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Abstract

Despite the linkhat risk factors, such as eatife stressors and genetic polymorphisms,
have with the development of depressive sympt
develops this disorder. It has been suggested that lifestyle factors, such as diet asel exayci
play a critical role in this regard. To date, there have been few reports examining the interactions
between these lifestyle factors and other risk factors in promoting depressive features. The
purpose of the present investigation was to assessdtierating effects of dietary pattern and
exercise frequency, in the relations between stressors experienced early in life and psychological
outcomes (depressive symptoms and creative problem solving), as well as current stressors and a
biological outcomécortisol response). In addition, the present investigation sought to examine
whether these lifestyle variables might interact with immune related gene mutations, in
predicting depressive symptoms and other related measures (executive functioning, coping
flexibility, and coping endorsement), as both depression and these lifestyle factors are related to
immune functioning.

In Study 1 N=278), physical trauma was negatively related to performance on the
Remote Associates Test, a measure of creative prololemgs but this relation only existed for
individuals who consumed smaller amounts of healthy foods. It was also found that sexual
trauma was positively related to depressive symptoms, but this relation was stronger among
participants who consumed greaaenounts of unhealthy foods. StudyNe=(63) demonstrated
that dietary patterns interact with immune related genetic polymorphisms and sex, in predicting
depressive symptoms, coping flexibility, and coping strategy endorsement. Building upon the
findings d the previous study, Study Bl£144) indicated that diet and exercise interacted with

immune related polymorphisms and sex, in predicting performance on the lowa Gambling Task



(a measure of executive functioning). Finally, StudiN481) showed that adhemce to an

unhealthy dietary pattern was associated with elevated levels of cortisol in response to the Trier
Social Stress Test. Together, these studies suggest that dietary pattern and exercise habits, can
interact with stressors (both current and past) immune related polymorphisms, in predicting

risk for depression.
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General Introduction
Introduction

Currently, depression is the most common cause of disability, and has increased more
than 18% between 2005 and 2015 (WHO, 20Aany factors may increase the risk for
developing the disorder, suchlzsing femalenegative earhlife experiences, genetfactors, or
an exaggerated stress response. As well, depressive illaessdgten marked by biological
disturbances, such as variations in cortisol levels, monoamine prod@&A8# and glutamate
functioning,levels of neurotrophins, and immune system alteratiStra\ybridgeet al., 201Y.

't i s generally thought trheass drhse meaw rbod i ad ¢
however, when experienced at excepntiiconbaalsliys , h hi
these stress responses may become excessive
out c oMoEenen & Rasgon2018) For i nstance, the response t
in persistent caqirniceddil ppetasmpahicél lcalhoss,
heighten contheps elbegitgha sl cwlktil @eh encourages t he

depr essi V@lsom 208%0.r der s

Genetic factors have | ikewise been implica
Evidence in |Iine with these views, which have
inconsistent, which iIis not altogether unexpec
considered to be biologically vieetfeorcaugene mwns .t h
identification of biological substrates of de
neur ochemical determinations, imaging studies
and genetic anal yses. dtnudihes |agsdegs edckgtalra , | iar
depressive il lsiesgl andual &@as(iSHEByp @odfeymnmeos pha dsim g



St rreeslsat ed g¢gdmdteied,f & dhteorBD.NF Val 66 Met singl e 1
(SNP) was rel ated b ptin gt e prrieslks i wfn,dédwt t his wa
mal es seemed to show this associatlamne@dVerohag:
serotonimi gretupalake i nt er act, wsiutchh eansv isrtornensesnotra |
i n ptriendgi cri sk f or deprMwslstiiom  CadPHS aedsmdi.at €d
function were also implicated in this risk as
the associations among different genes (Barne
These rik factors are not only linked to depression directly, but indirectly as well, by

impairing cognitive flexibilityt he ext ent to which an individual
one cogni ti vkoresample, loth eadiie raurhaePechtel &Pizzagalli, 201},

and the immune relatedL -1418 C/T polymorphism, were linked to an impairment in

cognitive functioning {renovaetal., 2018 Cogni ti ve fl exi bility may b
flexibility, which might favor individual so6 al
stressors, and thereby I imit the risk of deve

However, not everyone who might be at régtuallydevelops depression, as lifestyle
factors such as diet and exercise can play a role in limiting this risk. By example, a reduction in
depressive symptoms was associated with aerobic exaroseg individuals who were exposed
to earlylife trauma(Maniam & Morris, 2010)In addition, a diet high in fat can interact with
immune related gene polymorphisms in predicting the risk of developing diseases with an
inflammatory componen#Zhang, Guo, & Qin, 2016).

Despite the evidence suggesting diet arercisecan interact with risk factors in
predicting mental health related outcomes, the research is limited, and the results seem to be

inconsistent (e.g., Nazki, Sameer, & Ganaie, 2014). The aim of this research is to examine how



prudent and noprudentdietary patterns, might interact with gene variants and-&lfrauma,
in their relation to depressive symptoms. In the same regard, the buffering effects of aerobic and
anaerobic, as well as their combined effect will tested as well. Furthermareggbarch will
examine the independent and interactive effects that might be present in relation to particular
gene polymorphisms and eatife trauma in predicting risk for depression, but also on the
physiological stress response in response to aetres
Depression

Depressive disorders are often marked by frequent low mood, anhedonia, and cognitive
disturbances, although symptomatology can vary across indivifegsession is not a unitary
illness, andseveral subtypes of the disordeve been identified.ypical depressive symptoms
comprise neurovegetative symptoms, such as a reduction in appetite, body weight, and sleep,
whereas atypical depression, in contrast, is characterized by a reverse neurovegetative symptom
profile (e.g., ircreased sleep, greater eating and carbohydrate craving) as well as elevated stress
reactivity.

Although many factors may contribute to the risk of develodegressive symptoms
the present research will focus specifically on how an exaggerated st@msse negative
earlylife experiences, and genetic factors play a contributing role imebéd. In particular, it
is hypothesized that lifestyle factors, comprising diet and exercise, will play a moderating role in
the relation between (1) eailije trauma and creative problem solvjragrisk factor fothe
emergence of depressive sympto23 genetic polymorphisms related to immune function and
depressiorfand measures related to depressi3))genetic polymorphisms related to immune
function andcognitive flexibility, and (4) cortisol respong®a socieevaluative stresspwhich

might serve as hiomarkerthat iscommonlyalteredin depressed individuals.



Stress

Stressful life events are ubiquitous, and can play a role in the development and
emergence of depressive symptoms; however, there are multiple characteristics of a stressor that
may affect the biological and psychol ogical i
functioning. In this regard, not all stressors act in a comparableamdbifferent types of
stressors, such as neurogenic (physical stressors, such as a muscle tear), systemic (stressors we
may not be consciously aware of, such as a viral infection), and psychogenic stressors
(psychological stressors, such as the deatH@fel one), may have varying impacts on
neurobiological and immune processes (Anisman, Hayley, & Kusnecov, 2018). Pertinent to the
present investigation, psychogenic stressors, such as the Trier Social Stress Test (TSST), which
has a socievaluative compnent, can have a particularly dramatic effect on the physiological
stress response, such as cortisol rele@sedman et al., 20),7/and may be even more
pronounced than seemingly more profound stressors, such as the anticipation of heart surgery
(Michaudet al., 2008).

When a potential stressor is first encountered, evaluations of various aspects of the
stressor are made to assess the threat it presents. The impact of the potential stressor is first
evaluated and interpreted as being either benignerahr e ni ng (ter med O6pri mar
the event is interpreted as being a threat, then further appraisals are made. These secondary
appraisals are to determine whether the individual perceives them self as having the coping
resources available to mitite the negative effects of the potential stressor. Although there are
many different coping strategies that individuals use, they generally fall into three broad
categories comprising problefacused, emotiofiocused, and avoidant methods. Effective

coping methods may limit the emergence of patholagyproblerfocused coping was



negatively related, and emotibocused strategies were positively related, to indices of
depression and suicidal ideation (Horwitz et al., 2018). This said, it is thougttehat t
effectiveness of a given strategy is dependent on the nature of the stressor, the context in which it
occurs, and may vary over time as the stressor plays out (Anisman et al., 2018).
Stress and the HypothalamiePituitary -Adrenal (HPA) axis

Multiple biological changes can occur when an individual encounters a stressor, most of
which serve in an adaptive capacity. However, when the activation of this response is
exaggerated out of proportion to the injury, and occurs on a chronic basis, it can lead to
pathology Bottaccioli et al., 2018). Of the many biological stress responses, particular interest
has been paid to the production of the glucocorticoid cortisol, which has many adaptive
consequences (e.g., increases blood sugar), and is often usedraar&dni of stress reactivity.
The production of cortisol in response to a stressor, may first be initiated by the activation of
neurons in the prefrontal cortex and amygdala, which play a crucial role in the appraisal process
described earlier. Activatioof these neurons can then stimulate neurons within the
paraventricular nucleus (PVN) of the hypothalamus, resulting in the production and release of
corticotropin releasingormone (CRH), which then triggers the release of adrenocorticotropic
hormone (ACTH from the pituitary gland into the bloodstream, and then stimulates the release
of cortisol from the adrenal glands. Cortisol eventually feeds back to the hypothalamus and
hippocampus, which then ceases the production of CRH, and essentially shutsisicivasht
response (i.e., the Onegative feedback | oopd)
the increase is sustained, damaging effects on the hippocampus may occur. This likely occurs

owing to the high concentration of mineralocorticadaptors in this region, as cortisol has a



higher affinity to binding to these receptors, compared to glucocorticoid receptors, which are
widely distributed throughout the brain (Keller et al., 2017).
The HPA axis and depression

Activity of the HPA axis is intimately involved in the pathophysiology of depression, as
it seems to be overactive (e.lgypercortisolemiajn individuals with major depression,
although this may depend on the depressive subtype (Keller et al., 201&yeanicthe
individual (Murri et al., 2014). It was found that adolescents with a history efuicidal sel
injury and major depressive disorder, had a higher cortisol awakening response (CAR) than their
nonselfinjury major depressive counterpartshalgh they did not display any differences in
cortisol reactivity to the TSST (KlimeBougan et al., 2018). Also, in adolescents, depressive
symptoms were associated with higher cortisol responses immediately after and during the
recovery period from th8ocially Evaluated ColPressor Test, but this association was only
found among boys (Lope2uran et al., 2015). In pregnant women, it was indicated that
postpartum depression was associated with elevated cortisol levels during their first and third
trimeder (Caparrossonzalez et al., 2017). It was also found that both women and men who have
anxious depression (a subtype of major depressive disorder), and who have experienced sexual
trauma as a child, displayed a heightened HPA activity in response xara&t@asone injection
(Menke et al., 2018). In essence, the link between cortisol and depression has been observed

across multiple situations and test populations.



Trauma and depression

Traumatic earlylife experiences, which can encompass a variesyrong negative
events, such as parental divorce, death of caregiver, abuse, or withessing a murder, seem to be
dosedependently related to adverse health outcomes, including depressive disorders in
adulthood fandelli et al., 201p These events cajenerally be classified as being general
traumatic experiences (e.g., exposure to a life threatening disaster), physical punishment (e.qg.,
being punched or kicked), emotional abuse (e.g., being put down or ridiculed), or sexual abuse
(e.g., being forced tperform sexual acts). Generally, traumatic experiences of an emotional
nature, seem to show the strongest association with depression, followed by neglect, and sexual
abuse [flandelli et al., 201p It also seems that individuals who had experienced greate
childhood adversities subsequently perceived recent stressful events as being more stressful than
those who had experienced fewer childhood adversities, and are also at risk for developing mood
disorders (McLaughlin et al., 2010).
Trauma and the HPA axis

Traumatic earhfife experiences are associated with altered HPA functioning, which may
contribute to the risk of pathology. Indeed, adults who had experiencedifeaslyess displayed
a blunted diurnal cortisol profilgkumsta et al., 2017; Kuras a&it, 2017).This blunted HPA
response also seemed to be apparent among depressed women who have been abused as a
children, as diminisheACTH levelsin response to an injection GRH was observed
Interestingly, these women displayed a greater HPA respmmapared to depressed women
who were not abused, when exposed to a secatuative stressgHeim et al., 2008). In
addition, women who experienced abuse by a romantic partner and suffered symptoms of PTSD,

displayed a heightened cortisol response to a video depicting abuse (Matheson & Anisman,



2012). Together, these studies suggest that cortéx¢ gtressor is important in determining the
biological response. Ordinarily, PTSD is accompanied by diminished cortisol release, but when a
particularly meaningful stressor is present, then appraisal processes may give rise to the cortisol
inhibition beng overridden (Matheon & Anisman, 2012).
Besides the different types of early life stressors mentioned earlier, other forms of stress
during childhood such as nutrient deficierf@amburini et al., 2016 gre associated with
alterations in the gut micbaome, whichplays a crucial role in HPAxis formation in earhjife,
as well as stress reactivity in adulthood (Maldaller et al., 2018)The influence of the gut
bacteria in this regard may be especially pertinent to the present investigationhgtvexetcise
(Allen et al., 2018a; b), and diet (Seura et al., 2017) is associated with regulating gut microbiota.
Dietary patterns and depression
The study of diet and its relation to depression is complex, not only because the human
diet consists of mandifferent components, but also because these are usually consumed in
different combinations, some of which might interact with one another. While studying the effect
of individual dietary components can offer a controlled assessment of the effectita¢ spec
nutrients, studying diet as a pattern (the quantity and combinations of different foods and
nutrients) allows the examination of the interactive and additive effects among dietary factors
that might be related to disease. Generally, two dietary patt@ve emerged based on the
available dietary research related to disease; one that was positively associated with
infl ammati on and de@puasnitdn d(adkdiaadcend tipedawad e m )
negatively associated with inflammation and
A nonprudentdietary pattern is characterized by a high consumption of red and

processed meats, refined carbohydrates, and otheggsedoods There is an abundance of



evidence suggesting that this dietary pattern may play a critical role in the etiology and

maintenance of depressida gt al., 201Y). By examplea greag¢r consumption of fast food and
commercial baked goods has been lthke elevated risk for developing depression (Sanchez
Villegas et al ., 2012) . Similarly, ameoantgd col |
foods, such as potato chips, fast food, or ice cream, was positively associated with depressive
symptomgZazpe et al., 2014), although this eating pattern may simply be a symptom of atypical
depression. Interestingly, although red meat is often considered part cpaudent diet, in

some cases it is consider ed ipassotiatedWithlawebt r adi t
odds for major depression, dysthymia, and anxiety disorders (Jacka et al., 2010). Not all studies
have revealed this fairly common profile, and there have been reports indicating no association
betweera nonrprudent diet andepresionincidence(Molendijk et al., 201§

Theprudent dietin contrast to theon-prudent digtconsists of items such as n@fined
grains, fruits and vegdtées, olive oil, and lean meafonsiderable research was conducted
indicating that the Mediterreean diet is associated with better health outcomes suchedsiced
risk for cognitive declindShakersairet al., 2013 and olorectal cancefGarciaLarsenet al.,

2018) In addition to these outcomes, the Mediterranean diet has been associatedred@bedie

risk for developing depression. Althglu there have been reports of a weak association between
a prudent dietary pattern and depressgmptomgMolendijk et al., 201§, there are other

reports indicating a much stronger relat{nesaret al., D18; Saghafiaret al., 2013 A three

year longitudinal study likewise indicated that the Mediterranean diet was associated with a
decrease in the prevalence of depression in milgkel women (Rienks, Dobson, & Mishra,

2013), and in ller individuals (Skarupski et akp13).



Exercise and depression

Similar to the relation between healthy dietary patterns and risk for depression, frequent
physical activity is also negatively associated with depression. Indeed, in a recent review
comprising oveponemillion cases, exercise was associated with a lowextah health burden,
althoughlonger durations of exercise were not always associated with better outcomes
(Chekroud et al., 2018). itas been suggested that as lddeone hour per week may have a
protective effect against the risk of developing depogsHarvey et al., 2017), and evan
singleexercisebout can have profound positive effects on mood, and stressor reactiBag4o
& Suzuki, 2017). Furthermore, cessation of regular physical activity has been shown to induce
depressive symptoms indléhy adults, especially among females (Morgan et al., 2018).

A recent metaanalysis revealed that exercise interventions with a neuromuscular training
element (e.g., physical rehabilitation type exercises) might be more effective in reducing
depressivesymptoms than endurance exercise interventidediker et al., 2018). Expecting
mothers may benefit as well, as exercising during pregnancy, can reduce the likelihood of
developing depression during late pregnancy or during the postpartum period {Vangames
et al., 2018)Despite the beneficial effects exercise can have on depressive symptoms, adherence
to exercise programs among depressed individuals is low, however, adherence may depend on
factors such as tobacco use, excessive alcohol intakdearmlity with work schedules
(Helgadottir et al., 2018). Unfortunately, exercise programs for depression may not be prescribed
by physicians due to the inaccurate reporting of findings of these programs by media sources

(Ekkekakis et al., 2018).
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Diet and HPA functioning

Dietary components may also play a role in regulating the HPA axis, which can, in turn,
affect the risk of pathology. For example, a recent review suggested that dietary intake of zinc,
magnesium, and selenium, play a crucial role RAHunctioning and the risk of developing a
mood disorder\{Vang et al., 2018 Numerous other vitamins and minerals, such as vitamins B,
C, and D, have also been linked to cortisol levels to varying de@&eshpwicz &
Lebi edzi (HWetagy intakendtivithgtanding, omitting nutrient intake, as is the case with
female Obreakfast skippersé, was associated w
to females that did not skip breakfast (Witbracht et al., 20kre is also evidence suggegtin
that chronically perceived stress may sensitize HPA response to future stressors, that, in turn,
increase palatable food consumption following a stressor (Dallman et al., 2005; Klatzkin et al.,
2018; Tomiyamaetal.,,201lTM.hese f i ndi nlgsmiasederesbdarehisega
association phattaemdrsHEA ed atriyvi t y.
Exercise and HPA functioning

The HPA axis may be another key mediating factor in the relation between exercise and
depression. In a recent review, it was suggetstadexercise can play a role in the cortisol
awakening response (CAR), however, it seems that this effect was only apparent with higher
frequencies of exercisé&fderson & Wideman, 2017). This finding may be particularly relevant,
as the CAR is often brdar among individuals who chronically perceivtstress (Kaspers &
Scholz,2004). Adding to this,dboratory research with animals has suggested that lifelong
exercise was accompanied by a downregulation of HPA activity in response to a stressor
(Pietrelli et al., 2018)Animal research has also suggested that along with changes in sensitivity

in hypothalamic paraventricular nuclei, changes in sensitivity in the dorsal raphe, along with
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increases in neurotrophic factors, contribute to the antidegné effect of exercise as well
(Nishii et al., 2017)There are numerous factors that affect the relation between physical activity
and HPA regulation, such as exercise type, duration, and intensity and chronicity (Lopresti et al.,
2013). For example, erssive exercise (overtraining syndrome) is linked to HPA dysregulation
(Cadegiani & Kater, 2017), which may in turn impact the response to future stressors.
Inflammation and depression

There has been increasing consideration that inflammatory procassisal
component adfende mechabismdagainst infection, can also promote damaging
effects, thereby contributing to the development and maintenance of pathological conditions,
including depressiorHodes et al., 2015This is especially ta case when the immunological
response isut of proportion to the injury sustained or when immune activation occurs
chronically Indeed, elevated levels of inflammatory markers have been found among depressed
individuals (Haapakoski et al., 2015), aamdong suicide attempters, that reported greater levels
of perceived stress, and these individuals also displayed lower levels of neurotrBplymgs{(
al., 2016). In additiorthe induction of inflammatory states through the administration of an
endotoxn may alter the recognition of mood related stimuli, which may contribute to the risk of
depressionBenson et al., 20)7Furthermore, some antidepressant medications result in a
reduction in markers of inflammatioBgune, 2018 and antinflammatory dugs, in particular
cyclooxygenas® (COX-2) inhibitors, have been associated with a reduction in depressive
symptoms in some individuals (Muller et al., 2018), although such findings have been
inconsistentiyre et al., 2015Findings such as these suggesausal link between levels of
inflammation and depression, although as indicated, the relationship might be bidirectional

(Krishnadas & CavanagR012.
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The inflammatory response to infectious agents is brought about by lymphocytes and
monocytes (astcytes and microglia in the brain also contribute to inflammation), although
monocytesonce in the brain, tend to function in a similar fashion to micr¢gjleales et al.,
2015).The communication betweehese cells, and other aspects of the immune nsgpo
occurs through signaling molecules, finflammatory cytokines,eleased from immune cells (or
microglia in brain). Among other things, these inflammatory cytokines foster immune cell
replication and trigger cytotoxic immune cell activity, and are flimdamental to a potent
immune response being mounted. Once the threat has been neutralizeflaamtatory
cytokines are activated that signal the inhibition of immeeles (Reiche, Nunes, & Morimoto,
2004), thereby limitinghte possibility of the immune system attacking the self.

It is generally accepted that the immune system can directly or indirectly affect brain
functioning and vice versa. Although cytokines are relatively large molecules that do not readily
pass througthe bloodbrain barrier (BBB), there are several ways by which they can gain access
to the brain or affedtrain activity. Cytokines in the periphery, through stimulation of the vagus
nerve, can activate brain microglia, whiglay a key role in neural flammation, in that they
recruit monocytes, in order to keep pamd antiinflammatory states in check (Chesnokova et
al., 2016) Damage to the structure or function of microglia caused by excessive levels of
inflammation, or due to age, may be associatigk reductions in neuroplasticity and
neurogenesis, and hence the emergence of depression (Yirmiya et al., 2015). However, in the
medial prefrontal cortex, acute and chronic stressors are accompanied by a reduction in
activation of microglia in femalebut not in males, which may contribute to the sex differences
frequently observed in depression (Bollinger et al., 2048econd route by which cytokines in

the periphery may innervate the brasby entry to the brain where the BBB is not full
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develod, such as tha@rcumventricular organs, the posterior pituitary, the median eminence,
and the area postrema (Black et al., 2017). A third route cytokines may innervate the BBB and
affect neuronal functioning, is vteansporter proteins (Banks, 2016).

Once inside the braimytokines can disrupt neural systems associated with mood
regulation and stress, thereby promoting the emergence of mood disorders. For instance,
cytokines, such as interleukin 2 (B) and interferon alpha (IFNN) ar e asanoci ated w
increase in the enzyme indoleamine 2li@ygenase (IDO), which increases the conversion of
dietary tryptophan (a precursor to serotonin) to kynurenine, rather than to se(G@puron &

Miller, 2011). In addition, kynurenine is metdized into conpounds that become cytotoxic,

which can also contribute to the depressant effects ehfiesnmatory cytokines. By example,
3-hydroxykynurenine, a metabolite of kynurenine can induce neuronal apoptosis, and produce
quinolinic acid, a potent MhethytD-asprtate (NMDA) receptor agonist, which can cause over
stimulation of NMDA receptors, potentially leading to cell de@m¢(et al., 2013

Cytokines present within the brain, irrespective of their origin, may also influence
hypothalamiepituitary-adrenal &is (HPA axis) activity. Indeed, prmflammatory cytokines,
such as IE1, can increase levels of hypothalamic corticotropin releasing hormone (CRH) and
pituitary adrenocorticotropic hormone (ACTH), leading to adrenal cortisol (or corticosterone in
animalg release (Besedovsky, Del Rey, Sorkin, Dinarello, 1986). Other cytokines, sueb as IL
and tumor necrosis factor alpha (T'UF) mi ght al so have such action
consistent effects (Connor, Song, Leonard, Merali, & Anisman, 1998). Aessiye illness has
also been associated with elevated HPA functioning (Otte et al., 2004), it is possible that chronic
pro-inflammatory cytokine activation may trigger an HPA response that pladiegluals at risk

for depressive illness.
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Microglial cells in thebrain, like their peripheral cousins, monocytes (macrophages)
(Rosenblat, Cha, Mansur, & Mclintyre, 2014), may also promote neural damage leading to
pathology, in addition to the adaptive functions discussed earlier. Once activatexglia can
cause synaptic pruning (Ekdahl, 2012; Kraft & Harry, 2011) and activate apoptosis, essentially
limiting existing neuronal pathways and the growth of new neurons. Furthermore, excessive
cytokine levels may directly destroy neurons, thereby leading to pegetal disturbances.

Taken together, it seems that increased levels einflanmatory cytokines in the periphery or
within the brain not only disrupt neural systems involved in mood regulation, but can also cause
structural changes, resulting in a lagtimpairment of cognitive functioning that can increase
therisk for depressivpathology. Of particular interest to the present investigation, is the
association between lifestyle factors and inflammation (Lopresti et al., 2013), and their potential
rolein depression via the immune system.

Dietary patterns and inflammation

There is an abundance of evidence across both sexes and multiple ethnicities, suggesting
that a diet comprised mostly of red and processed meats, and refined grains, is assdticiated wi
chronic inflammation (Berk et al., 2013; Lopresti et al., 2@3awaet al.,2017). Although,
various foods appear in diets, it can be difficult to make specific attributions regarding specific
foods in relation to inflammation (for example see Naitiett al., 2006). For instance, in a
recent review, high glycemic carbohydrates were not associated with markers of inflammation
(Milajerdi et al., 2018). However, in an interventional stutwas found that levels of an
inflammatory marker were higher for participants who were assigned to eat at least two fast food
meals a day for four weeks as well as adopting a sedentary lifestyle compared to individuals who

were assigned to eat a control digstfand et al., 200)0Thus, it seems that although dietary
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patterns can be complex and may vary, a di
are consumed on a consistent basis, may promote inflammation.

In contrast, The Mediterranean dietary pattern has beenatesbwith lower levels of

et

inflammation, which might be a potential mechanism explaining the reduced risk for depression.

In a large scale epidemiological study conducted among men and women, Mediterranean style
dietary adherence was negatively relate@RP, IL-6 and leukocyte and platelet counts, and
granulocyte : lymphocyte rati@onaccio et al., 20)7Likewise, a pruderdietary pattern was
negatively associated with plasma levels ofipfammatory markers CRP andgelectin
(LopezGarcia et al., @04). In a study conducted among patients with the metabolic syndrome
(which is frequently accompanied by chronic inflammation), patients randomly assigned to a
Mediterraneasstyle diet versus a control diet for a period of two years, had reduced
concentréions of CRP, IL6, and 1L-18 (Esposito et al., 20043imilarly, among a Spanish
population, CRP levels were negatively related to adherence to a Mediterranean stykhdiet (
et al., 2018 There are reports however, that suggest body mass index (ByH) be mediating
the relation between certain diets and markers of inflammaiarel(deSieg! et al., 2018).
Exercise and inflammation

There are multiple pathwayy which exercise might be linked to depression, however,
there is reason to suspect that immune functioning may play a key role in this Adtpamagh
aerobicexercise is associated with inflammation in the short term, levels -@hffmonmatory
markers ach as CRP, TNEJ), -11bL,  a6nade diminished in the long term (Lopresti et al.,
2013). Anaerobic forms of exercise, such as ‘igénsity interval training, are also associated
with elevated levels of H6 in the short termRerrandi et al., 20)8however, much less is

known regarding the lontgrm effectsAcute bouts of exercise seem to be associated with
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decreased levelsof TNB, and increases in catechol amine
the antiinflammatory effect (Dimitrov et al., 20). Although it has commonly been accepted

that vigorous bouts of exercise may suppress the immune system, recent research suggests
otherwise, in that frequent vigorous exercise is related to enhanced immune functioning
(Campbell & Turner, 2018).

It seemghat this long term benefuf aerobic exercisen immune functioning is apparent
across the lifespan, asgular exercise was associated with lower levels cfrglammatory
cytokines among the elderly (Simpson et al., 2012). Likewisierly cyclistsdisplayed
elevated levels of H7, and lowetevels of IL.-6, and higher T cell production, when compared to
their inactive counterpart®(ggal et al., 2018). In aged mice, exercise was associated with
altered microglia activation, and seemed to be ptotagainst reductions in neurogenesis in
the hippocampus (Littlefield et al., 2015).

Exercise may also ameliorate some of the negative immune related effects associated
with disease, as lower levels of-8_.were also associated with acute and chronic exercise, among
children and adults with chronic inflammatory dise@eeger et al., 2®). In animal models,
voluntary exercise was associated with suppressed tumor growth, owing in part to the effects IL
6 may have on natural killer cell redistribution (Pedersen et al., 2016). Moreover, it was found
that six months of regular walking wasasiated with a reduction in the plasma ratio 66lto
IL-10 levels of patients with chronic kidney disease, which also has an inflammatory component
(Viana et al., 2014). In an animal model of diabetes, it appeared thaitkngity exercise was
assocated with a reduction in H1 b, -0 ,N-BJIl-4, and reactive oxygen species, although
high-intensity exercise reduced some inflammatory markers in tgse@fic muscles as well

(Kim et al., 2014).
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Trauma and inflammation

Stress experienced in eatlfe is associated with changes in immune regulation, which
can impact the immune response to stressors later in life. This altered immune response to
stressors is associated with excitotoxicity, which ultimately can lead to pathology (Brenhouse et
al., 2aL8).Indeed, among those who have experienced-&&lirauma, increased levels of-B
and TNFU, to an endotoxin were observed, compar e
trauma Hohmann et al., 2017). It was also found that in response to aess@digative stressor,
healthy adults who had experienced maltreatment in-&faydisplayed greater H6 following
the TSST compared to controls who had not experienced this kind of trauma (Carpenter et al.,
2010). However, this effect was not alwayglewt, as adolescents that were exposed to trauma
in earlylife, displayed lower cortisol reactivity. In contrast, changes &3 levels, in response
to various stressors, including the TSST, were not detected (Chiang et al., 2018).

The present investigjan set out to assess the moderating effects of dietary pattern and
exercise frequency, in the relations between stressors experienced early in life and psychological
outcomes (depressive symptoms and creative problem solving), and a current stregssor and
biological outcome (cortisol response). In addition, the present investigation sought to examine
whether these lifestyle variables might interact with immune related gene mutations, in
predicting depressive symptoms and other related measures (exé&outiv@ning, coping
flexibility, and coping endorsement), as both depression and these lifestyle factors are related to

immune functioning.
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CHAPTER 1
The moderating role of lifestyle factors in the réation between stressand creative problem
solving, coping, and depressive symptoms

Abstract

Early-life traumatic experiences have been linked to the risk of pathology, however, there
is limited research examining how current lifestyle habits, such as dietary pattern and exercise
frequency, might play a ngerating role in this regard. The present investigation examined the
relation traumatic earliife experiences had with depressive symptoms and creative problem
solving, and the moderating role diet and exercise patterns may have played in this relation.
Among male and female undergraduate stud®&t278), it was observed that physical trauma
was negatively related to performance on the Remote Associates Test (a measures of creative
problem solving), but this relation only existed for individuals who a&thbgss to a healthy
dietary pattern. It was also found that sexual trauma was positively related to depressive
symptoms, but this relation was stronger among participants who consumed greater amounts of
unhealthy foods. Although speculative, the presiedlirigs suggest that diet and exercise, might
be a moderating influence on the anlammatory profile associated with eatlie traumatic
experiences, as diet and exercise can play a regulatory role in immune functioning. These

immune changes might iarn affect executive functioning and depressive symptoms.
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Introduction

Traumaexperienced during earlife has been associated with dysfunction of brain
regions associated with the stress response, such [agibthalamiepituitary-adrenal (HPA)
axis and regions associated with executive functioning, including the prefrontal cortex (PFC).
Ultimately, these disturbances my favor the development of disorders, including anxiety and
depression (DaneseBaldwin, 2017; Heim et al., 2008). Althoughetfe are multiple pathways
through which this damagen occurincreased inflammation during critical periods of brain
development might be the driving force behind these impairments. Indeed, higher levels of
inflammatory markers have been found amongviddials who have experienced edlife
traumatic eventsBaumeisteet al., 201§, and among depressed individuatsgpakoski et al.,
2015.

Despite the link between eatlife stress and risk for depression, not every individual
who experiences traunguring childhood develops a mental illness. In this regard, lifestyle
alterations secondary to trauma, such as diet and exercise, can play a moderating role in this
regard. Indeecamongadolescents who had previously experienced déelyrauma anxiety
and depressive symptomere reducedbllowing an aerobic exercise progrghewman &

Motta, 2007) Likewise, among rats that were exposed to edife/stressorsyoluntary exercise
was associated with a reduction in depreskkesbehaviors (Maniam & Mais, 201).

Although there are multiple pathwatsoughwhich exercise can have an antidepressant effect,
this effect may come about, in part, due to its-anrfitammatory actions (Lopresti et al., 2013).

Like exercise, dietary pattern can also infloetnerisk of developingdepression (for
example see Lucas et al., 2014lthough there is little data on how diet may interact with

childhood trauma in predicting risk for developing depression, it is possible that increased levels

20



of inflammation froma nonprudent dietd higher intake afransfat, high glycemic
carbohydrates, and processed mdaasbareskat al., 2013) may exacerbate the risk for
depression in individuals who have experienced early life trauma. In contrast, individuals who
subscrile to a prudent dietary patterch@racterized by a higher intake of healthy fats, lean
proteins, and slow digesting carbohydrategich promotes lower levels of inflammation
(Schwingshackl & Hoffmanr2014), might experience lower depressivengptoms, een if they
have experienced eaflije stress.

Coping ability, or the efforts of an individual to mitigate the potential negative effects of
a stressor, is a critical factor in the emergence and maintenance of depMasipuifferent
types of copingtsategiesare availablewhich can be classified as either probkéocused (e.qg.,
problem solving, cognitive restructurin@motionfocused coping (e.g., emotional expression,
seltblame) or avoidant sategieqe.g.,avoidance, denial)lhe process afoping with a stressor
is complex, as coping strategies can vary across situations an@eengis & Holtzman,
2005 Tennen et al., 2000), and multiple strategies can be used simultaneously. Further
contributing to the complexity, the controllability thfe potential stressor can also play a role in
relation to the type of coping strategy that may be most effective. Generally, piiolciesed
coping strategies tend to most effective in controllable situations, and erfatised strategies
tend to be &etter fit in uncontrollable situations, although this view may be overly simplistic.
Emotionfocused coping strategies seem to be for the most part maladaptive, as affective
disorders are associated with a greater use of these strategies (Matheson &nA1063)
However, there are cases in which anvitiial may have no contralver a stressor (e.g., breast
cancer), and avoidant or emotiotused coping strategies might be more effective strategies

(Stantoret al., 2000).
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As diet and exercise canflumence depressive symptoms, these factors can also play a
role in coping s&ction during stressf@ncounters. Indeed, individuals werercised more
frequently tended to endorse probldiocused coping methods to a greaetentthan
individual s who di dAzigit201g)Xikeewise] ahigherandakeforseagku e nt | vy
foods was associated with a greater use of emdbicused strategies during stressful events, and
a healthier dietary quality was associated with morg@auseeking strategies (Kuczmarski et
al., 2017)Given the associations between these lifestyles factors and coping selection, and that
coping selection can be influenced by the controllability of a stressor, the possibility that diet and
exercise mighinteract with the controllability of a stressor in predicting coping use was
entertained.

Trauma experienced in eaflife may also influence coping selection, in that it seems to
promote thaise of emotiorfocused coping strategi@sresponse to stress situations Yaughn
Coaxumet al., 2018). Like the effect that eatife stress can have on depressive symptoms
(e.g., via the inflammatory immune system, or those involving HPA or PFC functioning), such
stressor experiences can influence coping selection through these samgp&fiongas,

2006 Danesek Baldwin, 2017) Given the immune connection between eéféystress and
coping selection, and that exercise and diet can have immune regulating(etipotsti et al.,
2013, it is possible that these lifestyle factors migifuence the relation between early life
trauma and coping.

Creative problem solving, which involves generating novel solutions to adapt to changing
environments, is associateith more adaptive forms of copin@érson & Runco, 1999), which
can in turn, impact the risk of developing depressibhere are many ways creative problem

solving can be assessed, includingRenote Associates Tedflédnick, 1968)which prompts
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participantgo find a word that connects three stimulus words. Although there is limited research
on the effects of earllfe stress on creative problem solving, areas of the brain strongly
associated with creative problem solving, such as the BE@i¢h, 2004) are impaed as a

result of inflammation induced by eailije stress. Inasmuch as lifestyle factors might generate
immune modulating effects (Lopresti et al., 2013), it is possible that these factors might
moderate the relation between edilg trauma and create problem solving.

In view of the connections that exist between early life trauma, lifestyle factors, coping,
and risk of depression, it is hypothesizledt the controllability of a stressor would be positively
related to the use of problefocused cping strategies, and negatively associated with emotion
focused coping stratezs and that these relations would be stronger at higher levels of
adherence to dietary pattern and exercise. In addition, childhood trauma would be positively
related to deprasve symptoms and negatively related to Remote Associate Test performance,
and that these relationships would be weaker at a higher intake of prudent dietary items and a
higher frequency of physical activity.

Methods
Participants

The study included femal@ = 198) and malen(= 80) undergraduate studenkfage=
19.19,SD= 1.86), attending Carleton University, recruitedlon ne usi ng Carl et on
SONA system. Selfeported ethnicity include@aucasian (67.3%\,= 187), Black (4.0%n =
11), Arab(9.0%,n = 25), South Asian (6%, n = 18), ather (e.g., mixed ethnicity, 88, n = 23,

Latin American (1.1%n = 3), and Asian (2.5%) = 7).
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Procedure

Once consent wagceived, participantsere randomly assigned to either the
controllable or uncontrollable stressor condition Seping under the Measuregction).
Participants then responded to a series of questionnaires that assessed dietary pattern, exercise
frequency, earhljife trauma depressive symptoms, coping strategy use, and creative problem
solving ability,through the SONA system using the online survey tool Qualtsiosn
completion of the questionnaires, participants were debriefed and compensated with research
participationcredit.
Measures
Depressive symptomisepressive symptoms weassessed using the-2&m version of the
Beck Depression Invento§8DI) (Beck et al. 1961).Total scores were calculated by summing
acrossall t ems (U = . 94)
Creative problem solvingreativity wasassessed urg) a shortened version of the Remote
Associates TegRAT) (Mednick, 19®), a 1G8item measue that instructe@articipants to
identify associations among three words that are not normally associated with each other. For
example, prticipantswer@p r esent ed with the words 6envy, go
word which they think connects the three word
Coping.Coping was measured by using a modifiedt2im version of th&urvey of Coping
Profiles Endorsed (Matheson & Anisman, 20@8)ch measurd the extent to which participants
endorsd 13 differentcoping strategies over a potentially stressful situation (conttelaixl
uncontrollable outcomeBased on our earlier refs, the coping scale was assessed as

comprising two factors, emotieiocused and problefocused coping.
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In the controllable situatio(Problemf o c us ed U = 0.c6u9s, e dEpathcipants n7 9 )
were instructed to read a vignette which asked tlreimagine themselves in a situation in

which a professor has given them a poor grade on an assignment, but they can improve this grade
by completing an additional assignment. In the uncontrollable situ@ioblemf ocused U =
.75, Emotionf o ¢ u s e ¢, pddicipants wer@ given the same scenario, however, in this
condition, they were told that nothing could be done about the poor grade on the assignment.
Physical ExercisePhysical exercise wassessed using the Godhepard Leisurdime

Activity Questionnaire (Godin, 2011; Modifiedd, 3-item measure that instructedrticipants to

indicate the frequency in which they participate in mild, moderate, and strenuous exercise, for
more than 15 minutes per week.

Dietary PatternDietary pattern waassessed using a modified food frequency questionnaire

(FFQ) Hu et al., 199), a44-item measure that instructs participants to catke the frequency

they consumedarious dietary items (e.g., lean proteins, dairy products, green leafy vegetables,
etc.)per wed on average over the pastar Thefood itemswere then grouped into either a

prudent dietarpattern (leafy vegetables, other vegetables, tomatoes, fruits, cruciferous
vegetables, salad dressing, and;fldh =) and8adon-prudent dietarpatern (desserts,

processed meats, fried food, sweets, refined grainfaigiairy, and condiments) =) baséd)

on Akbaraly et al. (2009)

Childhood TraumaChildhood trauma wasieasured by the Early Trauma Inventory Self
Repot-Short Form (Bremnef007), a 26tem measurassessing various types of edifg

events including, generalr auma (U = .41), physical abuse (U

sexual abuse (U = .54), and maltreatment (U =
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Statistical Analyses

The statisticainalyses werperformed using IBM SPSS Statistics 20 for Windows
(Armonk, NY: IBM Corp.).Analyses assessing differencesrauma scores, digty pattern
exercise, depressive symptoms, and Remote Associates Test as@dgnction of sex, were
determned by independent sampletests.Correlational analysis was performed using Pearson
product moment correlationteractions between stressor condition and sex on emotion
focused and problem focused coping scores were performed by separate ANKONAA,
moderationandsimple slopenalysesvere conductedsingthe PROCESS macro (Hayes, 2013)
in SPSS.

Results

Differences by sex on predictor, moderator, and outcome variables

In the present sample, general or physical trauma scores did not\sey,thowever,
emotional traumé& (1, 276) = 9.76p < .01, sexual traumia (1, 276) = 12.07p < .001, and
maltreatment (1, 276) = 4.46p < .05, occurred morigequentlyamong females than males
(see Table 1 for means and standard deviatiGtedative to males, themales on average also
tended to adhere more to a prudent dietary pafttefh, 273) = 3.83p < .05, and less to a nen
prudent dietary pattera (1, 273) = 25.02p < .0001.In addition, neither exercise nor scores on
theRemote Asociates Testariedby Sex, t(276) = 1.77p > .05;t(276) =-1.17,p > .05
respectivelyFinally, an independent samplésest revealed that depressive symptoms were

higher among females than malgg76) =-2.73,p < .01
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Table 1. MeansM) and standard errors of the me&D) by sex on
trauma scores, diet, exercise, depressive symptom&emdte
Associates Test scores

Male Female
M SD M SD
1. General Trauma 2.49 2.03 2.53 1.99
2. Physical Trauma 1.88 1.82 1.47 1.60
3. Emotional Trauma 1.56 1.82 2.36** 1.96
4. Sexual Trauma 0.43 0.87 1.13*** 1.73
5. Maltreatment 3.86 3.33 4.96* 4.16
6. Exercise 52.23 28.29  45.17 30.75
7. Prudent Diet 49.53 12.08  52.81* 12.86
8. Non-prudent Diet 44.98*** 9.82 37.85 11.07
9. Depression 10.53 10.30 14.56** 11.45
10. Remote Associates Te: 3.34 2.52 3.76 2.81

Note. *p < 0.05, **p < 0.01, **p < 0.007

Zero-order correlations betweemauma, exercisajietary pattern depressive symptoms, and
Remote Associates Tesbres

As displayed in Table 2, all subtypes of trauma were positively related to each other as
well asto depressive symptomk contrast, scores on tRemote Associates Tesere not

associated with any measure.
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Table 2.Zero-order corelationsbetween earlife trauma, exercise, dietary patterns, depression,

and Remote Associates Test scores

1. 2. 3. 4. S. 6. 7. 8. 9.
1. General Trauma - - - - - - - - -
2. Physical Trauma .38** - - - - - - - -
3. Emotional Trauma .40** A6** - - - - - - -
4. Sexual Trauma 21%* G N NG 1 - - - - - -
5. Maltreatment A4** 7 .82%* .69** - - - - -
6. Exercise .08 .10 -.007 .01 .05 - - - -
7. Prudent Diet .02 13 .08 .01 10 21** - - -
8. Nonprudent Diet .02 .09 -.01 =12 -.02 -.02 .05 - -
9. Depression 24** A7 36 34 39 -.04 -05 .01 -
10. Remote .01  -06 03 -11 -05 -05 -001 -009 -.04

Associates Test

Note.** p< 0.01

Effects of situational control and sex on coping (SCOPE) scores

The ANOVA indicated thatmotionfocused coping was greater in the uncontrollable
condition M = 3.38,SD=.51) than in the controllable conditiod & 3.01,SD= .61;F (1, 279
=26.2Q p <.0001)). In contrast, no significant differences were found in probilecused coping
endorsement as a functionsfuational contrglp > .10. Therewas nosignificant main effect of
Sex, or Sex Condition interaction in predicting emotidocused copingp > .05, or problem

focused copingp > .10.
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Zerco-order correlations betweetoping and predictor, moderator, and outcome varialidgs
condition

It appeared that in the uncontrollable condition, problem focused coping was negatively
correlated with both emotional trauma and depressive symptoms, and depressive symptoms were
positively related to emoticfocused coping (see Table 3). In the controllable condition, it seems

that depression was related to higher emettmused coping strategies.

Table 3.Zero-order corelations bysituationalcontrol between eardlyffe trauma, exegise,
dietary patterns, and depression

Uncontrollable

Prob. Gen. Phys.  Emo. Sex. Maltr. Ex. PD NPD Dep.
Cope Trauma Trauma Trauma Trauma

Emo Cope .03 .02 .06 10 .07 10 A1 .07 .10 31**

Prob Cope - .04 -04  -24% -.03 -14 20 .07 .16 -.36*
Controllable

Emo Cope .06 .07 -.08 .05 -.004 -.007 -14 -04 .09 34**

Prob Cope - -.05 -.08 -.10 -.12 -.13 09 11 .04 -.17

Note.** p< 0.01
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Interactive effects betwesarituationalcontrol andlifestyle factorsin predicting copingcores

The controllable situation was negatively associated with em@iimrsed coping
endorsementb =-.36, SE= .07, t =-5.43 p = .0000Q, whereas exercise was positively related to
problemfocused coping strategi@is= .003 SE= .001, t = 2.48 p = .01). As depicted in Figure
1, exercise moderated the relatizetween situational control and emotfocused coping
endorsement, such thie controllable condition was associated with lower endorsement of
emotionfocused coping strategies, but this relatvas stronger at higher levels of exercise
frequencyR?=0.01,b=-.005t= T 2p=@®.64 No significant interactions betwete

dietary patteras and situational control wefeund.
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Figure 1 The moderating role of dietary pattern and exercise in the relation between situational
control and coping strategies. Note: low levels of adherence to either dietary pattern or low
frequency of exercise =3Dbelow the mean, high levels of adherence to either dietary pattern

or high frequency of exercise =SD above the mean. Notep ¥ 0.05, ***p < 0.001
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Interactive effects between ealtfe trauma anddietary pattern, in predictinfiRemote
Associates Tegterformance

It was found that sexual trauma was negatively related to Remote Associates Test scores
(b=-.22 SE=.11,t=-1.98 p=.05. As shown in Figur@ panel C, the prudent dietary pattern
moderated the relation between physical trauma and scores on the Remote Associates Test, such
that physical trauma was negatively associated with scores on the Remote Associates Test, but
this relation was significarnly at lower levels of adherence to a prudent dietary pap&h—=

0.01,b=.01,t=1.98 p=0.05.
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Interactive effects between ealtie trauma anddietary patternin predictingDepressive
Symptoms

It was found that depressive symptoms were positively related to general {laama
1.39 SE=.33t=4.21 p=.0000, physical traumg@b = 1.2Q SE= .40t =2.97, p = .003,
emotional traum#b = 2.08 SE= .32 t =6.41, p=.0000, sexual traumé = 2.48 SE= 41 t=
6.05 p =.0000, and maltreatmerfb = 1.11 SE= .16t =6.99 p = .000Q. As depicted in
Figure3 panelH, the nomprudent dietary pattern moderated the relation between sexual trauma
and depressive symptis, in that sexual trauma was positively associated with depressive
symptoms, but this relation was stronger at a higher intake of-prudent dietary pattempR?

=0.03b=.08t=2.89 p=0.004.
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Interactive effectbetween earhife trauma and exercise, in predictinBemote Associates Test

performance and Depressive Symptoms
Moderation analyses revealed that exercise did not interact with any type of trauma in

predicting either Remote Associates Test performance or depressive symptoms (Figure 4 panels

A-J). There were also no main effects present.
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Discussion

Differences by sex on predictor, moderator, and outcome variables

As frequently observedhe present investigation revealed tieatales repoed higher
levels of depressive symptortign did males, and, as will be discussed shortly, several
predictors of this dimorphism were detectedhich is in line with past resear¢hAltemus,
Sarvaiya & Epperson2014 Halbreich & Kahn2007). Consistent witkearlier reports, sexual
trauma was more prevalent among females than r(Bitese & Elliott, 2003; MaikovichFong
& Jaffee, 2010Meng& DO Arcy, 2016; Stoltenborghs
Kranenburg, 2011; Waal et al., 201&)though theres limited research concerning sex
differencegegardingmaltreatment and emotional trauma, in pinesent investigatigrthese
forms of trauma occurred more among females than nfatgsficant sex differences in
physical abuseas not observedvhich is in line withearlierresearch (Briere & Elliott, 2003),
although the majority aftudies indicated thabales experiencemore physical abuse during
childhoodthan did females (Men§ DO Ar cy, 2016; Thompson,

Aside fromdifferences related to earliye traumatic experiencefemalesgenerally
reported a healthier dietary intake, in that they consumed more prudent thetigyand less
nonprudent dietary items, which correspondgrevious research (Leblanc et 2015).
Although the present study did not find any sex differences in frequency of exeariss,
reportssuggesthatmales engage in phigal activity more than femal¢Bauman et al., 2012;
Hallal et al., 201

Given the breadth of research early-life trauma and the promotion of mental
disturbances (for example see Negele et al., 20iS)not surprising that a positive relation

between earHife trauma and depression walsservedIt had been suggested that trauma
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incurred during criticbperiods of brain development are associated with neurobiological
changes imegionsassociated with the stress response and executive functioning (Danese &
Baldwin, 2017; Heim et al., 2008)hich in turn, can increase the risk for pathologghough
performance on the Remote Associates Test was not linked teléatiauma in the present
study, several reports have indicated that such experiences are associated with dysfunction
within brain regions such as the hippocampus and prefrontal cortexHeim. & Binder, 2012;
Pechtel & Pizzagalli, 2010), which play a role in creative insight (Dietrich, 2004)sdius

there is research suggestthat creativity imotlocalized in any one particular area of the brain,
but rather iis diffused across nitiple areas antiehavioral/cognitivelomains (Dietrich &

Kanso, 2010)Although we didnotfind a relation between performance on Remote
Associates Testind depressive symptonishas been reported thapositive associatioexists
between mentallhess anddome measures ofeativity (Johnson et al., 2012), although this may
be dependent on current mood state of the individual (Fodor, 1999).

The present findinghat emotioAfocused coping strategies were higher in the
uncontrollable conditions consistent with past resear@s these types of coping strategies are
generally endorsed to a greater degree in situations where the outcome has to be accepted
(Folkman, 2013)In contrast, althoughweéi d n 6t f i n-bcusedh copging endoosbnhelst m
varied by the controllability of the stressor situation, in controllable situatiomase of
problemfocused comg strategies is typically elevaté@olkman, 2013)Although there was no
main effect of Sex, or any Sex x Condition interactions on cagmagrsement, iwas usually
found that among college students, females tend to report a higher use of dottsau
coping strategies than males, although the sexes may vary in coping strategy endorsement by

situation (Brougham, Zail, Mendoza, & Mill&2009 Matheson & Anisman, 2003
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It was observed that in the uncontrollable condition, a negative correlation existed
between problerfiocused coping use in relation to trauma experienced early ihdvegver,
there is limited past research corrobm@this relationMore often earlylife adverse events
were positively linked to emotiefocused coping strategy endorsement (VauGbaxum et al.,
2018), although we did not observe this relatibmas also found that emotidnocused coping
strategiesvere positively associated with depressive symptoms, which seems to correspond with
past research (Matheson & Anisman, 2003).
Interactive effects between situational control and lifestyle factors, in predicting coping scores
As expected, stressoontrollability interacted with exercise in predicting use of emetion
focused coping strategies, in that a negative relation exbstaceen controllabilitandemotion
focused coping uséeing most prominent in the presence ighler levels of exercis@he
inverse relatiombservedetween the controllability of a stressor and emetgmused coping
endorsement is again, in line with previous research (Folkman,;2808¢ver the stronger
association at a higher frequency of physical activity migldugeto the increased likelihood
that exercise, instead of emotiotused coping strategies, might be used in the face of a
stressor, as regul ar phwereposiiVely assaciated (Hargis, and 6 e
Cronkite, & Moos, 2006)Moreover,frequent exercise/asalso associated with lower perceived
stress Garber, 2017), and enhanced cognitive control (Olson et al., 2017), which may facilitate
more adaptive, problefiocused methods of coping.
Interactive effects between eatife trauma and dietary pattern, in predictif®emote
Associates Test performance and Depression
A negative relation existed between trauma (both physical and sexu&parate

Associates Tegierformance, which as mentioned previouslgisnot surprisinggiven that
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earlylife adverse eents can negatively impact regions of the brain involved in creative problem
solving It appeared that the relation between physical trauma and the Remote Associates Test
performance was contingent upon a lower adherenag@tadent dietary pattern, which might be
due to negative effegbn cognitionpromoted bya lower intake of prudent dietary items
(Hardman et al2016).Although speculative, it is possible that the-prilammatory
environment created by the lack ofstii ci ent &éheal thyo6 dietary ite
coupled with the increased levels of inflammation stemming from-&flirauma (Heim &
Binder, 2012), might be synergistically impacting creative insight (as measured by performance
on the Remte Associates Test), as increased levels of inflammation are associated with
impairment in multiple domains of cognition (Teunissen et al., 2003).

The positive relation between the subsets of trauma and depression is again not
surprisingbeingsupported by past research (Heim & Binder, 20IBg stronger relation
between these two variableshagher levels of adherence to a qamudent dietary pattern might
bedue tothe inflammation from noprudent dietary item@erk et al., 2013)addingto the
already present primflammatory profile from trauma experienced early in life.
Interactive effects between eatife trauma and exercise, in predictinBemote Associates Test
performance and Depression

It is unclear why exercise did not modertite relation betweeearly-life trauma and
either Remote Associates Test pemiance or depressive symptor@®@mparing our findings
with past research is difficult due to the lack of research specifically examining this interaction.
Neverthelesst was rgoorted thaexercise can enhance cognitive performance, particularly in
domains associated with the prefrontal cortex (Hillman, Erickson, & Kramer, , 200&h could

in turn enhance creative problem solviktpwever, most of this research is limited toodéc
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exercise, whereas the present investigation, both forms of exercise (aerobic and anaerobic)
wer e consi de rAkhdughatisere @re reportschiatsuggests aerobic and anaerobic
may not differ in their positive effects on some aspeagmition, these reports were limited to
reaction time, impulse control, and visual motor sp&dtyan, 2011)Comparing our non
significant interactions between ealife trauma and exercise in predicting depness

symptoms is alsdifficult, as pastesearch is limited to animal research, and to the best of our
knowledge, to only one study with humans, which involved aerobic exercise (NefvMatia,
2007).

Taken together, it appears tlextercise and dietatyabitsareassociated with a reduction
of negative effects from trauma incurred early in life or from a current potential threat.
Specifically, the controllability of a stressawvasassociated with a reduction in the use of
emotionrfocused coping strategies, and that physical activity edémfurther facilitate this
relationshiplt also appeadthat a lower intake of healthy foodss accompanied by the
exacerbation othe detrimental effects of eaflife trauma on creative problem solvirg.
addition, adiet higher in unhealthy foodgas @&sociatedvith greaterdepressive symptoms
associated with trauma experienced in ehfdy It is also important to note that the nature of the
trauma seems to play an important radsvell, as not all traumas interacted with dietpagtern
and exercis@abits. Despite the effeats diet in influencinghe relation between eatlije stress
and measures of mental health,id oesnodét seem t hatapmtediveefied e 1 s
in this regard.

Several limitations of the present study neetle addressed, as it has been suggested that
nutritional research, particularly correlational studies utilizing dietary questionnaire methods,

may be inaccurate (loannidis, 201Bdr example, dietary pattern was assessed using a food
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frequency questioraire, which although easily administered and cost efficient, might be prone

to error owing to the time that elapsed between consumption and recording. It also appears that
food consumption may be underestimated (Gemming, Jiang, Swinburn, & Mhurchu, 2014),
although some studies have found it may vary depending on the type of macronutrient consumed
(Schaefer et al, 2000). However, plasma levels of o3dg#ty acids were comparable to that
observed using a food frequency questionnaire in other researcleg§Gatal., 2012). Similar

to the limitations associated with dietary questionnairesysptirt measures of exercise, and

earlylife trauma, although cost effective and convenient, can be susceptible to memory biases.
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CHAPTER 2
The moderaing role of immune related genetic polymorphisms in the ration between
dietary pattern and cognitive flexibility, coping strategy endorsement,
and depressve symptoms
Abstract
Both lifestyle factors and immune related genetic polymorphisms havdibleeah to the
risk of developing depression, but less is known about how these factors might interact in
predicting this risk. The present study examined the potential interaction between dietary pattern
and various immune related polymorphisms in preggctiepressive symptoms, coping
flexibility, and coping selection. Among male and female stud&in&g3), adherence to a non
prudent dietary pattern was negatively related to coping flexibility, and positively related to
emotionrfocused coping strategy emdement, although these relations only existed among
participants with the GG genotype of the8lpolymorphism. It was also found, that a negative
relation existed between prudent dietary pattern adherence and efootisad coping
endorsement, but threlation was stronger among males with the CC genotype of i@ IL
polymorphism. Finally, it was observed that a{ppadent dietary pattern adherence was
negatively related to coping flexibility, but only for the GG genotype of thEAA
polymorphismMoreover, this dietary pattern was also positively related to typical depressive
symptoms, but again, this relation only existed for individuals with the GG genotype. Taken
together, it seems that the immune regulating effects of dietary patterns ancdeinahabed
polymorphisms, might be synergistically linked to immune functioning, and could thereby be

tied to factors related to mental health.
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Introduction

It has been maintained thaetary patterrmay contribute taghe emergence and
maintenance oflepessve disordergKhalid, Williams, & Reynolds, 2016 A subtype of this
disorder atypical depression, is of particular interest to the present investigation as it is marked
by changes ifiood intake(as well asncreasd weight and sleepgpgether with the more
common features of depressisnch as anhedonia and poor mdadaddition to depressive
symptomsgdietary pattern waalso related to coping selectiand cognitive processes that
underlie coping flexibilitywhich are often impaed among individuals who are depressed
(Gabrys, Tabri, Anisman, & Matheson, 2018

Coping or the efforts of an individual to mitigate the potential negative effects of a
stressarcomprisesnanydifferent types of strategies (or styles), which genecalfybe
classified as either problefocused (e.g., problem solving, cognitiestructuring) emotion
focused(e.g., emotional expression, sblame), or avoidannethods €.g., denialactive
distractior). In general, emotiofiocused coping strategiase often considered to be
maladaptive, as affective disorders are associated with a greater use of these strategies (Matheson
& Anisman, 2003 However this view may be overly simplistias there are cases in which
avoidant or emotiofiocused coping saitegies mighparticularlyeffective (Stanton et al., 2000).
Just as dietry patterns are related to depressive symptomshtheyalso been associated with
coping selection during stresstrcounters. Indeedlevatedntake of snack foods was
associaté with a greater use of emotibocused strategies during stressful eventgreas
healthier dietary quality was associated with more support seeking strategies (Kuczmarski et al.,

2017).
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Cognitive flexibility,ort he ext ent to which an i ndividual
one cognitive set to another Wwhisl deiemhii Impt i Ta@
plawi me@le in | imiting dhopetal.s20lpBas ¢ FRtomak by gtec a
fl eximaiyl bemponent of copminght | feavdn lindgiviwdua
adapt their coping stAsatdegitas ynkeapakentieplr ests
mi ght al sso bceo pliinngk idtakeeobcholestetoli (Kalnijn etaak, 2004and
sucrosgMagnusson et al., 201,5re both related to tasitsat assess cognitive flexibility.

Although there are multiple pathways through which dight belinked to depressive
symptoms and cognitiverocesses that underlie coping selection and coping flexiliiigye is
reason to suspect thatmune systenfunctioningcan playa role in mediating thiselation To
be surea prudentietary pattern, which is characterized by a higher intake of akelgst fruits,
and fish, is associated widtreduction in Greactive protein (CRRIndpro-inflammatory
cytokines IL-6, IL-18,and TNFU ( Lopr est i , Ho o din co®@rasDanommond, 2
prudent dietary pattern, which is characterized by a highesuroption of processed meats, high
glycemic carbohydrates, and unhealthy fatgsassociated witincreasegroduction of
inflammatory markerssuch as CRP (Barbaresko et al., 2013).

Inflammation is also associated with bogpical (Haapakoski et al.,@5) and atypical
depression (Gojko & Rybakowski, 2017; Yoon et
may varybetweerthese twadepressive subtypéDunjic-Kostic et al., 2013; Rudolf et al.,

2014). Despite the link between inflammation and depresdimited researcthas been reported
examining the association between inflammationragronal activity withirbrain regions that
may play a role in coping selectiand coping flexibility.Executive functions, such as inhibitory

control andwvorking memorymediated in part by the prefrontal cortex (PR@ight underlie
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coping selection, as problefacused coping endorsement was positively reladaadhibitory
control,whereasavoidant strategies weregatively related to inhibitory contraCompas,

2006). As well, among individuals with typical depression, symptom severity was positively
related to an emotieariented coping style. Moreover among these individuals, lower neural
activity (as measured hemodynamic response) was observed in the ventrolateral and
dorsolateral prefrontal cortex, and midline fropimar and bilateral orbitofrontal cortex (OFC),
during a cognitive task, compared to healthy controls (Pu et al., 2012). It has also bededugges
that the mesocorticolimbic pathway, which comprises dopaminergic neurons projecting to the
PFC, among other areas such as the nucleus accumbens and amygdala, may also play a role in
coping processes (Bai et al., 201&3.cognitive flexibility may be éindamentain coping

selectionjt is not surprising that there is increased neural activity ifP#@duringa cognitive

set shifting task (Braver et al., 2008)though there is reason to believe thatparietal cortex

(Fox et al., 2003) and striatum (Robbins, 200/ay a significant role in cognitive flexibility as

well.

Despite the research limg specific brain regions woping selection and cognitive
flexibility, there are limiteddata tyingnflammation with these brain regions to executive
functionng. However, it has been reported that elevating llevelsin the OFC is associated
with enhanced cognitive flexibilityglthoughexcessive levels of 6 may have negative
consequencg®onegan et al., 2014 .he majority of the researd¢tasexaminel the relation
between cytokines and other cognitive functigresticularlysuch as learning and memoRor
example, 16 and TNFU,  w h itypidally aonsidered to bero-inflammatory cytokies, are
associated with both positive and negative effects on learning and memory, but the association

may depend on the age of the individual, and/or the magnitude and duration of the elevation
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(acute vs. chronic), whereas it is clear that elevated lefélsl b s eems t o have necg
effects on learning and memory (Yirmiya & Goshen, 20Hbwever, when the immune system
is chronically activated, and excessive levels ofipflammatory cytokines are produced (e.qg.,
in the cas of an unhealthy dietaryafierr), increased excitotoxicity, apoptosis, and
neurodegeneration may result, which may impair a variety of cognitive pro¢¥gseilya &
Goshen, 2011)Other cytokinessuch adL-10 (Mesquita et al., 2008), 1L7 (Liu et al., 2012),
and IL-18 (Merendno et al., 2002)have been associated with depresdiomyever their effecs
on cognition coping selection and copirfigxibility, is lesswell known.

In addition to dietary pattermytokine production may also be influenced by single
nucleotide polyrorphisms (SNPspgnd their resulting changescytokine levelsare also
associated with depressidndeed, multiple reports lirdd depressiorio immune related SNPs
such adL-1 b ,-6, IL-10, andTNF-U, al t h o u g h -17/Aaad IlelB $eenctbesleso f | L
replicable(Barnes et al., 2017%everal reports have also linked cytokmeéated SNPs to
cognitivefunctioning. By example, the mutant allele of thellb S NP (wasadséciatddd )
with poorer memory performancand the mutant allele dieTNF-U pol ymor phi s m
(rs1800629)wasrelated toneuroprotective effects and increased processing speed (Baune et al.,
2008). Howeverless is known concernintbelinks betweerlL-6, IL-10, IL-17A, and I-:18 and
cognition, executive functioningand the pantial impact on copingelection and coping
flexibility.

As dietary pattern and immune related SNPs are related to cognitive prdbasses
underlie coping flexibility and coping selectias well aglepressive symptoms, it is possible
that dietary pattern and these SNPs may interact in predibtsg cognitive, behavioral and

mood processeSpecifcally, it is expectedhatprudent dietary adherence would be positively
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related taneasuresf coping flexibility and problerfocused coping settion and negatively
related to emotio-focused copingndorsemerdnd depressive symptoms, but these relations
would be stronger fandividuals with dlele(s) associated with lower levels of inflammation.
contrastit is expected that the ngmrudent dietary pattern would negatively retateneasures
of coping flexibility andproblemfocused copingndorsemeniand would positively relate to
depressive symptoms and emotiocused copingdherencehowever, these relations would be
stronger forindividuals carryingallele(s) associated with higher levels of inflammation.
Methods

Participants

The studycomprisedemale (= 119) and malen(= 44) undergraduate studenkfage=
20.66,SD= 4.63)attending Carleton Universityhat wererecruited odine using Carleton
Uni ver si ty 0 <atheughNAlid wny slighdyracross gene®ue to the variability in
frequencies of polymorphisms across ethnicities, all participants were-o¢geitedEuro-
Caucasian decent
Procedure

Once informed consent wasceived, participantgrovided a saliva sample for
genotyping, and then completaderies of questionnaires pertaining to demographic variables
(e.g., ethnicity, age dietary pattern, exercise frequency, coping endorsement, coping flexibility,
and depressiomll procedures were approved by the Carleton University Ethics Committee fo

Psychological Research.
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Genotyping

Samples for genotyping were collected using Norgen collection kits (Norgen Biotek
Corp., Thorold, Ontario Canada). Genomic DNA was extracted from the sample collection kits
according to the manufactureirstructions, and diluted to approximately equal concentration
(30n g / €The)samples were sentMcGill University and Génome Québec Innovation Center
(Montreal, Canada) for genotyping.multiplex PCR was performed on 20ng of template
genomic DNA in &ulL reaction mixture. Some PCR reactions were ran on QIAxcel (QIAGEN)
to assess the amplification. A shrirajkalinephosphatase (SAP) treatment was done to remove
the unused nucleotides, followed by a primer extension reaction (iPLEX Gold) in multipkex. T
products were then desalted with 6mg of resin (Agena Bioscience) and spotted guoa884
SpectroCHIP (Agena Bioscience) using a nanodispenser (Agena Bioscience). The distinct
masses were detected by MALDOF massspectrometry and the data was anetymsing
MassARRAY Typer Analyser softwarBrimer sequences were as follows:

TNF-U f o rAB@TTAGATGTTCTGGGCCACTGACTGATT

TNF-U r e WEGTSGGATGAAGGAAACAGACCACAGACC

TNF-U p rctAB@CTGAACCCCGTCC

IL-1b forward: ACGTTGGATGCTGTCTGTATTGAGGGTGTG
IL-1b reverseACGTTGGATGATTTTCTCCTCAGAGGCTCC
IL-1D probe:tCCTTGGGTGCTGTTCTCTGCCTC

IL-6 forward:ACGTTGGATGGATTGTGCAATGTGACGTCC
IL-6 reverseACGTTGGATGAGTGGTTCTGCTTCTTAGCG
IL-6 probe:cccaacGTGACGTCCTTTAGCAT

IL-10forward ACGTTGGATGGGTGAGGAAACCAAATTCTC
IL-10reverseACGTTGGATGAGTGGGTAAGAGTAGTCTGC
IL-10 probe:GGTGTACCCTTGTACAGGTGATGTAA

IL-17A forward ACGTTGGATGCCCCAATGAGGTCATAGAAG

IL-17AreverseACGTTGGATGAGCTCTGCTCAGCTTCTAAC
IL-17A probe:GAGGTCATAGAAGAATCTCT
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IL-18 forward ACGTTGGATGCTCTCCCCAAGCTTACTTTC
IL-18reverseACGTTGGATGTGCTGTATCAGATGCAAGCC
IL-18 probe: TCTGTTGCAGAAAGTGTAAAAATTATTA

The distributions of each gene were as follows:

TNF-U : 106 GG (36 mal e, 70 femal e), 3 2femald) ( 12

IL-1 b56 GG (21 male, 35 female), 68 GA (23 male, 45 femala) 19 AA (7 male, 12 female)
IL-6:55 GG (19 male, 36 female), 59 GC (22 male, 37 female), and 27 CC (8 miamal®)
IL-10: 116 CC (26 male, 90 female), 70 CT (19 male, 51 femebel 10 TT (5 male, 5 female)
IL-17A: 84 GG (16 male, 68 female), 64 GA (20 male, 44 female), and 15 AA (8 male, 7
female)

IL-18 76 GG (17 male, 59 female), 95 GT (23 male, 72 female), and 28 TT (11 médeydl@)
Note: in each distribution, allelesd not violate HardyWeinberg Equilibrium expectations, and
due to the infrequency of the minor alleles, we collapsed all across mutant allele carriers for
further analyses.

Measures

Physical ExercisePhysical exercise wasssessed using the Go@hepard Leisurdime

Activity Questionnaire (Godin, 2011; Modified,3item measure that instructedrticipants to
indicate the frequency in which they participate in mild, moderate, and strenuous exercise, for
more than 15 mutes per week.

Dietary PatternDietary pattern waassessed using a modified food frequency questionnaire
(FFQ) Hu et al., 1999 a44-item measure that instructs participants to indicate the frequency
they consumer various dietary items (e.g., leanepms, dairy products, green leafy vegetables,
etc.) per weke on average over the pastar Thefood itemswere then grouped into either a

prudent dietarypattern (leafy vegetables, other vegetables, tomatoes, fruits, cruciferous
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vegetables, salad dresgjrand fish U = anén®ruderd diedary pattern (desserts,

processed meats, fried food, sweets, refined grain;thigt dai ry, and condi men
on Akbaraly et al. (2009)

Coping.Coping was assessed using $wvey of Coping Profike Endorsed (Matheson &

Anisman, 2008 a 50item scale which measured the degree to which participants endorsed 13
coping strategies to cepwith stressors in general. Based on our earlier reports, the coping scale

was assessed as comprising two factors, emdicused and probletffocused copingemotion

focused coping comprised: rumination, emotional expression,-bkiere, seHblame,pasive
resignatonand wi shf ul t hi=n78).Proglemfocused copirsy cdmprised:U
problemsolving, cognitive restructuring, active distraction, avoidance, huanadsocial support
seekingCr onbachés U = .66).

Depressive symptomisepressivesymptoms werassessed using the-2&m version of the

Beck Depression Invento§8DI) (Beck et al. 1961).Total scores were calculated by summing
acrossall t e ms  (Iriaddition,6 furthpritemswere added to assess atypical depressive
symptomsas shown in Appendix A U = . 67) .

Cognitive Flexibility.Cognitive fleibility was assessed using a modifiedi#8n version of the
CognitiveControl andrlexibility QuestionnaireCCFQ) (Gabrys, Tabri, Anisman, &latheson,
2018), which assesses an individual s capabil
thoughts and emotions, when these are counterproductive to resolving a stressful situation. The
items comprise two factorspgnitive controlthe extat towhich an individual can control
intrusivethoughts anémotionsU = . @odnitiveaesalircen i ndi vi dual 6s abi

engage in a set of deliberate effortful behaviors that can facilitate a comprehensive and favorable
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appraisal of a stressfsituation as well as the selection of a broad range of coping strategigls =
.89).
Statistical Analyses

Statistical analyses were conductesihg IBM SPSS Statistics 20 for Windows (Armonk,
NY: IBM Corp.). Analyses assessing differences in dietary pattern, coping selection, cognitive
flexibility, and depression, as a function of Sex and Genotype, were determined by separate
MANOVA. Correlational analysis was performed using Pearson product moment correlations.
Interactions between Genotype and lifestyle factors on coping selection, cognitive flexibility, and
depression, were conducted separately usin@R@CESS macro (Hayes, 2018 SPSS.

Results

TNFU pol ymor phi sm a diefary padtern, cognitie flexibvilitya dopingand t o
depression

Separate MANOVAs of depression, cognitive flexibility, coping, and dietary scores
revealedmain effects ofsenotypeon cognitive controlf (1, 218) = 5.62p = .02, in that
individuals with the GG5enotypehad higher scoredA = 3.77,SD= 1.27) of cognitive control
than A carriersNI = 3.44,SD= 1.20), and that carriers of the A allele adhered more to-a non
prudent dieti = 43.82,SD= 10.8) than individuals who were heterozygous for the G allele
(M =40.94,SD=10.02;F (1, 196) = 6.09p = .01), irrespective dbex As depicted in Table 1,
it appeared that males had higher4poudent dietary scores than femalegl, 196) = 9.96p =
.002, and that females had elevated atypical depressive symptoms compared tb (hak9)
=5.17,p = .02), irrespective oBenotype The analysis also revealad significant Genotype X

Sex interactios on any of the predictor or outcome variablateractions betweeBexand
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dietary patterns in predicting depression, cognitive flexibility, and copingy tisshPROCESS

macro (Hayes, 20)3were not significant.

Table 1 Means M) and standard deviationSID) by Sexon predictor
and outcomeariables

Male Female

M SD M SD

1. Prudent diet pattern 38.27 10.71 36.23 10.39
2. Nonprudent diet patterr 45.97*  10.97 40.64 9.89
3. Cognitive control 3.98 1.26 3.57 1.24

4. Cognitive resources 4.86 1.05 4.53 1.04

5. Emotionfocused coping 1.99 69 213 .64
6. Problem focused copin¢ 2.51 50 254 .55
7. Typical depression 8.39 751 11.24 9.19

8. Atypical depression 2.63 275 4.0% 2.79
Note: *p< .05, *p< .01
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Zero-order correlations between dietary pattern, cognitive flexibility, coping strategies, and
depression

Table 2 shows the intercorrelations between dietary patterns, cognitive flexibility, coping
strategies, and depression. Owing to the multiple correlations conducted, coupled with the large
N within this sample, only correlations that yieldedalues beyod 0.01 were considered to be
statistically meaningful. As seen in this table, both cognitive control and cognitive resources
were negatively associated with emotiocused coping and both typical and atypical
depression, while only cognitive resources wasitively associated with problefacused
coping. It was also apparent that emotion focused coping was positively associated with both
typical and atypical depression. In contrast, problem focused coping was negatively associated

with typical depressiveymptoms.

Table 2 Zercorder corelations between dietary patterns, cognitive flexibility,
coping strategies, and depression
1. 2. 3. 4. 5. 6. 7.

1. Prudent diet pattern - - - - - - -

2. Nonprudent diet patterr .01 - - - - - -

3. Cognitive control .10 -12 - - - - -
4. Cognitive resources 17 -.00 H52%* - - - -
5. Emotion focused copin¢  -.14 A2 -62% 27 - - -
6. Problem focused copin¢ .12 -.05 14 .36** 14 - -
7. Typical depression -.09 A2 -.60**  -.30** S4x* - 23 -
8. Atypical depression -.13 .04 - A44%x - 2%k A3**  -15 67**

Note. *p < 0.01
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Moderating effects dhe TNFU pol y mor phi s m

As shown in Figurd (panels AL), the TNF-Upolymorphismdid not significantly
moderate the relation between the dietary patterns and any of the outcome viaesblesble
3a for prudent dietary patteooefficients and 3 for norprudent dietary patteroefficients)
Likewise, there were no interactions wilexpresentHowever, prudent dietary pattern
adherence was positively associated with cognitive resoree®R,SE=.007,t = 2.57 p=
.01), and atypical depressive symptoms appeared to higher among féoralds49 SE=.44, t

=-3.40 p=.0008, irrespective ofsenotype andietary pattern.
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Table &. Prudent dietnteractionR-square change, betmdt-value, by outcome variable

qR? b t
Cognitive control .01 .03 1.51
Cognitive resources .0003 .004 .25
Emotionfocused coping .006 -.01 -1.05
Problemfocused coping .0000 -.0007 -.08
Typical depression .0006 -.05 -.35
Atypical depression .001 .02 .50

Table . Nonprudent dietinteractionR-square change, bedt-value, by outcome variable

qR? b t
Cognitive control .002 .01 .63
Cognitive resources .01 .03 1.64
Emotionfocused coping .02 -.02 -1.85
Problemfocused coping .009 .01 1.33
Typical depression .001 -.07 -.53
Atypical depression .006 -.04 -1.15
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IL-1 fmolymorphism and Sex, in relationd@tary pattern, cognitie flexibility, coping and
depression

MANOVAs conducted on depression, cognitive flexibility, coping, and dietary scores
revealedo significantmain effects of Genotype, or Gene x Sex interastion
Moderating effects of thedL b p ol ymor phi sm

As shownin Figure 2 (panelé&\-L), thelL-1 b p o | y rdiol nopdignifecantly
moderate the relation between either dietary pattern on any afiitenoevariables (see Table
4a for prudent dietary pattern coefficients, and 4b forpraient dietarypatterncoefficients.
In addition,Sexdid not interact wittGenotypeand either dietary pattern in predicting any of the
outcome variables. However, prudemngtary pattern adherence was positively associated with

cognitive resource$€.02,t = 2.55,p=.01,SE=.007), irrespective dbenotype
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Table 4. Prudent dietnteractionR-square change, betndt-value, by outcome variahle

qR? b t
Cognitive control .008 .02 1.28
Cognitive resources .009 .02 1.35
Emotionfocused coping .02 -.02 -1.76
Problemfocused coping .002 -.004 -.55
Typical depression .0001 -.02 -.16
Atypical depression .0007 .01 .37

Table 4. Nonprudent dietinteractionR-square change, betndt-value, by outcome variable

qRR? b t
Cognitive control .0000 -.0002 -.01
Cognitive resources .002 .01 .70
Emotionfocused coping .003 .006 .70
Problemfocused coping .0004 -.002 -.28
Typical depression .0003 .03 23
Atypical depression .007 .04 1.14
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IL-6 polymorphism and Sex, in relationdi@tary pattern, cogniti flexibility, coping and
depression

MANOVAs conducted on depression, cognitilexibility, coping, and dietary
adherence, revealed that C carridfis{4.74,SD= 1.02) had higher levels of cognitive
resources than those with the GG Genotype 4.48,SD= 1.05;F (1, 203) = 4.25p = .04),

and that Genotype and Sex did not intera

Moderating effects dhe IL-6 polymorphism

As depictedn Figure 3, thdL-6 polymorphismmoderated the relation between non
prudent dietary adherence scores and cognitive control (see Table 5b for coefficients), such that
nonprudent dietary adherence was negatively related to cognitive control, but only for the GG
GenotypeAs well, the IL-6 polymorphism moderated the relation between-pardent dietary
pattern adherence and emotimeused coping (see Table 5b for coefficients), such that non
prudent dietary adherence was positively associated with erfottased coping, but this was
only apparent among those with the GG Genotjeere were no interactions wigexpresent

(both interactions remained significant with Sex entered as a second moderator).
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Table 5a. Prudent diet: InteractiorsBuare change, beta, ardalue, by outcome variable.

qR? b t
Cognitive control .02 .03 1.95
Cognitive resources .01 .02 1.57
Emotionfocused coping .0001 -.001 -.13
Problemfocused coping .004 .006 .81
Typical depression .004 -11 -.88
Atypical depression .006 -.04 -1.02

Table 5b. Norprudent dietinteractionR-square change, betndt-value, by outcome variable.
Note: **p < .01, *** p<.001

qR2 b t
Cognitive control .04 .05 2.86***
Cognitive resources .01 .02 1.53
Emotionfocused coping .05 -.03 -2.93**
Problemfocused coping .006 .009 1.09
Typical depression .009 -.17 -1.25
Atypical depression .0001 -.007 -.15
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IL-10 polymorphism and Sex, in relationdietary pattern, cognite flexibility, coping and
depression
Separate MANOVAs that included depression, cognitive flexibility, coping, and dietary

adherence, revealen significantmain effects of ®@ndype, orany Genotype x Sex interactsn

Moderating effects of the 410 polymorphism

As depictedn Figure 4, the IE10 polymorphismmoderated the relation between prudent
dietary adherence scores and emotion focused coping, in that there was an inverse relation
between prudent dietary scores and emefitmused coping endorsement, but this was only true
for the CC Genotype (s@able6a forcoefficients). Further moderation analyses revealed a 3
way interaction (see Figure 5) between prudent dietary adherence scores, Genotype, and Sex, in
that there was a negative relation between prudent dietary adherence and-tnosied
coping oty for the CC Genotype, but this interaction was only significant among fhafgs

.04,b = .06,t = 2.76,SE= .02,p = .006).
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Table 6aPrudent diet: Interaction-Bquare change, beta, ardalue, by outcome variable.
Note: **p <.01

qR2 b t
Cognitive control .007 -.02 -1.12
Cognitive resources .002 .009 .62
Emotionfocused coping .04 .02 2.69**
Problemfocused coping .005 .008 .96
Typical depression .003 .09 75
Atypical depression .009 .05 1.27

Table . Non-prudent diet: Interaction Bquare change, beta, arealue, by outcome variable.

qR? b t
Cognitive control .0001 .003 14
Cognitive resources .009 .02 1.23
Emotionfocused coping .0001 -.0009 -.10
Problemfocused coping .02 .01 1.80
Typical depression .0000 -.004 -.03
Atypical depression .001 .02 43
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IL-17A polymorphism and Sex, in relationdietary pattern, cognite flexibility, coping and
depression

MANOVA revealed that pruderdietary scores were higher among males with the GG
Genotype 1 = 43.93,SD= 9.75) than females with the GG GenotypkH34.95,SD=10.14;
F (1, 140) = 7.26p = .008. In addition, it appeared that male A carribts=(4.24,SD= 1.27)
had higher levelsf cognitive control than female A carrieid € 3.33,SD= 1.21), however this
effect only approached significande(1, 159) = 5.56p = .02. Likewise, it was found that
female A carriersNl = 2.27,SD= .66) endorsed emotieiocused coping strategiesone than
male A carriersil = 1.85,SD=.73), but again, this effect only approached significaRd¢a,

159) = 4.37p = .04.

Moderating effects of the {L7A polymorphism

As depictedn Figure6B and 60 thelL-17A polymorphism moderated the relation
between notprudent dietary adherence and both cognitive control and cognitive resources, such
that nonprudent dietary adherence was negatively related to cognitive control (and cognitive
resources), but only fdhe GG Genotype (see Tallefor coefficients). It was also revealed
that a positive relation existed betweenpoadent dietary adherence and depressive symptoms,
but only for the GG Genotype (as depictedrigure6J; see Tabl&b for coefficients).There
were no interactions present between dietary pattern, Sex, and Genotype in predicting any

outcome variable.
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Table 7a. Prudent diet: InteractiorsQuare change, beta, anrdalue, by outcome variable.

qR2 b t
Cognitive control .0007 -.006 -.33
Cognitive resources .0001 .002 13
Emotionfocused coping .002 .006 .56
Problemfocused coping .01 -.01 -1.34
Typical depression .02 .25 1.89
Atypical depression .02 .07 1.65

Table 7b. Norprudent diet: Interaction-Rquare change, beta, anealue, by outcome variable.
Note: **p < .01, **p<.001

qRR? b t
Cognitive control .05 .06 2.69%**
Cognitive resources .04 .04 2.54**
Emotionfocused coping .02 -.02 -1.66
Problemfocused coping .02 .01 1.52
Typical depression .05 -.40 -2.75%**
Atypical depression .01 -.06 -1.27
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IL-18 polymorphism and Sex, in relationdietary pattern, cognite flexibility,coping and
depression
MANOVAs conducted on depression, cognitive flexibility, coping, and dietary scores

revealedho significant main effects of Genotype, or Gene x Sex interaction

Moderating effects of the 4118 polymorphism

As depicted in Figure {panels AL), the IL-18 polymorphism did not moderate any
relation between dietary pattern and any of the outcome variables, nor were there any significant
main effectsHowever, it appeared that adherence to a prudent dietary pattern was inversely
associted with typical depressive symptoms only for individuals with the GG Genotype,
however, this interaction only approached significapce.Q49; sed ables 8a and 8lor
coefficients). In addition, Sex did not interact with Genotype and with either dptigrn, in

predicting any of the outcome measures.
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Table 8a. Prudent diet: InteractiorsBuare change, beta, ardalue, by outcome variable.

qR2 b t
Cognitive control .0007 -.007 -.36
Cognitive resources .01 .02 1.50
Emotionfocused coping .004 .008 .83
Problemfocused coping .001 -.004 -.46
Typical depression .02 .25 1.98
Atypical depression .01 .06 1.60

Table 8b. Norprudent diet: InteractionRquare change, beta, arealue, by outcome variable.

qR? b t
Cognitive control .0000 .0008 .04
Cognitive resources .003 .01 71
Emotionfocused coping .003 -.007 -.68
Problemfocused coping .0006 -.003 -.32
Typical depression .002 .07 .52
Atypical depression .005 .04 .95
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Discussion

Zero-order correlations

The present findings indicated that dietary patterns were not related to any of the outcome
variables. This was somewhat surprising, given the abundance of past research indicating that
diet may be predictive of cognitide.g.,Freeman, Haleyitlin, Rosenberger, & Granholm,
2014) coping (e.g.Kuczmarskiet al., 2017), and depression (e@) Ne i | e tThea | . |, 201
present findings also revealed thath dimensions of cognitive flexibility (cognitive control and
cognitive resources) were highly cortteld, and that both dimensions were negatively associated
with emotionfocused copingypical and atypicatlepressive symptoms, and that only cognitive
resources was positively correlated with probfeecused coping, which is in line with previous
researcl{Gabrys, Anisman, & Matheso8018. In addition, persistent use of emotifotused
coping was related to both types of depression, and prefioleused coping was negatively
related to typical depressive symptoms, which again corresponded with pastirésear
Abdollahi et al, 2018; Matheson & Anisma2003; Whatley et al., 1998)
Sex dfferencesin diet and depression

Males seemed to report a higher intake of-paudent dietary items, which appears to be
consistent with earlier reports (Leblanc, Bégin, Corneau, Dodin, & Leni2&1§ showingthat
females tenddto have higher levels of eatirglated seHdetermined rativation thandid men.
In addition, atypical depressive symptoms were higher among females than males, as previously
reported (Halbreich & Kahr007) The source for this is uncertain, but may involve a variety of

hormonal factors.
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Gene polymorphismsand sexin relation to on dietary pattern, cognitive flexibility, coping,
and depression

The present findings indicated that A carriers of the TNfBlymorphismexhibited less
cognitive control than did those with the GG genotype. This finding seems to be in contrast to
the majority of previous findings, which indicated that the A allekssociated witenhanced
attentional selection compared to individualshwthe GG genotype (for review see Trenova,
Slavov, Manova& Miteva, 2018). The authors suggested that the effect is likely due to the
facilitating effectof TNFU on gl ut amatergic functioning, whi
attentional controlThere is research among elderly individuals, however, which seem to support
our finding that the A allele is associated with poorer attentional function. It was suggested that
the detrimental effect of the A allele, which is associated with higher prodwétiiiF-U
(Kroeger, Carville, & Abraham, 1997s due to the damaging effect TNF ¢ an pveromot e
timeon structural neuronal networks that contribute to attentional procézsjesvgki et al.,
2013).It also appeared that carriers of the TNRJpolymomphismadhered more to a nen
prudent dietary pattern than did those with the GG genotype. This effect is difficult to speculate
upon given the lack of research regarding immune related SNPs and dietary bélaveyer,
it is possible that higher levels mfflammation might have a detrimental effect on decision
making by influencing prefrontal cortex neuronal functioning (reviewed in Anisman, H&yley
Kusnecov, 2018).

In addition to the potential contribution of TN carriers of the C allelef the IL-6
polymorphismdisplayedincreased levels of cognitive resourcespared to individuals with
the GG genotype. This finding consistentith previous research indicating that lower levels of

IL-6, whichoccurs with this polymorphisifFishmanet al., 1998), is related toetter cognition
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(Freeman, Haleyitlin, Rosenberger, & Granholm, 2014). Howewéis findings might seem to
be in contradiction with that ofthe TNE p ol ymor phi sms, in -that | owe
inflammatory cytokine seemo have a beneficial effect on cognitidnis difficult to explain the
differences in these effects, especially given th&d tan also act in an anatiflammatory
capacity in someircumstances, such as iojibiting the synthesis of TNE, a n dingithe c r e a
expression of IL1 receptor antagonist (Wilson, Finda Cohen,2002.

It was also found that males with the GG genotyfine IL-17A polymorphismhad
higher prudent dietary scores than females with theg@tatypelt is again difficult to speulate
on why a polymorphism associated with lower levels of inflammatspiQoza et al., 2011)
would predict dietary pattern, and especially why this would be moderated.l#t s
moment there are simply insufficient data available that would allow for informed conclusion or
speculation.
Interactive effects of genotype, sex, and dietary pattern

Despite the abundance of researaticating that both dietary pattern and genetic
polymorphisms are related to mental health disorders, there has been little research examining
the interactive effects between diet and immune related gene mutations, and their potential link
to mental health outcomes. In the present investigation, sothe pblymorphismsteracted
with dietary pattern in predictingpgnitive flexibility, coping, and depressive symptoms. Fast
greaer intake of a nomprudent dietary pattern was associated with lower levels of cognitive
control, but this ration onlyexisted for th&cG genotype of the H6 polymorphism. The
positive relation between a ng@nudent dietary pattern and impaired cognition is well
established, along with an abundance of research suggesttnglammatory pathways play a

rolein this regad (Freeman, Haleyitlin, Rosenberger, & Granholm, 2014)is possible that
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higher levels of inflammation associated with the GG genotype (Fishman et al., 1998), coupled
with the elevated levels of 16 from consumption of a ngorudentdiet, might compundor
create excessive levels of inflammation, whichy contribute to the impairment of cognitive
flexibility. It was further observed thatpestive relation existed between thenprudent
dietary pattern and emotion focused coping, but again, onlgdasiduals withthe GG
genotypeThis positive relation betweennonprudent dietary pattern and emotion focused
copingis in line with previous researcKiczmarskiet al., 20%). Again, given the possibility
that the dietary pattern and genotype might produce excessive amounts of inflammation and
impair cognitive flexibility, this impairment may also contribute to persistent use of emotion
focused coping strategies, as indiatkiwho are less flexible in the use of their coping methods
tend to endorse emotidocused coping strategies to a greater degree (Gabrys, Anisman, &
Matheson, 2018).

Beyond these prmflammatory polymorphismsn inverse relation existed between
prudentdietary adherence and emotifatused coping, buhis was only apparent for males
with the CC genotype of the 110 polymorphism. Although the negative relation between the
dietary pattern and emotidocused coping is not fully in line with past reséain general,
prudent dietary choices are associajeshter withproblemfocused coping strategies (Shimai,
Kawabata, Nishioka, & Haruki, 2000), and emotfonused coping strategies are associated
with nonprudent dietary consumption (Kuczmarski et2017).Once againtiis difficult to
speculate on the conditional nature of this relation, however, it is possible that the CC genotype,
which is associated with lower levels of inflammation (Raguema et al., 2018), may have allowed
for different cognitie processes that come to affect coping methods. To be sure, this is highly

speculative, but is nonetheless a testable position.
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Finally, a positive relation between a nprudent dietary pattern and depressive
symptoms existed, which is again, in line wittevious studies f or exampl e see OO0 N
2014). However, this relation only existed for the lower inflammation producing@®typeof
the IL-17A polymorphismwhichis again, difficult to explainJust as well, a negative relation
existed between the ngmrudent dietary pattern and cognitive flexibility (both cognitive control
and cognitive resources) among individuals with the GG genotype. These relations are supported
by past researdte.g., Freeran et al. 2014) however, contrary to what was predicted, these
relations were only significant for individuals who possessed the genotype associatedswith
inflammation (the GG genotyp&spinoza eal., 2011) Why a diet that is associated wihigher
inflammationwould not show theseffects among individuals with a higher inflammatory
profile (i.e., individuals carrying the A alleles uncertain

In summary, it seems that genotypes associated with lower levels of inflammation, are
associateavith beneficial dietary choicas well asognitive flexibility and coping strategies. It
also appeadthat dietary pattern is related to cognitive flexibility, coping strategies, and
depressive symptoms, and that genotypes associated with less intfilamaeaelinked in this
relation. Thispositivequality, however, seems to exigtimarily for males with regards to
dietary behavior and coping. Puzzlinglyappears thah some instanceggenotypes associated
with less inflammationmight actually pse as a risk factor when consuming higher quantities of
unhealthy foode.g, IL-17A).

Several limitations of the present study need to be addressed, as detailed in Study 1, the
present investigation included use of sefport food and exercise frequerguyestionnaires,
which are subject to biases. In addition, given that SNPs vary across ethnicities, and the potential

behavioral differences associated with these SNPs, the present study only included Euro
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Caucasian participants. With this being saids ot possible to generalize our findings across

other ethnicities.
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CHAPTER 3
The moderating role ofimmune related gene polymorphisms in the relation between
lifestyle factorsand executive functioning
Abstract
Given that immuneelated polymorphisms and dietary patterns might interact in
predicting risk for depression, as suggested in the previous study, the present study examined the
interaction between exercise (in addition to dietary patterns) and immune related polymorphisms
in predicting executive functioning, which is often impaired among depressed individuals.
Among male and female undergraduate stud@it$44), a positive relation existed between
exercise frequency and performance on the lowa Gambling Task (IGT; a mefasxeeutive
functioning), but only for individuals with the GG genotype of the TIF p ol y mor phi s m.
also observed that a negative relation existed between prudent dietary pattern adherence and
performance on the IGT, but only for A carriersofthel b pol ymor phi sm. Thi s
also interacted with strenuous exercise and sex, in that a positive relation existed between
exercise frequency and IGT performance, but only for females with the GG genotype. Finally,
the IL-6 polymorphism also intecéed with these lifestyle factors in predicting IGT performance.
Specifically, a negative relation between fyadent dietary pattern adherence and performance
on the IGT existed, but only for individuals carrying the C allele. Finally, a positive relatio
existed between frequency of strenuous exercise and performance on the IGT, but only for the
GG genotype. Although speculative and based on correlational data, these findings are consistent
with the view that lifestyle factors and immune related genatmouts, might be working
together in regulating immune function, which in turn, might impact executive functioning. This

alteration in executive functioning may also be associated with alterations in mood regulation

81



and coping selection, which play a ratethe development of mood disorders such as
depression.
Introduction

It is well established that lifestyle factors, such as dietary pattern (Khalid, Williams, &
Reynolds, 2016) and exercise (Schuch et al., 2016), can play a role in the emergence and
maintenance of depressive symptoms. These symptoms often include an impairexacitive
functiors, such aslecision makinginhibitory control, and planning. Indeed, it seems that
individuals with symptoms of depression and anxiety, or who experienced chronic stress, exhibit
impairments in a variety axecutive function tasks comparnedhealthy controls (Ajilchi &
Nejati,2017). Moreover, it seems thathibitory control and planning, are positively related to
fruit and vegetable consumptiowckoff et al., 2017), and frequent aerobic exercise has also
been associated witnhanced executive functioni§@uiney & Machado, 208).

It has been reported thigestyle factors are associated withanges oinflammatory
functioning which may mediate the relatidretween lifestyle factors armbth depression and
executive functioningindeed a prudent dietary pattern, whichcisaracterized by a higher
intake ofvegetables, fruits, and fistvas associated with a reduction inqorlammatory
makers, such &8-reactive proteifCRP) IL-6, IL-18, andTNF-U ( Lopr est i , Hood,
Drummond,2013) In contrast, a neprudent dietary pattern, which is characterized higaer
consumption of food items such as processed meats, high glycemic carbohydrates, and unhealthy
fats, is associated with a higher production of inflammatory marf@asbareskeet al., 2013).

Exercise is also associated with inflammatiacutely, exercisecreasesnflammatory markers
whereadevels of preinflammatory markers such as CRP, TNF -11bl, aépace | L

diminishedin the long tern{Lopresti et al.2013).
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Inflammation is associated with depressiblaépakosket al., 2015)andmore pertinent
to the present investigatiompairedcognitive functionng, althoughthis relation is complex.
For examplepro-inflammatory cytokines, such #s-6 and TNFU which, are associated with
both positive and negative effects learning and memorgdepending upon the age of the
individual, and/or the magnitude and duration of the elevation (acute vs. chronic), whereas
elevated levelsof 1 b s e e ms t e effacts wreleamirggaadtmienaory (Yirmiya &
Goshen2011) To date, there seems to be limitiata concerning the association between
cytokines and executive functi@md/or altered activity within regions of the brassociated
with executive function (g.,theorbital frontalcortex). Despite the lack of researohhumans
it has been reported thatmice, experimentally alterinid.-6 levels either chronically or acutely
in the orbitalfrontal cortex wasassociated with enhanced cognitive flexibjléjthoughit was
emphasizedhat negativeeffects could arise with excessilels of IL-6 (Donegan et al2014).
In addition to the limited research, the influence of TMF a ndb ,| Lor exces-si ve |
inflammatory cytokines, on executive fuion and/or therbital frontal cortex is unclear.

In addition tolifestyle factors cytokine productiomnay also be influenced by single
nucleotide polymorphisms (SNPs)daim some cases, these SNPs may be associated with
altered cognitive functior-or example,iie mutant allele ofthe Ll b S NP (whishl 6 9 4 4 )
facilitates the production dt-1 b ( Ko v a c s, wasassoaidteavith p@oferdngemory
performancgBaune et al., 2008and inhibition oflong term potentiatio(McAfoose & Baune,
2009. As well, allele variants aftherI-1 b r el at ed gkfoertingenzygne), t he
wereassociated wittower serum levelsof 1 b, and b et preaskopexecdtier manc e
functionng among the elderl¢Trompet et al., 2008)urthersupporting a link between SNPs

and cognition, ta A allele of theTNF-Upolymorphism(rs1800629), which is associated with
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higher productionof TNE) ( Kr oeger , Car v iwabaksgasséciatddwitra h a m, 1 ¢
enhanced attentional selection qmared tahat evident among individuadgith the GG genotype
(Beste et al., 2010&). Unlike thelL-1 and TNFUpolymorphisns, there are limited reports
indicating a link between H6 polymorphisms and cognition or to executivactionng
(Trenovaet al., 2018)despite the effects thte IL-6 polymorphism(rs1800795) can have on
IL-6 production (Fishman et al., 1998).

Taken togetheidespite the complexity of the association betwagakinesand
cognition it seems that during basal conditions, inflammation pdelyeneficial roleHowever,
when the immune system is chronically activated, and excessive levelsiofignamatory
cytokines argoroduced (e.g., in the case of unhealthy lifestyle choioeskased excitotoxicity,
apoptosis, andeurodegeneratiomay result, which may in turn impair cogniti¢virmiya &
Goshen, 2011Much less is known regarding the interactive effects of lifestyle factors and
immune related SNPs on executive functioning. Bhis, given thaboth lifestyle factors and
SNPs can influence immune functioning as well as cognition, it is possible that lifestyle factors
and immune related SNPs may interact in predicting performance on cognitive tasks related to
executiveperformanceSpecifically, it is expectethatprudent dietary pattern adherence, and
both total exercise and strenuous exercise, would be positively associated with executive
functioning, reflected by decision making performance in the lowa Gambdisk) (TGT), and
that these relationships would be stronger for individuals carrying allele(s) associated with lower
levels of inflammationln contrastgreateradherence to monprudentdietary pattern would be
associated witpoorer IGT performance scaeand that this relation would be stronger among
individuals carrying one or more copies of an allele associated with higher levels of

inflammation.
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Methods

Participants

The study included femala € 93) and malerf = 51) undergraduate studentddge=
19.73 SD= 3.67) attending Carleton Universityhat wererecruited odine using Carleton
Uni ver si ty 0 <altheugmNAlid wny slighdyracross gene®ue to the variability in
frequencies of polymorphisms across ethnicities, all participants efeselfreportedEuro-
Caucasian decent
Procedure

Once consent wagceived, participantsrovided a saliva sample for genotyping, and
then completed a series of questionnaires pertaining to demographic variables (e.g., ethnicity,
age), dietary pattermnd exercise frequency. Once this was completed, participants engaged in a
computerized version of the lowa Gambling Taslkprocedures were approved by the Carleton
University Ethics Committee for Psychological Research.
Genotyping

Samples fogenotyping were collected using Norgen collection kits (Norgen Biotek
Corp., Thorold, Ontario Canada). Genomic DNA was extracted from the sample collection kits
according to the manufacturer's instructions, and diluted to approximately equal concentration
(30n g / €The)samples were sentMcGill University and Génome Québec Innovation Center
(Montreal, Canada) for genotyping.multiplex PCR was performed on 20ng of template
genomic DNA in a 5uL reaction mixture. Some PCR reactions were ran on QIAXA&EQ)
to assess the amplification. A shrirafkalinephosphatase (SAP) treatment was done to remove
the unused nucleotides, followed by a primer extension reaction (iPLEX Gold) in multiplex. The

products were then desalted with 6mg of resin (Agena Biosgjeand spotted on a 3@éint
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SpectroCHIP (Agena Bioscience) using a nanodispenser (Agena Bioscience). The distinct

masses were detected by MALDOF massspectrometry and the datereanalyzed using

MassARRAY Typer Analyser softwarBrimer sequencesese as follows:

TNF-U f o rABG@TTAGATGTTCTGGGCCACTGACTGATT

TNF-U r e WEGTSGGATGAAGGAAACAGACCACAGACC

TNF-U p rctAB@CTGAACCCCGTCC

IL-16 forward: ACGTTGGATGCTGTCTGTATTGAGGGTGTG

IL-1b reverseACGTTGGATGATTTTCTCCTCAGAGGCTCC

IL-16 probe:tCCTTGGGTGCTGTTCTCTGCCTC

IL-6 forward:ACGTTGGATGGATTGTGCAATGTGACGTCC

IL-6 reverseACGTTGGATGAGTGGTTCTGCTTCTTAGCG

IL-6 probe:cccaacGTGACGTCCTTTAGCAT

The distributions of each gene were as follows:

TNFFU: 106 GG (36 male, 70 female), 32 GA
female).

IL-1 b56 GG (21 male, 35 female), 68 GA (23 male, 45 female), and 19 AA (7 male, 12
female).

IL-6: 55 GG (19 male, 36 female), 59 GC (22 male, 37 female), al@2(8 male, 1%emale).

Note: in each distribution, alleles did not violate HaWiginberg Equilibrium expectations, and

(12

due to the infrequency of the minor alleles, we collapsed all across mutant allele carriers for

further analyses.
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Measures
Physical ExercisePhysical exercise wassessed using the Go@hepard Leisurdime
Activity Questionnaire (Godin, 2011; Modified,3item measure that instructedrticipants to
indicate the frequency in which they participate in mild, moderatest@duous exercise, for
more than 15 minutes per week.
Dietary PatternDietary pattern waassessed using a modified food frequency questionnaire
(FFQ) Hu et al., 1999 a44-item measure that instructs participants to indicate the frequency
they consurar various dietary items (e.g., lean proteins, dairy products, green leafy vegetables,
etc.) per weke on average over the pastar Thefood itemswere then grouped into either a
prudent dietarpattern (leafy vegetables, other vegetables, tomatoes, fruits, cruciferous
vegetables, salad dressing, and;fldh = . Zmohprudemtdiietarypattern (desserts,
processed meats, fried food, sweets, refined grain;faigiairy, ancc o n d i me.@6)bssed U =
on Akbaraly et al. (2009)
Executive function: lowa Gambling Task

In thistask participants select cards from four decks displayestgen. Participants are
instructed that the selection of each card will result in winning or losing moheyof@jective is
to attempt to win as much money as possible. On each trial, participants seledt@cante of
four decks; bDwdedlbssatlant aghbi lmbhaksohighee war d on
possible loss and lower ovéirexpected value, whr e as t wod Odaedcvkasn toafgfeer a |
reward on most triaJdut lower possible loss and higher expected value. Participants learn the
natureof the decks through tri@nderror.Performance on this task was measured by the

amount of cards chosen fraime advantaged decks across all the trials.
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Statistical Analyses

The statistical analyses were performed using IBM SPSS Statistics 20 for Windows
(Armonk, NY: IBM Corp.). Analyses assessing differences in dietary pattern, exercise, and lowa
Gambling Task Performance, as a function of Sex and Genotype, were determined by ANOVA
and MANOVA. Correlational analysis was performed using Pearson product moment
correlationsinteractions between Genotype and lifestyle factors on lowa Gambling Task
performance were conducted separately usin@BR@CESS macro (Hayes, 2018 SPSS.

Results

TNFU pol ymor phi sm a lifedtyleSaetors and lowa Ganiblang Taskn t o
performance

An ANOVA conducted on lowa Gamblinfask (IGT) performance scores revealed a
nonsignificant main effect of GenotypE,(1, 138) = 0.81p > .05, and a significant main effect
of Sex, in that males emed to choose more from the advantaged decks than females (depicted
in Table 1),F (1, 138) = 5.95p < .02. However, Sex and Genotype did not interact in predicting
performance on the IGT. A MANOVA conducted on the two dietary patterns as a function of
Genotype and Sex, indicated that Genotype did not have an effect on the pr(tlet38) =
0.56,p > .05, or norprudent dietary patterd (1, 138) = 0.90p > .05. However, Sex influenced
the nonprudent dietary pattern, in that males consumed more linhéaods than did females
(as depicted in Table 1, (1, 138) = 21.07p < .01.

It was further observed that Sex and Genotype interacted in predictirgyunabent
dietary scored; (1, 138) = 6.35p < .02. Males carrying the A allele had higher +pyadent
dietary scoresM = 62.67,SE= 3.25) than female A carrierbi(= 45.13,SE= 2.62),F (1, 138)

=17.65,p<.01). In addition, females with the GG Genotypk<53.69,SE= 1.50) seemed to
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adhere more to a ngprudent dietary pattern, than femalesrging the A allelei = 45.13,SE

= 2.62),F (1, 138) = 8.01p < .01. There were no differences as a function of Sex on prudent
dietary score§ (1, 138) = 0.20p > .05, nor did Sex interact with Genotype in predicting

prudent dietary scores. Furthemaga MANOVA conducted orotal exercise and strenuous

exercise scores revealed that there was no main effect of Sex or Genotype, nor a significant Sex

x Genotypeanteraction

Table 1 Means M) and standardeviations(SD) by Sexon predictor
andoutcome variables

Male Female
M SD M SD
1. Prudent diet 72.02 15.26 73,55 15.15
2. Nonprudent diet 59.98** 13.97 51.57 12.29
3. Total exercise 61.08 28.93 53.76 27.60
4. Strenuous exercise 3.35 2.01 2.56 2.03

5. lowa Gambling Task  64.42* 16.94 59.18 14.87

Note:*p < 0.05*p<0.01
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Zero-order correlations between dietary patteaxerciseand IGT performance

Table 2 shows the intercorrelations between dietary pattexescise, and performance
on the IGT. As seen in this table, strenuous exercise was positively associated with both prudent

dietary adherence, and total exercise.

Table 2 Zercorder corelations between dietary patterns, exercise,
and IGT performance

1. 2. 3. 4.

1. Prudent diet pattern

2. Nonprudent diet patterr .05 - - -

3. Total exercise .15 -.03 - -
4. Strenuous exercise .33** -.04 .64** -
5. lowa Gambling Task -11 -.06 A2 .04

Note:** p< 0.01
Moderating effects dhe TNFU pol y mor phi s m

As shown in Figure 1 (panels Aand B),the TNIF pol ymor phi sm di d not
relation between either dietary pattern on IGT performance, nor were there any mairoéffects
Genotype, Sex, or dietary patteRigure 1 (panel C) shows thise interaction between total
exerciseandthe TNB pol ymor phi sm approached significan:
relation between total exercise and IGT performance, but this relation only existed for the GG
Genot R d@3,b=p20,t=-1.89,p=.06. Strenuous exercise did not interact with the
polymorphism, nor were there any main effect&ehotypeSex or strenuous exercise, in
predicting IGT performanc&iven the numerous regressions assessed, the moigeatiion
observed between exercise andThé-U p o | y mwas pohniecessarily deemed to be a
reliable outcome.
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91



IL-1 b pol ymorphism and Sex, lowaGamblhggilaskon t o | i f e
performance

Neither Genotype nor the interaction between Sex and Genotype, were significant in
predicting performance on the IGT. Likewise, a MANOVAboth dietary patterns indicated
thatGenotype or the interaction betwedbenotypeandSex were not significant. Aurther
MANOVA, conducted on both types of exercise as a functidBesfotypeandSex indicated a
nonsignificant interaction, however, males engaged in strenuous exercise more freddently (

3.35,SD= 2.01), than female$= 2.57,SD= 2.04),F (1, 138) = 4.53p < .05.

Moderating effects dhelL-1 fpolymorphism

As shown in Figure 2 (panel B),the-ILb pol ymor phi sm moder at ed
the prudent dietary pR#t.03b=n37,a8m210,p<G05),puehr f or man
thatthere was a negative relation between the prudent dietary pattern and IGT performance, but
this relation was only significant for individuals carrying the A allele. Although the
polymorphism did not moderate the relation between both forms of exercig&and
performance, there was a significant thvesey interaction between the polymorphism, Sex, and
strenuousR=.03bF-6.63ste-2.01¢p < .05), such that strenuous exercise and IGT
performance was positively correlated, but this relatiy existed among females with the GG

Genotype (see Figure 2 panels E and F).
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IL-6 polymorphism and Sex, in relation to lifestyle factorslaméh Gambling Taslkperformance

It appears that neither Genotype nor the interaction between Sex and Genotype, were
statistically significant in predicting performance on the IGimilarly, MANOVA s revealed
that Genotype, or thateraction betweeenotypeand Sex were predictive afietary patterns

or either forms oéxercie.

Moderating effects dhe IL-6 polymorphism

As shown in Figure 3 (panel Alhe IL-6 polymorphismmoderated the relation between
the nonprudent dietary patterand IGT performancé B$= .06,b =-.59,t =-2.94,p < .01),
such that a negative relation existed betweenpradent dietary adherence and IGT
performance, but only for individuals carrying the mutant C allele. It also appeatdte
relation between strenuous exeeced IGT performance was moderated by the polymorphism
( B¥=.04b=-2.88t=-2.24 p<.05), in that IGT performance and strenuous exercise
frequency were positively related, but this was significant only for individuals with the GG

Genotype.
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Discussion

Gene polymorphisms and Sex in relation to Lifestyle factors and lowa Gambling Task
performance

It was observed that males chdsmn the advantaged deckn the lowa Gambling Task
(IGT) morethan femaleslid. This is in line with past research showing that males focus more on
long-term payoff than do females. It was suggested that this may, in part, be due to differences
in neural activity in therbitofrontal cortex and dorsolateral prefrontal cortsbemming from
the effects that hormones can have on neural organization idiéa(lyan den Bos, Homberg,

& de Visser2013. As frequently observed, females reported healthier dietary behavior than did
males, which might be due tioe highelevels of eatingelated sehdetermined motivation

among women thamen(Leblanc et al.2015. Furthermore, Seand the TNFU p o | hismor p
interactedn predicting dietary patterin that the A allele, which is associated with higher levels
of INFU ( Kroeger, Car vi Wwakmatectife against grémtemeonsuin@tiono
unhealthy foods, but only for females. The associdigtveen this allele and dietary choice is
difficult to explain, although the A allele is associated with enhanced cognitive béBafitse

et al., 2008Beste et al., 2010a; Beste et al., 2010l)ich may playa role in dietary behavior.

The difference between lifestyle factors and IGT performance as a functiSexand
Genotypeaside, a positive association was apparent between strenuous exercise and the prudent
dietary pattern. This is intuitively appealing, although there is limited researchrsngpbis
relation. Most research tended to examine how these factors relate to health outcomes, rather
than how they are intercorrelatédonetheless, there is research indicating that exercise can have
beneficial effects onidtary intake in the short ter(Martins, Morgan, & Truby, 2008), artiat
fithess branded food malecreasehe likelihood of engaging in physical activity (Koenigstorfer
& Baumgartner, 2016).
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Interactive effects of Genotype, Sex, and Lifestyle factors

Total exercise and performance on the IGT were positively relatetthisrelation
seemed to only exist among individuals with the GG genotype of theINfp o | y mor phi s m,
however this interaction only approached significanthe positive relation betwedrequency
of exercise and executive function has been supported by easiéarch (Guiney & Machado,
2013) however, the contingency of this relatioased upon genotype associated with lower
levels of INF-U i s  clodeedforeas yet undetermined mechanis@NF-Uhas both
neuroprotective and neurodegenerative effects (McAf8oBaune, 2009Yirmiya & Goshen,
2011), and there is limited research connecfiig~-Ulevels, andrNF-Urelated SNPs, to
executive functioningNonetheless, pasesearch indicated that carriers of the A allele, which
has been associated with a higher productiofiNg¥-U, exhibited enhanceattentional selectign
and elevated activity in occipital and temporal brain regions, compared to individtrateev
GG genotypgBeste et al., 2010a; Beste et al., 2016tmwever TNF-Umight havedifferent
effects on executive function aid associatetrainregions such as the prefrontal cortex.
Indeed, by modifying braiderived neurotrophic factor sigivag, TNF-Uhas been associated
with adverse effects ibasal ganglia structur¢Sriramet al., 2006), and protective effects in
occipital structuresanekoet al., 2008). ldwever, it is difficult to compare across studies given
thatvariations ofdose, age, and immunological condition, might influence the effsciciated
withTNF-U ( Yi r mi ya & In@Ge prédsenninvesty@tionlit)seedihat exercisavas
associated with enhanced execufection, butthis relationmight have dependedn the lower

levels of TNFUassociated wht the GG genotypel his mightsuggest that frequent exercise,

which is associated with lower levelsof TNF ( Lopresti et al ., 2013),
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might be synergistically reducing overall TNF | e wdeirl tern enhancing executive
function.
A negativerelation existed betwedhe prudent dietary pattern and IGT performance, but
only forindividuals carrying one or two copies of the A alleleérefIL-1 fpolymorphism, which
has been associated with a higher productidh df ffKovacs et al., 2016)This interaction is
difficult to interpret giverthe negative relatiohetween the prudent dietary pattern and IGT
performance, which seems to run countantist past research demonstrating that healthy
dietary patterns (Wyckoff et al., 2017), as well as essential components of these (atierns
presence obmega3 fatty acid$ (Bauer et al., 2014), are positively associated with cognitive
functionng. Moreover these patterns are also inversely related to indices of mental disturbances
such as depressive symptoms (Lopresti et al., 2013). With this being said, due to the
counterintuitive relatiometween the prudeniet and IGTperformance, it would noteb
meaningful to speculate on theoderating effect of thie-1 b6 S NP i n thi s regard.
As predicteda positive relation was found between strenuous exercise and IGT
performance, but only for females with the ldwl b p r oGGugenotypegAgain, the
relaion between exercise and executive functioning is well supported (Guiney & Machado,
2013), and the contingency upon the GG genotype, which is associated with both lower levels of
IL-1b and enhanced cognitive functhatexercise,Baune et
whichhasaltlb reducing effect as well (Lopresti et
working together in reducingoveralldLb | evel s, and in turn enhanc
To be suregarlier research has indicatindt higher levelsof Ik1b ar e associ ated w

effects in other domains of cognition, such as learning and memory (Yirmiya & Goshen, 2011).
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The interaction based upon sex is difficult to explain, although performance on the IGT
does vary by Sex. Aisdicated earlier, hormonal differences related to sex may contribute to
differenceson structure and functiom the prefrontal cortegvanden Bos, Homberg, & de
Visser,2013. Moreover, these hormonal differences may also influence the productiam of pr
inflammatory cytokines, such @NF-U, IL-6, andIL-1 Fish, 2008). Although speculative, it is
possible that these hormonal differences might explaisakelifferences in these interactions

A negative relation existed betweeon-prudent dietary dterence and IGT performance,
but this relation existed only for individuals carrying the mutant C allele dt tte
polymorphism, which is associated wittwer plasma levels of H6 (Fishman et al., 1998).
Although a negative relation between the qpoudent dietary pattern and IGT performance
seems intuitiveit might be difficult to directly comparg to past research, as earlier studies
focusedmainlyon the effects of prudent dietary patterns, and their positive association with
cognition (e.g.Wyckoff et al., 2017). This said, there is evidence indicating that in animals, a
high fat lard diet is associated with cognitive impairments and increased expresEitf df
and IL-6 in the cerebral cortefPistellet al., 2010), although a causal cortr@tbetween neural
inflammation and impaired cognition could notrbade. Adding to thigt has been suggested
that a norprudent dietary pattern may promote the accumulation of white adipose tissue, which
can essentially act as an endocrine gland, anduge excessive amounts of pndlammatory
markers, includingNF-U , -6 ldptin, resistin, and-@active proteiffManzelet al., 2014),
which may in turn impact cognition.

Contrary to predictiorthe nonprudent dietwvas only related to IGT performaaavhen
coupled withthelower levelsof IL-6 associated with the C allel@n the one hand, there is

evidence suggesting that adherence to apradent dietary pattern is associated with higher
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levels of IL-6. On the other hand, the C allele is associatddlower levels of 11-6, butboth of
these findings are associated withiampairmenin executive functionlt is possiblethat lower
levels of IL-6 associated witthe C allele of the 6 polymorphismmight be having a
detrimental effect on cognitpand the higher adherence to an unhealthy diet might be further
exacerbating thessffects independent of {6 levels To be sure, the neprudent diet is linked
to increases in oxidative stress in the brain, altered neurotransmitter production, sedecrea
neurotrophic factors, arehincrease in other prmflammatory cytokines (Logstiet al., 2013),
which may in turn affect cognition p8culation on this effect is complicafesindicated earlier,
IL-6 can have both positive and negative effentsagnition, but this may depend on factors
such as age, and/or the magnitude and duration of the elevation, although it seems that
chronically elevated levels are detrimental (Yirmiya & Goshen, 2@tIgresent, there is
insufficient data available thatould allow any firm conclusins on the effects of 6 on
executive function to be made.

A positive relation existed between strenuous exercise and IGT performanceasvhich
mentioned previously, is consistent with pa&stearch. Agairgontrary to expectation, it
appeared that exercise was only associated with beneficial effects on executive function when
coupled withhigherlevels of IL-6, which again is difficult to explaims exercises associated
with both a decrease lavels ofIL-6 (Lopresti et al., 2013) and an increase in cognitive
functioning It is possible that exercise mididve contributetb the enhanced executive
function independently of H6 levels as described earligdverall, bothregressiormodelswith
IL-6 suggest that lifestyle factors are associated with executive funotgobut both higher and

lower levels of 11-6 might be amplifying their effects.
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Taken together, the presdimdingssuggests that SNPs associated with a change in the
production of prenflammatory cytokines levels, can augnt¢he relation between lifestyle
factors and executive functimg. Specifically,it seems that SNPs associated with lower levels
of the preinflammatory marker§NF-U  a n-1 bcdn lenhance the relation between frequent
physical activity and executive function, which contrasts with the effect of teeNLP that was
associated with bothigherlevels of IL.-6 andenhancegberformance on the IGTt also
appeared that lower levels of-B_production seem to intensify the negative relation between an
unhealthy diet and executive functidhis also worth noting, thahé interaction between tlie-

1 [BNP and diet might be a spurious findigyenthe counterintuitive relation between diet and
IGT performanceln view ofthe complexity of the findings, it @ifficult to comparehe present
outcomedo past research, especially given the region specific effects of these cytokines.

Several limitatios of the present study need to be addressed, as in Study 1, the present
investigation included use of selport food and exercise frequency questionnaires, which are
subject to recall biases. In addition, given that SNPs vary across ethnicities, patktil
behavioral differences associated with these SNPs, the present study only included Euro

Caucasian participants. With this being said, it is not possible to generalize our findings across

other ethnicities.
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CHAPTER 4
The moderating role oflifestyle factors in the relation between a socievaluative stressor
and cortisol response
Abstract
As exaggerated responses to stressors can be linked to pathology, and lifestyle factors are
related to both hypothalammtuitary-adrenal axis (HPA) axiinctioning and depression, the
present investigation examined the potential role dietary pattern and exercise frequency in
predicting cortisol response to the Trier Social Stress Test (TSST). Among university students
(N=81), the TSST was associated withreased levels of cortisol, however, this relation was
particularly stronger among individuals with a greater adherence to an unhealthy dietary pattern.
However, healthy dietary pattern adherence, or frequency of exercise, did not moderate cortisol
levels in response to the TSST. These findings suggest that the immune dysregulating effects
associated with an unhealthy dietary pattern, might be influence HPA functioning, and in turn,

exacerbate cortisol response to a stressor.
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Introduction

Of the many stress responses that have besmiard, particular attention has been
devoted to hypothalamigituitary-adrenal axis (HPA) axis functioning, culminating in cortisol
production and releasklowever, considerable interindividual variability isTmmon, such that
only some individuals exhibit pronounced cortisol changes, whichdae n mobi | i zes
energy resources to counter an impending thFreathermore, lifestyléactors such adietand
exercisecan play a role imdividual variation of the stress response.

It is well established that stressors can influence dietary behavior, such that individuals
with a higher stresseprovoked cortisol response, tended to consume more calories than
individuals who were not responsive to the stoegEpel et al., 2001). Moreover, following a
stressor, individuals with a higher cortisol response tended to prefer foods rich in carbohydrates.
Essentiallyjndividualsma y b eneds elaft i ngdé, as carbohydrate
mitigate some of the negative effects of a stressor (Dallman, 2010), which can also lead to
obesity. Excess body faanfurtherincrease cortisol reactivity in response to a stresgoel(et
al., 204, Lorig et al., 2016), althougthis outcome is variabléRodriguez et al., 2015).

Just aghe presence dtressos caninfluencefood consumption, diet caalso influence
HPA functioning,although the research seems inconststeorinstancecalorically dense
foods, such as sucrose and lard, can reduce plasma levels of adrenocorticotropic hormone
(ACTH) and corticosterone in respse to a restraint stressor in rodértsster et al., 2008;

Warne, 2009; Zeeni et al., 2012).iFleffect is thought tbe mediated by lsanges in neural
plasticity inbrain regions associated with stressord rewaretelated processes, such as the
nudeus accumbens attdsolateral amygdal&hristiansen, Dekloet, Ulrichai, & Herman,

2011;Ulrich-Lai et al., 2010).
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In contrast tahe evidence from animal modghsiman studies indicated that an
unhealthy dietary pattern among children was associated with higher overall daily cortisol levels,
and that a dietary pattern particularly rich ighhglycemic carbohydrates, was related to
elevated awakening cortisol levels (Michels et al., 2013). Adding to this, consumption of glucose
immediately prior to undergoing a social stressor (Trier Social Stress Test; TSST), was
associated with increasedrtisol production (GonzaleBono et al., 2002; Kirschbaum et al.,
1997), although carbohydrates did not always produce this effect (Lemmens et al., 2011).
Further,greater protein intake was accompanied by attenuated cortisol production in response to
the TSST (Firk & Markus, 2009), although once again, more often than not, this outcome was
not apparent (Gonzalékono et al., 2002; Lemmens et al., 2011; Merens et al., 2B05).
addition to carbohydrates and proteins, fat consumption, particularly polyratiedtéatty acids
such as omega, attenuated cortisol activity in response to a mental stressor (Delarue et al.,
2003), whereas monounsaturated fatty acids seem to have no effect on cortisol response in the
TSST (GonzaleBono et al., 2002).

To date the majority of the research assessing die&dfgcts on the stress response has
examinedconsumption of macronutr¢s (i.e., fat, carbohydrates, and prof@nmediately prior
to a stressor being experienced, but there has been limited research adtressiagonship
between dietary pattern and the effects on the stress responseh&hresent investigation
sought to address this gap by evaluatinditilebetween selfeporteddietary pattern oves 6
month periodand subsequent cortisol levelsr@sponse tthe TSST.

In addition to dietary@mponents, physical activity catsointeract withthe impact of a
stressoin predicting cortisol response to the TSST. Although exercisenceease both acute

and basal levels aortisol, it can alsodwe a stress buffering effect. For example, higher levels
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of physical activity were associated with lower levels of cortisol in response to the TSST (Childs
& de Wit, 2014 Gerber et al., 2017; Klaperski et al., 2013; Martikainen et al., 2013; Rimmele et
al., 2009, although this was not consistently observed among either men {Moid et al.,
2001; Strahler et al., 2016) or wom@ayasinghe et al., 20L&iven the limited research
concerning the relation between chronic exercise and dietary pattedihe potential
interaction between these factors in predicting the biological stress response, the possibility was
entertained that the cortisol changes elicited by the TSST would be subject to the interactive
actions of dietary pattern and exercisameans in which individuals had engaged.

It was hypothesized that a higher adherenc
rich in vegetables, fruits, and fish (which often contain a significant amount of e3rfagst
acids), would be associatedth lower levels of salivary cortisol in response to the TSST. In
contrast, a higher adherence to a Oprocessed
consumption of food items such as processed meats, high glycemic carbohydrates, and unhealthy
fats, would be associated with higher levels of salivary cortisol in response to the TSST. It was
also hypothesized that more frequent physical activity, would be associated with lower salivary
cortisol levels in response to the TS$Moreover, diet and excise might additively or
synergistically influence the impact of the stressor on the cortisol response.

Methods

Participants

The study includeéemale(n = 57)andmale(n = 24) undergraduate student8afe=
19.48,SD= 2.0J), attendng Carleton Universityecruitedod i ne using Carl et on

SONA systemSelf-reported ethnicity included Caucasian (46.604,41), Black (18.2%n =

105



16), Arab (11.4%n = 10), South Asian (6.8%,= 6), other (e.g., mixed ethnicity, 4.5%7F 4),
Latin American (3.4%n = 3), and Asian (1.1%) = 1).
Saliva Collection

Participants providiésaliva samples for the determination of cortisol concentration. This
entailed participantgroviding saliva samples by chewing on a piece of dental cottothand
placing it into a Salivette, and stored-&@°C until cortisol determinationCortisol concentration
was therdetermined in duplicate by radimmuno assay using kits @ed from ICN
Biomedicals, CA. The assays wegrerformed accordingtothemdauc t ur er 6 sThenst r uc |
samples were assayed in a single run, anthtreeassay variabilityvasless than 10%.
Procedure

Once informed consent wasceived participants began completing measures assessing
physical activity as well as dietapattern After 30 minutes participantgprovided the first saliva
sample, after which they werandomly assigned to either the stress or the control condition
the straes condition, participantompletel the Trier Social Stress TeRSST; Kirschbaum,
Pirke, & Hellhammer, 19933 laboratory task designed to elicit a psychological and
physiological stress response. TH&SIT was split into three phases. In the first phase,
participans in the stress condition wei@d theywould engage in pulic spe&ing task(about
applying for a research assistant positiamjithey then had to completemental arithmetic task
in front o three judgesParticipans werethen given 5 minutes to @pare, after which they made
their public presentatiomuring the firal phae, which was also 5 min in duratjgrarticipans
wereasked to subtract by 17, beginning with the number 1762. In theotoairdition,
participants were asked tarite about their positive qualiseon a job application form, which

took 10 minutes, and raudience wapresentOnce the experimental (or contrédsks were
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completed, participants wengstructed tqrovidea series ofaliva samples &, 15, 30, and 45
minutesfollowing thestressoor control conditionDuring this time participants were engaged
in several computerizezbgnitive and decision making tasks (e.g., Wisconsin Card Sorting
Task).
Measures
Physical ExercisePhysical exercise wassessed using the Go@hepard Leisurdime
Activity Questionnaire (Godin, 2011; Modified), at8m measure that instructs participants to
indicate the frequency in which theydinarily participate in mild, moderate, and strenuous
exercise, for morenan 15 minutes per week
Dietary PatternDietary pattern was assessed using a modified food frequency questionnaire
(FFQ) (Hu et al., 1998), a d38&m measure that instructs participants to indicate the frequency
they consume various food groups (e.guit=raisins, apples, bananas, etc.) per week on average
over the past year. The food groups were then grouped into either a whole food dietary pattern
(leafy vegetables, other vegetables, tomatoes, fruits, cruciferous vegetables, salad dressing, and
fish) and a processed food pattern (desserts, processed meats, fried food, sweets, refined grain,
high-fat dairy, and condiments) based on Akbaraly et al. (2009).
Statistical Analyses

The statisticainalyses werperformed using IBM SPSS Statistics 20 fomdbws
(Armonk, NY: IBM Corp.) Amixed-design ANOVA was performed assessing the interactive
effect of Stress Condition and Time on the cortisol response. FajpoBonferonni correctetd
tests were then performed on cortisol concentrations at each timé5d.5, 30, and 45 min)
following the TSST in the experimental condition. In addition, in order to confirm that the

stressor was effective, the area under the curve (A& calculatedor each condition and
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compared using an independent samptest. Finally,Moderationandsimple slopeanalyses
were conductedsingthe PROCESS macro (Hayes, 2013) in SR8®, conditionentered as a
predictor variable, cortisd\UC;i (Pruessner et al., 20083an outcome vaable, and dietary
pattern and exercisntered as moderators (in separate analyses).
Results

Stressor condition on salivary cortisol

Results of the mixedheasures ANOVA indicated a Condition x TiméeractionF(4,
78) = 7.18p < .001.Follow-up tests indicated increased cortisol concemnatat 5, 15, 30, and
45 minutes following the TSST relative to participants in the control condition (see Figure 1). In
addition, a larger AUQGwvas apparent in the stressor conditivbh=« 15.64,SD= 31.96) compared

to the control conditionM =-8.69,SD= 27.60),t(81) =-3.65,p < .001.

*kk
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Figure 1 Salivary cortisol levels as a function of stressor condition. Notep®*001, **p <
.01,* p<.05.
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Zerco-order correlatiors between dietary patterns, exercise, and AUC

Table 1 shows the intercorrelations between dietary pattern and exercise. As seen in

Table 1, frequency of exercise and the whole food dietary pattern are positively related.

Table 1. Zereorder correlations between dietary patterns and exercise.

Whole food pattern  Processed food patter

Whole food pattern - -
Processed food pattern -.03 -

Exercise AQ*** -.02

Note.*** p< 0.001
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Moderating effects of dietary pattern and exeramspredicting AUG

As shown in Figure 2A, moderation analyses indicated a significant interaction between
stressor condition and the processed food dietary pattern, in predicting(se#CT able 2 for
coefficients). Specifically, the stressor condition was associated with a higherbiGher
levels of adherence to a processed food dietary pattern, but not at lower levels. Conversely, as
depicted in Figure 2B, a nesignificant modeating effect for the whole food dietary pattern in
the relation between stressor condition and A¥@dicatedModeration analyses assessing the
concurrent contribution of exercise and dietary pattern revealed that exercis@afuoted in
Figure 2@, or in combination with dietary pattern, did not moderate the effect of the TSST on

AUC,.

Table 2. Moderation Bquare change, betayalue, and value, by moderator.

qR2 b t
Processed food pattern .06 1.65 2.31*
Whole food pattern .0004 A2 .18
Exercise .0001 -.03 -.10
Exercise and processed food .0007 .009 24
Exercise and whole food .0002 -.006 -12

Note:* p<.05.
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Figure 2. The moderating role of dietary pattern and exercise in the relation bstvessor
condition and cortisol AUCNote: low levels of adherence to either dietary pattern or low
frequency of exercise =3Dbelow the mean, high levels of adherence to either dietary pattern

or high frequency of exercise =SD above the mean. Note. *f*< 0.001
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Discussion

Zero-order correlations

The present findings indicated a positive relation between frequency of exercise and the
whole foods dietary pattern. This is not surprising, as individuals who consumedndatids
might exercise more. This would seem intuitive, but most research examining lifestyle factors,
such as diet and exercise, have assessed how they predict health outcomes, rather than how they
intercorrelate. Adding to this, comparing these finditmprevious research is complex, as both
diet and exercise can be broadly defined, and there is considerable variability in the operational
definitions that have been endorsed. This said, there is some research indicating-ieatriong
exercise interveions do not have an effect on total food intake (see review in Martins, Morgan,
& Truby, 2008), and that dietary choices may have an effect on exercise behavior, such that
6fitness branded6é food, which i dessprgsicalr al | y hi
activity (Koenigstorfe& Baumgartner, 2016).

Stressor effects on cortisol

Consistentvith previous research (Kirschbaumakt 1993) cortisol concentrationsere
elevated in response to the Trier Social Stress T&ST). However, this effect varied with the
part i ci-pported éasing prefdrences. Specifically, the rise of cortisol elicited in the
stress test was more pronouneaaong individuals who reported a greater adherence to a
processed food dietary patteHowever, interactions were not apparent with respect to
frequency of exercise, or the interaction between either dietary pattern and exercise, in predicting
cortisol levels.

The present findings indicating significant moderating effects of a processed food dietary
pattern on cortisol production in response to a stressor are difficult to compare to previous
studies, as earlier research was limited to the effects of macrotsifrien protein, fats, and
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carbohydrates) consumed immediately prior to a stressor. However, our findings are in line with
previous research examining the effects of macronutrients that comprise a processed food dietary
pattern. For example, it had be@ported that consumption of a high glycemic carbohydrate
(glucose) prior to undergoing a stressor, increased cortisol levels following the TSST

(Kirschbaum et al., 1997). Howevérhas also been reported tlzattisol reactivity in response

to a stressowas not influenced by carbohydrate consumption (Lemmens et al., 2011), but
procedural differences may have contributed to this discrepancy. For instance, Kirschbaum et al.
(1997) instructed participants to fast priorconsumption of glucose befdree TSST, which can
influence the HPA response to a stressor (e.g., Akana, Strack, Hanson, Dallman, 1994; De Boer,
Koopmans, Slangen, van der Gugten, 1989). In contrast, Lemmens et al. (2011) had participants
consume a meal high in carbohydrates, which alstagted fat, which can slow glucose
absorption (Josse et al., 2007). I n addition,
al. (2011) mentioned only that it was high in carbohydrates, but were not specific as to what kind
of carbohydrates (i.ea fast digesting glucose or a slower digesting fructose) were used.

The processed food diet, as defined in the present investigation, is also characterized by
greater intake of omeg@fatty acids, and when consumed in large amounts can be pro
inflammatay and hence impact the stress response. Indeed, previous animal research indicated
that a diet high in fat from corn oil was followed by elevated levels of ACTH and corticosterone
in response to a stressor (Tannenbaum et al., 1997).

Our nonsignificantmoderating effect of a whole food dietary pattern on the cortisol
response is again difficult to compare to previous research; however, in line with previous
research, it generally seems that consumption of o/@d@ales et al., 2015) and

monounsaturatefdtty acids (GonzaleBono et al., 2002), which are abundant in a whole food
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dietary pattern, were unrelated to cortisol levels in response to the TSST. However, previous
research indicated that omegdatty acids can attenuate cortisol activity in reggoio a stressor
(Delarue et al., 2003), as well as other markers of physiological stress, namely plasma
epinephrine and norepinephrine (Hamazaki et al., 1999). This discrepancy in previous research
may be attributed to potency of the stressor used, as &ilal. (2015) used the TSST, whereas
Delarue et al. (2003) used a mental arithmetic and the Stroop test.

Like the contribution of carbohydrates and fat, it is difficult to identify the specific
contribution of protein in the cortisol response iInTIEST. Protein quality can vary by amino
acid profile, but, it is rarely broken down into its amino acid profile on food labels. This is
relevant as certain amino acids can impact the stress response. Although these amino acids were
not measured, their imp@nce is considerablBy exampleamong individuals who consumed a
tryptophan enriched protein drink (which can augment serotonergic functioning, and thereby
mitigate some of the stress effects), it was observed that the cortisol response to the TSST was
attenuated (Firk & Markus, 20p%althoughit wasalsoreported that a tryptophan enriched
protein drink did not affect cortisol levels in response to a stressor (Merains2805). The
differences in results may be attributed to the stressor usktrass et al. (2005) used a mental
math task with a loud noiggesentwhich may not have bees potent stressas the TSSTIn
addition, Firk and Markus (2009) used a hydrolyzed source of protein, which is known tacause
greater increasie tryptopha thanthe U-actalbumin used in Merens et al. (2005).

It is difficult to speculate on the mechanisms underlying the elevated cortisol response to
the TSST associated with increased intake of carbohydest@such of the research indicates
deferential efectson cortisol productionOn the one handt has been observed that in humans

glucose loading can increase levels of tryptophan (Kirschbaum et al., 1997), which caturn
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increase synthesis of serotonin and stimulate the HPA axis (Spinedi & Gai®®1).In

addition, amimal research suggests that the availability of energy dromscarbohydrates are
necessary for activation of the HPA axis in response to stress (Hanson et al., 1994; Wronska,
Niezgoda, Sechman, Bobek, 1990 the other handnimal research also suggesbizst
carbohydrates can have attenuatingeffect on cortisol response to a stressor, mainly through
areas of the brain associated with reward. For example, rats fed sucrose or sacchatin (a non
caloric sweetener) prior to dargoing a stressor displayed less corticotrapieasing hormone
(CRH) mRNA expression in the paraventricular nucleus of the hypothalabmpared to rats
given only water, suggesting that the palatability and not the calories, is necessary fosshe stre
dampening effect (UlriclLai et al., 2007)Furthermore, consumption of sucrose increases
MRNA and protein expression in the basolateral amygdala (BLA), a component of the reward
circuitry, and lesions of the BLA ceased the stress attenuating effeich(Uai et al., 2010).

The biological mechanism responsible for the effect of protein consumption on cortisol
responsavith respect to the current findingspuzzling, as past research has indicated that
protein consumptioneducescortisol levels in reponse to streess and hat this effect occurs as
a result ofincreasd tryptophan, whicttan attenuatelPA axis reactivity (Porter et ak004).
However, past research has mainly used enriched sources of protein (e.g., hydrolyzed protein or
UHactalbunin), that provide substrate for tryptophan synthesis, whiclhasa a greater effect
on HPA axis functioning than consumption of other amino adids is in contrast to the
present investigatiom which onlygeneral protein intake patterns were mea$wed henceéhe
amino acid profile of the protein consumedsnonspecific.

Dietary fatmayhave its influence on the HPA axis via the immune syskamexample,

diets higher in omeg8 rather than omega polyunsaturated fatty acids create a more pro

115



inflammatory environment, as ome@datty acids provide substrate for priflammatory

mediators, which can then activate the HPA axis (Husted & Bouzinova, 2016). In addition,
increased levels of omegafatty acids can lower serotonin levels (Husted &H#nova, 2016),

which as mentionedarlier in regard to carbohydratensumption, can affect cortisol levels in
response to a stressor. Saturdggdan stimulate the immune system as vggllen that

saturated fat is a naturally occurring ligand thatstamulate Tolllike receptor 4 (TLR4), which
maythen activate pranflammatory transcription factorsuch as nuclear facter ( Su g a n a mi
al., 2007), and in turn, can influence HPA activity.

The present findings indicating that exercise does not diaedfect on cortisol levels in
response to a stressor, se¢mbe consistent with research among older populations (Jayasinghe
et al., 2016Moya-Albiol et al., 2001 Strahler et al., 20)6However, our findings are puzzling
when compared to results angpundergraduate populations, as studies using bothepelft
measures of exercise (Childs & de Wit, 2014; Klaperski et al., 2013), as well as a device worn by
participants to objectively assess physical activity (Gerber et al., 20dicgatedthat execise
does have an attenuating effect on cortisol levetieed, this was also obseriaoth among
children (Martikainen et al., 2013) and young male athletes (Rimmele et al), 209 9ifficult
to speculate on the inconsistency between the preséimds and previous research with self
report measures of exercise. However, it is possible that differencesiies®if measures may
have contributed to thisconsistency. By example, Klaperski et al. (2013) had participants
indicate the exercise theyngaged in, and the frequency and duration of the exercise, which may
have provided a different index of total physical activity than in the presgshg, which only
assessed the frequency of a cluster of exercises ranked in order of intensity. Titdipoksgs

also revealed that exercise did not interact with either dietary pattern. However, it is difficult to
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compare the present findings with past research due to the lack of research on the interaction
between dietary pattern and exercise, in ptedjahe stress response.

Several limitations of the present study need to be addressed, as in Study 1, the present
investigation included use of sedport food and exercise frequency questionnaires,hndrie
subject to recall biases. These caveatde the present investigation suggests that a processed
food dietary pattern was negatively related to stressor reactivity, whereas this was not apparent
among participants who favored a whole faldet. Contrary to prediction, exercise did not affect
the cortisol response elicited by the stressor, and did not protect against the elevated cortisol
associated with the processed food diet. Although the precise mechanisms through which the
effects of the processed food diet might occur were not explotbéd jpresent study, it is
possible that the gut microbiome may have been involved, as diet can affect the composition of
gut bacteriaJavitt& Javitt, 2018) which can, in turn, affect HPA activit€rivenat al., 2013
In general, the present findingsynhave broader implications in the treatment of strelssed
diseases, such as depression, as these illnesses are often associated with altered HPA functioning
(Juruenaet al., 2018 gut dysbiosis (Foster & Neufeld, 2013), and processed food dietary
paterns (i et al., 201Y. With this said, examining differences in diet may provide insight into
factors that contribute to physical and psychological disorders, as well as in the development of

treatment interventions.
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General Discussion

Dietary pattern and exercise have long been considered as being fundamental
components of welbeing. In this regard, they certainly play a role in physical health, but their
functioning in relation to mental health, has only recently received appreattdsiéon
(Anisman, Hayley, & Kusnecov, 2018; Chekroud et al., 2018). Moreover, limited research has
examined how these lifestyle factors might interact with genetic mutations, in this regard. In the
present investigation, it was demonstrated that gepelyenorphisms of immune related genes
moderated the relation between lifestyle factors and depressive symptoms, and measures related
to executive functioning, such as performance in the lowa Gambling Task (IGT), as well as
coping selection and coping fldxiity. It was also demonstrated that unhealthy dietary behavior
can amplify the relation between ealif stressors and psychological indices of mental health
(depressive symptoms and creative problem solving), and the relation between a current socio
evaluative stressor and cortisol response.

Consistent across Studies81sex played a role in dietary choice, in that females reported
healthier dietary behavior than did males, either by virtue of a greater intake of healthy food, or a
reduced intake ainhealthy food. These findings are consistent with reports showing that
females tend to have higher levels of eatielgated seldetermined motivation than males,
although it was not possible to determine this in the present investigation (Leblan2@t %).
Curiously, in Study 2, it appeared that males adhered more to a prudent dietary pattern than did
females, but this relation was dependent upon genotype, in that this effect was only present
among males and females with the typicallll. GG genotyg. Interestingly, in Study 3, males
exercised more than females did, but this outcome was not evident in the two preceding studies.

At best, this is a weak effect, although similar outcomes were reported in earlier research
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(Bauman et al., 2012; Hallal ak, 2012). In Studies 1 and 2, females reported higher depressive
symptoms than did males, which is in line with considerable research. Indeed, the gap in both
symptoms and diagnoses of depression can be detected as early as the age of 12 (Salk et al.,
2017). A recent imaging study also indicated that relative tedepressed controls, depressed
males and females displayed differences in activity in brain regions such as the posterior
cingulate and supramarginal gyrus, when shown emotionally charged Wamd=over, the
activation pattern of females was lower than that of males (Chuang et al., 2017).

Measures of executive function also differed by sex, as males displayed enhanced
performance on the IGT (Study 3), and reported more cognitive controlexpeniencing
stressful situations than did females, although this relation only occurred among A carriers of the
IL-17A gene (Study 2). Moreover, females of the same genotype in Study 2, also reported
greater use of emotieiocused coping strategies thad dhales of the same genotype, which
again might be due to an impairment of executive functioning, as IGT performance and coping
selection are both related to this cognitive process (Compas, 2006). These findings seem to be
largely aligned with past resefrindicating that males outperform females on the IGT task (van
den Bos et al., 2013), although females outperform males on other indices of executive function,
such as the Stroop test (Upadhayay & Guragain, 2014). Despite the connections between sex and
the measures related to executive function in Studies 1 and 2, no sex differences were apparent in
the Remote Associates Test (Study 3), which is also associated with prefrontal cortical activity
(Dietrich, 2004), although multiple brain regions might dsdnvolved (Dietrich & Kanso,
2010). As will be discussed shortly, it is uncertain why the divergentetated outcomes were
noted across studies. It is likely, however, that the different tasks involve several independent

processes and hence mightsodject to varied influences.
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The influence of sex aside, there also seemed to be a relation between tble TNF
polymorphism and dietary choice in Studies 2 and 3, in that the minor allele was associated with
greater intake of unhealthy foods, althouglstady 3, this relation was also dependent upon sex.
In addition, this allele, along with the4. GG genotype (Study 2), were both associated with a
reduction in cognitive flexibility, however, these genotypes did not show the same relation to
IGT performance in Study 3. It is difficult to speculate why these relations did not exist in Study
3, considering that cognitive flexibility and IGT performance are both associated with activity in
prefrontal and striatal regions, however, coping flexibility, midbo e affected by regions of
the brain associated with stress, such as the HPA axis, which can also be affected by pro
inflammatory cytokines (Raison et al., 2006). Despite the relations these SNPs had with dietary
pattern and measures related to exeetftimctioning, there was no direct link between any of
the SNPs examined and depressive symptoms, which may not be that surprising given the
appreciable variability in gene association studies (Barnes et al., 2017).

Just as sex and genotype may be aswutiaith the variables previously discussed, both
dietary pattern (Quirk et al., 2013), and exercise (Daley, 2008), have been linked to risk of
depression. However these relations were not found in the present investigation (Studies 1 and
2), just as otheresearch has also failed to demonstrate these outcomes. In fact, earlier research
suggested that the inconsistency in these relations was likely due to differences in methodology
and an overestimation of treatment effects. Despite the links betweeyldifiestors and
executive functioning previously reported, only Study 2 indicated a positive association between
a healthy dietary pattern and coping flexibility. Why a similar outcome among variables

associated with executive functioning was not appane8tudies 1 and 3 is uncertain, but
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speaks to this outcome as being a weak one, and conclusions pertaining to this linkage need to be
held in abeyance pending further studies.

It appeared that only the 4& polymorphism interacted with lifestyle factanspredicting
mental health related outcomes. Indeed, thepradent diet was negatively related to coping
flexibility (Study 2) and IGT performance (Study 3). However, in Study 2, this relation existed
only for individuals with the GG genotype, whichaissociated with higher levels of-8
(Fishman et al., 1998), whereas in Study 3, this relation was only apparent among individuals
carrying the C allele for the b gene. The findings from Study 2 might have suggested that
elevated levels of H6 from bdh the genotype and the npnudent diet, might have had
compound actions and would be associated with impaired coping flexibility. Yet, the results
from Study 3 seemed to suggest that elevated levels®hiay bebeneficialto executive
functioning reléed measures (IGT performance), and that thepmadent diet and exercise, may
be linked to poorer cognitive performance through other pathways. Together these findings seem
to be contradictory, however, as described earlier, coping flexibility and 16drpance likely
involve diverse processes and thus might be affected by different neurobiological substrates.

Just as cytokine related polymorphisms interacted with lifestyle factors in predicting
mental health related outcomes, a current stressosteessors experienced early in life,
interacted with these factors. Indeed, Study 1 suggested that unhealthy dietary behavior,
comprising greater intake of unhealthy foods or consumption of a reduced quantity of healthy
foods, was accompanied by greategateve effects of stressors experienced early in life, on
creative problem solving (Remote Associates Test performance) and depressive symptoms. Due
to the correlational nature of the study, it was not possible to draw causal connections between

dietary irtake and these outcomes, although unhealthy dietary patterns are associated with pro
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inflammatory states (Lopresti et al., 2013), and this may be adding to the already pro
inflammatory profile of individuals who had experienced e&fé/trauma. Althought is also
possible that earliife trauma might influence dietary pattern and performance on the Remote
Associates Test independently of one another, as-iarlyauma is associated with both
increases in unhealthy foods following stressful encoutdaessin life (Schrepf et al., 2014), at
this time it is difficult to dissociate these from one another, and still more difficult to draw causal
connection in relation broad cognitive processes.

The results o6tudy 4 seemed to build upon the findings from Study 1, in that an
unhealthy dietary pattern exacerbated the biological response to #wgaltiative stressor.
Again, however, it is not possible to determine whether thepnodent dietary pattern ampéfl
the cortisol response, or whether individuals who are more reactive to stress in general, consume
more norprudent dietary items. There is evidence that both explanations are plausible, as non
prudent dietary items, such as high glycemic carbohydredesexacerbate the stress response
when consumed prior to undergoing the TSST (Kirschbaum et al., 1997), and individuals who
had higher levels of cortisol in response to the TSST, consumed more calories in the days
following the stressor (Epel et al., 2Q0However, neither of these findings address the effect of
dietarypatternin this regard
Limitations and conclusions

As discussed previously in each of the chapters, limitations to the studies need to be
addressed. Across all studies, the-setiort rature of the lifestyle measures might be subject to
recall biases, as previously reviewed (e.g., loannidis, 2013). In addition, these studies were
conducted primarily using healthy and young undergraduate students, which may limit the

generalizability to &linical population. Adding to this, studying the effects of exercise treatment
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in clinical populations are made more difficult due to the high rates of attrition among
randomized controlled trials (Lawlor & Hopker, 2001). With regard to the gene rslatdids

(Studies 2 and 3), the students that comprised these samples were all White, which limits the
generalizability of our findings to other ethnicities. Furthermore, due to the infrequency of the
minor alleles, we collapsed across mutant allele carfegranalyses, which limits the

interpretability of all possible genotypes for each gene. The smaller sample sizes may have also
reduced power in detecting Sex x Genotype interactions, and limited our ability to analyze
Genotype x Genotype interactions.

These limitations notwithstanding, the present investigation suggests that dietary pattern
and exercise habits, can interact with both stressors and immune related SNPs in predicting
mental health related outcom@sgure 1) which may have implications f@ personalized
medicine approach. Specifically, results from Studies 1 and 4 support the view that
improvements in dietary quality (i.e., reducing high glycemic carbohydratearsfat intake,
and increasing consumption of healthy fats, fruits, aggtables) may be accompanied by
diminished negative sequelae associated with stressors experienced early in life, or potential
stressors in the future. It was also shown that sex and the controllability of a stressor, can interact
with lifestyle factors irpredicting psychosocial and mental health outcomes. Studies 2 and 3
seem to suggest that particular SNPs should be taken into account when considering the
effectiveness of diet and exercise as a form of treatment for depression. As well, not all SNPs
asseiated with elevated levels of pron f | ammat ory cytokines are nec
Obviously, only a limited number of inflammatory gene polymorphisms were assessed in the
present investigation, thus it is premature to discount the role playedtyestors in the

evolution of depression. In this regard, there has been a marked interest in determining whether
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depression among some individuals may come about owing to the inflammetied

kynurenine pathway and the neurodegenerative processesnshe (e.g., Dantzer, 2016;

Leonard & Maes, 2012). At present, the link between diet and exercise to kynurenine functioning
has not been assessed, but in light of it being influenced by inflammatory processes, the relations

between these factors warradetailed evaluation.
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Figure 1 The moderating role of dietary pattern and exeyaisehe relation between risk factors
(current stressors, genetic mutations, and ddietressorsand depression. Of coutggven

the correlational naturef the variables, we cannot rwdetthe possibility of bidirectional
relationships
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Appendix A: Measures

Godin Leisure-Time Exercise Questionnaire

ConsiderindA TYPICAL WEEK in the past 6 moniiesv many times on average do you do the following

kinds of exercise for more than 20 minutes during your free tiymgte the appropriate number of
times per weekon the line).

A) STRENUOUS/VIGOROUS PHYSICAL ACTIVITY (HEART BEATS RAPIDLY)

(e.g., running, jogging, hockey, football, soccer, squash, basketball, cross country skiing, judo,

roller skating, vigorous swimming, vigorous long distance bicycling, exeasses] weight
lifting, crossfit training, MMA)

Times per Week

Please specify activity(s)

B) MODERATE PHYSICAL ACTIVITY (NOT EXHAUSTING)

(e.g., fast walking, baseball, tennis, easy bicycling, volleyball, badm@asy swimming, alpine
skiing, popular and folk dancing)

Times per Week

Please specify activity(s)
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C) MILD PHYSICAL ACTIVITY (NOT EXHAUSTING)

(e.g., yoga, archery, fishing from a river band, bowling, horseshgodsshowmobiling, easy
walking)

Times per Week

Please specify activity(s)
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Survey of Coping Profiles Endorsed (SCOPE-A

Imagine that you get your term paper back and received a much lower grade than you anticipated and, as
a result you may not pass the course. You asked the professor whether you can somehow make up for
the bad grade but he/she said there is nothing you darabout it at this point.

1. How threatening would you find this situation?
1 2 3 4 5 6 7
None at all Total control

2. How much control do you think you would have over this situation?
1 2 3 4 5 6 7
None at all Total control

3. How important would it be for you to achieve a good resolution in this situation?

1 2 3 4 5 6 7
None at all Extremely
important

4. Would you be able to cope effectively with this situation?
1 2 3 4 5 6 7
None at all Total control
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The following is a list of activities that you might do in response to the situation described above. After
each activity, please indicate the extent to which you would use these as a way of dealing with this
situation over the next 2 weeks.

Never Seldom Sometimes Often Always

Over the next couple of weeks, | 0 1 2 3 4

1. accept that there is nothing | could do to

change the situation. 0 1 2 3 4
2. blame myself for my problems. 0 1 2 3 4
3. tell others that | was really upset. 0 1 2 3 4
4. ask others for help or advice. 0 1 2 3 4
5. spend a lot of time thinking about my problem. 0 1 2 3 4
6. take time for recreation or pleasure activities. 0 1 2 3 4
7. make plans to overcome my concerns or problem. 0 1 2 3 4
8. avoid thinking about the situation. 0 1 2 3 4
9. tell jokes about the situation. 0 1 2 3 4
10. think a lot about who was responsible for

for this situation (besides me). 0 1 2 3 4
11. worry about the situation a lot. 0 1 2 3 4
12. make humorous comments or stories about the situation. 0 1 2 3 4
13. wish the situation would just go away or be over with 0 1 2 3 4
14. think a lot about how | brought the situation on myself. 0 1 2 3 4
15. decide to wait and see how things turned out. 0 1 2 3 4
16. try to keep my mind off things that were upsetting me. 0 1 2 3 4
17. seek reassurance and emotional support from others. 0 1 2 3 4
18. think about how the situation was caused by

other people. 0 1 2 3 4
19. cry, even if someone else was around. 0 1 2 3 4
20. look for how | could grow and learn through the situation. 0 1 2 3 4
21. tell myself that other people have problems like mine. 0 1 2 3 4
22. do things to keep busy or active (eg., exercised, went out). 0 1 2 3 4
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23. hold in my feelings. 0 1 2
24. daydream about how things may turn out. 0 1 2
25. try to act as if 1 wasndét0O feelli ng2bad.
26. take steps to overcome the situation. 0 1 2
27. turn to God or my faith. 0 1 2
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Survey of Coping Profiles Endorsed (SCOPE)B

Imagine that get your term paper back and you received a much lower grade than you anticipated and, as
a result you may not pass the course. This time, when you ask the professor whether you can somehow
make up for the bad grade, he/she said that you higneeoption to take an extra 2 weeks to improve your
paper and potentially get a better grade.

1. How threatening would you find this situation?
1 2 3 4 5 6 7
None at all Total control

2. How much control do you think you would have over sitigation?
1 2 3 4 5 6 7
None at all Total control

3. How important would it be for you to achieve a good resolution in this situation?

1 2 3 4 5 6 7
None at all Extremely
important

4. Would you be able to cope effectively with thituation?
1 2 3 4 5 6 7
None at all Total control
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The following is a list of activities that you might do in response to the situation described above. After
each activity, please indicate the extent to which you would use these as afwagling with this
situation over the next 2 weeks.

Never Seldom Sometimes Often Always

Over the next couple of weeks, | 0 1 2 3 4

1. accept that there is nothing | could do to

change the situation. 0 1 2 3 4
2. blame myself for my problems. 0 1 2 3 4
3. tell others that | was really upset. 0 1 2 3 4
4. ask others for help or advice. 0 1 2 3 4
5. spend a lot of time thinking about my problem. 0 1 2 3 4
6. take time for recreation or pleasure activities. 0 1 2 3 4
7. make plans to overcome my concerns or problem. 0 1 2 3 4
8. avoid thinking about the situation. 0 1 2 3 4
9. tell jokes about the situation. 0 1 2 3 4
10. think a lot about who was responsible for

for this situation (besides me). 0 1 2 3 4
11. worry about the situation a lot. 0 1 2 3 4
12. make humorous comments or stories about the situation. 0 1 2 3 4
13. wish the situation would just go away or be over with 0 1 2 3 4
14. think a lot about how | brought the situation on myself. 0 1 2 3 4
15. decide to wait and see how things turned out. 0 1 2 3 4
16. try to keep my mind off things that were upsetting me. 0 1 2 3 4
17. seek reassurance and emotional support from others. 0 1 2 3 4
18. think about how the situation was caused by

other people. 0 1 2 3 4
19. cry, even if someone else was around. 0 1 2 3 4
20. look for how | could grow and learn through the situation. 0 1 2 3 4
21. tell myself that other people have problems like mine. 0 1 2 3 4
22. do things to keep busy or active (eg., exercised, went out). 0 1 2 3 4
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23. hold in my feelings. 0 1 2
24. daydream about how things may turn out. 0 1 2
25. try to act as if 1 wasndét0O feelli ng2bad.
26. take steps to overcome the situation. 0 1 2
27. turn to God or my faith. 0 1 2
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FFQ

DIRECTIONEor the following food groupings, please indicate your average frequency of consumption
over the past year byircling the appropriate number.

1. Processed meats: Processed mebaason, hot dogs

Almost| 1per | 2-3per| 1per | 2per |34 per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

2. Red Meats: Beef, pork, lamb, hamburger

Almost| 1lper | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

3. Organ meats: Beef, calf, and pork liver, chicken and turkey liver

Almost| 1per | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

4. Fish and other seafood: Canned tuna fish, ehaéat fish, other fish, shrimp, lobster, scallops

Almost| 1lper | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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5. Poultry: Chicken durkey with or without skin

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

6. Eggs
Almost| 1per | 2-3per| 1per | 2per |34 per|56per| 1lper | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
7. Butter
Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
8. Margarine
Almost| 1lper | 2-3per| 1per | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
9. Lowfat dairy products: Skim or lo¥at milk, sherbet or ice milk, yogurt
Almost| 1per | 2-3per| lper | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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10. Highfat dairy products: Whole milk, cream, sour cream, ice cream, cream cheese, other cheese

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

11. Liquor

Almost| 1lper | 2-3per| 1per | 2per |34 per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

12. Wine: Red or White

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

13. Beer
Almost| 1per | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
14. Tea

Almost| 1per | 2-3per| lper | 2per | 3-4per|56per| 1per | 2+per

Never | month | month | week | week | week | week day day
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15. Coffee

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

16. Fruit: Raisins or grapes, avocado, bananas, cantalagermelon, fresh apples or pears, oranges,
grapefruit, strawberries, blueberries, peaches, apricots, plums

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

17. Fruit JuiceApple or cider, orange juice, grapefruit juice, other fruit juice

Almost| 1per | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

18. Cruciferous vegetables: Broccoli, coleslaw and uncooked cabbage, cooked cabbage, cauliflower,

Brussels sprouts, kale, mustard, chard greens, sauerkraut

Almost| 1per | 2-3per| lper | 2per | 34per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

19. Darkyellow vegetables: Carrots, yellow (winter) squash, yams

Almost| 1lper | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

174



20. Tomatoes: Tomatoes, tomajuigice, tomato sauce

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

21. Green, leafy vegetables: Spinach, iceberg or head lettuce, romaine or leaf lettuce

Almost| 1lper | 2-3per| 1per | 2per |34 per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

22. Legumes: String beans, peas or lima beans, beans or lentils, tofu or soybeans, alfalfa sprouts

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

23. Other vegetables: Celery, mushrooms, green pepper, corn, mixed vegetables, eggplant, summer

squash

Almost| 1lper | 2-3per| 1per | 2per | 3-4per|56per| 1per | 2+per

Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
24. Garlic

Almost| 1lper | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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25. Potatoes

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+ per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

26. French fries

Almost| 1lper | 2-3per| 1per | 2per |34 per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

27. Whole graingCooked oatmeal, other cooked breakfast cereal, dark bread, brown rice, other grains,

bran added to food, wheat germ

Almost| 1per | 2-3per| lper | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

28. Coldoreakfast cereal

Almost| 1lper | 2-3per| 1per | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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29. Refined grains: White bread, English muffins, bagels or rolls, muffins or biscuits, whiasiag,

pancakes or waffles

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

30. Pizza

Almost| 1per | 2-3per| 1per | 2per |34 per|56per| 1lper | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

31. Snacks: Potato chips or corn chips, crackers, popcorn

Almost| 1per | 2-3per| lper | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9

32. Nuts: Peanuts, othewts, peanut butter

Almost| 1lper | 2-3per| 1per | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

33. Highenergy drinks: Cola with sugar, other carbonated beverages with sugar, fruit drinks

Almost| 1lper | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day

1 2 3 4 5 6 7 8 9
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34. Lowenergy drinks: Lovenergy cola, other lovenergy carbonated beverages

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

35. Oil and vinegar salad dressing
Almost| 1lper | 2-3per| 1per | 2per |34 per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
36. Mayonnaise and othareamy salad dressings
Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
37. Chowder or cream soup
Almost| 1lper | 2-3per| 1per | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
38. Other soup: Homemade soup, readpde soup
Almost| 1per | 2-3per| lper | 2per | 3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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39. Sweets and dessertShocolate bars or pieces, candy bars, cookies, brownies, doughnuts, cake, pie,

sweet roll, coffee cake, pastry

Almost| 1per | 2-3per| lper | 2per | 3-4per| 56 per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9

40. CondimentsRed chili sauce (dry or prepared), mustard, pepper, soy or Worcestershire sauce, jam,

jelly, syrup, honey

Almost| 1per | 2-3per| 1per | 2per |3-4per|56per| 1per | 2+per
Never | month | month | week | week | week | week day day
1 2 3 4 5 6 7 8 9
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The Remote Associates Task

Here we would like you to think about the combination of three words. All three of these words are related
in some way to a forth word that you must guess. Please see the example below.

*Note all answers besides the example will not be shown

Words Answer
Falling Actor Dust STARexample)
Broken Clear Eye GLASS

Skunk Kings Boiled CABBAGE
Widow Bite Monkey SPIDER
Bass Complex Sleep DEEP

Square Cardboard Open BOX
Water Tobacco Stove PIPE
Ache Hunter Cabbage HEAD
Chamber StafBox MUSIC
High Book Sour NOTE
Speak Money Street EASY
Big Leaf Shade TREE
Envy Golf Beans GREEN
Hall Car Swimming POOL
Ink Herring Neck RED
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Bump Throat Sum LUMP

Shopping Washer Picture WINDOW
Blank White Lines PAPER
Stick Light Birthday CANDLE
Sore Shoulder Sweat COLD
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Early Trauma Inventory Self Report-Short Form (ETISR-SF)

4

tf SFAS AYRAOIFIGS K26 Ylye GAYSa SIHOK 2F GKSa&aS

event has not happened to you).

Part 1.General Traumas. Before the age of 18

1. Were you ever exposed to a Hfereatening natural disaster?

2. Were you involved in a serious accident?

3. Did you ever suffer a serious personal injury or illness?

4. Did you ever experience thieath or serious illness of a parent or a primary
Caretaker?

5. Did you experience the divorce or separation of your parents?

6. Did you experience the death or serious injury of a sibling?

7. Did you ever experience the death or serioysry of a friend?

8. Did you ever witness violence towards others, including family members?
9. Did anyone in your family ever suffer from mental or psychiatric illness or have a
I a0oNBF1R28YEK QYyuyuygy

10. Did your parents or primary caretakeve a problem with alcoholism or
drug abuse?

11. Did you ever see someone murdered?

Part 2. Physical Punishment. Before the age of 18

1. Were you ever slapped in the face with an open hand?

2. Were you ever burned with hot watercigarette or something else?
3. Were you ever punched or kicked?

4. Were you ever hit with an object that was thrown at you?

5. Were you ever pushed or shoved?

Part 3. Emotional Abuse. Before the age of 18

1. Were you often put dowor ridiculed?

H® 2SNB @&2dz 2F3GSy A3IJy2NBR 2NJ YIRS (2 7FSSt¢
3. Were you often told you were no good?

4. Most of the time were you treated in a cold, uncaring way or made to feel like you
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were not loved?

5. Did yaur parents or caretakers often fail to understand you or your needs?
Part 4. Sexual Events. Before the age of 18

1. Were you ever touched in an intimate or private part of your body (e.g. breast,
thighs, genitals) in a way that surprised you or mgde feel uncomfortable?

2. Did you ever experience someone rubbing their genitals against you?

3. Were you ever forced or coerced to touch another person in an intimate or private
part of their body?

4. Did anyone ever have genital sexhwiou against your will?

5. Were you ever forced or coerced to perform oral sex on someone against your will?

6. Were you ever forced or coerced to kiss someone in a sexual rather than an

affectionate way?
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Cognitive Flexibility Questionnaire 28-item (CFQ)

The purpose of this questionnaire is to determine what individuals generally think, feel, and do when
experiencing stressful situations. Of course, you may respond differently depending on the situation, but
think ofwhat you usually do when you are under a lot of stress. Using the scale below, indicate the extent
to which agree or disagree with the following statements. Please answer according to whettyally
think/feel/do rather than what you think is the corceresponse.

Strongly Disagree Slightly Neutral Slightly Agree Strongly
Disagree Disagree Agree
Agree
1 2 3 4 5 6 7

Generally, in stressful situations...

1. L ¢SA3IAK 2dzi YIlye 2LI 1 2 3 45 6 7
K2zg G2 GF1S FOlAZ2y®

2.L OlFlyQi ¥20dza 2y | ye& 1 2 3 4 5 6 7

3.LiQa KINR (2 GKAY]l =z 1 2 3 4 5 6 7
gAGK GKS &aAddza GAzy

4, LO2y G NRE Yeé (K2dzaKda 1 2 3 4 5 6 7
GKS aAilidzriazy Ay 02y

5. L OFy NBYFAY Ay 02yl 1 2 3 4 5 6 7
Sy2iAz2yad

6. LIRAGF FAOdzAE G t SG 32 2 1 2 3 4 5 6 7
SYy2iAz2yao

7. LiQa KIFENR F2NJ YS (2 1 2 3 4 5 6 7
$KSY LQY dzLlaSi o

8. L KI @S IYIKYFINTRA IR Y\G& 1 2 3 4 5 6 7

9. L G11S GdKS GAYS G2 & 1 2 3 4 5 6 7
LISNARLISOGADBSa 0ST2NB

10.L F¥S8St tA1S L t2a8 ( 1 2 3 4 5 6 7

SY2(A2yao
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11.L0Qa KIFINR F2NJ YS (2

FTNRY yS3FrdiAg@S (GK2dzak 1 2 3 4 5 B

13.L O2y (NRf yS3aFir@dsS 1 2 3 4 5 6 7
Y2RAFTeAYy3I (GKS gte L
aAlddzZ GAz2y @

5L Qa KFNR F2NJ YS (2
2y O0S G(KSé& KI@S 0SSy

17.L 3S4G Sraafte RAAGNIC 1 2 3 45 6 7

2N FSStAy3Jao

19.a@ GK2dAKGA FYyR Sy2( 1 2 3 4 5 6
FoAtAGeE G2 O2yOSyiNI

\l

8 FT2NJ YS ¢z 1 2 3 4 5 6

21.LG A& SIa
GKAy3a AF L Y dzLda S¢

23.L FTAYR Al RATTAOdAL G 1 2 3 4 5 6
NEa2t @Ay3 G(KS aididz(

\'

\'

25.L FAYR AiaBR&edziRx &K
2N SY2iA2yao
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Beck Depression Inventory (BDI)

On this questionnaire are groups of statements. Please read the entire group of statements in each category.
Then pick outONE statement in that group which best describes the way you feel. Check off the number
beside the statement you have chosen.

1. 0 = Ildonotfeel sad
1 = |feel sad or blue
___2a = I am blue or sad all of the time and I
__2b= lam so sad or unhappy that it is very painful
___ 3 = I am so sad or unhappy that | candt s
2 0 I am not particularly pessimistic or discouraged about the future

| feel discouraged about the future
____2a = | feel | have nothing to look forwaad t

2b = | feel | won't every get over my troubles
3 = |feelthat the future is hopeless and things cannot improve
3. 0 = Ildonotfeellike a failure
___ 1 = |feellhave failed more than the average person
____2a = I|feel | have accomplished very little that is worthwhile or that means anything
____2b = Asllook back on my life, all | can see is a lot of failures
3 = |feell am a complete failure as a person
4., 0 = |am notanticularly dissatisfied
____la= |feel bored most of the time
_1b = I donét enjoy things the way | used to
_ 2 = I donét get satisfaction out of anyth
__ 3 = lamdissatisfied with everything
5, 0 =tHondt feel particularly gqguilty
1 = |feel bad or unworthy a good part of the time
____2a= |feel quite guilty
____ 2b = | feel bad or unworthy practically of the time now
____ 3 = |feelasthough I am very bad or weashl
6. 0 = ldon'tfeel |l am being punished
____ 1 = Ihave afeeling that something bad may happen to me
____ 2 = |feellam being punished or will be punished
____3a= |feel | deserve to be punished
____3b= Ivantto be punished
7. _ 0 = I donét feel disappointed in mys

__la = Tam disappointed in myself
___1b = ldon't like myself
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2 = lamdisgusted with myself
3 = Ihate myself
8. __ 0 = ldootfeel | am any worse than anybody else
___ 1 = | am very critical of myself for my weaknesses or mistakes
__2a = | blame myself for everything that goes wrong
____2b = I|feel | have many bad faults
.¢yYyYy n ' L R2y Qi KI @S (K2dzaKia 2F KIN¥YAy3a Yeast
1 =1have thoughts of harming myself but | would not carry them out

:Za = | feel | would be better off dead
____ 2b =1 have definite plans about committing suicide
____2c = I feel my family would be better off if | were dead

3 =1 would kill myself if | could
10. 0 = ldon't cry anymore than usual

__ 1 = | cry more now than | used to

__ 2 = lcryallthe time now. | castop it

3 = lusedto be able to cry but now | can't cry at all even though | want to
11. 0 = lam no more irritable than usual

1 = | am more irritable than usual

2 = | am much more irritable than usual

3 = lamirritable all the time
12. 0 = Ihave not lost interest in other people

__ 1 = lamless interested in other people than | used to be

2 = | have lost most of my interest in other people and | have little fémlitigem

o 3 = I have |l ost all my interest in other p
13. 0 = I make decisions about as well as ever

__ 1 = lam less sure of myself now and try to put off making decisions

__ 2 = | can't make decisions anymore without help

3 = I canbt make decisions at all anymor e
14. 0 = I donét feel I |l ook any worse than

1 = lamworried that | am looking old or unattractive

2= I|feel that there are permanent changes in my appearance and they make me

look unattractive

3 = | feel that I am ugly or repulsive looking

15. 0 =1Ican work about as well as before

__1a=ttakes extra effort to get started at doing something
____1b=ldon't work as well as | used to
2 = | have to push myself very hard to do anything
3 = I canét do any work at all
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16. 0 = Ican sleep as well as usual
1 = | wake up more tired in the morning than | used to
2 = lwake up-2 hours earlier than usual and find it hard to get back to sleep
3 = lwake up early every day and can't get more than 5 hours sleep
17 0 =donodét get any more tired than wusual
1 = | gettired more easily than | used to
2 = | gettired from doing anything
3 = | get too tired to do anything
18a. _ 0 = My appetite is no worse than usual
__ 1= My appetite is not as good as it used to be
____ 2 = My appetite is much worse now
__ 3 = | have no appetite at all any more
18b. 0 = | am not eating more than usual
1 = | am eating a little more than usual
____ 2 = | am eating somewhat more than usual
3 = | am eating a lot more than usual
18c. 0 = I have had no change in food preferences lately
____1 = | have been craving more carbohydrates (starches or sweets lately)
2 = | have had irresistible craving for sweets and starches lately
19a. 0 = | haven't lost much weight, if any, lately
1 = I have lost more than 5 pounds
____ 2 = | have lost more than 10 pounds
____ 3 = Il have lost more than 15 pounds
19b. 0 = I have not gained any weight lately
__ 1 = | have gained more than 5 pounds
2 = | have gained more than 10 pounds
3 = | have gained more than 15 pounds
20. __ 0 = lam no more concerned about my health than usual
___1 = lamconcerned about aches and pains or upset stomach or constipation or other
unpleasant feelings in my body
2 = lam so concerned with how | feel or what | feel that it's hard to think of much else
3 = lam completely absorbed in what | feel
21 = | have not noticed any recent change in my interest in sex

0
1 = | amdss interested in sex than | used to be
2 = | am much less interested in sex now
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3 = | have lost interest in sex completely

22. 0 = I have not had any increase in nightly sleep length lately
__ 1 = | have had atdst thour increase in sleep length
__ 2 = | have had at leash@ur increase in sleep length
__ 3 = I have had at leash8ur increase in sleep length
My average nightly sleep length in the past week is: hours
23. 0 = hm not feeling more fatigued than usual
1 = | feel more fatigued than usual lately, but it does not interfere with my daily
functioning
____ 2 = | feel more fatigued than usual lately, and it interferes somevthahwdaily
functioning
__ 3 = | feel more fatigued than usual lately, and it significantly interferes with my daily
functioning
24. 0 = | have not had any mood swings or slumps lately
1 = I have had some mood swings or slumps lately but very minor
2 = |l have had more mood swings or slumps than usual
3 = | have had severe mood swings or slumps lately
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Survey of Coping Profiles Endorsed (SCOPE)

The purpose of this questionnaire is to find out how people deal with their problems or the
stresses in their lives. The following are activities that you may have done. After each activity,
please indicate the extent to which you would use this as afwigaling with problems or
stresses in recent weeks.

Ordinarily, in recent weeks have you Never Seldom Sometimes Often Almost always
1. accepted that there was nothing you could do to

change your situation? 0 1 2 3 4

2. tried to just take whatever came your way? 0 1 2 3 4

3. talked with friends or relatives about your problemsP0 2 3 4

4. tried to do things which you typically enjoy? 0 1 2 3 4

5. sought out information that would helpyou 0 1 2 3 4

resolveyour problems?

6. blamed others for creating your problems 0 1 2 3 4
or making them worse?

7. sought the advice of others to resolve your problends? 0 2 3 4
8. blamed yourself for your problems? 0 1 2 3 4
9. exercised? 0 1 2 3 4
10. fantaszed or thought about unreal things 0 2 3 4
(eg., the perfect revenge, or winning a million dollars) to feel better?

11. been very emotional compared to your usual sélf? 1 2 3 4
12.  gone over your problems in your mind 0 1 2 3 4

ove and over again?

13. asked others for help? 0 1 2 3 4
14. thought about your problems a lot? 0 1 2 3 4
15. became involved in recreation or pleasure activitie$? 0 2 3 4
16. worried about your problems a lot? 0 1 2 3 4
17. tried to keep your minaff things that 0 1 2 3 4

are upsetting you?
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18. tried to distract yourself from your troubles?
19. avoided thinking about your problems?
20. made plans to overcome your problems?

21. told jokes about your situation?

O o o o o
L

22. thought a lot about who is responsible for
your problems (besides yourself)?

23. shared humorous stories etc. to cheer yourself0 1
and others up?

24. told yourself that other people have dealt with0 1
problems sucls yours?

24. thought a lot about how you have brought 0 1
your problems on yourself?

26. decided to wait and see how things turnout? 0 1
27. wished the situation would go away or be over with?0
28. decided that your cumeproblems are a 0 1
result of your own past actions?

29. gone shopping? 0 1
30. asserted yourself and taken positive actionon0 1
problems that are getting you down?

31. sought reassurance and moral support from others? 0
32. resigned yourself to your problems? 0 1
33. thought about how your problems have been 0 1

caused by other people?

H

34. daydreamed about how things may turn out? 0O
35. been very emotional in how you react, 0 1
even to ittle things?

36. decided that you can grow and learn through 0 1
your problems?

37. told yourself that other people have problems 0 1
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like your own?
38.wished | was a stronger person or better at deadingl 2 3 4
with problems?

39. looked for how you can learn something out of0 1 2 3 4
your bad situation?

40, asked for Goddés gui dande?
41. kept your feelings bottled up inside? 0 1

42. found yourself crying more than usual?
43. tried to act as ifgu were not upset?

44. prayed for help?

45. gone out?

4 7 . tried to act as i f

c

y feeling ba
48. taken steps to overcome your problems?

49. made humoroummments or wise cracks?

- T e T
W W W ® W W W W W W W
e N > T S S N N N S S

0
0
0
0
46. held in your feelings? 0
0
0
0
0

50. told others that you were depressed or

emotionally upset
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