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ABSTRACT
Change of heart: Parenting stress and distress, and associations with heart rate variability

Chelsea da Estrela, Ph.D.

Concordia University, 2020

Challenging parent-child interactions can be an important source of stress and distress for
parents. Family stress models highlight that there is substantial individual variability in
adjustment to parenting stressors. The current dissertation sought to examine whether parent self-
regulation, as indexed by heart rate variability (HRV), is an inter-individual factor that predicts
variability in the association between parenting stressors and parent mood disturbances. The first
study tested whether there was an association between parenting stressors and parent’s self-
regulatory capacities (i.e., parent HRV), and whether the marital context within which these
stressful parent-child interactions occurred moderated this effect. Findings from this study,
derived from a sample of 80 cohabiting heterosexual couples with preschool children, suggested
that parenting stressors are associated with reduced parent self-regulation capacities and that
fathers are especially vulnerable to the marital context within which this occurs. In the second
study, using a daily diary design and the same sample as in the first study, we tested whether
parent HRV moderated the association between parenting stressors and mood disturbances.
Between- and within-person analyses indicated that the strength of the positive association
between daily parenting stress and negative mood increased with decreasing HRV, suggesting
that depleted parent self-regulatory capacities may index vulnerability to stress-related
disturbances in negative mood. In the third and final study, sleep reactivity was identified as a
potential pathway through which lower HRV confers greater risk for stress-related mood
disturbances. The results from the moderated mediation model with 125 mothers of adolescents
with developmental disorders and 97 mothers of typically developing adolescents, suggested that
lower HRV is a potential biomarker of increased sleep reactivity which in turn increases the risk
for elevated parent depressive symptoms associated with parenting stress. Taken together, these
studies suggest that parent self-regulation capacities, as indexed by HRV, is a resource that may
help identify which parents adapt, and which parents have difficulty adapting to, parenting

stressors.
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Chapter 1: General Introduction

Parental depression is a robust predictor of a range of poor child outcomes (Goodman et
al., 2011). Yet, transactional models of development highlight that children are not passive
recipients of their environments. Instead, they impact and shape their environments, including
the family system, in long-term and meaningful ways (Sameroff, 1975). Indeed, children can
actually be an important source of stress and distress for parents. Child-related stressors,
including challenging child behaviours that are disruptive and inappropriate given the child’s
age, developmental status and psychosocial context, share a bidirectional association with
parental depression. Specifically, while parental depression predicts frequency of child-related
stressors, there is also a substantial body of empirical evidence supporting child-driven
pathways. That is, child-related stressors also predict increased parental depression over time
(Bagner, Pettit, Lewinsohn, Seeley, & Jaccard, 2013; Ciciolla, Gerstein, & Crnic, 2014; Gross,
Shaw, Burwell, & Nagin, 2009). However, not all parents will respond to child-related stressors
in the same way. Some adapt, while others have difficulty adapting to, these parenting
challenges.

The overarching goal of this dissertation is to investigate whether high-frequency heart
rate variability (HRV), a psychophysiological index of self-regulation capacities, may help
explain individual differences in parent adaptation to child-related stressors. To do so, this
dissertation used data from two large studies examining the psychobiological correlates of
parenting stress amongst parents of children with and without neurodevelopmental disorders.
The two studies included two distinct samples of parents, each associated with key
developmental transition periods: parents of preschool-aged children (i.e., as parents entered
parenthood) and mothers of children who recently entered or graduated from high school (i.e.,
the transition in or out of adolescence). Across a series of three studies, this thesis focused on the
following three research questions: (1) are child-related stressors associated with parent HRV,
(2) does parent HRV moderate the association between child-related stressors and parent
negative mood, and (3) does HRV moderate the daily psychological processes that mediate the
association between parenting stress and parental depression? The purpose of this introductory
chapter is to review the current parenting stress literature and to provide a rationale of why HRV
is important to consider when examining the association between parenting stress and parent

mood disturbances.



Family stress models: When does stress lead to distress?

Family stress theories provide theoretical frameworks to understand how child-related
stressors may impact parental wellbeing, including the development of parental depressive
symptoms. Generally, theories within the family stress literature posit that (a) stressors are
normative and likely inevitable, (b) some stressors can place extraordinary demands on families,
(c) most families will adapt well to stress, but (d) those who do not adapt well will experience
negative outcomes (Hobfoll & Spielberger, 1992). Within these frameworks, child-related
stressors are events that have the potential to challenge a family’s resources and can yield
important consequences on the wellbeing of members within that family.

The ABC-X model of family stress (Hill, 1949; 1958) is one of the earliest models
developed to explain why some families adjust, while other families have difficulty adjusting to
stressors. In this model, the family is conceptualized as a homeostatic system. Stressors are
events that disrupt this equilibrium (variable A; e.g., challenging child behaviours). In addition to
the way families interpret stressors (variable C), the resources available to family members both
inside and outside of the nuclear family system (variable B) determines how families will
respond (variable X). That is, the impact of a stressor on the individual is influenced by the
resources available to them, which refers to their capacity — psychological, social, or economical
— to meet the demands the stressor places on the family system. Psychological distress, including
depressive symptoms, arises when there is an imbalance between the demands of a stressor and
the family’s capacity to meet its demands.

The Family Adjustment and Adaptation Response Model (FAAR; McCubbin &
Patterson, 1983) builds upon the ABCX model by further elaborating on the processes by which
individuals respond to stressors. The FAAR model posits that when families encounter a stressor,
individual members will strive to maintain balance within the family system by using their
resources to either adjust or adapt to the demands of the stressor. At first, individuals try to adjust
to a stressor by resisting making changes and employing coping strategies to minimize the
impact of stressors on themselves and the family system. However, prolonged or multiple
stressors call for members to adapt to these demands, requiring them to recruit additional
resources and adaptive coping strategies. Both in response to minor or prolonged stressors, the
ability of family members to adjust or adapt to those demands determines the long-term

wellbeing of the system and that of the individuals within the system. As in the ABCX model,



resources again appear to be a key factor in understanding who is most at risk of developing
maladaptive outcomes such as depressive symptoms. In particular, this model highlights
individuals’ flexibility and employment of helpful coping strategies as predictors of positive
outcomes.

Perry’s integrative model of stress of families of children with developmental disabilities
(Perry, 2004) specifically outlines how child-related characteristics can yield parent distress. The
proposed model posits that both objective and subjective child characteristics (e.g., child
behavioural problems, parent-child interactions perceived as stressful) create demands on parents
by generating everyday frustrations and hassles that can begin to pileup. When these demands
exceed parents’ resources, they are at risk for poor outcomes such as the development of parental
depressive symptoms. Traditionally, resources have been conceptualized as personality traits,
coping behaviours, and social support that may buffer the stress-distress association. Further, the
model posits that it is the inter-individual variability in these resources that helps explain the
heterogeneity of negative outcomes (e.g., depressive symptoms) amongst parents of children
with developmental disabilities. Although this model was designed with families of children with
developmental disabilities in mind, it can easily be translated to families facing other parenting
challenges.

Finally, the Family Stress Model (FSM; Masarik & Conger, 2017) draws links between
family stressors and child developmental outcomes through the impact stressors can have on
parental depression. Although this model was originally developed to understand how economic
stressors could influence child outcomes via parent psychological distress, when applied in the
context of child-related stressors it highlights the potential for bidirectional associations between
child and parent functioning. Specifically, consistent with the family stress literature, the model
posits that stressors place parents at risk for negative psychological outcomes including
depressive symptoms. Negative psychological outcomes then increase the risk for conflict
between parents and may disrupt adaptive parenting practices, both of which would place
children at increased risk for adjustment problems. This model also emphasizes the importance
of considering risk and protective factors that may moderate different aspects of the stress
process, including which parents will experience depressive symptoms in response to stress.

Taken together, the family stress literature highlights that the association between family

stressors and negative parent psychological outcomes, such as depressive symptoms, is



heterogeneous given the presence of moderating factors that may exacerbate or buffer the
preceding association. Another common theme echoed throughout the different family stress
models is an understanding of negative parent outcomes as the result of an imbalance between
the demands created by a stressor and the resources a parent has available to address those
demands. Self-regulation, the ability to adjust one’s emotions, thoughts, and behaviours to
achieve a goal (Baumeister, Muraven, & Tice, 2000), may be a resource that is particularly
important in the context of parenting stress and depressive symptoms.
Parenting: An exercise in self-regulation

Self-regulation is an effortful and goal-directed process by which one attempts to adjust
and adapt one’s emotions, behaviours, and thoughts to a particular context, and is a resource that
can be depleted (Baumeister et al., 2000). Parenting may be understood as an exercise in self-
regulation. Parenting elicits both positive and negative emotions that place self-regulatory
demands on parents to respond in ways that promote healthy child development (Bariola,
Gullone, & Hughes, 2011; Dix, 1991). For example, the experience of a child throwing a temper
tantrum in the grocery store requires a parent to regulate his or her own frustration to be able to
effectively enact helpful parenting practices to deescalate the child’s behaviour. Indeed, effective
parent self-regulation has been associated with an increased use of positive parenting behaviours
(Shaffer & Obradovi¢, 2017). In a study with parents of young children, parents’ own ability to
inhibit unwanted behaviours and ignore distractions (i.e., inhibitory control) predicted greater
sensitive and responsive parenting practices, whereas self-reported self-regulation difficulties
were associated with the use of less positive and collaborative parenting behaviours during a
parent-child interaction task. Additionnally, disrupted maternal self-regulation has been
associated with over-reactive disciplining and harsher responses to children’s negative emotions
(Lorber, 2012; Mazursky-Horowitz et al., 2015).

In addition to the link between parent self-regulation and adaptive parenting behaviours,
a parent’s ability to self-regulate effectively may be a protective factor that buffers the
association between parenting stressors and parental depression. Individuals who self-report
stronger self-regulation capacities are more likely to implement adaptive coping strategies in
response to laboratory-based and naturalistic stressors, can better predict the threat of a stressor
and act accordingly before it occurs, and overall perceive less stress than individuals with poorer

self-regulation (Aspinwall, 2004; Aspinwall & Taylor, 1997; Rosenbaum, 1989). Further,



interventions aimed at improving self-regulation have also been successful in reducing perceived
stress (e.g., Gollwitzer, Mayer, Frick, & Oettingen, 2018). However, despite consistent links
drawn between stress and self-regulation, and parent self-regulation and parenting behaviours,
parent self-regulation has not yet been incorporated in contemporary family stress models.

The aforementioned gap in the literature is complicated by reliance on self-report
measures of self-regulation. In general, using scores on one self-report measure to predict scores
on another self-report measure introduces the potential for common method bias (i.e., inflated
correlations resulting from completing measures using similar methodology at the same time;
Podsakoff, MacKenzie, Podsakoff, & Lee, 2003). Further, the accuracy of self-report measures
of self-regulation is unclear especially as a person’s ability to self-regulate may influence the
way they interpret and answer questions probing their use of self-regulation strategies. This is
particularly problematic when trying to disentangle reactivity from regulation. Finally, self-
regulation is a multifaceted construct that involves both explicit and implicit processes. While
self-report measures may be helpful in capturing explicit aspects of self-regulation (aspects
within the person’s awareness), there is a call for objective measures of self-regulation to better
comment on the implicit and underlying processes that support self-regulation (Calkins, 2010;
Lewis, Zinbarg, & Durbin, 2010). As such, a psychophysiological objective measure of self-
regulation such as HRV would help address the various methodological challenges inherent to
self-reported measures, while also expanding current family stress models.

HRYV as a biomarker of self-regulation capacities

HRV is a biomarker of self-regulation capacities (Beauchaine, 2015; Holzman &
Bridgett, 2017; Smith, Deits-Lebehn, Williams, Baucom, & Uchino, 2020). HRV refers to the
fluctuation of time between consecutive heartbeats. At rest, both the parasympathetic and
sympathetic branches of the autonomic nervous system influence cardiac activity. The
sympathetic nervous system is involved in acceleration of heart rate while its deceleration is
under parasympathetic control. While both branches of the autonomic nervous system influence
the low-frequency component of HRV, the high-frequency component of HRV reflects mostly
the inhibitory influence of the parasympathetic system on the sinoatrial node of the heart via the
vagal nerve. (Berntson et al., 1997).

The Neurovisceral Integration Model highlights that high-frequency HRV is an index of
top-down inhibition from the prefrontal cortex to the heart (Thayer & Lane, 2009). Specifically,



HRYV reflects a set of neural networks through which the prefrontal cortex sends inhibitory
signals to the amygdala, whose inhibition maintains stronger vagal activity on the heart.
According to this model, higher HRV promotes the affective, behavioural, and cognitive
responses that are required for adaptive self-regulation. Processes required for effective self-
regulation, such as greater attentional control, behavioural persistence, and affective and
cognitive processing during low mood, have all been associated with greater HRV (Balzarotti,
Biassoni, Colombo, & Ciceri, 2017; Hofmann, Schmeichel, & Baddeley, 2012; Thayer, Hansen,
Saus-Rose, & Johnsen, 2009; Zahn et al., 2016). As such, HRV has been conceptualized as a
proxy of general self-regulation capacities (Beauchaine, 2015; Holzman & Bridgett, 2017; Smith
et al., 2020).

Accordingly, low HRV has been associated with correlates of disrupted self-regulation
across the lifespan. Lower HRV has been linked to higher levels of depressive symptoms (Koch,
Wilhelm, Salzmann, Rief, & Eutencuer, 2019; Schiweck, Piette, Berckmans, Claes, & Vrieze,
2018), negative affect (Sloan et al., 2017), and suicidality (Wilson et al., 2016). Individuals with
lower HRV also report greater day-to-day difficulties in self-regulation and are more likely to
engage in maladaptive mood repair and self-regulation strategies than individuals with higher
HRYV (Fabes & Eisenberg, 1997; Kovacs et al., 2016; Vasilev, Crowell, Beauchaine, Mead, &
Gatzke-Kopp, 2009; Williams et al., 2015; Yaroslavsky et al., 2016). Individuals with lower
HRYV also consistently show poorer emotional and physiological arousal regulation in response
to stress compared to individuals with higher HRV (Gouin, Deschenes, & Dugas, 2014; Thayer
& Lane, 2009; Weber et al., 2010), suggesting a trait-like vulnerability to stress.

The heart of parenting: HRV and parenting behaviours

Currently, there is preliminary support that HRV may moderate individual differences in
adaptability to parenting stressors. In a study with mother-adolescent dyads, higher maternal
HRYV buffered the association between maternal depression and reduced emotional flexibility
within dyads. That is, in the context of elevated maternal depression, mothers with higher HRV
showed greater ability to adapt their emotions to contextual demands when interacting with their
children as compared to mothers with lower HRV (Connell, Hughes-Scalise, Klostermann, &
Azem, 2011). In a study with mothers of preschool-aged children, higher maternal HRV buffered
the association between maternal anxiety and overprotective parenting behaviours (Root,

Hastings, & Rubin, 2016). As such, higher parental HRV may buffer the association between



various maternal risk factors and unhelpful parenting practices while lower parental HRV may
be predictive of behavioural and cognitive indices of disrupted parent self-regulation. Indeed,
amongst mother-adolescent dyads, lower maternal HRV predicted greater escalation of negative
parent-child interactions during mother-adolescent discussion tasks (Connell, McKillip, Patton,
Klostermann, & Hughes-Scalise, 2015). In a study with mothers of preschool-aged children,
mothers with lower HRV were more likely to attribute hostile intentions to child behavioural
problems as compared to mothers with higher HRV (Wang, Deater-Deckard, & Bell, 2016).
Overall, the preceding studies suggest that maternal self-regulation capacities, as indexed by
HRV, may play an important role in understanding individual variability in parenting behaviours.

Similarly, there is evidence suggesting that higher HRV is linked to the effective
deployment of adaptive parenting practices. Amongst mothers of newborns, greater maternal
HRYV was associated with greater maternal sensitivity such that these mothers were better able to
recognize their infants’ cues as compared to mothers with lower HRV (Joosen et al., 2013). In a
study with fathers of young children, higher paternal HRV predicted greater validation of
children’s negative emotions (Blandon, 2015). From a self-regulation perspective, parents with
higher HRV may be better equipped to respond and adapt to child-related demands as compared
to parents with lower HRV.

Taken together, the emerging literature suggests there are indirect and direct associations
between parental HRV and individual differences in parenting behaviours. However, an
important gap in the literature remains in understanding how parental HRV may predict parental
psychological outcomes, including the experience of depressive symptoms. That is, parental
HRYV has been linked to both behavioural and cognitive aspects of parenting (i.e., how parents
act and think), but the role of parental HRV in understanding parents’ own psychological
functioning (i.e., how parents feel) has been overlooked. When considering both the HRV and
stress literature, along with the HRV and parenting literature, parental HRV as an index of self-
regulation capacities may be particularly important to consider in the context of how parents
adapt — or have difficulty adapting to — parenting stressors.

Further, the pathways through which parents with lower HRV may be more vulnerable to
experiencing stress-related mood disturbances are unclear. Prior studies indicate that individuals
with lower HRV may experience increased emotional and physiological arousal in response to

stress. Further, individuals with lower HRV may also have greater difficulty deploying and



benefiting from adaptive self-regulation strategies to decrease this heightened arousal, as
compared to individuals with higher HRV (Ellis et al., 2016; Fabes & Eisenberg, 1997; Gouin et
al., 2014; Weber et al., 2010; Yaroslavsky et al., 2016). As such, it is possible that this increased
arousal may promote sleep disturbances, a key risk factor for depressive symptoms (Baglioni et
al., 2010). Low HRV may be associated with greater sleep reactivity, i.e., stress-related sleep
disturbances (Bonnet & Arand, 2003; Gouin et al., 2015; MacNeil et al., 2017). Specifically, the
increased emotional and physiological arousal experienced in response to a stressor by
individuals with lower HRV may interfere with sleep onset and maintenance (Riemann et al.,
2010). Poorer sleep quality may then be a mechanism linking exposure to child-related stress
with parent depressive symptoms.
Rationale and goals of the current dissertation

It is well established that there is a bidirectional association between parenting stressors
and parental depression. Family stress models provide helpful theoretical frameworks for
understanding how child-related stressors impact parental depression. These theories posit that
stressors are events that place demands on families and that distress arises when these demands
exceed the resources individuals can recruit to address them. Traditionally, these resources have
been conceptualized as psychological, social, or economical characteristics; however,
contemporary stress theories suggest that individual differences in psychophysiological
functioning are also important to consider (Epel et al., 2018). Self-regulation may be a resource,
with psychophysiological underpinnings as indexed by HRV, which could buffer the association
between parenting stress and distress. As illustrated in Figure 1, parents with stronger self-
regulation capacities may be better positioned to employ parenting practices that reduce the
occurrence of child-related stressors and also minimize the impact of these stressors on their own
psychological wellbeing. However, parent self-regulation has not been explicitly studied in the
family stress process and the current data available on parent self-regulation has relied mostly on
self-report data.

Using HRV as a psychophysiological index of self-regulation capacities can help address
methodological challenges associated with using self-report data, while also serving to expand
current family stress models to incorporate individual differences in psychophysiological
functioning. Emerging evidence suggests that HRV both directly and indirectly predicts

variability in parenting practices. However, the role of HRV in the context of family stress



processes, particularly in understanding the link between parenting stress and depression,
remains unclear. As such the overarching goal of the dissertation is to understand whether HRV,
as a marker of self-regulation capacities, can help explain which parents are at greatest risk for
depressive symptoms in the context of parenting stress.

In Chapter 2 (Study 1) we sought to first establish an association between parenting stressors
and parent HRV. Specifically, we tested whether increased child behavioural problems was
associated with depleted parent self-regulation capacities, as indexed by lower parent HRV. We
also tested whether the marital context within which these stressful parent-child interactions were
occurring further moderated this association. To do so, 80 cohabitating heterosexual couples with
preschool-aged children had their HRV recorded and completed a measure of child behavioural
problems and marital stress. Parents of preschool-aged children were selected because the early
parenting years are associated with normative increases in childcare demands and marital stress
(Umberson, Pudrovska, & Reczek, 2010; Mitnick, Heyman, & Slep, 2009), providing a unique
opportunity to examine the interaction between child-related and marital stressors with a parent’s
capacity for self-regulation. Further, by sampling both mothers and fathers, the moderating role
of parent gender could also be tested.

In Chapter 3 (Study 2) we used a daily diary design to test whether parent self-regulation
capacities moderated the association between daily child-related stress and parent negative
mood. This design allowed us to disentangle both between-person and within-person variability
in child-related stress and parent negative mood. Using an overlapping sample of participants
from Study 1, Study 2 had 84 parents of preschool-aged children complete measures of child-
related stress and negative mood for six consecutive days. We tested whether individual
differences in HRV moderated the association between average child-related stress (i.e.,
between-person differences) and negative mood, as well as daily fluctuations in child-related
stress (i.e., within-person differences) and negative mood. Three-way interactions with gender
were also tested.

Finally, in Chapter 4 (Study 3) we used a moderated-mediation model to test whether lower
HRYV increased parents’ vulnerability to the daily mechanisms processes that mediate the stress
and depression association in the context of chronic parenting stress. Specifically, we tested
whether poorer parent self-regulation capacities, as indexed by lower HRV, increased parents’

vulnerability to stress-related sleep disturbances, thereby putting them at an increased risk of



experiencing depressive symptoms. In this study we used a chronic parenting stress model
(Quittner, Glueckauf, & Jackson, 1990) by comparing two group of mothers: 125 mothers of
adolescents with developmental disorders and 97 mothers of typically developing adolescents. In
addition to completing a six-day sleep diary to assess their sleep quality, participants had their

HRYV recorded in the laboratory and completed a self-report measure of depressive symptoms.
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Figure 1. Proposed association between HRYV, child-related stress, and parent mood
disturbances. Poor self-regulation capacities are hypothesized to exacerbate the association
between child-related stress and parent mood disturbances leading to the adoption of maladaptive

parenting practices which may further increase the occurrence of child-related stressors.
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Chapter 2: Child and marital stress are associated with a psychophysiological index of

parent self-regulatory capacities

da Estrela, C., MacNeil, S., Caldwell, W., & Gouin, J.P. (Under review). Child and marital
stress are associated with a psychophysiological index of parent self-regulatory capacities.

Family Relations.
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Abstract
Objective A parent’s ability to self-regulate influences parenting practices. Child-related
stressors may deplete parent’s self-regulatory capacities. However this effect may be moderated
by the marital context within which stressful parent-child interactions are occurring. The aim of
the current study was to investigate the association between child behavioral problems and
parent respiratory sinus arrhythmia (RSA), a psychophysiological index of self-regulatory
capacities, and to test whether marital stress moderated this effect. Methods Eighty cohabiting
heterosexual couples with preschool children had their RSA recorded during a laboratory session
and completed a measure of child behavioral problems and marital stress. Partner’s ratings of
child behavioral problems and marital stress were used to predict participant’s RSA. Results
After adjusting for participant’s age, gender, and ethnicity, greater child behavioral problems
was associated with lower parent RSA. Marital stress exacerbated the association between child
behavioral problems and parent RSA. This association was further moderated by parent’s gender.
Specifically, marital stress exacerbated the association between child behavioral problems and
parent RSA for fathers, but not for mothers. Conclusion Child-related stressors are associated
with reduced self-regulatory capacities amongst parents of preschool children as assessed by
RSA. Fathers are especially vulnerable to the marital context within which these stressors are
occurring. Poor self-regulation capacities during the early parenting years may place both parents

and children at risk for long-term maladaptive outcomes.

Keywords: self-regulation, child behavioral problems, marital stress, respiratory sinus

arrhythmia, heart rate variability
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Self-regulation is an effortful process whereby individuals attempt to control and adapt
their emotions, behaviors, and thoughts to act in ways to help them achieve their goals
(Baumeister, Muraven, & Tice, 2000). Parenting is one experience which elicits many positive
and negative emotions that place self-regulatory demands to respond in ways that promote
healthy child development (Bariola, Gullone, & Hughes, 2011; Dix, 1991). According to the
resource model of self-regulation, the ability to self-regulate is not fixed and, much like a
muscle, can become fatigued over time (Baumeister et al., 2000). As such, stressful family
environments that demand greater self-regulation could paradoxically deplete an individual’s
ability to engage in this process. The early parenting years, as a period associated with increased
childcare demands and marital stress (Umberson, Pudrovska, & Reczek, 2010; Mitnick, Heyman,
& Slep, 2009), provides a unique opportunity to examine how the interaction between child-
related and marital stressors impact a parent’s capacity for self-regulation.

Parent’s self-regulatory capacity can be indexed by respiratory sinus arrhythmia (RSA).
RSA is the variability in time intervals between consecutive heart beats associated with the
respiration cycle (Bernston et al., 1997). At rest, cardiac activity is regulated by both branches of
the autonomic nervous system; the parasympathetic system exerts a tonic inhibitory influence on
the sinoatrial node of the heart via the vagal nerve, while the sympathetic systems exerts a slower
excitatory influence on cardiac activity. The fast acting parasympathetic inhibitory signal is
temporarily lifted during expiration contributing to the beat-to-beat variability associated with
the respiration cycle. RSA is thus conceptualized as a marker of vagal-dependent
parasympathetic activity.

The Neurovisceral Integration Model describes that RSA indexes a set of neural networks
through which the prefrontal cortex sends inhibitory signals to the amygdala, whose inhibition
maintains stronger vagal activity on the heart (Thayer & Lane, 2009). According to this model,
greater top-down inhibition from the prefrontal cortex to the heart, indexed by higher RSA,
promotes better affective, behavioral, and cognitive responses required for adaptive self-
regulation. Indeed, higher RSA has been associated with different processes supporting effective
self-regulation such as greater attentional control, behavioral persistence, as well as affective and
cognitive processing during mood induction tasks (Balzarotti, Biassoni, Colombo, & Ciceri,

2017; Hofmann, Schmeichel, & Baddeley, 2012; Thayer, Hansen, Saus-Rose, & Johnsen, 2009;
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Zahn et al., 2016). Resting baseline RSA can thus be conceptualized as a proxy of general self-
regulation capacities.

As a psychophysiological index of self-regulation capacities in a parenting context,
individual differences in RSA moderate the association between various maternal risk factors
such as maternal anxiety and depression, and unhelpful parenting practices (Connell, Hughes-
Scalise, Klostermann, & Azem, 2011; Root, Hastings, & Rubin, 2016). Further, lower RSA has
been associated with behavioral and cognitive correlates of disrupted parent self-regulation,
including greater escalation of negative parent-child interactions during mother-child discussion
tasks (Connell, McKillip, Patton, Klostermann, & Hughes-Scalise, 2015), and greater parental
inferences of children’s hostile intentions (Wang, Deater-Deckard, & Bell, 2016). Furthermore,
emerging evidence suggests that RSA is associated with a number of characteristics related to the
effective deployment of adaptive parenting practices, such as greater maternal sensitivity (Joosen
et al., 2013) and the validation of children’s negative emotions among fathers (Blandon, 2015).

Consistent with the resource model of self-regulation, increased stress is associated with
decreased RSA in the general population. Indeed, indicators of psychosocial stress predict lower
RSA in healthy community samples of both pediatric and adult populations (Dishman et al.,
2000; Gouin, Deschenes, & Dugas, 2014; Horsten et al., 1999; Lampert et al., 2016). However,
how stressors within the context of the early family environment influence parent RSA is not
well-known. Further, the majority of what is known about RSA in the context of parent-child
relationships is limited to mothers. Gaining a better understanding of psychophysiological
markers of self-regulatory capacities among fathers is particularly relevant to consider as
previous studies have suggested that fathers’ parenting practices are particularly vulnerable to the
impact of stress (Belsky, Gilstrap, & Rovine, 1984; Elam, Chassin, Eisenberg, & Spinrad, 2017).

Child behavioral problems are one of the key sources of stress for parents. Specifically,
child behavioral problems are a robust predictor of parent emotional distress. A number of cross-
sectional and longitudinal analyses demonstrate how child behavioral problems predict parental
depressive symptoms (Bagner, Pettit, Lewinsohn, Seeley, & Jaccard, 2013; Ciciolla, Gerstein, &
Crnic, 2014; Gross, Shaw, Burwell, & Nagin, 2009). Even when considering parents of children
with developmental delays or other chronic medical conditions, child behavioral problems
predict parental emotional distress over and above diagnosis-specific caregiving challenges

(Herring et al., 2006; Hilliard, Monaghan, Cogen, & Streisand, 2011; Quittner et al., 2010).
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Therefore, child behavioral problems may place demands on parents which over time could
diminish their ability to effectively self-regulate and may thus decrease parent RSA.

Further, the family context within which these child behavioral problems are occurring
may also be important to consider. The ABC-X model of family stress and coping explains how
some families adjust, while others fail to adjust, to stressors (Hill, 1949). Within this framework,
child behavioral problems will be associated with greater maladjustment when the family system
is disrupted. Indeed, stress within the couples’ marital relationship often spills over into parent-
child interactions which, in turn, may generate more child-related stressors (Almeida,
Wethington, & Chandler, 1999; Hartley, Papp, & Bolt, 2018; Goetz, Rodriguez, & Hartley,
2019; Stroud, Meyers, Wilson, & Durbin, 2015).

This combination of child-related and marital stress can be particularly detrimental for
parents and has been associated with a range of parental outcomes across pediatric populations.
Both parenting stressors and marital stress have independent and mutual effects on parent’s sense
of competence in their parenting (Sevigny & Loutzenhiser, 2010), on parenting behaviors across
childhood and into adolescence (Elam et al., 2017), and on parent’s self-reported depressive
symptoms (Lin et al., 2017). Further, low marital satisfaction has been shown to moderate the
association between child behavioral problems and parents’ social functioning and negative
perceptions of parenting (Suarez & Baker, 1997). As such, the increased marital stress typical of
the early parenting years may further exacerbate the deleterious impact of child-related stressors
on parents’ self-regulatory capacities.

Taken together, the aim of the current study is to investigate the associations between
child-related and marital stress, and parent self-regulatory capacity as indexed by RSA, amongst
both mothers and fathers. Couples with preschool-aged children completed measures of child
behavioral problems and daily marital stress, and had their RSA assessed. It was hypothesized
that child behavioral problems would be associated with poorer self-regulation capacities
amongst parents as indexed by lower RSA (Hypothesis 1). Further, it was hypothesized that
marital stress would moderate this association. Specifically, it was predicted that frequency of
daily negative marital interactions would exacerbate the association between greater child
behavioral problems and lower parent RSA (Hypothesis 2). Gender was also tested as an
additional moderator. It was hypothesized the moderating effect of increased daily marital stress

would be particularly pronounced for fathers as compared to mothers (Hypothesis 3).
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Method

Participants

Participants were 84 cohabitating heterosexual couples with young children (M = 3 years,
3 months; SD = 23 months; range = 5 months to 7 years, 5 months). Most couples had either one
or two children (44% and 48.8% respectively; range = 1 to 4) and 18 couples (21.4%) had a
child with special needs (e.g., intellectual disability, autism spectrum disorder, or a chronic
medical condition such as diabetes and rheumatoid arthritis). In this ethnically diverse sample,
55.36% self-identified as White, followed by 15.47% self-identifying as Latin American and
8.33% as Middle Eastern. About 36.9% had a high school degree or less, 41.7% a technical
degree, and 21.5% a university degree. The average household income was 55,000 (SD = 8,900)
CANS. About 56.5% of the participants were employed full time. Couples had been on average
9.94 (SD = 4.32) years together. Four couples were dropped from analyses because of missing
child behavioral problem data (final N = 80).

Participants were recruited from online ads, community centers, and flyers posted around
a large metropolitan city. To be included in the study, participants had to be in a romantic
relationship and cohabiting with their children, and all their children had to be under the age of 7
years old. Exclusion criteria included being pregnant, nursing, or having a chronic medical
condition, as these factors could influence RSA (Bernston et al., 1997). Participants were
compensated $40 CAD for their participation. This study was approved by the Concordia
University Human Research Ethics Committee.
Procedure

Couples attended a laboratory session to measure their RSA. During the visit, a consent
form was reviewed and informed consent was obtained. Partners were then seated side-by-side
and were each fitted with snap electrodes in a lead II configuration for electrocardiogram (ECG)
recording. The session included a five minute rest period, the completion of a child functioning
questionnaire, a fourteen minute marital discussion task about challenges related to raising young
children, and another five minute recovery period (Caldwell, da Estrela, MacNeil, & Gouin,
2019).

Following the laboratory session, participants completed a series of short online
questionnaires to assess their typical level of marital stress throughout the week. Participants

were prompted to report on their negative marital interactions four times throughout the day
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(before lunch, before leaving work, after putting the children to bed, and at bedtime) for six
consecutive days using online surveys. On the last survey entry of the day (i.e., bedtime),
participants answered three additional questions about their general perception of negative
marital interactions with their partner during that day.

Measures

Child behavioral problems. The preschool version of the Child Behavior Checklist
(CBCL; Achenbach & Rescorla, 2000) was used to assess child behavioral problems of the
participant’s most demanding child within the past two months. The CBCL is a 100-item list of
behavioral problems that participants must rate on a three-point Likert scale reflecting how true a
particular behavior is of their child (0 = not true, 2 = very true). A total score was computed by
summing the responses on all items and T-scores were derived based on the child’s gender and
age group, with higher T-scores suggesting greater problem behavior. Consistent with previous
studies of parenting stress, child behavioral problems were used as a proxy and objective
measure of child-related stressors (e.g., Brobst et al., 2009; da Estrela, Barker, Lantagne, Gouin,
2017).

Marital stress. Daily negative marital interactions were used to assess marital stress
(Laurenceau & Bolger, 2005). As described above, participants rated the extent to which their
partner argued or avoided them throughout the day. At the end of the day, participants also rated
the extent to which their partner behaved selfishly, ignored them, and rejected them on that day.
An average of these repeated daily measures was used as a proxy of the general levels of marital
stress experienced by each participant (Bolger, Davis, & Rafaeli, 2003). The Cronbach’s alpha
for this composite index was .89.

RSA. An ECG recording was used to measure RSA as part of a 60-minute protocol. The
ECG data was collected by an ECG amplifier module via an 8-slot BioNex chassis from
MindWare and analyzed using MindWare HRV Analysis Software, Version 3.1 (MindWare
Technologies Ltd, Gahanna, OH). Artifacts were detected using an automated algorithm and
visual inspection. Less than 1% of data for each participant had to be corrected. RSA was
extracted using spectral analysis with a Fast Fourier Transformation to compute the natural log
of the .15-.40 Hz frequency band of each 30-s epoch to isolate vagal-dependent parasympathetic

influences on the heart. RSA was calculated for each task by averaging the RSA value for each
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30-s epoch across the task-period (Berntson et al., 1997). The mean of all task-level RSA values
were used in analysis.
Analytic Plan

To account for the dyadic and dependent nature of the couples’ data in the current study,
hierarchical linear modeling was used to test the main study hypotheses. Within this framework
individuals are considered level 1 variables nested within dyads at level 2 (Kenny, Kashy, &
Cook, 2006). In order to minimize the possibility that the participant’s own RSA might influence
appraisals of child and marital stress, partner’s ratings of both child behavioral problems and
daily marital stress were used to predict each participant RSA. To test Hypothesis 1, a main
effect model was tested with partner’s ratings of child behavioral problems and of marital stress
to predict each participant RSA. An interaction term was computed between child behavioral
problems and marital stress and added to the model to test Hypothesis 2. Finally, a three-way
interaction term was computed between child behavioral problems, marital stress, and gender to
test Hypothesis 3. Participant’s age, gender (coded as -1 for men and +1 for women), and
ethnicity (coded as -1 for participants who self-identified as Non-White and +1 for White) were
included as covariates in all of the models as these variables can influence RSA (Sloan et al.
2008). Child’s age and gender were not entered in the model as they were already accounted for
in the calculation of the CBCL T-scores. An alpha level of .05 was used for the present study.
Analyses were conducted in SPSS Version 25.

Results

Descriptive statistics and bivariate correlations

On average, participants reported non-clinical levels of child behavioral problems (M =
47.39, SD = 27.80). Pearson correlations revealed that child behavioral problems were negatively
correlated with RSA such that greater frequency of child-related stressors reported was
associated with lower parent RSA (r = -.19, p = .014). There were no statistically significantly
correlations between marital stress and child behavioral problems (» = .005, p = .953), or RSA (r
=-.09, p = .232). Intra-class correlations (ICC) for each study variable were computed to assess
the magnitude of the within-couple correlations. The ICC for child behavioral problems (r = .71,
p < .01) suggests high agreement within couples, but moderate within couple agreement was
observed for marital stress (» = .47, p <.01), and the within-couple correlation for RSA was not

statistically significant (» =-.002, p = .983).
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Summary statistics

Model 1 tested the main effects of child and marital stress on RSA. As shown in Table 1,
greater child behavioral problems significantly predicted lower RSA. However, marital stress
was not a statistically significant predictor of RSA. This model accounted for 21.42% of the
variance in RSA.

To investigate whether marital stress moderated the association between child behavioral
problems and RSA, an interaction term between CBCL scores and marital stress was added to
the model. As reported in Table 1, the interaction term was statistically significant. Simple slopes
analysis revealed that at 1SD above the mean of marital stress, there was a significant negative
association between child behavioral problems and RSA, #153) =-3.25, p = .001. In contrast, the
conditional effect of child behavioral problems on RSA was no longer statistically significant at
1SD below the mean of marital stress, #(153) = -.09, p = .926. Model 2 accounted for 24.21% of
the variance in RSA.

Model 3 included a three-way interaction testing whether parent’s gender moderated the
interaction between child and marital stress in predicting RSA. As shown in Table 1, this
interaction term was statistically significant. As depicted in Figure 1, marital stress exacerbated
the association between child behavioral problems and RSA for fathers, #(74) = -3.04, p = .003,
but not for mothers, #(74) =-.72, p = .477.

Discussion

The purpose of the current study was to examine the interplay between child-related and
marital stress with a psychophysiological index of parent self-regulation capacity during the
early parenting years. Findings from the current investigation illustrated that child behavioral
problems was associated with lower parent RSA. Further, this association was exacerbated by
marital stress for fathers, but not for mothers. These findings suggest that child-related stressors
are associated with depleted self-regulatory capacities amongst parents of preschool children and
that fathers are especially vulnerable to the marital context within which these stressors are
occurring.

Consistent with the resource model of self-regulation, findings from the current study
suggest that repeated exposure to challenging child behaviors may deplete parents’ self-
regulatory capacities as indexed by lower RSA. That is, self-regulation is an effortful process

involving the deployment of limited resources, and the demands associated with challenging
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child behaviors may lead to a reduced capacity to sustain such effortful processes to be able to
optimally cope with these parenting challenges over time (Baumeister et al., 2000). In particular,
challenging child characteristics have been associated with self-reported parent fatigue
(Loutzenhiser, McAuslan, & Sharpe, 2015) and may contribute to parental burnout (i.e.,
exhaustion, depersonalization, and inefficacy associated with parenting demands; Roskam, Raes,
& Mikolajczak, 2017). Furthermore, prior studies in the general population indicate that
psychosocial stress exposure is associated with reduced RSA (Dishman et al., 2000; Gouin et al.,
2014; Horsten et al., 1999; Lampert et al., 2015; Michels et al., 2015). The present findings thus
extend prior work by highlighting how child behavioral problems, a key source of parenting
stress, is associated with a psychophysiological marker of self-regulation capacities among
parents of young children.

Low RSA, as an index of depleted self-regulatory capacity, may increase parents’
vulnerability to emotional distress. Indeed, low RSA is associated with increased negative
emotional arousal, greater depressive symptoms and fatigue, and the use of less adaptive coping
strategies in the context of stress (Fabes & Eisenberg, 1997; Fagundes et al., 2011; Gouin et al.,
2014; Switzer, Caldwell, da Estrela, Barker, & Gouin, 2018). When considering the parent-child
relationship, parent RSA has been linked with a wide range of parenting practices (Blandon,
2015; Connell et al., 2015; Joosen et al., 2013; Wang et al., 2016), and buffers the risk of
maternal risk factors on parenting behaviors (Connell et al., 2011; Root et al., 2016). However,
how RSA may moderate the association between parenting stressors and parenting distress is not
well-understood. Future research investigating the moderating role of RSA on the association
among child-related stressors, parent emotional distress and parenting behaviors are still
warranted to test this hypothesis.

Marital stress moderated the association between child behavioral problems and parent
RSA. Specifically, individuals exposed to heightened levels of child-related stressors and marital
stress had the lowest RSA. This finding is in line with the broader family stress and coping
literature which emphasizes that the association between stressors and (mal)adjustment is
moderated by the context within which these stressors are occurring (Hill, 1949). Marital stress
may exacerbate the impact of parenting challenges through stress spillover effects. Specifically,
child-related and marital stress tends to co-occur on the same day and stressful partner

interactions may impact parent-child interactions to further generate more child-related stressors
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(Almeida et al. 1999; Hartley et al., 2018; Goetz et al., 2019; Stroud et al., 2015). Further, in
addition to acting as a stressor in and of itself, marital stress may also reduce parents’ ability to
use each other or the relationship as a source of social support when confronted with parenting
stressors (Kiecolt-Glaser & Wilson, 2017).

Prior studies suggest that this effect may be particularly pronounced for men (Nelson,
O’Brien, Blankson, Calkins, & Keane, 2009) and that marital stress may disproportionately
affect parenting practices amongst fathers compared to mothers (Elam et al., 2017). The present
study extends these findings by showing that marital stress exacerbated the association between
child behavioral problems and RSA amongst new fathers but not new mothers. According to the
fathering-vulnerability hypothesis, the father-child relationship may be more sensitive to external
stressors such as marital conflict because fathers’ roles are traditionally less defined (Belsky et
al., 1984). Further, this effect may be especially salient in early childhood when gender roles in
parenting may be particularly distinct. However, this effect is not always replicated (Ponnet et
al., 2013). Furthermore, the literature on marital functioning and individual wellbeing highlight
gender as an important moderator, with men typically showing greater health benefits from
marriage than women (Kaplan & Kronick, 2006; Kiecolt-Glaser & Newton, 2017). One
explanation for why the consequences of marital stress may be more pronounced for husbands as
compared to wives is that women typically have other sources of informal social support that
they can draw on as resources (Umberson, Chen, House, Hopkins, & Slaten, 1996).

Examining the association between challenging child behavioral problems and both
mothers and fathers’ biomarker of self-regulatory capacities is one of the strengths of the current
study. In the early parent-child literature, the focus is typically on mothers with fathers’
perspectives being largely ignored. However, as demonstrated in the current study, fathers are
also impacted by family functioning in different but important ways. Further, using multiple
assessment methods adds to the current body of literature on parenting stress and self-regulation
over and above studies exclusively relying on self-report measures which are subject to common
method bias, i.e., inflated correlations because of shared variance due to using similar assessment
methods.

Despite the aforementioned strengths, the cross-sectional design of the current study
limits the inferences that can be made. Specifically, the directionality of the results cannot be

confirmed. That is, it is possible that parents with lower RSA elicit greater child-related and
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marital stressors. The design of the current study sought to address this limitation by using
partner’s scores and by measuring marital stress multiple times. Still, longitudinal studies
wherein family functioning is examined prospectively are warranted, especially as changes in
RSA are likely the result of chronic stress over time. Further, the current study did not assess
self-regulation per se but instead used RSA which is linked to self-regulation capacities. As such,
future studies should evaluate self-regulation in a parenting context more directly.

Findings from the current investigation indicate that child-related stressors in the early
parenting years are significantly associated with parent RSA. Specifically, child behavioral
problems were associated with poorer parent self-regulatory capacities, as indexed by lower
RSA. Further, this effect was exacerbated by marital stress for fathers; highlighting how the
context within which child-related stressors occur must be considered. As such, early
interventions and prevention efforts targeting the marital relationship amongst families facing
exceptional parenting stressors, such as parents of children with recurring behavioral problems,
may be a way to support both child and parent well-being. Further, future studies should examine

how child stress related changes in RSA predict both child and parental outcomes over time.
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Table 1. Hierarchical linear model of partner-rated child and marital stress in predicting RSA

Model 1 Model 2 Model 3
B (SE) B (SE) B (SE)

Intercept 8.06 (.54)** 7.96 (.53)** 7.95 (.53)**
Gender A7 (07)* A8 (L07)* A7 (07)*
Age -.05 (.02)** -.05 (.02)** -.05 (.02)**
Ethnicity .09 (.07) .06 (.07) .07 (.07)
Child behavioral problems -.005 (.002)* -.006 (.002)* -.005 (.002)*
Negative marital interactions -.01 (.01) -.01 (.01) -.01 (.01)
Child behavioral problems x Negative marital interactions -.001 (.0004)* -.001 (.0004)
Gender x Child behavioral problems -.0001 (.002)
Gender x Negative marital interactions -.002 (.01)

Gender x Child behavioral problems x Negative marital interactions

.001 (.0004)*

Note. * p <.05, ** p <.001. Gender was coded as -1 for men and +1 for women. Ethnicity was coded as -1 and +1 for participants who

self-identified as Non-White and White, respectively
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Figure 1. The left panel is a visual depiction of the interaction between child behavioral problems and mean negative marital
interactions for mothers, the right panel is a visual depiction of the same interaction for fathers. The lines depicted represent = 1 SD
around the mean of child behavioral problems and mean negative marital interactions.
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Conclusion Study 1

Findings from this first dissertation study demonstrated an association between parenting
stressors and parent self-regulation as indexed by HRV (referred to as RSA throughout Chapter
2). Specifically, greater child behavioural problems were associated with lower parent HRV.
This effect was exacerbated in the context of heightened marital stress, especially amongst new
fathers. Capitalizing on the dyadic design, this study used one partner’s report of child behavioral
problems and marital stress to predict the other partner’s HRV, thereby minimizing the
likelihood that HRV influenced the perception of child-related and marital stress. Although the
findings from Study 1 remain cross-sectional by nature, they suggest that child-related stressors
are associated with reduced parent self-regulatory capacities.

In the discussion of Study 1, it was hypothesized that the increased regulatory demands
parenting stressors place on parents paradoxically decreases their ability to self-regulate in
response to future stressors. That is, lower HRV would be associated with increased vulnerability
to stress-related increases in negative mood amongst parents. Study 2 was designed to test this
hypothesis. Using the same sample of parents as in Study 1, a daily diary design was used to test
whether parent HRV moderated the association between between-person and within-person
differences in daily child-related stress and parent negative mood. As an index of self-regulatory
capacities, it was hypothesized that lower parent HRV would exacerbate the association between

heightened and transient increases in daily child-related stress and parent negative mood.
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Chapter 3: Heart rate variability moderates the between- and within-person

associations between daily stress and negative affect

da Estrela, C., & Gouin, J.P. (Revise & resubmit). Heart rate variability moderates the between-
and within-person associations between daily stress and negative affect. International Journal of

Psychophysiology.
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Abstract

Stress exposure increases risk for depressive symptoms. However, there are substantial
individual differences in affective responses to stress. High-frequency heart rate variability (HF-
HRYV), a marker of vagally-mediated parasympathetic activity, has been conceptualized as a
psychophysiological index of emotion regulation that may moderate individuals’ responses to
stress. Using a daily diary design, we tested whether individual differences in HF-HRV
moderated the association between daily child-related stress and negative affect amongst a
sample of 84 heterosexual couples with preschool-aged children. After controlling for
participants age, gender, socioeconomic status, and ethnicity, hierarchical linear modeling
revealed that HF-HRV moderated both the between-person and within-person associations
between self-reported child-related stress and daily negative affect. Between-person analyses
indicated that the strength of the positive association between mean daily child stress and
negative affect across the daily diary period increased with decreasing HF-HRV. Similarly,
within-person analyses indicated that on days when participants reported more child-related
stress than usual, the magnitude of the increase in negative affect on that day was inversely
related to HF-HRV. Taken together, these findings suggest that lower HF-HRV may index
vulnerability to stress-related disturbances in negative affect. This increased negative affective
response to daily stress may be one pathway through which individuals with lower HF-HRV are

at increased risk for depressive symptoms over time.

Keywords: daily stress, heart rate variability, respiratory sinus arrhythmia, negative affect,

depression
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1. Introduction

Stress is a risk factor for depressive symptoms. While there is a cumulative impact of chronic
stress on depression, even everyday stressors are associated with significant changes in affect
(Hammen, 2005). However, there exists significant individual variability in affective responses
to stressors. Traditionally, cognitive and behavioral factors, such as appraisals and coping styles,
have been used to understand these individual differences (Lazarus & Folkman, 1984). However,
contemporary stress models argue that psychophysiological functioning should also be
considered to understand individual differences in affective response to stress (Epel et al., 2018).

High-frequency heart rate variability (HF-HRV), as an index of emotion regulation
(Beauchaine, 2015; Holzman & Bridgett, 2017; Smith, Deits-Lebehn, Williams, Baucom, &
Uchino, 2020), may be one psychophysiological factor that moderates affective responses to
stress. HRV refers to the variability in time intervals between consecutive heartbeats (Bernston et
al., 1997). At rest, cardiac activity is influenced by the interplay between parasympathetic and
sympathetic activation. While both branches of the autonomic nervous system influence the low-
frequency component of HRV, the high-frequency component of HRV reflects mostly the
inhibitory influence of the parasympathetic system on the sinoatrial node of the heart via the
vagal nerve. The Neurovisceral Integration Model (Thayer & Lane, 2009) highlights the
connection between prefrontal cortex inhibitory activity and vagally-mediated parasympathetic
activity on the heart. HF-HRV is regulated by the integration of afferent projections connecting
the peripheral nervous system to the central nervous system and efferent projections connecting
the prefrontal cortex to the limbic system and the brain stem where parasympathetic output to the
sinoatrial node are gated. According to this model, higher HF-HRV at rest is thought to index
greater inhibition from the prefrontal cortex to the heart, which has been linked to better
physiological and emotional arousal regulation.

Lower HF-HRV has been associated with greater emotional arousal and difficulties with
emotion regulation. Individuals with lower HF-HRV experience greater increases in negative
affect and negative facial expressions in response to emotion inductions (Demaree, Pu,
Robinson, Schmeichel, & Everhart, 2006; Demaree, Robinson, Erik Everhart, & Schmeichel,
2004; Ellis, Shumake, & Beevers, 2016). Low HF-HRYV is also associated with self-reported
greater day-to-day difficulties in emotion regulation and individuals with lower HF-HRV are

more likely to engage in maladaptive mood repair strategies in response to laboratory mood
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induction tasks, as compared to individuals with higher HF-HRV (Kovacs et al., 2016; Vasilev,
Crowell, Beauchaine, Mead, & Gatzke-Kopp, 2009; Visted et al., 2017; Williams et al., 2015;
Williams et al., 2019 Yaroslavsky et al., 2016). Further, individuals with lower HF-HRYV are less
likely to spontaneously employ adaptive emotion regulation strategies relative to individuals
with higher HF-HRV (Geisler, Vennewald, Kubiak, & Weber, 2010; Volokhov & Demaree,
2010). The difficulties with emotion regulation observed in individuals with lower HF-HRV may
increase risk for elevated negative affect and depressive symptoms.

Individuals with lower HF-HRV report greater negative affectivity (Sloan et al., 2017).
Similarly, meta-analyses indicate that lower HF-HRV is associated with higher depressive
symptoms. However, the effect size is small and heterogeneous across studies, suggesting the
presence of moderating factors (Kemp et al., 2010; Koch, Wilhelm, Salzmann, Rief, &
Euteneuer, 2019; Schiweck, Piette, Berckmans, Claes, & Vrieze, 2018). Stress exposure may be
one of those key factors. Across a range of psychosocial stressors, cross-sectional and
longitudinal studies demonstrate that the association between stress and depressive symptoms
varies as a function of HF-HRV. Lower HF-HRV exacerbates the association between
psychosocial stressor exposure and negative affect, across pediatric and adult populations (El-
Sheikh, Harger, & Whitson, 2001; Gouin, Deschénes, & Dugas, 2014; McLaughlin, Rith-
Najarian, Dirks, & Sheridan, 2015). In the context of stressful family interactions, higher HF-
HRV buffers the association between these negative social interactions and self-reported
depressive symptoms prospectively (Mezulis, Crystal, Ahles, & Crowell, 2015; Switzer,
Caldwell, da Estrela, Barker, & Gouin, 2018). This suggests that individuals with lower HF-
HRV may experience larger increases in negative affect in response to stressors than their
counterparts with higher HF-HRV.

Most of the studies to date have examined between-person associations among HF-HRYV,
stress, and negative affect. These between-person associations refer to whether individuals who
experience greater stress exposure than others also report more negative affect, and that this
association is more pronounced among individuals with lower HF-HRV. In contrast, within-
person associations represent the extent to which individuals report increases in negative affect
when they experience greater stress exposure than usual according to their own personal baseline
(Bolger, Davis, & Rafaeli, 2003; Laurenceau & Bolger, 2005). It is an ecological fallacy to

assume that between-person and within-person effects are equivalent (Bolger et al., 2003). Daily
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diary studies, which involve repeated assessment of the same person over the course of several
consecutive days, provide the opportunity to isolate between-person (i.e., inter-individual
differences) and within-person (i.e., intra-individual differences). These daily stress processes are
important to understand given that affective responses to daily stressors is predictive of future
depressive symptoms (Charles, Piazza, Mogle, Sliwinski, & Almeida, 2013; Cohen, Gunthert,
Butler, O’Neill, & Tolpin, 2005; Parrish, Cohen, & Laurenceau, 2011), over and above responses
to major life events (Kanner, Coyne, Schaefer, & Lazarus, 1981).

The overarching goal of the current study is to explore the role of HF-HRV in moderating
both the between- and within-person associations between daily stress and negative affect. In a
prior study with college students, HF-HRV moderated the affective response to high, but not
low, intensity daily stressors (Fabes and Eisenberg, 1997). However, this study did not
simultaneously explore within- and between-effects of stress on negative affect. In the current
study, the role of HF-HRV in daily stress processes was examined among parents of young
children, a developmental period associated with increased psychosocial stress. Indeed, parenting
young children is associated with increased caregiving responsibilities, time and financial
constraints, difficulty maintain work-family balance, and in particular increased child-related
stress. There is also significant individual variability, and gender differences, in adjustment
during this transition period (Evenson & Simon, 2005; Nomaguchi & Milkie, 2003; Scharlarch,
2001; Umberson, Pudrovska, Reczek, 2010). As such, the early parenting years provides a
unique opportunity to investigate the interplay between daily stress and negative affect using an
ecologically valid model of psychosocial stress. In the current study, heterosexual couples of
preschool-aged children had their baseline HF-HRV measured in the laboratory, and completed
repeated measures of perceived child-related stress and negative affect using a daily diary design.
Gender differences were also tested. As an index of poor emotion regulation, it was hypothesized
that lower HF-HRV would exacerbate both the between-person and within-person associations in
child-related stress and negative affect.

2. Method

2.1. Participants

Eighty-four heterosexual couples with preschool-aged children were recruited via online
ads, community centers, and posters in a large metropolitan city. In order to be included in the

study, participants had to be in a romantic heterosexual relationship and cohabiting with their
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children, and all of their children had to be younger than seven years old, (M= 3 years, 3 months,
SD = 23 months). Exclusion criteria included being pregnant, nursing, or having a chronic
medical condition, as these factors could influence HF-HRV (Bernston et al., 1997).

On average, participants were 34.60 years old (SD = 4.70 years), had been with their
current romantic partner for 9.94 years (SD = 4.32), and most couples had either one (44%) or
two children (48%; range = 1 to 4). The sample was ethnically diverse such that 55.36% self-
identified as White, followed by 15.47% self-identifying as Latin American and 8.33% as
Middle Eastern. The majority of the participants were employed full-time (56.5%) and the
average household income was 55,000 (SD = 8,900) CANS.

2.2. Procedure

Participants attended a laboratory session to measure their HF-HRV. During this session,
participants were sat side-by-side and fitted with snap electrodes in a lead II configuration for an
electrocardiograph (ECG) recording. Participants completed a five-minute rest period during
which their resting HF-HRV was recorded. During this resting period, participants were
instructed to stay seated, try to breathe normally and relax as much as possible for five minutes.
Subsequently, participated completed some cognitive and social tasks unrelated to the present
study.

Following the laboratory session, participants reported on their negative affect at four
times throughout the day (e.g., before lunch, before leaving work, after putting the children to
bed, and at bedtime) for six consecutive days using a survey application installed on their phone.
The last survey entry of each day (i.e., bedtime) also asked participants to provide a rating of
child-related stress experienced within the last 24 hours. On average, participants completed 6.54
(8D = 1.50) daily diaries.

2.3. Measures

2.3.1. Daily negative affect. Participants used a 5-point Likert scale to rate the extent to
which they felt anxious/tense, sad/down, and frustrated/angry since their previous questionnaire
entry (1 = Not at all, 5 = A great deal). An average of these three items was computed for each
entry and then averaged across the day to yield a single measure of daily negative affect, with
higher scores indicating greater negative affect. Cronbach’s alpha for this composite score was

.84.
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2.3.2. Daily child-related stress. A single item measure was used as a measure of child-
related stress during the past 24 hours. Using a 5-point Likert scale, participants were asked to
rate the extent to which they experienced stress in the relationship with their child (1 = Not at all,
5 = A great deal).

2.3.3. HF-HRV. To obtain the HF-HRV data, participants were fitted with snap
electrodes in a lead II configuration and data was collected using an ECG amplifier module
within a Mindware NioNex 8-slot BioNex chassis (MindWare Technologies Ltd, Gahanna, OH).
Interbeat intervals were recorded using a sampling rate of 1000 Hz. An automated algorithm and
visual inspection were used to detect and correct artefacts, with less than 1% of the data for each
participant needing to be corrected. The data was then analyzed using MindWare HRV Analysis
Software, Version 3.1 (MindWare Technologies Ltd, Gahanna, OH). To isolate the vagal-
dependent parasympathetic influence on the heart, HF-HRV was extracted with a Fast Fourier
Transform using a .15-.40 Hz frequency band. Resting HF-HRV was calculated by averaging 60-
second HF-HRV epochs across the 5-minute resting period. HF-HRV values were log
transformed.

2.4, Statistical Analyses

Hierarchical linear modeling was used to account for the dependent nature of the data.
Specifically, participants’ daily data were nested within individuals within dyads (Kenny, Kashy,
& Cook, 2006). In order to isolate the within- and between-person effects of child-related stress,
the daily data was person mean centered and grand mean centered respectively (Bolger &
Laurenceau, 2013). To test the main study hypotheses, same-level interaction terms were
computed with HF-HRV, gender, and between-person child-related stress, as well as cross-level
interaction terms with HF-HRV and within-person child-related stress. The random effects of the
intercept and slope of within-person child-related stress were estimated. Participants’ age,
socioeconomic status (computed as a composite of the standardized means of participant’s
income and education level), and ethnicity were included as covariates in all models tested. The
data were analyzed using the PROC MIXED function in SAS Version 9.4.

3. Results
3.1. Descriptive Statistics and Bivariate Correlations
Female participants had higher HF-HRV, #166) = 2.68, p = .008, and reported greater

child-related stress on average, #162) = 2.12, p = .028, than male participants. There were no
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gender differences for mean daily negative affect, #(162) = 0.73, p = .466. Bivariate Pearson’s
correlations were computed using the mean values across the daily diary to examine between-
person associations. Greater mean daily child-related stress was positively correlated with greater
mean daily negative affect, 7(164) = .63, p <.01. HF-HRV was not significantly correlated with
mean child-related stress, #(164) = -.02, p = .835, or mean negative affect »(164) =-.07, p = .393.
3.2. Within- and Between-Person Analyses

3.2.1. Within-person fluctuations in daily child-related and negative affect. Intraclass
correlations (ICC) were computed to estimate the between and within-person variability in daily
child-related stress and negative affect. The ICC for child-related stress (/CC = .50) and negative
affect (/CC = .63) indicated significant between- and within-person variability in both variables
across the daily diary period. This indicates that some key moderators may explain variability in
the between- and within- associations between daily child-related stress and negative affect.

3.2.2. Daily child-related stress, negative affect, and HF-HRV. Model 1 tested the
main effects of participant HF-HRV, gender, and the between-person and within-person effects
of daily child-related stress on negative affect. As shown in Table 1, there were no significant
main effects of participant HF-HRV or gender in predicting negative affect. In contrast, both
between-person and within-person differences in child-related stress were significantly
associated with negative affect. Specifically, participants reporting on average greater child-
related stress experienced greater negative affect across the assessment period. Further, on days
in which participants experienced more child-related stress than usual, they also reported greater
daily negative affect. There was also a significant random effect (i.e., slope) for the within-
person effect! of child-related stress, such that there was statistically significant variability in the
within-person association between daily child-related stress and negative affect.

Model 2 tested the hypothesis that HF-HRV moderates the between- and within-person
associations between child-related stress and negative affect. As shown in Table 1, HF-HRV
moderated the between-person associations between child-related stress and negative affect. As
illustrated in Figure 1, the positive association between child-related stress and negative affect
increased with decreasing HF-HRV. HF-HRV also moderated the within-person associations in

child-related stress and negative affect. Simple slope analyses revealed that participants with

I Alternative models that included the random effect of the between-person effect of child-related stress were tested.
However, this model did not converge and the effect could not be estimated. As such, only models that included the
random effect of the within-person effect of child-related stress are presented.
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lower HF-HRV showed a significant increase in negative affect on days when they experienced
more child-related stress than usual, while this association was not statistically significant among
participants with higher HF-HRV (Figure 2). Adding these interactions reduced the random
effects of the association between within-person differences in child-related stress and negative
affect by 10.06%.

In Model 3, participant gender was considered as an additional moderator to test whether
the moderating role of HF-HRV between child-related stress and negative affect would vary as a
function of parent gender. As shown in Table 1 (Model 3), the three-way interaction terms
between participant gender, HF-HRV, and child-related stress were not statistically significant.
That is, the two-way interaction between HF-HRV and child-related stress in predicting negative
affect was equivalent across genders.

4. Discussion

The purpose of the current study was to examine whether HF-HRV moderated within-
and between-person differences in affective responses to daily stress using a daily diary design
amongst parents of preschool-aged children. Results suggested that lower HF-HRV exacerbated
both the between-person and within-person associations between daily stress on negative affect.
Specifically, in the context of heightened child-related stress, individuals with lower HF-HRV
experienced greater negative affect across the daily diary period, relative to individuals with
higher HF-HRV. Further, on days when they reported greater child-related stress than usual,
participants with lower HF-HRV experienced larger increases in negative affect, compared to
individuals with higher HF-HRV. These associations did not vary as a function of participant
gender. These findings suggest that lower HF-HRV may index vulnerability to daily stress-
related disturbances in negative affect.

Prior studies indicate that individuals with lower HF-HRV experience larger emotional
and physiological response to stress. In both experimental and longitudinal studies, individuals
with lower HF-HRV experience greater emotional arousal in response to stress, as compared to
individuals with higher HF-HRV (Ellis et al., 2016; Gouin et al., 2014). Further, lower HF-HRV
is associated with greater startle response to threat (Gorka et al., 2013; Melzig, Weike, Hamm, &
Thayer, 2009). Similarly, individuals with lower HF-HRV also experience greater increased
blood pressure and cortisol in response to stress relative to those with higher HF-HRV (Weber et

al., 2010). These findings are also consistent with neuroimaging data that show that lower HF-
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HRYV is associated decreased activation in the prefrontal cortex and subcortical areas of the brain
that have been linked to inhibition of emotional and physiological arousal (Thayer, Ahs,
Fredrikson, Sollers, & Wager, 2012). Individuals with lower HF-HRV may thus be more likely
to respond with increased emotional and physiological arousal in response to daily stress
exposure as compared to individuals with higher HF-HRV.

As a biomarker of emotion regulation (Beauchaine, 2015; Holzman & Bridgett, 2017),
the link between lower HF-HRV and stress-related negative affect may also be explained by the
decreased use and effectiveness of adaptive emotion regulation strategies. In a previous study
with undergraduate students, higher HF-HRV was associated with self-reported greater use of
adaptive emotion regulation strategies (Geisler et al., 2010; Geisler, Kubiak, Siewert, & Weber,
2013). In emotion induction studies, individuals with lower HF-HRV are more likely to
spontaneously use maladaptive mood repair strategies in response to sadness induction tasks and
benefit less from adaptive mood repair strategies (Yaroslavsky et al., 2016). Further, there is also
evidence that it is the increased emotional arousal that individuals with lower HF-HRV report in
response to stress that may interfere with their ability to use constructive strategies to regulate
this arousal (Fabes & Eisenberg, 1997). That is, not only would individuals with lower HF-HRV
experience greater emotional and physiological arousal in response to daily stress as compared to
individuals with higher HF-HRV, but they may also have greater difficulty employing strategies
that would be helpful in regulating this increased arousal, and even once they use these strategies
they may actually be less effective.

The extant literature suggests a number of other psychobiological mechanisms that may
underlie the association between lower HF-HRV and increased affective reactivity to stress.
Individuals with lower HRV are more likely to develop sleep disturbance in response to stress,
which may in turn increase risk for depressive symptoms (Gouin et al.,, 2015; da Estrela,
McGrath, Booij, & Gouin, 2020). Also, lower HF-HRV is associated with greater rumination
that increases stress-related depressive symptoms (Carnevali, Thayer, Brosschot, & Ottaviani,
2018). Moreover, individuals with lower HF-HRV may experience a greater spillover of their
negative affect into their social interactions (Diamond et al., 2011; Ong et al., 2019; Switzer et
al., 2018), and may benefit less from positive social interactions (Gouin, Caldwell, MacNeil, &
Roddick, 2018; Hopp et al., 2013; Kok & Fredrickson, 2010). Additional research is needed to

these potential mediating mechanisms.
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Although there was an interaction between HF-HRV and daily stress, there was no main
effect of HF-HRV in predicting negative affect. This is similar to another daily diary study in
which HF-HRV moderates the within-person association between interpersonal stress and
negative affect, despite the lack of bivariate association between HF-HRV and negative affect at
the between-person level (Diamond, Hicks, & Otter-Henderson, 2011). Moreover, this finding is
consistent with previous studies demonstrating that the association between HF-HRV and
negative affect may be enhanced in conditions of stress or adversity. The daily diary study by
Fabes and Eisenberg (1997) found that the association between HF-HRV and negative affect
differed as a function of stressor intensity, with HF-HRV moderating the association between
stress and negative affect for stressors rated high or moderate, but not minor, in intensity.
Similarly, in a longitudinal study following undergraduate students as they transitioned from a
low stress to high stress academic period, the association between HF-HRV and negative affect
was most pronounced in the context of heightened stress (Gouin et al., 2014). While depressive
symptoms were not assessed in the current study, this pattern of results may help understand the
association between lower HF-HRV and risk for depression. Specifically, stress exposure may be
a moderating factor that explains some of the variability observed in the association between HF-
HRYV and depressive symptoms across studies (Kemp et al, 2010; Koch et al., 2019; Schiweck et
al., 2018).

The use of a daily diary design to test the association between stress and negative affect,
and the moderating role of HF-HRYV, is one of the main strengths of this study. Daily diary
studies allow for the differentiation of between-person and within-person effects (Bolger &
Laurenceau, 2013). However, the cross-sectional nature of the current study design limits the
ability to infer directionality. For instance, it is possible that individuals with lower HF-HRV
perceived or elicited greater stress than individuals with higher HF-HRV. Indeed, some
longitudinal studies observed that increased parent negative affect led to increases in child-
related stress (Goodman et al., 2011). It is also possible that ratings of perceived child stress
might have been biased by participant mood as these measures were assessed at the same point in
time. Future longitudinal studies, assessing both negative affect and stress at multiple time points
throughout the day could help address these limitations. Further, while parenting stress models
are ecologically valid models of stress (Quittner, Glueckauf, & Jackson, 1990), this does limit

the generalizability of the current findings, especially as only one type of stress (child-related)
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was assessed using a single-item measure in the present study. Additional research replicating
these results with different populations facing different psychosocial stressors and using more
comprehensive stress measures are warranted.

Findings from the current study suggest that lower HF-HRV may index vulnerability to
stress-related disturbances in negative affect. As such, HF-HRV may be used to identify
individuals most vulnerable to stress. However, clinical thresholds for risk for increased affective
reactivity to stress have not yet been identified. One challenge is that although HF-HRV is
generally stable over time (Bertsch, Hagemann, Naumann, Schéchinger, & Schulz, 2012; Kleiger
et al., 1991), it also fluctuates as a function of stress and social context (e.g., Gouin, Zhou, &
Fitzpatrick, 2015; Kim, Cheon, Bai, Lee, & Koo, 2018). Further, to our knowledge, there are no
studies that have tailored treatments or tested treatment effectiveness as a function of HF-HRYV,
therefore this remains an important future direction of research. Alternatively, interventions that
can improve HF-HRV may be helpful in promoting resilience and adaptation to stress amongst
individuals with lower HF-HRV. For example, exercise training increases both HF-HRV and
resilience to stress (Hives et al., 2020; Raffin et al., 2019). There is also emerging, albeit
preliminary, evidence that psychotherapies such as CBT may be effective in increasing HF-HRV
and that targeting HF-HRV using biofeedback may enhance the effectiveness of traditional
psychotherapies (Caldwell & Steffen, 2018; Garakani et al., 2008).

Overall, results from the current study suggest that lower HF-HRV is associated with
increased negative affect in the context of both between- and within-person differences in daily
stress. As affective responses to daily stressors are a predictor of future depressive symptoms
(Charles et al., 2013), the results from the current study could suggest that affective vulnerability
to daily stressors may be one pathway through which low HF-HRV confers risk for depression
over time. Longitudinal studies examining possible mediating mechanisms are warranted to

better understand how low HF-HRYV increases affective reactivity to stress.
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Table 1. Hierarchical linear modeling evaluating the between- and within- effects of child-related stress and their interactions with HF-

HRYV in predicting daily negative affect.

Model 1 Model 2 Model 3
Estimate (SE) Estimate (SE) Estimate (SE)

Fixed effects
Intercept 1.72 (.44)** 1.63 (.44)** 1.56 (.43)**
Day -.02 (.01)* -.02 (.01)* -.02 (.01)*
Gender -.03 (.04) -.04 (.04) -21(.23)
Age .01 (.01) .01 (.01) .01 (.01)
Ethnicity -.03 (.04) -.03 (.04) -.03 (.04)
Socioeconomic status -.08 (.05y -.10 (.05)* -.10 (.05)*
HF-HRV .004 (.04) .02 (.04) .02 (.04)
Between-person differences in child-related stress 44 (.04)** 97 (27)** .86 (.28)*
Within-person differences in child-related stress .09 (.02)** 34 ((12)* 37 ((12)*
Between-person differences in child-related stress x HF-HRV -.08 (.04)* -.06 (.04)
Within-person differences in child-related stress x HF-HRV -.04 (.02)* -.04 (.02)*
Between-person differences in child-related stress x HF-HRV x Gender -.02 (.04)
Within-person differences in child-related stress x HF-HRV x Gender .02 (.02)
Random effects
Intercept 20 (.02)** 19 (L02)** 19 (L02)**
Within-person differences in child-related stress (slope) 014 (.01)* 012 (.01)* 011 (.01)'
Residuals A7 (01)** 16 (L01)** A7 (01)**

Note. ** p <.01,* p <.05, ‘p <.10. HF-HRV = High-frequency heart rate variability
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Figure 1.
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Figure 1. HF-HRV moderates the association between between-person differences in child-
related stress and daily negative affect. This figure displays a two-way interaction between
between-person differences in child-related stress and HF-HRV in daily negative affect, plotted
as a function of £ 1 SD around the mean of HF-HRV. HF-HRV = High-frequency heart rate
variability. p values refer to the statistical significance of the simple slopes.



Figure 2.
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Figure 2. HF-HRV moderates the association between within-person differences in child-related
stress and daily negative affect. This figures displays a two-way interaction between within-
person differences in child-related stress and HF-HRYV in predicting daily negative affect, plotted
as a function of + 1 SD around the mean of HF-HRV. HF-HRV = High-frequency heart rate
variability. p values refer to the statistical significance of the simple slope.
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Conclusion Study 2

Using a daily diary design, this second dissertation study tested whether parent HRV
moderated the association between daily parenting stress and negative affect. Findings from this
study suggest that lower self-regulation capacities, as indexed by lower HRV, is associated with
increased parent negative affect in the context of greater between- and within-person differences
in child-related stress. These findings suggest that this vulnerability to stress-related increases in
daily negative affect may be a pathway through which parents with lower HRV are at greater risk
for depression over time.

Prior studies indicate that parents with lower HRV may experience increased emotional
and physiological arousal in response to child-related stress. Further, parents with lower HRV
may also have greater difficulty deploying and benefiting from adaptive self-regulation strategies
to decrease this heightened arousal, as compared to parents with higher HRV (Ellis et al., 2016;
Fabes & Eisenberg, 1997; Gouin et al., 2014; Weber et al., 2010; Yaroslavsky et al., 2016). This
increased arousal may interfere with psychobiological mechanisms that mediate the association
between chronic stress and depression such as sleep. Specifically, the increased emotional and
physiological arousal experienced in response to a stressor by individuals with lower HRV may
interfere with sleep onset and maintenance (Riemann et al., 2010).

As such, in Study 3 we tested whether disrupted sleep quality is a pathway through which
lower HRV increases vulnerability to stress-related mood disturbances using a moderated-
mediation model. Specifically, we tested whether daily sleep quality mediated the association
between chronic parenting stress exposure and depressive symptoms, and whether HRV
moderated the association between chronic parenting stress exposure and sleep quality. Using a
chronic parenting stress model comparing mothers of adolescents with and without
neurodevelopmental disorders, it was hypothesized that lower HRV would render parents more
vulnerable to stress-related decreases in sleep quality thereby increasing their risk for depressive

symptoms.
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Chapter 4: Heart rate variability, sleep quality, and depression in the context of

chronic stress

da Estrela, C., McGrath, J., Booij, L., & Gouin, J.-P. (2020). Heart rate variability, sleep quality,

and depression in the context of chronic stress. Annals of Behavioral Medicine.

43



Abstract
Background: Disrupted sleep quality is one of the proposed mechanisms through which chronic
stress may lead to depression. However, there exist significant individual differences in sleep
reactivity, which is the extent to which one experiences sleep disturbances in response to stress.
Purpose: The aim of the current study was to investigate whether low high-frequency heart rate
variability (HRV), as a psychophysiological marker of poor emotional and physiological arousal
regulation, predicts stress-related sleep disturbances associated with greater risk of depression
symptoms. Methods: Using a chronic caregiving stress model, 125 mothers of adolescents with
developmental disorders and 97 mothers of typically developing adolescents had their resting
HRYV and HRYV reactivity recorded, completed a measure of depressive symptoms, as well as a
seven-day sleep diary to assess their sleep quality. A moderated mediation model tested whether
sleep quality mediated the association between chronic stress exposure and depressive
symptoms, and whether HRV moderated this mediation. Results: After controlling for
participant age, body mass index, ethnicity, socioeconomic status, and employment status, poor
sleep quality mediated the association between chronic stress and depressive symptoms. Resting
HRV moderated this indirect effect such that individuals with lower HRV were more likely to
report poorer sleep quality in the context of chronic stressor exposure, which in turn was related
to greater depressive symptoms. Conclusions: Lower HRV, a potential biomarker of increased
sleep reactivity to stress, is associated with greater vulnerability to stress-related sleep
disturbances, which in turn increases risk for elevated depressive symptoms in response to

chronic stress.

Keywords: chronic stress, depression, sleep reactivity, high-frequency heart rate variability,

respiratory sinus arrhythmia
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Heart rate variability, sleep quality, and depression in the context of chronic stress

Chronic stress is a well-established risk factor for depression. Empirical evidence
supports a causal relationship between chronic stressor exposure and the development of
depressive symptoms (Hammen, 2005). Disrupted sleep quality is one of the key mechanisms
that have been posited to explain how stress leads to depression (Drake, Pillai, & Roth, 2014;
Riemann, Krone, Wulf, & Niseen, 2019, Vargas, Friedman, & Drake, 2015). However, there
exist important individual differences in vulnerability to stress-related sleep disturbances, a
construct known as sleep reactivity (Drake et al., 2004).

When considering the effects of transient sleep disturbances, experimental studies
demonstrate how acute sleep deprivation negatively impacts daily mood amongst healthy
individuals (Babson, Trainor, Feldner, & Blumenthal, 2010; Minkel et al., 2012; Scott,
McNaughton, & Polman, 2006). Transient reductions in sleep quality have also been associated
with increased negative mood in response to daily stressors (da Estrela, Barker, Lantagne, &
Gouin, 2018). Moreover, increased insomnia severity prospectively predicts the onset,
maintenance, and risk of recurrence of major depressive disorder (Baglioni et al., 2011), and
interventions targeting insomnia symptoms also yield improvements in depressive symptoms
(Taylor & Pruiksma, 2014). Thus, sleep disturbances appear to play a role in both the diathesis
and maintenance of depressive symptoms over time.

Cross-sectional, longitudinal, and experimental studies suggest that stressor exposure is a
precipitating factor for the development of sleep disturbances (Drake, Roehrs, & Roth, 2003;
Pillai, Roth, Mullins, Drake, 2014). The association between stressor exposure and increased
subjective and objective measures of sleep quality has been shown across a range of
psychosocial stressors (Akerstedt , 2006; Hall et al., 2008; Hall et al., 2007; Kalimo, Tenkanen,
Héarma, Poppius & Heinsalmi, 2000; Kim & Dimsdale, 2007; Taylor et al., 2016; Verlander,
Benedict, & Hanson, 1999). Daily diary studies also indicate that perceived stress on a given day
predicts lower sleep efficiency and sleep satisfaction that night (Akerstedt et al., 2012; Winzeler
et al., 2014). Longitudinal studies highlight that chronic stressor exposure is a robust predictor of
disrupted sleep quality over time (de Lange et al,, 2009; Hall et al., 2015; Linton, 2010).
However, not all individuals will develop sleep disturbances in response to stressor exposure

(Drake et al., 2004).
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Sleep reactivity to stress appears to be a stable characteristic that is influenced by both
genetic and environmental factors (Bonnet & Arand, 2003; Drake, Friedman, Wright, & Roth,
2011). In particular, individual differences in physiological and emotional arousal have been
proposed to underlie vulnerability to stress-related sleep disturbances (Kalmbach, Anderson, &
Drake, 2018; Riemann et al., 2010). Within this context, high-frequency heart rate variability
(HRV), as a marker of vagally-mediated parasympathetic activity, has recently been identified as
a putative marker of vulnerability to sleep reactivity (Bonnet & Arand, 2003; Gouin et al., 2015;
MacNeil et al., 2017). HRV refers to the fluctuation in time intervals between consecutive
heartbeats. At rest, both branches of the autonomic nervous system influence cardiac activity;
sympathetic activation accelerates heart rate while parasympathetic activation is primarily
responsible for its deceleration. While the low-frequency component of HRV reflects the
influence of both the sympathetic and parasympathetic nervous system, the high-frequency
component is predominantly modulated by parasympathetic output to the heart through the vagal
nerve. More specifically, HRV is regulated by the integration of afferent projections from the
periphery to the brain via the vagal nerve, and efferent projections connecting the prefrontal
cortex with the amygdala and the brain stem where parasympathetic output to the sinoatrial node
of the heart is gated (Berntson et al., 1997). Poorer physiological and emotional arousal
regulation, indexed by lower resting HRV, has been associated with increased physiological and
emotion arousal in response to stress (Thayer & Lane, 2009; Weber et al., 2010).

HRYV is also associated with individual differences in objective and subjective assessments of
sleep quality. Some studies suggest that both nocturnal and diurnal HRV differs between good
sleepers and individuals with insomnia, but these results have not been replicated in all studies
(Dodds, Miller, Kyle, Marshall, & Gordon, 2017). In some studies, diurnal HRV was more
strongly associated with objective and self-reported measures of sleep quality than nocturnal
HRV (Werner et al., 2015). Higher HRV during resting wakefulness has been associated with
higher actigraphy-based assessments of sleep efficiency and sleep duration (Elmore-Staton, El-
Sheikh, Vaugh, & Arsiwalla, 2012; Castro-Diehl et al., 2016) and negatively correlated with self-
reported sleep onset latency and sleep disturbances (Hovland et al., 2013).

There is emerging evidence that individual differences in diurnal HRV may also moderate
the association between stressor exposure and sleep quality. In a study examining predictors of

sleep reactivity, resting HRV predicted differences in sleep quality in response to a range of
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situational stressors (Bonnet & Arand, 2003). Further, individual differences in HRV reactivity,
changes in HRV in response to a laboratory stressor, were associated with actigraphy-based and
self-report measures of sleep quality (El-Sheikh, Erath, & Bagley, 2013; Bylsma, Salomon,
Taylor-Clift, Morris, & Rottenberg, 2014) and moderated the association between psychosocial
risk factors and the development of sleep disturbances (EI-Sheikh, Hinnant, & Erath, 2015;
Keller, Kouros, Erath, Dahl, & EI-Sheikh, 2014). In longitudinal studies of academic stress,
greater HRV reactivity predicted changes in self-reported sleep disturbances as participants
transitioned from periods of lower stress to higher stress (Gouin et al, 2015; MacNeil et al.,
2017). These studies provide preliminary evidence that HRV may be a psychophysiological
marker of sleep reactivity. However, prior studies have focused on HRV within the context of
laboratory stressors or ecologically valid stressors that were time-limited and relatively
predictable. Whether HRV is associated with increased sleep reactivity in response to more
chronic and uncontrollable stressors has yet to be explicitly tested.

Prior studies indicate that sleep reactivity is an independent predictor of both depressive
symptoms and of insomnia symptoms, which then further increases the risk of major depressive
disorder (Drake et al., 2014; Riemann et al., 2019). In parallel, HRV has been associated with
both elevated depressive symptoms and insomnia severity (Koch, Wilhelm, Salzmann, Rief, &
Euteneuer, 2019; Schiweck, Piette, Berckmans, Claes, & Vrieze, 2018) and emerging evidence
indicates that it may be a biomarker of sleep reactivity. This suggests that HRV may be
associated with higher depression risk through greater stress-related sleep disturbances.

The goal of the current study was thus to test whether HRV moderates the impact of chronic
stressor exposure on sleep quality and the mediating effect of poor sleep quality on the
association between chronic stressor exposure and depressive symptoms using a moderated
mediation model. Using a chronic parenting stress model, an ecologically valid model of chronic
stressor exposure that is both ongoing and largely uncontrollable (Quittner, Gluekauf, & Jackson,
1990), this study compared mothers of adolescents with developmental disorders and mothers of
typically developing adolescents. Parents of children with developmental disorders tend to report
poorer sleep quality and more depressive symptoms than other parenting populations (Karst &
Van Hecke, 2012; Lopez-Wagner, Hoffman, Sweeney, Hodge, & Gilliam, 2008) and therefore
provide a unique opportunity to study the interplay between chronic stressor exposure, sleep

quality, and depression.
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It was hypothesized that the chronic caregiving stress group would report poorer sleep
quality and greater depressive symptoms as compared to the control group. Further, it was
hypothesized that sleep quality would mediate the association between chronic stressor exposure
and depressive symptoms, and that HRV would moderate the association between chronic
stressor exposure and sleep quality. Specifically, it was predicted that individuals with lower
resting HRV and increased HRV reactivity would be particularly vulnerable to experiencing
poorer sleep quality in the context of chronic stressor exposure, putting them at increased risk of
developing depressive symptoms.

Method

Participants

The total sample (N = 222) comprised of two distinct groups, the chronic caregiving
stress group (n = 125) comprising mothers of adolescents with an autism spectrum disorder (n =
94) or intellectual disability (» = 31) and the comparison group of mothers of typically
developing adolescents (n = 97). Participants were the biological or legal mothers cohabiting
with their child, and were in the process of transitioning their child in or out of the high school
system. The exclusion criteria included being pregnant or nursing, having a chronic medical
condition or acute infection, regular use of anti-inflammatory medication, or major mental illness
(e.g., schizophrenia, bipolar disorder, or substance abuse). Participants were recruited via posters
and meetings at schools, community groups, and social service centers, and ads in the local
newspapers in the Greater Montreal Area. Participants were compensated $60 CAD for their
participation in the study.
Procedure

Participants first completed an online questionnaire assessing sociodemographic
information and depressive symptoms over the past week. For seven consecutive days prior to
the study visit, participants completed a sleep diary assessing their sleep quality. Specifically,
participants reported on their previous night’s sleep and functioning throughout the day before
going to bed each night. Participants then attended a home or laboratory session to measure their
HRYV using a digital interbeat interval recorder (Polar RS800CX; Finland: Kempele). To obtain a
measure of resting HRV, participants were seated and instructed to breathe normally and to try to
relax as much as possible for five minutes. Following the resting period, the experimenter

administered a worry induction task. Specifically, participants were asked to identify a topic they
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tended to worry about the most and then worry about that topic for the 5-minute period
(Hofmann, Schulz, Heering, Muench, & Bufka, 2010). This task elicited significant HRV
reactivity in prior studies (Gouin et al., 2015; MacNeil et al., 2017; Gouin, Deschénes, & Dugas,
2014). Anthropometric measurements were also taken to calculate body mass index (BMI). To
account for diurnal variations in HRV, testing sessions were completed in the morning before
noon while participants were fasting (Bonnemeier et al., 2003).

Measures

HRYV. At the beginning of the laboratory session, participants were fitted with a digital
interbeat interval recorder (Polar RS800CX; Finland: Kempele). This device recorded the timing
between consecutive R-peaks of QRS complexes (interbeat intervals) at a sampling rate of
1000Hz. Interbeat intervals were visually screened for recording artifacts, and manually
corrected in CardioEdit. HRV values were calculated with CardioBatch from corrected IBI files
according to the Porges-Bohrer method (Porges et al., 1980). First, a moving polynomial is
applied to the IBI time-series to remove heart-rate variability associated with slower periodic or
aperiodic processes. Then, a bandpass filter is applied to the detrended time-series to isolate
heart-rate variability attributable to the typical respiratory cycle frequency in adults (between
0.12 and 0.40Hz) to assess respiratory sinus arrhythmia. Variance scores were calculated from
30s epochs of the detrended and filtered IBI time-series. These HRV values were log-
transformed, and averaged across the different epochs within each task. HRV reactivity was
computed as the difference between participant’s HRV during the resting period and the 5-
minute worry induction task.

Depressive symptoms. The Center for Epidemiologic Studies Depression Scale (CES-D;
Radloff, 1977) is a 20-item self-report scale that was used to assess frequency of depressive
symptoms during the past week. Participants were asked to rate how many days during the past
week they felt or behaved a certain way on a four-point Likert scale (0 = less than one day and 3
= five to seven days). Responses on each item were summed, with higher scores indicating more
depressive symptoms. Scores range from 0 to 60, any score above 16 is considered to be a
clinically significant level of depressive symptoms (Radloff, 1977). The sample specific
Cronbach’s a was .91.

Sleep quality. Sleep quality was evaluated over seven consecutive days using sleep

diaries adapted from the Consensus Sleep Diary (Carney et al., 2012). Specifically, the sleep

49



diary assessed total time spent in bed, total sleep time, sleep onset latency, wake time after initial
sleep onset, and early morning awakenings. Participants also rated their sleep satisfaction on a 4-
point Likert scale (1 = Very bad and 4 = Very good), and were asked to rate their level of fatigue
throughout the day (0 = Not at all fatigued and 5 = As fatigued as I could be; reverse coded).
Sleep efficiency was calculated as a ratio of total sleep time to total time spent in bed, with a
higher ratio indicative of better sleep efficiency (Buysse, Ancoli-Israel, Edinger, Lichstein, &
Morin, 2006). Total time spent in bed was calculated by adding the time between when the
participant went to bed at night and got out of bed in the morning. Total sleep time was
calculated by subtracting sleep onset latency, nocturnal awakenings, and early morning
awakenings from the total time in bed. Sleep efficiency, sleep duration (i.e., total sleep time),
sleep satisfaction, and fatigue were recorded for each participant on each day. A mean value
across the entire sleep diary period was also computed. A global sleep quality composite was
then calculated by averaging the standardized means of all four indices such that higher scores
represented better sleep quality. This provided a unified measure of sleep quality, that accounts
for multiple dimensions of subjective sleep quality, including waking variables, important to
both good sleepers and individuals with insomnia (Harvey, Stinson, Whitaker, Moskovitz, &
Virk, 2008) and that is consistent with sleep health recommendations (Buysse, 2014). The
Cronbach’s a for this composite was .75.
Statistical Analysis

A moderated mediation model was used to test the main study hypothesis that sleep
quality (M) mediates the association between chronic stressor exposure (X) and depressive
symptoms (Y), and that HRV (W) moderates the association between chronic stressor exposure
(coded as -1 for participants in the comparison group and +1 for participants in the chronic
caregiving stress group) and sleep quality. This model simultaneously tests the effect of chronic
stressor exposure on sleep quality (path a) and sleep quality on depressive symptoms (path b) as
well as the total (path ¢), direct (path ¢’), and indirect effect of chronic stressor exposure on
depressive symptoms (path ab) using a series of regression models. Further, it tests the
interaction of chronic stressor exposure and HRV in predicting sleep quality, and the conditional
indirect effect of chronic stressor exposure on depressive symptoms. This model also computes

an index of the moderated mediation. Using bootstrapping procedures, a 5,000 bootstrapped
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sample was used to compute 95% bias corrected confidence intervals for each effect. Data was
analyzed using the PROCESS macro (Model 7; Hayes, 2013) in SPSS version 25.

Participant socioeconomic status (SES) was calculated as a composite of the standardized
means of their education level and reported annual household income. This SES variable was
included along with participant age, BMI, ethnicity (coded as 0 for those who self-identified as
White and 1 for those who did not self-identify as White), and employment status (coded as 1 for
employed and 0 for unemployed), as covariates in the model. These covariates were selected
given their known associations with HRV and sleep or depressive symptoms in prior studies
(Sloan et al., 2008; Bhattacharyya, Whitehead, Rakhit, & Steptoe, 2008; Grandner et al., 2010).
Inclusion of these covariates did not change the pattern of results for the moderated mediation
models, therefore only fully adjusted models are presented in the manuscript.

Two outliers, defined as a score three SDs away from the sample mean, were identified
on the sleep duration variable; these scores were then winsorized to three SDs above the sample
mean. One participant had missing data for sleep efficiency and sleep duration, so only their self-
reported fatigue and sleep satisfaction were used to compute their sleep quality score. For the
main statistical analyses, scores on the CES-D were log transformed to correct for positive
skewness in this variable. An alpha level of .05 was used in the current study.

Results
Descriptive Statistics and Intercorrelations

Descriptive statistics and group comparisons of participants’ sociodemographic
characteristics are presented in Table 1. On average, participants completed 6.05 out of 7 daily
diaries (SD = 1.44). In total, 35.6% of participants self-reported difficulty falling sleep, staying
asleep, or early morning awakenings lasting longer than 30 minutes at least three times during
the sleep diary period, which is suggestive of clinically significant insomnia symptoms. Further,
28.2% of the sample reported an average sleep efficiency ratio of less than .85. In terms of
depressive symptoms, 41.0% of the sample had a score on the CESD above the clinical cut-off
suggesting the presence of clinically significant depressive symptoms.

Spearman’s rho correlations were computed amongst the main study variables. There was
a marginally significant negative correlation between resting HRV and depressive symptoms
r(220) = -.13, p = .06. Frequency of depressive symptoms was significantly negatively correlated

with sleep quality, #(220) = -.42, p <.001, including shorter sleep duration, #(218) =-.15, p = .03,

51



lower sleep efficiency, #(220) = -.30, p < .001, lower sleep satisfaction, 7(219) = -.44, p < .001,
and greater daytime fatigue, 7(220) = -.41, p < .001. HRV reactivity was not significantly
correlated with depressive symptoms or any of the sleep quality parameters.

Group Comparisons Amongst the Main Study Variables

As reported in Table 1, independent samples t-tests were run to test group differences on
the main study variables. Overall, the chronic caregiving stress group was older, #220) =2.51, p
=.013, d = .34, and had older children, #219) = 3.91, p < .01, d = .56, than the comparison
group. They also reported greater depressive symptoms, #220) = 2.40, p = .017, d = .33, and
poorer overall sleep quality, #220) =-3.13, p <.001, d = .43. Specifically, the chronic caregiving
stress group slept less hours, #218) =-2.46, p =.015, d = .35, and were more fatigued, #(220) =
3.93 p <.01, d = .53, than the comparison group. Group differences in sleep efficiency were
marginally significant, with the chronic stress group reporting poorer sleep efficiency, #218) = -
1.92, p=.056, d =.33. Sleep satisfaction did not differ as a function of group, #219)=1.12,p =
-.266, d = .14, and neither did resting HRV, #220) = -1.26, p = .209, d = .17 or HRV reactivity,
1(214)=-82,p=.412,d=.11.

Moderated Mediation Analyses

As illustrated in Figure 1, a moderated mediation model was used to the test the main
study hypothesis. When controlling for participant age, (f = -.001, SE = .004, p = .752), BMI (8
=.002, SE = .004, p = .604), ethnicity (f = .08, SE = .05, p =.156), SES (=-.02, SE=.05,p =
.420), employment status (f = -.06, SE = .06, p = .274), and HRV (f =-.03, SE = .02, p = .112),
the total effect of chronic stressor exposure (i.e., having an adolescent with an autism spectrum
disorder or intellectual disability) on depressive symptoms was statistically significant (path c in
Figure 1; = .05, SE =.02, p =.047, 95% CI [.001, .09]) such that chronic stressor exposure was
associated with greater depressive symptoms.

When adjusting for the effects of participant age, (f = -.008, SE = .01, p = .337), BMI (f
=-.01, SE = .008, p = .073), ethnicity (f = -.35, SE = .11, p = .002), SES (f =-.04, SE = .06, p =
.548), and employment status (f = .16, SE = .11, p = .164), the effect of chronic stress on sleep
quality was statistically significant, such that chronic stressor exposure predicted poorer sleep
quality (path a; g = -.15, SE = .05, p = .002, 95% CI [-.25, -.06]). Further, when controlling for
participant age, (f =-.001, SE =.004, p = .717), BMI ( = .0002, SE = .004, p = .948), ethnicity
(p =.002, SE = .05, p = .961), SES (f = -.03, SE = .03, p = .305), and employment status (5 = -
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.04, SE = .05, p = .417), the effect of sleep quality on depressive symptoms was also statistically
significant, whereby poorer sleep quality was associated with greater depressive symptoms (path
b; f=-.18, SE=.03, p <.01, 95% CI [-.24, -.12]).

After controlling for sleep quality, the direct effect of chronic stressor exposure on
depressive symptoms was no longer statistically significant and reduced compared to the total
effect (path ¢’; = .02, SE = .02, p = .369, 95% CI [-.02, .06]). The indirect effect of chronic
stressor exposure on depressive symptoms was statistically significant (path ab; f = .02, SE =
.01, 95% CI [.01, .04]). Taken together, this pattern of results suggests that sleep quality partially
mediated the association between chronic stressor exposure and frequency of depressive
symptoms. This model accounted for 18.18% of the variance in depressive symptoms.

As part of the moderated mediation hypothesis, the interaction between chronic stressor
exposure and resting HRV in predicting sleep quality was tested. There was a statistically
significant interaction between chronic stressor exposure and resting HRV in predicting sleep
quality (8 = .08, SE = .04, p = .036, 95% CI [.005, .15], R’= .02). As illustrated in Figure 2, there
was a significant association between chronic stressor exposure and poor sleep quality at lower
resting HRV levels (Effect = -.26, SE = .07, p < .001, 95% CI [-.39, -.12]), but not at higher
resting HRV levels (Effect = -.05, SE = .07, p = .450, 95% CI [-.17, .11]). Further, the 95%
confidence interval around the index of moderated mediation suggests that resting HRV
moderated the indirect effect of sleep quality on the association between chronic stressor
exposure and depressive symptoms (/ndex = -.01, Boot SE = .01, 95% CI [-.03, -.001)).
Specifically, the conditional indirect effect of chronic stress on depressive symptoms was
statistically significant at lower resting HRV (Effect = .05, Boot SE = .01, 95% CI [.02, .08]), but
not higher resting HRV (Effect = .009, Boot SE = .01, 95% CI [-.01, .04]). Given that the CES-D
included a sleep-related item (“My sleep was restless”), analyses were repeated while omitting
this item. The pattern of results remained the same such that the moderated mediation remained
statistically significant (Index = -.01, Boot SE = .006, 95% CI [-.03 -.003]). As excessive fatigue
is a symptom of depression, analyses were also repeated using a sleep quality variable excluding
the daily fatigue component. Again, the pattern of results remained the same; the moderated
mediation remained statistically significant, /ndex = -.01, Boot SE = .006, 95% CI [-.03, -.001].

In contrast, HRV reactivity did not moderate the association between chronic stressor

exposure and sleep quality, f = -.05, SE = .07, p = .494, 95% CI [-.19, .09], R’= .002. The index
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of moderated mediation was also not significant for HRV reactivity (/ndex = .009, Boot SE =
.01, 95% CI [-.01, .04]). These analyses were repeated using residualized change scores as an
alternative way to calculate HRV reactivity, the pattern of results remained the same; the
moderated mediation was not statistically significant; /ndex = -.005, Boot SE = .01, 95% CI [-
.03, .02].

Discussion

The goals of the current study were to investigate whether sleep quality mediated the
association between chronic stressor exposure and depressive symptoms, and whether HRV
moderated this association. As hypothesized, chronic stressor exposure was associated with
decreased sleep quality, which then predicted greater depressive symptoms. Moreover, this
mediation effect was moderated by HRV. Specifically, individuals with lower resting HRV were
more likely to report poorer sleep quality in the context of chronic stressor exposure than their
counterparts with higher HRV. These findings suggest that lower HRV may be a biomarker of
sleep reactivity to stress and that vulnerability to stress-related sleep disturbances may be a key
pathway through which individuals with lower HRV are at greater risk for stress-related
depressive symptoms.

In the current study, individuals with lower resting HRV were more susceptible to
experiencing poorer sleep quality in the context of chronic stressor exposure than individuals
with higher HRV. Contemporary models of insomnia posit that emotional and physiological
hyperarousal are key factors involved in the development and maintenance of sleep disturbances
(Riemann et al., 2010). It is well-known that stress increases arousal, and individuals with lower
HRYV are more likely to exhibit increased arousal in response to stress. Specifically, in addition
to increased emotional arousal (Thayer & Lane, 2009; Gouin et al., 2014), lower HRV is also
associated with increased physiological arousal as indicated by increased blood pressure and
cortisol (Weber et al., 2010). This stress-induced hyperarousal may interfere with sleep onset and
maintenance among individuals with lower resting HRV.

Sleep reactivity, the tendency to experience sleep disturbances in response to stress
exposure, has been associated with greater risk of depression, over and above the effects of
insomnia severity (Drake et al., 2014; Vargas et al., 2015). Prior work indicates that lower HRV
is associated with greater sleep disturbances in response to acute laboratory challenges as well as

predictable and time-limited naturalistic stressors (Bonnet & Arand, 2003; Gouin et al., 2015;

54



MacNeil et al., 2017). The present findings provide further evidence that lower resting HRV may
be a biomarker of sleep reactivity. Specifically, the current study extended previous findings by
examining the link between HRV and sleep reactivity in the context of a chronic stressor.

Sleep quality mediated the association between chronic stressor exposure and depressive
symptoms in the current study. This is consistent with previous research that highlights disrupted
sleep quality as a key mechanism linking stress and depression (Drake et al., 2014; Riemann et
al., 2019; Harvey, 2011). The present findings suggest that this greater sleep reactivity may be
one of the pathways through which individuals with lower HRV are at greater risk of developing
depressive symptoms in response to chronic stressor exposure. The literature on the link between
HRYV and depressive symptoms has previously been characterized by modest and heterogeneous
effect sizes (Koch et al., 2019). Recent findings suggest that accounting for sleep disturbances
may explain some of the heterogeneity in the association between low HRV and depression
(Bylsma et al., 2014; Hamilton, Stange, Burke, Franzen, & Alloy, 2019; Werner et al., 2017).

However, contrary to what was hypothesized, the moderated mediation effect with HRV
reactivity was not significant. This is consistent with a recent daily diary study that demonstrated
that individual differences in resting HRV, but not HRV reactivity, moderated the association
between sleep quality and depressive symptoms amongst individuals with a prior history of
depression (Hamilton et al., 2019). Furthermore, while resting levels of HRV is a reliable
predictor of psychopathology, the predictive utility of HRV reactivity has been limited by
methodological challenges. Specifically, findings from a recent meta-analysis suggest that null
findings can partially be attributed to systematic differences in the baseline and reactivity
procedures used, as well as participants’ sex (Beauchaine et al., 2019). The current study
included only females and used a worry induction task as the reactivity procedure. Future studies
should include both sexes and test whether different reactivity procedures modify the association
between HRV reactivity and stress-related sleep reactivity.

The chronic caregiving stress model used in the present study included mothers of
adolescents with an autism spectrum disorder or intellectual disability. Although mothers of
children with special needs report more depressive symptoms than mothers of typically-
developing children (Olson & Hwang, 2001), prior research indicates that mothers of children
with autism report more parenting stress than mothers of children with other developmental

disabilities (Hayes & Watson, 2013). In the present study, additional follow up analyses
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indicated that mothers of adolescents with ASD showed the highest levels of depressive
symptoms and poorest sleep quality, followed by mothers of adolescents with intellectual
disabilities, and then mothers of typically developing adolescents. However, significant group
differences in depressive symptoms, #(189) = 2.25, p =.025, d = .33, and sleep quality, #(189) = -
3.36, p =.001, d = .49, were observed between mothers of adolescents with ASD and mothers of
typically developing adolescents, but not between mothers of adolescents with ASD and mothers
of adolescents with other developmental disabilities (depressive symptoms, #(123) = -.085, p =
932, d = .02; sleep quality, #(123) = 1.06, p = .294, d = d = .22). Of note, although the chronic
caregiving stress group displayed worst overall sleep quality, the overall differences were of
small magnitude. These results dovetail with prior studies highlighting individual differences in
sleep reactivity to stress (Drake et al., 2004). Further, while it is often assumed that caregivers
and non-caregiving populations differ on health outcomes, the association between caregiver
status and health is heterogeneous and influenced by other individual differences (Vitaliano,
Zhang, & Scanlan, 2003). Low resting HRV may be one inter-individual factor that places
certain caregivers at an increased risk for stress-related sleep disturbances.

One of the key limitations of this study is its cross-sectional design, precluding inferences
of directionality among the associations observed. Depressive symptoms may have preceded
sleep disturbances (Jansson-Frojmark & Lindblom, 2008). An alternative model wherein lower
HRV is related to increased vulnerability to the effects of sleep deprivation on mood is also
possible (Hamilton et al., 2019). The cognitive-energy model (Zohar, Tzischinsky, Epstein, &
Lavie, 2005) posits that sleep loss deplete the cognitive resources required for adaptive self-
regulation, which may be enhanced among individuals with lower HRV who may have less self-
regulatory capacity (Thayer & Lane, 2009). Although alternative moderated mediation models
wherein depressive symptoms was the mediator or HRV moderated the association between
sleep quality and depressive symptoms were not significant (data not shown), these alternative
conceptualizations cannot be ruled out in this cross-sectional study. As such, longitudinal studies
are required to better comment on the directionality of the observed associations. Further,
chronic stressor exposure was inferred by caregiver status, future studies should include
continuous measure of stress severity (e.g. child’s symptoms severity) rather than relying on a
dichotomous caregiving variable (Pastor-Cerezuela, Ferndndez-Andrés, Tarraga-Minguez,

Navarro-Pefia, 2016). This is important to consider given that different individuals with the same
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diagnosis of ASD or intellectual disability may exhibit a wide range of functioning that is
directly impacting the caregiving stress experienced by the mother. Moreover, the
generalizability of the sample is limited such that future studies should include men, as sex and
gender differences have been found in relation to HRV (Koenig & Thayer, 2016), insomnia
(Zhang & Wing, 2006), and depression (Nolen-Hoeksema, 2001). In the current study,
participant age also differed across groups and may represent an important confound as age is
independently associated with both HRV and sleep disturbances (Martin, Shochat, & Ancoli-
Israel, 2000; Sloan et al., 2008). However, the associations observed in the current study were
found over and above the effects of age. Moreover, a longer assessment of the sleep quality
variables (e.g., two weeks instead of one week) would better capture the instability of sleep
quality characteristic of poor sleepers (Wohlgemuth, Edinger, Fins, & Sullivan, 1999). Further,
the inclusion of objective measures of sleep quality are also warranted.

Meta-analytic studies suggest that lower HRV is associated with elevated depressive
symptoms (Koch et al., 2019; Beauchaine & Thayer, 2015). The present findings indicate that
individuals with lower HRV are more likely to experience stress-related impairment in sleep
quality and, in turn, poor sleep explains part of the association between chronic stressor exposure
and depressive symptoms for these individuals. This suggests that sleep-focused treatment could
play an important role in preventing depressive symptoms in the context of chronic stressor
exposure, particularly among individuals with lower HRV. Cognitive-behavioural therapy for
insomnia is the current gold standard treatment for chronic insomnia (Morin et al., 2019). Even
when it includes only sleep-related interventions, CBT for insomnia also reduces depression
(Cunningham & Shapiro, 2018). This intervention strategy, that has already been successfully
adapted to caregiving populations, may be particularly helpful for individuals who are facing
exposure to uncontrollable and unpredictable stressors (Swanson, Flynn, Adams-Mundy,
Armitage, & Arnedt, 2013), such as parents of children with developmental disabilities.
Individuals with lower HRV may reap larger benefits from such sleep-focused intervention.
However, at this time, a clinical HRV threshold value has not been identified to select
individuals who would benefit most from such treatment. Future studies should investigate the
clinical utility of HRV measures in tailoring treatments for individuals facing chronic stressor
exposure. Furthermore, there is also research indicating that successful CBT for depression is

associated with increases in HRV (Carney et al., 2000; Taylor et al., 2009) and that HRV
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biofeedback enhances the efficacy of CBT for depression (Caldwell & Steffen, 2018). It is
possible that interventions that increase HRV may then reduce sleep reactivity. Further empirical
work is needed to test this hypothesis.

Taken together, the results from the current study suggest that low resting HRV
moderates the impact of chronic stressor exposure on sleep quality. Specifically, low HRV
appears to be a psychophysiological marker of sleep reactivity that is associated with risk for
elevated depressive symptoms in response to chronic stressor exposure. Future studies should
replicate these findings in longitudinal studies and evaluate whether difficulties with
physiological and emotional arousal regulation explain the risk for poor sleep and depression

associated with lower HRV.
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Table 1. Comparison of participants’ sociodemographic characteristics and the main study

variables as a function of group

Chronic Stress Comparison

Group Group

M (SD) M (SD) t(d)
Participant age (years) 47.71 (6.15) 45.69 (5.69) -2.51* (.34)
Child age (years) 16.45 (2.82) 15.16 (1.80) -3.91** (.56)
BMI 28.01 (5.86) 27.58 (6.71) -.50 (.07)

64,919.31 66,822.91
Income (CANS) (41,667.45) (42,414.76) 33(.05)
HRV In(ms?) 5.55(1.30) 5.77 (1.31) 1.26 (.17)
HRYV reactivity In(ms?) -23(.72) -.16 (.55) 82 (.11)
Depressive symptoms 17.89 (10.93) 14.40 (10.44) -2.40* (.33)
Sleep quality - 14 (.77) .18 (.68) 3.13%* (.43)
Sleep efficiency .86 (.10) .89 (.08) 1.92° (.35)
Sleep duration (hours) 6.72 (1.02) 7.04 (.89) 2.46* (.33)
Sleep satisfaction 2.88 (.55) 2.95 (.46) 1.12 (.14)
Fatigue 2.61 (.88) 2.16 (.83) -3.93%* (.53)
% % 7
} : o) :
Relationship st?ltus (A? ina 759 773 14
current romantic relationship)
Ethnicity (% self-identified as
White) 80.8 74.2 1.37
0
Employment status (% 778 763 35
employed)
1 0

Education level (% graduated 46.4 47 4 276

from university)

Note. ** p <.01,* p <.05, ‘p <.10. BMI = body mass index. In = Logarithmic transformation of

power spectral measures.
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Figure 1.
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Figure 1. Visual depiction of the moderated mediation model tested. Beta coefficients and corresponding standard errors (in
parentheses) for each effect are also presented. The dotted arrow refers to the direct effect of chronic stress predicting depressive
symptoms when controlling for the effect of sleep quality. ** p <.01, * p <.05. HRV = Baseline high-frequency heart rate variability.
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Figure 2.
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Figure 2. Interaction between chronic stress and HRV in predicting sleep quality, plotted as a
function of £ 1 SD around the mean of HRV. HRV = Resting high-frequency heart rate
variability. p values refer to the statistical significance of the simple slopes.
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Chapter 5: General Discussion

Child-related stressors are a robust predictor of parental depression (Bagner et al., 2013;
Ciciolla et al., 2014; Gross et al., 2009). Family stress models such as the ABC-X model of
family stress (Hill 1949; 1958), the Family Adjustment and Adaptation Response Model
(McCubbin & Patterson, 1983), Perry’s integrative model of stress (Perry, 2004), and the Family
Stress Model (Masarik & Conger, 2017), each emphasize that not all parents will develop
negative outcomes, such as depressive symptoms, in response to parenting stressors. Instead,
parenting stressors are likely to lead to parental depression when the demands that these stressors
place on parents exceed the resources parents can recruit to address those demands. The goal of
this dissertation was to study whether parent self-regulatory capacities, as indexed by HRV, is a
resource that can explain individual differences in adaptation to parenting stressors. Findings
across the three studies support the hypothesis that parent self-regulatory capacities, as indexed
by HRYV, plays a role in understanding the link between parenting stress and parental depressive
symptoms.

In Study 1 (Chapter 2), we first established that there is an association between child-
related stressors and parent HRV. Specifically, increased child behavioural problems were
associated with lower parent HRV. It is well-known that stressor exposure has a negative impact
on physical health outcomes. The allostatic load model provides a conceptual framework to
understand how stress gets “under the skin” to impact physical health (McEwen 2006; 2012;
Seeman et al. 1997). Stressor exposure initiates a cascade of neuroendocrine, immunological,
and autonomic responses that in the short term promote adaptation to stress (allostasis).
However, over time, prolonged exposure to stress leads to chronic activation of these stress
response systems, which leads to wear and tear (allostatic load) conferring risk for a variety of
negative health outcomes such as reduced HRV (Dishman et al., 2000; Horsten et al., 1999;
Gouin et al., 2014; Lampert et al., 2016). Our findings suggest that recurring child-related
stressors may have the same physiological effects as other stressors.

Findings from Study 1 thus add to an emerging body of literature on the impact of
challenging child functioning on parent neurophysiology. Parent cortisol, a biomarker of the
stress response system, has been associated with child-related stressors. Amongst working
mothers of preschoolers, self-reported parenting stress and job strain interacted to predict

suboptimal cortisol awakening responses (Hibel, Mercado, & Trumbell, 2012). Further, when
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looking at preschooler’s self-regulation capacities, preschoolers’ effortful control moderates the
association between parenting behaviours and parents’ cortisol awakening responses (Merwin,
Smith, & Doughtery, 2015), highlighting that child’s characteristics influences parents’ stress
responses. Similarly, in a study with parents of children with conduct disorder, self-reported
parenting stress was associated with self-reported maternal physical health status, and this
association was explained by increased exposure to daily child-related stressors (BeLue,
Halgunseth, Abiero, & Bediako, 2015). Taken together, this data shows the need to expand our
current family stress models to consider not only the psychological impact of child-related
stressors on parent functioning, but also on their physiological stress responses.

To date, the link between stress exposure and HRV specifically has been studied mostly
outside of the context of child-related stressors. Within this broader literature, exposure to
psychosocial stress has been consistently associated with decreased HRV. Greater perceived
stress prospectively predicts lower HRV amongst healthy adult (Dishman et al., 2000). A similar
pattern of results has been observed when considering exposure to chronic stress and other
adverse life events, as well as social isolation (Horsten et al., 1999; Lampert et al., 2016).
Further, during periods of increased stress, greater psychosocial stress predicts reductions in
HRYV, especially for individuals who are not well socially integrated (Gouin et al., 2015).
Consistent with both the resource model of self-regulation (Baumeister et al., 2000) and the
allostatic load model (Seeman et al. 1997; McEwen 2006; 2012), it has been argued that
individuals exposed to stress may initially experience increased HRV as they attempt to self-
regulate in response to their environment (Katz, 2007; Lampert et al., 2016). Over time, frequent
activation of this neurophysiologic system (i.e., increased allostatic load) leads to fatigue of this
system. Findings from Study 1 expand this literature by showing that increased exposure to
child-related stressors is also associated with lower HRV.

In this first empirical study, we also showed that the association between child
behavioural problems and parent HRV was most pronounced in the context of increased marital
stress. This finding is consistent with family stress models like the ABC-X model (Hill, 1949;
1958), which emphasizes that the association between stressor exposure and individual outcomes
is dependent on the family context within which these stressors are occurring. Within this
framework, marital stress may be an additional stressor that places increased demands on the

family system and may also reduce the likelihood that parents will be able to use each other as a
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resource to address the demands that child-related stressors place on the family system (Kiecolt-
Glaser & Wilson, 2017). The ABC-X model is a specific example of a contemporary family
stress model that has traditionally been used to explain parent psychological outcomes. Our
findings suggest that it would be appropriate to extend the application of this model to parent
physiological stress responses as well.

The interaction between child-related stress and marital stress in predicting parent HRV
was most pronounced for new fathers. Traditionally, it has been hypothesized that father-child
relationships are more vulnerable to external stressors, such as marital stress, than mothers
because their roles may be less defined especially during the early parenting years (Belsky et al.,
1984). This three-way interaction also dovetails with findings regarding the association between
marital status and health wherein men typically reap greater health benefits than women from
being married (Kaplan & Kronick, 2006; Kiecolt-Glaser & Newton, 2017). The differences in
outcomes might be explained by gender differences in availability of other forms of informal
social support, with women traditionally having greater access to social support networks outside
of the home (Umberson et al., 1996). Our findings suggest the effect of child-related stress on
HRYV is moderated by marital stress for fathers. For mothers, the marital context seems to matter
less. However, these effects are not always replicated and are sometimes even more pronounced
for women (e.g., Hartley et al, 2018; Smith et al., 2011).

Findings from Study 1 may have important implications for parent functioning given the
association between self-regulation and HRV. In the seminal study by Segerstrom & Nes (2007),
HRV was hypothesized to index self-regulation capacities because of the anatomical overlap
between brain structures involved in self-regulation and the central autonomic network that
governs HRV, such as the prefrontal cortex (Thayer & Lane, 2000). Using an experimental
manipulation of self-regulation by having participants eat or resist eating a desirable but
unhealthy food (e.g., chocolate or cookies), they showed that participates exhibited an increase in
HRYV during tasks involving increased self-regulation (resisting the desirable food) compared to
the low self-regulation condition, suggesting that elevations in HRV indexed increased self-
regulatory efforts. They then showed that individuals with higher HRV were more likely to
persist on a challenging anagram task, suggesting that higher HRV is associated with greater

self-regulatory strength. Similarly, a meta-analysis examining the association between HRV and

64



self-regulatory strength has shown a small, but consistent, positive association between HRV and
self-regulation across laboratory tasks (Zahn et al., 2016).

As such, lower HRV has been posited to index poorer self-regulation capacities. Indeed,
individuals with lower HRV self-report greater day-to-day difficulties with self-regulation as
compared to individuals with higher HRV (Vasilev et al., 2009; Visted et al., 2017; Williams et
al., 2015; Williams et al., 2019). They are also less likely to use adaptive self-regulation
strategies relative to individuals with higher HRV (Geisler et al., 2010; Volokhov et al., 2010). A
similar pattern of results has been replicated in laboratory settings, with individuals with lower
HRYV more likely to engage in maladaptive self-regulation strategies in response to negative
mood induction tasks (Kovacs et al., 2016; Yaroslavsky et al., 2016). These self-regulation
difficulties may be one pathway through which lower HRV is associated with an increased risk
for mood disturbances.

Broadly, poor self-regulation is a risk factor for depression. Multiple theoretical
frameworks have been proposed to explain why difficulties with self-regulation may increase the
risk of experiencing depressive symptoms. For instance, it has been speculated that difficulties
with self-regulating both negative and positive mood represents one of the core deficits observed
in individuals with depression (Morris & Reilly, 1987). Similarly, Matthews’s self-regulation
model of depression (1977) emphasizes that self-regulation includes the ability to self-monitor,
self-evaluate, and self-reinforce and that dysfunctions in any three of these components may lead
to the cognitive and behavioural symptoms observed in depression such as low self-worth and
anhedonia. Contemporary models of self-regulation and depression point towards similarities in
the neurobiological substrates that are implicated in self-regulation and depression such as
serotonergic functioning (Carver, Johnson, & Joormann, 2008). If HRV is an index of self-
regulation, and poor self-regulation is a risk factor for depression, then it follows that individuals
with lower HRV should be at an increased risk for developing mood disturbances.

Indeed, individuals with lower HRV do report greater negative mood on average and are
more likely to engage in suicidal behaviour as compared to individuals with higher HRV (Sloan
et al., 2017; Wilson et al. 2016). Meta-analyses on HRV and depression suggest an association
between lower HRV and increased depressive symptoms, with small effect sizes observed
(Kemp et al., 2010; Koch et al., 2019). However, heterogeneity in the association between HRV

and depression has been observed across studies, which suggests the presence of moderating
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factors. Stressor exposure may be one of those moderating factors. In line with stress-diathesis
models of depression (Colodro-Conde et al., 2018), lower HRV may represent a diathesis, or
vulnerability, to developing stress-related mood disturbances. Indeed, findings from cross-
sectional and prospective studies suggest that the association between lower HRV and increased
mood disturbances is most pronounced under conditions of heightened psychosocial stress
(Fabes & Eisenberg, 1997; Diamond et al., 2011; Gouin et al., 2014). Study 2 (Chapter 3) was
designed to extend these findings by testing whether parent HRV was associated with stress-
related mood disturbances in the context of daily child-related stress.

Whereas previous research had focused mostly on between-person differences in stressor
exposure and mood, Study 2 used a daily diary design to demonstrate that the association
between both between- and within-person differences in daily child-related stress and parent
negative mood increased with decreasing HRV. The daily diary design allowed for
differentiation between between-person and within-person effects. Unlike between-person
effects, which provide information about individuals who experience greater stress on average
and trait-level differences, within-person effects provide information about situational and state-
like responses (Bolger, Davis, & Rafaeli, 2003; Laurenceau & Bolger, 2005). Further, affective
responses to daily stressors are a robust predictor of future depressive symptoms (Cohen,
Gunthert, Butler, O’Neill, & Tolpin, 2005), over and above responses to major life events
(Kanner, Coyne, Schaefer, & Lazarus, 1981). As such, it has also been suggested that examining
affective responses to daily stressors can provide insight into a person’s trait-like vulnerability to
maladaptive long-term outcomes in response to stress (Epel et al., 2018). Findings from Study 2
showed that low parent HRV might be a trait-like individual factor that increases vulnerability to
stress-related mood disturbances in response to both between- and within-person differences in
stressor exposure.

In Study 2 we also observed that there was significant variability in the association
between child-related stress and parent negative mood. This is in line with previous findings
showing heterogeneity in parent adjustment during developmental periods of increased child-
related stress (Evenson & Simon, 2005; Nomaguchi & Milkie, 2003; Scharlach, 2001; Umberson
et al., 2010). Variability in response to stressor exposure is also very much consistent with the
main tenant of family stress models, which emphasize that not all families will respond to the

same stressors in the same way. These models are similar in that they posit that differences in
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resources available to address the demands associated with a stressor moderate the association
between stressor exposure and parent outcomes. In Study 2 we examined only one potential
individual resource, which was parent self-regulation capacities. Our findings suggest that parent
self-regulation, as indexed by HRYV, is a resource that predicts individual adaptation to daily
parenting stress.

In Study 3 (Chapter 4) we sought to replicate and extend findings from Study 2.
Specifically, we tested whether lower HRV predicted stress-related mood disturbances in the
context of a chronic parenting stressor. Literature on parents of children with
neurodevelopmental disorders provides information on the association between ongoing and
prolonged exposure to parenting stress and risk for parent depression. For instance, as a group,
parents of children with neurodevelopmental disorders report more depressive symptoms than
parents of typically developing children and other children with special needs (Brobst et al.,
2009; Dumas et al., 1991; Hayes & Watson, 2013; Weiss, 2002). Exposure to child-related
stressors, and in particularly challenging child behaviours, is a robust predictor of these group
differences (Phetrasuwan & Miles, 2009; Rezendes & Scarpa, 2011; Walsh, Mulder, & Tudor,
2013; Weiss, Cappadocia, MacMullin, Viecili, & Lunsky, 2012). Yet despite these group
differences, there remains heterogeneity in parent outcomes amongst parents of children with
neurodevelopmental disorders, suggesting the presence of moderating factors and a need to
identify these factors for better prevention and early intervention (Karst & Van Hecke, 2012).
We propose that parent self-regulation, as indexed by HRV, is an individual resource, that could
help explain variability in adaptation to both daily and chronic parenting stressors.

There are a number of different psychobiological mechanisms that have been proposed to
underlie the association between lower HRV and wvulnerability to stress-related mood
disturbances. For instance, individuals with lower HRV experienced increased physiological
arousal, including increased blood pressure and cortisol, in response to stress as compared to
individuals with higher HRV (Weber et al., 2010). With regards to attention processes, lower
HRYV has been associated with less flexible attention, poorer attentional control and attentional
inhibition (Park et al., 2012; 2013). Difficulties with disengaging from negative stimuli and
redirecting attention may increase the likelihood that individuals with lower HRV are more
likely to experience mood disturbances when exposed to a stressor. It is also possible that parents

with lower HRV may be more vulnerable to experiencing stress-related mood disturbances
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because of difficulty recruiting additional resources, such as social support, that could otherwise
buffer against the negative effects associated with stress exposure (Kok & Fredrickson, 2010;
Geisler et al., 2013; Gouin et al., 2018; Hopp et al., 2013). In Study 3 we tested whether
disrupted sleep quality is a potential pathway through which lower HRV confers risk for stress-
related mood disturbances.

Poor sleep quality was selected as it is a well-established mechanism linking stressor
exposure and the development of depressive symptoms. Findings from experimental and
naturalistic studies provide evidence that stress is a risk factor for sleep disturbances (Bkeland et
al., 1968; Fortunato & Harsh, 2006; Gross & Borkovec, 1982; Hall et al., 2004; Ota et al., 2009;
Taylor et al., 2016). Further, emotion regulation theories, neuroimaging, and experimental data
suggest that sleep quality predicts emotional responses to stressors (Deliens et al., 2014;
Goldstein & Walker, 2014; Hall et al., 2012; Meerlo, 2008; Prather et al., 2013; Yoo et al.,
2007). Zohar and colleagues’ cognitive-energy model (2005) has been used to explain how sleep
quality may mediate the association between stressor exposure and depression. Specifically, it
proposes that self-regulation in the face of even mild stressors requires cognitive resources that
can be depleted by sleep loss. Findings from Study 3 add to this body of literature by suggesting
that poor sleep may interfere with a parent’s ability to cope with the demands associated with
chronic parenting stress.

Indeed, disrupted sleep quality as a mechanism linking stress and depression is also
consistent with findings from the broader parenting stress literature. For instance, increased self-
reported parenting stress and both subjective and objective markers of poor sleep quality are
associated with increased depressive symptoms amongst parents of children with
neurodevelopmental disorders (Chu & Richdale, 2009; Meltzer, 2011). Studies with other
populations of parents experiencing increased parenting stress (e.g., parents of children with
chronic illnesses and new mothers) also show associations between poor sleep quality and self-
reported mood disturbances (Calcagni, Bei, Milgrom, & Trinder, 2012; Meltzer & Booster,
2016). Further, in the context of chronic parenting stress, parents who on average report poorer
sleep quality, or following nights when they report poorer sleep quality than their own personal
baseline, are more likely to experience mood disturbances in response to daily child behavioural
problems (da Estrela, Barker, Lantagne, & Gouin, 2018). The findings from Study 3 add to this

body of literature by suggesting that parents with lower self-regulation capacities, as indexed by
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lower HRV, may be particularly vulnerable to experiencing poor sleep in the context of
heightened parenting stress.

The finding that disrupted sleep quality is a potential pathway through which low HRV
confers risk for depressive symptoms in the context of stress is also in line with previous
research examining the association between HRV and sleep reactivity. Sleep reactivity is a trait-
like variable that refers to the development of sleep disturbances in response to stress (Bonnet &
Arand, 2003; Drake et al., 2014). Cross-sectional and longitudinal studies show associations
between HRV and differences in sleep reactivity such that lower HRV predicts greater
vulnerability to developing stress-related sleep disturbances (Bonnet & Arand, 2003; Bylsma et
al., 2014; El-Sheikh et al., 2013; Gouin et al., 2015; MacNeil et al., 2017) It has been
hypothesized that the increased emotional and physiological arousal experienced in response to a
stressor associated with lower HRV interferes with both sleep onset and maintenance (Ellis et al.,
2016; Gouin et al., 2014; Riemann et al., 2010; Weber et al., 2010). Our findings suggest that
sleep reactivity can also occur in the context of chronic parenting stress, especially for parents
with lower HRV, and that vulnerability to stress-related sleep disturbances may help explain part
of the variability in the association between HRV and depressive symptoms observed in the
broader HRV literature (Bylsma et al., 2016; Hamilton, Stange, Burke, Franzen, & Alloy, 2019;
Werner et al., 2017).

Is there a link between parenting HRV, vulnerability to stress-related mood disturbances,
and parenting behaviours?

Not only may parents with lower HRV be at greater risk of developing stress-related
mood disturbances, but emerging evidence also suggests that parents with lower HRV may
parent differently than parents with higher HRV. Mothers with lower HRV are more likely to
contribute to greater escalation of negative parent-child interactions and are more likely to hold
negative hostile attribution biases about their children’s problematic behaviours (Connell et al.,
2015; Wang et al., 2016). Further, lower HRV has been associated with greater difficulty
recognizing cues of distress and less validation of children’s negative emotions (Joosten et al.,
2013; Blandon et al., 2015). Our finding that low parent HRV is a risk factor for the development
of stress-related mood disturbances draws attention to a potential mechanism that may help
explain these differences in parenting behaviours. Specifically, it is possible that the increased

mood disturbances parents with lower HRV may experience in response to challenging child
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behaviours may impact their ability to engage in adaptive parenting practices. Whether the
increased negative mood parents experience in response to challenging child behaviours
mediates the association between parent HRV and parenting behaviours has yet to be empirically
investigated.

The Family Stress Model (Masarik & Conger, 2017) provides a helpful framework to
understand how stress-related mood disturbances in parents may impact parenting practices and
in turn child developmental outcomes. Consistent with other family stress models, this model
posits that stressors lead to increased parent psychological distress and that different factors
moderate parents’ susceptibility to experiencing depression in response to stressor exposure. We
have proposed that HRV is one of these factors. The model then hypothesizes that parent
depression disrupts adaptive parenting practices, which then leads to poor youth outcomes. This
latter part of the model has received extensive empirical support. Figure 1 displays a model
integrating findings from the current dissertation with the Family Stress Model. It illustrates how
exposure to child-related stress is associated with decreased HRV, which then increases
vulnerability to developing stress-related mood disturbances because of disrupted sleep quality.
Following the Family Stress Model, these mood disturbances are then hypothesized to disrupt
parenting practices and yield additional challenging child behaviours, which may then further
deplete parent self-regulatory capacities. However, it is important to note that we did not study
parenting practices nor child outcomes. As such, this integrated model remains theoretical and
comprehensive longitudinal designs are warranted to best capture the directionality and
implications of these associations.

As alluded to above, the association between parenting stress and depression symptoms is
likely bidirectional. Empirical findings from research on parents of children with developmental
disabilities highlights the interplay between parenting stressors and parent depression. Together,
findings from this literature suggest that parenting stressors are a robust predictor of parent
depressive symptoms and that parent depressive symptoms predict the use of harsher parenting
behaviours in response to parenting stressors. These parenting behaviours are then likely to
exacerbate challenging child behaviours, which then further increases the risk of parent
depression (Neece & Chan, 2017). Although this process is likely relevant for all parents, as
shown in Figure 1, our findings suggest that parents with poorer self-regulation capacities may

be particularly vulnerable to these processes. Specifically, it is possible that parents with lower
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HRYV are more likely to develop mood disturbances in response to parenting stressors and also
more likely to respond to stressors in ways that increase the occurrence of parenting stressors as
compared to other parents. As per findings from Study 1, increased stressor exposure may then
further deplete parents’ ability to cope with those stressors. Prospective designs that carefully
consider the pathways through which parenting stressors, parent self-regulation and depression
interact are warranted to address these hypotheses.

As the studies presented in this dissertation were cross-sectional in nature, an alternative
hypothesis wherein parents with greater mood disturbances elicited or perceived greater
parenting stress than other parents is also possible. A longitudinal study following mothers
through pregnancy and postnatally showed that parental depression prospectively predicts
perceived parenting stress over and above baseline levels of parenting stress (Leigh & Milgrom,
2008). The stress generation hypothesis posits a transactional relationship between stressor
exposure and depressive symptoms by highlighting the individual as an active participant in their
environment. Specifically, it hypothesizes that depression is recurrent in part because individuals
with a history of depression are more likely to encounter more interpersonal stressors due to
personal and situational characteristics associated with depression (Hammen, 2006). In the
context of parental mood disturbances, parents with depressive symptoms may be more likely
engage in maladaptive parenting practices that increase the occurrence of challenging child
behaviours. In a study with mothers of preschool-aged children, maternal depressive symptoms
predicted child behavioural problems one year later. Decreased use of scaffolding behaviours
(providing optimal levels of support to allow a child to succeed at a given task) amongst mothers
with elevated depressive symptoms as compared to other mothers helped explain this pattern of
results (Hoffman, Crnic, & Baker, 2006). As such, it is possible that the findings in the current
dissertation reflect parent-driven and not exclusively child-driven pathways.

Another consideration is that parents with poorer self-regulation capacities are at
increased risk for depression because they are more likely to be exposed to challenging child
behaviours as they are more likely to have children with difficult temperament and self-
regulation difficulties. Studies examining the intergenerational transmission of self-regulation
suggest both environmental and genetic contributions (Bridgett, Burt, Edwards, & Deater-
Deckard, 2015). Parents with poorer self-regulatory capacities are less likely to engage in

parenting practices that promote the development of adaptive self-regulation than parents with
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stronger self-regulatory capacities. For instance, parents with lower self-regulatory capacities are
more likely to engage in negative parenting behaviours such as more hostile and aggressive
parenting, which mediates the association between parent and child self-regulatory capacities
across multiple generations (Pears, Capaldi, & Owen, 2007). Further, there is a heritable
component to self-regulation and specifically to HRV as well. As reported in the qualitative
review by Bridgett and colleagues (2015), twin studies suggest that 33% to 66% of the variance
is HRV is heritable and 20% of the variance in HRV during childhood may be attributed to
shared environmental factors. A further complication is that children with difficult
temperaments are also more likely to become parents with poorer self-regulation due to their
genetics. Taken together, it is possible that parents with lower HRV are at an increased risk of
developing depressive symptoms because they are more likely to have children who also have
difficulties with self-regulation, thereby increasing their likelihood of encountering child-related
stressors.
Strengths and limitations

Overall, one of the novel contributions of this dissertation is incorporating parent self-
regulation, as indexed by HRV, into current family stress models. Despite evidence that parent
self-regulation has been associated with behavioural and cognitive aspects of parenting
(Aspinwall, 2004; Aspinwall & Taylor, 1997; Lorber, 2012; Mazursky-Horowitz et al., 2015;
Rosenbaum, 1989; Shaffer & Obradovi¢, 2017), the role of parent self-regulation in supporting
adaptation to parenting stress remained an important gap in the literature. Further, despite the
well-documented impact of parent psychopathology on child developmental outcomes
(Goodman et al.,, 2011), there is a general paucity of literature on antecedents of parent
depression. An additional strength of this dissertation was the use of a variety of indicators of
parenting stress across the different studies. Parenting stress was conceptualized as frequency of
child behavioural problems in Study 1, as perceived child stress in Study 2, and inferred by
caregiving status in Study 3. Although there may be limitations associated with each approach
independently, being able to demonstrate meaningful associations between these different
indicators of parenting stress and parent HRV across the three studies adds to the validity of the
overall findings.

This dissertation also examined parent self-regulation from a psychophysiological

perspective by using HRV. Using a psychophysiological measure addressed several
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methodological challenges with self-report measures. Specifically, it minimized the possibility of
inflated correlations as a result of common method bias. It also allowed for the study of the
implicit processes involved in self-regulation, which otherwise could not be captured by self-
report measures. Further, studying self-regulation from a psychophysiological perspective
addresses a recent call from the broader stress literature to expand current stress models to
include psychophysiological processes (Epel et al., 2018). However, while using HRV as a
psychophysiological index of self-regulation is one of the main strengths of this dissertation, its
use in the absence of other measures of self-regulation is a limitation. That is, self-regulation
capacities were inferred by HRV and were not measured directly. Self-regulation is considered to
be a multifaceted construct with multilevel processes that interact to predict future outcomes
(Ciccheti & Dawson, 2002; Cole, Martin, & Dennis, 2004). Further, it has been suggested that
different components of parent self-regulation predict different parenting behaviours (Shaffer,
Whitehead, Davis, Morelen, & Suveg, 2017). Future studies should include a more
comprehensive measure of self-regulation by including empirically validated self-report
measures (see Enkavi et al., 2019 for a review), along with observational and collateral data.
Although different measures of child-related stress were used across the different studies,
we did not use well-validated measures of stress in all studies. For instance, in Study 1 we used
child behavioural problems, as reported on the CBCL (Achenbach & Rescorla, 2000), as a proxy
for exposure to child-related stress. While the CBCL is a well-validated measure of child
behavioural problems, and while child behavioural problems have been used a proxy of child-
related stress in previous research (e.g., da Estrela et al., 2018), the CBCL was not designed to be
a measure of child-related perceived stress per se. Similarly, in Study 2, child-related stress was
assessed using a one-item measure of perceived child-related stress. The psychometric properties
of which are not known. Further, when individuals report on their perceived stress it is possible
that we are better capturing their stress reactivity and not stress exposure per se (Almeida, 2005;
Epel et al., 2018). Finally, in Study 3, exposure to child-related stressors was inferred by
caregiving status. Dichotomizing stressor exposure may have masked the heterogeneity in stress
exposure within each caregiving group. It also rested on the assumption that parents of children
with neurodevelopmental disorders encounter more child-related stressors than parents of
typically developing children, however, there are parents of typically developing children who

also report experiencing significant parenting stress (e.g., Neece, Green, & Baker, 2012). The
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inclusion of more comprehensive and well-validated measures of parenting stress, including
measures distinguishing stressor exposure from stressor reactivity within a given study, may help
address the gaps associated with each approach independently.

One of the main inferences motivating the studies in the dissertation is that a better
understanding of the antecedents of parent depression could have important prevention and early
intervention implications for youth outcomes. Further, it was hypothesized that disrupted
parenting practices is the pathway through which stress-related mood disturbances may impact
youth outcomes. Although previous research has supported an association between parent mood
disturbances, disrupted parenting practices, and maladaptive youth outcomes (Masarik &
Conger, 2017), we did not assess youth outcomes or parenting behaviours. An independent but
relevant body of literature also points towards an association between youth HRV and parent
HRYV and the concept of physiological synchrony and co-regulation (Suveg et al., 2019). The
inclusion of youth HRV as either a covariate or outcome measure would be warranted. Finally,
in order to fully address the model proposed in Figure 1, future studies may want to consider
both the antecedents and consequences of parent stress-related mood disturbances. A
longitudinal design would also help provide information regarding the directionality of these
associations.

As discussed throughout, one major caveat is that the analyses described are cross-
sectional and thus causality or directionality cannot be inferred for any our findings. As such, it
remains possible that parents with lower HRV elicited greater parenting stress or are more likely
to encounter parenting stress than parents with higher HRV. Further, the association between
parenting stress and parent depressive symptoms is likely bidirectional with both parent- and
child-driven pathways (Neece & Chan, 2017). However, these associations could not be captured
by our cross-sectional designs. Prospective studies assessing HRV and stress at multiple time
points are warranted to address these alternative hypotheses. Specifically, using a prospective
design with at least three time points would allow researchers to address whether 1) changes in
child-related stressor exposure predicts changes in parent HRV, 2) changes in parent HRV
predicts the development of stress-related mood disturbances, and 3) whether changes in stress
exposure predicts changes in sleep quality which then predicts changes in parent mood.

The findings that low HRV exacerbated the impact of parenting stress on parent mood

disturbances was interpreted in the context of the diathesis-stress model. However, it is possible
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that a differential susceptibility framework is more appropriate. The differential susceptibility
hypothesis posits that individuals who are vulnerable to experiencing negative outcomes in
response to features of their environment are also more likely to experience benefit from positive
environments (Belsky, 2016). Without having considered positive parent-child interactions or
positive mood indices in this dissertation, it is unclear if parents with lower HRV show enhanced
benefits relative to parents with higher HRV. The broader HRV suggests that lower HRV is
better conceptualized within a diathesis-stress framework as individuals with lower HRV have
greater difficulty benefitting from the use of adaptive self-regulation strategies (Yaroslavsky et
al., 2016) and are less likely to experience positive emotions in response to positive social
interactions (Gouin et al., 2018; Hopp et al., 2013; Kok & Fredrickson, 2010). Still, it would be
important for future research to include positive-valence predictors and outcomes to better
address this alternative hypothesis, especially in terms of how it pertains to parent-child
interactions.

Finally, this dissertation focused mainly on resting HRV whereas there are the two
additional components of HRV that are also relevant to consider in the context of adaptation to
stress (Smith et al., 2020). HRV reactivity and recovery were either not well represented or
considered across the three studies. HRV reactivity refers to the change in HRV in response to
given a situation; increased HRV reactivity to a situation-specific stressor is hypothesized to
index greater self-regulation exertion (Thayer & Lane, 2009). When considering adaptation to
stress, interactions between resting HRV and HRV reactivity have also been observed (Gouin et
al., 2014). HRV recovery refers to the time it tasks HRV to return to resting baseline following
stressor exposure and is generally less studied than resting HRV and HRV reactivity. Faster
HRYV recovery is associated with stronger self-regulation (Stange, Hamilton, Fresco, & Elloy,
2017) and may have important implications for the long-term impact of stressor exposure on
health. Future studies may want to include HRV reactivity and HRV recovery in response to
child-related stressors or stressful parent-child interactions, as well the interaction with resting
HRYV, to better understand the association between parent HRV and vulnerability to stress-
related mood disturbances.

Implications and future directions
Taken together, findings from this dissertation suggest that lower parent HRV may index

vulnerability to developing stress-related mood disturbances. As such, HRV may be helpful in
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identifying parents most at-risk for developing depressive symptoms. This would have broad
implications for prevention and early intervention of poor parent mental health outcomes, and in
turn also have implications for promoting positive child developmental outcomes. However,
there are limitations to using HRV as a way of identifying at-risk populations. First, clinical
thresholds have yet to be identified and the feasibility of incorporating HRV into clinical practice
must also be considered. Further, while HRV remains generally stable over time (Bertsch,
Hagemann, Naumann, Schichinger, & Schulz, 2012; Kleiger et al., 1991), it also fluctuates as a
function of stress and social context (e.g., Gouin, Zhou, & Fitzpatrick, 2015; Kim, Cheon, Bai,
Lee, & Koo, 2018). Thus, the clinical utility of HRV remains an important future direction of
research.

Beyond HRYV, if parent self-regulatory capacities are a resource that may facilitate
adaptation to parenting stress, then interventions aimed at building self-regulation skills may be
an important next step in supporting families facing exceptional caregiving challenges.
Evidence-based intervention programs that target parent self-regulation skills, such as the Triple
P-Positive Parenting program, have yielded positive parent and youth outcomes (Nowak &
Heinrichs, 2008). Specifically, the Triple P program has been associated with improved parental
wellbeing, including self-reported depressive symptoms, and reduced frequency of child
behavioural problems. However, it is unclear whether changes in parental wellbeing preceded or
followed changes in child behavioural problems. Further empirical work is needed to understand
how parental HRV may change as a result of these parenting interventions and whether the
efficacy of these interventions may vary as a function of parent HRV.

Further, if sleep reactivity is a key pathway through which lower HRV confers risk for
mood disturbances then targeted sleep interventions could play an important role in preventing
the development of depressive symptoms amongst this at-risk population. Indeed, cognitive-
behavioural therapy for insomnia (CBT-1), the current gold standard treatment for insomnia, has
been effective in reducing depressive symptoms (Cunningham & Shapiro, 2018) and is an
intervention strategy that has already been successfully adapted to other caregiving populations
(Swanson et al., 2013). It is possible that parents with lower HRV may reap additional benefits
from these targeted sleep interventions, however, this hypothesis has not yet been tested.

Conclusions
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Overall, the findings from this dissertation provide novel information examining parent
self-regulatory capacities as a key resource in moderating parents’ adaptation to parenting
stressors. Specifically, parent self-regulation as indexed by HRYV, is a resource that may help
identify which parents adapt, and which parents have difficulty adapting to, parenting stressors.
Taken together, our findings suggested that parents with lower HRV are more likely to
experience mood disturbances in the context of stressor exposure, and that disrupted sleep
quality may be one mechanism through which this vulnerability to stress-related mood
disturbances occurs. Further, increased child-related stress was associated with lower parent
HRYV suggesting that increased exposure to stress may paradoxically deplete parent’s ability to
cope with future child-related stressors. The studies from this dissertation also show the value of
expanding contemporary family stress models to incorporate individual differences in
psychophysiological functioning, particularly for implicit processes such as self-regulation, in

understanding individual responses to stress.
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Figure 1. Proposed model explaining associations between parenting stress, HRV, and depression. Prolonged exposure to child-related
stressors leads to reduced parent HRV (depleted parent self-regulation capacities). Reduced parent HRV increases vulnerability to
stress-related mood disturbances via disrupted sleep quality. Parents who experience greater mood disturbances may then be more

likely to engage in maladaptive parenting practices that further increase the occurrence of child-related stressors which may then in
turn further deplete parent self-regulation capacities.
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