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Abstract

Early life adversity (ELA) has been shown to be associated with emergences of psycho- and

other pathologies later in life. These physiological and psychological effects are hypothesized

to be mediated by changes in stress physiology, namely the hypothalamic-pituitary-adrenal

(HPA) axis, and the autonomic nervous system (ANS). Numerous studies have shown effects

of ELA on HPA-axis response. However, findings have been mixed with some researchers

reporting potentiating effects of ELA on HPA-reactivity, while others have found blunting

effects of ELA. Importantly, the majority of studies so far have focused on HPA-reactivity,

neglecting to incorporate measures of the independent branches of the ANS. This thesis hy-

pothesized that inter-individual differences in the relationship between HPA-reactivity and

ELA could be explained via a moderating effect of ANS reactivity. The thesis incorporated

heart rate variability (HRV), specifically respiratory sinus arrhythmia (RSA) — an index of

parasympathetic nervous system (PSNS) activity — as well as salivary α-amylase (sAA) —

a marker of the ANS but with prominent sympathetic nervous system (SNS) components —

to obtain a more thorough and complete picture of stress reactivity. Results found no effects

of ELA on stress reactivity in the PSNS and HPA-axis. However, when controlling for the

PSNS we found a difference in reactivity of sAA between those high in ELA and those low

in ELA, providing initial evidence of observable effects of ELA on the SNS in sAA measures.

Résumé

L’exposition à un milieu défavorable au début du développement (early life adversity, ELA)

est associé avec l’apparition des pathologies psychologique ainsi que d’autres formes de

pathologie plus tard dans la vie. Une hypothèse indique que ces effets physiologique et

psychologique sont médiatisés par des changements dans les structures physiologiques de

stress, particulièrement dans l’axe hypothalamo-hypophyso-surrénalien (HHS) et le système
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nerveux autonome (SNA). Plusieurs études ont démontrés un effet de l’ELA sur la réponse de

l’axe HHS. Par contre, les résultats de ces études sont variable; quelques études ont reporté

un effet multiplicateur de l’ELA sur la réaction de l’axe HHS, tandis que d’autres on trouvés

un effet émoussant. La majorité des études au sujet de l’ELA ont eu un focus sur la réaction

de l’axe HHS, sans inclure des mesures des deux branches du SNA. Cette thèse propose que

les différences entre-individus dans la relation de l’ELA et la réaction de l’axe HHS peuvent

être expliqués par l’effet modérateur de la réaction du SNA. Nous avons incorporé une mesure

de variabilité du rythme cardiaque, l’arythmie des sinus respiratoires (ASR) — une indexe

de l’activité du système nerveux parasympathique (SNPS) — ainsi qu’une mesure d’alpha-

amylase salivaire (AAS) – un marqueur de l’activité du SNA, plus précisément l’activité

du système nerveux sympathique (SNS) — pour obtenir une compréhension complète de la

réactivité au stress. Nos résultats ne montrent aucun effet de l’ELA sur le SNPS ni l’axe

HHS. Cependant, en contrôlant pour la variabilité du SNPS, nous avons trouvé une différence

dans la réaction de l’AAS entre ceux qui démontrent plus et moins d’ELA. Cela fournis une

preuve initiale des effets observables de l’ELA dans le SNS, particulièrement dans les mesures

de AAS.
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1 Background & Review

1.1 Stress

Biological conceptions of stress are relatively recent in the history of science with the consen-

sus view being that work by Hans Seyle in the 1930s — into what he termed the Generalized

Adaptation Syndrome — marked the first investigations into what we now understand as

stress (c.f. Jackson for an historical analysis[1]). Since then researchers have come to broadly

define stress as the state in which there is a perceived or actual threat that challenges the

organism’s homeostatic and metabolic balance[2, 3]. In responding to stress the organism

aims to redirect resources and energy from long-term goals (e.g. acquiring food, reproductive

success) towards responding to the immediate threat of the stressors, a process referred to as

allostasis in the literature[4]. Stressors, the perceived or actual threats evoking the stress, can

be purely physiological, psychological, or, more commonly, a combination of both. Impor-

tantly, both physiological and psychological stressors evoke the same physiological response

from the body’s stress systems[5], and largely activate the same regions of the brain[6, 7]

thus providing evidence of the unified nature of the stress systems and response.

1.1.1 Parasympathetic nervous system

The PSNS is the first system to respond to a stressor. The primary efferents of the PSNS

important to the stress response originate in the nucleus ambiguus (NA) and the dorsal mo-

tor nucleus (DMN) of the Xth cranial nerve, also referred to as the vagus nerve. Projections

from the nuclei synapse directly onto end organs such as the heart and lungs. At rest these

inhibitory descending fibers are highly active and lead to a lower resting heart rate, slower

breathing rate, and increased blood flow to the digestive system. In the literature, this tonic

activity is referred to as the “vagal brake”[8], particularly with respect to its ability to slow

the activity of the heart. Upon encountering a stressor the prelimbic cortex and PVN inhibit
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the NA and DMN, respectively, removing the slowing, tonic activity these systems provide.

This provides a near instantaneous response — on the order of 1 second[9] — allowing for

an immediate increase in heart rate and breathing rate, and removing the vagal brake that

normally inhibits the SNS from activating (see Jänig for more detail[10]).

1.1.2 Sympathetic nervous system

The SNS is activated several seconds after the PSNS has withdrawn. Compared to the more

distributed control systems of the PSNS, the SNS is anatomically highly localized. All ef-

ferents of the SNS originate in the preganglionic neurons of the intermediolateral (IML) cell

column in the spinal cord. Upon encountering a stressor descending inputs from the ventro-

lateral medulla (VLM), locus coeruleus (LC), and the PVN activate preganglionic cells found

in the IML. The ganglia of the IML synpase onto the second set of ganglia located along

the external length of the spinal cord. These intermediary ganglia send their efferents to

various end organs including the heart, lungs, and sweat glands. The SNS acts at these sites

through the release of catecholamines, primarily norepinephrine, and causes an increase in

heart rate, breathing rate, dilation of the pupils, and the other physiological changes charac-

teristic of the classic “fight-or-flight” response first described by Walter Cannon in 1927[11].

Additionally, post-ganglionic efferents are sent to the medulla of the adrenal glands where

they stimulate the release of more catecholamines — primarily epinephrine though also some

norepinephrine — into the bloodstream, further stimulating an increase in metabolism (see

Jänig for more detail[10]). Additional release of catecholamines occurs in the CNS[12] which

play an important role in modulating behavioural responses to stress, such as anxiety re-

sponses in rats[13]. However, it is important to note that these catecholamines have their

origin in the CNS itself. The peripheral catecholamines released by the SNS are unable to

cross the blood brain barrier.
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Upstream of the separate brain stem centres controlling the PSNS and SNS, the two

branches of the ANS share common regulatory centres in higher order regions in the frontal

lobes[14]. Lesion studies in humans have demonstrated that damage to the frontal lobes

prevents patients from producing adequate ANS responses to stimuli[15]. This reinforces

that though the PSNS and SNS are anatomically distinct, functionally they share important

regulatory areas that facilitate a coordinated response to stress.

1.1.3 Hypothalamic-pituitary-adrenal axis

The HPA-axis plays a critical role in mounting a slower, more sustained response to stressors.

The endocrinological cascade begins in the paraventricular nucleus (PVN) of the hypothala-

mus which secretes corticotropin releasing hormone (CRH) into the anterior pituitary. This

stimulates the release of adrenocorticotropic hormone (ACTH) by the anterior pituitary to

circulate through the bloodstream. Upon reaching the cortex of the adrenal glands ACTH

causes the release of glucocorticoids (GC) into the body — cortisol in humans and some

primates, corticosterone in most other mammals — which acts as the final hormone in the

cascade. GCs work to mobilize energy reserves in the body increasing general metabolism

and promoting glyconeogenesis. GCs are integral in regulating their own production feeding

back onto the adrenal cortex, anterior pituitary, and PVN acting on GC receptors (GRs) in

these regions in order to suppress their output. GCs also bind to GRs in higher order corti-

cal areas further regulating their own response and suppressing the ANS stress response[16].

The entire cascade takes approximately 15 to 25 minutes to peak, and remains at elevated

activity levels for around 30 minutes before returning to baseline.
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1.2 Early life adversity

ELA, alternatively referred to in the literature as early life stress, early life trauma, or ad-

verse childhood experiences, is(are) any highly stressful experience(s) that occurs early in

development — either pre-, peri-, or early postnatally. Ambroise Tardieu is oft credited with

conducting the first scientific work into the negative effects of ELA in 1860 (c.f. Knight for

a brief history[17]) albiet with a focus on the immediate harmful effects of abuse rather than

long term outcomes. It was not until Sigmund Freud and Josef Breuer that the hypothesis

that experiences early in life can have long term effects on physical and mental health was

first posed[18]. Future advances in our understanding of the neurobiology of the developing

brain and the multitude of plastic changes it undergoes during development lent credence

to the hypothesis that early life was a period of heightened susceptibility to stress-related

pathologies[19, 20]. Decades of research have produced a large body of evidence consistently

demonstrating links between ELA and psychopathology[21–25], overall worsened physical

health[23, 24, 26–29], and poorer performance in areas of cognitive performance and affec-

tive regulation[30]. Research into the negative effects of ELA is highly relevant as prevalence

rates reported in one study range from 11 percent (sexual abuse) to 45 percent (emotional

neglect) amongst males and 14 percent (physical neglect) to 37 percent (emotional abuse

and neglect) amongst females[31]. Though prevalence varies slightly across studies, these

rates are comparable to those reported in another study[32].

Typical experiences considered to be indicative of ELA include, but are not limited to,

emotional, physical, and sexual abuse[33, 34], parental bereavement[35], being raised in an

orphanage[36], or poor quality maternal care[37]. As there exists a large diversity in experi-

ences that constitute ELA, researchers have many different questionnaires to measure levels

of ELA. The most common of these are the Childhood Trauma Questionnaire (CTQ)[38],

the Parental Bonding Instrument (PBI)[39], and the Early Trauma Inventory (ETI)[40]. The

CTQ and PBI were used for this thesis and are discussed in more detail below (see section
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3.3).

1.3 Adaptive calibration model

The Adaptive Calibration Model (ACM)[41] of stress responsivity is a theoretical evolu-

tionary model put forth to explain individual variation in stress reactivity across the stress

systems. More specifically, the model provides an explanation for how different early life

environments and conditions alter the endophenotype of the stress response in an adaptive

manner (see Figure 1). Following from life history theory[42] — on which the ACM heavily

relies — the ACM postulates that the developmental environment an organism is reared in

encodes relevant information about the likely future environment the organism will attempt

to reproduce in. This information is encoded by and into the stress systems, which un-

dergo long-term, adaptive changes in order to maximize the fitness of the organism for the

predicted environment. Under this model changes in stress reactivity observed in ELA are

changes in the physiology of the organism that have been coordinated in order to maximize

reproductive success later in life. Importantly, the ACM makes specific predictions on how

these adaptive changes manifest in the baseline and reactivity levels of each of the distinct

branches of the stress system. This provides a framework that lends itself well to making

specific predictions on how increasing levels of ELA will effect patterns of stress reactivity.

It is important to note that the ACM is just one of several theories postulating how stress

responsivity in late life is molded by early life. An alternative theory that predominates in

the field of stress research is that of allostatic load[43]. Under stress, the organism is said to

be under increased allostatic load which puts increased strain on the systems. An increased

allostatic load over an extended period of time is harmful and leads to the stress related

pathologies seen in ELA. In the theory of allostatic load, the authors conceptualize allostasis

as a see-saw. At rest, the see-saw is level. Under increased allostatic load there are weights on
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either end of the see-saw. The see-saw itself is still level, but is subject to wear-and-tear that

is not present in the weightless case[43]. In the theory of allostatic load the stress response

is advantageous in the short-term, but harmful over the long-term if repeatedly activated.

Changes that occur in stress physiology reflect the breakdown of the stress machinery. From

this perspective any ELA related changes in stress reactivity are necessarily dysfunctional

and maladaptive.

The ACM, on the other hand, provides a more parsimonious interpretation of changes

in stress physiology. As explicated above, changes in stress physiology due to ELA are not

viewed as maladaptive wear-and-tear. Rather they are adaptations to the early environment

meant to maximize reproductive fitness later in life. Under this framework the stress systems

can be seen as engaging in a crude form of learning. They take in data on the early environ-

ment and adjust their physiology to accommodate for a future environment projected to bear

similar characteristics. The difference in how the two theories understand changes in stress

physiology is being emphasized as it provides a justification for preferring the ACM over the

theory of allostatic load. The theory of allostatic load explains how negative health outcomes

are caused by ELA, but cannot explain why there exist disparities in the research in how

ELA effects stress physiology (see section 1.4). The ACM, however, provides a framework

for exactly this. It predicts that the relationship between ELA and the stress physiology of

each specific system changes contingent on differences in ELA. These changes occur because

different profiles of stress baseline activity and reactivity are advantageous in different envi-

ronments. The ACM goes further in answering the “why” of changes in the stress systems

in response to ELA and, furthermore, provides a tool for making specific predictions for how

each arm of the stress system will adapt and change.
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1.4 ELA & Stress Reactivity

1.4.1 ELA & the HPA axis

Early research in rat pups provided the first direct evidence of early life experiences causing

alterations in HPA-reactivity in later life. To model early life stress in rat pups researchers

used a handling model involving periods in early post-natal days wherein rat pups would

be handled by researchers for periods of 15 minutes. Both the handling and the time spent

separated from their mother are known to be stressful for the pups. Studies using this model

consistently found blunting of HPA-axis reactivity (corticosterone response in the case of

rats) later in life in handled pups compared to non-handled controls[44–46]. Expanding on

the handling paradigm other researchers used a model of ELA termed maternal separation

(MS). MS involves a similar intervention by the researcher in handling the pups, but han-

dling periods last for at least 1 hour rather than 15 minutes. Use of these models resulted

in a hyper-responsive corticosterone response later in life[47]. These studies demonstrated

the highly plastic nature of the HPA-axis in early life, as well as highlighting the adaptive

nature of the response (i.e. it can become hypo- or hyper-responsive).

For several decades now researchers have been looking to replicate the rat findings de-

scribed above in humans. The plurality of studies, following from the rat models emphasiz-

ing the importance of maternal care, use the quality of early maternal care as a measure of

ELA[37, 48–52]. Additional components of early life such as parental interactions[53, 54],

parental bereavement[35], being raised in foster care[36], and experiencing abuse[33, 34, 55,

56] have also been used as measures of ELA. Similar to the rat studies above results have

been mixed in all of these. Perhaps significantly, the majority of these studies found a blunt-

ing effect of increased ELA on HPA-reactivity[33–37, 49–54], though there are also many

studies that report a potentiating effect[48, 55], and a few which report null results[57, 58].

7



It has been argued that looking at the HPA-axis in isolation is uninformative and misses

the complete picture of ELA-related changes[59]. Additionally, both the highly inter-linked

and coordinated nature of the stress systems (see section 2) and predictions stemming from

the ACM support this idea. Though it is becoming increasingly common to look at multiple

stress systems, many of the earlier studies in this field neglected to incorporate measures

outside of the HPA-axis. Following this trend, I propose that the additional information

contained in the other stress systems will be able to clarify the above ambiguities in the

relationship between ELA and the HPA-axis.

1.4.2 ELA & the SNS

Research linking ELA with SNS reactivity is sparse, and studies specifically using sAA as a

marker are even fewer in number. Looking at pre-ejection period (PEP), another, more pure

marker of SNS activity[60], one study found a blunting effect of ELA on SNS reactivity to

stress[36]. Another study similarly using PEP found a potentiating effect of ELA on SNS

reactivity at moderate levels, a relationship which switched to a blunting at higher levels of

ELA[61]. Replicating this finding, but using electrodermal response as a measure of SNS

activity, a third study found that moderate levels of ELA potentiated SNS reactivity while

high levels blunted it[62]. These findings, though far fewer in number, are far more consis-

tent than those on HPA-reactivity. They suggest an inverted-u relationship between SNS

reactivity and ELA, findings that are consistent with predictions of the ACM.

Extending the SNS literature to include sAA as a stress marker yields less convincing

results. One study by Ali and colleagues found no difference in sAA reactivity to stress be-

tween high and low ELA groups[63]. However, the same study did find a difference between

high and low ELA groups in the sAA over cortisol ratio suggesting an important interaction

effect between the two stress systems. A second study from a year later similarly found no
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effect of ELA on sAA reactivity[64]. Unlike the previous study, however, the latter study

failed to show a significant stress response in any physiological markers in relation to the

employed stress paradigm. This would perhaps suggest that the employed stressor was in-

sufficiently stressful for any existing differences in reactivity to be observable.

Taken together, the results from these studies suggest that there is an effect of ELA on

SNS reactivity, but not one that is observable using sAA as a marker. Importantly, sAA

is not considered a pure measure of SNS activity[65], though it correlates strongly with

changes in sympathetically mediated release of catecholamines into the blood in response

to stress[66]. This suggests that potential SNS mediated ELA differences in sAA may be

confounded by other autonomic influences. This thesis will look to see if, by controlling for

PSNS levels (i.e. looking at RSA measures as a mediator) the same differences as those

observed in more pure measures of the SNS can be observed in sAA.

1.4.3 ELA & the PSNS

Much like the SNS, studies examining the effects of ELA on the PSNS have been far fewer

in number, with results being mixed. One study found a blunting effect of ELA on RSA

at baseline, though this result had disappeared at the two year follow-up measurement[67].

Another study similarly found a negative relationship between scales measuring abuse and

RSA, but only in subjects with pre-existing psychopathology[68]. Along a similar line a

study by McLaughlin and colleagues found that RSA interacted with childhood abuse to

predict internalizing problems[69]. More specifically, high baseline RSA had a protective

effect on the occurrence of internalizing problems associated with childhood abuse. How-

ever, a subsequent study by the same group found no effects of ELA — in this case growing

up in foster care — and RSA reactivity to stress[36]. Finally, an earlier study by Del Giu-

dice and colleagues found no effect of ELA on both RSA at baseline and RSA reactivity
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to stress[62]. Overall the sparse research examining the relationship between ELA and the

PSNS, not to mention the greater dearth of studies looking at PSNS reactivity, tend to show

no effects of ELA on the PSNS. However, strong evidence exists showing that the PSNS,

as measured through RSA, is strongly linked to pathologies found in increased incidence

in ELA[70–73]. as well as the PSNS playing an important regulatory role in the HPA-axis

response to stress[74]. Following this line of reasoning I expect that though there may be no

effects of ELA on PSNS reactivity, the PSNS will play an important moderating role in the

reactivity of the other two stress systems.

1.5 The Montreal Imaging Stress Task

The Montreal Imaging Stress Task (MIST) is a standardized psychosocial stress task designed

for the scanner environment. Its design was inspired by the arithmetic portion of the Trier

Social Stress Task (TSST)[75] in order to be able to study the effects of psychosocial stress

in the brain. Similar to the TSST the MIST involves a component of psychosocial feedback

paired with demanding mental arithmetic. The bulk of the MIST involves answering timed

mental arithmetic questions on a screen using a rotary dial (see Figure 2 for an example

screen of the experimental condition). Participants are presented with randomly generated

math questions and are provided a limited time to answer correctly. The difficulty of the

task is automatically adjusted according to each participant’s performance in an attempt

to keep performance levels at a rate of 40 - 45% correct. Difficulty of the task is adjusted

by changing the time allotted to answer the questions as well as changing the frequency of

presentation of more difficult questions. The difficulty is additionally modified by varying

the upper limit of integers that can be present in a question. To add further stress, the

MIST features intrusive auditory cues for the timer and when participants answer questions

incorrectly.
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Separate from the computer interface is the actual psychosocial feedback participants

receive. Before beginning, participants are informed that performance on the task in their

peers is usually around 85% correct. To reinforce this participants are instructed in the

function of the performance bar (at the top of the image in Figure 2). This bar provides

participants with the (fabricated) performance level of their peers in direct contrast to their

poor performance. During the task, the bar indicating peer performance is high on the meter

(in the green), whereas participants tend to be in the yellow - red regions of the bar. They are

also instructed that it is critical for the experimental design that they maintain performance

near that of their peers. After completing the first trial of the MIST participants are asked

leading questions concerning their current mental acuity and competency in relevant areas.

Following the initial trial participants are also under direct observation by an experimenter

reinforcing the social-evaluative component.

Though the TSST is the standard psychosocial stressor used in the majority of stress

studies — due to it being reliable and highly standardized — it was not used in this study

due to some limiting factors. Chief amongst them is that the TSST introduces difficulties

and confounds in measurements of HRV. As a measure HRV is sensitive to changes in pos-

ture, breathing, and even whether a subject is seated or standing[76]. All of these parameters

change over the course of a standard TSST paradigm. For one, subjects are typically seated

during baseline measurements preceding the TSST, but are necessarily standing during the

actual procedure. This makes meaningful comparisons between measurements obtained dur-

ing the TSST and those surrounding it difficult. Further complicating matters subjects are

required to speak throughout the TSST. This typically introduces unnecessary motion arte-

facts into the EKG, as well as causing potentially significant and unpredictable changes in

breathing patterns. Bearing these in mind the MIST was used in place of the TSST. The

MIST has been shown to elicit moderate cortisol responses[77]. It is valuable in that sub-

jects are seated throughout the task and are instructed to minimize speaking. Additionally,
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effects of ELA on cortisol reactivity were recently demonstrated in the MIST[78].

For this thesis I developed a new version of the MIST written in JavaFX and FXML. The

new version features an updated UI and algorithms that are more responsive to participants’

performances. During early piloting of the study using the old version of the MIST it

was noted that the longer durations employed in this study (without intermittent control

conditions) would resulted in the task becoming too difficult near its conclusion. This lead

to performance in the 20 - 30% correct range and frequently resulted in participants seeing

through the deception. In other words participants did not believe that it was possible for

anyone to perform at the 80% level and would report suspicions that we were lying to them.

The new version of the MIST was developed to remedy this by behaving in a manner that

made the stated average performance level of the task seem theoretically achievable.
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2 Rationale & Objectives

The putative interdependence of the arms of the stress system is supported by evidence

demonstrating that upstream all of the systems share a common regulatory centre. Regula-

tory centres appear to culminate in the medial prefrontal cortex (mPFC)[79, 80] which acts to

coordinate the HPA, ANS, and behavioural responses to stress. Research in rats has refined

the role of the mPFC illuminating the subregions involved. Prelimbic mPFC (PL) was found

to be necessary to inhibit the HPA and ANS stress responses. Contrarily, infralimbic mPFC

(IL) is essential in for initiating a suitable HPA and ANS response to stress. These regions

roughly correspond to Brodmann areas 32 (PL) and 25 (IL) in humans[81] and have a high

density of GRs[82]. As discussed above GRs play a critical role in the self-regulation — more

precisely the negative-feedback — of the HPA-axis’ stress response[83]. Long-term changes

in HPA-axis reactivity found in rat pups in models of ELA map onto changes in GR density

in the mPFC[84]; that is rats with blunting reactivity show an increase in GRs (relative to

controls) while hyperreactive rats are found to have an accompanying down-regulation of

GRs. Furthermore the very regions that are the site of changes in GR concentration are

integral in regulation of the ANS stress reponse[14].

In spite of these demonstrated links few studies have incorporated measures of the auto-

nomic nervous system in investigating the effects of ELA. Those that have tend to use crude

measures (e.g. heart rate, blood pressure) that reflect a mix of SNS and PSNS activity.

This is in spite of evidence reporting changes in SNS reactivity associated with ELA, and

predictions about PSNS changes due to ELA. Futhermore, as all the stress systems share

common regulatory regions in the mPFC it would be reasonable to assume that alterations

in HPA-axis-reactivity to stress would not occur independently of the other stress systems.

Supporting this are studies showing links between SNS and HPA-reactivity[63], as well as

an important role of the PSNS in regulating diurnal cortisol[85, 86] and HPA-reactivity[74].

Additionally, research reporting extensively on the links between PSNS basal activity and
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psychopathology[70–73] and the potential protective effect of RSA on the the psychopatho-

logical effects of ELA[69] suggests that there would be a link between ELA and the PSNS.

Stemming from the above considerations I wanted to test 4 main hypotheses for this

thesis:

I The MIST will induce vagal withdrawal (i.e. a drop in RSA

measures)

II There will be a main effect of ELA on cortisol reactivity

III There will be an effect of ELA on sAA reactivity when controlling

for the PSNS (RSA)

IV Subjects can be differentiated into categories similar to those

in the ACM based on physiological data (cortisol, sAA, RSA).

These groups will be defined by differences in ELA measures.
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3 Materials & Methods

3.1 Participants

Participants were recruited via advertisements posted on online university and community

classifieds. A total of 1,933 individuals responded to the ads. Respondents were then pre-

screened for early life experiences based on cut-off scores for the maternal care (MC) subscale

of the PBI[39] in order to establish two ELA groups; one of high MC and one of low MC.

Participants that passed the exclusion criteria (see below) were then contacted via phone

(127 potential participants) for a pre-screening interview in order to confirm their eligibility

and, if applicable, schedule participation. A final total of 49 participants were tested in the

lab.

All participants were male in order to control for sex effects on HPA-axis activity[87]

and RSA[88–90]. Participants were pre-screened for existing physical or mental health con-

ditions, as well as family history of mental illness. Additionally, participants were screened

for factors known to affect HPA-axis function including alcohol consumption[85] (no greater

than 20 drinks per week), smoking[91] (exclusion for smoking greater than 2 cigarettes per

week), and drug use[92] (no recreational or prescription drugs) for the period 6 months

preceding participation. To control for potential effects of age[89, 93] and BMI[94–96], all

participants were between the ages of 18 - 30, and had BMI’s of 17.5 - 26.5. Participants

were pre-screened for depression using the Patient Health Question[97] (PHQ-9) and anxiety

using the Generalized Anxiety Disorder[98] (GAD-7) scale. Those scoring greater than a 9

or 7, respectively, were excluded.
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3.2 Experimental procedure

Participants were informed to refrain from consuming alcohol, nicotine, or other drugs 24

hours before participation. Participants were also asked to avoid exercise and caffeine con-

sumption the day of testing. To control for circadian rhythms in cortisol all testing took

place between 11h00 - 15h30.

Participants arrived and were given 30 minutes to habituate to the test settings (see

Figure 3 for a timeline of the protocol). During habituation, participants answered ques-

tionnaires followed by colouring in an adult colouring book. After habituation, participants

were given the first saliva sample. With the exception of the sample acquired after the first

round of the MIST — taken 15 minutes after the preceding samples — all other samples

were taken at 10 minutes intervals for a total of 9 samples. As the sampling procedure is still

novel for the first sample, and participants are still habituating to the test settings during it,

the first sample for all participants was discarded leaving the final number of samples at 8

per participant. Following a second baseline sample, participants were moved to the testing

room and informed that they would be completing a challenging mental task. The MIST was

explained to participants and they were given a practice round of 75 seconds of the control

condition (questions presented in the absence of a time limit or performance feedback) to

familiarize themselves with the interface and controls. After this, participants completed the

first experimental phase of the MIST lasting 9 minutes. Upon completion, participants were

given psycho-social feedback from the experimenter. The experimenter then left the room

to go “talk” to an unseen supervisor. Following this, participants were asked more leading

questions (e.g. “Have you had difficulty with arithmetic in the past?”) and informed that

they would be performing another round of the task to attempt to salvage results. Another

9-minute trial of the MIST was completed. After the second trial, participants received

additional psycho-social feedback and were then asked to sit quietly and wait. After 10

minutes participants were moved from the testing room back to the habituation room where
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they stayed for the remainder of the study (30 minutes). Upon concluding the procedure,

participants were debriefed and compensated with 40�.

3.3 ELA measures

ELA was measured with two retrospective questionnaires: the PBI[39] and the short form

of the CTQ[38]. The PBI is a 50 item questionnaire (25 for maternal and paternal rear-

ing each) that probes for parental care and over-protection in the first 16 years of life. It

asks subjects to rate on a 4 point Likert scale how similar or dissimilar their parents were

to various statements. For example, “Spoke to me in a warm voice,” or “Made me feel I

wasn’t wanted.” The CTQ consists of 28 items asking about experiences of sexual, physical,

and emotional abuse, and physical and emotional neglect in the first 18 years of life. Each

subscale consists of 5 questions scored from 1 to 5, with 3 questions serving as validation

measures. Additionally, participants completed the Mini-K, a substantially shorter form of

the Arizona Life History Battery[99]. The Mini-K does not measure ELA per se, but rather

life history strategy (i.e. how impulsive someone is, or how likely they are to engage in risky

sexual behaviours). However, following from the ACM[41] life history should be a predictor

of both ELA and the stress response. Thus I included the Mini-K as an exploratory measure.

3.4 Psychological assessment

Additional questionnaires being administered included an English language version of the

Trier Inventory of Chronic Stress[100] (TICS). High levels of current stress have been show

to affect RSA measures[101]. Therefore, the TICS was used to ensure that any effects of

ELA on RSA measures were not contaminated by current chronic stress. Additional mea-

sures for depression (the Beck Depression Inventory - II[102, 103], [BDI-II]), and anxiety (the

State and Trait Anxiety Inventory[104] [STAI]) were included. Effects of ELA on measures
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of depression and anxiety have been found in sub-clinical samples[105] therefore these mea-

sures were included for later comparisons between MC groups. The Rosenberg Self-Esteem

Scale[106] (RSES) was included as a measure of self-esteem as it has been found that self-

esteem can affect cortisol reactivity[107, 108]. Finally, the State Self-Esteem Survey[109]

(SSES) was included immediately before the MIST was administered and immediately after

the second trial was completed to further validate the subjective stress effects of the MIST.

Subjective stress was measured using visual analog scales (VAS). A line was presented

with each saliva sample asking participants, “How stressed do you feel at this moment?”

Participants were instructed to place a mark on a line between two poles (left most — “Not

at all stressed”; right most — “Extremely stressed”) corresponding to how they felt in that

moment. The VAS probing stress was presented alongside 3 other VASs probing fatigue,

confidence, and relaxation in order to mask the main interest in stress. All scales were 10

centimetres in length and scored on an 100 point scale from 0.0 - 10.0 cm. In order to ensure

that participants were answering the VAS attentively with each presentation, the order that

the 4 scales were presented in varied with each sample.

3.5 Physiological markers

Free salivary cortisol was sampled before, during, and after the MIST. Samples were taken

once every 10 minutes, using cotton salivettes (Sarstedt Inc., Québec City, Canada). Par-

ticipants were instructed to keep salivettes in their mouth for 90 seconds as timed by the

experimenter. They were told to refrain from chewing on the salivettes as well as avoid ac-

tively trying to produce saliva. After the experiment was completed, salivettes were stored

at −20 ◦C until analysis via time-resolved immunofluorescence assay[110]. The inter- and

intra-assay variability are typically around 10% and 12%, respectively.
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sAA was analysed using the same salivettes as cortisol. This was done using an enzyme

kinetic method with a manual imprecision of 3.2%[111]. Both cortisol and sAA analyses

were performed externally at the University of Trier, Germany.

RSA, the changes in heart rate tied to respiration, is an index of vagal, and hence PSNS,

activity[112]. These changes occur in the duration of the inter-beat interval in heart beat.

To extract this information, EKG was recorded at 256 Hz using an athletic undershirt called

a Hexoskin (Carré Technologies, Montréal, QC). The EKG was then run through software

developed in-house by Ellen Zakreski, another graduate student in the laboratory that ex-

tracts the R-peaks (the standard point counted as a heart beat) and creates RR-interval

(RRI) series of heart period. The RRI series were then manually inspected for artefacts and

errors, and corrected for arrhythmias according to Berntson and colleagues and the HRV

Task Force[112, 113]. From the edited RRI series, 2-minutes segments of clean data from

the middle of each sampling period were used to derive the root mean square of successive

differences (RMSSD), a measure of RSA. RMSSD was primarily used as it requires no resam-

pling of the time series, which can introduce artefacts[114], is less susceptible to respiratory

influences[115, 116], and is more stable over repeated measures than other methods[76]. For

comparison with RMSSD other spectral measures of RSA were derived. To obtain spectral

measures — specifically high frequency (HF) HRV — RRI series were resampled at 7 Hz us-

ing a cubic spline interpolation. This was done in order to minimize resampling artefacts[114,

117]. A Lomb-Scargle (LS) periodogram[114] was also used as a measure of HF-HRV. The

LS method, unlike the more traditional Fourier and auto-regressive (AR) methods, requires

no resampling.
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3.6 Statistical methods

Data were analyzed in a combination of SPSS 23 (IBM Corporation, Armonk, NY), Matlab

R2016b (Mathworks, Natick, MA) and R (3.2.2). The α level was set to 0.05 for significance

for all tests unless otherwise specified (i.e. when correcting for multiple comparisons).

Group comparisons were performed between the high and low MC groups for all outcome

measures using two-tailed, independent samples t-tests (corrected for multiple comparisons

using the Bonferroni-Holm correction).

Data were checked for the assumption of normality using the Anderson-Darling test.

Where data violated this assumption tests were repeated using non-parametric methods

(Mann-Whitney U test).

To confirm that stress measures exhibited significant responses to the procedure linear

mixed models (LMEs) were used. LMEs allow for modelling the specific shape of the response

curve (in this case parabolic/quadratic) and are better suited to analyses where variance in

terms is correlated as in a repeated measures design. Furthermore, LMEs allow for missing

pieces of data. In constructing the models time2 was the fixed effect (with an accompanying

linear term) and the intercepts were allowed to vary randomly for each participant. Models

were estimated using maximum likelihood, and the model residuals were tested for normal-

ity using the Anderson-Darling test. Where residuals significantly differed from normality,

data were transformed using the inverse hyperbolic sine function and re-run in the model.

β-coefficients were tested to differ from zero using t-tests.

Following these validations a MANOVA was performed comparing baseline and reactivity

measures of stress, with MC group as the factor, based on the Wilks’ Λ score. Reactivity to

stress was quantified using the area under the curve with respect to increase (AUCi) derived
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using the trapezoid method[118].

Principle component analysis (PCA) was performed using MC and the five subscales of

the CTQ in order to extract a measure of ELA that most strongly represented the variance

in the sample. Subscales were centered around their cut-off values and normalized before

PCA was performed using built-in Matlab algorithms.

K-means clustering was performed on physiological data using built-in Matlab algorithms.

Data were clustered into two, three and four groups. Grouping validity was visually de-

termined by inspecting silhouette plots. Differences in ELA measures were tested in the

resulting groups using a MANOVA with assigned group as the factor.
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4 Results

4.1 Group differences

Independent, two-tailed t-tests were performed on all outcome measures between the high

and low MC groups (see Table 1). Significant differences were found between scores on the

Mini-K (t(38) = 5.03, p = 0.000), total CTQ scores (t(38) = -5.07, p = 0.000), father care

(t(38) = 3.230, p = 0.003), and mother over-protection (t(38) = -3.19, p = 0.003). All other

tests were not significant.

4.2 Psychological response

A LME regressing time2 onto VAS scores found a significant effect of time2 (t(317) = -9.28,

p = 0.000) and time (t(317) = 7.74, p = 0.000) (see Figure 4). A Mann-Whitney-U test

between SSES scores pre-MIST compared to post-MIST found a significant drop in scores

across the treatment (z = 2.28, p = 0.0112) (see Figure 5).

4.3 Physiological response

Four separate measures of RSA were derived from physiological data (see Figure 7 for com-

parison). Table 2 shows the cross-correlation of these four signals. The coefficients indicate

that the measures were highly similar and therefore all following analyses of RSA used only

the RMSSD.

A LME with heart rate as the response variable found a significant effect of time2 (t(317)

= -4.61, p = 0.000) and time (t(317) = 1.99, p = 0.048) (see Figure 6). The LME of RSA

found no significant effects of time2 (t(317) = 1.02, p = 0.307) or time (t(317) = 0.555, p =

0.579). Similarly, the LME of cortisol found no significant effects of time2 (t(312) = -0.762,
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p = 0.447) or time (t(312) = -1.10, p = 0.271). The LME of sAA found significant results

of time2 (t(312) = -5.69, p = 0.000) and time (t(312) = 5.36, p = 0.000).

4.3.1 MC

To analyze possible differences in stress physiology and psychology between MC groups a

MANOVA was performed using baseline measures of cortisol, sAA, and RSA as well as

AUCi scores for cortisol, sAA, RSA, and VAS, and the difference in pre- and post-SSES

scores as dependent variables. Wilks’ Λ test found no significant differences between MC

groups (F (8,31) = 0.823, p = 0.589, Λ = 0.825) (see Table 3 for between subject compar-

isons).

Following the rationale of Ali and Pruessner[63] subsequent tests were conducted on the

ratio of AUCis between the stress systems as well as the ratio of their baseline values. Wilks’

Λ test found significant multivariate differences (F (4,35) = 3.06, p = 0.029, Λ = 0.741). An

examination of the univariate comparisons revealed only a significant result in the ratio of

AUCi sAA to AUCi RSA (F (1,38) = 11.3, p = 0.002, partial-η2 = 0.229) (see Table 4).

4.3.2 ACM clustering

A composite ELA score was derived using PCA. MC and the five subscales of the CTQ were

used as the six components. All values were normalized before PCA was performed. Of the

resultant components, the first two components were used as they accounted for a combined

94% of the variance in the original data.

To group participants according to the ACM, k-means clustering was performed using the

k-means algorithm in Matlab using the squared Euclidean distance for clustering, clusters
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computed over a max of 100 iterations with 10 replicates. To explore several possibilities

clustering was performed for k’s of 2, 3, and 4. After clustering, the groupings into groups of

3 and 4 were discarded as both resulted in groups with sizes of 2, and 2 and 1, respectively.

Such small groups sizes would make meaningful statistical comparisons impossible therefore

only the results of clustering into 2 groups was used in subsequent analyses. Using this

clustering as the factor a MANOVA was performed with measures of MC, total CTQ score,

a summed score of CTQ and MC, the two ELA scores derived from PCA, and finally the

Mini-K as dependent variables. Wilks’ Λ test indicated there were no differences in groups

(F (5,33) = 0.592, p = 0.706, Λ = 0.918) (see Table 5 for between subject comparisons).
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5 Discussion

5.1 Summary of the findings

The main purpose of this study was to investigate the effects of ELA on stress reactivity

across all of the stress systems in response to the MIST. More specifically, the goal was to

see if differences in the three main stress systems reflected predictions made by the ACM.

Results on psychological measures confirm that subjects found the MIST subjectively

stressful. Increases in self-reported stress occurred following exposure to the MIST in a well

defined, curvilinear manner. Furthermore, subjects reported drops in self-esteem associated

with the MIST. This similarly validates that the psychological effects of the MIST were

effective.

In comparing the MC groups across variables known to affect the stress response (chronic

stress, depression, anxiety, age, BMI, self-esteem) no significant differences were found alle-

viating concern that these factors could be confounding potential effects of ELA. Significant

differences were found between the groups in CTQ scores, levels of self-reported father care

and mother over-protection, and on the results of the Mini-K. These results are unsurprising,

as scores on the CTQ tend to be correlated with the PBI[119]. The most interesting result

was the difference in Mini-K scores. Subjects in the high MC group had significantly higher

Mini-K scores (� = 1.08) compared to those low in MC (� = 0.24). This is the expected

direction of the relationship as those having experienced more stressful early environments

are theorized to have faster (lower Mini-K scores) life history strategies. This evidence lends

support to the ACM.

Initial analyses would suggest that the MIST failed to elicit a strong, physiological stress

response. There was a significant, curvilinear change in sAA in response to the task. How-
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ever neither RSA, or, more importantly, cortisol displayed reactivity profiles consistent with

having evoked a stress response.

As it is possible that group differences would wash out the stress response for the overall

sample we continued analyses to see if either baseline or reactivity measures of the stress sys-

tems differed between MC groups (see Figures 8, 9, and 10 for visual comparisons of stress

responses separated by MC). No difference in any of the measures was found. Following

the work of Ali & Pruessner[63] we created ratio measures of stress reactivity between the

stress systems. This is interpreted as providing a measure of the activity of a system when

accounting for the activity of another. Using this model there was a significant difference

between the ratio of reactive sAA over reactive RSA between the two groups. As sAA is not

a pure measure of the SNS, controlling for PSNS activity using RSA could be interpreted

as filtering out any PSNS elements in the sAA signal, leaving only the pure SNS aspects.

Using this framework, this finding would suggest that we have observed a difference in SNS

reactivity tied to ELA. As differences in other measures of the SNS have been found[36, 61,

62], this seems a plausible interpretation of the data.

Finally, an attempt was made to derive groups based on physiological data using k-means

clustering. This was an attempt to see if data driven methods could reveal groups that dif-

fered across measures of ELA. In doing this we followed the theoretical predictions made by

the ACM which describes 4 different endophenotypes. We attempted to cluster subjects into

either 2, 3, or 4 groups using their baseline measures and measures of reactivity. Results for

grouping with k = 3 and 4 were discarded as they produced groups with sizes of 1 and 2

subjects, sizes that would render meaningful analyses impossible. Therefore we proceeded

using only two groups.

Figure 11 shows the silhouette plot of the grouping. A silhouette plot is a plot of silhou-
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ette scores by grouping. Silhouette scores gives a measure of how similar a data point is to

the cluster it was assigned to compared to the next nearest cluster. The range of possible

scores is -1 to 1, inclusive. A score of 1 suggests a very strong fit of a data point into the

group it was placed in. Conversely, a score of -1 suggests that a data point was erroneously

placed into its assigned group. A score of 0 means that the data point is equidistant from its

assigned group and the next nearest group, suggesting no preference for group placement.

Examining of silhouette scores provides a means to verify that the clustering algorithm suc-

cessfully identified unique groups. The silhouette plot shown in Figure 11 shows that the

k-means clustering into two groups fit well (groups sizes of 12 and 27), with only one point

being marginally below zero.

Figure 12 shows the results of separating the participants by their assigned group. The

graphs support the interpretation that two different groups of responders have been found

by the clustering. There appeared to be a group with higher cortisol output that exhibited

a strong sAA response. The second group had lower overall cortisol and did not exhibit a

sAA response to the MIST. There did not appear to be strong differences in RSA response.

However, the hypothesis that these physiological categories reflected differences in ELA ala

the ACM was not found. Tests showed that the two groups did not differ in any measures

of ELA, including a composite measure constructing using PCA. Thus it would seem that

k-means clustering simply found a group of responders and non-responders with no evident

underlying theoretical significance.

5.2 Interpretation & hypotheses

The above results found, unlike the majority of other studies, that there were no effects of

ELA on HPA-reactivity. A handful of other studies have similarly found no effect of ELA[57,

58]. However, this lack of a difference could be attributable to a lack of significant cortisol
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response as even subsequent analyses conducted when participants were split by MC group

did not report an effect. We were able to find a significant response in sAA and subjective

stress. This would suggest that the MIST was not stressful enough to elicit a strong re-

sponse. Though subjects reported the MIST as being subjectively stressful, Figure 4 shows

the response peaking around 30 - 35 points. The VASs all have a maximum possible value

of 100 and a value of 30 is not particularly high on the scale. Similarly, though there was a

significant effect of the MIST on heart rate, this change was, on average, an increase of only

4 beats per minute (see Figure 6). THis lends credence to the interpretation that, though

stressful, the MIST paradigm employed in this study was not highly stressful (see section 5.3).

The response observed in sAA corroborates this view. As sAA is under ANS control, it

responds to rather moderate stressors (e.g. sitting in a sauna for an extended period[66]).

Cortisol, on the other hand, requires either acute physical activity[120] or strong aspects of

social evaluative threat and uncontrollability[5]. It is entirely possible that the procedure was

stressful enough to elicit a sAA response, but not produce a cortisol response. Subjects were

given only two rounds of psychosocial feedback. This may have been insufficient as other

MIST studies have opted for 3 or 4 rounds. Furthermore, the MIST may not have been

unpredictable or uncontrollable enough. When standing, humans experience large changes

in ANS activity[76]. In order to prevent these changes from possibly contaminating RSA

measurements of stress reactivity participants were brought to the testing room 10 minutes

before the MIST, and remained in the room 10 minutes after. This could provide a window

for participants to acclimate to the setting, making it more normal and predictable, ergo

less uncontrollable. Additionally, trials of the MIST lasted for 9 minutes. This may have

been too long as participants are given enough time to interpret how the MIST works and

become familiarized with its structure and patterns.

Evaluating the effect size for LMEs is a difficult task. Unlike their fixed effects cousins,
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there is no straight forward manner in which to obtain an equivalent of an R2 value to give

an estimate of effect size. To address this problem Nakagawa & Schielzeth proposed modified

versions of this statistic which they name the marginal-R2 and the conditional-R2[121]. By

their account, the marginal-R2 provides a measure of the amount of variance described by

the fixed effects in the model, whereas the conditional-R2 gives the variance described by

both the fixed and random effects. Using the piecewiseSEM package in R 3.2.2 we derived

these values for our model of sAA reactivity. It was found that the marginal-R2 = 0.018

while the conditional-R2 = 0.881. This means that less than 2% of the variance of the

model was explained by the fixed effects alone and implies that there was more variability

between subjects than between samples. This is part of the strength of LMEs, as they allow

researchers to account for the random, inter-individual differences between participants to

tease out effects. However, by any standards it is an incredibly small effect size. This further

supports the interpretation that the MIST was not highly stressful.

In exploring differences in stress reactivity between MC groups the only significant result

was found to be in the ratio of reactive sAA to reactive RSA. This methodology was first

used by Ali & Pruessner[63] who reported significant differences between those high and low

in MC in the ratio of reactive cortisol to reactive sAA, and its inverse. We did not find a

similar result. As we did not elicit a strong cortisol response it is unsurprising that we did

not see such a difference. However, extending this method we did find a significant difference

in the ratio of reactive sAA to reactive RSA. Following the original authors’ interpretation

this is a measure of sAA reactivity when controlling for PSNS activity. As sAA is not a pure

SNS measure controlling for PSNS activity would leave only the SNS component. From

this interpretation it would follow that we found differences in SNS reactivity between ELA

conditions.

Previous attempts have been made to produce a measure of SNS activity derived from
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mixed ANS activity. In the HRV literature this is the low-frequency to high-frequency ratio

( LF
HF

). The HF component of HRV is purely mediated by PSNS activity. However, early

work found that the LF component is a combination of SNS and PSNS input[113]. Extrap-

olating from this information, many researchers have used the LF
HF

as either a measure of

SNS activity, or an indicator of ANS balance (i.e. informative of whether the SNS or PSNS

is more active\dominant). Though widely used a recent comprehensive review has brought

into question the empirical validity of the measure, arguing that LF-HRV is predominantly

PSNS mediated[122]. For those reasons, the LF
HF

measure was not included in this study.

However, the measure foudn in this study (the sAA
RSA

) could be a fruitful replacement for this

method. Future research will be necessary to further test and validate this measure.

The final hypothesis of this thesis was that a data driven clustering approach using phys-

iological data would yield useful information about ACM groupings when comparing them

on measures of ELA. Using k-means clustering participants were grouped based on six mea-

sures: RSA, sAA, and cortisol baseline, and RSA, sAA, and cortisol reactivity (AUCi). Only

the clustering into 2 groups was used in further analyses, as the 3 and 4 group clusterings

produced several group sizes of 1 to 2 participants. Figure 12 shows the response profiles

across the three stress measures when grouping participants in this way. A cursory look

would suggest that the algorithm found distinct groups with respect to their sAA and cor-

tisol levels throughout the task, though these groups did not appear to differ RSA levels.

However, when we probed these groups for differences in ELA measures and the Mini-K we

found no differences.

The ACM predicts that different patterns of baseline and reactivity across the stress sys-

tems are adaptive changes to differences in early life environment and stress (see Figure 1).

Our inability to find differences here could be explained by several possible factors. It could

reflect the difficulties and limitations of the ACM. The ACM considers changes in stress en-
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dophenotype to be due to an increase in early life stress in some unidimensional manner. It is

never explicitly defined what this overall early life stress is, nor how researchers are supposed

to measure it. As we chose to focus on maternal care, with additional supplementary data on

abuse and neglect, our measure would not have captured all aspects of ELA. Alternatively,

the ACM does not explicate whether these differences are qualitative or quantitative. In

other words it does not specify if these changes occur gradually as an organism experiences

more ELA, or if they behave in a categorical, switch like manner. By clustering into groups

we inadvertently assume that they are categorical rather than continuous, an assumption

that may be ill-founded (see section 5.3 for further discussion).

These results could also reflect a lack of variability within our sample. ELA scores ob-

tained in this study were limited and did not cover a wide range of the possible values (see

section 5.3 for further discussion). Consequently we may only have participants from one

of the predicted groups and ergo would see no differences between them. Finally, it is also

possible — as covered above — that we did not evoke a strong enough stress response. It

is impractical to expect consistent grouping of participants by their physiological stress re-

sponse in the absence of said response.

Overall, in evaluating the initial hypotheses we can conclude:

I We were unable to observe vagal withdrawal when exposing sub-

jects to the MIST

II We observed no main effect of ELA on cortisol reactivity

III We found an effect of ELA on sAA when controlling for PSNS

activity (using a ratio measure)

IV Grouping of subjects based on physiological data yielded groups
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that were not observed to differ in measures of ELA.

5.3 Limitations

There exist a number of limitations in the design of this study. First and foremost is the

small sample size. Though balanced in design, the small number of participants means that

we are prone to making Type II errors. Estimating power in mixed models is difficult, but

one study, using simulated data compared power between a study with a sample size of 20

and one of 100 reporting powers of 38.2% to 85.4%, respectively[123]. As the sample size

of this study is closer to 20 (and is 20 per group) it is reasonable to assume that we have

relatively low power. This means that we are unable to make strong assertions about null

findings. A straight forward solution would be to increase the sample size by two or three

fold to open the door to more powerful statistical methods.

Another clear limitation of this study is that we neglected to include variables that are

either known or proposed to moderate the relationship between ELA and the stress response.

These include, but are not limited to, genetic variation in GRs[124], the timing of the adver-

sity in early life[125], the intentionality of the trauma[56], or the relationship between the

qualitative aspects of the ELA and the experimental stressor being used in evoking a stress

response[53]. The inclusion of all of these moderators would require great statistical power,

but future studies would do well to include as many as methodologically possible.

Somewhat related to the issue of sample size is the issue of studying ELA itself. Part of

the significance of studies of the effects of ELA on stress reactivity is that these changes can

be seen in non-clinical, healthy subjects. It is obvious, therefore, that during recruitment we

pre-screen for mental and physical illness. However, we additionally pre-screen for drug use,

tobacco use, alcohol comsumption, and BMI, as all of these are known to effect the HPA-
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axis and ANS[85, 91, 92, 94–96]. Critically it is also true that increased ELA itself makes

people more prone to engage in these behaviours[126] or suffer from adverse health effects

like obesity[127]. This leads to two primary issues in methodology. First is the difficulty in

recruitment. By pre-screening for all of the factors associated with ELA, it becomes very

hard to recruit people that are both high in ELA and meet all of the selection criteria. In

fact in this study we had to relax selection criteria after the first 3 months of screening, as it

became increasingly evident that we would be unable to recruit a sufficient number of high

ELA participants in a manner consistent with completing a Master’s project in a timely

manner.

The second issue when dealing with ELA concerns resilience. Resilience is a concept

researchers have deployed in order to understand how some people are vulnerable to the

negative effects of ELA whereas others are not[128]. In other words, it is the answer to the

question of why everyone whom experiences ELA does not go on to develop pathology. Much

literature has been devoted to explaining how this happens. However, it is entirely possible

that resilience to the effects of early life stress can be extended not just to pathology, but to

the other factors we pre-screen for. In other words, in pre-screeing against behaviours and

variables that are known to effect the stress response, but are collinearly related with ELA,

we may be inadvertently adding a bias to our sample. In this case selecting only for those

resilient to the effects of ELA. This is a highly intractable problem, with no clear solution.

Finally, there is the issue of variance in our measures of ELA. In recruiting participants

to the two groups, only MC as used as a measure. Thus our other measure of ELA, the CTQ,

was only gathered in the lab for possible post-hoc analyses. As seen in Figure ?? however,

there is very little variability in the CTQ data. Our sample therefore may be biased to those

with only moderate to mild ELA, rather than those with more severe histories.
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5.4 Future directions

Further research can focus on many possible avenues. An obvious extension of this study

would be to include female participants. A recent study did find effects of ELA on HPA-axis

reactivity to the MIST in female participants[78]. However a balanced design including both

male, and female participants — in different phases of the menstrual cycle — in one study

would permit direct sex comparisons, as well as allowing for a direct test of sex differences

predicted by the ACM (Figure 1).

With respect to the ACM, more research is needed into how the separate subgroups are

delineated i.e. what constitutes mild as opposed to moderate early life stress. As discussed

above, it is unclear as to how one explicitly defines and quantifies a single measure of early

life stress, particularly given the multiplicity of measures that have been found to have ef-

fects. Thus research that focuses on gathering participants over an incredibly large range of

early life experiences quantified over many different experimental measures would be indis-

pensable in addressing this problem. Such a study could see if there exists an underlying,

principle construct that would be of use in quantifying a total measure of ELA.

Finally, future research could explore the moment-to-moment changes in HRV (RSA) in

response to stress. Due to sizeable missing segments of data in the EKG traces, continu-

ous analysis of HRV was not possible in this study. However, methods do exist to examine

second-to-second changes in HRV and hence PSNS activity[129–131]. As the initial PSNS re-

sponse to stress occurs so rapidly[9] these methods could illuminate the immediate response

to stress, one that may be washed out over longer time frames.
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5.5 Conclusion

Extensive research has gone into investigating the effects that ELA has on the stress re-

sponse. However, in looking at the stress response, researchers have historically neglected

the branches of the ANS in favour of the HPA-axis. Along with an increasing number of

studies, this project wanted to examine the effects of ELA on stress response across all of

the stress systems. The results indicated, in contrast to the majority of studies, that there

were no effects of ELA on HPA-axis reactivity. However, we lacked enough statistical power

to make strong conclusions, particularly concerning null results. Importantly the effects

ELA on sAA could only be seen when accounting for the PSNS, once more emphasizing the

importance of studying the stress systems in tandem. However, the small effect sizes in this

study mean further research is needed to verify the claims. Additionally, further research is

needed to test if early life related changes in the stress systems fall in line with the ACM.

Overall, this study suggests an important role in controlling for the response of the other

stress systems when trying to parse the effects of ELA on stress reactivity.
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Figures

Figure 1: A figure from Del Giudice et al.(2011)[41] depicting how the general stress re-
activity patterns of the systems change in accordance with the levels of stress in the early
environment. This model predicts 4 distinct endophenotypes, as well as a difference between
sexes at higher levels of early life stress.
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Figure 2: An example screen of the MIST during the experimental condition. Subjects
answer using the keyboard to control the rotary dial located in the bottom right corner.
Fabricated feedback of how the subject is doing relative to an “average” is presented in the
top bar (the label of “YOU” being the subject’s performance).

37



F
ig
u
re

3:
A

ti
m
e
li
n
e
of

th
e
ev
en
ts

th
ro
u
gh

ou
t
th
e
p
ro
to
co
l.

T
h
e
sm

al
l
b
lu
e
sa
li
ve
tt
es

ab
ov
e
th
e
li
n
e
in
d
ic
at
e
sa
m
p
li
n
g
ti
m
es
.

T
h
e
re
d
p
or
ti
on

s
of

th
e
ti
m
e
li
n
e
re
p
re
se
n
t
w
h
en

th
e
M
IS
T

o
cc
u
rr
ed

(o
ra
n
ge

p
or
ti
on

s
re
p
re
se
n
t
b
as
el
in
e
an

d
re
co
ve
ry

p
er
io
d
s)
.

38



Figure 4: The self-reported VAS scores throughout the procedure in response to the question
“In this moment how stressed do you feel?” Values peak following the second feedback session
returning to baseline over the course of the recovery. All values are mean ± standard error.
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Figure 5: Measures of state self-esteem pre- (left bar) and post-MIST (right bar). The graph
depicts that on average self-esteem dropped by 7 points after the MIST. All values are mean
± standard error.
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Figure 6: The heart rate of participants throughout the procedure. Participants experienced
a significant, but small, increase in heart rate during the MIST. All values are mean ±
standard error.

41



F
ig
u
re

7:
T
h
e
R
S
A

va
lu
es

ac
ro
ss

th
e
ta
sk

of
fo
u
r
d
iff
er
en
t
R
S
A

m
ea
su
re
s.

T
h
er
e
w
as

h
ig
h
co
rr
el
at
io
n
b
et
w
ee
n
al
l
4
(s
ee

T
ab

le
2)
.
M

E
A
S
U
R
E
S
:
u
p
p
er

le
ft
:
R
M
S
S
D
;
u
p
p
er

ri
gh

t:
W
el
ch

p
ow

er
sp
ec
tr
al

d
en
si
ty

(P
S
D
);

lo
w
er

le
ft

au
to
-r
eg
re
ss
iv
e
B
u
rg
es
s

P
S
D
;
lo
w
er

ri
gh

t:
L
om

b
-S
ca
rg
le

P
S
D
.
A
ll
va
lu
es

ar
e
m
ea
n
±

st
an

d
ar
d
er
ro
r.

42



Figure 8: The RSA response profiles of the low MC and high MC groups. MIST trials occur
at t = 0 and t = +15. All values are mean ± standard error.
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Figure 9: The sAA response profiles of the low MC and high MC groups. MIST trials occur
at t = 0 and t = +15. All values are mean ± standard error.
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Figure 10: The cortisol response profiles of the low MC and high MC groups. MIST trials
occur at t = 0 and t = +15. All values are mean ± standard error.
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Figure 11: A silhouette plot of the two groups produced by k-means clustering. The majority
of data points fit very well in their assigned cluster, with only one point being bearing a
slightly negative score.
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Figure 13: A scatter plot of ELA measure with MC (Maternal Care) on the y-axis and the
total CTQ score on the x-axis. All values were centered around their cut-off scores and,
in the case of MC, mirrored so that higher values correspond to higher levels of ELA. The
possible range of MC scores is -9 to 27, inclusive. The possible range of CTQ scores is -31
to 69, inclusive.
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Tables

Variable Name
MC Group

t-stat p-value

Low MC High MC

Age 23.2(3.3) 22.5(3.3) -0.670 0.507

BMI 22.4(1.8) 22.4(1.9) -0.052 0.959

CTQ -14.0(7.0) -24.5(6.1) -5.067 0.000**

Father Care 18.5(5.1) 25.4(8.0) 3.230 0.003**

Mother Over-Protection 18.1(7.0) 11.6(6.1) -3.194 0.003**

Father Over-Protection 9.4(6.3) 9.6(5.3) 0.082 0.935

Mini-K 0.24(0.40) 1.1(0.63) 5.031 0.000**

RSES 29.1(5.3) 29.3(8.5) 0.134 0.894

TICS 47.3(11.1) 42.2(20.0) -0.995 0.326

State Anxiety 33.1(8.6) 28.7(5.9) -1.885 0.067

Trait Anxiety 40.2(8.7) 36.2(10.3) -1.310 0.198

Neuroticism 18.5(6.7) 16.5(8.7) -0.794 0.432

Extraversion 25.5(7.0) 28.0(5.5) 1.233 0.225

Openness 31.4(5.8) 29.4(7.3) -0.961 0.343

Agreeableness 27.9(4.7) 28.1(5.2) 0.128 0.899

Conscientiousness 29.2(6.1) 32.8(7.3) 1.678 0.102

BDI 8.3(5.2) 8.5(8.2) 0.115 0.909

Table 1: A comparison of outcome measures between the MC groups. All values (in MC
Group column) are mean(stand deviation). Significant differences are marked by ‘**’. All
t-tests are at 38 degrees of freedom. Values are presented as mean(standard deviation).
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RMSSD AR(Burg) Welch L-S

RMSSD 1 - - -

AR(Burg) 0.9938 1 - -

Welch 0.9965 0.9990 1 -

L-S 0.9937 0.9970 0.9987 1

Table 2: Table showing the normalized, cross-correlation coefficients between all of the
measures of RSA. RMSSD = Root Mean Square of Successive Differences; AR(Burg) =
Auto-Regressive Burgess model; Welch = Welch power spectral density; L-S = Lomb-Scargle
power spectral density.
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Variable Name
MC Group

F-stat p-value

Low MC High MC

ΔSSES -4.45(9.38) -9.25(11.5) 2.09 0.156

AUCi VAS 893(839) 628(919) 0.850 0.362

Baseline RSA 54.7(25.7) 44.1(17.8) 0.907 0.347

Baseline sAA 157(118) 95.4(53.6) 0.008 0.931

Baseline cortisol 4.78(3.03) 3.94(2.23) 0.258 0.615

AUCi RSA -24.0(297) -138(340) 2.02 0.163

AUCi sAA 192(1.89× 103) 530(1.03× 103) 0.220 0.642

AUCi cortisol 20.5(125) 18.5(83.1) 0.146 0.704

Table 3: Tests of the effect of MC group on baseline and stress reactivity measures, and
psychological measures of stress. All tests at 1 and 38 degrees of freedom. ΔSSES =
difference in pre-MIST and post-MIST SSES scores. Values are presented as mean(standard
deviation).
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Variable Name
MC Group

F-stat p-value

Low MC High MC

CortAUCi

RSAAUCi
0.089(1.10) 0.446(2.60) 0.069 0.794

CortAUCi

sAAAUCi
0.202(0.951) 0.220(0.987) 0.006 0.939

sAAAUCi

RSAAUCi
3.90(12.9) -11.8(17.4) 11.3 0.002**

sAAAUCi

CortAUCi
0.784(121) 14.4(35.8) 0.017 0.897

Table 4: Tests of the effect of MC group on the ratio of stress measures. All tests at 1
and 38 degrees of freedom. ‘**’ indicates statistical significance. Values are presented as
mean(standard deviation).
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Variable Name
K-Means Group

F-stat p-value

Group 1 Group 2

MC 0.370(6.53) -2.42(6.52) 1.52 0.226

CTQ -18.8(7.92) -19.8(9.93) 0.117 0.734

Composite ELA -18.4(13.5) -22.3(15.9) 0.593 0.446

ELA#1 (PCA) 0.0232(0.204) -0.0547(0.217) 1.16 0.288

ELA#2 (PCA) -0.0089(0.0730) 0.0259(0.128) 1.17 0.286

Mini-K 0.580(0.657) 0.871(0.704) 1.56 0.219

Table 5: Tests of ELA measures between groups clustered by physiological measures. All
tests at 1 and 37 degrees of freedom. ‘**’ indicates statistical significance. Values are
presented as mean(standard deviation).
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