was medium in magnitude (SMD= 0.38). Of these 15 treatment studies, just two included interventions delivered by peers (Letourneau et al., 2011; Taft et al., 2011). Letourneau and colleagues’ randomized trial of a home-based peer support for PPD involved individual support delivered by trained peers with a history of PPD. This peer intervention was found to not be effective in reducing symptoms in the treatment group, and instead had a treatment effect that favoured controls (SMD=-0.6; Letourneau et al., 2011). While Taft and colleague’s assessment of a weekly, home-visit intervention delivered by trained local mothers led to some reductions in maternal depressive symptoms in the treatment group, the treatment effect size was small (SMD=0.18) and differences were not statistically significant between treatment and control groups. Why these were not as effective as expected is not clear, though neither of these peer interventions included a structure, evidence-based psychotherapy. When Singla and colleagues conducted a subgroup analysis of evidence-based (e.g., CBT) and non-evidence-based interventions (e.g., support) among all non-specialist provider interventions, they found a greater treatment effect for those traditionally seen as ‘evidence-based’ (SMD=0.43) (vs. SMD=0.29). The present thesis’ peer intervention treatment effect appeared to be greater than the non-specialist provider evidence-based treatments for PPD (hedges’ g = 1.2) and its magnitude appears to be more in line with treatment effects found in previous trials of professionally delivered interpersonal psychotherapy (Sockol, 2018) and CBT (Sockol, 2015).  Our greater treatment effect may be explained by the combination of treatment delivery by peers (Mead et al., 2001; Montgomery et al., 2012; Resnick & Rosenheck, 2008), its group format(Lavender et al., 2016), and the use of an evidence-based psychotherapy (MacQueen et al., 2016), all factors that have been found in previous studies to be especially beneficial to those with PPD. The weekly supervision that peers received following each weekly group CBT session may have also contributed to the greater treatment effect in our peer intervention. Lastly, it is important to note that there is evidence to suggest that studies with waitlist control groups have been found to have inflated effect sizes which may also be the case in the present thesis (Gold et al., 2017).
Group delivery of psychotherapy may also be especially beneficial to women and birthing parents during the postpartum period as it provides them with the experience of social support they may find lacking in their lives otherwise. In the present thesis, mothers were given the opportunity to be treated alongside a group of others who can truly empathize with them. The promise of social support can have a tremendous positive impact in women’s comfort in initiating treatment. Mothers and birthing parents may feel more comfortable participating in psychotherapy when in a room surrounded by individuals in similar circumstances who can relate to their experiences. Importantly, group intervention delivery by recovered former sufferers of PPD may facilitate the development of a community of support around PPD, while helping to normalize and destigmatize PPD. Indeed, the group format of these interventions may dramatically shift the perceptions of mothers and birthing parents with PPD. In the long-term, building these communities may make it easier for individuals to disclose their symptoms to others, actively seek help, and participate in treatment in the present and in the future. 
The present thesis highlights the potential of a peer-delivered group psychotherapeutic intervention to effectively treat maternal PPD that not only provides an engaging solution to existing treatment barriers, but it has the potential for large-scale uptake and dissemination. Indeed, the task-shifting of the treatment of mild-to-moderate PPD may allow more specialized healthcare professionals to prioritize severe psychiatric cases, while allowing those with PPD to still receive effective, evidence-based care in a timely manner. The peer intervention in the present thesis was also designed to allow individuals to self-refer and did not require referral by a health care professional. This provides mothers and birthing parents with the opportunity to take control of their own treatment and bypass any potential gatekeeping by healthcare professionals. This is especially important given the knowledge that many family physicians do not have the training to make informed decisions regarding PPD treatment and may not be in the best position to screen for PPD. Indeed, the opportunity to self-refer for psychotherapeutic treatment could potentially have a tremendous impact on the number of women who feel comfortable seeking treatment for PPD.   
[bookmark: _Hlk118746533]Implications for Infant Development
In this thesis we demonstrate that a task-shifted intervention may not only effectively treat PPD, but it may also have the potential to disrupt the transmission of psychiatric risk from mother to infant by mitigating potential problems with ER development. Problems with emotion regulation (ER) as a result of maternal PPD exposure may explain the increased risk of poor offspring outcomes (Calkins et al., 2019; Panari et al., 2020; Shannon et al., 2007). Extant literature posits that PPD exposure may affect the ER brain networks that rely heavily on interactions with caregivers in the first year of life (Calkins et al., 2019; Tottenham, 2019). The findings in the present thesis suggest that maternal treatment with a brief, task-shifted group CBT intervention may mitigate these adverse consequences. 
Of the research that has explored the impact of maternal PPD treatment on infant developmental outcomes, just three studies have assessed change in infant ER as an outcome (Cohen et al., 2002; Krzeczkowski et al., 2021; Stein et al., 2018) and each reported some positive influence of maternal treatment on infant ER. Stein et al. conducted a randomized controlled trial (RCT) where mothers were randomized to receive one of two interventions (Stein et al., 2018).While both interventions included group CBT, one intervention included a parenting treatment and the second an active control stress management treatment. To measure infant ER, this trial used the laboratory temperament assessment Battery (Lab-TAB) Barrier Paradigm, an observational measure that involves hiding a toy behind a clear barrier and observing infants’ reactions to not being able to reach the toy. A year following treatment initiation, infants in both groups appeared to display ER that matched non-clinical norms. While Stein and colleagues’ findings interpret their findings as suggesting that maternal CBT may benefit infant ER, there are a number of factors in their trial that should be noted.  First, since participants in both groups received CBT and infant ER was compared to non-clinical norms, we cannot examine infant ER changes following maternal treatment against infants with mothers who were untreated. Stein and colleagues’ trial also did not measure infant ER at baseline (i.e., prior to maternal treatment) and as a result, infant ER change from before to after maternal treatment could not be examined. 
In a second trial examined the effect of two different PPD interventions on infant ER (Cohen et al., 2002), Cohen and colleagues’ randomized mother-infant dyads to receive either mother–infant psychodynamic psychotherapy or an infant-focused therapy. Using an observational measure of infant ER (the Bayley Infant Behavior Rating Scale), they found that infants improved six months after both interventions were initiated. However, like Stein and colleagues’ trial, they did not include a no-treatment control group and offspring ER was measured using a single, observer-rated measure of behaviour. 
More recently, an observational study conducted in Canada (Krzeczkowski et al., 2021) used two neurophysiological markers (FAA, HF-HRV) and a parental-report of infant behaviour to measure infant ER and its change in response to maternal PPD treatment. In this study, a nine-week group CBT for PPD delivered by expert therapists, appeared to lead to adaptive change in all three of the markers of infant ER. It is important to note that this study’s sample was restricted to patients in a specialty perinatal mental health clinic and used an observational design without a no-treatment control group. Nonetheless, this study was the first to use multiple measures of infant ER, including measures of infant neurophysiology, to assess infant ER before and after maternal treatment.
 In line with Krzeczkowski et al.’s findings, PPD treatment delivered by peers led to changes in two neurophysiological measures of infant ER in the present thesis (FAA and HF-HRV), while therapy delivered by PHNs appeared to lead only to change in just a single measure of infant ER (HF-HRV). It is important to note that change in HF-HRV following maternal treatment with a task-shifted nine-week group CBT intervention appears to have occur consistently across all studies despite the differences in the treatment deliverer and study design. However, as will be discussed below, neither peer nor PHN-delivered treatment resulted in changes in maternal-report of infant temperament following treatment completion.
Both the present thesis’ peer intervention and Krzeczkowski et al.’s expert therapist-delivered intervention appeared to have led to change in FAA, while the PHN-delivered treatment did not. Given that both the peer and PHN interventions were effective in treating maternal PPD, differences in the results are likely not due to differences in the intervention but instead may be due to differences in the study samples. The differences between the samples treated with peer and PHN-delivered interventions are worth noting as they may have contributed to the differing results. Based on self-reported socio-demographic information, infants whose mothers were treated with the PHN-delivered intervention may have experienced a less adverse or negative environment than infants of mothers in the peer-delivered intervention. Indeed, mothers in the peer intervention appear to have a greater proportion of major depressive disorder (MDD) diagnoses, as well as a lower household income than mothers in the PHN intervention. Although we cannot know for certain, based on the socio-demographics data we do have, it is possible that infants of mothers in the PHN-intervention were not exposed to as negative an environment as those in the peer-intervention. Consequently, infants with mothers in the PHN-intervention may have experienced fewer negative effects to their socio-emotional environment and these consequences may not have reached the threshold of severity that would have resulted in changes to frontal cortical activity (i.e., greater right FAA) before maternal treatment.  A number of studies have linked infant exposure to maternal PPD to greater right FAA at rest (Lusby et al., 2014; Wen et al., 2017). This would appear to support our findings that infants whose mothers participated in the PHN intervention demonstrated greater left FAA even before maternal treatment initiation. This highlights the possibility that these infants had a less negative socio-emotional environment to start. If this is the case, then it is possible that infants in the PHN-delivered treatment for PPD trial were limited in the amount that they could improve, thereby preventing us from observing changes to large-scale neural connections. 
Given that FAA and measures of temperament assess trait-like, stable mechanisms that govern how infants interact with their environments (Brooker et al., 2017; Fox, 1994; Müller et al., 2015; Rothbart, 2007; Smith et al., 2016), this marker of ER capacity may require more substantial changes in an infant’s environment to see a substantial difference over time.  On the other hand, HF-HRV may be more sensitive to acute changes in an infant’s socioemotional environment (Atzil et al., 2018). Infants’ social engagement system (SES) allows them to use their social environment to regulate their emotions instead of resorting to their more primitive fight or flight system (Porges, Furman, 2011; Porges, 2007). In fact, high frequency heart rate variability provides a measure of the balance of activity between these two systems (Porges, Furman, 2011). The development of an infants’ SES relies heavily on interactions with mothers. As PPD can negatively affect mothers’ ability to recognize and respond appropriately to their infants attempts at interaction, maternal treatment may allow for slight improvements in a mother’s sensitivity and ability to recognize infants’ cues. In turn, promoting infants’ use of their SES when in need of regulating their emotions and resulting in the observed changes to resting-state HF-HRV. 
Frontal asymmetry is considered to be a moderator of emotional responses (Coan & Allen, 2004; Reznik & Allen, 2018) and as a result, its use as a measure of infant ER has been debated (Reznik & Allen, 2018; Swingler et al., 2014). Chapter 1 describes that resting state FAA is a measure of the relative difference between activity in the right and left frontal hemisphere of the brain (Coan et al., 2001; Coan & Allen, 2004).  Greater right FAA is associated with withdrawal traits and behaviours, which in turn are associated with poorer ER (Coan et al., 2001; Coan & Allen, 2004). As a result, frontal asymmetry may identify the presence of a trait that places one at a greater risk of poor ER as opposed to a direct index of ER. Another finding from the ER literature worth noting is that studies that have assessed frontal asymmetry as an index of ER have found opposing results regarding the association between the relative activation of the frontal region of the brain and emotion responding. Right FAA has been associated with greater negative evaluation of stimuli (Adolph et al., 2017) and an association with greater depression scores in healthy adolescents (Grünewald et al., 2018). While infants of mothers with PPD who are withdrawn demonstrate greater right FAA, infants of mothers with PPD that are more intrusive during interactions display greater left FAA (Diego et al., 2006). In one study, Nusslock and colleagues reported that individuals who demonstrate greater left FAA were more prone to anxious apprehension while those with greater right FAA demonstrated a propensity for anxious arousal (Nusslock et al., 2015). While the literature on frontal asymmetry demonstrates the complexity of the frontal brain’s lateralization, it also highlights the value of using multiple methods to measure a process such as infant ER.
In the present thesis, no change in a maternal-report measure of temperament was found following peer and PHN-delivered treatment. Although we cannot say for certain, this may be because there are either no changes observed in infant behaviour following maternal treatment or that changes to temperament may take longer to emerge, and that examining change following just a nine-week maternal treatment may not be enough time to capture initial changes to temperament.  Importantly, temperament is thought to be a trait-related and stable measure of an individual’s innate behavioural and emotional reactions to their environment (Rothbart, 2007). As a result, measures of temperament may not be as sensitive as methods of ER measurement such as HF-HRV. This may explain why many studies that have examined parental-report of infant behaviour do not find change in infants following maternal treatment during the perinatal period (Bilszta et al., 2012; Forman et al., 2007; Netsi et al., 2015). Maternal reports of temperament may not be sensitive enough to pick up these changes and studies that assess infant temperament following maternal treatment are often short and so they may not be long enough to capture any changes when and if they do occur. 
[bookmark: _Hlk118750892]Maternal Treatment Effects on Infant Neurophysiology
In the present thesis, we observed change in HF-HRV in therapy delivered by peers and PHNs. Change in this marker of infant ER is indicative of greater flexibility of the autonomic nervous system (ANS) through vagal activity (Propper & Moore, 2006). It may be possible that  changes in mothers (e.g., sensitivity and responsiveness to infants, less withdrawal) may lead to change in vagal activity in their infants, thereby resulting in increases in resting state HF-HRV. Following treatment, mothers may have become more sensitive and attuned to their infant’s cues and/or may have learned how to better regulate themselves. In turn, infants may have begun to see their mothers as a source of support and someone that they can reliability depend on to regulate their emotions. Their infant’s openness to receiving support from their mothers may coincide with the increases in HF-HRV, a marker of ER that relies heavily on socioemotional input from caregivers.
How might changes in infants’ socioemotional input result in change to a neurophysiological marker of ER?  We believe that changes in mothers following treatment may have led to changes in the neuronal connections that span the cortical (e.g., prefrontal cortex (PFC)) and subcortical (e.g., amygdala) regions that govern infant ER. The changes in mothers following treatment may have included a combination of factors including reductions in their symptoms of depression and anxiety, changes in their behaviour towards their infants (e.g., sensitivity to infants’ cues, consistency in parenting behaviours) and/or changes in the way that they outwardly regulate their own emotions. In particular, Chapter 1 highlights the importance of interactions with mothers in the development of infant ER. While attentive, sensitive mothers can identify and respond appropriately to their infant’s cues of distress and provide immediate regulatory support, mothers with PPD often experience reduced sensitivity and trouble with appropriate caregiving behaviours (Field, 1992; Slomian et al., 2019). We believe that the nine-week maternal treatments may have progressively improved any PPD-related effects to mother-infant interactions. Given that interactions with mothers are supported by the activity of the neurophysiological systems that govern attachment and socioemotional functioning (Atzil et al., 2011; Feldman, 2007, 2016), changes in the continuous mother-infant exchanges and socioemotional input from mothers, may in turn shape the neurophysiological ER systems.
Considering the plasticity of these neural networks early in life (Atzil et al., 2018), it is possible that improvements in the infant’s socio-emotional environment may lead to change after just nine weeks. For example, improvements in maternal socioemotional input and the subsequent regulatory support, may have potentially led to a reversal of PPD-related deficits in ER development. In Chapter 1, we highlighted the importance of the medial prefrontal cortex (mPFC), its reciprocal connection to the Amygdala, and its modulation of Amygdala reactivity to regulate emotions and use learning in the environment to guide emotional responding (Tottenham, 2015).  The PFC performs top-down regulation of subcortical regions through connections between the dorsolateral PFC, the amygdala, and the dorsal anterior cingulate cortex (ACC)(Banks et al., 2007; Morawetz et al., 2017). As a result, impaired functioning of the PFC would affect the balance between PFC and subcortical activity. This imbalance has been found to be responsible for problems with ER (Heatherton & Wagner, 2011). Given the plasticity of these networks in the first year of life, it is likely that changes to the dyadic socioemotional environment during maternal treatment may adjust potential imbalances and mitigate consequences to infant ER.
[bookmark: _Hlk118746546]                                                 Limitations
There are a number of limitations to consider. First, our participants were sampled from communities that had little diversity in sociodemographic characteristics. Across studies, a majority of our participants identified as white, were married or in common-law relationships and had household incomes in the middle-income range. Finally, since our studies took place in Ontario, Canada where universal healthcare is available, it is difficult to generalize our findings to other countries where this is not available. 
 Although the peer intervention appeared to be effective, the task-shifted intervention required weekly cognitive behavioural therapy (CBT) supervision by an experienced, mental health professional which is both expensive and requires the time of more experienced professionals. During peer intervention delivery we did not measure adherence to the CBT model and so we cannot determine the quality of CBT delivery. However, peers received weekly supervision by an experienced therapist which may have facilitated treatment fidelity during CBT delivery.  Even though peers delivered group CBT that was effective in reducing symptoms of maternal PPD, we cannot identify what factors of the intervention may have contributed to its success. It is possible that the CBT material alone, or the group format and social support were responsible for treatment effects, or that a combination of factors contributed to treatment effectiveness. A clear understanding of the factors that contributed to the effectiveness of the intervention would have been valuable information to collect and could have informed the development of future interventions.  
	Lastly, while our measure of infant temperament is a gold-standard measure, maternal-report measures of infant behaviour may not be reliable (Gartstein et al., 2009), and this may have contributed to our null findings. Studies 2 and 3 involved collecting physiological data from infants in community centres not designed for research which added some challenge during research study visits and may have affected the quality of our infant neurophysiological data. Additionally, while the neurophysiological measures of infant ER that we used (FAA and HF-HRV) are indicators of the activity of brain networks involved in ER and were the ideal measures to use in awake, preverbal infants, they are not able to identify the activity of specific brain regions implicated in ER functioning. As a result, we can only infer what our findings mean in terms of neuronal activity in specific regions of the brain. Although, other methods of measuring brain activity in awake, preverbal infants safe, non-invasive methods do exist.  Wearable neuroimaging methods such as high-density diffuse optical tomography functional near-infrared spectroscopy (HD-DOT fNIRS) system may allow for the measurement of cortical activity with three-dimensional images of brain regions and their connections in awake infants in response to stimuli (Frijia et al., 2021; Wheelock et al., 2019). Finally, our analysis of just infant resting-state ER activity limits our understanding of infant ER functioning and measures of infant ER functioning in the context of stress exposures may provide us with a more exhaustive measure of infant ER. Vagal tone for example, has demonstrated responsiveness to experiences of stress (Field et al., 1995; Kolacz et al., 2022) and its changes in response to stressors are thought to provide valuable insight to infant ER functioning (Porges, 2001, 2007; Thayer & Lane, 2000). A limitation in the present thesis is that we did not examine behavioural and neurophysiological measures of infant ER during stress-inducing tasks in addition to our measurement of infant resting-state activity. Metrics of ER in the context of both stress reactivity and resting-state tasks may provide us with a greater picture of infant ER capacity.                                 
[bookmark: _Hlk118746555]Future Directions
The present thesis used a randomized controlled trial (RCT) design and multiple-methods of ER measurement to demonstrate the effectiveness of a brief, task-shifted intervention on maternal PPD treatment and infant ER. Although our findings highlight the potential of a task-shifted maternal intervention to benefit both mothers and their infants, there is plenty of work needed to further (a) the development and implementation of task-shifted PPD interventions aimed at improving maternal treatment access and (b) our understanding of the mechanisms through which maternal treatment influences infant ER development.
The present thesis’ findings that a peer intervention for PPD is effective in treating mothers and benefits infants should be replicated with a larger, more heterogeneous sample. A multi-site randomized controlled trial (RCT) in Ontario that tests the effectiveness of the peer-intervention may allow for a more generalizable investigation of the maternal intervention effects among samples of mothers and birthing parents. To ensure the feasibility of this trial, online delivery of the intervention would be an important factor and allow for participation by individuals from more rural communities or facing other barriers to treatment.  In addition, a larger sample would provide us with the power needed to study potential mediators of the relationship between maternal treatment and adaptive changes in infant ER. At present, it is unknown what specific changes are occurring in mothers following treatment that could explain why their infants are experiencing changes in markers of ER. Investigating potential factors that may change in mothers following treatment may be one way to reveal these mechanisms. This could potential mediators, such as maternal behaviour and mood, parenting quality, and mother-infant relationship. Uncovering the mechanism(s) behind maternal treatment and infant consequences would also allow interventions to be designed that better target these factors. Additionally, designing trials that have longer-term follow ups is an important next step in assessing the stability of ER changes following maternal treatment. This would provide us with a greater understanding of the impact of early maternal intervention and whether a nine-week maternal intervention for PPD in the first year of life could benefit infants across developmental periods. 
Secondly, future intervention work should attempt to find ways to further reduce the burden of PPD on the healthcare system. At present, the peer intervention in this thesis was delivered by the lay individuals (peers) involved weekly supervision and by experienced mental health professionals. Although this approach was effective, it may limit the scalability of the peer-delivered group CBT intervention since offering the intervention depends on the availability of experienced professionals as well as the costs associated with weekly supervision delivered by these professionals. As a result, finding ways to assess peers’ treatment delivery and ensure its fidelity that is less time-consuming and expensive may help with scaling up the intervention. This could include testing whether the peer intervention can move away from weekly supervision delivery by experienced clinicians, to less frequent supervision, and/or include weekly cognitive behavioural therapy (CBT) supervision by other experienced peers. 
In addition, future work should test additional modes of treatment delivery that would encourage more individuals to participant in treatment. For example, online group CBT would allow those who are unable to travel with a newborn the opportunity to receive evidence-based psychotherapy from the comfort of their own home. In addition, testing the delivery of our task-shifted intervention among communities with large groups of mothers and birthing parents that belong to different ethnic and cultural groups is an important next step in ensuring PPD treatment accessibility and effectiveness. This could allow for an assessment of the relevance of the content and design of the task-shifted group CBT intervention for different communities of mothers and birthing parents. Lastly, future trials of a task-shifted PPD interventions should used mixed-methods designs to understand the factors that either encouraged or deterred their participation, as well as the factors that may elucidate the factors that contribute to peer delivery effectiveness. An explanatory sequential mixed-methods design within a randomized controlled trial may provide us with valuable insight to participants’ experiences by using both quantitative and qualitative methods to understand treatment outcomes. Explanatory sequential mixed-methods designs involve an initial quantitative analysis followed by a qualitative component used to inform the interpretation of quantitative findings. In the context of an intervention for PPD, findings from quantitative analyses of symptom change in response to treatment and participant adherence to the intervention (e.g., attendance, homework completion) could be used to inform the development of qualitative interviews designed to gain a comprehensive understanding of participants’ experiences. This mixed-methods component would provide invaluable insight and aid in our efforts to ensure that treatment barriers are at a minimum and that mothers and birthing parents are giving the tools necessary to succeed in treatment. 
Next, future work can further our understanding of maternal treatment effects on infant ER by conducting a more comprehensive examination of infant ER. In the present thesis, infant ER was measured during a resting-state task, although measures of infant ER during moments of stress exposure (e.g., maternal unresponsiveness) may be important indicators of infant ER capacity (Tronick, 1989). For example, the face-to-face still face paradigm (FFSF) is a validated task that allows researchers to measure ER in infants during a task that includes a socio-emotional stressors (Weinberg et al., 2008). In this task, mothers and infants participate in a two-minute play episode where mothers interact normally with their infants until given the cue to change into a “still-face” (a neutral expression with no interaction with their infant) for two minutes. Following this, dyads enter the reunion episode and mothers may interact normally with their infants for two minutes. This task has been widely used to assess the quality of mother-infant interaction quality and ER capacity (Mesman et al., 2009; Moore & Calkins, 2004; Weinberg et al., 2008).  For infants, the lack of contingent responding during the still-face episode induces stress and often leads to infants exhibiting negative emotions, less social engagement, and avoidance behaviours. Normally, after an immediate carry-over of an infant’s negative reaction to the still-face episode, the dyad interacts normally during the reunion episode. The mutual regulation model (MRM), discussed extensively in Chapter 1 explains that mother-infant interactions involve exchanges of bidirectional behavioural and physiological signals used by both members of the dyad to deal with stress. Considering the importance of mothers’ responses to infant emotional distress in early ER development, and the importance of dyadic synchrony, measuring both mother and infant behavioural and physiological responses during a laboratory stress task would provide us with important information on both members of the dyad. Although the use of electroencephalography (EGG) and electrocardiography (ECG) provided us with reliable measures of infant ER, these measures of physiological activity do not allow for more fine-grain measures of specific brain function.  Our findings suggest that PPD treatment may lead to adaptive change in parasympathetic nervous system (PSNS) and corticolimbic functioning, both systems that require the activity of the prefrontal brain regions, namely the medial Prefrontal Cortex (mPFC).  Yet, no studies directly examine whether treating maternal depression could affect brain regions of interest, such as the mPFC. The use of neuroimaging techniques such as HD-DOT fNIRS would allow for the direct assessment of changes to core brain regions and provide us with an understanding of the mechanisms behind maternal PPD treatment and infant ER changes that go beyond the inferences we can make of brain region functioning based on infant neurophysiological activity. Functional near-infrared spectroscopy may be ideal for infant research because it is non-invasive, silent, and it can measure with a high level of movement from infants while they are awake (Frijia et al., 2021). This technology would allow us to target specific regions of the brain known to play an important role in the process of ER. For example, the mPFC and the subgenual cingulate region of the anterior cingulate cortex (ACC), two regions highlighted for their role in ER in Chapter 1. In Chapter 1, we also discuss the importance of mother-infant synchrony in infant ER development. The use of fNIRS may also provide the opportunity to examine dyadic synchrony through targeted examination of the right dorsolateral and frontopolar regions of the PFC in mothers and their infants. Synchronized dyadic activity in these regions is associated with greater mother-infant cooperation (Miller et al., 2019) and appears to mediate links between parent and child ER capacity (Reindl et al., 2018).
Finally, the findings of the present thesis should be used to inform future PPD care. The task-shifted interventions in this thesis may be ideal for integration into a stepped-care approach to PPD treatment. Our findings that mild to moderate PPD may be effectively treated with a task-shifted group CBT intervention highlights the potential for these interventions to find a place within multiple places in a stepped-care approach to the treatment of PPD. A stepped approach to PPD, where individuals participate in the least-intensive treatment before “stepping-up” to a more intensive treatment as needed, could have a tremendous impact on treatment access and may help to lessen the current bottleneck in the provision of mental healthcare. Considering the evidence to support brief, task-shifted PPD interventions and the suggestions of clinical practice guidelines in taking a stepped approach for PPD treatment (NICE, 2015), the task-shifted interventions in the present thesis may be exactly what is needed to improve postpartum mental healthcare.
                                                   Conclusion
Postpartum depression is a serious public health issue with potential lifelong consequences for mothers and their infants. Given the number of barriers to maternal receipt of treatment, finding effective methods of treating mothers and birthing parents in a timely manner is of utmost importance. The findings of the present thesis are an important step towards the widespread reach of PPD interventions that are evidence-based, designed to minimize barriers to access and based on women’s preferences. Our work demonstrates the potential of early intervention to disrupt the transmission of risk from mothers to infants, and the importance of breaking the cycle of depression from mother to infant since it could have a major positive impact on rates of psychiatric disorder in Canada and the world. 
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Table 1. Baseline Characteristics of Study Participants?

Experimental Waitlist Control
Characteristic Group (n=27) Group (n=27)
Maternal age, y 32.4(4.3) 30.7 (5.0)

Household income, $CAD® 75,652.2(22,120.8)  63,043.5(22,850.3)
Marital status, n/total n (%)

Single 0/27 (0) 4/25 (16.0)
Married/common-law 27/27 (100) 21/25 (84.0)
Infant age, mo 5.1(4.4) 57(3.2)
Infant sex, male, n/total n (%) 16/27 (59.3) 11/26 (42.3)
Parity, n/total n, %
Primiparous 9/27 (33.3) 15/27 (55.6)
Multiparous 18/27 (66.7) 12/27 (44.4)
Ethnicity, n/total n (%)
White 25/26(96.2) 24/26 (92.3)
Not White 1/26 (3.8) 2/26 (7.9)
Education, y 15.0(1.8) 14.1 (1.4)
Psychotropic medication use, 10/26 (38.5) 5/23(21.7)
n/total n (%)
Baseline EPDS score 16.0 (3.7) 16.8 (4.0)
Baseline GAD-7 score 12.6 (4.3) 11.8 (4.6)
Current major depressive 19/27 (70.4) 17/26 (65.4)
episode (MINI), yes, n/total
n (%)
Psychiatric comorbidity, yes, 19/27 (70.4) 18/26 (69.2)
n/total n (%)
Total no. of MINI diagnoses 24(1.5) 25(1.7)

2Values are shown as mean (SD) unless otherwise noted. Data were missing
for variables for which total n values shown are less than 27.

bBefore tax.

*Abbreviations: EPDS=Edinburgh Postnatal Depression Scale, GAD-
7 =7-item Generalized Anxiety Disorder scale, MINI=Mini-International
Neuropsychiatric Interview.
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ble 2. Outcome Means by Group an:

Experimental Group

Waitlist Control Group

m T2 m T2 Hedges

Outcome Mean(SD) n Mean(SD) n Mean(SD) n Mean(SD) n 'S
EPDS score 160(3.7) 27 106(42) 22 168(40) 27 168(52) 16 12
GAD-7 score 126(43) 25 71(39) 22 118(46) 25 126(55 16 13
SPS score 75.0(125) 24 79.8(93) 21 745(94) 21 773(79) 15 0.2
PBQ score

1B subscale 128(52) 25 113(41) 22 150(9.8) 22 139(95 16 0.1

RPAsubscale  72(3.8) 25 68(27) 22 80(58 22 83(58) 16 04

IFAsubscale  45(23) 25 38(1.8) 22 51(47) 22 41(34) 16 00

“Hedges g was calculated using the mean and standard deviation of change between T (study
enrollment) and T2 (9 weeks post-randomization) in each group.

Abbreviations: EPDS = Edinburgh Postnatal Depression Scale, GAD-7 =7-item Generalized Anxiety
Disorder scale, IB=Impaired Bonding, IFA=Infant-Focused Anxiety, PBQ=Postpartum Bonding

Questionnaire, RPA =Rejection and Pathological Anger, SPS=Social Provisions Scale.
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