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To those who live with doubt in the service of understanding.
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Abstract

Alcohol use disorders (AUDs) are among the top two most prevalent psychiatric

conditions in the Americas. Their expression is complex and their developmental path-

ways are varied. Understanding how individual differences in these pathways lead to

the full pathology is imperative for designing and implementing effective therapeutic

and preventative interventions. To investigate these pathways to alcohol use disorders,

we studied healthy young adult male and female social drinkers who scored high in

either sensation-seeking or anxiety-sensitivity traits. All subjects had two functional

magnetic resonance imaging (fMRI) sessions following the ingestion of either ethanol

(g/kg) or placebo given in a double-blind, counter-balanced repeated-measures design.

During both sessions, subjects underwent an emotional challenge paradigm consisting

of the Face Emotion Processing Task (FEPT) and the Montreal Imaging Stress Task

(MIST). Behavioral (performance), subjective mood, and endocrine response profiles

were assessed throughout. Two to three years later, subjects were re-contacted and

clinically assessed for substance use and mental health status. Seven propositions were

made and defended: (1) anxiety sensitive subjects (ASSs) were hyper-vigilant toward

facial stimuli signaling threat, whereas sensation seeking subjects (SSSs) were hypo-

responsive or unresponsive to these stimuli; (2) the social evaluative component of the

MIST procedure induced arousal and a threat to social standing in ASSs, especially

males, whereas in SSSs, particularly males, it was perceived primarily as a stimulat-

ing challenge eliciting energetic arousal; (3) alcohol intoxication blunted responses to

aversive faces in ASSs but had no effect in SSSs; (4) alcohol-induced effects on social

stress (MIST) reactivity differed as a function of personality profile, consistent with

the pathways of risk; (5) escalation to alcohol misuse at follow-up was seen in ASSs

who had previously exhibited the largest amygdalae activations to threatening faces
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under placebo and deactivation under alcohol; (6) escalation to misuse of alcohol or

other drugs (typically cocaine) at follow-up was seen in SSSs who had previously ex-

hibited marked medial orbitofrontal activations to social stress (MIST) under placebo

and diminished responses under alcohol; and (7) the predictive power of these neural

responses was above and beyond other measured risk factors and occurred absent sta-

tistical differences at study entry between subjects who showed later escalating use and

their same-personality counterparts who did not in terms of the behavioral, subjective

mood and endocrine responsiveness to emotional challenge. Together, these results

suggest that at-risk individuals with distinct personality profiles respond differently to

alcohol and stressful events, with the response patterns predicting their alcohol and

illicit drug use behaviors two to three years later. Some effects were sex-dependent.
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Abrégé

Les troubles liés à la consommation l’alcool, constituant la plus importante con-

dition prévalant en Amérique, ou la seconde, sont éminemment complexes et leur

développement est sujet á une variabilité inter-individuelle. Comprendre comment ces

développements ménent la pathologie à SA pleine expression, en fonction des person-

nes, est impératif pour modeler et déployer des thérapies efficaces et des interventions

préventives. Le travail ci-présent se référe á une importante étude d’une population

d’hommes et de femmes adultes en santé constituée de consommateurs sociaux et qui

expriment fortement des traits relatif à la recherche de sensation ou bien une sensibilité

á l’anxiété. Cette étude posséde deux parties: la premiére est une étude d’imagerie par

résonance magnétique fonctionnelle (IRMf) présentant un groupe-contrôle placebo, en

double aveugle, employant un défi d’alcohol. Dans le scanner, les sujets sont exposés

un paradigme de challenge émotionnel consistant en deux tâches qui différent dans

la forme et l’affect: the Face Emotion Processing Task (FEPT) et la Montreal Imag-

ing Stress Task (MIST). Le profil de réponse a été conjointement investigué du point

de vue comportemental, de la description subjective de l’humeur et du systéme en-

docrinien. La deuxiéme partie est une étude de suivi dans laquelle lesdits sujets ont

été contactés 2 ou 3 ans aprés et ont été cliniquement testés á propos déventuelles

habitudes d’utilisation de drogues et de maladie mentale. Sept propositions ont été

posées et défendues: (1) les sujets sensibles á l’anxiété (ASS) sont négativement bi-

aisés pour l’hypervigilance envers les signaux faciaux de menace, alors que les individus

recherchant de sensations (SSS) étaient hyporéactifs ou non réactifs á ces signaux. (2)

la composante socio-évaluative de la procédure du MIST induit un éveil soutenu et

un intense sens de menace sociale s’observe chez les ASS, spécialement les hommes

AS, alors que chez les SSS, particuliérement les hommes SS, elle étaient percue da-

vantage comme un challenge que comme une menace, suscitant conséquemment une
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intense stimulation et un éveil énergique; (3) l’intoxication par l’alcool émousse pass-

ablement la capacité de réaction aux visages provoquant l’aversion mais n’a pas causé

de changement chez les SSS; (4) les effets, induits par l’alcool, sur la réaction au stress

social (MIST) sont particuliérement prononcés chez les sujets masculins mais différent

substantiellement de pattern en fonction du profil de personnalité, oú l’on observe une

cohérence entre les réponses des hommes intoxiqués AS et SS avec (respectivement) la

régulation négative des affects et les voies désinhibitrices du risque; (5) parmi les ASS,

ceux exprimant l’activation la plus prononcée de l’amygdale au visage menaçant VS

neutre, sous placebo et la désactivation sous l’influence de l’alcool, ont abouti á l’abus

d’alcool durant le suivi; (6) parmi les SSS, ceux affichant une activation substantielle

de l’orbitofrontal médial au stress social (MIST), sous placebo et sous l’émoussement

résultant de l’alcool lors de cette activation, sont ceux qui sont sujets á l’abus d’alcool

et/ou d’autres drogues (typiquement la cocäıne) durant les 2-3 années suivantes; (7) la

puissance prédictive des réponses neurales susnommées était supérieure á tout autres

facteurs de risques mesurés. Nous concluons que les individus á risque selon les pro-

fils de personnalités distinctes répondent différemment aux différents stresseurs, et á

l’alcool selon le sexe et ces stresseurs, et que la nature et l’ampleur de leur réponse

prédit la réponse de la tâche liée á la consommation d’alcool et á l’abus de drogues

illicites á l’égard des habitudes durant les 2-3 années suivantes.
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1.1 Thesis Rationale and Objectives

It is indisputable that while most people consume alcohol and other drugs, only some

are at-risk of ever coming to abuse either or both. Also indisputable is that addiction is

not the destiny of the vulnerable, just as the absence of predisposition does not imply

immunity against it; some at-risk individuals will experiment with but never misuse

licit and/ or illicit substances, while others will never even use them. It is additionally

clear that the pathways leading up to and causing alcoholism are divergent. In a

sample of individuals with or at-risk for the condition, the only common denominator

that is certain to exist is respectively drinking to excess, or having the propensity to

come to do so. Otherwise, explanations as to why risk exists, and how it is expressed,

what unfolds when the explosion eventually ensues and how it is different when it does

not, are neither collectively exhaustive nor mutually exclusive. They vary substantially

across individuals and critically depend upon and are largely determined by who the

vulnerable person is, and just what it is that alcohol ingestion acutely does to and for

her, subjectively and objectively.

The work presented in this thesis is predicated on the above mentioned. Its primary

goal is two-fold: (1) to differentiate otherwise healthy young adults who are putatively

at-risk of AUDs based on their behavioral, subjective, endocrine and neurofunctional

response patterns to negative socioaffective signals and an acute psychosocial stressor,

and the extent to which these responses are influenced by acute alcohol intoxication;

and (2) to identify neural phenotypes that predict drug-use status 2-3 years later.

Based on the background presented in the first chapter, we expected to find be-

havioral, subjective, endocrine and fMRI evidence to support three primary working

hypotheses. The first hypothesis was that ASSs would be biased towards hypervigi-

lance for potential threat as signalled by socioaffective stimuli (negative and surprised

faces) and that this bias would be substantially reduced by acute alcohol intoxication.

This is contrarily to SSSs, who were expected to be unresponsiveness to said stimuli,
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be they sober or intoxicated.

The second hypothesis was that in the context of a performance-based acute so-

cial stressor (MIST), ASSs, especially ASMSs, would be tensely aroused, intensely

threatened and emotionally involved, whereas SSSs, especially SSMSs, would be en-

ergetically aroused and motivationally engaged, without necessarily feeling ’stressed’

in the aversive sense of the term. Alcohol was expected to dampen and stimulate

the reactivity of (respectively) the AS and SS groups, relative to placebo, with the

magnitude of those effects corresponding to the extent of reactivity to said procedure

under placebo.

The third and final hypothesis was that distinct neural phenotypes would pre-

dict escalating drinking 2-3 years later in the distinct personality groups. Specifically,

we expected that (a) a particularly robust stimulation of a phylogenetically archaic

danger-recognition system (amygdala) in response to threatening faces under placebo,

and substantial inactivation of this system by alcohol intoxication, would predict es-

calating alcohol and/ or illicit drug consumption in ASSs; and (b) marked activation

of a comparatively younger system (medial orbitofrontal cortex) to acute psychosocial

threat (MIST) under placebo, and substantial inactivation of this system by alcohol

intoxication, would predict escalating use in SSSs.

1.2 Some Perspective

Human beings have been using alcohol and other drugs to elevate mood or otherwise

alter experience since they have existed (Austin, 1985). Beer receives prominent men-

tion in early Sumerian texts and is portrayed in Egyptian pictographs dating back to

4000 BC. The ancient Egyptians heavily drank and used other psychoactive substances

(Rudgley et al., 1994) and the Babylonians worshipped Siduri, a Goddess of wine and

beer, and regularly offered both alcoholic beverages to their gods (Sasson 1994; re-

cently reviewed in Nathan et al. 2016). It has additionally been suggested that it was
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Fly Agaric, a hallucinogenic mushroom, that inspired Palaeolithic rock art festooning

the dark and dank anteriors of caves throughout southern Europe (Rudgley et al.,

1994). Many, if not most, nonhuman animals, too, ”do drugs” for seemingly the same

and other reasons, consequently showing acute signs of intoxication that strikingly

resemble humans’ (see Mantegazza, 1871; Samorini, 2002; McGrew, 2011; Pihl and

Abu Shakra, 2014). Elephants have a strong preference for and proclivity to binge on

alcohol, man-made or otherwise (e.g, fermented fruit; Carrington, 1959; Sikes, 1971;

Winfrey, 1980; Lewis and Fish, 1978; Siegel and Brodie, 1984; Siegel, 1989) and when

drunk, they ”[stagger] about, playing huge antics, screaming so as to be heard miles

off, and not seldom having tremendous fights” (Drummond, 1875, p. 223). There

are birds that actively search for and seek to self-indulge on hallucinogenic berries,

upon the ingestion of which uncoordinated movement is acutely triggered, leading

said birds to frequently smash into windows and their death along with that (see Pihl

and Abu Shakra, 2014; Pihl, 2014). And there are ants that host in their nests a species

of beetle whose intoxicating abdominal secretions are so attractive and rewarding (in

the unconditioned sense) to the ants that when distribution of the colony occurs, they

would forgo rescuing their own larvae just to safeguard the beetle (Samorini, 2002).

The affinity for recreational drug use is a fundamental, even if an unnecessary, part of

who we are; it is neither aberrant nor uniquely exhibited by the human species, and

this is what previously mentioned information goes to suggest. Epidemiological real-

ity concurs; according to national surveys, some 20% of American teens report having

ever drank or gotten drunk before the age of 13 (Eaton et al., 2012a; SAMHSA, 2011),

and about 10%, 16%, and 29% of respectively 4th, 5th and 6th graders admit to trying

more than a sip of alcohol at least once before (Donovan et al., 2004). In the year

2015, lifetime prevalence of, respectively, alcohol and illicit substance use was reported

by 26% and 21% of 8th graders, 47% and 35% 10th graders, 64% and 49% 12th graders,

81% and 54% college students, and 86% and 63% young adults (ages 19 to 28; Miech

et al. 2015). Based on these numbers alone, there really is no explaining away that in
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relatively open societies like ours, self-drugging for recreational purposes is a behavior

so prevalent that it is, at least statistically, normative, though a slight downward trend

in illegal drug use in recent years, among all age groups, is notable (Miech et al. 2015;

de Looze et al. 2015; but see Burcu et al. 2016).

It is true that when the rates of drug use increase, so do those of misuse and abuse,

and obviously, one cannot misuse what is unavailable. Also true, however, is that

drug abuse is not an automatic outcome of experimental use, otherwise the former

would have been an epidemic (it is not). In fact, among individuals encapsulated in

the aforementioned statistical figures, only a fraction (10%−20%) will ever come to

abuse either or both alcohol and illicit substance(s) (Weber et al., 1989; Moss, 2013),

and it is precisely this small minority of cases that accounts for the preponderance of

vagaries brought on by the problematic consumption of alcohol. There is more. The

beneficial effects of drugs have been quantified and empirically, if still neither con-

sistently nor conclusively, substantiated. A number of studies have linked lifetime or

classic psychedelic use to a range of, often sustained, beneficial effects (McGlothlin and

Arnold, 1971; Doblin, 1991; Griffiths et al., 2008, 2011; Morgan et al., 2009; Carhart-

Harris and Nutt, 2010; Jónsson, 2015), including better mental well-being (Krebs and

Johansen, 2013; Johansen and Krebs, 2015) and reduced suicidality (Hendricks et al.,

2015). Numerous others have found that moderate alcohol use was associated with

positive health outcomes (Gepner et al. 2015, 2016; Sayed and French 2016; Keller

2016; but see Chikritzhs et al. 2015; Goulden 2016), psychological benefits (Baum-

Baicker, 1985; Peele and Brodsky, 2000) and, in some cases, higher cognitive function

(Reas et al., 2016). And so it is not the question of why drugs are recreationally used,

it is why not (Pihl and Peterson, 1995).

Despite, and perhaps in recognition, of all of the above, any society can and all do

curtail the use and availability of some drugs in some way. They do so for a myriad of

reasons that almost always have much to do with religion and tradition and nothing the

scientifically proven harm of the drug. Irrespective, the most relevant question with
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regard to such an approach is whether it is sustainable and effective in obviating rates

of disordered drug use, and the answer to that, based on the previously mentioned

statistics and countless historical examples is, unequivocally, a resounding no.

1.3 Statement of Problem

According to epidemiological surveys, and depending on which one, alcohol use dis-

orders (AUDs) are the most or second most prevalent psychiatric condition in the

Americas and most developed countries (Grant et al., 2004b; Kessler et al., 2005b;

Hasin et al., 2007; Wittchen et al., 2011; Roerecke and Rehm, 2013; Haberstick et al.,

2014; Rehm et al., 2015c; Manthey et al., 2016; Slade et al., 2016; Delker et al., 2016).

Estimated 12-month and lifetime prevalence rates in the general American population

are, respectively, 13.9% (17.6% for men and 10.4%, women) and 29.1% (36% for men

and 22.7%, women; Grant et al. 2015a). Prevalence rates for developing countries are

lower but still substantial (for details, see UNODC, 2011).

Rates of alcohol use and onset of misuse and abuse peak between late adolescence

and young adulthood (Fillmore et al., 1991; Naimi et al., 2003; Hasin et al., 2007;

Abuse, 2012; Organization, 2012; Merikangas and McClair, 2012; Sathe et al., 2013;

Paksarian et al., 2016). Some 50% of adult alcoholics initially become symptomatic

between 15 and 19 years of age (Kessler et al., 2005a), and 80% of all alcoholics

develop the full-blown condition before the age of 30 (Helzer et al., 1991; Chambers

et al., 2003). A recent national epidemiological survey reported a mean age of 26.2

years at AUDs onset, which rose to 30.1 years for mild cases and decreased to 25.9

and 23.9 years for, respectively, moderate and severe cases1 (Grant et al., 2015a).

The individual and societal costs associated with excess and disordered alcohol

consumption are staggering (Lim et al., 2013; Whiteford et al., 2013; Rehm et al.,

2015c; Fuehrlein et al., 2016). Related yearly deaths worldwide total nearly 3.3 mil-

1In DSM-5, mild, moderate and severe AUDs are characterized by, respectively, two to three, four
to five, and six or more behavioral and/or physiological symptoms.



7

lion, making alcohol responsible for 5.9% of the global mortality rate (roughly one in

every twenty deaths; WHO 2014), and 9% of deaths among individuals aged 15 to 29

(UNODC 2011; Marshall 2014; for rates within Canada, see Shield et al. 2012). In the

year 2000, excessive drinking claimed 85,000 lives in the United States (U.S) alone,

representing the third leading preventable cause of death (Mokdad et al. 2004; for

meta-analyses, see Roerecke and Rehm 2013, 2014). Loss of life due to alcohol-related

causes has additionally contributed to the spike in all-cause deaths in U.S white non-

Hispanic men from 1999 to 2013 (Case and Deaton, 2015). Studies generally agree

that between the ages of 15 and 70 years, disordered alcohol use is associated with an

approximately 6-fold rise in all-cause mortality (Pell and D’alonzo 1973; Lindberg and

Ågren 1988; Chou 1994; Haver et al. 2009; Kendler et al. 2016c; although see Roerecke

and Rehm 2013; Laramée et al. 2015, for lower estimates). Several lines of evidence

also suggest that the link between AUDs and mortality is direct and causal (Leon

et al., 1997; Dills and Miron, 2004; Rehm and Roerecke, 2013; Laramée et al., 2015;

Kendler et al., 2016c), and the recent work of Kendler et al. (2016c) demonstrates that

causality of said association increases with age, specifically from age 40 years onwards,

on account of shared familial factors become increasingly less relevant.

When alcohol misuse does not kill, it disables, and much more pronouncedly so

(Dawson et al., 2009; Hasin et al., 2007; Samokhvalov et al., 2010; Collins et al., 2011;

Lim et al., 2013; Rehm et al., 2014, 2015b). Being implicated, directly or indirectly,

in the aetiology of upwards of 200 diseases and injury conditions, some of which are

trivial and many life-threatening (WHO 2014; Eriksson 2015; Praud et al. 2016; also

see Rehm et al. 2009; Smyth et al. 2015), problem drinking is responsible for a con-

siderable amount of hospital admissions (Verelst et al., 2012; Liang and Chikritzhs,

2016; Nunn et al., 2016), and Emergency Room (ER) visits (Cherpitel, 2009; Parkin-

son et al., 2016; Castle et al., 2016), particularly among adolescents (Sindelar et al.,

2004). In Canada alone, alcohol causes some 6% of all hospital days, triple the rate

caused by all illegal drugs, combined (Rehm et al., 2006b). Further, according to a
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recent epidemiological report, between the years 2001 and 2011, alcohol-related ER

visits increased at a greater rate than overall ER visits (Mullins et al., 2016). It is addi-

tionally clear that for many alcoholics, particularly women with early onset alcoholism

(i.e. rapid course), the health sequelae of disordered drinking tend to be enduring and

potentially permanent, ceasing to desist even after purported ’recovery’ has occurred

(Foster et al., 2014). Alcohol-related global DAILYs2 (disability-adjusted life years)

are estimated at a 139 million, a number corresponding to 5.1% of the global disease

and injury burden (WHO 2014; also see Rehm et al. 2014). Consequently, AUDs rank

seventeenth on the list of leading causes of DAILYs in high-income countries, and

it is projected that by the year 2030, this pathology will have come to rank fourth

(Mathers and Loncar, 2006). According to the most recent World Health Organiza-

tion (WHO)3 report (2014), excessive drinking is the most prominent risk factor for

preventable/ premature death and disability among individuals aged 15–49 in large

parts of the world, claiming more lives than HIV/AIDS, violence or tuberculosis, and

causing greater disability than these three conditions combined (WHO 2014; also see

Shlosberg and Shoval 2015; recently reviewed in Medina-Mora et al. 2016).

Other related costs are as startling; compared with non-pathological individuals,

alcoholics are disproportionately likely to struggle financially, be absent from and

unproductive at work, lose their employment and retire prematurely due to health

problems (Romelsjö et al., 2004). Their interpersonal relationships are hijacked by

their alcoholism and close ones (see Peirce et al. 2000), including but not restricted

to family members, often beset by substantial distress that often contributes to the

manifestation, exacerbation or maintenance of stress-related pathologies and/ or psy-

chopathologies that ultimately necessitate seeking treatment.

General societal ills are illustrated in involvement of alcohol in nearly 50% of acts

2A measure of disease burden, expressed as the number of years lost owing to ill-health, disability
or early death.

3The WHO is a specialized agency of the United Nations that is concerned with global public
health.
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of violence (Murdoch et al., 1990; Arseneault et al., 2000; O’Farrell et al., 2003; El-

bogen and Johnson, 2009; Harford et al., 2013; Shlosberg and Shoval, 2015), be the

perpetrator psychiatrically disordered or not (Conner et al., 2001; Elbogen and John-

son, 2009; Wintemute, 2015). These include incidences of suicide (Conner et al., 2001;

Borges and Loera, 2010; Branas et al., 2011; Bagge et al., 2013; Kaplan et al., 2013),

homicide (Darke, 2010; Kuhns et al., 2014), domestic violence (Murdoch et al., 1990;

Murphy et al., 2005; Afifi et al., 2012), child abuse (Kelleher et al., 1994), armed as-

sault and rape (Collins and Messerschmidt, 1993; Chermack and Giancola, 1997), the

latter wherein the victim, too, is typically intoxicated or drunk (Abbey et al., 2004;

Reed et al., 2009; Pihl and Sutton, 2009; Abracen and Looman, 2016). In the U.S

alone, the previous statistic translates into roughly 3 million reported violent assaults

each year (Nasby et al., 1980). It is also the case that relative to psychopathology-free

individuals, alcohol abusers are more prone to commit crimes and lead crime-related

careers (Swanson et al., 1990; Arseneault et al., 2000; Rehm, 2011; Bouchery et al.,

2011; Moffitt et al., 2011; Marmot, 2014), as well as intentionally or unintentionally

injure themselves and others (Coid et al. 2006; for recent reviews, see Kuramoto and

Wilcox 2016; Medina-Mora et al. 2016). Relatedly, lifetime alcohol and illegal drug

abuse is much more prevalent amongst teens with access to firearms, compared with

teens without (Simonetti et al., 2014). According to longitudinal and epidemiological

data, the association of alcohol misuse, acute or chronic, with aggression and violence

is direct (O’Farrell et al., 2003; Boden et al., 2012), and stronger than that of any

other psychoactive substance (Organization, 2007; Nutt et al., 2010; UNODC, 2011;

Boden et al., 2012). Consequently, problematic alcohol intake accounts for 85% of the

collective mayhem caused by all drugs of abuse, and generates a crime rate that costs

twice as much as that attributable to all other psychoactive substances, combined

(reviewed in Pihl and Sutton, 2009).

Furthermore, children placed under the care of an alcoholic, which is not at all

uncommon in Canadian societies, often fall victims to his or her alcohol-related abuse
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including neglect (Kelleher et al., 1994). Left unattended to and its aftermath un-

mitigated, this can seriously hinder the neurobiological development of the innocent

(Teicher and Samson, 2016), predisposing to the full panoply of psychopathologic man-

ifestations (Green et al. 2010; Scott et al. 2010; Teicher and Samson 2013; Geoffroy

et al. 2016; González et al. 2016; Skinner et al. 2016; Taillieu et al. 2016; reviewed in

Nemeroff 2016), including even psychotic symptoms (Janssen et al. 2004; Arseneault

et al. 2011; DeRosse et al. 2014; Post et al. 2015; Yung et al. 2015; Matheson et al.

2016; Begemann et al. 2016; for reviews, see Morrison et al. 2003; Read et al. 2005;

Bendall et al. 2008 ; for meta-analyses, see Varese et al. 2012; Agnew-Blais and Danese

2016). Such outcomes have been invoked as a plausible explanatory mechanism for

why risk of premature death is much higher among victims of childhood abuse (Chen

et al. 2016; also see Shalev et al. 2016). This phenomenon additionally tends to set

off a vicious self-perpetuating intergenerational cycle of abuse of both individuals and

drugs (Widom et al., 2015; Leve et al., 2015), along with their concomitant conse-

quences (e.g, dysfunctional parenting; Treit et al., 2013; Bowers and Yehuda, 2016;

Bosquet Enlow et al., 2016), reminiscent of the saying that ”what is done to children

they will do to society” (see Theresa and Betancourt, 2008; Betancourt et al., 2013;

Oshri et al., 2015; Bijleveld et al., 2016; González et al., 2016). Various studies have

collectively estimated the rate of violence among alcoholics to fall somewhere between

20% and 50% (Nicol et al., 1973; Mayfield, 1976; Schuckit and Russell, 1984; Jaffe

et al., 1988; Giancola et al., 2009).

A final illustrative example relates to in-uteri alcohol exposure, another prevalent

phenomenon in Western populations (O’Keeffe et al., 2016). We know that the misuse

of alcohol during pregnancy may impinge on fetal growth (Linnet et al., 2003; McGrath

et al., 2014), engendering, though not necessarily causally, decrements that vary in

nature, severity and reversibility (Elkins et al., 2004; Lebel et al., 2012b; Gautam

et al., 2014; Van Dam et al., 2014; Hannigan et al., 2015; Gautam et al., 2015; Ware

et al., 2015; Lundsberg et al., 2015; Bazinet et al., 2016), and frequently manifest as
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the well-characterized fetal alcohol syndrome (Treit et al. 2013; also see Charness et al.

2016). There are also indications that neonates prenatally exposed to alcohol exhibit

a pattern of neuroanatomical aberrations (Donald et al., 2016; Paquola et al., 2016)

that have previously been found to presage psychopathologic outcomes (Romano et al.,

2015; Jabbar et al., 2016), including AUDs (Van Dam et al., 2014), and early-onset-

persistent conduct problems (Murray et al., 2015). In fact, recent evidence suggests

that risk of the latter condition is ostensibly increased, directly and through causal

mechanisms, by moderate drinking in pregnancy (Murray et al., 2015).

Estimated total yearly billion dollar figure costs are for, Canada 14.6 (Rehm et al.,

2006a, 2009), the U.S 223 (Eaton et al., 2008; Bouchery et al., 2011; Sacks et al., 2013)

and Great Britain 55.1 (Balakrishnan et al., 2009), making alcohol misuse the most

expensive psychiatric disorder known (Eaton et al., 2008; Mathers et al., 2008; Sullivan

et al., 2012). But considering that much of the devastation related to excessive drinking

is unquantifiable and/ or goes unnoticed or unreported (e.g, ∼ 90% of child abuse

cases), one could reasonably conclude that the aforementioned financial expenditures,

as immense as they truly are, in all likelihood represent but the tip of an iceberg.

1.4 The Importance of Aetiology

It needs no explanation that when working with individuals who have or are at risk

of alcoholism, the priority should be to (respectively) treat or prevent. Unfortunately,

despite massive study and assiduous effort to improve it, the treatment state for AUDs

remains bleak and problematic (Pihl and Abu Shakra, 2014; Wallhed Finn et al., 2014;

Bujarski and Ray, 2016; Heilig and Leggio, 2016). Alcoholism is a problem often

masked, missed and misunderstood (for other problems, see e.g, Lane et al., 2016).

More than 68% of lifetime cases of AUDs are misdiagnosed or never diagnosed, and

well over 80% (∼ 60% of the serious cases; Demyttenaere et al. 2004) never treated
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(Alonso et al., 2004; Drummond et al., 2011; Rehm et al., 2012, 2013; Grant et al.,

2015a; Rehm et al., 2015a). It is nonetheless notable that these non-treated individuals

frequently utilize medical services, and are often treated for other pathologies and/

or psychopathologies as alcoholism never, or almost never occurs in isolation (Kessler

et al., 1997; Hasin et al., 2007; Cargiulo, 2007; Rehm, 2011; Grant et al., 2015a; Odlaug

et al., 2016). For example, data from a nationally representative sample indicate that

in 96% of the cases in which AUDs co-occurred with depression, the latter was granted

deference in terms of both diagnosis and treatment (Edlund et al., 2012). This is

troubling and significant, considering that the comorbidity between two conditions is

rather high and far from coincidental (Grant and Harford 1995; Hasin et al. 2007;

Hill et al. 2008; Conner et al. 2009; Boschloo et al. 2011; Brière et al. 2014; Hasin

and Grant 2015; McBride et al. 2016; Conway et al. 2016; Karpyak et al. 2016; Jung

et al. 2016, reviewed in Morisano et al. 2014), and depression treatment efficacy is

hindered by the presence of an AUD (Hashimoto et al. 2015; also see Morley et al.

2015). ”Diagnostic deference might be given to the personality, affective, or anxiety

disorders, more mysterious, intrinsically rewarding, and seductive to the diagnosing

professional, as they appear more theoretically explicable, and more clearly amenable

to respectable and traditional treatment”, Pihl and Peterson (1995) noted. Perhaps

this is why it has been recently found that three out of four persons who reported

visiting a primary care physician in the past year in the U.S were not screened for

alcohol misuse (Denny et al., 2016) – a problem so prevalent it is hardly noticeable

anymore.

It gets worse. Even when treatment is sought and received, effect sizes for over

60% of the cases are modest at best (Morgenstern and Longabaugh, 2000; Rubak

et al., 2005; Ferri et al., 2006; Anton et al., 2006; Magill and Ray, 2009; Rösner et al.,

2010a,b; Litten et al., 2012, 2016; Huhn et al., 2014; Bujarski and Ray, 2016; Heilig and

Leggio, 2016), and relapse within 2- or 3- months of treatment termination is the rule

rather than the exception (McLellan et al. 2000; Hyman and Malenka 2001; Dawson
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et al. 2007; Brandon et al. 2007; Heilig and Leggio 2016; although see Heyman 2013,

for a counter-argument), especially among those whose need to quit is most urgent

and symptom severity worst (Chiappetta et al., 2014). These clinical outcomes are

strikingly similar those reported in the early 1970s (Hunt et al., 1971), and their trends

almost identical to those of supposedly different treatments targeting other drug ad-

dictions (Stark, 1992; Sandler et al., 2014), alluding to (respectively) ineffectiveness

and unspecificity. More egregiously, even when symptomatic or syndromatic remis-

sion occurs, risk of relapse remains unabated long after withdrawal symptoms have

cleared, and sometimes for a lifetime (Wise and Bozarth, 1987; Hyman, 1995; O’Brien

et al., 1998; Wise, 2000). Extant evidence indicates a mean duration of nearly 4 years

with respect to AUDs (Hasin et al., 2007), and the prevailing view is that alcohol

addiction has become full-blown, a downward spiral of chronicity dooms, hence the

oft-repeated mantra ”once an alcoholic always an alcoholic”. A related concern is that

where treatment is sought and received, it is typically after long (average 6 to 9) years

of delay (Wang et al., 2005b; Shoham and Insel, 2011; Chapman et al., 2015). This is

highly problematic because alcoholism treatment seeking is consistently proportional

to symptom severity and the latter strongly correlates with greater psychiatric co-

morbidity (Salom et al. 2014; also see Ilgen et al. 2011), and just as is the case for

medical diseases (Shoham and Insel, 2011), reversing the addiction trajectory so long

after initial onset of symptoms is exceedingly difficult to achieve (Wang et al. 2005b,

2007b; Kalivas and O’Brien 2008; Shoham and Insel 2011; Chiamulera and Cibin 2014;

although see Lopez-Quintero et al. 2011; Heyman 2013). This also explains why the

risk of alcohol-related mortality is much higher among individuals who underwent

treatment than those with AUD from the general population (Roerecke and Rehm,

2013).

An even graver concern relates to the predication of almost all available treat-

ments on minimal or no etiological insight, the good intentions behind many of those
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notwithstanding. Alcoholics Anonymous (AA)4 is a good example. Ubiquitous in loca-

tion and brand and with some degree of success (Dawson et al., 2012; Hasin and Grant,

2015), this treatment program is straitjacketed by the ideology of its administrators,

being implemented under the aegis of recovered addicts proselytizing whatever general

approach that seems to have worked for them. These individuals are typically nonpro-

fessionals whose efforts and techniques ”are seldom granted medical or psychological

legitimacy, often for valid reasons” (Pihl and Peterson, 1995). Another example relates

to generalized prevention programs (e.g. Drug Abuse Resistance Education [DARE]).

Predicated on resisting social influence and aimed at decreasing drug abuse by preach-

ing abstinence, the DARE has been factually found to produce a iatrogenic effect -

i.e, increase drug use (reviewed in Werch and Owen 2002; also see Lilienfeld 2007;

Schuckit et al. 2015).

Starkly stated, many available interventions for AUDs, be they ameliorative or

preventative, appear to be heavily infused with the values and beliefs of their designers,

as opposed to the characteristics of the addicted individual, no matter how clinically

germane (Emrick and Hansen, 1983; Pihl and Peterson, 1995; Miller and Heather,

2013; Miller and Hester, 1986; Hester and Miller, 1989; Vaillant, 1983), and they are

generally ineffective5 because of that. This makes the dearth of resources deployed to

deliver available interventions a problem that readily pales in comparison.

1.5 Problems with Current Nosology

The term ’alcoholism’ describes a psychiatric condition in which alcohol is persis-

tently and compulsively imbibed, unnecessarily leading to adverse outcomes in terms

of one’s health, interpersonal relationships and daily functioning. The ”bible” of mod-

4Founded in 1935, AA is a fellowship of recovering addicts, who support one another other as
they try to achieve abstinence; the 12 Steps Toward Recovery is a primary defining feature of AA.
References of Higher Power, which is to be trusted by the abstaining alcoholics, are frequently made
by AA members.

5Effective interventions are those that successfully obviate either or both alcohol-related morbidity
and mortality rates remains
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ern psychiatry, namely the Diagnostic and Statistical Manual (DSM), had up until

and including its 4th version (DSM-IV-TR), discriminated between alcohol abuse and

alcohol dependence (respectively, AA and AD). AD was defined as persistent and ex-

cessive use of alcohol despite significant negative consequences, in addition to physical

dependence (tolerance or withdrawal) on the drug, whereas AA was described as a

milder version of AD minus the dependence. This distinction, however, came to an

end after empirical evidence had consistently left it unjustified (Kahler and Strong,

2006; Saha et al., 2006, 2010, 2012; Lynskey and Agrawal, 2007; Dawson et al., 2010;

Borges et al., 2010; Kerridge et al., 2011; Hasin et al., 2013; Hicks and Zucker, 2014;

Blanco et al., 2014).

In the latest edition of the DSM, DSM-5, the term ’Alcohol Use Disorders’ (AUDs)

is used to describe a continuum along which alcohol intake ranges from heavy and ex-

cessive to profoundly disordered (APA, 2013). Qualification for an AUD is satisfied

when two or more of 11 listed behavioral diagnostic criteria are met during the same

12-month period, with the number of criteria endorsed corresponding to disorder sever-

ity6. While the unidimensional structure of AUDs is robust (Lane et al., 2016), and

congruent with both theoretical (Martin et al., 2008, 2011, 2014) and empirical argu-

ments (Cooper and Balsis, 2009; Casey et al., 2012; Hagman and Cohn, 2013; Rutter,

2013; Lane and Sher, 2015), meta-analytic evidence has suggested that replicability

across studies is low and generalizability from any particular one lacking (Lane et al.

2016; also see Haeny et al. 2016).

This problem is a signature of a conceptual conundrum. Behavioral descriptors,

which are all that the DSM uses to define mental disorders, do not explain psychological

phenomena. Meaning, the DSM, a self-proclaimed explanatory system, essentially

fails to explain (for recent reviews, see Mullins-Sweatt et al., 2016; Wakefield, 2016;

Baglama, 2016). Responsible for this problem is the use of the medical model, whereby

6In the DSM-5, mild, moderate and severe AUDs are characterized by, respectively, two to three,
four to five, and six or more behavioral and/or physiological symptoms (APA, 2013).
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a set of symptoms is given a name (e.g.”AUD”), the name called an ”illness”, and the

”illness” presumed to be ”curable” by the resolution its symptoms, with which it is

equated and to which it is reduced, despite the fact that absolute deficiencies and

causal mechanisms remain completely obscure and fundamentally untreated.

A detailed discussion of why despite - or in recognition of - the previously mentioned

information, the field is yet to abandon the medical model, along with the biological

reductionism originating from it, is beyond the scope of this thesis. The most salient

point, nevertheless, is that ironically, American psychiatrists have purportedly always

been philosophically opposed to the medical model (Hyman, 2010), which continues

to be alive and well in psychiatry due to its dubious ties with the health insurance

industry, and the prominence ascribed to the two systems associated with it, namely

medicine and science, in a society like ours (see Pihl, 2010; Hyman, 2010; Kendler

et al., 2011; Rutter and Uher, 2012; Kendler, 2016; Maj, 2016; Zachar and Kendler,

2007; Kendler, 2005a; Morgan, 2015; Lilienfeld and Treadway, 2016; Rose, 2016, for

thoughtful essays).

No matter, the unalterable fact remains that ”nosology necessarily precedes aeti-

ology” (Cattell, 1940), and such could not be truer in the case of alcoholism, were

the underlying pathways are divergent and disordered drinking is the only common

denominator guaranteed to be seen in a group of individuals diagnosed with what the

DSM portrays as being (but is not) the same (alcohol use) disorder.

1.6 Distinct Typologies for Alcoholism

The notion of distinct typologies for alcoholism or risk thereof has been around for

decennia. From the earliest of Bowman and Jellinek (1941), to the more recent dimen-

sional approach of Cloninger et al. (1988), the symptom cluster approach of Babor et al.

(1992), and latent analysis approach of Bucholz et al. (1996), the focus has been on

the differentiation by, among other theoretically germane variables, childhood and/ or
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adolescence precursors, familial characteristics, patterns of, motives for and sensitivity

to alcohol as well as personality profile and temperamental dispositions (Jellinek 1960;

Cloninger et al. 1981; Babor et al. 1992; Del Boca and Hesselbrock 1996; Bucholz et al.

1996; Cloninger 1987a,b; Babor et al. 1992; Windle and Scheidt 2004; Vyssoki et al.

2011; Hesselbrock and Hesselbrock 1993; Kendler et al. 2015a; reviewed in Leggio et al.

2009; Lesch et al. 2011). Distinct inter-subtype definitional descriptors purportedly

reflect and are governed by unique etiopathogenic mechanisms (Babor and Caetano,

2006; Kendler et al., 2012; Pombo et al., 2015; Litten et al., 2015), and if accurately

characterized, should or would aid in predicting clinical outcomes (e.g, responsiveness

to and/ or compliance with treatment), thus allowing that each subtype be matched

for the most precise behavioral and pharmacotherapeutic intervention (Kadden et al.,

1989; Litt et al., 1992; Mattson et al., 1994; Potgieter et al., 1999; Addolorato et al.,

2005a,b; Bogenschutz et al., 2009; Leggio et al., 2009; Pettinati et al., 2010; Johnson,

2010; Meier et al., 2013; Litten et al., 2015; Pombo et al., 2015).

The current thesis is predicated on the concept of how alcohol consumption affects

different motivational systems in different individuals, portends to specific pathways

to abuse. According to the pharmacological vulnerability model (Sher, 1991), the

subjective response to alcohol (SR)7 significantly differs across individuals, and such

differences are potentially relevant to the development of disordered drinking (see Sher

and Vieth, 1999; Ray et al., 2016, for more details).

SR differs by a range of established risk factors for the development of AUDs (e.g,

familial alcoholism; Morean and Corbin, 2010; Morean et al., 2015; Rueger et al.,

2015; King et al., 2016; Trela et al., 2016; Morris et al., 2016), and as a function

of personality profile (McDougall, 1929; Cleckley, 1982). Variations in personality

profile correspond to distinct motivational systems (Pihl and Peterson, 1995; Conrod

et al., 2000a; Castellanos-Ryan and Conrod, 2012; Blevins et al., 2016a; Wardell et al.,

7SR reflects individual differences in sensitivity to alcohol’s pharmacological properties (see Quinn
and Fromme, 2016), and is implicated in the panoply of theoretical accounts of problem drinking
(Newlin and Renton, 2010)
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2016), and predict the nature of drunken comportment and alcohol-related outcomes

(for reviews, see Lejuez et al., 2010; Stautz and Cooper, 2013), with extant evidence

suggesting that alcohol use in early teens is best explainble by personality profile

(Heinrich et al., 2016). This predictive power is, in large part, driven by the ability

of personality to determine susceptibility to the reinforcing effects of addictive sub-

stances, as per motivational accounts of drug abuse vulnerability (McDougall, 1929;

Cleckley, 1982; Cox and Klinger, 1988; Cooper, 1994; Cooper et al., 1995; Pihl and

Peterson, 1995; Conrod et al., 2000a). That is, how and to what extent one responds

to an intoxicating dose of alcohol, subjectively and objectively, and what it is that al-

cohol does to and for him or her that significantly determines risk status (Erblich and

Earleywine, 2003; Littlefield and Sher, 2010; Littlefield et al., 2013; Scott and Corbin,

2014; Leeman et al., 2014; Blevins et al., 2016a). Accordingly, alcoholism typologies

that emphasize and classify persons with or at risk of alcoholism based on motiva-

tional systems ”provide a particularly useful framework for examining the association

between personality and SR to alcohol” (Morris et al., 2016).

Pihl and Peterson (1995) originally hypothesized four psychobiological systems that

mediated the response to alcohol. These four neural systems, each with some degree

of anatomical and biochemical uniqueness, were the psychomotor/ cue for reward sys-

tem, the anxiety system, the analgesia system, and a cognitive control system. Each of

these motivational pathways are putatively associated with distinct personality profiles

that differentially predispose for AUDs and related SUDs (Castellanos-Ryan and Con-

rod, 2012; Littlefield and Sher, 2016; O’Leary-Barrett and Conrod, 2016; Cooper et al.,

2016; Skinner and Veilleux, 2016; Viana and Stevens, 2016; Pedersen, 2016; King et al.,

2016). Validation of the motivational hypothesis later came from a study by Pihl’s

group, in which 293 drug addicted women underwent an extensive battery of personal-

ity and symptom inventories and were found to classify according to relatively unique

personality clusters (namely, anxiety sensitivity (AS), introversion-hopelessness, im-

pulsive sensation-seeking (SS) and non-impulsive SS), and manifest distinct patterns of
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addictive and nonaddictive psychopathology and coping skills deficits (Conrod et al.,

2000a). Specifically, those in the AS cluster were likely to be diagnosed with specific

phobia, somatization disorder, and dependence on anxiolytic substances. Those in

the introversion hopelessness cluster were more likely to be depressive, socially phobic

and opioid-abusing. Those with an impulsive personality profile were likely antisocial

personality disordered with a dependency on both cocaine and alcohol. Those in the

non-impulsive SS cluster were more likely to have an AUD that interestingly mani-

fested itself in isolation from other psychopathologies (Conrod et al., 2000a). From

the standpoint of pathology, these findings suggest that the form of drug abuse and

co-occurring disorders may have the same underlying aetiology and it is what the

drug does for the individual that produces differential effects that explains the com-

monality (Conrod et al., 2000a). In a subsequent laboratory study, Conrod et al.

(2000b) randomly assigned of 1 to 3 brief (90-min) motivational interventions to 198

community-recruited substance abusing women. The interventions differentially tar-

geted subject’s personality profile and reasons for addictive substance use, and included

(1) a personality-specific motivation-matched intervention; (2) a motivational control

intervention; and (3) a motivation-mismatched intervention targeting a putatively dif-

ferent personality profile (Conrod et al., 2000b). A follow-up assessment at six months

revealed that only the matched intervention was superior to the control intervention in

ameliorating symptoms of alcohol and illicit substance misuse and averting utilization

of numerous medical services (Conrod et al., 2000b). Similar result patterns have been

obtained since by studies targeting motives to reduce problem use (Conrod et al. 2006,

2011; LaBrie et al. 2008; Banes et al. 2014; Blevins and Stephens 2016; Blevins et al.

2016b; Gilmore and Bountress 2016; also see McCarter et al. 2016; reviewed in Conrod

and Nikolaou 2016; O’Leary-Barrett and Conrod 2016). Further, a brief and screening

questionnaire, the Substance Use Risk Personality Profile (SURPS), has been devel-

oped, also by Pihl’s group, to assess variation in preparedness for alcohol and other

drug misuse as well as non-substance psychopathology along 4 dimensions: AS, hope-
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lessness, SS and impulsivity (Conrod et al. 2000a; Woicik et al. 2009; for more details,

see section 2.1). This instrument, with established psychometric properties and up to

91% in identifying individuals who would come to develop substance misuse or other

psychiatric problems within the subsequent 1.5 years (Castellanos-Ryan et al., 2013),

has been used in a series of targeted preventative interventions with youth, where

both substance use and co-occurring pathology have been significantly reduced (e.g,

Conrod et al. 2008, 2010, 2013; O’Leary-Barrett et al. 2013; reviewed in Conrod and

Nikolaou 2016; O’Leary-Barrett and Conrod 2016). Moreover, the SURPS is particu-

larly advantageous in that it is neither time consuming nor resource exhaustive (see

section 2.1), whereas many of the instruments used to delineate other typologies are

both, with some of them requiring as many as 17 assessment measures (Babor, 1996).

The above mentioned points to the promise for personalized interventions that tar-

get personality-specific motives for drug misuse (Conrod et al., 2000b), and suggests

that reliance on the SURPS in differentiating at-risk persons is particularly oppor-

tune. Notwithstanding, the aforementioned studies, while supporting the need to dif-

ferentiate abusers, are not instructive as to understanding the differential mechanisms

involved.

1.7 The Need for Markers

The marked heterogeneity among individuals with or at-risk for AUDs provides a solid

rationale for the search for endophenotypic markers (i.e, quantifiable biological mark-

ers of the genetic risk for the disorder; see Gottesman and Shields 1972; Gottesman

and Gould 2003). For a marker8 to classify as an endophenotype9, it must meet a

number of criteria: (1) it is exhibited by non-disordered individuals at-risk for the

8A marker refers to a pattern or component that is both sensitive and specific to one psychological
state and therefore allows that reverse inference about that state be made based on the activation of
said pattern.

9Note that the endophenotype concept is analogous to, but distinct from two other concepts
with which it is sometimes interchangeably used and conceptually conflated, namely biomarkers and
intermediate phenotypes. For an extended discussion of this issue, see Lenzenweger (2013).
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condition at a higher rate than in the general population. That is, the presence of the

marker predates and does not represent aftermath of the explosion and is a quantifi-

able phenotypes; (2) it correlates with theoretically relevant variables such as severity,

gender and age of onset; and (3) it provides specific biological manifestations and is

prospectively predictive (Gottesman and Gould 2003; also see Almasy and Blangero

2001; Cannon and Keller 2006; for critical reviews of the endophenotype concept, see

Kendler and Neale 2010; Miller and Rockstroh 2013; Salvatore et al. 2015; Iacono et al.

2016). Satisfying these demands necessarily requires that at-risk persons be studied,

the putative marker specific, and subjects prospectively followed. The advantages

of the at-risk paradigm are many. Chief among them is that cause can be separated

from the consequence, predictive factors clarified and the heterogeneity of the outcome

and interactive factors studied. Just how one differentially responds to a drug before

abuse develops, represents the window of opportunity to ascertain the involvement of

potential mechanisms (for reviews of candidate endophenotypic markers for AUDs, see

Hines et al., 2005; Porjesz and Rangaswamy, 2007; Rangaswamy and Porjesz, 2008;

Karoly et al., 2014; Salvatore et al., 2015; Belin et al., 2016).

Earlier laboratory studies marshaled by, among other prominent researchers, Robert

Pihl, have delineated two predisposing response profiles using samples of high-risk indi-

viduals, predominantly sons of alcoholics (SOA) who have a 4 to 9 times increased risk

of the disorder (Goodwin, 1985; Cloninger et al., 1988; Mellentin et al., 2016). These

were, respectively, the high heart rate (HHR) and the stress dampening responses to

alcohol challenge.

The alcohol challenge paradigm10 is of particular import as it is just what ingestion

of the drug acutely does to and for one, both subjectively and objectively that should

be fundamental to understanding why the drug is misused (see Pihl and Peterson,

1995; Strang et al., 2015; Bujarski and Ray, 2016), and such is especially true in the

10Procedurally, an alcohol challenge paradigm involves the administration of a standardized dose
of alcohol as well as a placebo to the same individual on two separate occasions.
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case of alcohol, a drug of abuse that unlike others, has no unique molecular targets

in the central nervous system (Heilig and Spanagel, 2015). This explains why alcohol

can act as an ”upper” in some individuals and as a ”downer” in others, something

that cannot really be said of, for example, cocaine or heroin.

To the extent that the HHR and stress response dampening (SRD) represent two

mutually exclusive phenotypes, they may be understood as phenomenologically dis-

tinct characteristics.

1.7.1 High Heart Response

When challenged with an intoxicating dose of alcohol, some SOA typically respond

with a greater increase of heart rate versus controls, relative to their respective sober

baselines (Levenson et al., 1987; Finn and Pihl, 1987, 1988; Finn et al., 1990; Wilson

and Nagoshi, 1988; Pihl et al., 1989; Newlin and Thomson, 1991; Peterson et al., 1993,

1996; Conrod et al., 1997b,a, 1998, 2001; Newlin and Thomson, 1999; Carlson et al.,

2002). This occurs on the rising limb of the blood alcohol curve and the curve itself

is extended. That is, the excitatory response is maintained for almost three hours

(Brunelle et al., 2007; Pihl et al., 2003). Throughout this period, the response posi-

tively correlates with scales that assess aspects of positive mood, in particular reports

of increased energy, confidence and elation (Peterson et al., 1993; Pihl and Peterson,

1994; Conrod et al., 2001; Brunelle et al., 2004, 2005; Assaad et al., 2006; Corr, 2008;

Fillmore et al., 2009). A large body of research has lent direct support to the propo-

sition that this HHR response is an endophenotypic physiological of alcohol-produced

rewarding stimulation (”high”; Fowles et al. 1982; Pihl et al. 2003; although contradic-

tory findings have been reported by Marc Schuckit’s group and others’, e.g, Schuckit

1980, 1984; Schuckit and Smith 1996; Pollock et al. 1986; Pollock 1992; Neale and

Martin 1989; Moss et al. 1989; McCaul et al. 1991; Heath and Martin 1992; Morzorati

et al. 2002). Specifically the Pihl studies have demonstrated the reinforcing effect of

said stimulatory response with alcohol, showing, for example, that when HHR respon-
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ders (HHRRs) and healthy controls learned lists of words sober and then drank to

intoxication and were asked on the following day (a second testing session) to recall

the words learnt when sober, it was the HHRRs who recalled the most positive words

(Bruce et al., 1999). Further, it is individuals who show heightened Behavioral Acti-

vation System (BAS) sensitivity (Dawe et al., 2004), and characteristics of aggression

(Assaad et al., 2006), past delinquency (Assaad et al., 2006) and relative deficits on

prefrontal neuropsychological tests (Pihl and Peterson, 1994; Harden and Pihl, 1995),

and traits impulsivity and sensation seeking (Assaad et al., 2003; Peterson et al., 1996)

that are most likely to demonstrate this response (also see King et al., 2002, 2011), and

it is people demonstrating this response that are most likely to engage in risk-taking

behavior after drinking (Goudriaan et al., 2007; Yan and Li, 2009; Huang et al., 2010;

Gilman et al., 2012b; Kruschwitz et al., 2012).

Correspondingly, when alcohol challenged and then PET11 (Positron Emission To-

mography) scanned, it was the HHRRs who, compared to controls, demonstrated the

greatest mesolimbic dopamine (DA)12 activation (Boileau et al. 2003, 2007; Brunelle

et al. 2004; for supporting evidence from animal research, see Nadal et al. 2002; Jupp

and Dalley 2014). The Brunelle study also found that the HHR positively corre-

lated with trait SS scores (Brunelle et al., 2004), and the same pattern of enhanced

dopamine activation was later replicated in a study of subjects selected a priori for

trait SS (Setiawan et al., 2011). These findings are consistent with those of other stim-

ulant substances, such as amphetamines (Hutchison et al. 1999; Leyton et al. 2002;

Riccardi et al. 2006; Kelly et al. 2006; Stoops et al. 2007; Carmen Arenas et al. 2016;

Smith et al. 2016a; although see Zheng and Liu 2015), and cocaine (Martinez et al.

2004; Cox et al. 2009; although see Casey et al. 2014), which also preferentially af-

11A functional imaging technique that is used to observe metabolic processes in the body. The
system detects pairs of gamma rays emitted indirectly by a positron-emitting radionuclide (tracer),
which is introduced into the body on a biologically active molecule. If the biologically active molecule
chosen for PET is fludeoxyglucose (FDG), an analogue of glucose, the concentrations of tracer imaged
will indicate tissue metabolic activity as it corresponds to the regional glucose uptake.

12DA is the brain’s neurotransmitter that predicts reward (see Leyton et al. 2007; Leyton 2010;
although without necessarily directly enhancing subjective positive mood; Liggins et al. 2012).
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fect the striatum in humans (Nutt et al., 2015), as well as drugs that may indirectly

target the DA system, e.g, oxycodone (Zacny, 2010), non-substance related rewards

(e.g, monetary; Weiland et al., 2016) and cues of forthcoming rewards (nb the former

associated has to date only been documented in men; O’Sullivan et al. 2011; Milella

et al. 2016; Leyton 2016).

These findings also reinforce the notion that hyper-dopaminergic function (in terms

of DA release), in primarily the striatum, may contribute to the heightened reactiv-

ity to novelty and reward observed in individuals high in the aforementioned trait

characteristics (Zuckerman 1990; Bardo et al. 1996; Krebs et al. 2009; reviewed in

Norbury and Husain 2015; for animal evidence, see Piazza et al. 1989b; Hooks et al.

1991b,a, 1992, 1994), and resonate with explanations of addiction involving positive

reinforcement (Wise, 1988; Koob et al., 1998; Leyton and Vezina, 2013, 2014; Wiers

et al., 2016). Prospective investigations now show that precisely this rewarding stim-

ulation profile that predicts later escalating use in the aforementioned segment of the

population, above and beyond other measured risk factors, e.g, familial alcoholism

(Hendershot et al., 2016; King et al., 2016; Jünger et al., 2016).

In sum, the HHR typically exemplifies externalizing high-risk persons. It is specif-

ically rewarding stimulation (i.e, positive reinforcement) that this responding pattern

signifies, and it is precisely through these positive reinforcement mechanisms that

drinking behavior in these individuals is promoted and the path to escalating use

paved (Pihl and Peterson, 1995).

1.7.2 Stress Response Dampening

When drinking behavior attenuates reactivity to subjective stress or perceived threat,

it is viewed as negatively reinforcing, and in comparison to the HHR response, in a

sense, can be seen as pain avoiding rather than pleasure inducing, and as a ’downer’

rather than an ’upper’. Stress response dampening (SRD; Sher and Walitzer, 1986;

Sher, 1987) represents a concept with considerable heritage, having morphed from
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the tension reduction theories and studies that has begun in the 1950’s (Conger 1956;

Kingham 1958; also see Cappell and Herman 1972; Cappell 1987; Kushner et al. 1990).

Many studies have demonstrated that this SRD effect is particularly pronounced in

victims of fear (Levenson, 1980; Sher, 1987; Stewart and Pihl, 1994; Stewart, 1996;

Cooper et al., 1995; Schroder and Perrine, 2007; Hefner et al., 2013), which has been

commonly invoked as an explanatory mechanism for the frequent co-occurrence be-

tween alcohol problems and certain anxiety (and mood) disorders (Kushner et al.,

2000, 2013; Wolitzky-Taylor et al., 2011; Karpyak et al., 2016; Stewart et al., 2016).

For example, odds ratios for co-occurrence, have been reported as 1.64 for any anxi-

ety disorder (Lai et al., 2015), 3.3 for PD, for GAD, and 2.5 for SAD (Regier et al.,

1990; Himle and Hill, 1991; Naragon-Gainey, 2010). Anxiety-disordered persons are

2.6 times more likely to be alcohol dependent (Grant et al., 2004a; Hall et al., 2009),

and more than a third of alcoholic adults are anxiety- (or mood-) disordered (Grant

et al. 2004a; Hall et al. 2009; although see Cyders et al. 2016b).

Especially predictive of the SRD are dimensions of anxiety hallmarked by expe-

riential avoidance and a markedly increased sensitivity to uncertainty (Hefner et al.,

2013; Gorka et al., 2013, 2016b; Gorka, 2016). These are considered core aspects of

specific anxious pathologies, namely SAD, PD and GAD, which explains why a recent

meta-analysis of 22 epidemiologic comorbidity surveys found that among all anxiety-

disordered, lifetime (and 12-month) prevalence of AUDs was highest in those with

specifically, SAD (∼ 25%), PD and GAD, in descending order (Lai et al., 2015). Chief

among the aforementioned dimensions is AS (”fear of fear”; Reiss 1991; detailed in

section 1.8.1). This trait has been consistently shown to predict motives for, pat-

terns of and outcomes related to alcohol use (Brandon 1994; Breslau and Klein 1999;

Stewart and Zeitlin 1995; Stewart et al. 1997a, 1999, 2001, 2002; Kushner et al. 2001;

Schmidt and Zvolensky 2007; Goldstein and Flett 2009; Brandt et al. 2013; Chandley

et al. 2014; Keough et al. 2015; Chavarria et al. 2015; Allan et al. 2015; Kraemer

et al. 2015; reviewed in Samoluk and MacDonald 2014), including AUDs 2-years later
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(Schmidt and Zvolensky, 2007). High anxiety sensitivity scores additionally corre-

late, positively and substantively, correlate with marked alcohol-produced anxiolysis

(Conrod et al., 1998; MacDonald et al., 2000a; Stewart and Pihl, 1994; Stewart and

Kushner, 2001; Stewart et al., 1999; Brown et al., 2001, 2002, 2009; Zack et al., 2007),

and with using alcohol to decrease aversive affect, particularly that brought on bodily

autonomic arousal (Stewart and Zeitlin 1995; Pihl and Peterson 1995; Stewart et al.

2001; Kushner et al. 2001; Chandley et al. 2014; Goldstein and Flett 2009; Novak et al.

2003; Kuntsche et al. 2006; for a critical review, see DeMartini and Carey 2011). As

such, by drinking under stressful situations, anxiety-sensitive persons are effectively

self-medicating (Quitkin et al., 1972; Stewart and Zeitlin, 1995). This drinking to

cope (DTC) motive is also often endorsed by individuals high in either or both traits

intolerance of uncertainty (IU; i.e, the tendency to find the possibility of an aversive

event occurring to be, no matter how minute; Carleton et al. 2007; Oglesby et al.

2015; Kraemer et al. 2015; also see Banducci et al. 2016) and social anxiety (SA; i.e,

the tendency to experience paramount concerns about being scrutinized by others;

Watson and Friend 1969; Thomas et al. 2003; Carrigan and Randall 2003; Buckner

et al. 2006; Stewart et al. 2006; Ham et al. 2007; Battista et al. 2010; also see Keough

et al. 2016; Mulligan et al. 2016; Ham et al. 2016), two constructs that are very highly

interrelated with anxiety-sensitivity and in which experiential avoidance and uncer-

tainty are central elements (Kashdan et al. 2013, 2014; Wong and Rapee 2016; Torvik

et al. 2016; Heeren and McNally 2016; Evans et al. 2016b; Thai et al. 2016; for more

details, see section 1.8.1).

This information accords with the premise that it is individuals who display avoidant

coping styles and hypersensitivity and exaggerated reactivity to uncertain threats that

are most prone to DTC (Grant et al., 2007b; Field and Quigley, 2009; Moberg and

Curtin, 2009; Moberg et al., 2011; Hefner and Curtin, 2012; Hefner et al., 2013; Gorka

et al., 2013, 2016b) and to the most pronounced SRD under the influence of alcohol

(Rousseau et al., 2011; Hefner et al., 2013). More broadly, this information is con-
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sistent with a framework in which a hypersensitive Behavioral Inhibition (avoidance)

system (BIS) marks individuals high in any or all of the aforementioned anxiety di-

mensions (Clauss and Blackford, 2012; Thai et al., 2016), making them attentionally

biased for signals of potential punishment (Bantin et al., 2016), and more prone to

drink because of that (Pihl and Peterson, 1995; Corr, 2008). Importantly, it is precisely

the DTC motive that seems to predict and have been consistently linked to increased

levels of both alcohol consumption and related consequences among persons who dis-

play the aforementioned response pattern under alcohol intoxication (Cooper et al.,

1988, 1992b; Cooper, 1994; Cooper et al., 1995; Allan, 1995; Carey and Correia, 1997;

Kushner et al., 2000; Kassel et al., 2000; Holahan et al., 2001; Park and Levenson,

2002; Ham and Hope, 2003; Baker et al., 2004; Kuntsche et al., 2005; Bolton et al.,

2006; Kuntsche et al., 2008; Martens et al., 2008; Robinson et al., 2009; Merrill and

Read, 2010; Chandley et al., 2014; Merrill et al., 2014; Blevins et al., 2016a), with some

findings showing that DTC motive predicted alcohol related consequences, with drink-

ing levels controlled for (Cooper et al., 1992a; Carpenter and Hasin, 1999) and above

and beyond alcohol expectancies, depressive mood and perceived coping ability (Park

and Levenson, 2002). Consistently, a large scale epidemiological study of a prospective

and nationally representative sample (NESARC; N = ∼ 44, 000) demonstrated that

among anxiety-disordered individuals, those who endorsed DTC motive, compared

with those who did not, drank more heavily, and were more likely to classify as disor-

dered drinkers at initial assessment and to develop a new one within the subsequent

3 years (Menary et al. 2011; also see Crum et al. 2013b,a). Even though the subjects

with clinically anxiety conditions who reported no DTC motives exhibited some el-

evation in cross-sectional vulnerability for disordered drinking at baseline relative to

those free of anxious psychopathologies, their prospective disposition was comparable

and their daily alcohol intake was comparatively lower (Menary et al., 2011). Along

these same lines, Wolitzky-Taylor et al. (2015) noted that it was anxiety sensitivity,

but not distress tolerance that accounted for (i.e., statistically mediated) the relation-
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ship between manifest indicators of the 3 anxiety phenotypes namely GAD, SAD and

PD in a sample of high-schoolers aged 14-15. Thus, while AUDs and anxiety-disorders

occur in frequent association, clinically anxious persons do not uniformly endorse DTC

motives (for reviews, see Battista et al. 2010; Becker et al. 2011).

Note that the linkage between alcohol intake and negative affect is a two-way

street, in which DTC is a central goal-oriented behavior with concomitant negative

reinforcement perpetuating and fostering further alcohol use. This, in turn, worsens

anxiety and other negative affect via neurobiological dysregulations and environmen-

tal disruptions/ consequences (the ”vicious cycle”) (Anker et al., 2016), as per the

neurobiological model of allostatic adaptation in addiction (Koob, 2013; Koob and

Le Moal, 2006). A final noteworthy piece of information is that whereas the aforemen-

tioned associations between trait AS and drinking-related outcomes are significant for

both males and females (although see Stewart et al., 1997b, 2001, for null findings in

men), they have generally been found to be comparatively larger in the latter (also see

Stewart and Zeitlin, 1995; Pettinati et al., 1997; Conway et al., 2006; Karpyak et al.,

2016; McHugh et al., 2016), with some indications that the link between AS, coping

motives and heavy drinking (and incidentally benzodiazepines abuse; McHugh et al.,

2016) is perhaps particularly pertinent for females (Chandley et al., 2014), although

reports of males endorsing DTC motive more than females notably exist (Lawyer et al.

2002; reviewed in Nolen-Hoeksema 2012). This fact is in agreement with the National

Co-Morbidity data (Kessler et al., 2005a), which shows approximately double the odds

ratios for women with panic, phobia and general anxiety for alcohol dependence (also

see Karpyak et al., 2016). Numerous studies have indicated that female alcoholics

report drinking in response to unpleasant emotions more often than males (Pettinati

et al., 1997; Conway et al., 2006; Karpyak et al., 2016) and many others have doc-

umented sex differences in fear/ anxiety processing, including brain structures and

pathways involved in emotional processing (Grossman and Wood, 1993; Bettencourt

and Miller, 1996; Asthana and Mandal, 1998).
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In sum, the SRD pathway for escalating alcohol use typifies individuals whose

personality style is avoidant, reactivity to uncertain threats exaggerated, and coping

their primary motive for drinking. Because of that, they are more likely to drink

when stressed, and have more to gain by procuring anxiolytic drugs including alcohol,

relative to individuals not displaying said response profile under alcohol intoxication.

1.8 Two Predominate Risk Trajectories

The background research presented in the previous sections is broadly consistent with

two alternative risk pathways that cut across conventionally defined AUDs: ”internal-

izing” and ”externalizing”. These two phenotypes, roughly denoting the (respectively)

inward and outward expression of emotional dysregulation (see Freud, 1965; Novick

and Kelly, 1970; Furman, 1980; Liu, 2004; Rice, 2016), map onto distinct, albeit over-

lapping, brain systems and embody differential risk mechanisms (Cooper et al., 1995;

Hussong et al., 2011; Lazareck et al., 2012; Nichter and Chassin, 2015; Strang et al.,

2015; Farmer et al., 2016; O’Leary-Barrett et al., 2016), although the two phenotypic

expressions occasionally coincide. The genetic, neurobiological and experiential sig-

nifiers reflected in this differentiation can and do predict the nature and degree of

susceptibility and responsiveness to the ingestion of different substances of abuse. As

such, the discussion here is not merely of new semantics but also of explanatory ones

that more successfully capture the biological reality of the risk profile displayed by

a given individual. Distinctions have also been made between constructs layered un-

derneath each of the two aforementioned spectrums and their particularities on the

aforementioned levels. It is additionally notable that while the externalizing trajectory

has been extensively investigated and is considered to be the most prominent pathway

to AUDs (Edwards et al. 2016; also see Squeglia et al. 2016), the internalizing pathway

has received much less attention and seems to have been relegated to secondary status.

Of particular relevance to this thesis are two specific phenotypes, one internalizing,
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namely anxiety-sensitive, and another externalizing, namely sensation-seeking.

1.8.1 The Anxiety-Sensitive Phenotype

Anxiety is experienced and expressed in multiple fashions. While anxiety related

to external stressors is rather prevalent, it is the physical sensations and cognitive

symptoms that emerge during a bout of anxiety which some persons fear most. This

”fear of fear” is secondary to the belief that disastrous physical, psychological, or

social consequences such as fainting, serious medical illness, death, insanity, or social

humiliation and ostracism will potentially ensue (Reiss and McNally, 1985; McNally,

1989; Reiss, 1991; Taylor et al., 1992b; Taylor, 1993, 1999; Taylor et al., 2007; McNally,

1999; Adams et al., 2012; Battista et al., 2008; Allan et al., 2014; Stewart and Kushner,

2001).

The proclivity to specifically dread and catastrophically misappraise one’s anxiety-

related symptoms or sensations (e.g, heart palpitations, trembling, dizziness, sweat-

ing, muscle tension and inability to concentrate) is conceptualized within the anxiety

sensitivity (AS) construct (Reiss et al., 1986; Reiss, 1991; Peterson and Reiss, 1992;

Taylor, 1993). This trait has both heritable13 (h2 = 45%; Stein et al. 1999; Taylor

et al. 2008) and developmental (e.g, childhood trauma; Scher and Stein, 2003) com-

ponents. AS scores predict self-reported anxiety in response to laboratory biological

challenges (e.g., carbon dioxide inhalation) independently from actual physiological

arousal changes (Forsyth et al., 1999; Asmundson et al., 1994; Zvolensky and Eifert,

2001; Melzig et al., 2011), and severity of laboratory-elicited panic (Schmidt, 1999;

Zinbarg et al., 2001). This trait also potentially serves as a cognitive predisposing and

maintaining factor in multiple clinical anxiety conditions (Reiss and McNally, 1985;

Reiss, 1991; Maller and Reiss, 1992; Taylor, 1999; Barlow, 2002; Schmidt et al., 2006;

Schmidt and Zvolensky, 2007; Wheaton et al., 2012; Viana et al., 2016; Velasco et al.,

13h2 refers to the proportion of total phenotypic variance that can be accounted for by genetic
factors.
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2016; Bakhshaie et al., 2016), especially those where fear of the unknown features

heavily, specifically SAD (Kimbrel, 2008; Carleton et al., 2010), GAD (Viana and

Rabian, 2008; Naragon-Gainey, 2010) and PD (Clark, 1986; McNally, 1990; Stewart

et al., 1992; Taylor et al., 1992b; McNally, 2002; Pérez Beńıtez et al., 2009; Naragon-

Gainey, 2010; Poletti et al., 2015). This is because, AS serves as an anxiety amplifier

and tense arousal catalyst, as per the expectancy theory of anxiety; when persons

high in this trait become anxious, they become preoccupied with the aversiveness of

physical symptoms or sensations related to anxiety (e.g., palpitations), thus further

perpetuating their anxious suffering (Reiss and McNally, 1985; Reiss, 1991).

Despite inconsistencies within the literature (Taylor, 1999), the most widely repli-

cated factor solution of AS consists of three interrelated phenotypic but conceptually

distinct subscale factors labeled Physical Concerns, Cognitive Concerns, and Social

Concerns (for an illustration, see section 2.1; Zinbarg et al. 1997; Taylor 1999; Taylor

et al. 2007; Sand́ın et al. 2004). There are indications that the three dimensions mat

be related to specific psychopathologic manifestations (Zinbarg et al., 2001; Rodriguez

et al., 2004; Grant et al., 2007a).

Trait AS is directly linked to SA (Watson and Friend, 1969; Asmundson et al.,

1994; Orsillo et al., 1994; Ball et al., 1995; Anderson and Hope, 2009), and may be

causally dependent on IU (Carleton et al., 2007; Carleton, 2016a,b; Wright et al., 2016;

Ursa, 2016; Shihata et al., 2016), the latter having also been (independently) related

to GAD (Ladouceur et al., 2000; Dugas et al., 1998; Dugas and Ladouceur, 2000;

Dugas et al., 2004, 2005; Dugas and Robichaud, 2007; Holaway et al., 2006; Boelen

and Reijntjes, 2009; Koerner and Dugas, 2006; Yook et al., 2010; Gentes and Ruscio,

2011; Zlomke and Jeter, 2014), SAD (Boelen and Reijntjes, 2009; Boelen et al., 2010;

Carleton et al., 2010; Khawaja and McMahon, 2011; Teale Sapach et al., 2015; Hearn

et al., 2016) and PD (Dugas et al., 2005; Simmons et al., 2008a; Buhr and Dugas, 2009;

Fetzner et al., 2013; Carleton et al., 2013, 2014; Boelen et al., 2016). Importantly, the

three aforementioned constructs and anxious pathologies share the same foundational
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aspects and primary defining characteristics of experiential avoidance (Reiss, 1991;

Carver and White, 1994; Fialko et al., 2012; Kaldewaij et al., 2016) and pronounced

reactivity to uncertainty (McNally, 1990; Reiss, 1991; Taylor, 1995a; Clark, 1986;

Neal and Edelmann, 2003; Barlow et al., 2004; Taylor et al., 1992b; Stewart, 1996;

Grosse Holtforth, 2008; Kimbrel, 2008).

AS rates are higher in females than males (Stewart et al., 1997a, 2001; Bernstein

et al., 2006; O’connor et al., 2008), which explains the female preponderance shown

by the aforementioned anxiety disorders (Kessler et al., 2005a; McLean et al., 2011;

Eaton et al., 2012b; Xu et al., 2012; Baxter et al., 2013). There is also evidence to

suggest that the importance of genetic influences on the trait vary as a function of sex

and are greater in the female sex (Taylor et al., 2008).

As a continues trait that predisposes for AUDs (see section 1.7.2), while also par-

ticipating in the development, maintenance and/ or perpetuation of a set of highly

debilitating and burdensome internalizing pathologies, AS makes for an appealing

target for human high-risk research.

1.8.2 The Sensation-Seeking Phenotype

Sensation-seeking (SS) is a multifaceted personality trait that subsumes the generalized

tendency to seek out and engage in experiences that are varied, novel and emotionally

intense - even when an element of significant risk is involved (Zuckerman, 1979, 1994,

2007). Other researchers have used different terms to characterize what is essentially

the same construct or components thereof (e.g. novelty seeking, arousal seeking, thrill

seeking, experience seeking, disinhibition, venturesomeness, excitement seeking, fun

seeking, susceptibility to boredom; Zuckerman 1994, 2005; Bardo et al. 1996; Arnett

1994; Wohlwill 1984). SS is an aspect of extroversion (Zuckerman et al., 1972; Aluja

et al., 2003; Whiteside et al., 2005). It is a moderately heritable trait (h2 = 40%−60%;

Eysenck 1983; Fulker et al. 1980; Koopmans et al. 1995; Hur and Bouchard Jr 1997),

with genetic influences primarily accounting for the inter-correlation between its facets
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(Koopmans et al., 1995). Twin studies indicate no sex differences in the magnitude or

nature of genetic effects on sensation seeking (Eysenck, 1983; Koopmans et al., 1995),

although males who score high in SS measures outnumber females (Kramer et al. 2008;

Shulman et al. 2015; also see Cyders et al. 2016a; Smith et al. 2016c).

Individuals high in SS generally perceive the world as ’non-threatening’ (Franken

et al., 1992; Mujica-Parodi et al., 2014; Norbury and Husain, 2015), and underesti-

mate physical risk incurred by various activities (e.g, sky-diving; Mujica-Parodi et al.,

2014; Zheng et al., 2015), as indicated by behavioral, electrophysiological, endocrine

and neurofunctional data. When challenged and/ or faced with aversive information,

they (compared with non-SS controls) are (1) less subjectively anxious or not at all

anxious (Blankstein, 1975; Schwarz et al., 1978; Franken et al., 1992; Mujica-Parodi

et al., 2014); (2) less physiologically responsive or prone to defensive reactions (e.g,

cortisol, affective startle reflex, skin conductance and HR; Schulkin et al., 1994; Her-

man et al., 2003a; Sorocco et al., 2006; De Pascalis et al., 2007; Mujica-Parodi et al.,

2014); and (3) neurally hyposensitive or insensitive altogether (e.g, weaker AMYG

response, reduced error-related negativity (ERN) amplitude and diminished P30014;

Santesso and Segalowitz 2009; Cservenka et al. 2013; Zheng et al. 2014; Mujica-Parodi

et al. 2014; Zheng et al. 2015; Zheng and Liu 2015; also see Orsini et al. 2015). The

opposite is however true when it comes to reward cues (e.g, greater NAc activation

Kruschwitz et al. 2012) and high-arousal material (e.g, stronger aINS response Joseph

et al. 2009).

Furthermore, healthy SS young adults are highly susceptible to experimentally

elicited alcohol-related aggression (Cheong and Nagoshi, 1999; Joireman et al., 2003;

Dahlen et al., 2005; Pihl and Sutton, 2009), and to report ”angry driving” (Dahlen

et al., 2005), drive under the influence and engage in risky sexual behavior (Donohew

et al., 2000; Gonzalez et al., 2005; Spitalnick et al., 2007). Moreover, when given the

14P300 component is ”a positive-going waveform in the electroencephalogram that occurs approx-
imately 300 ms after the onset of a stimulus, and is related to the attentional and working memory
demands of a task” amplitude (Donchin and Coles, 1988; Castellanos and Tannock, 2002).
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opportunity to self-administer unusual sensory stimulation that non-SS persons find

aversive and avoid, sensation-seekers find it intrinsically rewarding and behaviorally

invigorating, seeking to administer it at increasing intensities if at the cost of monetary

loss, a behavior diminishable by antagonism at the D2 receptor (Norbury et al., 2015).

The aforementioned outcomes that can be understood within a framework in which

individuals high (versus low) on SS trait display a hyperactive approach system (Joseph

et al. 2009; Kruschwitz et al. 2012; Manzo et al. 2014; also see Kelly et al. 2006; Stoops

et al. 2007) and a hypoactive avoidance system (Lissek et al., 2005; Lang et al., 2005;

Santesso and Segalowitz, 2009; Zheng et al., 2014; Manzo et al., 2014).

Interestingly, there are indications that the predilection of SS persons for arousal

tends to obviate valence in the face of intensely arousing material, contrarily to non-SS

individuals who tend to be more focused on emotional content than arousal (Feldman,

1995; Joseph et al., 2009; Norbury et al., 2015). For example, when exposed to high-

arousal pictorial stimuli, healthy SS adults have been found to more strongly activate

neural structures associated with reinforcement and (e.g, insula) than their low-SS

peers, irrespective of emotional content (Joseph et al., 2009). Consequently, high SS

individual are more prone to misuse licit and illicit drugs and are more likely to en-

gage in risky sexual behaviors or excessive gambling compared with individuals low

in this trait (Bardo et al., 1996; Roberti, 2004). Animal models of addiction support

the premise that SS is associated with the use of psychostimulants (Blanchard et al.,

2009). In humans, SS trait predicts risk for the initiation of drug use (Stephenson and

Helme, 2006; Sargent et al., 2010; Spillane et al., 2012; Nees et al., 2012), is a powerful

predictor of drug use among adolescents (Martin et al., 2002; Hampson et al., 2008)

and adults (Crawford et al., 2003; Gerra et al., 2004; Hittner and Swickert, 2006), and

differentiates between students who self-drug and those who do not. This increased

tendency to engage in use of addictive psychoactive substances appears to be a fun-

damental, even if an unnecessary part of a broader tendency to seek novel experiences

(Ersche et al., 2013a), with converging lines of evidence suggest that exposure to nov-
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elty and addictive drugs may involve overlapping neural networks (Bunzeck and Düzel,

2006; Reichel and Bevins, 2008; Gabbay et al., 2010; Fukushiro and Frussa-Filho,

2011). Importantly, Holmes et al. (2016) have recently established the presence of

links between SS and neuroanatomical features in a large cohort (n > 1000) of healthy

drug-näıve young adults. Indeed, SS contributes to the escalation into externalizing

psychopathologies and worse symptom severity, and in fact its genetic influences have

been found to be largely shared with AUDs and conduct disorder (Slutske et al., 2002).

As such, high levels of SS trait have been documented in individuals with (Gerra et al.,

2004; Hittner and Swickert, 2006; Noël et al., 2011; Jupp and Dalley, 2014) or at risk

of SUDs (Pascual et al., 2006), including pathological gamblers (Fortune and Goodie,

2010). Notably, SS frequently co-presents with impulsivity (see Finn et al., 1992; Con-

rod et al., 1997a; Whiteside and Lynam, 2001), a well-established endophenotype for

AUDs (Ersche et al., 2010b), and the aetiological mechanisms of the two considerably

overlap (Jupp and Dalley, 2014). SS and impulsivity are however not synonymous or

interchangeable and important distinctions between their developmental trajectories

(Collado et al., 2014) abound neurobiological underpinnings (Ersche et al., 2013a; Jupp

and Dalley, 2014; Holmes et al., 2016). Importantly, SS arguably possesses explana-

tory power, separate from that of impulsivity (Norbury and Husain, 2015; Holmes

et al., 2016; Mann et al., 2017), and extant evidence appears to support of the premise

that this trait is a promising endophenotypic marker for fundamentally disinhibitory/

externalizing psychopathologies, including (externalizing forms of) SUDs and AUDs

(Benjamin et al., 2001; Gottesman and Gould, 2003; Krueger et al., 2007; Derringer

et al., 2010).

Notwithstanding, findings that call into question the notion that SS truly repre-

sents an endophenotype of addiction risk have also been reported (e.g, Whiteside and

Lynam, 2001; Ersche et al., 2010b). For example, Ersche’s group found that (1) both

psychostimulant (cocaine) addicts and their non-drug using siblings were highly im-

pulsive but only the former were also high in SS (Ersche et al., 2010a, 2013a); and
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(2) both psychostimulant (cocaine) addicts and recreational cocaine users who have

been regularly consuming said drug (for 8 years) were high in SS but only the for-

mer were impulsive (Ersche et al., 2013a). The investigators argued that the non-SS

personality profile of the unaffected siblings may have protected them from engaging

in drug-taking behaviors, and that while high sensation seekers seem more likely to

experiment with drugs, they are not necessarily at risk for abusing them if they have

no familial vulnerability, despite continuous use (Ersche et al., 2013a). Animal mod-

els of addiction also support the proposal that sensation-seeking traits are associated

with the use of stimulant drugs (Belin et al. 2008; Marinelli and White 2000; Piazza

et al. 1989a; also see Flagel et al. 2010; Saunders and Robinson 2010; Beckmann et al.

2011), but not necessarily escalation into compulsive use (Belin et al., 2008), although

escalating cocaine self-administration has been found in rats selectively bred for nov-

elty preference (but not assessed for impulsivity prior to drug exposure; Belin et al.

2011; reviewed in Blanchard et al. 2009; Jupp and Dalley 2014). It is possible that

in rodents, reactivity to novelty and impulsivity contribute to distinct phases of co-

caine self-administration15 (initiation and persistence; Dalley et al., 2011). It is also

conceivable that impulsivity and sensation-seeking traits interact with each other to

drive risk for addiction (Jupp and Dalley, 2014). More research is however needed to

sort out alternative explanations.

1.9 The Importance of Delineating Neurophenotypic Markers

of Risk of AUDs and related SUDs

Ever since the start of the Decade of the Brain, the field has been in a headlong rush

to identify the genetic and neurobiological causes of AUDs and SUDs. Thus far, it

has delineated none, and very little remains known about why and how disordered

use develops and in whom. Enough ”lessons” have nonetheless been learned and

15A form of operant conditioning using a drug as a reward, generally by administration through
an intravenous line that is controlled directly by the animal’s actions.
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discoveries made to provide valuable topographical information to indicate where the

further research for aetiological knowledge is likely to pay off (see Suckling and Nestor,

2016; Ekhtiari et al., 2016). First, while alcoholism is at least moderately heritable (∼
50%–60%; Sullivan et al. 2012; Ystrom et al. 2014; Enoch 2014; Verhulst et al. 2015;

Kendler et al. 2016d,a; Huibregtse et al. 2016), it is not advisable to search for genes

that singularly cause AUDs, or endophenotypic markers thereof, because such genes

(almost) certainly do not exist16 (Hamer 2002; Kendler 2005b; Miller 2010; Dick et al.

2010; Kendler 2013; Pihl and Abu Shakra 2014; Pihl 2014; Clarke et al. 2015). No

argument against this is defensible based on available data, and by logical deduction

necessarily assumes that the extraordinary complexity of alcoholism is reducible to

some simple linear and powerful associations between single genetic loci and alcohol-

related phenotypes (it is not; Hamer, 2002; Kendler, 2005b; Kendler et al., 2016b;

Edwards et al., 2016), and that genes function to cause a mental disorder (they do

not, genes alter biochemical processes; Pihl and Abu Shakra, 2014; Salvatore et al.,

2015).

Second, the genetics of AUDs may, after all, be the genetics of neural development

(Pihl 2010; Insel and Wang 2010; Insel 2010; Labonté et al. 2012; also see Barsky and

Gaysina 2016). Meaning, early brain development is arrested in a fashion that sets

the stage, without necessarily dooming one, for alcohol abuse. In otherwise slightly

overlapping - or not at all overlapping - lists of ’candidate genes’17 identified across

molecular genetic studies of (risk of) AUDs, functional involvement in neurodevel-

opmental nervous-system related processes is the common denominator (see van den

Oord et al. 2008; Calboli et al. 2010; Verweij et al. 2010; Terracciano et al. 2010;

16The one exception to this statement is variations in genes encoding alcohol metabolizing enzymes,
namely aldehyde dehydrogenase (Harada et al., 1982; Dick, 2011; Wu et al., 2016a) and alcohol
dehydrogenase (Whitfield, 1997, 2002; Thomasson et al., 1991; Luczak et al., 2006; Edwards et al.,
2015), which have been robustly associated the initial sensitivity to alcohol, a known risk marker for
AUDs (also see Hart et al., 2015; Edwards et al., 2015; Salvatore et al., 2015). These variations are
determined by ethnicity (Thomasson et al., 1995; Mulligan et al., 2003; Birley et al., 2009; Bierut
et al., 2012; Hurley and Edenberg, 2012; Morozova et al., 2014; Hart et al., 2015).

17A candidate gene is a gene thought to contribute to a certain phenotypic manifestation.
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De Moor et al. 2012; Service et al. 2012). Such processes are pivotal for the orches-

tration of neurogenesis and include neural cell adhesion, signal transduction, axonal

pathfinding and synaptic plasticity, to name a few (see Joslyn et al., 2010, 2011; Moro-

zova et al., 2012; Rietschel and Treutlein, 2013; Morozova et al., 2014; Edwards et al.,

2015; Salvatore et al., 2015). Pathways subserving those processes involve hundreds

of genes (Walsh et al., 2008), and interruption of anyone of those genes could confer

vulnerability for the same phenotypic expression (e.g, AUD).

The story of schizophrenia (SZ), a neurodevelopmental disorder with heritability

estimated at upwards of 85% (Cardno and Gottesman, 2000; Sullivan et al., 2003;

Purcell et al., 2009), is illustrative and constructive. Across families with high genetic

loading of the disorder (”multiplex”18 pedigree), affected probands are 3-fold richer

in rare copy number variants (CNVs, also known as genomic microduplications and

microdeletions) than their ancestry-matched controls (Walsh et al., 2008; Kirov et al.,

2009; Buizer-Voskamp et al., 2011). However, the genetic fingerprints of the CNVs

disposing to SZ are unique to single cases or families and specific genes that ”code for”

SZ have been hunted for, but are yet nowhere to be found (reminiscent of Tolstoy’s

famous saying What is critically shared across said ”private mutations”, nevertheless,

is the capacity to stunt brain development, through disrupting genes that are substan-

tially overrepresented in pathways of neural maturation and regulation (Walsh et al.

2008; also see Ahn et al. 2014; Hall et al. 2015; Singh et al. 2016).

There is more. The same rare CNV that disposes for SZ in one family member can

predispose for bipolar disorder in another and autism in yet another (Walsh et al., 2008;

Friedman et al., 2006; Szatmari et al., 2007; Kirov et al., 2008; Kumar et al., 2008; Rees

et al., 2016). This piece of information resonates with indications within a body of

literature indicating that AUDs share their genetic underpinnings with other addictive

(Rietschel and Treutlein, 2013) and non-additive psychopathologies (Dick et al., 2009;

18Multiplex pedigree is a family constellation containing two or more affected probands (for more
details, see Sullivan et al., 2012).
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Dick, 2011; Khemiri et al., 2016; Verweij et al., 2016; Ashenhurst et al., 2016), and that

the same genetic influences can be associated with differential behavioral expressions

within the same individuals across the developmental trajectory, manifesting e.g, as

conduct problems earlier in development, before playing a role in adult alcohol abuse

(i.e, heterotypic continuity; Dick 2011; Ormel et al. 2014). Such is a testament to

how severely current classification systems blur the picture, as mental disorders are

dimensional, multilevel, fuzzy and messy phenomena, and the DSM obscures all of the

above (Kendler, 2005a; Kendler et al., 2011; Nesse and Stein, 2012; Heinz et al., 2016;

Stephan et al., 2016).

Another important fact to consider is that the nature versus nurture debate - ongo-

ing, heated and frequently contentious - is inherently sterile, ideologically driven and

highly irrelevant (Dick et al., 2010; Pihl, 2010; Insel andWang, 2010). Because the heri-

tability of AUDs is not 100%, and human beings do not exist in a vacuum, nongenetic

(or environmental) effects must matter (Pihl, 2010; Dick et al., 2010; Schellekens,

2016), and they do in more ways than one. For example, environmental influences

(e.g, parental monitoring during adolescence) can modulate the relevance of the ge-

netic (and vice versa), and even turn specific genes ”on” or ”off”, much like a light

bulb on a dimmer switch (see Dick, 2011; Pihl and Abu Shakra, 2014). This is not

only true of AUDs. Even the genes involved in tumorigenesis have been shown to be

down-regulated, numbered in the hundreds, as a result of making lifestyle modifica-

tions (i.e, diet; Ornish et al. 2008). The point being, genes are not static and they are

certainly not destiny.

A final ”lesson” that helps further narrow the search field is this: while most of what

is known about AUDs and SUDs derives from studying the lifetime disordered, drawing

legitimate causal inferences with respect to causation using this approach and absent a

snapshot of the brain prior to the development of the full-blown condition is a virtual

impossibility (see Bjork and Gilman, 2014; Xiao et al., 2015; Dupuy and Chanraud,

2016). The ability of alcohol to impinge on the psychology and biology of the organism
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is well-documented (Goodlett and Horn, 2001; Oscar-Berman and Marinković, 2007;

Schulte et al., 2012; Baker et al., 2013; Gulley and Juraska, 2013; Petit et al., 2014;

Squeglia et al., 2014a; Spear and Swartzwelder, 2014; Spear, 2014, 2015; Fauth-Bühler

and Kiefer, 2016; Volkow et al., 2016; Silveri et al., 2016; Cservenka and Nagel, 2016;

Shokri-Kojori et al., 2016), and there is now sufficient evidence to corroborate addiction

models whereby the chronic misuse of alcohol or other drugs culminates in unremitting

neuroadaptations (McEwen and Gianaros, 2011; Hefner et al., 2013). Given that,

and the apparent fact that neuroanatomical and neurofunctional irregularities are

often present in high-risk persons before their drug use ’career’ has even begun, it is

exceedingly difficult, if at all logically plausible, to determine by studying those who

chronically drink to excess or used to, whether and to what whether and to what

extent observed neural dysfunction and/ or dysmorphology predated, resulted from or

got exacerbated by the explosion.

Taking note of the above mentioned, individuals who are at-risk for alcoholism but

otherwise psychopathology-free and ideally, with little or no addictive substance expe-

rience, seem to be, in many respects, the perfect subjects for researchers interested in

investigating and elucidating the causal mechanisms underlying AUDs. The succeed-

ing sections are therefore dedicated to the neuroimaging studies of those individuals.

These studies are classified according to their outcome measures (functional versus

structural) and design: cross-sectional, whereby data collected at one specific point in

time is analyzed, versus the more recently emerging prospective studies, in which base-

line brain imaging data is used to predict subsequent alcohol use or misuse, therefore

allowing for a comparatively more definitive link between neural signaling patterns

and vulnerability to be established.

1.9.1 Functional Neuroimaging Markers

The heritability of brain function has been generally estimated at ∼ 40% (Jansen

et al., 2015).
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Functional Magnetic Resonance Imaging (fMRI) studies have identified a number of

neurofunctional aberrations in high-risk individuals, those often a positive family his-

tory of alcoholism (FHP)19 adolescents with minimal to no prior drug use, contrasted

against matched family history negative (FHN)20 controls (for a meta-analysis, see

Mackey et al. 2016).

1.9.1.1 Executive Function

Response inhibition and working memory are two aspects of executive functions that

predict the first alcoholic drink and first binge drinking episode in alcohol näıve young

adolescents (Peeters et al. 2015; although see Boelema et al. 2016; reviewed in Takagi

et al. 2016).

Inhibitory control. Inhibitory control, the ability to suppress ill advised impulses

and behave in accord with age appropriate socially defined norms (Stevens et al., 2007;

Luna et al., 2010), and can be considered a top-down system that dramatically matures

during adolescence (Durston et al., 2006; Velanova et al., 2008). This development

occurs alongside and symbiotically with a transition of the neural activation patterns

seen during response inhibition, purportedly, from diffuse prefrontal and parietal to

localized prefrontal activation (Luna and Sweeney, 2004; Luna et al., 2010; Wetherill

et al., 2013b). This characteristic is a core neurocognitive dimension that predicts key

alcohol and other drug related outcomes (Wills et al. 1996; Rohde et al. 1996; Miller

and Plant 2002; Young et al. 2009; recently reviewed in Moeller et al. 2016).

Cross-sectional studies. Consistent with earlier laboratory-based reports of

impulsive characteristics in high-risk offspring (Aronson and Gilbert 1963; Saunders

19FHP is often defined as at least one biological parent or two or more second-degree relatives
diagnosed with AUDs (e.g, Schweinsburg et al., 2004; Andrews et al., 2011; Cservenka and Nagel,
2012; Sjoerds et al., 2013).

20Individuals classify as FHN if they have an absence of familial alcoholism in first (e.g, Heitzeg
et al., 2010) or first and second-degree relatives (e.g, Cservenka and Nagel, 2012; Squeglia et al.,
2014b).
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and Schuckit 1981; Knop et al. 1985; Schulsinger et al. 1986; Pihl et al. 1990; Nigg

et al. 2004; Saunders et al. 2008; also see Ryan et al. 2016), numerous studies have

established the presence of early-occurring neurofunctional irregularities connoting

cognitive dyscontrol in this vulnerable population (recently reviewed in Heitzeg et al.,

2015; Cservenka, 2016; Moeller et al., 2016). Such aberrations have often been shown

using the Go/no-Go task21, and typically absent observable behavioral differences as

a function of risk status. For example, Schweinsburg et al. (2004) FHP alcohol-näıve

teens aged 12-14 underactivated, among other frontal areas, the left middle frontal

gyrus (MFG) during response inhibition (’no-Go’) trials, relative to matched controls,

despite comparable task performances and verbal intelligence scores in the two groups

(Schweinsburg et al., 2004). Heitzeg et al. (2010) found that unlike their low-risk

counterparts, offspring of alcoholics (OOA, age 16-21) did not deactivated the ven-

tral caudate during successful response inhibition, and the worse their externalizing

symptoms, the weaker the deactivation (Heitzeg et al., 2010). This sort of aberration

suggests OOA had to exert greater neural effort so as to successfully performed on the

task, and is likely a signature of a defective affective neurocircuitry that might deter

proper motivational responding (Heitzeg et al. 2010; also see Hardee et al. 2014). The

same study also showed, nonetheless, that OOA who were heavy drinkers (’vulner-

able’) also failed to deactivate orbital and (left) medial prefrontal sites, a response

that low-risk controls and OOA without drinking problems (’resilient’)22 both showed,

with less deactivation corresponding to greater alcohol and other drug use (Heitzeg

et al., 2010). This observation could suggest that heavy alcohol consumption on part

of genetically liable persons impinges on prefrontal ”control” mechanisms, causing fur-

21The Go/no-Go is neuropsychological task that is widely used to assess inhibitory control of
behaviour. Subjects are required to rapidly respond (by pressing a button) to one stimulus type (fre-
quently appearing ’go’ signals) while refraining from responding to another (infrequently appearing
’no-go’ signals).

22Resilience means to most people ”achieving a positive outcome in the face of adversity”. This
can involve ”bending and not breaking,” that is, recovering from a bad experience. Or it can involve
an ”active resistance” to adversity through coping mechanisms that operate at the time of trauma
(Karatsoreos and McEwen, 2011) (McEwen et al., 2015; McEwen, 2016).
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ther aggravation and dysregulation of the frontostriatal motivational circuitry (Heitzeg

et al., 2010).

In the same vein, DeVito et al. (2013) found that FHP young adults were as suc-

cessful as FHN controls matched on drinking characteristics at withholding proponent

responses (’no-Go’), but more robustly activated the (left) anterior insula (aINS) and

inferior frontal gyrus (IFG) during successful inhibitions. This effect was primarily

driven by FHP males, and correlated with higher self-reported trait impulsivity scores

(DeVito et al., 2013). Collectively, the aforementioned findings point to a pattern of

blunted frontal activity during inhibitory control as a precursor of escalating drinking

in FHP persons (Heitzeg et al., 2015).

Exceptions in the literature, however exist, albeit in the context of comparatively

more complex inhibitory control tasks, such as the Stroop23 task. Specifically, greater

temporo-parietal activity has been found in FHP young adults in response to the

”incongruent versus congruent trials” contrast (Acheson et al., 2014), and hyperac-

tivation in frontal sites subserving response inhibition (e.g. middle frontal and cin-

gulate gyri) in FHP youngsters (age 8-19 years) during Stroop interference (Silveri

et al., 2011), relative to FHN matched controls, perhaps alluding to compensatory

mechanisms stemming from the lacking refinement and efficacy of said neural net-

work. The inconsistency of aforementioned findings is explainable in a number of

non-mutually exclusive nor collectively exhaustive ways. First, the Stroop task is, by

design, more complex and cognitively demanding than the Go/no-Go task as well as

most other tasks used to probe inhibitory control (Jacobus and Tapert, 2013), and

might thus uncovers neurofunctional differences in more effortful contexts. A second,

source of variability potentially relates to different developmental epochs under study.

23A neuropsychological task commonly utilized to investigate response conflict. Respondents view
words printed in colors that are are either congruent with the word meaning (e.g, blue printed in
blue) or incongruent (eg., blue printed in red), and have to name the color of ink in which a word
is printed. Doing so correctly would require that on incompatible trials, subjects successfully inhibit
the proponent tendency to read the word’s text in order to correctly report the colour of the word.
Impaired performance on Stroop task is associated with prefrontal cortex dysfunction.
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As pointed out previously, the capacity to suppress inappropriate responses improves

throughout childhood into early adolescence (Tottenham et al., 2011), a phenomenon

that occurs alongside and symbiotically with the maturation of the neurocircuitry gov-

erning impulse control (Rubia et al., 2006; Heitzeg et al., 2015). On these bases, it

may be speculated that the wide age range exemplifying the sample ascertained by Sil-

veri et al. (2011) somehow and to some extent obscured highly relevant developmental

variations (Heitzeg et al., 2015). This supposition finds support in the recent work

of Hardee et al. (2014), in which FHP and FHN youngsters with minimal or no prior

drug use were MRI scanned during the Go/no-Go task at age 7-12 and then again

every 1 to 2 years up to and including age 17 (Hardee et al., 2014). These researchers

found that age interacted with risk status to significantly influence neural signaling

within caudate, middle cingulate, and middle frontal gyrus during successful response

inhibition: at baseline testing, comparably blunted activation evinced in FHP subjects

Hardee et al. 2014; consistent with prior evidence Schweinsburg et al. 2004; McNamee

et al. 2008). With age, caudate and MFG activity decreased in FHN but not FHP

subjects, with the latter additionally exhibiting enhanced middle cingulate activity

(Hardee et al., 2014). It is therefore plausible that the pattern of differences in neu-

ral activation as a function of familial alcoholism changes across the developmental

trajectory over the course of development (Hardee et al., 2014). A third possibility

is that, the increased BOLD activation seen in FHP persons during successful inhibi-

tion within frontal (DeVito et al., 2013) and parietal regions (Acheson et al., 2014)

reflects a protective neural mechanism against the development of AUDs and efficient

cognitive control functioning in these individuals (Cservenka, 2016).

Prospective studies. A recently emerging body of neuroimaging research has

established the ability of early inhibitory functioning in adolescents with minimal to no

lifetime drug use to prospectively predict escalating use. The first prospective study

to do so was conducted by Norman et al. (2011) on a sample of youngsters 12-14
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year-olds. At baseline, subjects performed the Go/no-Go task in the MRI scanner. At

a 4-year follow-up, subjects were assessed for potential changes in drinking habits and

accordingly divided into two groups: TRAs (those who escalated into heavy drinkers)

and abstainers/ controls. Analyzing the neural responding patterns by transitioning

status, the researchers found extensive underactivation in frontal, parietal, and tem-

poral and striatal sites during response inhibition at baseline among ’TRAs’ (Norman

et al., 2011). Similarly, in a latter study of high- and low-frequency substance users,

hypoactivity of the ventromedial prefrontal cortex (vmPFC) during response inhibition

at study entry (age 16-19) predicted more drug and alcohol dependency symptoms 1.5

to 3 years later, above and beyond baseline symptoms and lifetime drug use, particu-

larly in high-frequency users (Mahmood et al., 2013). The sane study also found that

enhanced (left) angular and supramarginal gyri activity during response inhibition

(’no-Go’) trials predicted more total drug use occasions at follow-up, an effect that

was also most evident in high-frequency users (Mahmood et al., 2013). This response

pattern hints at deployment of an alternate strategy to compensate for a relative weak-

ness in said function (Mahmood et al., 2013; Heitzeg et al., 2015), as the left angular

and supramarginal gyri are not among brain regions commonly linked inhibitory con-

trol (Grabner et al., 2007; Hartwigsen et al., 2010). Left unanswered, however, was

the question of whether the emergence of heightened risk-related activation is a devel-

opmental effect related to the older age of subjects (e.g., compared with Norman et al.

2011; Schweinsburg et al. 2004) as the previously cited study of Hardee et al. (2014)

might suggest, or whether it is accounted for by the inclusion of high-frequency drug

users (Mahmood et al., 2013). In another study, subjects performed theGo/no-Go

task task while undergoing fMRI scanning twice: once at 12-17 years of age when

they were drug-näıve, and again ∼ 3 years later, after some of them had come to

classify as heavy drinkers (’TRAs’) (Wetherill et al., 2013b). The investigators found

that during response inhibition (’no-Go’ trials) at baseline, ’TRAs’ and ’non-TRAs’

(respectively) deactivated and activated neural structures that foster inhibition (e.g,
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middle frontal gyri and inferior parietal lobule; congruent with results described ear-

lier Hardee et al. 2014; Schweinsburg et al. 2004; Norman et al. 2011; Mahmood et al.

2013). At follow-up, however, the picture completely shifted such that ’TRAs’ dis-

played activation and ’non-TRAs’, deactivation (Wetherill et al., 2013b). The authors

went to suggest that initiation of heavy drug use during adolescence may hamper the

efficiency of the response inhibition circuitry, as indexed by overactivation (Wetherill

et al., 2013b). Thusly, diminished inhibitory control functioning could be related to

risk prior to escalating into heavy use, while after escalation has occurred, ineffective

allocation of ”neural resources” may become more relevant (Wetherill et al., 2013b;

Heitzeg et al., 2015).

Other prospective investigations using the same paradigm have alternatively fo-

cused on brain functioning during inhibition control errors (as opposed to successful

inhibitions) as a potential marker of risk (Heitzeg et al. 2014a; Whelan et al. 2014;

reviewed in Heitzeg et al. 2015). Specifically, a study by Heitzeg et al. (2014a), showed

that at baseline, drug-näıve 9-12 year-olds who classified as ’TRAs’ 4 years later un-

deractivated the neural circuitry that promote error monitoring (e.g, middle frontal

gyrus) to inhibitory errors, relative to ’non-TRAs’. This response pattern was associ-

ated with worse severity of externalizing symptom at a 2-year follow-up (age 11-14)

later, predicted drug misuse at a 4-year follow-up (age 13–16) over and above ex-

ternalizing symptom profile, and interestingly occurred in the absence of differential

neural responding during successful inhibition (no-go trials) at baseline as a function

of transitioning status (Heitzeg et al., 2014a). Said inactivation conceivably under-

lies a compromised capacity to properly adapt ones actions and reactions, resulting

in behavioral dyscontrol, one manifestation of which being early-onset drug misuse

(Heitzeg et al., 2014a, 2015). Along the same lines, the large-scale multi-cite work

from IMAGEN, particularly notable for its methodological rigor (e.g, cross-validation

and replication) demonstrated that the extent of prefrontal activity during failed inhi-
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bitions at 14 years of age significantly predicted binge drinking24 within the subsequent

2 years (Whelan et al., 2014).

Summary. Taken together, the bulk of extant research supports the presence of

altered neural responding patterns, prior to significant drug use, in non-using or non-

abusing FHP individuals in the context of inhibition tasks relative to matched FHN

controls, and establishes the ability of such aberrations to differentiate teens who later

show escalating use from those who do not, although the nature and extent of these

affects are likely developmentally modulated.

Summary To summarize, altered patterns of neural functioning in the context

of inhibition tasks among teens with non-using or non-abusing teens have been found

to prospectively predict escalating use, with the specific pattern of predictive markers

likely depending on age and likely other variables.

Working memory. Working memory refers to a set of processes involved in actively

rehearsing and/ or manipulating information held in conscious awareness during ex-

periences or after retrieval from long-term memory, typically in the service of goal-

directed behaviour. Deficient working memory could compromise decision-making

skills, thereby augmenting risk of a host of psychopathologies including AUDs (Nagel

et al., 2012).

Cross-sectional studies. Consistent with numerous neuropsychological find-

ings of working memory problems in FHP individuals (Hegedus et al., 1984; Tarter

et al., 1984; Peterson et al., 1992; Harden and Pihl, 1995; Finn and Hall, 2004; Lovallo

et al., 2006b; Nagel et al., 2012), especially those with a personal history of heavy

drug use (Weiland et al. 2012; for reviews, see Pihl et al. 1990; Nixon and Tivis 1997),

24A drinking pattern in which high quantities of alcohol are consumed in a short amount of time
(typically four drinks for women or five drinks for men consumed over approximately 2 hours) that
brings blood alcohol concentration (BAC) levels to 80 mg per 100 ml.
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neurofunctional abnormalities during working memory tasks have been demonstrated

in high-risk individuals. For example, whereas FHN teens show stronger frontal ac-

tivation during verbal (Cservenka et al., 2012) or spatial (Mackiewicz Seghete et al.,

2013) working memory vs vigilance control conditions, no such contrast is displayed by

their FHP peers (Cservenka et al., 2012; Mackiewicz Seghete et al., 2013). This lack

of frontal disengagement during vigilance indicates that these high risk persons still

allocate ”neural resources” under a relatively simple attentional and motor response

condition, which could explain visuospatial and visuomotor deficits reported in this

population (Hegedus et al., 1984; Tarter et al., 1984; Schaeffer et al., 1984; Aronson

et al., 1985; Tarter et al., 1989; Garland et al., 1993; Ozkaragoz et al., 1997). These

findings resonate with reports of comparatively weaker fronto-parietal connectivity in

drug-näıve FHP teens during a visual working memory task (Wetherill et al., 2012),

alluding to possible asynchrony in the functioning of the neural structures subserving

working memory (also see Rangaswamy et al., 2004). Conflicting reporting on this

issue nonetheless exists, with some studies finding that youth whose history of familial

AUDs was densest activated cingulate and medial frontal gyri least during a simple

vigilance condition relative to spatial working memory and most during rest25, perhaps

signifying a difficulty regulating the default mode network (DMN)26 (Spadoni et al.

2008; also see Correas et al. 2016). This inconsistency with the literature could be

attributable to the different task features, which ostensibly engage different neuronal

substrates (Spadoni et al., 2008). The authors of the latter study also noted ineffective

disengagement of the DMN in denser FHP teens in response to the spatial working

memory relative vs vigilance contrast (Spadoni et al., 2008), an irregularity that, given

the importance of working memory in the maintenance and updating of information,

could contribute to maladaptive- and risky- decision making in this vulnerable pop-

25A cognitive state in which a subject is quietly awake and alert but does not engage in or attend
to a specific cognitive or behavioral task.

26The DMN is a collection of midline and parietal brain regions that show more activity when
people are constructing representations of the past and the future, simulating the present or processing
semantic and conceptual content.
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ulation, especially those with denser familial alcoholism (Spadoni et al., 2008; Nagel

et al., 2012; Cservenka, 2016).

Prospective studies. A relationship between altered neural functioning under

working memory conditions and subsequent change in drug use habits has been es-

tablished. For example, reduced resting state regional cerebellar blood flow (rCBF)27

to the (inferior) parietal cortex at age 12–15 can predict the onset of disordered drug

use over a 3 year follow-up period (Ramage et al., 2015). In the latter study, the

marker was specific to the inferior parietal cortex, an area previously found to show

decreased rCBF in young alcoholic women (Clark et al., 2007; Gordon et al., 2011),

weaker BOLD activation during a spatial working memory task in adolescent binge

drinkers (Squeglia et al., 2011), and atrophy in long-term abstinent alcoholic men (Fein

et al., 2006; Jolles et al., 2011). Other studies have similarly suggested that studies

suggest that having less brain activation relative to comparison subjects during tasks

of working memory can be used to predict which youths will initiate alcohol use dur-

ing adolescence and less BOLD response contrast to a cognitive challenge by age 14

contributed to risk of moderate to heavy drinking by age 18 (Squeglia et al., 2016),

consistent with previous findings (Brown et al., 2008; Squeglia et al., 2012b; Whelan

et al., 2014).

1.9.1.2 Reward sensitivity

Cross-sectional studies. While reports of null results exist (e.g, Munro et al.,

2006; Bjork et al., 2008; Müller et al., 2015), findings of aberrant mesolimbic circuitry

functioning, and reward-related responding, particularly in the nucleus accumbens

(NAc28), have generally been a recurring theme across studies of alcoholics (Beck

27rCBF is a measure used to characterize tonic neural activity, allowing for inference to maturation
given the need for blood flow to support processes like neuronal proliferation and pruning (Uhlhaas
et al., 2010).

28The NAc is a major site of dopamine release in the mesolimbic pathway (Oades and Halliday,
1987).
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et al., 2009a; Makris et al., 2008; Wrase et al., 2007), and their unaffected first degree

relatives (Andrews et al., 2011; Yau et al., 2012). This has led for the proposition that

said characteristic as a precursive neurophenotypic marker of risk (reviewed in Heitzeg

et al., 2015).

The specific pattern of this aberration, nonetheless, has been subject to debate,

and evidence of pre-existing differences reward-related processing between FHP and

FHN persons has been mixed (reviewed in Cservenka, 2016). While some researchers

have noted comparatively weaker NAc activity during monetary reward anticipation in

non-abusing FHP adults (Andrews et al., 2011), others have found that this diminished

activation in FHP younger adults was conditional on the absence of a personal history

of problem drinking (Yau et al., 2012), and still others have shown greater striatal DA

release when tasting beer (versus Gatorade) in FHP adults compared with matched

low-risk controls (Oberlin et al., 2013). From the perspective of typical neurodevelop-

mental trajectory of the reward neurocircuitry, this discrepancy could be accounted

for by the ascertainment of different age groups across studies, as neural reactivity

to reward likely differs from one neurodevelopmental stage (e.g., age) to another, and

interacts with environmental influences (Yau et al., 2012; Bjork et al., 2008; Jacobus

and Tapert, 2013). It is additionally conceivable that said phenotype reflects a re-

silience mechanism, as Yau et al. (2012) did not detect its presence in problem drinker

FHP persons and in fact demonstrated an association between NAc activity during

incentive anticipation and externalizing symptom severity as well as lifetime drinking

(also see Lopez et al., 2014; Cservenka, 2016). This premise is also supported by a

recent report describing greater NAc activity in association with a greater propensity

for self-dyscontrol (Lopez et al., 2014), another finding that greater striatal activation

to pictures of alcohol in younger adults predicted subsequent escalating use of alco-

hol (Dager et al., 2014), and yet another showing that age of drunkenness onset and

dopamine release to monetary reward outcome were inversely correlated in a cohort

of PFH young adults (Weiland et al., 2016). A third possible scenario is that said
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discrepancy is driven, at least partly, by a lack or absence of emphasis on the person-

ality composition of ascertained samples (Cservenka, 2016). Numerous illustrations of

the importance of personality profiling have been made by functional neuroimaging

studies. For example, Yarosh et al. (2014) showed that behavioral risk-taking scores

were proportional to NAc activation in the context of a decision-making paradigm

(i.e, Domino29 task), but bore no association with FH status. Nees et al. (2012) noted

that whereas reward-related behavior and neural activity contributed to early-onset

alcohol use in healthy 14-year olds (N = 324), a comparatively greater proportion of

the variance was explainable by personality risk traits (i.e, sensation seeking, novelty

seeking, impulsivity and extroversion). Weiland et al. (2013) found that attenuated

functional connectivity of the NAc with regions ascribed to the DMN and sensori-

motor areas contribute to habit formation, observed in FHP persons during incentive

anticipation (MIDT), mediated the link between trait SS and alcohol intake (Weiland

et al., 2013). Moreover, Cservenka et al. (2014a) showed that stronger functional cou-

pling between the NAc and regions subserving top-down cognitive control processing

(e.g, IFG), displayed by FHP vs FHN youngsters (age 10–16) during resting state,

positively correlated albeit at a trend level, with trait sensation-seeking scores (also

see Galvan et al., 2006; Qiao et al., 2015). Such outcomes suggest that inter-individual

variations in reward-related neural activation may be better explainable by personality

or behavioral phenotypes than FH status (Cservenka, 2016).

Prospective studies. Prospective studies have persuasively made the case that

heightened reward-related brain activation (e.g., VS) early in the drug use trajectory

can predict subsequent alcohol-related phenotypes, and thus single out those who are

most susceptible to escalating use (reviewed in Heitzeg et al., 2015; Cservenka, 2016).

For example, enhanced NAc activity during monetary reward anticipation in 8-13

29In this task, subjects are informed that they are playing a competitive game against another
human opponent, when in fact they are competing against a computer, in which they have to make
risky or safe decisions to dispose of all of their domino chips.
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year-olds positively correlates with the number of drinking-related problems reported

over the next 3–6 years, even when controlling for lifetime drinking at time of the

scan (Heitzeg et al., 2014b). Similarly, greater engagement of the cue-reactive neu-

rocircuitry components (e.g, caudate, vmPFC, ACC, OFC, and insula; see Schacht

et al. 2013; Heinz et al. 2009) during the processing of alcohol vs non-alcohol cues in

18-21 year-olds predicts escalating alcohol use and more drinking-related consequences

within the next 3 years, above and beyond baseline level of alcohol intake and impulsiv-

ity scores (Dager et al., 2014). Further, increased BOLD activation within the superior

frontal gyrus to monetary reward at age 14 significantly predicted binge drinking by

age 16, as found in the IMAGEN sample (Whelan et al., 2014). Such findings are

compatible with an addiction model whereby heightened motivation for substances of

abuse over-engages networks dedicated to reward and motivation (Volkow et al., 2011).

It is also notable that Dager et al. (2014) found that having a positive family history

of AUDs was related to neither drinking levels at baseline nor subsequent change in

this behavior, which recapitulates the previously made point about the importance of

personality profiling samples ascertained to study this topic.

Summary In sum, while the picture is far from clear, family history cross-

sectional studies (Yau et al., 2012; Ivanov et al., 2012; Stice and Yokum, 2014), and

prospective studies (Heitzeg et al., 2014b; Dager et al., 2014; Whelan et al., 2014)

generally concur with the premise that hyperactivation of reward-related circuitry

represent a neurophenotypic precursive risk of AUDs and related SUDs, with some in-

dications that this relationship may be subject to developmental modulation (Heitzeg

et al., 2014b).

1.9.1.3 Emotional processing

Cross-sectional studies. Studies of alcoholics have documented the presence of

both difficulties with socioemotional communication (Thoma et al., 2013) and aber-
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rations in the functioning of the brain’s emotional systems under aversive conditions

(Marinkovic et al., 2009). Similar findings have been yielded by studies on non-using

or non-abusing FHP persons (reviewed in Cservenka, 2016). For example, Cservenka

et al. (2014b) noted that largely alcohol-näıve FHP teens unactivated the temporal lobe

among other neural structures involved in socio-emotional processing during the pre-

sentation of appetitive stimuli (i.e, happy faces). Hill et al. (2007a) found diminished

BOLD activation within the right middle temporal gyrus during a theory of mind task

in FHP young adults, although their sample was not completely psychopathology-

free. Glahn et al. (2007) described AMYG hyporesponsiveness to negatively valent

signals, namely fearful faces in FHP young adults, and directly linked it to impulsive

temperament. This finding resonates with a report linking genetic vulnerability for

drug use (Sipe et al., 2002) to attenuated AMYG activation to threatening material

in a normative cohort of middle-aged adults (Hariri et al., 2009). In a similar fashion,

Heitzeg et al. (2008) noted diminished AMYG activation to passively viewed negative

vs neutral words in OOA ages 16-20, although the manifestation of this aberration

was conditional on the presence of a personal history of excessive alcohol use and was

not demonstrated by non-problem drinking OOA.

Considered in combination with other work demonstrating a relationship between

relatively reduced threat-related AMYG (and relatively enhanced reward-related VS

activity) and problem drinking in university undergraduates (Nikolova and Hariri,

2012; Nikolova et al., 2016) that was mediated by impulsivity (Nikolova et al., 2016),

the study off Heitzeg et al. (2008) raises the possibility that absence of said premorbid

phenotype in OOA reflects a protective mechanism against the disorder (Cservenka,

2016), and could explain why some studies showed no evidence of blunted AMYG

responding to threatening faces in high-risk individuals (e.g, Cservenka et al., 2014b).

Other patterns of neural deactivation have also been documented using FHP teens

during the processing of subliminal emotional faces (Peraza et al., 2015). It is possible

that attenuated limbic activation to information signaling threat propels one to engage
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in risky behaviors (Glahn et al., 2007), as AMYG activation to fearful faces ostensibly

signifies a ”breaking” mechanism, through which engagement in risky behaviors might

be diminished (Amaral, 2002; Ernst et al., 2006). Notwithstanding, an association

between heightened AMYG reactivity to threat signals and problem drinking that is

mediated by anxious/ depressive symptomatology has also been established in young

adult university students (Nikolova and Hariri, 2012; Nikolova et al., 2016). This ob-

servation resonates with reports of heightened AMYG responsiveness to threat-related

stimuli in individuals with clinical anxiety and mood dysregulation conditions (Stein

et al., 2002; Etkin and Wager, 2007), those occurring in frequent association with and

contributing to the development of disordered drinking (Conway et al., 2006; Boschloo

et al., 2011). Therefore, both hyper- and hypo-activation of the AMYG to threatening

stimuli may dispose for alcohol misuse, if through differential risk pathways, one inter-

nalizing and another externalizing, respectively (Nikolova and Hariri, 2012; Nikolova

et al., 2016).

Prospective studies. Relative to inhibitory control and reward processing, emo-

tional processing has received much less attention from prospective investigations and

the number of studies conducted on this topic has been extremely small. Nonetheless,

the previously cited Nikolova studies indicated that relatively exaggerated and dimin-

ished threat-related AMYG activation predicted escalating drinking 3-months later

via, respectively, anxiety and impulsivity (Nikolova and Hariri, 2012; Nikolova et al.,

2016).

Summary. Two diametrically opposing patterns of aberration in threat-related

AMYG responsiveness appear to be associated with distinct risk pathways of AUD

development: AMYG hyperactivation is related to AUDs through the internalizing

pathway whereby one drinks to cope with stress, via anxiety symptoms, while AMYG

hypoactivation is conversely associated with the disorder through the externalizing
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pathway, whereby one drinks to enhance one’s mood as part of a general disinhibitory

proclivity cope with stress, via impulsivity.

1.9.2 Structural Neuroimaging Markers

Brain structure is substantially genetic, certainly much more so than its function

(Jansen et al., 2015). Heritability of GM volume has been conservatively estimated

at 70% (Gilmore et al., 2010) and of WM volume > 96% (Bohlken et al. 2014; see

Jansen et al. 2015 for a comprehensive review). A burgeoning research has identified

abnormalities in brain morphology in non-disordered FHP persons. A full treatment

of this literature is beyond the scope of this thesis (reviewed in Heitzeg et al., 2015).

Rather, the goal here is to highlight the main findings.

1.9.2.1 White Matter Maturation

Cross-sectional studies. While the picture is far from clear and reports of null

findings exist (e.g, Squeglia et al., 2015), it generally appears to be the case, based on

diffusion tensor imaging (DTI)30 investigating the presence of altered WM macrostruc-

ture (e.g, volume, track strength, and architectural complexity) and/ or microstructure

in teens with minimal to no prior drug use, that youth with familial alcoholism tend

to display both atypical WM microstructure and in the presence of multiplex familial

loading of the condition (Herting et al., 2011; Jacobus and Tapert, 2013), and/ or a

personal history of heavy drug use (Bava et al., 2013a; Jacobus et al., 2013; McQueeny

et al., 2009), perturbed WM macrostructure (i.e, volume) as well. This pattern of find-

ings resonates with reports of describing reduced volume, particularly in the OFC, in

association with self-dyscontrol and trait impulsivity (Hill et al., 2009), as these char-

acteristics are more likely to be present at higher levels in those with multigenerational

30An MRI technique that enables the measurement of the diffusion properties of water molecules
in brain tissues. Since the diffusion properties of water differ between different types of brain tissues,
DTI can be used to measure the microstructural properties of these tissues. The most common use
of DTI is to evaluate white matter tracts, which have greater diffusion along the WM tract compared
with tangential to the WM tracts.
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as opposed to unigenerational familial AUDs (Conrod et al., 1997a; Finn et al., 1992;

Sanchez-Roige et al., 2016; Acheson et al., 2016).

Specifically, Squeglia et al. (2015) found no WM mactrostructural aberrations in

reward-related regions, namely NAc and OFC or alterations in their corresponding

WM tracts in FHP teen. They also found no significant associations between WM in-

dices and behavioral phenotypes (Squeglia et al., 2015). Atypical WM microstructural

characteristics of the aforementioned regions were nonetheless seen, and indicated an

abnormally precocious development, such that WM integrity within the NAc and OFC

was better compared with the control group (Squeglia et al., 2015). This irregularity,

the authors postulated, potentially influences behaviors and cognitive functions that

emerge alongside typical white matter maturation in youth (Bava et al., 2010; Yap

et al., 2013). Consistently, Squeglia et al. (2014b) detected the same pattern of irreg-

ular WM maturation in nearly 20 WM tracts throughout the brain in OOA (Squeglia

et al., 2014b), an observation congruent with a report of functional frontoparietal dys-

connectivity absent disruption of corresponding WM tracts in substance-näıve FHP

teens (Wetherill et al., 2012).

Along similar lines, aberrations in frontal WM tracts have been identified in youth

liable for SUDs (Lee et al., 2011; Charach et al., 2011; Shollenbarger et al., 2015),

diagnosed with ADHD (Li et al., 2010) or conduct disorder (Sarkar et al., 2013),

alcohol-abusing juvenile offenders (Thayer et al., 2013), or have a marked proclivity

to engage in particularly risky and dangerous behaviors (Berns et al., 2009). It is pos-

sible that WM maturation begins comparatively earlier and/ or is more precipitous in

said vulnerable teen population, probably instilling/ unmasking a latent predilection

to engage in risky behaviors, even before behavioral alterations have become readily

apparent (Squeglia et al., 2015). This proposition is congruent with fMRI studies link-

ing more ”mature” BOLD response patterns to greater rates of drug misuse (Wetherill

et al., 2013b; Heitzeg et al., 2014a; Squeglia et al., 2012b, 2016). Early and precocious

neurodevelopment might be a risk factors that propels teens to initiate and escalate
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in, among other risky behaviors, addictive substance use, as compared to normative

peers (Squeglia et al., 2016). At the same time, they might also have a predilection for

earlier autonomy, behavioral exploration, and prosocial behaviors, all characteristics

that might make them superior to their peers in some respects (e.g, more resilient),

barring engagement in risky behavior (Squeglia et al., 2015). This alludes to a window

of opportunity as opposed to mere vulnerability (Squeglia et al., 2015). Importantly,

whereas the picture emerging from the above mentioned suggests that the trajectory of

WM maturation, in at risk teens, goes from being catalyzed prior to initiating drug use

to paralyzed after (”pseudo-maturity”; Squeglia et al., 2016), it remains to be deter-

mined whether this association is causal or like alcoholism itself, a mere consequence

of the actual cause.

With respect to WM macro-structural aberrations, worse WM integrity in tracts

corresponding to fronto-cerebellar regions has been detected in the drug-näıve teen

OOA, and found to co-occur greater impulsivity, as indexed by poorer performance on

a task of delay discounting31. Importantly, these alcohol-related disturbances are seen

as unfolding during a time when the typically developing adolescent brain (healthy non-

using and/ or low-risk) is showing increasing WM coherence and more mature neural

processing (Giorgio et al., 2008; Schmithorst and Yuan, 2010; Stiles and Jernigan,

2010; Lebel et al., 2012a; Wandell, 2016; Krogsrud et al., 2016).

Prospective studies. Perturbed WM integrity has been found to prospectively

predict risky behaviors including delinquency/ aggression and substance use measured

over 1.5 years (Bava et al. 2013b; also see Jacobus et al. 2012; reviewed in Jacobus

and Tapert 2013; Squeglia and Gray 2016).

31The reduced ability to choose larger but delayed rewards compared with smaller but earlier
rewards (seen as an index of impulsive tendencies) (Heinz et al., 2011).
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1.9.2.2 Grey Matter Maturation

Volumetric GM aberrations and architectural alterations in number of brain regions

have been documented in people with AUDs/ SUDs and their first degree relatives,

with some findings being more consistent than others (for recent reviews, see Hill and

O’Brien, 2015; Heitzeg et al., 2015; Cservenka, 2016). The list of regions include but

is not limited to the cerebellum (Bellis et al., 2005; Benegal et al., 2007; Hill et al.,

2007b, 2011; Squeglia et al., 2014c), ACC (Benegal et al., 2007; Squeglia et al., 2012a;

Cheetham et al., 2014), HC (De Bellis et al. 2000; Nagel et al. 2005; Medina et al. 2007;

Hanson et al. 2010; Van Dam et al. 2014; Grodin and Momenan 2016; Mole et al. 2016;

although see Hill et al. 2001), NAc Cservenka et al. 2015; Urošević et al. 2015; Grodin

and Momenan 2016; although see Mole et al. 2016), putamen (Ersche et al., 2013a),

thalamus (Bellis et al., 2005; Benegal et al., 2007; Grodin and Momenan, 2016), insula

(Chung and Clark, 2014) and of the particular relevance to this thesis, the AMYG

(Hill et al., 2001, 2013, 2010; Benegal et al., 2007; Dager et al., 2015; Wrase et al.,

2008; Zhang et al., 2013; Durazzo et al., 2016) and OFC (Hill et al. 2010, 2009; Lyoo

et al. 2015; Ersche et al. 2011; Franklin et al. 2002; Alia-Klein et al. 2011; Matochik

et al. 2003; Sim et al. 2007; Moreno-López et al. 2012; Hanlon et al. 2011; Parvaz et al.

2012; Ersche et al. 2013b; for reviews, see Jacobus and Tapert 2013; Hill and O’Brien

2015; Heitzeg et al. 2015; Salvatore et al. 2015; Squeglia and Gray 2016; Brooks and

Stein 2016).

AMYG. Smaller AMYG GM volume has been noted in individuals with current

(Wrase et al., 2008; Zhang et al., 2013; Dager et al., 2015) and past (Dager et al., 2015)

AUD, and shown to predict craving and relapse after undergoing treatment (Wrase

et al. 2008; Zhang et al. 2013; also see Durazzo et al. 2016). The same anomaly has

also been documented in high-density (multiplex32) FHP adults (Hill et al., 2001, 2013,

32Multiplex or multigenerational familial alcoholism is defined as having multiple alcoholic bio-
logical relatives, with persons who classify as such being typically considered at ultra-high risk for
developing alcoholism.
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2010; Benegal et al., 2007), adolescents (Hill et al., 2001; Benegal et al., 2007) and

children (Benegal et al., 2007), in unaffected first degree adult relatives of alcoholics

(Benegal et al., 2007; Dager et al., 2015) and in infants prenatally exposed to alcohol

(Donald et al., 2016). The previously mentioned information suggests that AMYG

GM volumetric shrinkage presages and perpetuates risk of the explosion. Said dys-

morphology purportedly connotes precursive externalizing risk in general as opposed

to susceptibility for specifically alcoholism, as it has been found to correlate with a

dose-dependent increase in trait impulsivity scores (Tajima-Pozo et al., 2016), and

externalizing symptoms severity (Benegal et al., 2007), to predict escalating psychos-

timulants use (Becker et al., 2015), and to manifest itself in ADHD-disordered (unmed-

icated) adults (Tajima-Pozo et al., 2016) and conduct-disordered teens (Sterzer et al.

2007; Huebner et al. 2008; Fairchild et al. 2011, 2013; although see for null results in

children Fairchild et al. 2013), especially those with callous-unemotional (CU)33 traits

(Cope et al., 2014; Cohn et al., 2016), relative to their typically developing peers (for

meta-analyses, see Rogers and De Brito 2016; Noordermeer et al. 2016; for a systematic

review, see Noordermeer et al. 2016). The aforementioned externalizing disorders fre-

quently co-occur and share their aetiology (Slutske et al., 1998; Edwards and Kendler,

2012; Salvatore et al., 2015) with AUDs. Notwithstanding, while the regional struc-

tural dysmorphology exemplifying both the AMYG meets many of the endophenotype

criteria (Salvatore et al., 2015), its causal status remains to be definitively determined.

OFC. Significantly reduced OFC GM volume has been observed in youth and young

adults with multiplex familial alcoholism (Hill et al. 2010, 2009; also see Lyoo et al.

2015), and described in prospective association with escalation into drug abuse in

younger teens (e.g, at a 4-year follow-up; Cheetham et al., 2012), with the possible

confounding of personal history of alcohol and other drug use controlled for (see Hill

and O’Brien, 2015). Such effects have often been specific to the right hemisphere (Hill

33CU traits index diminished empathy and remorse, a proclivity to manipulate and be unconcerned
with others (Essau et al., 2006).
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et al., 2010, 2009; Cheetham et al., 2012), which resonates with indications that the

right OFC is particularly important (Tessner and Hill, 2010) in the association be-

tween this region and disordered drug use (Lubman et al., 2004; Volkow and Fowler,

2000; Goldstein and Volkow, 2002; Dom et al., 2005; Schoenbaum and Shaham, 2008).

This observation is additionally congruent with reports of unique associations between

unilateral damage to the right OFC (in humans) and profoundly disturbed socioaf-

fective processing (Tranel et al., 2002; Hill and O’Brien, 2015) and decision-making

ability (Bechara et al. 1994; reviewed in Gordon 2015).

As such, even though the contemporary literature suggests that chronic and exces-

sive drug use might be particularly neurotoxic to the OFC (Hill and O’Brien, 2015),

and links orbitofrontal volume decline to prolonged stimulant use (Ersche et al. 2011;

Franklin et al. 2002; Alia-Klein et al. 2011; Matochik et al. 2003; Sim et al. 2007;

Moreno-López et al. 2012; Hanlon et al. 2011; Parvaz et al. 2012; for a meta-analysis,

see Ersche et al. 2013b), reduced OFC volume does appear to presage the onset of

disordered-drug use, if it is dose-dependently perpetuated by it. Fascinatingly, volu-

metric enlargement of the OFC GM has been found in casual cocaine users who have

regularly consumed cocaine for 8 years while managing to not abuse, compared with

non-using low-risk matched controls, cocaine addicts and their unaffected biological

siblings, suggesting that this atypical volume increase conceivably denotes resiliency

to the effects of cocaine and possibly reflects advantageous decision-making abilities

or inhibitory control and might have been serving to protect these individuals against

drug abuse throughout their years of recreational and regular use (Ersche et al., 2013a).

This notion is supported by reports of enhanced attentional bias to cocaine cues in

stimulants (cocaine) addicts but not recreational users (Smith et al., 2014). This re-

sponse, or lack thereof, on part of longtime casual users co-occurs with comparatively

significant underactivation of both the orbitofrontal and anterior cingulate cortices

(Smith et al., 2014) - the latter being, like the formers, vitally involved in inhibitory

control and reward-based decision-making (Lubman et al. 2004; Ridderinkhof et al.
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2004; for more information on the OFC and ACC, see sections 1.10.2 and 1.10.2, re-

spectively) Finally, it is notable that as in the case of AMYG, said OFC volumetric

perturbation likely predisposes for a host of externalizing problems, having has also

been documented in adult ADHD patients (Hesslinger et al., 2002) and in conduct-

disordered compared with typically developing children (Sebastian et al. 2016; for a

systematic review and meta-analysis, see Noordermeer et al. 2016).

In sum, it appears that OFC GM volume reduction potentially serves as a familial

vulnerability marker for externalizing psychopathologies, the abuse of alcohol and

psychostimulants amongst them.

1.10 Using Emotional Challenge Paradigms to Delineate Risk

Pathways for AUDs

1.10.1 Face Emotion Processing

A facial expression can be viewed as an environmental ”canvas”, from which infor-

mation reflecting the internal emotional states and intentions of others is consistently

extracted to help us predict their responses to events and adjust ours accordingly (Dar-

win, 1965, 1872; Schwanenberg, 1974; Ekman, 1993, 2007; Frith, 2009). This makes

face emotions ”the most immediate and important social signals for the human species”

(LeDoux, 1998a), and places the ability to (accurately) identify and appropriately re-

spond to them at the crux of human social interactions (Marsh 2015; also see Adolphs

2003; Kemmis et al. 2007; Verdejo-Garćıa et al. 2007; Fairchild et al. 2009; Kim et al.

2011b; Blair 2012; Collin et al. 2013; Hopfer et al. 2013; Morgan and Marshall 2013;

Ersche et al. 2015; Bora and Zorlu 2016). How we respond to facial affect is determined

by innate predilections and/ or quickly learnt associations (Bruce and Young, 1986;

Stenberg et al., 1998; Haxby et al., 2000; LeDoux, 2000b; Öhman and Mineka, 2001;

Myers and Davis, 2002; Weymar and Schwabe, 2016). As such, face emotions can be
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usefully thought of as a naturally conditioned stimuli34, in the sense that the subjec-

tive, physiological and neural responses they trigger have come to approximate those

evoked by whatever events or occurrences these stimuli had predicted for us in the past

(Hariri and Whalen 2011; Whalen and Phelps 2009; also see Bouton 2007). Based on

this and compelling evidence suggesting the ecological validity of positive and nega-

tive facial expressions exceeds that of other emotional stimuli (e.g, words; reviewed

in Heinrichs and Hofmann 2001), facial displays of affect have been widely utilized

by studies aimed at capturing individual differences in emotion processing (Ekman

et al., 1987; Hamann and Canli, 2004). In this context, the most prevalent use has

been of basic emotions, which total six: fearful, angry, disgusted, surprised, sad and

happy faces (Ekman 1994; Dubois and Adolphs 2015; although presentations of more

complex emotions, e.g, moral emotions35 have also been used and become increasingly

popular in recent years). Facial displays of fear signal direct, albeit unspecified, envi-

ronmental threat against the individual (Anderson et al., 2003), and relative to other

basic emotions, they are consistently the most commonly misrecognized (Elfenbein

et al., 2002), with identification accuracy relating to, among other variables, indices

of intelligence (Amlerova et al., 2014; Simon et al., 1996; Kessels et al., 2014). An-

gry faces may, too, be perceived as immediately threatening as they potently signal

social disapproval (Blair, 2003a). Because of that, facial displays of covert fear and

anger, and perhaps other negative emotions, can also instigate a critical component of

anxious psychopathologies, namely the anticipation of impending threats (Taylor and

Whalen, 2015), leading individuals with or at-risk for these disorders to respond with

hypervigilance (Etkin et al., 2004; Williams et al., 2007; Eisenegger et al., 2011). This

34A previously neutral stimulus that comes to acquire aversive or rewarding properties following
its co-occurrence with a naturally (respectively) aversive or rewarding stimulus (i.e, unconditioned
stimulus).

35Moral emotions include guilt, shame, embarrassment, jealousy, pride and other states that depend
on a social context. They arise later in development and evolution than the basic emotions and require
an extended representation of oneself as situated within a society. They function to regulate social
behaviours, often in the long-term interests of a social group rather than the short-term interests of
the individual person Adolphs 2002).
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concept has representation in the defensive survival circuit” (LeDoux, 1996; Ledoux,

2002; LeDoux, 2012, 2013, 2014a,b,b, 2015), which primarily encompasses the AMYG,

insula (aINS) and ventral anterior cingulate cortex (vACC), although other regions

such as the HC are also certainly involved (Martin et al. 2009; reviewed in Posamentier

and Abdi 2003).

The AMYG. Often referred to as the amygdaloid complex, the AMYG is a small

almond-shaped medial temporal lobe structure (Swanson and Petrovich, 1998). This

region comprises two subdivisions: the basolateral (BLA) and centrocorticomedial

(CeA), with multiple functionally segregated and morphologically heterogeneous nu-

clear divisions totalling ∼ 12 (see Amaral et al., 1992; Kim et al., 2011a; Grant et al.,

2015b; Tye et al., 2011; Sah et al., 2003; LeDoux and Schiller, 2009; De Francesco

et al., 2015). The AMYG is one of the most heavily interconnected neural structures

(Kubota and Niki 1971; Swanson 2003; Davis and Whalen 2001; Pessoa 2008; although

it is notable that the AMYG projects to the cortex much more than it receives Freese

and Amaral 2009; LeDoux and Schiller 2009), and is regarded as the epicenter for

fear conditioning (which signifies learning to predict immediate danger; LeDoux et al.,

1990; LeDoux, 2003, 2007; Quirk et al., 1995; Gallagher and Chiba, 1996; Rogan et al.,

1997; LaBar et al., 1998; Whalen, 1998; Whalen et al., 1998b; Whalen and Phelps,

2009; Adolphs et al., 1995; Adolphs, 2008, 2013; Haxby et al., 2002; Davis et al., 2010;

Davis and Whalen, 2001; Davis et al., 2010; Zald, 2003; Collins and Paré, 2000; Wilen-

sky et al., 2006; Duvarci and Pare, 2014; Fox et al., 2015; Johnson and Casey, 2015;

Duits et al., 2015; Rigoli et al., 2016; Felix-Ortiz et al., 2016). Its heightened reactiv-

ity appears to causally contribute to threat-induced negative affect (Shackman et al.,

2016a), is inducible by stress and adversity (Dannlowski et al., 2012), and can predict

subsequent development of internalizing symptamology (Swartz et al., 2015). Specifi-

cally, the BLA is primarily glutamatergic (Smith and Pare, 1994; Carlsen, 1988; Tye

et al., 2011), projects to the BNST, NAc, HC and cortex (Pitkänen, 2000; Tye et al.,
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2011) and is critical for threat detection and the consolidation of learnt states of fear

(Quirk et al., 1995; Collins and Paré, 2000; Hobin et al., 2003; LeDoux, 2007; Sangha

et al., 2013; Johnson and Casey, 2015; Felix-Ortiz et al., 2016; Beyeler et al., 2016). It

is on this subnucleus that sensory thalamic inputs during fear learning converge (Quirk

et al., 1995; Collins and Paré, 2000; Johnson and Casey, 2015). Conversely, the CeA,

is mainly gamma-aminobutyric acid (GABA)-ergic (McDonald, 1982; LeDoux, 2007;

Tye et al., 2011) and particularly the CeM (which is the primary output subterritory

of the AMYG; Krettek and Price, 1978a,b; Tye et al., 2011), receives gluatamatergic

projections from BLA (Grant et al., 2015b). The latter subnucleus has generally been

linked to the expression of anxiety (Kalin et al. 2004; Etkin et al. 2009; Lyons and

Thiele 2010; Tye et al. 2011; Gilpin et al. 2015; Oler et al. 2015; Shackman and Fox

2016; also see Paton et al. 2006; Gore et al. 2015; Beyeler et al. 2016; Maren 2016;

reviewed in Shackman and Fox 2016), activating upon threat detection and thereby

precipitously eliciting autonomic and behavioral (defensive) reactions associated with

fear and anxiety states via projections to the hypothalamus (autonomic responses such

as heart rate and respiration), PVN (PVN; GCs), and PAG (somatomotor reactions

such as freezing) (Swanson and Petrovich, 1998; Davis, 2000b; Tye et al., 2011; Mc-

donald, 1998; Armony and LeDoux, 1997; Walker et al., 2003; Maren, 2001; Johnson

and Casey, 2015). Such responses are, at least temporarily, adaptive in that they allow

the organism to learn best (Weisz et al., 1992; Whalen, 1998; Gallagher and Holland,

1994; Kapp et al., 1992).

It has long been speculated, but only recently directly substantiated that there ex-

ists a phylogenetically ancient subcortical pathway conveying rapid, yet coarse, threat-

related information to human AMYG (Méndez-Bértolo et al., 2016), with this pathway

becoming quickly operative when fearful, but not neutral or happy, nor highly arous-

ing pictorial stimuli, are unconsciously processed (Méndez-Bértolo et al., 2016). This

implies that the centrality of the AMYG to fear may not necessarily generalize to

other emotions (Marsh, 2015), without suggesting that subserving fear is all that the
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AMYG does (it is not, see below). Indeed, extensive evidence indicates that focal bilat-

eral AMYG damage hinders the recognition of and sensitivity to fear-signaling stimuli

(Adolphs et al. 1994, 1999, 2002, 2005; Young et al. 1995; Anderson and Phelps 2001;

Sato et al. 2002; Wiest et al. 2006; Scheele et al. 2012; Feinstein et al. 2013; Bach et al.

2015; Dal Monte et al. 2015; Amaral and Adolphs 2016; Khalsa et al. 2016; De Winter

et al. 2016; Pishnamazi et al. 2016; Claire et al. 2016; but see Becker et al. 2012), and

the capacity to experience any sort of subjective fear (Feinstein et al. 2011; Klumpers

et al. 2015; but see Tranel and Damasio 1989; Meadows and Kaplan 1994; Anderson

and Phelps 2002; Becker et al. 2012).

It has been argued that the AMYG drives reflexive orienting to facial features

(Gamer et al., 2013) and operates based on a set of implicit principles (reviewed in

Hariri and Whalen, 2011). Substantive evidence comes from the work of Todorov’s

group (Engell et al., 2007; Said et al., 2009), in which healthy subjects were pre-

sented with many ambiguously valent (i.e, neutral) face photographs and instructed

to verbally indicate to the investigators the level of perceived trustworthiness of each

face based on their ”gut” reaction (Engell et al., 2007; Said et al., 2009). These re-

searchers found that AMYG activation to said faces corresponded to subjects verbal

assessments, but was even more strongly related to the consensus ratings (i.e, mean

trustworthiness score) for each face (Engell et al., 2007; Said et al., 2009). Along the

same lines, a study by Mujica-Parodi et al. (2009) found that when exposed to sweat

samples obtained from individuals who had either just undergone their first ever sky

dive or a treadmill exercise, subjects showed greater AMYG activation to samples from

the first-timer sky-divers, despite having no way of knowing which sample belonged

to whom.

The aforementioned outcomes adhere with a massive literature indicating that in

both animals and humans, the AMYG functions as a monitoring and protection de-

vice, being designed to automatically detect and evade danger (LeDoux 1998b, 2015;

Whalen 1998; Hariri and Whalen 2011; Grant et al. 2015b; also see Madarasz et al.
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2016). These outcomes additionally resonate with the prevailing view of fear as an

innate (or quickly learnt), universal and highly evolutionary conserved experience

(LeDoux, 2000b; Myers and Davis, 2002) that requires no (or very little Weymar

and Schwabe, 2016) prior learning (Öhman and Mineka, 2001).

Though a somewhat oversimplified view, initial enhanced AMYG reactivity can be

overridden and regulated automatically by the hippocampus (Maren et al., 2013; Ked-

ing and Herringa, 2014) or cognitively by the prefrontal cortex, specifically vmPFC36/

medial OFC (Hariri et al., 2000; Ochsner et al., 2002; Milad and Quirk, 2002; Kim

et al., 2003; Phelps et al., 2004; Van Reekum et al., 2007; Hare et al., 2008; Sotres-

Bayon and Quirk, 2010; Whalley, 2014; Abiri et al., 2014; Johnson and Casey, 2015;

Powers and Casey, 2015; Baratta et al., 2015; Motzkin et al., 2015; Shiba et al., 2016).

The latter region projects directly and densely to the AMYG and is regarded as it chief

regulatory structure (Porrino et al., 1981; Amaral and Price, 1984; Ghashghaei et al.,

2007), and the two work alongside of each other to decode and represent affectively

laden information (Bechara et al., 2000; Blair, 2003b; Price, 2003; Ochsner et al., 2004;

Stein et al., 2007a; Ghashghaei et al., 2007; Murray and Izquierdo, 2007; Gorka et al.,

2013).

Failure of this regulatory function can translate into mishandling of the calculation

of actual threat, leading to and causing failure of AMYG reactivity to subside when

threat ceases to exist and signaling danger no longer warranted, which is precisely

what appears to be the case in conditions of clinical and subclinical anxiety (Shin

et al., 2005; Whalen, 2007; Tottenham et al., 2009; Casey et al., 2011a; Sladky et al.,

2015; Etkin et al., 2015; Geiger et al., 2016; Shackman et al., 2016b; Bas-Hoogendam

et al., 2016). There is extensive evidence of AMYG hyperactivity during the conscious

or non-conscious processing of threatening versus neutrally (or positively) valent faces

among individuals with SAD (social phobia; Stein et al. 2002; Straube et al. 2004; Phan

36The vmPFC corresponds to regions of the cerebral cortex on the ventral and medial surfaces of
the frontal lobes, including the OFC, gyrus rectus and ACC.
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et al. 2006; Blair et al. 2008; Evans et al. 2008; Shah and Angstadt 2009; Klucken et al.

2009; Kleinhans et al. 2010; Freitas-Ferrari et al. 2010; Demenescu et al. 2013; Fouche

et al. 2013; Brühl et al. 2014; Binelli et al. 2014; Fonzo et al. 2015; Blair et al. 2016;

Charpentier et al. 2016; but see Klumpp et al. 2013b), GAD (McClure et al. 2007;

Monk et al. 2008a; Fonzo et al. 2015; but see Whalen et al. 2008), PD (Poletti et al.

2015; Sakai et al. 2005; Ottaviani et al. 2012; Fonzo et al. 2015; but see Demenescu

et al. 2013; Pillay et al. 2006; Poletti et al. 2015; Etkin and Wager 2007), PTSD

(Fredrikson and Faria 2012; Rauch et al. 2000; Fonzo et al. 2010; Armony et al. 2005;

Mahabir et al. 2015; Rabellino et al. 2016; also see Diener et al. 2016), OCD (Via

et al., 2014; Weidt et al., 2016), specific (simple) phobias (Wright et al. 2003; Schienle

et al. 2005b; Straube et al. 2007b; Fredrikson and Faria 2012; for reviews, see Brooks

and Stein 2015; Taylor and Whalen 2015; Britton and Rauch 2008; Shin and Liberzon

2010; Holzschneider and Mulert 2011; Blackford and Pine 2012; Paulus 2008; Etkin

and Wager 2007; Mochcovitch et al. 2014; Brühl et al. 2014; Stern and Taylor 2014;

Bas-Hoogendam et al. 2016; Habecker et al. 2016; Ducharme et al. 2016; Hendler and

Admon 2016), in addition to depressives (Hamilton et al., 2012; Groenewold et al.,

2013; Mattson et al., 2016; Beesdo et al., 2009) and mood disordered persons (Tseng

et al., 2016).

An equally solid body of evidence has extended this phenomenon to nonclinical

cohorts of individuals characterized as ”phobia-prone” (Bertolino et al., 2005), neurotic

(Etkin et al. 2004; Barrett and Armony 2009; Phan et al. 2006; Rauch et al. 2000; Stein

et al. 2007b; Paulus 2008; also see Haas et al. 2007), anxiety-sensitive (Stein et al.

2007b; although see Killgore et al. 2011), socially anxious (Killgore and Yurgelun-

Todd, 2005; Ball et al., 2012), threat-sensitive (Cools et al., 2005), dispostionally-

negative (Shackman et al., 2013), harm-avoidant, uncertainty intolerant (reviewed in

Schienle et al., 2010).
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The INS. The INS is a small island of cerebral cortex buried in the Sylvian fissure,

and extensively connected with cortical and subcortical neural structures (e.g, OFC,

ACC, AMYG and ventral striatum; Augustine 1996; Cavada et al. 2000; Reynolds

and Zahm 2005). By virtue of its anatomical position and connectivity pattern, the

INS plays a vital role in emotional processing and reactivity (Kelly et al., 2012; Chang

et al., 2012; Ryali et al., 2013; Uddin et al., 2014).

The INS divides into two subregions: posterior and anterior, the latter being of

particular focus in this thesis. The posterior INS (pINS) bears functional connections

to primary and secondary somatomotor cortices (Deen et al., 2011), and receives basic

sensory information (e.g, regarding pain and visceral changes; Craig 2009; Grupe and

Nitschke 2013)

The comparatively larger anterior INS (aINS), on the other hand, is functionally

and structurally connected with the AMYG (Deen et al., 2011; Baur et al., 2013). The

evidence implicating the INS in affective processing is broad and deep. This region is

chiefly involved in subjective interoception and more broadly contributes to promoting

subjective awareness of emotionally potent stimuli (Critchley et al., 2002, 2004; Gray

et al., 2007; Craig, 2009, 2011; Paulus and Stein, 2006; Garfinkel et al., 2015; Haase

et al., 2016; Kuehn et al., 2016; Li et al., 2016a; Nguyen et al., 2016). It activates

during the processing of negative emotions and events (e.g, monetary loss cues; Knut-

son and Greer, 2008), the anticipation of aversive stimuli (e.g, negative images; Paulus

and Stein, 2006; Simmons et al., 2006, 2008a; Grupe and Nitschke, 2013; Shankman

et al., 2014; Eisenberger, 2015b) and to risk risk aversion (Kuhnen and Knutson, 2005).

Damage to the aINS has been found to result in acquired alexithymia (i.e, a difficulty

in identifying and/ or describing one’s own feelings; Hogeveen et al. 2016) a condition

hallmarked by impaired interoceptive awareness (Longarzo et al., 2015; Shah et al.,

2016; Morie et al., 2016; DuBois et al., 2016). Interestingly lesioning the aINS in rats

has also been recently shown to diminish impulsive behavior, suggesting that the aINS

is a causal contributor to individual vulnerability to impulsive-compulsive phenotypic
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manifestations (Belin-Rauscent et al., 2016), consistent with extensive evidence im-

plicating this region in addiction (Naqvi et al., 2007; Naqvi and Bechara, 2009, 2010;

Paulus and Stewart, 2014; Belin-Rauscent et al., 2016).

The aINS consistently activates during the anticipation of pain (Wager et al., 2004;

Paulus and Stein, 2006; Simmons et al., 2006; Drabant et al., 2011; Eisenberger, 2015b),

imagining oneself experiencing pain (Carlsson et al., 2006; Ogino et al., 2007; Ploghaus

et al., 1999), and intensity encoding of pain (Peyron et al., 1999; Craig et al., 2000;

Bantick et al., 2002), which has led to its proposal as a ”pain” site (Eisenberger, 2015b).

The INS, particularly the aINS, has been ascribed to and is considered to be at the core

of the ”salience network” of brain function (Seeley et al., 2007), which is dedicated to

the detection of salient sensory material (Critchley et al., 2004; Craig, 2009; Iannetti

and Mouraux, 2010; Grupe and Nitschke, 2013), and additionally encompasses, among

other regions, the midcingulate cortex (MCC; reviewed in Vogt 2016) particularly its

anterior division (aMCC =MCC, BA 24), and the thalamus (see Kinomura et al., 1996;

Purpura and Schiff, 1997; Portas et al., 1998; McAlonan et al., 2008). Activation of the

”salience network” has been extensively debated in the context of social (and physical)

pain (and its anticipation), which is why it is regarded as the ’medial pain system’

or the classic pain matrix (see Peyron et al., 2000; Casey, 1999; Ingvar, 1999; Davis,

2000a; Wager et al., 2004; Eisenberger, 2012b; Christoffel et al., 2015).

Unlike the AMYG, which is consistently responsive to both masked and unmasked

threatening faces in normal persons (Critchley et al., 2002), the INS activates to the

latter but not the former and necessarily as a function of conscious awareness of

said stimuli (Critchley et al., 2002). That said, like the AMYG, the INS has also

been repeatedly implicated in the aetiology of anxious psychopathologies (reviewed in

Etkin and Wager, 2007; Damsa et al., 2009; Taylor and Whalen, 2015), with heightened

INS, especially aINS activation to aversive versus neutral (or happy) faces being one

of the more consistent findings across studies of SAD (Stein et al. 2002; Shah and

Angstadt 2009; Klumpp et al. 2013b; also see van Tol et al. 2012), PD (Fonzo et al.,
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2015), specific phobia (Wright et al., 2003) and OCD (Schienle et al., 2005a) relative to

matched controls. This phenomenon has also been extended to nonclinical cohorts that

classify as anxiety-prone, being frequently described, in a typically dose-dependent

association with symptoms of trait anxiety (Stein et al., 2007b; Engel et al., 2009),

anxiety-sensitivity (Stein et al. 2007b; Killgore et al. 2011; but see Ball et al. 2012),

SA (Ball et al., 2012) and IU (Simmons et al., 2008a)).

Such outcomes are compatible with the view that subjective anxiety emerges when

the bodily arousal sensations represented by the aINS are misrepresented/ inaccurately

categorized, leading for an over prediction of future aversive interoception (Paulus and

Stein, 2006; Paulus, 2008).

It is notable that the aINS has been theorized to be a central underpinning of

anxiety-sensitivity (Paulus and Stein, 2006), as AS persons are particularly prone to

experiencing greater aINS ”anticipatory prediction error signal” (Harrison et al., 2015),

which result in a predilection for tense hyperarousal and catastrophic appraisals of

anxiety-related symptoms, as per Paulus and Stein (2006). Though findings lending

support to this hypothesis have been preliminary Stein et al. 2007b; Killgore et al.

2011, inconsistencies within the the literature on this topic exist (e.g, Ball et al.,

2012), and slightly different perspectives have been proposed (e.g, Harrison et al.,

2015). Further, an abundance of evidence now implicates the INS in addiction (Naqvi

et al., 2007; Naqvi and Bechara, 2009, 2010; Paulus and Stewart, 2014; Belin-Rauscent

et al., 2016), primarily on the basis of its purported participation in translating the

visceral responses to addictive substances into subjective emotion states (Critchley

et al., 2004; Everitt and Robbins, 2005, 2016).

The vACC. Human ACC, lying at the midline and corresponding to BAs 24, 25 and

32 (Vogt and Paxinos, 2014), divides into five subregions: caudal, dorsal, perigenual,

subgenual and ventral/ rostral, with each of these being functionally dissociable (see

Bush et al., 2000; Paus, 2001; Holz et al., 2015). The prevailing view has been that
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the functions covered by the more posterior aspects are predominantly cognitive (e.g,

error monitoring), and the anterior regions, social and emotional (e.g, stress down-

regulation; Bush et al. 2000, 2002; Eldreth et al. 2004; Margulies et al. 2007; Kelly

et al. 2009; Clark and Beck 2010), although legitimate concerns about this influential

model have been raised (Straube et al., 2009a). The ventral (subgenual and pregenual),

regions of the ACC, often referred to in the literarture as vmPFC or medial PFC,

and are of particular interest here, maintains connections with the AMYG and aINS

(Amaral and Price, 1984; Price, 2003; Ghashghaei and Barbas, 2002; Ghashghaei et al.,

2007), and has a long recognized role in disposing for mood and anxiety disorders

(Etkin and Wager, 2007; Drevets and Savitz, 2008; Caseras et al., 2013), given its

purported contribution to conscious aspects of anxiety, such as catastrophizing and

worry (Etkin and Wager, 2007; Ball et al., 2012).

The vACC has been found to increase its activation to threat (Etkin and Wager,

2007; Straube et al., 2007b, 2009a; Ball et al., 2012; Müller-Pinzler et al., 2016b), al-

though this response appears to follow an inverted U-function rather than to a linear

gradient (Straube et al., 2009a), and dynamically vary with the (objective) level of

(Straube et al., 2009a) and distance to (Mobbs et al., 2007) the threat. The vACC

also activates during anticipation of noxious stimuli (Wager et al. 2004; Butler et al.

2005; Nitschke et al. 2006; Ploghaus et al. 2003; Straube et al. 2009b; but see Ploghaus

et al. 1999; Simpson et al. 2001), and it has been shown that the most anxious sub-

jects exhibit the strongest activation/ weakest deactivation in the vACC under such

conditions (Simpson et al., 2001; Shin et al., 2004; Straube et al., 2007a), a response

likely reflecting effortful control of attention to threat or suppression of externalized

attention (Mogg and Bradley, 1998; Shin et al., 2004; Bishop et al., 2004; Etkin et al.,

2006; Straube et al., 2009a). Specific links to AS have also been made, with scores

on this trait dose-dependently increasing rACC activation to emotional versus neutral

faces (Ball et al., 2012). This over-engagement of the rACC in AS persons might be

based on their bias for hypervigilance towards arousal and could engender dysregula-



72

tion of stress and catastrophic misappraisals of physical arousal symptoms (Ball et al.

2012; also see Harrison et al. 2015). Interestingly, in the previously discussed study by

Ball et al. (2012), both AS and rACC activity were inversely associated with accuracy

of matching emotional facial expressions, leading the authors to speculate that the

experimentally-evoked anxiety symptomalogy could have been more distracting to AS

individuals, which may have produced higher inacuracy. However, it is important to

point out that the literature on the role of the vACC (relative to the AMYG and

aINS) in anxiety and affective processing in general is much smaller and fragmented,

with diametrically opposite results being frequently reported (Straube et al., 2009a).

The aforementioned findings and documented associations notwithstanding, the mech-

anism governing the functional involvement of this region in the conscious aspects of

anxiety and specific components of trait anxiety (e.g, anxiety sensitivity) is unclear

and needs to be more carefully and extensively scrutinized (Ball et al., 2012).

1.10.1.1 Alcohol-Induced Modulation of Face Emotion Processing

The first pharmaco-fMRI study investigating the acute effects of alcohol intoxication

on the neural correlates of face emotion processing was carried out by Gilman et al.

(2008). In this study, healthy young adult social drinkers were intravenously adminis-

tered alcohol and saline (placebo) on two separate occasions, prior to undergoing an

MRI session, in which set of fearful and neutral faces was passively viewed (Gilman

et al., 2008). Findings revealed that under the influence of alcohol (BAC ∼ 0.08 g%)

relative to placebo, (1) decreased BOLD activation within the AMYG and other lim-

bic and higher-order visual areas (e.g, lingual and superior temporal gyri and ventral

ACC) to fearful versus neutral expressions; and (2) enhanced AMYG reactivity to

neutral faces, thus dwarfing its response to the ”Fearful versus Neutral face” contrast,

suggesting that alcohol hampered the capacity of the AMYG to serve as a threat de-

tector, perhaps by rendering it less able or unable to reliably discriminate threatening

socioaffetive signals (i.e, fearful faces) from neutrally valent ones (Gilman et al., 2008).
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This finding of alcohol-induced attenuation of AMYG and other limbic regions activity

during the presentation of threatening versus non-threatening socioaffective stimuli of

was later replicated by the same research group (Gilman et al., 2012a) and others

(Sripada et al., 2011; Gorka et al., 2013), in analogous samples and under roughly

the same levels of alcohol intoxication, although it is notable that the aforementioned

investigations were either underpowered to assess potential sex differences (Gilman

et al., 2008; Sripada et al., 2011; Gorka et al., 2013), or ascertained an all-male sample

(Gilman et al., 2012a), and none of them personality profiled their subjects, a priori

or otherwise. Notably, in their previously cited study, Gorka et al. (2013) also exam-

ined functional connectivity and found that reduced AMYG reactivity to threatening

(fearful and angry) faces occurred alongside, albeit independent from, reduced AMYG-

OFC coupling relative to placebo, purportedly connoting alcohol-elicited disruption of

communication between the aforementioned regions (Gorka et al., 2013). Importantly,

there are indications that individuals who display heightened alcohol-induced stimula-

tion, such as non-dependent heavy drinkers and the disinhibited OOA, tend to display

none of the aforementioned effects of alcohol (Gilman et al., 2012a), as their AMYG is

unresponsive to threatening face presentions even when they are sober (Glahn et al.,

2007; Gilman et al., 2012a). The aforementioned findings converge with those of ex-

perimental studies in animals (Blanchard et al., 1993; Spanagel et al., 1995; Nie et al.,

2004; Pandey et al., 2006) in providing strong support for an anxiolytic interpretation

of alcohol’s effect and the premise that the locus of action for alcohol’s anxiolytic in-

volves limbic fear circuitry (e.g., GABA pathway, central and/ or medial amygdaloid

nuclei; Allan et al., 1987; Möller et al., 1997; Sommer et al., 2001; McBride, 2002;

Pandey et al., 2006).

The picture emerging from the previously mentioned observations reinforces the no-

tion that the acute negative affect reduction and/ or curtailed scanning of the environ-

ment for signals of danger and curtailed salience of otherwise threatening information

elicited under the influence of alcohol ostensibly occurs via decreased threat-related



74

processing within the AMYG (Gilman et al., 2008, 2012a; Sripada et al., 2011; Gorka

et al., 2013) and, conceivably, in combination with reduced functional coupling be-

tween the AMYG and its chief regulatory structure, the OFC (Porrino et al., 1981;

Amaral and Price, 1984; Ghashghaei et al., 2007).

It is, however, notable that a study by Padula et al. (2011) found that the (bilateral)

INS, particularly the aINS, but not AMYG demonstrated sensitivity to the inhibitory

effects of alcohol during emotional face processing, alluding to alcohol-induced anxi-

olysis via a region (aINS) that is tightly interconnected with the AMYG and largely

involved in introceptive awareness. Nevertheless, the above described research corrob-

orates theoretical models of alcohol use whereby drinking blunts anxiety and attenu-

ates fear and aversive affect by hampering attention to the perceived salience of threat

cues (Hull, 1987; Steele and Josephs, 1990; Sayette, 1993; Curtin et al., 2001), and

converges with laboratory-based investigations indicating that alcohol use that occurs

before exposure to, and thus prior to appraisal of, stressors or threat signals is more

robustly anxiolytic than drinking that occurs after the fact (Sayette et al., 2001) and

that such is especially or specifically the case when said aversive stimulus is temporally

unpredictable and the threat it signals uncertain (Moberg and Curtin, 2009; Hefner

and Curtin, 2012).

1.10.2 Acute Social Stress

Human beings are abundantly social animals, with an innate need to belong, be (and

feel) accepted by others and maintain good and lasting’ social relationships (Baumeis-

ter and Leary 1995; MacDonald and Leary 2005; Kawamoto et al. 2015; also see

Meuret et al. 2016). This need, found across phylogeny and by no means uniquely hu-

man (Sapolsky, 1993; Cacioppo et al., 2015b) is jeopardized in momentary instances of

subjective social evaluative threat (SSET; Bowlby, 1969; Baumeister and Leary, 1995;

Dickerson and Kemeny, 2004; Smart Richman and Leary, 2009; Baumeister et al., 2007;

Cacioppo et al., 2011). The latter typically arises when social connectedness and in-
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teractions are prioritized, but one perceives oneself as being ineffective at negotiating

them, as per the social self-preservation theory (Schlenker and Leary, 1982; Dickerson

and Kemeny, 2004). Based on this, situations that evoke SSET are considered to be

an important source of stress (Baumeister and Leary, 1995; Cacioppo et al., 2015a).

Situations of this sort pose a threat to central goals, such as social self-presentation

(Lazarus and Folkman, 1984; Dienstbier, 1989; Blascovich and Tomaka, 1996; Carver

and Scheier, 1999; Lazarus, 1999; Lovallo and Thomas, 2000; Sapolsky, 2000; Dicker-

son and Kemeny, 2004), typically by involving elements of (1) public failure or inferior

performance (Baumeister and Leary, 1995; Dickerson and Kemeny, 2004; Foley and

Kirschbaum, 2010; Cacioppo et al., 2015a); (2) uncontrollability of failure outcomes

(Breier, 1989; Henry and Grim, 1990; Kirschbaum et al., 1993; Sapolsky, 1993; Croes

et al., 1993; Peters et al., 1998; Dickerson and Kemeny, 2004; Dedovic et al., 2005;

Wang et al., 2005a, 2007a; Ying et al., 2011); and (3) novelty/ unpredictability (Mason,

1968, 1971). (Weiner, 1992; Dickerson and Kemeny, 2004) (Blascovich and Tomaka,

1996; Carver and Scheier, 1999; Dienstbier, 1989; Lazarus and Folkman, 1984; Lazarus,

1999)

In the aftermath of this, subjective stress is often elicited and negative affect am-

plified (Baumeister and Leary 1995; also see Taylor and Brown 1988; Baumeister

et al. 2002; DeWall and Baumeister 2006; Williams 2007; Stillman et al. 2009; Mus-

catell and Eisenberger 2012; Lehman et al. 2015; Wagels et al. 2016; Will et al. 2016;

van der Meulen et al. 2016; Baddam et al. 2016; Wagels et al. 2016), and hypothalamic-

pituitary-adrenal axis (HPAA)37 activation stimulated, leading to the increased secre-

tion of stress hormones, cortisol (corticosterone in rodents) - the major physiological

end product of the HPAA (Dickerson et al., 2004a; Brkic et al., 2016). The purpose

of this physiological stress response response is to rapidly mobilize the organism’s en-

ergy and allocate the necessary resources so as to promote coping with danger and,

ultimately, survival (Cannon, 1932; Mason, 1968; Sapolsky, 1992; Linden et al., 1997;

37The HPAA is the neuroendocrine core of the stress system.
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McEwen, 1998b; Sapolsky et al., 2000; Koolhaas et al., 2011). The production of

stress-reactive cortisol is known to influence approach-avoidance behavior (Kaldewaij

et al., 2016; Feng et al., 2016) by shifting the threat neurocircuitry ”from passive fear

to active escape” (Montoya et al., 2015), and it is bidirectionally (and complexly)

linked to state affect (Hoyt et al., 2016).

Indeed, acute psychosocial stress paradigms that effectively induce the aforemen-

tioned response profile have been developed (Foley and Kirschbaum, 2010). Chief

among these are the well-established, standardized and widely utilized laboratory-

based Trier Social Stress Paradigm (TSST; Kirschbaum et al., 1993), and the latter’s

neuroimaging analogue, Montreal Imaging Stress Task (MIST; Dedovic et al., 2005).

In the context of the TSST, subjects are asked to prepare and undergo a mock job in-

terview, in addition to performing mental arithmetic in front of an evaluative audience

(Kirschbaum et al., 1993). In a similar fashion, the MIST, performed in the scanner en-

vironment, requires respondents to perform of mathematical problems under pressure

of both time and psychosocial evaluation (for more information, see section 2.2.2.2).

Studies incorporating either of these experimental manipulations or comparable forms

thereof have reported decrements in state self-esteem and increments in self-reported

states embarrassment, shame, anxiety, nervousness, depression and anger (Nezlek and

Leary 2002; Lewis and Ramsay 2002; Nolan et al. 2003; Gruenewald et al. 2004; Dick-

erson et al. 2004a; Schulz et al. 2008; Dedovic et al. 2013, 2014; Achterberg et al.

2016; Sznycer et al. 2016; Wagels et al. 2016; reviewed in MacDonald and Leary 2005;

Williams 2007; Allen et al. 2014; Leary 2015; Kawamoto et al. 2015), with increase

in some emotions (e.g, in anger) being greater and more frequently instigated than

others (e.g, embarrassment; reviewed in Lehman et al., 2015). Reactive aggression in

subset of individuals has been documented as well (Twenge et al., 2001; Leary et al.,

2006; DeWall and Bushman, 2011; Chester et al., 2013; Riva et al., 2014; Chester

and DeWall, 2015; Achterberg et al., 2016). It is thought that any one of the afore-

mentioned emotional experiences can instigate SSET, although there are indications
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that the association between SSET and said physiological parameters might piggyback

on the erosion of perceived self-worth and mastery and induction of the family of so-

called self-conscious emotions such as embarrassment38 and shame (Lewis and Ramsay

2002; Gruenewald et al. 2004; Weitzman et al. 2004; Dickerson et al. 2004a; Sznycer

et al. 2016; for a review, see Lehman et al. 2015; for a meta-analysis, see Dickerson

and Kemeny 2004), and negative emotions, such as anger39 have factually been found

to decrease cortisol production (Lundberg and Frankenhaeuser, 1980; Lovallo et al.,

1985).

Of course, stress is a highly personalized experience (Kudielka et al., 2009; Lecic-

Tosevski et al., 2011; Wu et al., 2013; Choi et al., 2014), which substantially varies,

along with its physiological and psychosocial manifestations, as a function of endoge-

nous40 and exogenous41 factors (Kumsta et al., 2007; Back et al., 2008; Shalev et al.,

2009; Heim et al., 2009; Edelman et al., 2012; Kinner et al., 2016; Herman et al., 2016;

38Embarrassment can be understood as prototypical self-conscious, lower activation and avoidance-
oriented emotion (Lehman et al., 2015), the experience of which necessarily requires that an evaluating
audience be present and results from an undesirable act being publicly displayed by one, leading him
or her to implicitly or explicitly reflect about how this norm transgression will damage his or her
image in the ”eye of others” (Tangney et al., 2007; Krach et al., 2011; Paulus et al., 2013, 2014;
Jankowski and Takahashi, 2014; Müller-Pinzler et al., 2015, 2016a). Empirical evidence has directly
linked the family of so-called self-conscious emotions (in relation to the potential for critique) with
psychosocial evaluative stress/ pressure (Lewis and Ramsay, 2002; Gruenewald et al., 2004; Weitzman
et al., 2004; Dickerson et al., 2004a; Sznycer et al., 2016; Lehman et al., 2015).

39Anger is generally considered to be a more active feeling (Smith and Ellsworth, 1985; Mackie
et al., 2000; Lerner and Keltner, 2001) directly related to heightened sensitivity of the BAS (Harmon-
Jones and Allen 1998; Smits et al. 2004; Smits and Kuppens 2005; Cooper et al. 2008; Habib et al.
2015; Rajchert and Winiewski 2016; also see Carver and White 1994; Costa and MacCrae 1992;
Berkowitz 2000; Watson 2000).

40The list of endogenous factors includes polymorphisms of glucocorticoid and CRH receptors
(reviewed in Lamberts and Rossum, 2004) and personality traits (Pruessner et al., 2004; Tyrka et al.,
2007; Henckens et al., 2016).

41The list of environmental (exogenous) factors includes developmental experiences or attachment
style (Witek-Janusek, 1988; Del Giudice et al., 2011; Gunnar et al., 1992; Nachmias et al., 1996;
Oberlander et al., 2008; Obradović, 2012; Tarullo and Gunnar, 2006), early life adversity (Bremner
et al., 2003; Yoon and Weierich, 2016; Rao et al., 2008; Harkness et al., 2011; Grimm et al., 2014;
Voellmin et al., 2015; Nemeroff, 2016; Klengel et al., 2015; Bowers and Yehuda, 2016; Chang and
Debiec, 2016; Houtepen et al., 2016; Barton et al., 2016; Winzeler et al., 2016; Kasanova et al., 2016),
parental, especially maternal caregiving (Tyrka et al., 2012; Witek-Janusek, 1988; Gunnar et al., 1992;
Nachmias et al., 1996; Tarullo and Gunnar, 2006; Howell et al., 2016b), parenting behavior (Carlson
and Earls, 1997; Gunnar et al., 2001), familial alcoholism (Schuckit et al., 1987, 1988; Waltman et al.,
1994; Dai et al., 2002a; Zimmermann et al., 2004; Dai et al., 2007), life habits (e.g., heavy drinking;
Dai et al., 2007; Starcke et al., 2013) and social relationships (e.g., social support; Kudielka et al.,
2009).
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Lupien et al., 2016), and there are key situational elements to which the physiological

stress system is sensitive, and there are inter-individually varied psychological factors,

by which the physiological (and also affective) response profile is influenced (Lazarus

and Folkman, 1984; Lazarus, 1993). Two out of these factors are particularly relevant

to this thesis, namely personality profile and sex.

Acute social stress response modulation by personality profile. Prior

research has demonstrated cortisol hyper-responsiveness to acute stress in persons

bearing characteristics that amplify sensitivity to social evaluation and public mis-

takes (e.g, low social-competence: Schmidt et al. 1999; behavioral shame-proneness:

Tops et al. 2006; Lupis et al. 2016; low self-esteem: Seeman et al. 1995; Kirschbaum

et al. 1995b; Pruessner et al. 1999b; Ford and Collins 2010; depressive tendencies:

Kirschbaum et al. 1995b; Powers et al. 2016; dysphoria: Hankin et al. 2010; social

phobia: Van West et al. 2008; Roelofs et al. 2009; clinical anxiety in general Pow-

ers et al. 2016; and general internalizing problems Hartman et al. 2013), and hypo-

responsiveness in individuals with disinhibitory traits (general externalizing symptoms

Hartman et al. 2013; Evans et al. 2016a; SS: Zuckerman 1994; Netter et al. 1996; Wang

et al. 1997; Rosenblitt et al. 2001; impulsivity: Moss et al. 1995; Dawes et al. 1999;

Hardie et al. 2002; antisociality: Vanyukov et al. 1993; Sorocco et al. 2006; and psy-

chopathy: O’Leary et al. 2007).

It has additionally been suggested that more ’resilient’ endocrine profiles tend to

evince in those who might experience more positive affect (Lazarus and Folkman,

1984) in the sense that they perceive the stress manipulation primarily as a challenge

as opposed to a threat (Epel et al., 1998; Buchanan and Preston, 2014).

Acute social stress response modulation by sex. While the picture is far

from clear and reports of inconsistent and negative findings exist (e.g, Gruenewald

et al., 2004; Kelly et al., 2007, 2008; Youssef et al., 2012; Izawa et al., 2013; Kogler
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et al., 2015a, 2016), males clearly appear to be the more physiologically responsive

sex to acute performance-based psychosocial stressors (Kirschbaum et al. 1992, 1995a;

Kudielka et al. 2004; Rohleder et al. 2003; Lovallo et al. 2006a; Kumsta et al. 2007;

Childs et al. 2010; Cornelisse et al. 2011; Schoofs and Wolf 2011; Hidalgo et al. 2012;

Edelman et al. 2012; Marin et al. 2012; Lovallo et al. 2015; Stephens et al. 2016; also see

Lovallo et al. 2006a). This is contrarily to contexts of physical stressors (e.g, noxious

stimulation or exercise; Kirschbaum et al., 1992; Lovallo et al., 2006a; Mather et al.,

2010; Felmingham et al., 2012; Bentz et al., 2013) and pharmacological stimulation

(Kirschbaum et al. 1992; Born et al. 1995; Luisi et al. 1998; although see Young et al.

2008, for an exception), where the response profiles of the sexes have rarely been found

to differ.

The aforementioned sex differences are compatible with the previously made argu-

ment that whereas young women are generally socialized for a relational orientation

by authority figures and peers, there exists a sociocultural emphasis on instrumen-

tality and physical dominance for young men (Crick and Zahn-Waxler, 2003), as the

performance-based threat component marking the TSST and MIST procedures is more

sensitive to an instrumental as opposed to a relational orientation (Stroud et al., 2002).

It is important to note, though, that where the cognitive performance and social

evaluation components have been examined separately, opposite patterns of sex dif-

ferences generally stood out, with males showing greater responsiveness to the former

(Steptoe et al., 1996; Stroud et al., 2002), and females doing so the latter (Kiecolt-

Glaser et al. 1996; Stroud et al. 2002; but see Linnen et al. 2012). Therefore, men’s

HPAA appears to be particularly sensitive to performance stressors, whereas women’s

seems particularly responsive to the interpersonal elements of a stressor (also see An-

drews et al., 2007; Wadiwalla et al., 2010), although a recent report found greater

physiological responsivity to social evaluation (giving a public speech) in men com-

pared with women when subjects were exposed to the a panel of all-female judges

(Duchesne et al., 2012). The aforementioned outcomes resonate with the gender gap
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in the incidences of anxious psychopathologies (Javidi and Yadollahie, 2011; Bekker

and van Mens-Verhulst, 2007; Maeng and Milad, 2015) and major depression (Parker

and Brotchie, 2010; Schuch et al., 2014), with disordered females outnumbering males

approximately two to one. The above mentioned findings notwithstanding, there are

indications that personality composition of the subject groups under study might

override sex variability in contexts of acute social stress, which could explain, at least

partly, the frequent reporting of null findings with respect to sex variability under

the aforementioned conditions (e.g, Gruenewald et al., 2004; Kelly et al., 2007, 2008;

Youssef et al., 2012; Izawa et al., 2013; Kogler et al., 2015a, 2016). For example, in

a sample of internalizing and externalizing teens, exposure to the TSST triggered a

greater increase in cortisol release in internalizing boys relative to internalizing girls,

but left the externalizing sexes comparably unresponsive (Hartman et al., 2013). The

same result patterns have been reported in nonclinical samples of highly and lowly

(trait) anxious young adults exposed to a psychological stressor (a 15-min video of

corneal surgery; Takai et al., 2007), and college students high and low in psychopathic

personality traits in the context of the TSST (O’Leary et al., 2007), such that males

were more responsive than their personality-matched females counterparts only when

they were (respectively) highly anxious (Takai et al., 2007) and low in psychopathic

personality (O’Leary et al., 2007). Such outcomes allude to the importance of person-

ality profiling selected subjects a priori instead of treating personality traits as mere

noise. In sum, males generally appear to be the more reactive sex to acute psychoso-

cial stressors such as the TSST and the MIST, although these sex differences might be

accounted for by the cognitive performance component, and appear to be overridden

by the presence of an externalizing disposition and/ or absence of an internalizing

disposition.

Neural correlates of acute psychosocial evaluative stress In contrast to extant

research on face emotion processing, the literature on the neurofunctional correlates of



81

social stress processing is rather small, inconsistent and unrobust. Whereas virtually

all brain imaging studies agree that the experience of SSET has neural representation in

the top regulator of HPAA reactivity, namely the limbic system (de Kloet et al., 1999;

Veenema et al., 2004), conflicting reporting with respect to the particularities of this

phenomenon is frequent, even across studies using the same paradigm (e.g, MIST).

Even when studies concur with respect to the gross anatomical locations involved,

many of them describe ”activations” (e.g, Davidson, 2002; Dedovic et al., 2013, 2014;

Grimm et al., 2014; Cacioppo et al., 2013; Eisenberger et al., 2003; Sebastian et al.,

2011; Wagels et al., 2016), but many others report ”de-activations” (i.e, negative

changes from baseline of BOLD fMRI signal; Critchley et al., 2000; Pruessner et al.,

2004, 2008; Wang et al., 2005a, 2007a; Soliman et al., 2008; Dagher et al., 2009;

Dedovic et al., 2009b; Onoda et al., 2009; Gradin et al., 2012; Moor et al., 2012)

which is especially true for brain cites such as the HC, AMYG ACC and OFC (Kogler

et al., 2015b). By comparison, the deactivation phenomenon is not as well understood

(Arsalidou et al., 2013; Kogler et al., 2015b), and underscoring the uncertainty and

controversy concerning its interpretation is therefore warranted. Contrarily to an

elevation of BOLD signal response relative to baseline, which almost certainly signifies

enhanced neural firing (activation), a negative change from baseline may, but does not

necessarily, index attenuated synaptic activity (deactivation; Harel et al., 2002; Heeger

and Ress, 2002; Czisch et al., 2004; Ernst et al., 2005). Among possible explanations,

outside the realm of BOLD signaling suppression (Raichle, 1998), are ”vascular stealing

phenomena and reversed baseline state” (Czisch et al., 2004). A related concern is that

where meta-analyses of neuroimaging studies on social stress or emotion processing

in general are performed, studies referring to ”deactivations” are typically excluded

(e.g, Stevens and Hamann 2012; Lindquist et al. 2012b, 2016; although see Ernst et al.

2005; Kogler et al. 2015b, for exceptions). Then there is the fact that variables such as

personality traits and sex have scarcely been addressed in the literature on said topic,

despite ample evidence that the nature and extent of the subjective social stress varies
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with both, as does its concomitants endocrine response profile.

Bearing those caveats in mind, three regions that have been more consistently

found to significantly change their activation (irrespective to direction) in contexts of

acute psychosocial stress, with this change in signalling response purportedly being

specifically stress-related, namely the hippocampus, perigenual ACC and medial OFC.

Hippocampus (HC). The HC is a highly complex and intricately organized me-

dial temporal lobe (Derdikman and Moser, 2010; Maras and Baram, 2012), with a

vital role in leaning and memory (Fedulov et al., 2007; Squire et al., 2007; Maras

and Baram, 2012), and a longstanding connection to emotion that historically owes

itself to the central position occupied by HC in Papez’s limbic circuit and its pos-

tulated involvement in affect modulation. Human HC divides into three functionally

segregated territories: dorsal, intermediate and ventral, the dorsal being primarily

cognitive and the ventral, affective (for more details, see Fanselow and Dong, 2010).

Afferent projections to the HC relay signals that carry information concerning changes

in one’s surrounding environment (Vinogradova, 2001; Maras and Baram, 2012). The

HC recognizes the biological significance of incoming new signals, stores them, and

reacts to the ones it deems to be crucial - that is, potentially threatening (Maras and

Baram, 2012). This section focuses primarily on the relationship between the HC and

emotion, which has been supported since the early seminal work of Klüver and Bucy

(1937), in which monkeys were found to exhibit profound emotional disturbances con-

sequent to medial temporal lobe ablation (also see Gray and Jeffrey, 1971; Gray and

McNaughton, 2003; Sokolov et al., 1975). The HC acts to (automatically) quell fear

reactivity via its connections to the AMYG and vmPFC (Maren et al., 2013; Keding

and Herringa, 2014; Engin et al., 2016), although the mechanisms underlying this ef-

fect are incompletely understood. The HC exerts a potent down-regulatory influence

on the HPAA basal activity and reactivity to certain stress modalities, through its

primarily inhibitory trans-synaptic effects on the PVN (paraventricular nucleus of the
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hypothalamus; Sapolsky et al. 1986; Jacobson and Sapolsky 1991; Jacobson 2005; Her-

man and Cullinan 1997; Herman et al. 2003b, 2005; Raison and Miller 2003; Dedovic

et al. 2009a; Jankord and Herman 2008). Correspondingly, stimulation of the HC, in

humans and animals, inhibits cortisol secretion (Dunn and Orr, 1984; Rubin et al.,

1966; Herman et al., 2005), while its surgical lesioning or ablation, in animals, results in

HPAA overactivation to stressors (Kant et al., 1984; Herman et al., 1998, 2005). This

latter effect is also inducible by hippocampal glucocorticoid receptor (GR)42 blockade

(Ratka et al., 1989; Feldman and Weidenfeld, 1999; Herman et al., 2005) or deletion

(Boyle et al., 2005; Jankord and Herman, 2008).

In turn, the HC is a prominent target for stress. Mild or transient stressors typically

improve hippocampal function by increasing synaptic plasticity, likely suggestive of

the adaptive import of being able to recall threatening events or situations (Joëls

and Baram, 2009; Joëls et al., 2011; McEwen and Gianaros, 2011; Maras and Baram,

2012). However, if repeatedly activated in excess, these same mechanisms, can erode

the functional and structural integrity of this system, leaving it vulnerable to the

deleterious effects of prolonged and/ or severe stress (Sapolsky and McEwen, 1986;

Issa et al., 1990; Magarin et al., 1995; McEwen, 1999; McEwen and Gianaros, 2011;

McEwen et al., 2016; Kim and Diamond, 2002; Raison and Miller, 2003; McLaughlin

et al., 2007; Joëls et al., 2007; Zoladz and Diamond, 2009; Joëls et al., 2011; Krugers

et al., 2010; Schwabe et al., 2011; Teicher et al., 2016; Maras and Baram, 2012). Indeed,

hippocampal dysfunction and dysmorphology have been linked to human anxiety (and

mood) disorders (Frey et al., 2007; Bonne et al., 2008; Karl et al., 2006; Woon et al.,

2010; Kühn and Gallinat, 2013; Pitman et al., 2012; Keding and Herringa, 2014; Morey

et al., 2016; Teicher et al., 2016; Culig and Belzung, 2016), and, interestingly, it is the

hippocampal function and physiology that effective pharmacological interventions for

42GRs are activated by glucocorticoids, are expressed in most cells throughout the body, and are
richly present in the HC (Reul and Kloet, 1985; Reul and De Kloet, 1986; Aronsson et al., 1988; Arriza
et al., 1988; Herman et al., 1989b,a; Herman, 1993). GRs modulate genes governing development,
metabolism and the immune response neuroadaptation (Lupien et al., 2009).
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these disorders primarily target (Vermetten et al., 2003; Levy-Gigi et al., 2013; Soares

et al., 2016). The aforementioned findings notwithstanding, HC-stress relationship is

highly complex, and dynamically varies in both nature and extent varying with stress

modality (Joëls and Baram, 2009; Zoladz and Diamond, 2009; McEwen and Gianaros,

2011; Schwabe et al., 2011; Maras and Baram, 2012; Herman et al., 2005, 2016).

For example, whereas restraint and novelty (open field) can trigger corticosterone

secretion (Herman et al., 1998, 1995), inhalation and hypoxia43 cannot or do not (rinos

et al., 1987; Mueller et al., 2004). Similarly, hippocampal ablation alters endocrine

responding to some stressors (e.g, ether stress; Feldman and Conforti, 1980; rinos et al.,

1987), but not others (e.g, restraint or hypoxia; Bradbury et al., 1993; Herman et al.,

1998). Moreover, the HC inhibits HPAA activity in some situations, yet boosts it in

certain others (Feldman and Weidenfeld, 1993, 2001; Dunn and Orr, 1984), and there

is evidence to indicate that hippocampal lesions may exert diametrically opposing

effects on distinct stress modalities (Mueller et al., 2004).

In humans, it is often assumed, and frequently supported, that the HC is promi-

nently involved in responding to acute psychosocial stressors. In the context of the

MIST (Dedovic et al., 2005), hippocampal deactivation to the ”stress versus nonstress”

contrast has often been described in cohorts of healthy young adults (Pruessner et al.,

2008; Dedovic et al., 2009b,a; Dagher et al., 2009; Khalili-Mahani et al., 2010; Soliman

et al., 2011; Lederbogen et al., 2011; Grimm et al., 2014; Albert et al., 2015), typically

in association with a dose-dependent increase in stress-reactive cortisol secretion (e.g,

Pruessner et al., 2008; Dedovic et al., 2009b,a; Lederbogen et al., 2011; Grimm et al.,

2014), and often as part of more widespread limbic deactivation, although reports

of increased activation also exist (Dedovic et al., 2013, 2014; Eckstein et al., 2014).

This ”deactivation” phenomenon reinforces the premise that some stressors curtail

hippocampal activation, thereby leading to HPAA stimulation and stress hormone se-

cretion initiation (Pruessner et al., 2008; Jacobson, 2005; Herman et al., 2005). As

43A condition in which oxygen in blood or tissue is insufficient.
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initially proposed by Pruessner et al. (2008), hippocampal deactivation in the context

of an acute psychosocial stressor such as the MIST constitutes a specific element of

the stress response, ostensibly promoting stress-reactive cortisol production via disin-

hibition of the PVN (also see Dedovic et al., 2009a; Dagher et al., 2009). In detail,

the HC is constantly active by default because the function it covers, namely evalua-

tion of new incoming messages and singling out those indicating potential danger, is

highly prioritized (Pruessner et al., 2008) (also see Gusnard and Raichle, 2001). This

ongoing activation mode tonically inhibits the HPAA, but is interrupted and blunted

when threat is perceived, consequently stimulating the endocrine stress responding and

ultimately secretion of the stress surrogate marker cortisol (Pruessner et al., 2008).

Hippocampal functioning in the context of the MIST or comparable stress paradigms

has been linked to self-esteem related behavioral phenotypes (Pruessner et al., 2005a),

and there are some indications that it might be more pronounced in men than women

(Duchesne et al., in preparation), and have the opposite association patterns with per-

ceived stress in the sexes44 (Wang et al., 2007a). However, the mechanisms governing

the previously mentioned differences remain unclear and understudied, as sample as-

certainment across studies employing the said procedures has largely been male-biased,

and often oblivious to personality traits.

Perigenual anterior cingulate cortex (pgACC). The pgACC (caudal-dorsal

ACC) is a paralimbic region spatially encompassing BAs 24 and 32 (Gianaros et al.,

2007). It is an important component of the limbic stress modulation system (LeDoux,

2000b), with an extensively described key role in regulating and ultimately quelling

stress-related AMYG activity (Pezawas et al., 2005; Pessoa, 2008; M.L. et al., 2003;

Diorio et al., 1993; Vogt, 2005; Vogt et al., 1992; Devinsky et al., 1995; Bush et al.,

2000; Gianaros et al., 2007), cortisol reactivity (Diorio et al., 1993) and autonomic re-

sponsivity (e.g, increases in blood pressure; Benarroch, 1997; Lovallo and Gerin, 2003;

44Using a serial subtraction stress paradigm, Wang et al. (2007a) found that hippocampal activation
was positively (vs negatively) associated with perceived stress during the task in women (vs men).
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Soufer et al., 2002; Gianaros et al., 2005). Such functions resonate with the richness

of the pgACC in neuronal glucocorticoid receptors (Herman et al., 2005), its power-

ful interconnections with the NAc, AMYG, HC, PAG as well as the aINS and OFC

(Carter et al., 1998; MacDonald et al., 2000b; Meyer-Lindenberg and Tost, 2012; Shiba

et al., 2016), and its reciprocally inhibitory connections (anticorrelation) to the MCC

(Shulman et al., 1997; Drevets and Raichle, 1998; Whalen et al., 1998a), the latter, as

pointed out in a previous section (see 1.10.1), a key functional element of the ”classic

pain matrix” (Peyron et al., 2000; Casey, 1999; Ingvar, 1999; Davis, 2000a; Wager

et al., 2004) subserves the emotional aspect of pain processing (Rainville et al., 1997).

As such, pgACC activation has consistently been described during the modulation of

experimentally-induced pain (e.g, heat) under conditions of increased cognitive load,

and in association with a dose-dependent decrease of perceived pain intensity and

unpleasantness, alluding to enhanced pgACC activation by attentional reorientation

away from the aversiveness of the situation (Bush et al., 2002; Bantick et al., 2002;

Büchel et al., 1999; Petrovic et al., 2002; Peyron et al., 1999; Ploghaus et al., 2001;

Rainville et al., 1999; Valet et al., 2004; Wager et al., 2004). Conversely, ACC deac-

tivation has often been found in the context of the MIST and correspondingly with

SSET (Pruessner et al. 2004, 2008; Wang et al. 2005a, 2007a; Soliman et al. 2008; De-

dovic et al. 2009b; Dagher et al. 2009; Akdeniz et al. 2014; but see Lederbogen et al.

2011; Wagels et al. 2016). It has been suggested that the pgACC is part of a system

that represents a target for the modulatory effects of ’prosocial’ neuropeptides (Zink

et al., 2010), and on which social-environmental risk and protective factors might thus

converge (Zink et al., 2010; Lederbogen et al., 2011; Holz et al., 2016). In line with

this view, altered pgACC responsiveness to acute psychosocial stress (MIST) has been

described in association with urban upbringing45 (Lederbogen et al., 2011), and with

ethnic minority status, the latter which corresponded to greater self-reported expo-

45Early life urbanicity has been established as a causal risk factor of various psychopoathologic
manifestations (Krabbendam and Van Os, 2005; Peen et al., 2010; van Os et al., 2010; Newbury
et al., 2016).
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sure to chronic stress (Akdeniz et al. 2014; for a review, see Tost et al. 2015). Further,

pgACC GM volume covaries with coping styles (Holz et al., 2016), perceived social

standing (Gianaros et al., 2007), and potentially the capacity to modulate fear (Milad

et al., 2005). As well, synaptic and neuronal remodelling of the pgACC has been

found in rats exposed to prolonged social stress (Poeggel et al., 2003), and pgACC

dysmorphology in persons directly exposed to 3-year long harsh corporal punishment

(Tomoda et al., 2009), 9/11 (Ganzel et al., 2008) and cumulative adverse life events

(Ansell et al., 2012). The aforementioned outcomes illustrate the potential impor-

tance of the pgACC in mediating threatening experience, and amplifying (as well as

buffering) against risk of psychiatric disorders.

Medial orbitofrontal cortex (mOFC). The OFC (BA 10, 11) is a multifaceted

prefrontal structure with intimate anatomical and functional (inter)connections with,

among other regions, the AMYG, ACC and INS (Amaral and Price, 1984; Barbas,

2007; Barbas et al., 2011; Carmichael and Price, 1995; Cho et al., 2013a; Rolls, 2005;

Price, 2007). Extensive extant evidence suggests that the OFC is necessary for in-

hibitory control, affective decision-making and goal-directed action (Bechara et al.,

2000; Kringelbach and Rolls, 2004; Saddoris et al., 2005; Beer et al., 2006; Goldstein

and Volkow, 2011; Motzkin et al., 2015; Jackson et al., 2016; Dalton et al., 2016;

Amodeo et al., 2016; Wikenheiser and Schoenbaum, 2016). This region additionally

contains neurones responsive to negatively valent material, as electrical stimulation

of the (medial) OFC, in both animals and humans, is analgesic (Oleson et al., 1980;

Thorpe et al., 1983) and increased OFC activation during laboratory pain modulation

corresponds to reduced intensity and unpleasantness of perceived pain (e.g, Derbyshire

et al., 1997; Petrovic et al., 2000; Bantick et al., 2002). Particularly the mOFC plays

a pivotal role in decoding and responding to socioaffective stimuli (Adolphs, 2002;

Mah et al., 2004; Kringelbach and Rolls, 2004; Ohira et al., 2006; Angrilli et al., 2008;

Spikman et al., 2012; Takahashi et al., 2004; McCloskey et al., 2016), especially stim-
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uli signaling provocation (e.g, angry faces; Blair et al., 1999; Davidson et al., 2000;

Coccaro et al., 2007; Gorka et al., 2013; Attwood and Munafò, 2014; Fabiansson et al.,

2012; Beyer et al., 2015), and is key for the down-regulation of impulsive aggression

through top-down limbic response suppression (McDonald, 1991; Anderson et al., 1999;

Davidson et al., 2000; Rule et al., 2002; Izquierdo et al., 2005; Coccaro et al., 2007;

Joseph et al., 2009; Márquez et al., 2013; Attwood and Munafò, 2014; Amodeo et al.,

2016). Indeed, failure in this system (e.g, underreactivity to emotionally salient ma-

terial) in often seen in cohorts of pathologically aggressive individuals, such as those

with intermittent explosive, conduct, and antisocial personality disorders (Davidson

et al., 2000; Herpertz et al., 2001; Pol et al., 2001; Donegan et al., 2003; Dougherty

et al., 2004; Schmahl et al., 2004; Coccaro et al., 2007; Blair, 2008; Schulze et al., 2011;

Passamonti et al., 2012; Huang et al., 2014; Herpers et al., 2014; Rolls and Deco, 2016;

Angus et al., 2016), alluding to centrality of said deficit as a mechanism governing

reactive aggression (Coccaro et al., 2007; Marsh et al., 2008; Jones et al., 2009; Jonker

et al., 2015). Such outcomes resonate with reports implicating the mOFC in reward

and punishment expectancy (Plassmann et al., 2010; Metereau and Dreher, 2015),

regulation of sensitivity to outcome value (Gourley et al., 2016; Forscher et al., 2016)

and processing of risk-related signals under conditions of uncertainty (Fiorillo et al.,

2003; Hsu et al., 2005; McCoy and Platt, 2005; Preuschoff et al., 2006; Christopoulos

et al., 2009; Tobler et al., 2009; O’Neill and Schultz, 2010).

In the context of the MIST, the mOFC has often been found to deactivate, a finding

consistent with the notion that threat appraisal can compromise top-down regulatory

functions (Pruessner et al., 2004, 2008; Soliman et al., 2008; Dedovic et al., 2009b;

Dagher et al., 2009). The same pattern of results has been found in studies employing

other serial subtraction tasks (Wang et al., 2005a, 2007a).
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1.10.2.1 Alcohol-Induced Modulation of Social Stress Reactivity

To our knowledge, no neuroimaging studies of the effect of alcohol on the response to

acute social stress have been performed to date and generally speaking, the relationship

between alcohol and stress remains poorly understood (e.g, Cappell and Herman 1972;

Hodoson et al. 1979; Cappell 1987; Pohorecky 1991; Croissant and Olbrich 2004; Cobb

and Thiel 1982; Elias et al. 1982; Rivier et al. 1984; Merry and Marks 1969; Dai et al.

2007; Välimäki et al. 1984; Magrys et al. 2013; for a review, see Becker et al. 2011).

For example, Sayette et al. (1994) found that when young adult male and female

social drinkers drank to intoxication in the context of a public speech task, their

self-reported anxiety and negative self-appraisal decreased, with differential effects

of alcohol on subjective mood ratings evincing as a function of familial AUDs. In

a similar vein, de Wit et al. (2003) showed that exposure to the TSST procedure

modestly increased alcohol intake in healthy social drinkers, although this increase

was not directly linked to alcohol’s pharmacological properties. On the other hand,

Thomas et al. (2014) observed that social drinkers who endorsed DTC motives were

not different from those who did not in terms of drinking behavior (and did not

significantly increase their drinking) in response to acute social stress (TSST), though

differences between the groups in the stress experiences were noted. Along similar lines,

Buckingham et al. (2016) demonstrated that hazardous drinkers did not differently

experience simulated social ostracism when moderately intoxicated versus sober.

A similar incoherent picture emerges from the literature on the relationship between

acute alcohol intoxication and endocrine stress responding. Neither the question of

how alcohol acutely influences the HPAA has been uniformly answered across studies,

nor is the subjective effect of a given endocrine responding pattern under intoxication

entirely clear. The work of Brick’s group for example, showing that among FHP

individuals, it was those who were high cortisol responders to acute stress (when sober)

that drank most (Brkic et al., 2015), and displayed the most pronounced sensitivity to
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alcohol’s sedative properties (Brkic et al., 2016), alludes to alcohol-induced anxiolysis

by HPAA inhibition. At the same time, there are indications in the human and

animal literatures that for certain subjects, stimulation of the stress systems along with

resultant increase in glucocorticoid secretion might signify alcohol-produced energetic

arousal and euphoria (see Piazza et al. 1993; Deroche et al. 1993; Fahlke et al. 1994a,b,

1995, 1996; Fahlke and Hansen 1999; Lamblin and De Witte 1996; for reviews, see

Miczek et al. 2008; Sinha 2008; Cleck and Blendy 2008; Uhart and Wand 2009; Melis

et al. 2009; Becker et al. 2011).

These inconsistencies are likely explainable by inter-study methodological discrep-

ancies in terms of alcohol dose (Klatsky et al. 1977; DeTurck and Vogel 1982; Kelbaek

et al. 1985; reviewed in Pohorecky 1981, 1990, 1991), the nature and intensity of the

stressor (Moberg and Curtin 2009; Moberg et al. 2011; Hefner and Curtin 2012; Hefner

et al. 2013; reviewed in Kopin 1995; Pacak and Palkovits 2001; Miczek et al. 2008;

Becker et al. 2011) and the order in which stress and alcohol are administered (Sayette

et al., 2001), likely compounded by a host of individuals-related factors, such prior ex-

posure to alcohol (Ireland et al., 1984; Marmot, 1984), the subjective state of the

individual at the time of testing (Pohorecky, 1981, 1991) and personality profile (see

Greeley and Oei 1999; Bradford et al. 2013; Gorka et al. 2016b,a; Gorka 2016; reviewed

in (Curtin and Lang, 2007)). Additional research that accounts for these and other

variables known to alter the physiological phenotype (e.g, familial alcoholism: Schuckit

et al. 1987, 1988; Waltman et al. 1994; Dai et al. 2002a; Zimmermann et al. 2004; Dai

et al. 2007; and developmental experiences Bremner et al. 2003; Yoon and Weierich

2016; Rao et al. 2008; Harkness et al. 2011; Grimm et al. 2014; Voellmin et al. 2015;

Nemeroff 2016; Klengel et al. 2015; Bowers and Yehuda 2016; Chang and Debiec 2016;

Houtepen et al. 2016; Barton et al. 2016; Winzeler et al. 2016; Kasanova et al. 2016)

is therefore needed to provide a more cohesive understanding of the aforementioned

topics.
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This study was approved by the McGill Institutional Review Board. The design

was a double-blinded, counter-balanced, placebo-controlled, repeated-measures study

of responses to alcohol challenge and different types of emotionally challenging tasks,

with longitudinal follow-up of alcohol and illicit substance use and misuse in otherwise

psychopathology-free social drinkers who are putatively at-risk of developing AUDs.

The ’baseline’ testing phase included three sessions, one laboratory and two MRI.

Subjects who completed those and were not excluded from MRI data analyses entered

the prospective follow-up phase. Follow-ups were conducted at the end of year 2-3

after ’baseline’ testing.

2.1 Screening and Characterization

A group of young adult social drinkers, who are putatively at-risk for AUDs but

otherwise healthy was recruited via advertisements posted in classified listings around

Montreal and on-line. One thousand, five hundred volunteers completed a of an on-

line survey (surveymonkey) that indicated whether or not they were initially eligible

to participate. The survey included a series of pre-screening questionnaires, namely

the Michigan Alcohol Screening Test (MAST), Substance Use Risk Profile (SURPS),

Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ) and

Anxiety Sensitivity Index (ASI), in addition to a list of questions assessing whether

any of our exclusion criteria were met.

Cutoff scores for inclusion into one of the two personality risk were set based on the

Woicik et al. (2009) report of normative data for the SURPS. Cutoff scores required

for inclusion into the sensation-seeking (SS) group were a minimum score of 18 on the

SS subscale, a maximum score of 6 the AS subscale and a score of 12 or higher on

the SR subscale of SPSRQ. The cutoff scores required for inclusion into the anxiety-

sensitive (AS) group were: a minimum score of 15 on the AS and a maximum score
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of 12 on the SS subscales of the SURPS, a score of 21 or higher on the ASI, and of

11 or less on the SPSRQ-SR subscale. All this to ensure that our subjects were very

clearly differentiated in terms of their personality risk profiles and latent dispositions.

Individuals who classified as high in both AS and SS traits were excluded. Individuals

scoring 3 or higher on the MAST were, too, excluded.

Exclusion criteria were as follows: meeting diagnostic lifetime criteria for active

medical illness, lifetime history for one or more psychiatric disorder, including illicit

drug abuse, chronic use of prescription medication (other than contraceptives), preg-

nancy, breastfeeding, a history of head injury, claustrophobia, having a night job that

required one to work during the night and abnormally high or abnormally low body

mass index (BMI; normal BMI is 18.5 − 23.5 for men and 19.5 − 24.5 women; over-

weight is > 23.5− 29.5 for men and > 24.5− 29.5 women, and underweight is < 18.5

for both men and women Bray 1979). Of individuals who completed the online ques-

tionnaires, 88, whose scores indicated initial eligibility to participate in the study, were

subsequently contacted and underwent a short (15-min) phone interview. In the latter,

assessment for trait impulsivity (using the 5-item Impulsivity subscale of the SURPS),

drinking habits and general sleep patterns was conducted. This interview additionally

involved assessing whether prospective subjects met all the usual safety requirements

for the MRI environment, whether they were confident they would not experience

excessive discomfort being in the MRI scanner for 50 plus minutes, whether they un-

derwent any type of brain imaging study in the past and finally, whether prospective

female subjects were normally cycling. Subjects were thanked for their time and ex-

cluded if they: (1) surpassed the cutoff score of 14 for impulsivity; (2) were unfamiliar

with the alcohol dose to be administered in the study (i.e, have not consumed 5 al-

coholic drinks1 (4 for females) or more in the past month; (3) classified as regular

binge drinkers (i.e, binge-drinking2 episodes on weekly bases (+5 drinks per occasion

1A standard alcoholic drink is 12 oz of beer, 5 oz of wine, or 1.5 oz (one shot) of liquor (ICAP,
1998).

2A drinking pattern in which high quantities of alcohol are consumed in a short amount of time
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for men; 4+ drinks for women; of Alcohol Abuse and Alcoholism 2004; of Health et al.

2005) or heavy drinkers (i.e, consuming more than 15 alcoholic drinks per week); (4)

had irregular or dysregulated sleep patterns (awakening time after 10); (5) were ab-

normally cycling women; (6) did not meet all the safety requirements to undergo MRI

scanning; (7) expressed concern about possibly experiencing excessive discomfort in

the scanner given the length of scanning; (8) reporting experiencing a traumatic event

or unusually high levels of psychological stress during the last month; (9) have in the

past underwent a brain imaging study of a similar nature, as this raises the possibility

that said individual might not be completely or at all näıve to the currently employed

emotional challenge paradigm; or (10) reported having any sort of learning disability

(this will become relevant in the context of the MIST). Otherwise, an invitation for

an interview at the alcohol research lab was extended. Individuals undergoing this

additional testing session totalled 49.

In the lab, subjects first underwent a structured clinical interview, conducted by a

trained doctoral student in clinical psychology, using the Structured Clinical Interview

for DSM-IV-TR Axis I Disorders, non-Patient Edition (SCID-I/NP; First et al. 2002)

in the context of a relatively extensive clinical interview, to rule out manifestation

of major psychiatric disorders (lifetime criteria). On the basis of this interview, one

individual was suspected of misreporting and probably underreporting both psychiatric

symptoms as well as alcohol and drug use patterns (primarily due to inconsistent

reporting). This person was provided with a list of mental health referrals, thanked

and compensated 20 dollars for his time and excluded. The remaining 48 individuals

neither indicated nor were suspected of being and/ or having ever been psychologically

disordered, and all were therefore deemed to be eligible for the fMRI study. These

subjects were then familiarized with the experimental procedure that was to take

place on the upcoming two scanning sessions. Subjects were informed they will need

(typically four drinks for women or five drinks for men consumed in the span of a 2-hour period) that
brings BAC levels to 80 mg per 100 ml. (Ron and Barak, 2016)
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to commit to approximately 7 hours for each scanning days, and that they would not be

released from the lab until and unless their blood alcohol limit is below 0.02. Subjects

were instructed to refrain from physical exercise, caffeine, licit and illicit substances,

and larger (especially high-fat) meals on MRI testing days and were advised to get

at least 6 hours of sleep the night before. Either or both MRI scanning sessions

were then scheduled (when possible). For the remaining part of this lab session,

subjects filled out a series of questionnaires meant to assess several variables that

might require covariation, namely current and past polydrug use, familial history

of alcoholism, developmental experiences (i.e, early life trauma and parental abuse

including neglect), self-esteem and internal locus of control and alcohol-expectancy.

Measures used to quantify these variables are described below.

The final recruited sample consisted of 48 putatively at-risk for alcoholism but

otherwise healthy subjects, 23 females and 25 males (41 university undergraduates),

with a mean ± standard deviation (SD) age of 20.4 ± 1.87 years (range = 18 − 24

years). that divided into two groups, one scoring high in measures of SS and another,

AS. Table 2.1 presents the characteristics of this recruited sample.

Study protocols were approved by the Institutional Review Board (IRB) of the

McGill University, and written informed consent form was obtained prior to partic-

ipation in accordance with the the McGill IRB requirements from all subjects. The

same consent form, we note, contained a question inquiring as to whether subjects

would agree to being contacted in the future concerning this study. Participation in

the study, it was made clear to the subjects, was not conditional in anyway on them

answering yes to the latter question. All subjects consented to being contacted again

in the future for a follow-up assessment. All subjects were fully debriefed at the end

of their third testing day.
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Table 2.1 Characteristics of the Recruited Sample by Personality
Group.

ASSs SSSs P -value†

Age (years, M ± SD) 20.52 ± 1.65 20.4 ± 2.20 ns

Sex, Women, n (%) 11 (47.8) 11 (44.0)

Race, n (%)

Caucasian 21 (91.3 %) 18 (75.0%) −
Black 0 0 −
Asian 0 2 (8.3%) −
Other 2 (8.7%) 4 (16.7%) −

Education (years, M ± SD) 14.17 (.89) 14.18 (1.07) ns

Weight (Kg, M ± SD) 66.57 ±18.62 69.64 ± 12.84 ns

Height (Cm, M ± SD) 170.79 ± 10.32 175.61 ± 12.27 ns

SURPS score (M ± SD)

AS scale 16.95 ± 1.70 6.20 ± 1.25 .000

SS scale 10.35 ± 1.22 22.37 ± 1.95 .000

ASI total score (M ± SD) 34.60 ± 6.61 10.45 ± 4.73 .000

Physical Concerns score 17.58 ±5.35 3.45 ± 3.00 .000

Mental Incapacitation

Concerns score 5.64 ±2.87 3.62 ± 1.66 .006

Social Concerns score 7.17 ±2.12 4.79 ± 1.91 .000

SPSRQ score (M ± SD)

SP scale 13.40 ± 4.79 6.21 ± 4.03 .000

SR scale 10.90 ± 3.27 16.04 ± 2.82 .000

MAST score .57 ± 1.46 .24 ± .88 ns

Alcoholic drinks per week 8.20 ± 4.10 ± 10.54 ± 7.27 ns

Lifetime regular smokersa(n (%)) 0 0 −

Abbreviations: ASSs = anxiety-sensitive subjects; SSSs = sensation-seeking
subjects; ASI = Anxiety-Sensitivity Index; SURPS = Substance Use Risk Profile
Scale; AS = Anxiety-Sensitivity; SS = Sensation-Seeking; SPRSQ = Sensitivity
to Reward and Punishment Questionnaire; SP = Sensitivity to Punishment and
SR = Sensitivity to Reward; M = mean and SD = standard deviation
No effects of sex and personality-by-sex interaction on any of the presented
variables showed or trended towards (i.e, p ≤ .1) significance.

† P -value for personality group difference found using GLM univariate testing with per-
sonality and sex and fixed factors.

Bivariate Pearson correlation coefficients for the personality screening measures are

presented in Table 2.2. As shown, scores on the different personality measures were

very strongly correlated.
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Table 2.2 Bivariate pearson correlation matrix of personality screening
measures (N = 44).

ASI SURPS-SS SURPS-AS SPRSQ-SP SPRSQ-SR

ASI 1 −.902** .886** .697** −.543**

SURPS-SS −.902** 1 −.930** −.687** .630**

SURPS-AS −.886** −.930** 1 .647** −.633**

SPRSQ-SP .697** −.687** .647** 1 −.537**

SPRSQ-SR −.543** .630** −.633** −.537** 1

ASI = Anxiety-Sensitivity Index; SURPS = Substance Use Risk Profile Scale; AS
= Anxiety-Sensitivity; SS = Sensation-Seeking; SPRSQ = Sensitivity to Reward
and Punishment Questionnaire; SP = Sensitivity to Punishment and SR =
Sensitivity to Reward.

** Correlation is significant at P(2−tailed) ≤ .001.

Following is a description of the screening questionnaires that were administered in

the present study, and all of which were scored based on the guidelines of the respective

authors.

Substance Use Risk Profile Scale (SURPS). The SURPS (Woicik et al.,

2009) is a 23-item questionnaire measuring variation in personality risk for drug mis-

use and non-substance related psychiatric conditions along 4 dimensions: hopelessness,

anxiety sensitivity, sensation seeking and impulsivity. This instrument is administered

in a paper/pencil format on which respondents can endorse statements about them-

selves by selecting one of four response options (strongly disagree [1], disagree [2],

agree [3] and strongly agree [4]. The psychometric properties of the SURPS, including

its concurrent, predictive and incremental validity (relative to other personality mea-

sures) in identifying and differentiating persons predisposed to reinforcement-specific

drug use profiles has been established in multiple samples of both teens and adults

(Conrod et al., 2008, 2010; Woicik et al., 2009; Krank et al., 2011; Castellanos-Ryan

et al., 2013; Jurk et al., 2015; O’Leary-Barrett et al., 2015). It has additionally been

recently shown that the sensitivity of the SURPS’ subscales in identifying a high num-

ber of individuals who would come to develop substance misuse or other psychiatric
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problems within the subsequent 1.5 years, ranges between 72% and 91% (Castellanos-

Ryan et al., 2013). Each of the four subscales differentially correlate, and with a

good degree of specificity with specific psychiatric manifestations. Specifically, the

internalizing anxiety sensitivity traits is associated with ”drinking to forget” - that is,

using alcohol to self-medicate and manage anxiety or depressive symptamology. The

same traits also represents a risk factor that more than triples the odds for developing

anxious pathologies (relative to individuals low in this trait; Stewart and Kushner

2001; Woicik et al. 2009), especially GAD, SAD and PD. Conversely, high levels of the

externalizing sensation seeking trait are associated with risk-taking behaviors, heavy

drinking chief among them, for enhancement purposes, and is not related to particu-

lar forms of non-substance related psychopathologic expression per se. Importantly,

the SURPS is practically advantageous over other personality measures such as the

NEO, the latter including 240 items (versus 23 in SURPS), and hence the feasibility

of completion of the SURPS and potential for its utilization as a systematic screening

instrument.

Each of the AS and SS subscales had good internal reliability in the current study

(Swailes and McIntyre-Bhatty, 2002), with Cronbach alpha coefficients being α =

.915 for AS (5 items) and α = .933, SS (6 items). Averaged inter-item correlations

were, respectively, .710 and .705 for the AS and subscales, which are considered high

High-risk individuals were partially defined as those scoring at least 1 SD above the

normative mean on either the AS or SS subscales of the SURPS.

Anxiety Sensitivity Index (ASI). The ASI (Reiss et al., 1986) is the most widely

used measures in empirical investigations for the quantification of the construct of anx-

iety sensitivity construct: the dispositional proclivity to fear anxiety-related symptoms

secondarily to the belief that their consequences will potentially be catastrophic (Reiss

et al., 1986; Peterson and Reiss, 1992). This questionnaire consists of 16-items (e.g,

”When I begin to sweat in a social situation, I fear people will think negatively of
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me”), each self-rated assessed on a five-point Likert scale ranging from 0 (very little)

to 4 (very much). The psychometric properties and predictive validity of the ASI have

been well-documented (Peterson and Reiss, 1992; Peterson and Plehn, 1999).In a non-

pathological sample Peterson and Reiss (1992) indicated a mean of 19.1 (SD = 9.11)

and internal consistency ranging from α = .82 to .91, and correlations from .71 to

.75 between administrations. In the current study, the ASI and its subscales had

good internal reliability (Swailes and McIntyre-Bhatty, 2002), with a Cronbach alpha

coefficient being α = .927 and averaged inter-item correlations, .453 which is consid-

ered acceptable. We used the total score within our sample as has been previously

suggested since studies have found that the subscales are highly correlated, and a

greater percentage of items load higher on the general domain factor rather than on

the domain-specific factors (Osman et al., 2010). While intended by its developers to

assess AS as a unitary construct, and several studies factor analyzing this it have re-

ported a one-factor solution (Reiss et al., 1986; Sandin et al., 1996; Taylor et al., 1991,

1992a; Taylor, 1996) , other studies have challenged the factor structure of the ASI,

with a two-factor solution being found by some (e.g, Cox et al., 2001), a three-factor

solution by others (Taylor et al., 1996; Stewart et al., 1997a; Zinbarg et al., 1997), and

as many as four factors by still others (Telch et al., 1989; Wardle et al., 1990; Cox

et al., 1996). Notwithstanding, based on the work of Zinbarg et al. (1997), most seem

to agree that the structure of the ASI is perhaps best explainable by three lower order

factors assessing fear of anxiety-related the physical symptoms (”Physical Concerns”),

fear of cognitive dyscontrol (”Mental Incapacitation Concerns”) and fear of adverse

social consequences of anxiety (”Social Concerns”), all loading on one factor of global

AS (Stewart et al., 1997a; Rodriguez et al., 2004).

In the present study, we used the total score on the ASI to screen subjects but also

looked at the three subscales separately when analyzing the data. Cronbach’s alpha

coefficients for the physical, mental incapacitation and social concerns subscales were,

respectively, .928 (9-items),.835 (4-items) and .510 (4 items), and averaged inter-item
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correlations, .587, .570 and .204.

Sensitivity to Punishment Sensitivity to Reward Questionnaire (SPRSQ).

The SPSRQ is a 48 yes/no response item, self-report questionnaire (Torrubia et al.,

1995, 2001) containing two orthogonal subscales, namely Sensitivity to Punishment

(SP, α = .84) and Sensitivity to Reward (SR, α = .70). This instrument is a proposed

measure of Gray’s motivational systems, namely the Behavioral Inhibition and Behav-

ioral Activation Systems (respectively, BIS and BAS; assessed by 24 SP and 24 SR

items), such that SP and SR items describe, respectively, responsiveness in situations

where punishment and reward are predominant (Gray, 1975, 1981, 1982, 1987b,a; Beck

et al., 2009b). Even and odd items are ascribed to, respectively SR and SP. Scores for

each scale equal the sum of the ”yes” answers to their respective items. Both scales

have good reliability (.76 − .84; Torrubia et al. 1995, 2001) and convergent validity

(Caseras et al. 2003; also see O’Connor et al. 2004). An exploratory factor analysis

(EFA; principal components analysis) of the SPRSQ, performed in an earlier study

by Torrubia et al. (1995) reportedly revealed that all items loaded adequately and as

expected on two factors (24 items on each factor; Torrubia et al. 1995).Cronbach’s

alpha coefficients for the SP and SR subscales in the present study were, respectively,

.886 and .697, and averaged inter-item correlations, .243 and .089

SP trait has been shown to negatively correlate with extroversion (r = −0.50), and

positively neuroticism (r = 0.54), while the opposite pattern of these association is

shown by SR (where did I get this?- cite). Further, whereas SR is positively associated

with Sensation Seeking Scales (r = .45 in males, r = .21 in females) and scales

assessing closely related constructs (e.g, Thrill and Adventure Seeking; Experience

Seeking; disinhibition and Boredom Susceptibility), SP is inversely related to all of

those, often to a significant extent (Torrubia et al., 2001).
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Michigan Alcoholism Screening Test (MAST). The MAST is a 25 yes/ no

response item self-report questionnaire that has been widely used to assess the presence

and extent of drinking problems (Selzer, 1971; Storgaard et al., 1994) and previously

shown to reliability discriminate between casual alcohol users and abusers (Brady

et al., 1982). The cutoff score for mild-to-moderate problem drinking on the MAST is

4 (Selzer, 1971) and individuals scoring 3 or higher on this instrument were excluded,

so as to ensure that the recruited sample was not in any way alcohol use disordered.

Structured Clinical Interview for DSM-IV-TR Axis I Disorders - Non–

Patient Version (SCID-I/ NP). The SCID-I/ NP (First et al., 2002) is a di-

agnostic exam used to assess mental health status and determine DSM-IV-TR Axis I

disorders (major mental disorders)

Individuals meeting the diagnostic lifetime criteria for a major psychiatric disorder

were excluded, so as to ensure that the recruited sample was psychologically ”pristine”.

Current and past Polydrug use. Subjects were asked to list all the licit and illicit

substances they have ever used in their lifetime. The experimenter then read from a

standard list of substances to ensure the subject had not forgotten to mention any.

The standard list is as follows: Tobacco, Alcohol, Cannabis, LSD, Psilocybin, Cocaine,

Mescaline, Amphetamine, Methylphenidate, Phencyclidine, Ketamine, GHB, MDMA,

Heroin, Ephedrine, Amphetamine-Dextroamphetamine, Dextroamphetamine, other.

Subjects were then required to state the age of first use and use of the substances

during the 30 days prior to the study. For each substance, subjects were required to

state if they had mixed substances and list all the combinations. Subjects were then

asked to recall the last time they used each substance, the date and an estimate of the

amount used.

Family Tree Questionnaire. The potential presence of AUD cases in first-degree

and second-degree relatives was assessed for using the Family Tree Questionnaire
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(Mann et al. 1985; also see Kendler et al. 2015b). Subjects were asked to specify

who, if any, among their relatives, in immediate family, paternal side and maternal

side, has ever been diagnosed or suspected of alcoholism or suffered from a drinking

problem (lifetime criteria).

The definitions of family history of alcoholism have varied across studies (see Alter-

man, 1988; Cservenka, 2016). That said, previous neuroimaging research has largely

classified individuals as FHP if either or both biological parents had AUDs, or two or

more second-degree relatives did (e.g, Schweinsburg et al., 2004; Andrews et al., 2011;

Cservenka and Nagel, 2012; Sjoerds et al., 2013). Conversely, FHN individuals have

no cases of AUDs in first (e.g, Heitzeg et al., 2010) or first and second-degree relatives

(e.g, Cservenka and Nagel, 2012; Squeglia et al., 2014b). We therefore relied on these

(dichotomous) definitions plus two others, one of mild family history for alcoholism

(FHM), which we defined, as have previously others, as having one second degree rel-

ative with an AUD or two second degree relatives on different sides of the family with

the condition. The second definition we used was of multigenerational family history

for alcoholism (MFH): having at least one alcoholic parent plus two alcoholic relatives

on the same side of the family.

Rosenberg Self-esteem Scale (RSE). We administered the RSE (Rosenberg,

1965, 1979), which is currently the most commonly utilized and well-validated self-

report instrument for evaluating global self-esteem. This tool quantifies perceptions

of global self-worth and -acceptance. The scale’s items total 10 (e.g, ”I feel that I’m a

person of worth”), and each is self-rated on a 4-point Likert scale (1, ”strongly agree”

to 4, ”strongly disagree”; see Crandal 1973; Wylie 1974; Mart́ın-Albo et al. 2007 for

psychometric properties and further characteristics of the scale).

Self-efficacy questionnaire. The locus of control measure (Krampen, 1991) was

administered on account of its well-established strong power in predicting stress re-
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active cortisol production (e.g, Pruessner et al., 2005b). This instrument consists of

subscales assessing internal locus of control (e.g., ”What happens to me is my own

doing”) and external locus of control (e.g., ”Sometimes I feel that I don’t have enough

control over the direction my life is taking”). The validity of this questionnaire for

the assessment of locus of control has been demonstrated and its scores are generally

independent of affective state (Bachman and O’Malley, 1977).

Alcohol-Expectancy Questionnaire (AEQ). It has been previously suggested

that the tension-reducing/ stress-dampening effect of alcohol in anxiety-inducing con-

texts occur only if the person ingesting said drug expects it to (Buckner et al., 2013).

Given this, and considering that the route of alcohol administration in our study

was oral as opposed to intravenous, we reasoned that expectancy of alcohol effects, if

statistically different across subjects as a function of personality, sex and/ or their in-

teraction, would require co-variation. As such, we used the AEQ (Brown et al., 1980),

a well-validated (Rohsenow and Bachorowski, 1984) and widely used instrument that

provides a means of quantifying one’s beliefs about the expected effects of alcohol.

This questionnaire contains 40-items and comprises 7 subscales (respectively, Global

Positive, Careless Unconcern, Cognitive Impairment, Power and Aggression, Sexual

Enhancement, Social and Physical Pleasure, Social Expressiveness and Tension Reduc-

tion), with 5-6 items addressing each (e.g, e.g, ”drinking makes it easier to concentrate

on the good feelings I have at the time”). Each item is self-rated on a 6-point Likert

scale (1, ”disagree strongly” to 6, ”agree strongly”).

Childhood trauma questionnaire (CTQ). This 28-item self-report measure (Bern-

stein et al., 2003) is widely to assess for the presence of a history of childhood maltreat-

ment. A total of subscales (5-items each) measure five forms of maltreatment, namely

(respectively): emotional abuse (e.g, ”People in my family called me stupid, lazy, or

ugly”), sexual abuse (e.g, ”Someone tried to make me do sexual things or watch sexual
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things”), physical abuse (e.g, ”People in my family hit me so hard that it left bruises

or marks”), emotional neglect (e.g, ”There was someone in my family who helped me

feel that I was important or special” inverse item), and physical neglect (e.g, ”There

was someone to take me to the doctor if I needed it”, inverse item). (Heim et al.,

2013) Each phrase is rated on a 5-point Likert scale (1, ”never true” to 5, ”very often

true”).

The psychometric properties of the CTQ are well-established. Its internal consis-

tency is good (Crohnbach’s α = 0.63 − 0.95) and so is its criterion-related validity

(r = 0.50 − 0.75) in pathological and community-recruited samples. Convergent reli-

ability with clinical psychologist assessments of childhood maltreatment is high, and

considerable specificity and sensitivity of cutoff scores to to distinguishing respondents

who were abused as children from those who were not has also been noted (see Heim

et al., 2013). The cutoff scores for moderate to severe abuse are 13 for emotional abuse,

8 sexual abuse, 10 physical abuse, 15 emotional neglect, and 10 physical neglect (Heim

et al., 2013).

Parental Bonding Instrument (PBI). Th PBI is retrospective self-report ques-

tionnaire (Parker et al., 1979), used to asssess care and overprotection received inde-

pendently from mother and father during the first 16 years of life. This scale, ex-

tensively used, has good reliability (e.g, internal consistency and re-test reliability).

In fact, the test-retest reliability of this instrument has even been established over

extended time periods that can be as long as twenty years (Wilhelm et al., 2005). The

validity of the PBI has also been well-established by numerous investigations, with

satisfactory construct and convergent validity and independence of mood effects (see

Parker, 1983).

Two forms, the mother form and father form, consist of 25 item each. 12 of these

quantify ’care’ and 13 ’overprotection’. Items are endorsed by respondents on 4-point

Likert scale (very like, moderately like, moderately unlike and very unlike). Normative
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scores, as established by Parker (1983) range between 0 and 26 for low maternal care, 0

and 23, low paternal care, 27 and 36, high maternal care and 24 and 36, high paternal

care.

Notably, the PBI additionally allows that parents be effectively ”assigned” to one of

four quadrants, namely ”affectionless control” (high protection and low care), ”optimal

parenting” (high care and low protection) and, finally, ”neglectful parenting” (low care

and low protection; Parker et al. 1979). Assignment to ”high” or ”low” categories is

based on the following cut-off scores: for mothers, a care care of 27.0 and a protection

score of 13.5 and for father, a care score of 24.0 and a protection score of 12.5 (Parker

et al., 1979).

2.2 Design and Testing Procedure

This fMRI study featured a repeated-measure, randomized, double-blind, placebo-

controlled counter-balanced design (Figure 2.1). Both MRI testing occasions entirely

took place at the Montreal Neurological Institute (MNI). We attempted to the best of

our ability to schedule MRI sessions for the afternoon, when baseline cortisol levels are

relatively low, and all subjects included in the final analyses underwent and completed

two MRI testing sessions, separated by approximately 14 days. The study coordinator

was the same throughout the entire duration of the study, as was the MRI scanner used

and software version in operation. Acquisition parameters, processing and statistical

analysis of any and all physiological, neural and behavioral data obtained throughout

the study were identical for all subjects.

Subjects reported to the scanning unit at least one hour prior to the start of MRI

session. Arrival and awakening times on that day were recorded. Subjects were asked

to change their clothing (into scrubs) and then seated in a comfortable quite room,

where they rested for 45 minutes. This was done to ensure that by the time MRI

testing has started, cortisol levels would have had returned to baseline/ resting levels.
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After resting period salivary cortisol and blood alcohol curve (BAC) readings were

obtained through, respectively, a swab and breathalyzer. Next, the tasks that subject

would be required to perform in the scanner were clearly explained and their duration

and order of presentation laid out. Subjects briefly practiced the MIST (control trials

only) prior to being alcohol/ placebo challenged.

The alcohol/ placebo challenge (15 minutes) and absorption period (15 minutes)

followed, in chronological order. BAC and salivary cortisol readings were obtained and

placement in the scanner occurred, in chronological order, immediately after (precisely

30 minutes after subjects received the drink challenge of alcohol or the control placebo

condition), at or near the height of the blood alcohol curve (BAC = .08; range .075−
.10).

Inside the scanner, subjects held a socket USB in their right hand, which tech-

nicians illustrated for them how to use as they underwent a emotional challenge

paradigm. The latter consisted, a Face Emotion Processing Task and then the Mon-

treal Stress Imaging Task (MIST), administered identically and chronologically on

both scanning days, with salivary cortisol measurements, BAC readings and subjec-

tive mood assessments being recorded at multiple time points throughout. After the

MIST, subjects underwent a 10-minute structural scanning period as they rested.

Once the MRI scan has ended, subjects were placed in a comfortable and quite room,

given a blanket, served a hot meal and offered a laptop and a set of movies on DVDs.

BAC and salivary cortisol readings were obtained at 10-minutes interval until subject

was sent home, approximately 1.5-2 hours after end of scanning session. For subjects

receiving placebo on their first day, they were kept in the scanning unit for at least

one hour before being sent home so as to try and prevent them from seeing through

the placebo condition. Once both scanning sessions and data collection have been

completed, subjects were debriefed about the testing procedure.
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Figure 2.1 Flow chart of screening and experimental proce-
dures.

Explication of the previously mentioned steps and experimental procedures fol-

lows.

2.2.1 Alcohol Challenge

Female subjects received a dose of alcohol which was 12.5% less alcohol per kilogram

of body weight than men. Due in part to sex differences in total body water content

and different rates of elimination, numerous studies have shown women to display

more cognitive impairment than men at the same dose. Men received an alcohol

dose of 1 ml/kg of 95% USP alcohol. For both sexes the alcohol was mixed with

room temperature orange juice (3:1 of alcohol: juice ratio) and administered prior to

scanning. Both dosages of alcohol have been reliably shown to achieve a target blood

alcohol level of .08 (range .075 − .10) in 15 minute period (Schuckit et al., 1997a,b),
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a concentration maintained for approximately 30 minutes. The placebo beverage was

the room temperature orange juice, with drops of 95% USP ethanol poured on the

surface of the drink just before being served and on a terry cloth drink holder, so that

subjects would smell and taste alcohol without ingesting enough to alter BAC. The

drink volumes were equal and subjects were told they received two different dosages of

alcohol on each day. Each of the three drink glasses was consumed within a 5-minute

period (total consumptions time is 15 minutes) and drinking was paced to standardize

ingestion rates and to maximize experimental control across subjects (Schuckit et al.

1997a,b; also see Ramchandani et al. 2009). While aware that compared to oral alcohol

administration, intravenous infusion is more accurate, we avoided this approach given

that one of our groups is highly anxious and it is precisely anxiety and stress related

neural BOLD responses that we were aiming at measuring shortly after the alcohol

challenge was completed.

15 minutes after subjects have completed their last drink have elapsed, they were

placed in the scanner so that testing could occur at or near the height of the blood

alcohol curve. After the alcohol-placebo challenge administration was completed, serial

breathalyzer readings were recorded every 8 to 10 minutes until BrAC fell below 0.02

g%, after which subjects were sent home.

2.2.2 MRI Scanning

In the MRI scanner, subjects were exposed to an emotional challenge paradigm, ad-

ministered identically on both days. This paradigm involved the administration of

two tasks, in chronological order, namely a Face Emotion Processing Task (FEPT)

and the MIST (Dedovic et al., 2005). The latter was followed by a 10-minute rest-

ing period, during which an anatomical scan was obtained. Total scanning time was

approximately 55 minutes (Figure 2.2).

All fMRI scans were done on a Siemens 3T TIM Trio scanner. The visual tasks
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were viewed by a mirror above the participant inside the scanner, from a projector.

Subjects submit their answers during the tasks using a socket placed in their hand.

Figure 2.2 A flow chart of MRI testing procedure, conducted identi-
cally on both scanning days. MRI scanning session involved, in chrono-
logical order, administration of the FEPT and the MIST and obtaining an
anatomical scan. BAC = blood alcohol curve; s = seconds; min = minutes

2.2.2.1 Face Emotion Processing Task

In the Face Emotion Processing Task (FEPT), subjects identify a target emotion

displayed as a face stimulus. Fearful, angry, disgusted, surprised, sad, happy and

neutral facial expressions were used as stimuli. All stimuli were presented using a Mac

laptop computer with in-house stimulus delivery software.

The task was designed in our lab and created with a code written in MATLAB

(The Mathworks, Natick, MA, USA), using the Psychophysics Toolbox extensions
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and a standardized set of photographs of said emotional (Disgusted, Surprised, Angry,

Sad, Fearful, Happy) and neutral faces, taken from the Karolinska Directed Emotional

Faces set (KDEF; Lundqvist et al. 1998), presented in an event-related design that

lasted 6 min 30s (Figure 2.3). Overall, there were seven different faces expressing

each of the seven emotions (49 pictures in total). The photographs, all unfamiliar

to subjects, were of Caucasian young adult males and females. They were static,

projected through a mirror mounted onto the headcoil, on a dark grey background,

displayed in horizontal positions and shown centrally for a duration of 2.5 seconds.

Photographs of facial expressions appeared in a pseudo-randomized fashion such that

subject viewed each of 7 facial expressions (these were randomly selected) within each

’cycle’, and none of them could re-appear within the same 7 emotion cycle. Subjects

were instructed to focus on the face and label the perceived emotional expression being

displayed by choosing one of 7 options (”Fearful”, ”Angry”, ”Disgusted”, ”Surprised”,

”Sad”, ”Happy” and ”Neutral”). The task was carried out in a single continuous

trial that persisted for 390 seconds, with a 10-second break at half time. The time

it took subject to label the emotion served at the interstimulus interval, the latter

which varied across and within subjects. Naturally, as a result of that, the number

of face photographs viewed and emotions identified varied across subjects and within

the same subjects between the two testing occasions. A script was yielded for each

subject at the end of his or her FEPT, indicating, for each stimulus presented (in

chronological order) the face photographs displayed, as well the actual and perceived

emotional expression of target face. The FEPT and the code written to create it are

freely available for use upon contacting thesis author.
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Figure 2.3 Graphic User Interface of the FEPT. Depicted are
the seven types of basic emotions presented (top row, from left to right,
fearful, disgusted, angry, surprised, sad, happy and neutral faces). Faces
are presented in a pseudo-randomized fashion for a fixed duration of 2.5
seconds per face. Subjects then have to label the emotional displayed by
target face (by choosing from seven options). Response latency serves as
interstimulus interval (see text for additional detail).

2.2.2.2 Montreal Imaging Stress Task

The Montreal Imaging Stress Task (MIST; Dedovic et al. 2005) is a psychosocial

evaluative stress paradigm wherein subjects are asked to solve arithmetic tasks under

time pressure. The task featured a block design included three conditions: rest, control

and experimental. Each condition was presented in a fixed order that was repeated

three times within each one of a total of 3 runs (”Experimental”: 72 s, ”Control”: 36

s and ”rest”: 12 s), resulting in a duration of 6-minutes per run.

Under the experimental (stress) condition, mental arithmetic problems are to be

solved by subject under the pressure of time and psychosocial evaluation (Figure 2.4B).

Under the control (nonstress) condition, mental arithmetic is performed under a signif-

icantly less strict time limit and absent the psychosocial evaluative pressure element
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(Figure 2.4A). During rest, subjects were shown neutral surface and asked to keep

their eyes open. The computer algorithm has been designed such that the answer for

any arithmetic problem will always be an integer between 0 and 9, thus requiring a

single keystroke to submit the response (see Figure 2.4).

(A) (B)

Figure 2.4 Graphic user interface of the MIST (Dedovic et al.,
2005). (A), In the experimental (stress) condition, mental arithmetic is
performed under psychosocial evaluative pressure: a performance color bar
reflecting the individual subject’s performance (bottom arrow) in contrast
to a mock ’average performance’ (top arrow), a progress bar displaying
elapsed time, a performance feedback text field emphasizing that subject’s
poor performance was recorded. (B), In, the control (nonstress) condition,
mental arithmetic problems are to be solved under a significantly less strict
time limit and absent the psychosocial evaluative pressure components.

Psychosocial evaluative pressure is induced through a scripted investigator interac-

tion slightly adapted from the originally proposed one (Dedovic et al., 2005; Pruessner

et al., 2008). Subjects are told, when introduced with the MIST prior to entering

the MRI scanner, that performing ”at par” was attainable for anybody with average

intelligence and did not require that one has advanced math abilities. Subjects were

also told that their performance would be closely monitored real time by everyone in

the scanner room (investigator, assistants, MRI technicians), and had to be at least

”average” for their MRI data to be usable. The ”average” performance, we falsely

claimed, was based on the performance of a large sample of their peers, whose IQ was

average and math abilities not necessarily advanced. Unbeknown to the subject is
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the fact that, by design, the algorithm contained in the MIST generates a script that

automatically manipulate either or both the arithmetic problem difficulty and allot-

ted time depending on subject’s ”aptitude”, such that his or her performance would

be suboptimal irrespective of math skills and a failure rate of 40%-50% is enforced

(Dedovic et al., 2005).

After each test run, a female confederate enters the room with a female assistant

wearing a lab coat and holding a notebook, both looking puzzled and surprised by the

subject’s ”unusually bad” performance. The confederate informs the subject that he

or she was not performing well and if such continued to be the case, the experiment

would be unsuccessful and subject’s data unusable, which would be unfortunate on

account of MRI scans are associated with great costs and are very time-exhaustive.

The confederate then tried to ”explore” with the subject possible explanations for their

performance (can you see the numbers well, did u use drugs last night). Meanwhile, the

assistant looks concerned as she continuously writes notes. It is notable that our style

in providing the feedback was slightly different from the original approach, whereby

negative feedback is provided by a lab coat-wearing investigator who did not meet

subject before: here the confederate conveying the evaluative feedback to subjects

was always the same doctoral student who interviewed them on their first testing day

(in the lab), familiarized them with the testing procedure and the tasks they would

be performing in the scanner and established good rapport with them. It would be

this doctoral student’s dissertation work that suffers if a subject performed below

”average” on the MIST, subjects were told. At no point did this said confederate wear

lab coat. This was done with the purpose of making the situation seem as natural and

least staged as possible.

Negative performance feedback was followed by obtaining BAC and salivary cortisol

readings, and completion of a brief self-report mood questionnaire immediately after

the confederates have left the room.
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2.2.3 Behavioral Measurements

2.2.3.1 Face Emotion Processing Task

Response latency. The speed with which an individual identified facial emotion

has been suggested to correspond to the degree of vigilance displayed by that individual

to socioaffective signals (e.g, Doty et al., 2013). As such, response latency was an

outcome measure of interest in the present work. Values for this behavioral index

were obtained through the following expression: duration in seconds spent by subject

rating all faces/ total number of faces rated × 100.

Response accuracy. It has been suggested that persons high in trait SA might

more accurately identify facial emotions, especially the negatively valent ones than

would individuals low in this trait. Whether they were intoxicated to the point of

distorted perception and whether such an effect would differ as a function of person-

ality and sex or their interaction. Measures of identification accuracy of any facial

expression (i.e, number of faces labelled correctly/ number of faces labelled × 100)

and negatively valent expressions (i.e, number of fearful, angry, disgusted and sad faces

labelled correctly/ number of fearful, angry, disgusted and sad faces labelled × 100)

were thus obtained. Accuracy in identifying positively valent faces was also measured

to serve as some sort of control/ baseline measure (i.e, number of happy faces labelled

correctly/ number of happy faces labelled × 100).

Appraisal bias. Previous research has gone to compellingly suggest that neutral

faces are not really neutral, at least as far as high trait anxiety subjects are concerned.

Rather, neutral faces might be best conceptualized as ambiguously valent (expand

on this a but and cite ref from my discussion section); Socially anxious individuals,

pathological or not, have been shown to demonstrate a proclivity to interpret faces of
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this sort in a negative light, as opposed to anxiety-normative individuals who typically

tend to perceive them as unambiguous signals of neutrality.

It has additionally been shown that high- sensation seeking individuals are in fact

positively biased, being more likely to perceive stimuli that others would find to poten-

tially signal threat as less or not at all threatening. Based on the previously mentioned

information, we assessed potential differences between personality groups and within

them (by alcohol) in terms of negativity bias in rating a) neutral faces (i.e, neutral

faces rated as emotional; number of neutral labelled as negative or surprised/number

of neutral faces labelled × 100) and positivity bias in rating emotional faces (i.e, fear-

ful, angry, disgusted, sad and surprised faces rated as neutral/number of fearful, angry,

disgusted, sad and surprised faces labelled × 100).

Finally, facial displays of surprise can be distinguished from those signaling direct

threat against the individual (e.g, fearful and angry) in that the former can be inter-

preted as predicting either a negative or positive outcome (Tomkins and McCarter,

1964; Kim et al., 2003). Therefore, if BOLD activation to surprised faces were to

differ across subjects (as a function of either or both personality and sex) and within

the same subjects (as a function of alcohol intoxication), it would be important to

determine whether such differences are accompanied with differential interpretations

of such faces. We therefore examined the tendency to rate surprised faces rated as

harsh (i.e, surprised faces rated as harsh; number of surprised labelled as fearful, angry

or disgusted/ number of surprised faces labelled × 100).

2.2.3.2 The Montreal Imaging Stress Task

While it is true that by virtue of the MIST’s algorithm design, any and all individ-

uals undertaking this task (referring here to its original version) will, at best achieve

a success rate between 40% and 60%, we wanted to assess whether subjects, still,

statistically differed in their performances. Performance outcome on the MIST has

notably been shown to be inversely associated with stress-induced increments in self-
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rated anger (Kazén et al., 2012) as well as cortisol secretion (Kazén et al., 2012).

Further, performance on cognitive tasks administered within the fMRI scanner have

been found to be modulated by the degree of engagement of higher-order cognitive

functioning and emotion-responsive brain regions. These findings suggest that infor-

mation on whether and to what degree the performance outcome on the MIST differs

across different subjects or within the same subjects would be highly relevant to and

important to consider when interpreting our findings. Performance outcomes of in-

terest were correct responses (number of arithmetic problems presented/ number or

correct answers submitted × 100), incorrect responses (number of arithmetic problems

presented/ number or incorrect answers submitted × 100) and time overshoots (i.e,

questions for which no answer was submitted within allotted time, ”time out”; number

of arithmetic problems presented/ number or time overshoots × 100).

2.2.4 Psychological Measurements

Profile of Mood States (POMS). Subjective mood was assessed at multiple

points throughout the course of the MIST using a brief versions of the Profile of

Mood State (POMS; McNair et al. 1971). Subjects visually rated, on a scale of 0

to 10, states cheerfulness, relaxation, confidence, efficiency, embarrassment, anger,

relaxation, tension and confusion at the moments immediately prior to the beginning

of the MIST, immediately after the negative feedback that followed each of the three

runs and once again at 10 min after the completion of the task.

2.2.5 Physiological Measurements

Salivary cortisol sampling To assess cortisol levels, every subject provided saliva

samples at 11 time points over the course of experiment on each MRI testing day,

starting at the moment immediately prior to start of alcohol/ placebo challenge. The
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second cortisol reading was obtained immediately after absorption period a and just

before the start of MRI session, when subjects were seated at the scanning bench prior

to the FEPT (∼ 30 minutes following the first sample). Subsequently, salivary cortisol

readings relevant for the MIST occurred at, as follows: times 0 (immediately prior to

start of the MIST), ∼ +10 min (after the first run has ended and performance feedback

received, prior to start of the second run), +20 (after the second run has ended and

performance feedback received, prior to start of the third run), +30 (after the third run

has ended and performance feedback received, prior to start of the structural scanning)

and +40 minutes (after the structural scan). Outside of the scanner (after scanning

session), saliva samples were collected at 10 min intervals while subjects were resting

until semi complete descendance of the BAC (∼ 1 hour after completion of scanning

session; same was done for placebo days).

Salivary cortisol readings were ascertained using the salivette sampling device

(Sarstedt Inc, Quebec City, Quebec, Canada) and stored shortly thereafter in the

laboratory freezer at −20◦C (Degrees Centigrade) until they were sent for analysis

using time-resolved fluorescence immunoassay. Intra- and inter-assay variability have

been found to less than 10% and 12%, respectively (Dressendörfer et al., 1992).

Blood Alcohol Curve Blood alcohol curve (BAC) level was first measured upon

subject arrival to the scanning unit (to ensure subject was sober) and then again after

the absorption period. After that, BAC level was recorded at 10 minutes intervals, each

time just prior to collection of the salivette sample (see previous section for specificity

time points) and until semi-complete descendance of the BAC (i.e, 0.02 level).

One very notable fact is that the use of breathalyzer in the MRI scanning room is

not allowed, for safety and other reasons. To avoid the caveat of having to estimate

BAC during scanning based on time spent in the scanner (as is typically done by

others; e.g., Padula et al. 2011; Sripada et al. 2011), we resorted to an approach that

was suggested and implemented by an engineer in our team: the plastic tube meant to
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be attached to the breathalyzer for the subject to breathe in was attached to a closed

Ziploc, so that half of the tube is inside the Ziploc. In the scanner room, subject would

breathe into the closed Ziploc through the tube, and the latter is then immediately

attached to the breathalyzer just outside the scanner room, the Ziploc bag is deflated

and BAC reading is obtained. Each Ziploc bag used to obtain a BAC reading was

used only once. We tested this method on a total of 10 subjects undergoing a different

study in our lab, wherein they, too, were alcohol challenged, with a 100% test-retest

reliability.

2.3 Follow-Up Assessment

Within a time range of 2-3 years, 9 out of out 44 subjects were lost to follow-up.

The remainder 35 underwent a short interview a phone (n = 14) or skype interview

(n = 21).

DSM-V AUDs or SUDs. The DSM-V criteria for AUDs, total 11 and come in

the form of yes/no questions (e.g, ”in the past year, have you continued to drink even

though it was causing trouble with your family or friends?”). Those meeting 2 or more,

4 to 5 and 6 or more of said criteria classified as, respectively, mildly, moderately and

profoundly/ severely disordered alcohol users.

Michigan Alcoholism Screening Test (MAST). Description of the MAST and

its psychometricproperties (Selzer, 1971; Storgaard et al., 1994) was provided in an

earlier section, given that this same instrument was initially used to exclude individuals

who classified (or almost classified) as problem drinkers (using a cutoff score of 3; see

Section 2.1).

The incorporation of this instrument in our follow-up assessment procedure was

meant to corroborate the findings of the DSM-V criteria in relation to subject’s drink-

ing status. Again, the MAST has consistently proven to reliability discriminate be-
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tween casual alcohol users and abusers (Brady et al., 1982). Those scoring 4 to 5

on this measure classified as mildly-to-moderately alcohol use disordered while those

scoring 6 or higher classified as severely alcohol use disorder. (Selzer, 1971; Storgaard

et al., 1994).

Structured Clinical Interview for DSM-IV-TR Axis I Disorders - Non–

Patient Version (SCID-I/ NP). A description of the SCID-I (First et al., 2002)

was provided in an earlier section, given that this same examination was initially used

to exclude individuals meeting the diagnostic criteria for a major psychiatric disorder

(lifetime criteria) so as to ensure that the recruited sample was psychopathology-free

(see Section 2.1). The same instrument was re-administered at follow-up in order

to determine in whom among our subjects major psychiatric illness has come to de-

velop. Specific emphasis was placed on assessing anxious pathologies, on account of

the frequent association in which those and AUDs appear among high-AS persons.

2.4 MRI Data Acquisition

MRI data of all subjects were acquired using a 3.0 T Siemens Magnetom Trio Tim

(Erlangen, Germany) MRI scanner at the Montreal Neurological Institute. Subjects

were positioned in a 12-channel transmit-receive headcoil and stabilized by padding to

reduce motion-related artifacts. Subjects laid supine in the scanner with a response

box in their right hand which they have been shown how to use by the technicians

and were asked to try and avoid head movement to the best of their ability. Duration

of the two tasks performed by subjects (namely Face Recognition and MIST) totalled

approximately 40 minutes and was followed by a 10 minute period of anatomical

scanning. T2*-weighted images sensitive to the blood oxygenation level-dependent

(BOLD) signal (repetition time [TR] = 2000 ms, echo time [TE] = 30 ms, flip angle

= 90◦, filed of view (FOV) = 224 m) were used to acquire 210 whole-brain volumes

for the Face recognition task (38 slices, voxel size isotropic = 3.5 × 3.5 × 3.5 mm)
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and 540 whole-brain volumes for the MIST (180 volume each round; 38 slices, voxel

size isotropic = 3.5 × 3.5 × 3.5 mm). A T1-weighted high-resolution image of the

brain with a rapid gradient echo sequence (MP-RAGE) was additionally obtained for

anatomical reference were additionally obtained (176 slices FOV = 256, slice thickness

= 1.00 mm, ”repetition time = 2300 ms,echo time = 2.98 ms,flip angle = 9◦,voxel size

isotropic 1.0 × 1.0 × 1.0 mm).

2.5 MRI Data Preprocessing

Preprocessing of the structural and functional images was performed using using MAT-

LAB (The Mathworks, Natick, MA, USA) and the Statistical Parametric Mapping

software package (SPM8)

(http://www.fil.ion.ucl.ac.uk/spm/;WellcomeTrustCenterforNeuroimaging,

London,UK) implemented in MATLAB 7 (Mathworks, Inc, Natick, MA) under Ubuntu

Linux 10.04.4 Lucid Lynx. All imaging data for obtained from all subjects was pre-

processed and then analyzed using the same machine.

All imaging data obtained from each subject on each testing day was preprocessed

all at once using the same batch automated MATLAB (The Mathworks, Natick, MA,

USA) script and same machine. The raw data were converted into DICOM format.

The first six volumes of each fMRI run were discarded on account of unsteadiness of

the MRI signals. Slice timing correction was performed for each of the four sets of

functional volumes (3 volumes for each of the three MIST runs plus one for the Faces

Task). The next preprocessing steps involved, in chronological order, correction of

head movement using rigid body transformations and least sum of squares minimiza-

tion, spatial coregistration of the T1- weighted image to the mean of the functional

images, segmentation of the anatomical image, then transformation and resampling

of the fMRI time series at an isotropic voxel size of 2mm× 2mm× 2mm and spatial

normalization into to the standard stereotactic space (template provided by the Mon-
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treal Neurological Institute (MNI) template), and finally, spatial smoothing (to reduce

noise) with a an isotropic 6-mm full-width half-maximum Gaussian kernel. This soft-

ware identified head movement outliers in the fMRI data that could go undetected or

not fully corrected by realignment. The EPI data was inspected volume by volume,

and volumes with extreme motion artifact were specified as no-interest regressors in

the in the design matrix.

The above was performed automatically using in-house built MATLAB (The Math-

works, Natick, MA, USA) scripts to preclude the possibility of human error. These

scripts will be made available for free online and can be obtained by contacting the

first author. Modeling and analyses of imaging data was carried out using SPM8 and

in-house MATLAB (The Mathworks, Natick, MA, USA) scripts to automate process

and thereby preclude the possibility of human error. These scripts will be made freely

available for use online and upon contacting the corresponding author.

2.5.1 Face Emotion Processing Task

2.5.1.1 Exploratory whole-brain analyses

Standardized whole-brain voxel-by-voxel analyses of imaging data were carried out

using SPM8 and the tools contained within it. Functional images were processed

using MATLAB 7. 9. 0 (The Mathworks, Natick, MA, USA) and SPM8 (Statistical

parametric mapping software, SPM; Wellcome Department of Imaging Neuroscience,

2008, London, UK; http://www.fil.ion.ucl.ac.uk).

The General Linear Model (GLM) was used to analyze preprocessed EPI images

in order so as to examine effects of interest in individual-level analysis.

GLM was built with seven event-related orthogonal regressors of interest, those

modelling the neural activation signals that corresponded to the passive viewing trials

for neutral, disgusted, surprised, angry, sad, fearful and happy faces, respectively.

Specifically, the regressors of interest were engendered by convolving the onset times



122

of each of the seven events with a canonical hemodynamic response functions (HRF).

The six head motion parameters were additionally built into the GLM to account

for motion artifacts that realignment did not fully correct. These were specified as

regressors of interest in the design matrix. Also included as regressors of no interest

were the volumes identified by ART software as outliers (i.e, extreme motion artifact).

The following six corresponding contrasts were created for the first-level analysis

for each subject to isolate neural circuits subserving the passive vieweing of emotional

face processing: (1) Fearful minus Neutral Face; (2) Angry minus Neutral Face; (3)

Disgusted minus Neutral Face; (4) Sad minus Neutral Face; (5) Surprised minus Neu-

tral Face; (6) Happy minus Neutral Face.

These individual contrast images would later be used to generate group-level sta-

tistical results (second-level analyses). Spatial normalization of anatomical maps of

t-statistics was carried out by warping to MNI space, and followed by their combina-

tion into a group map.

The above mentioned steps were performed twice for each subject, once for placebo

day and again for alcohol day. We must note here that given that the face identification

time (not modelled here) varied across subjects, and because of that so did the total

numbers of faces viewed and rated, and considering that the lowest ever/ minimum

number of faces viewed and rated by any participant, under the placebo or alcohol

conditions, totalled 35, only the first 35 face trials for each participants were analyzed.

This was done for the obvious reason that legitimately comparing the brain activation

of subjects to the averaged trials of a face necessarily requires exposure to the same

stimulus for the same time period across subjects. Each emotional face had 5 trails

(12.5 s total; Huettel and McCarthy 2001).

A statistical map of the main effect of personality, sex and their interaction on

brain activation at baseline, that is, under the placebo condition was then computed

using a voxel-wise full factorial GLM random effects analysis of the event-related β

coefficients. In this model, personality (anxiety-sensitive or sensation-seeking) and
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sex (male or female) were specified as between-subject factors, each with independent

observations and unequal variance. In case of significant main or interaction effects, the

full factorial analysis was followed by voxel-wise simple main effects tests. Activation

maps were overlaid on subjects’ mean structural image.

Clusters forming 10 or more contiguous voxels (k = 10) at an individual voxel

level of p ≤ 0.05, familywise error (FWE) corrected for whole brain, were considered

significant, to minimize the risk of false positives (i.e, Type I errors). Coordinates for

activation were reported in the standardized MNI space. using SPM8 and Functional

Imaging Visualization Environment

(nmr.mgh.harvard.edu/harvardagingbrain/People/AaronSchultz/OrthoView.

html).

Corresponding axial, sagittal and coronal slice levels were recorded directly from

the screen at high resolution using a Mac screen capture software SnagIt (TechSmith

Corp., Okemos, MI, USA).

Next, we wanted to assess the main effects of alcohol and its interaction with ei-

ther and both personality and sex. Typically for the assessment of within-subject

effects, analysis featuring a flexible factorial model would be required on account of

the latter includes a subject factor (while the full-factorial model does not), which

results in an increase in the degrees of freedom. That being said, a limiting feature

in SPM is that it does not allow for the inclusion of more than one between-subject

factor (we had two). One way around this caveat would be to substract the contrast

image of interest produced for a given subject one day (alcohol or placebo) from that

produced for the same subject on the other, subsequently feeding resultant contrast

image to a full-factorial analysis. Technically, results unravelled by contrasts assessing

personality, sex and interaction effects using this model would be identical to those

produced by the flexible factorial model in response to contrasts assessing, respec-

tively, condition-by-personality, sex-by-personality and emotion-by-personality-by-sex

interaction effects. As such, we adopted precisely this approach in the context of
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this investigation; each of the six contrast images produced for each subject under

placebo day was substracted from that produced on alcohol day, using the ImCalc

feature in SPM8 and the expression i1 − i2. Resultant contrast images for each

participants were then fed to the full-factorial model, with personality and sex as

between-subject factors (each with independent observations and unequal variance).

Here, too, clusters equal to or larger than 10 voxels at an individual voxel thresholded

level of P ≤ 0.05, FWE-corrected for whole brain were considered significant. In case

of significant results, this analysis would be followed by whole-brain paired-sample

t-tests. Coordinates for activation were reported in the standardized MNI space. us-

ing SPM8 and Functional Imaging Visualization Environment (nmr.mgh.harvard.

edu/harvardagingbrain/People/AaronSchultz/OrthoView.html). Corresponding

axial, sagittal and coronal slice levels were recorded directly from the screen at high

resolution using a Mac screen capture software SnagIt (TechSmith Corp., Okemos,

MI, USA).

2.5.1.2 Regions of interest analyses

Region Of Interest (ROI) analysis refers to an (f)MRI analysis methodology whereby

one or more regions of interest is (are) identified, and analyses is restricted to this(these)

region(s) Though we did plan on exploring BOLD response changes, we were especially

interested emotional faces across the entire brain, response change in specific neural

structures that previous research has identified as playing important roles in the pro-

cessing of socioaffective signals or aetiology of disordered drinking and/ or anxious

pathologies. These regions, selected a priori, included the bilateral AMYG, aINS and

vACC, and were all spherically defined based on results from previous studies investi-

gating processing of socioaffective signals and performed by other research groups. For

the AMYG, MNI coordinates, centering at x = ± 18 mm, y = −6 mm and z = −18

mm, with a 10mm radius sphere, based on the work of Williams et al. (2006b). For

the aINS, MNI coordinates, centering at x = ± 44 mm, y = 22 mm and z = −2 mm
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with the extent set to 12 mm radius sphere, based on a study by Toller et al. (2015)

Finally, the vACC ROI was predicated on the work of Williams et al. (2006b). MNI

coordinates for this region centered at x = ± 22 mm, y = 10 mm, z = −18 mm, with

an extent of 8 mm radius sphere.

Mean parameter estimates (arbitrary units; referred to by others as beta weights or

BOLD signal intensity) of activity in response to each of the six contrasts generated in

first level analyses were extracted from these ROIs at the individual subject level using

MarsBar (http://www.marsbar.sourceforge.net) and exported to SPSS20 (SPSS,

Inc., Chicago, Illinois) for further analyses.

Main effects of personality, sex and their interaction under placebo were assess by

performing a series of two-way between-subjects ANOVAs, each time with the values

obtained for one of the three ROI (in either the left or right hemisphere) in response

to one of the six contrasts of interest as the dependent variable and personality and

sex as fixed factors. To correct for multiple comparisons3, alpha level was adjusted

from .05 to .0083 (i.e, 0.05/6). Significances that survived before (i.e, p ≤ .05) but not

after correction for multiple comparisons, if and when found, were, nonetheless, re-

ported and some of them discussed. When a significant personality-by-sex interaction

was found, two-way between-subjects ANOVA was followed up by two-sample t-tests

thresholded at a Bonferroni corrected alpha of P ≤ .025 (.05/2).

To assess main effects of condition (alcohol or placebo) and its interaction with

either and both personality and sex, 3-way mixed-design ANCOVAs were carried out,

with mean parameter estimates of a ROI activity in response to a contrast of interest

as repeated measures, and personality and sex as between-subject factors, and always

including BAC just before the start of the FEPT as a covariate. To correct for multiple

comparisons, an adjusted alpha of p ≤ .0083 was employed (although, again, signifi-

cances that survived before but not after alpha adjustment were reported, if and when

3Here and elsewhere, Bonferroni alpha adjustment was conducted by dividing a p value of .05 by
the number of tests conducted on the same measurement.
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found). 2-way or 3-way interactions that reached statical significance, were followed

by by two-tailed paired-sample t-tests, thresholded at, respectively, p ≤ .025 and p ≤
.0125.

Output of ROI analyses, was depicted in barplot figures produced using MATLAB

7. 9. 0. software (The Mathworks, Natick, MA, USA).

2.5.2 Montreal Imaging Stress Task

2.5.2.1 Exploratory whole-brain analyses

Standardized whole-brain analyses of imaging data were carried out using SPM8 and

the tools contained within it. Functional images were processed using MATLAB 7.

9. 0 (The Mathworks, Natick, MA, USA) and SPM8 (Statistical parametric mapping

software, SPM; Wellcome Department of Imaging Neuroscience, 2008, London, UK;

http://www.fil.ion.ucl.ac.uk). For each participant, two GLMs featuring a block-

design, one for each testing day, were defined containing regressors for experimental

(stress) and control (nonstress) condition of each MIST segment leading to a total of

6 condition regressors. To account for motion artifacts which were not fully corrected

by realignment, 6 motion regressors were also included. Six head motion parameters

were additionally built into the GLM to account for motion artifacts that realignment

did not fully correct.These were specified as regressors of interest in the design matrix.

Also included as regressors of interest were the volumes identified by ART software as

outliers (i.e, extreme motion artifact).

The main and only contrast of interest was the stress > nonstress for the averaged

three MIST runs. As such, the final contrast, which was −1 1 and additionally padded

with zeros for the movement parameters was replicated and created per session (an

SPM8 feature that allows that the contrast of interest be averaged over sessions).

The ”stress > nonstress” contrast image (corresponding to the three MIST runs

averaged), was then used in whole-brain and ROI, group-level random-effects analyses
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across subjects. (second-level analyses).

To assess the main effect of personality, sex and their interaction on brain acti-

vation to said contrast of interest under the placebo condition, the contrast images

were introduced to a voxel-wise full factorial GLM random effects analysis. In this

full factorial model, personality (anxiety-sensitive or sensation-seeking) and sex (male

or female) were specified as between-subject factors, each with independent obser-

vations and unequal variance. In case of a significant interaction effect, performing

whole-brain two-sample t-tests would follow. Linear contrasts computed were as fol-

lows: SSSs minus ASSs, ASSs minus SSSs. Activation maps were overlaid on mean

structural image of all participants. Clusters equal to or larger than 20 voxels (k =

20) at an individual voxel level of p ≤ 0.005, uncorrected, were considered significant.

Coordinates for activation were reported in the standardized MNI space. using SPM8

and Functional Imaging Visualization Environment

(nmr.mgh.harvard.edu/harvardagingbrain/People/AaronSchultz/OrthoView.

html). Corresponding axial sagittal and coronal slice levels recorded directly from the

screen at high resolution using a Mac screen capture software SnagIt (TechSmith Corp.,

Okemos, MI, USA).

In accordance with previous studies using the same stress paradigm (e.g, Dedovic

et al., 2013, 2014), and as per the recommendations of Lieberman and Cunningham

(2009), we employed a threshold of P ≤ .005, and cluster extent (K) of 20 voxels

for establishing significance, so as to achieve an ideal balance the rates of both false

positives and false negatives.

Obviously, this is a much more liberal cutoff threshold compared to that em-

ployed when analyzing imaging data for the Emotional Facial Processing Task (i.e,

PFWE−corrected ≤ .05). However, the functional neuroimaging literature on the MIST

is, at least when compared to that on emotional face processing, both recent and small

(albeit growing), with inconsistent and even contradictory results being frequent. This

means that in studies employing this stress paradigm are carried out false negatives
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would likely have worse repercussions than would false positives on account of the lat-

ter would self-erase when meta-analyses on the topic are performed while the former

would remain obscure (Lieberman and Cunningham, 2009). On these bases, we argue

that the use of a relatively more relaxed threshold in the current analyses is defensible

and perhaps even preferable.

Next, to assess the main effects of alcohol and its interaction with either and

both personality and sex, the contrast image of interest obtained for each subject on

placebo day was substracted from that obtained for the same subject on alcohol, using

the ImCalc feature in SPM8 and the expression i1 − i2. Resultant contrast image of

each subject was then entered into a full-factorial analysis, with personality and sex

as between-subject factors (each with independent observations and unequal variance;

see section 2.5.1.1 for why the full- instead of flexible- factorial model was selected

to investigate within-subject effects). Here, too, clusters equal to or larger than 20

voxels at an individual voxel activation maps were thresholded at Puncorrected 0.005

(k= 20). In case of significant results, this analysis would be followed by whole-brain

paired-sample t-tests.

Coordinates for activation were reported in the standardized MNI space. using

SPM8 and Functional Imaging Visualization Environment

(nmr.mgh.harvard.edu/harvardagingbrain/People/AaronSchultz/OrthoView.

html).

The axial and corresponding sagittal and coronal slice levels and positions were

recorded directly from the screen at high resolution using a Mac screen capture software

SnagIt (TechSmith Corp., Okemos, MI, USA).

2.5.2.2 Regions of interest analyses

While planning to explore changes in BOLD activation in response to negative perfor-

mance feedback across the entire brain, we were particularly interested in examining

those changes in five brain structures, namely the bilateral hippocampus (HC), an-
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terior insula (aINS), the more anterior vmPFC subregion, the medial orbitofrontal

cortex (mOFC) and perigenual anterior cingulate cortex (pgACC) and nucleus ac-

cumbens (NAc). Each of these ROIs, selected a priori, has previously been identified

as being involved in the neural circuitry underlying the processing of psychosocial eval-

uative stress, including that elicited by the MIST (Dedovic et al., 2009b, 2013, 2014;

Dagher et al., 2009) in healthy (e.g, Albert et al. 2015; Dagher et al. 2009), subclinical

(e.g, Dedovic et al. 2013, 2014) and clinical (e.g, Soliman et al. 2011) populations. As

well, the aINS was shown to increase its activation in the face of intensely arousing

material, irrespective of valence, as a function of high levels of sensation-seeking trait

(Joseph et al., 2009).

A mask for the analyses for subcortical ROIs, namely the HC and NAc, were

anatomically defined for each individual subject with the current Harvard–Oxford sub-

cortical atlas (http://www.fmrib.ox.ac.uk/fsl/data/atlas-descriptions.html#

ho), provided by the Harvard Center for Morphometric Analysis (http://www.cma.

mgh.harvard.edu/) with the probability threshold at .25 included in the FSL soft-

ware package (http://www.fmrib.ox.ac.uk/fsl/), which has been widely used in

human neuroimaging studies wherein main interest was in specifically investigating

these regions (e.g, Pejic et al. 2013).

For the aINS, mOFG and pgACC, functional spheres were constructed, using the

SPM extension utility, MarsBaR (Brett et al. 2002; http://marsbar.sourceforge.

net/), based on results of previous studies assessing processing of social evaluative

components (e.g, Dedovic et al. 2009b, 2013, 2014). For the aINS, MNI coordinates,

centering at x = ± 44 mm, y = 22 mm and z = −2 mm with the extent set to

12 mm radius sphere, based on a study by Toller et al. (2015). The mOFC was

defined using a 12 mm radius sphere centered at MNI coordinates x = ± 0.3 mm,

y = 43 mm, z = −20 mm, based on the results of a previous study employing the

same stress task and contrast of interest (Dedovic et al., 2009b). For the pgACC, an

8mm radius sphere was built around the MNI coordinates x = ± 9 mm, y = 23 mm
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z = −9 mm]. This definition was adopted from a recent study which, also involving

the MIST and same contrast of interest, demonstrated a local activation maximum at

the previously mentioned coordinates in response to social exclusion compared with

inclusion (Akdeniz et al., 2014).

Mean parameter estimates (arbitrary units) of activity in response to the contrast

of interest were extracted from the four ROIs at the individual subject level using

MarsBar (http://www.marsbar.sourceforge.net) and exported to SPSS 20 (SPSS,

Inc., Chicago, Illinois) for further analyses.

After checking the data for outliers and ensuring normal distribution ..(reword) no

> 1.5 SD from mean, the main effects of personality, sex and their interaction under

placebo were assess by performing a series of two-way between-subjects ANOVAs,

each time with the values obtained for one of the three ROI (in either the left or right

hemisphere) as the dependent variable and personality and sex as fixed factors. To

correct for multiple comparisons, alpha level was adjusted from .05 to .0062 (i.e, .05/8).

That said, significances that survived before (i.e, p ≤ .05) but not after correction

for multiple comparisons, if and when found, were reported. In case of significant

personality-by-sex interactions, univariate analysis was followed up by two-sample t-

tests, thresholded at p ≤ .025 (i.e, .05/2).

To assess main effects of alcohol and its interaction with either and both person-

ality and sex, 3 -way mixed-design ANOVAs were carried out, with mean parameter

estimates of a ROI activity as repeated measures, and personality and sex as between-

subject factors. In these analyses, case of significant 2-way or 3-way interactions,the

ANOVA analysis was followed up by two-tailed paired-sample t-tests, thresholded at,

respectively, p ≤ .025 and p ≤ .0125.

Results were expressed as means ± standard error means (SEM) effect sizes are

expressed as partial eta-squared (η2p). Where graphs and figures depicting the output

of ROI analyses were produced, this was done using MATLAB 7. 9. 0. software (The

Mathworks, Natick, MA, USA).
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2.6 Statistical Analyses

All statistical analyses were carried out using SPSS 20 for Macintosh osx (SPSS, Inc.,

Chicago, Illinois). For all statistical analyses, effect size was calculated using partial

eta-squared (η2p).

2.6.1 Face Emotion Processing Task

2.6.1.1 Behavioral Analyses

Behavioral outcome measures of interest for the Faces task totalled four. These were:

(1) response latency (i.e, the average duration,in seconds, subject takes to label a

facial affect; (duration in seconds spent by subject rating all faces/ total number of

faces rated × 100), ostensibly a measure of the degree of vigilance to socioaffective

threat signals; (2) identification accuracy of (a) any facial expression (i.e, number of

faces labelled correctly/number of faces labelled × 100), (b) negatively valent faces

(i.e, number of fearful, angry, disgusted and sad faces labelled correctly/ number of

fearful, angry, disgusted and sad faces labelled × 100) and (c) positively valent faces

(i.e, number of happy faces labelled correctly/ number of happy faces labelled × 100);

and (3) negativity bias in rating (a) neutral faces (i.e, neutral faces rated as emotional;

number of neutral labelled as negative or surprised/number of neutral faces labelled ×
100), and (b) surprised faces (i.e, surprised faces rated as harsh; number of surprised

labelled as fearful, angry or disgusted/number of surprised faces labelled × 100).

To investigate potential differences on the previously mentioned behavioral indices

as a function of personality, sex and their interaction under the placebo, a series of

two-way between-subjects ANOVAs was carried out, with the outcome measure of

interest as the dependent variable, and personality and sex, always, as fixed factors.

In case of significant interaction, the analysis was followed with simple main effect
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t-tests were performed, thresholded at 0.0125 to correct for multiple comparisons.

To investigate the effects of alcohol and its interaction by either and both per-

sonality and sex, 3-way mixed-design ANOVAs were conducted, with behavioral re-

sponse levels as repeated-measures and always with personality and sex, always, as

between-subjects factors. In case of 2-way or 3-way significant interactions, 3-way

mixed-design ANOVAs were followed by two-tailed paired-sample t-tests thresholded

at, respectively, 0.025 or 0.0125 to correct for multiple comparisons.

2.6.1.2 Endocrine Analyses

Endocrine data were tested for normal distribution using Kolmogorov-Smirnov test.

The latter indicated cortisol values were not normally distributed, leading us to ap-

ply logarithmic transformation to them. All computations of hormonal measures of

interest were performed on these log-transformed data. One saliva cortisol reading

was of interest to us in the context of the FEPT, namely cortisol values measured

immediately prior to the start of task (referred to from hereon as pre-FEPT cortisol).

To assess the effects of personality, sex and their interaction on pre-FEPT cortisol,

a two-way between-subjects ANCOVA was conducted, with said endocrine measure as

the dependent variable, personality and sex as fixed factors and ”session time” (i.e, the

time of day at which cortisol reading was obtained) as a covariate, so as to control for

circadian variability in cortisol level, and ensure that any observed effects on cortisol

in the context of the MIST were not attributable to time of start of testing session.

An analogous two-way between-subjects ANCOVA was then repeated, this time the

composite score for parental care4 and paternal overprotection assigned as additional

covariates, so as to preclude contamination of results by possible confounding effects

of variables known to carry considerable influence on the physiological phenotype and

shown here to significantly differ as a function of personality risk profile.

4Extracted from Mother Form and Father Form (PBI) scores. For subjects raised by a single
parent (n = 3), the one score obtained was, instead, used.
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Statistically significant main and interaction effects were decomposed using pair-

wise comparisons thresholded at an alpha adjusted to correct for multiple comparisons.

To examine the effect of condition (alcohol or placebo) and its interaction with

either and both personality and sex on pre-FEPT cortisol, a 3-way mixed-design AN-

COVA was performed, with said cortisol values for alcohol and placebo days as re-

peated measures, personality and sex as between-subjects factors, and always with

”testing times” for both alcohol and placebo days and the BAC just prior to the task

as covariates. An analogous 3-way mixed-design ANCOVA was then repeated, but

this time while additionally assigning parental care and paternal overprotection as

covariates.

Statistically significant main and interaction effects were decomposed using pair-

wise comparisons thresholded at an alpha adjusted to correct for multiple comparisons.

In case of violation of sphericity assumption, computed Greenhouse Geisser corrections

(GG corrected) were conducted. Post hoc, within-subject differences were assessed

using 2-paired samples t-tests and using Bonferroni corrected alpha level per test. For

all statistical analyses, effect size was calculated using partial eta-squared (η2p).

2.6.1.3 Correlational analyses

Two correlations of interest, both under placebo condition, were examined. The first

correlation of interest was between bilateral amygdalae reactivity to ”Fearful> Neutral

face” contrast and anxiety sensitivity levels (indexed by, respectively the SURPS-AS

subscale and ASI). This was assessed using Pearson correlation coefficients (bivariate

correlations) and then linear regression analyses, the latter with AS or ASI score as

an independent variable and functional ROI (namely amygdalae) reactivity as a de-

pendent variable. The second correlation of interest was between bilateral amygdalae

reactivity to the ”Fearful > Neutral face” contrast and pre-FEPT cortisol levels, ad-

justing for time of testing. This relationship was assessed using partial correlation

coefficients (controlling for ”session time”).
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The previously mentioned associations of interest were assessed for the entire sam-

ple combined, using an alpha level of p ≤ .05 as well as for personality groups and

personality-by-sex subgroups separately using a Bonferroni corrected alpha of respec-

tively, .025 (.05/2) and .0125 (.05/4) per test.

Significant relationships were shown using scatter diagrams. Note that the diagram

depicting the association between two pre-FEPT and amygdalae activity with (i.e,

”session time”) controlled for reflects the unstandardized residuals 5. The latter were

obtained for individual subjects by regressing mean parameter estimates of amygdalae

activity (under placebo day) in response to the ”Fearful > Neutral face” onto ”session

time” and then doing the same for pre-FEPT cortisol values, so as to obtain the

unstandardized residuals for both associated variables. This was done using linear

regression analyses, with the associated variable as the dependent variable and ”session

time” as an independent variable. Scatter diagrams were produced using MATLAB

7. 9. 0. software (The Mathworks, Natick, MA, USA).

2.6.2 Montreal Imaging Stress Task

2.6.2.1 Behavioral Analyses

Performance outcome measures of interest for the MIST task were two three: 1)

correct responses (number of correct answers on all runs/number of mental arithmetic

problems carried out in all runs× 100), b) frequency of time overshoots (number of

time overshoots on all runs/number of mental arithmetic problems carried out in all

runs× 100).

To examine potential differences on these outcomes as a function of personality,

sex and their interaction under the placebo, two two-way between-subjects ANOVAs

were conducted, with the performance outcome of interest as the dependent variable,

and personality and sex, as fixed factors. In case of significant interaction, the analysis

was followed with simple main effect t-tests were performed, thresholded at 0.0125 to

5In essence, partial correlation analysis is a Pearson correlation of the unstandardized residuals.
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correct for multiple comparisons.

For the assessment of the main effect of alcohol and its interaction with either

and both personality and sex, two 3-way mixed-design ANOVAs were conducted, with

performance levels as repeated-measures, personality and sex, always, as between-

subjects factors and the averaged BAC throughout the MIST as a covariate. In case

of 2-way or 3-way significant interactions, 3-way mixed-design ANOVAs were followed

by two-tailed paired-sample t-tests thresholded at, respectively, 0.025 or 0.0125 to

correct for multiple comparisons.

2.6.2.2 Subjective Mood Analyses

To assess the main effect of personality, sex and their interaction on self-rated mood

immediately at the moment prior to the MIST under placebo, a univariate analysis was

carried out, with the self-rating of the emotion (on a scale of 0 to 10) obtained at time

0 as the dependent variable and personality and sex as fixed factors. This analysis was

ran twice, on respectively, embarrassment and anger. Where a significant personality-

by-sex interaction effect was found, a two-sample t-tests on the variable showing said

effect were ran twice, once comparing the same-sex oppposite-personality subgroups

and again comparing the opposite-sex same-personality subgroups (by splitting file).

To correct for multiple comparisons, alpha level was adjusted from 0.05 to 0.025 (i.e,

0.05 divided by number of t-tests ran on same variable)

To explore potential differences in experiencing negative (self-rated) mood induc-

tion by the MIST as a function of personality, sex and their interaction under placebo,

repeated measures (time point 0 as factor 1 and time points 1, 2 and 3 averaged as fac-

tor 2) GLMs were utilized for the 7 POMS subscales (cheerful, relaxed, angry, efficient,

confident, embarrassed and confused) assessing subjective mood states.

Repeated measures GLMs with personality and sex as fixed factors, averaged BAC

throughout the MIST, as a covariate were used to examine effects of alcohol and

its interaction by either and both personality and sex. These 3 -way mixed-design
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ANCOVAs were then carried out again, but this time while additionally covarying for

early life history parental neglect neglect.

Due to the fact that the POMS during the scanning session was only incorporated

in the testing paradigm after 7 subjects have undergone either or both testing sessions,

subjective mood data were only available for 34 subjects on placebo day and 36 sub-

jects, placebo day. To assess the main effect of personality, sex and their interaction

on stress-induced change in mood state under placebo, a 3 -way mixed-design ANOVA

was carried out, with the self-rating of the emotion at time 0 and throughout the task

as the within subject factors and personality and sex as between-subject factors. This

analysis was ran three times, on respectively, embarrassment, cheerfulness and anger.

Where a significant time-by-personality or time-by-sex effects were found, two-

tailed paired-sample t-tests were ran twice, once on each personality or sex group,

respectively. These were thresholded at p ≤ .025 (obtained by diving a p value of

.05 by the number of tests ran) so as to correct for multiple comparisons. This alpha

adjustment is known to be more strict that Bonferroni correction, but doing the latter

was not an option that SPSS offers.

Where a significant time-by-personality-by-sex unravelled, two-tailed paired-sample

t-tests were ran four times, once on each subgroup (respectively, ASMs, ASFs, SSMSs

and SSFs). These tests were thresholded at P ≤ .0125 (.05/4) in order to, again,

correct for multiple comparisons.

To assess the main effect of alcohol and its interaction with either and both person-

ality and sex on stress-related changes in self-rated mood, three 3 -way mixed-design

ANOVAs, one for each mood state of interest, were ran, each time with the net stress-

related change in a given mood state self-rating (i.e, relative to placebo) under alcohol

and under placebo as the within-subject factor (with 2 levels) and personality and

sex as between-subject factors. Where a significant time-by-personality or time-by-

sex effects were found, two-tailed paired-sample t-tests were ran twice, once on each

personality or sex group, respectively. These were thresholded at P ≤ .025 (obtained
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by diving a P value of .05 by the number of tests ran) so as to correct for multiple

comparisons. Significances at .1 > p > .05 prior to the alpha adjustment were reported

as showing or trending towards significance before, but not after adjusting alpha to

correct for multiple comparisons.

2.6.2.3 Endocrine Analyses

Endocrine data were tested for normal distribution using Kolmogorov-Smirnov test.

The latter indicated cortisol values were not normally distributed, leading us to ap-

ply logarithmic transformation to them. All computations of hormonal measures of

interest were performed on these log-transformed data (n/mol).

Two endocrine measures of interest, namely pre-MIST cortisol (i.e, cortisol reading

obtained just prior to start of the MIST; referred to from here on as pre-stressor)

and stress-reactive cortisol (referred to from here on as cortisol AUC [area-under-the-

curve]) were investigated. AUC captures the dynamic fluctuation of a system from

baseline Pruessner et al. 2003, and with respect to cortisol was here computed using

samples surrounding the stress reactivity component of the cortisol assessment; i.e. at

times 0, +8, +16, +24, +32 and +40 minutes of the MIST (Pruessner et al., 2003;

Juster et al., 2012). This is given the apparent fact that cortisol levels begin to show

gradual elevation within a few minutes after stress onset, and reach peak levels 10–30

min after stressor termination (Kirschbaum et al., 1993; Dedovic et al., 2005; Wang

et al., 2005a, 2007a; Foley and Kirschbaum, 2010; Qi et al., 2016).

To assess the effects of personality, sex and their interaction on both pre-MIST

cortisol levels (i.e, cortisol reading obtained just prior to start of the MIST; referred

to from here on as pre-stressor) and cortisol AUC increase (AUCi), two-way between-

subjects ANCOVAs, with the endocrine measure of interest as the dependent variable,

personality and sex as fixed factors and ”session time” (i.e, the time of day at which

the MIST started) as a covariate, so as to control for circadian differences in cortisol

level.
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Analogous two-way between-subjects ANCOVAs on said hormonal variables were

then conducted again, but this time while additionally incorporating a composite score

for parental care6 and paternal overprotection as covariates so as to preclude contam-

ination of results by possible confounding effects of variables known to considerably

alter the physiological phenotype and shown here to significantly differ as a function

of personality risk profile. Statistically significant main and interaction effects were

decomposed using pair-wise comparisons thresholded at an alpha adjusted to correct

for multiple comparisons. The same analyses were then repeated again, but this time

covarying for, in addition to ”session time”, variables that has been previously demon-

strated to significantly alter the physiological phenotype and found to differ between

our subjects as a function of either or both personality and sex. Candidate covariates

incorporated in these analyses were 1) a childhood history of low parental care (one

composite score entered for maternal and paternal care), a childhood history neglect

(one composite score entered for physical and emotional neglect).

Data were also calculated as the area-under-the-curve (AUC) within the 40-min

interval following the start of the MIST. We also conducted a GLM ANCOVA with the

area-under-the-curve-increase (AUCi) of cortisol as a dependent measure, personality

and sex as fixed factors and ”session time” as covariate.

To examine the effect of condition (alcohol or placebo) and its interaction with

either and both personality and sex on pre-stressor cortisol and cortisol AUC, 3-way

mixed-design ANCOVAs were carried out, with cortisol readings (of either pre-stressor

cortisol or cortisol AUCi) obtained under alcohol and placebo conditions as repeated

measures, personality and sex as between-subjects factors, and always with ”session

times” for both alcohol and placebo days and the BAC throughout the MIST on

alcohol day (calculated by averaging BAC readings at times 0, +10, +20 and +30

minutes) as covariates.

6Extracted from Mother Form and Father Form (PBI) scores. For subjects raised by a single
parent (n = 3), the one score obtained was, instead, used.
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Analogous 3-way mixed-design ANCOVAs were then repeated, but this time while

additionally assigning parental care and paternal overprotection as covariates.

Time- and BAC- adjusted means and SEM were included in a table and values

were exported to MATLAB software (The Mathworks, Natick, MA, USA), where they

were plotted using barplot figures.

Statistically significant main and interaction effects were decomposed using pair-

wise comparisons thresholded at an alpha adjusted to correct for multiple comparisons.

In case of violation of sphericity assumption, computed Greenhouse Geisser corrections

(GG corrected) were conducted.

Post hoc, within-subject differences were assessed using 2-paired samples t-tests

and using Bonferroni corrected alpha level per test. For all statistical analyses, effect

size was calculated using partial eta-squared (η2p).

2.6.2.4 Correlational analyses

Of particular interest to us was investigating the relations of the psychological, en-

docrine and neurofunctional components of anxious anticipation and stress reactivity

with each other and with specific personality dimensions, in the context of the MIST.

Associations of interest, under both alcohol and placebo days, were between (1)

pre-stressor mood self-rating (embarrassment and anger) and anxiety-sensitivity 7,

controlling for ”session time” with the association between specifically pre-stressor

embarrassment and the social concerns dimension of the anxiety-sensitive construct8

being of highly particular interest; (2) self-rated mood (embarrassment and anger)

AUC and cortisol AUC, controlling for ”session time”; (3) pre-stressor cortisol and

cortisol AUC, controlling for ”session time”; (4) trait SS 9 and aINS reactivity (bilat-

erally, but especially in the right hemisphere) to the ”Stress > Nonstress” contrast;

(5) self-rated embarrassment AUC and aINS reactivity to the ”Stress > Nonstress”

7Assessed using the SURPS-AS subscale and ASI
8Measured by the Social Concern subscale of ASI.
9Assessed using the SURPS-SS subscale
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contrast; (6) self-rated anger AUC and mOFG reactivity (bilaterally, but especially

in the left hemisphere) to the ”Stress > Nonstress” contrast and finally; (7) self-rated

embarrassment AUC and pgACC reactivity to the ”Stress > Nonstress” contrast.

The first three associations of interest, on account of involving cortisol measurements

(psychoendocrine covariance), were assessed by calculating partial correlations with

”session time” plus BAC throughout the course of the MIST if the association was

being assessed under alcohol intoxication controlled for. The fourth to seventh associ-

ations of interest were assessed using bivariate correlations if they were being assessed

under placebo condition and using partial correlation analyses, controlling for BAC

throughout the task when assessed under the alcohol condition. Also, where one of the

variables being analyzed was anger or embarrassment, additional partial correlation

analyses controlling for self-ratings of the other mood states (i.e, confidence, confusion,

relaxation, efficiency and cheerfulness). All associations of interest were assessed for

the entire sample combined, using an alpha level of p ≤ .05 as well as for personality

groups and personality-by-sex subgroups separately using a Bonferroni corrected alpha

of respectively, .025 (.05/2) and .0125 (.05/4) per test. Where significant relationships

were found they were often depicted using scatter diagrams. Note that showing re-

lationships of which significance unravelled with one or more variables controlled for

(i.e, partial correlations) using such diagrams requires that the unstandardized resid-

uals of whatever two variables are being correlated be used. As such, when we were

interested in depicting a significant partial correlation using a scatter diagram, we first

regressed the two associated variables onto the factor(s) that said partial correlation

analysis had controlled for. This was done using linear regression analyses, with the

factor to be controlled for as an independent variable and measurement of interest

as a dependent variable. This step enabled us to obtain unstandardized residuals for

individual subjects and it is precisely these values that scatter diagrams depicting a

correlation between two variables while controlling for another (or others) reflect.

Values were plotted in scatter diagrams using MATLAB 7. 9. 0. software (The
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Mathworks, Natick, MA, USA).
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3.1 Demographic and Clinical Characteristics

The first MRI scanning session of three subjects (2 ASFSs1 and one ASMS2 was

interrupted, resulting in their exclusion. One SSFS was a no show for her second

scanning session twice without giving prior notice, and one SSMS reported, after

completion of his first scanning session (placebo day) having seen through the MIST by

the time its second run had started (and then looking it up on-line and confirming his

suspicions). Both of these subjects were therefore, too, excluded. Due to a technical

error3, the script produced for individual subjects at the end of the Face Emotion

Recognition Task was improperly produced and saved for 3 SSSs (1 female), therefore

precluding their inclusion of imaging data analyses for this task. One ASFS was

identified as an outlier with respect to her performance outcome on the MIST and

was therefore excluded from analyses of this specific measure. Subjective mood data

during the MIST was not obtained for a total of three (one ASM and two SSF) subjects

on placebo condition and four (two ASM, one ASF and one SSF) subjects on alcohol

condition. This is because said subjective mood measure was incorporated in the

study design after few subjects have already been tested. Cortisol data was missing

for three subjects (one ASM and two SSM) due to practical issues reported by the

lab to which saliva samples were sent to for analyses. Last but not least, two SSSs

(one female) showed excessive head movement4 that could not be corrected for using

currently available artifact detection and correction tools, leading to their exclusion

from MRI data analyses.

Final AS and SS groups were composed of, respectively, 20 and 24 subjects (9

and 10 females). Clinical and demographic characteristics of these personality risk

groups are displayed in Table 3.1. Basically, AS and SS subjects were characteristically

1Respectively, for expressing intolerable distress as a result of the MIST, and for having artificial
hair integrations that created too much artifact in the acquired brain images.

2For not being MIST-näıve while falsely claiming that he was.
3Related to the code written for the task.
4Under placebo condition.
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similar in some ways and different in several others. Similar in that neither of the two

included any regular cigarette smokers5 (lifetime criteria), and both reported closely

similar means of alcoholic drinks consumed per week as well as comparable onsets

of lifetime alcohol and, where applicable, illicit drug use. Familial alcoholism6 was

reportedly present for roughly half (n = 23 (52.3%)) of the entire sample, but equally

distributed across the personality and sex groups. The frequencies of mild, positive and

multinational family history for the condition also did not statistically vary between

the personality group nor as a function of sex. Scores on a measure of childhood

trauma7 were also comparable between the groups and, notably, well below the cutoff

for mild or more severe forms of developmental experiences of this sort. Further, scores

on a measure of trait self-esteem did not statistically differ as a function of personality,

sex or an interaction, nor did scores on a self-report measure tapping eight domains of

alcohol-expectancy. Finally, the personality groups did not statistically differ on BMI

and general sleep patterns including typical awakening time nor did female subject

subgroups on menstrual cycle length and consumption of birth control hormones.

Where the personality groups differed was as follows: trait internal locus of control

was higher in SS than AS subjects, as indicated by a self-efficacy measure and early-

life8 parental care and protection, the reported absence of childhood trauma notwith-

standing. Specifically, ASSs’ scores on the PBI were indicative of low and high levels

of respectively parental care and protection, while SSSs’ score indicated the opposite

of just that. On these bases, ASSs classified as individuals developmentally exposed

to parental ”affectionless control” (high protection9 and low care) while SSSs classi-

fied as persons who received ”optimal parenting” (high care10 and low protection11).

5Classification as a regular cigarette smoker required smoking an average of 12 cigarettes per day.
6Having ≥ 1 identifiable [suspected or diagnosed] cases of an AUD in 1st and/ or 2nd degree

relatives.
7Abuse in all of its forms, including neglect.
8Refers to ages 0 to 16 years.
9A score of ≥ 13.5 for mother and ≥ 12.5, father.

10A score of ≥ 27 for mother and ≥ 24, father.
11A score of ≤ 13.5 for mother and ≤ 12.5, father.
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Given these differences in developmental experiences, and considering the influence

that early-life parental, especially maternal care and protection can carry on the en-

docrine and other response profiles (reviewed in Curley and Champagne, 2016), two

composite scores that would be parsimonious and theoretically representative of the

parental care and protection variables were extracted, the former from maternal and

paternal care scores12 and the latter from maternal and paternal protection scores13.

These composite scores would later be assigned as covariates in ANCOVA analyses

of endocrine measures so as to preclude the contamination of results by said possible

confounding variables14.

With respect to testing variables, the groups did not significantly differ on start of

MRI sessions, length of period separating the two scanning days or percent subjects

receiving alcohol on day 1 and BAC at the start of MRI session (Table 3.5).

Finally, data were checked for normal distribution salivary cortisol values were not

normally distributed and therefore log-transformed for the statistical analyses. Normal

distribution of all data points for each group was seen after this transformation, and it

is these log-transformed values that the figures presented in the Results section reflect.

Table 3.1: Means, Standard Deviations, and Group Comparisons of Demographic
Data, Rating Scale Scores and Testing Variables

ASSs SSSs P -value

Psychological Measures

RSES Scorea(M ± SD) 21.28 ± 4.53 22.91 ± 4.13 ns

CCQ Scorea(M ± SD)

Self-esteem 28.39 ± 5.26 32.96 ± 5.66 .012

Internality 31.17 ± 4.66 34.22 ± 4.06 .031

Perceived Control of Others 28.22 ± 4.29 26.17 ± 3.63 ns

Chance 23.83 ± 5.17 21.3 ± 3.64 ns

AEQ Scorea(M ± SD)

Continued on next page
12Correlation coefficient between maternal and paternal care scores was r = .488.
13Correlation coefficient between maternal and paternal protection scores was r = .708
14The advantage of using one (composite) scores that represents two variables is that it helps avoid

unnecessarily loss of degrees of freedom when ANCOVA analysis is carried out with these variables
assigned as covariates.
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Table 3.1 – continued from previous page

ASSs SSSs P -value

Careless Unconcern 17.56 ± 2.94 17.78 ± 3.27 ns

Cognitive and Physical Impairment 45.72 ± 5.64 43.17 ± 10.98 ns

Global Positive 18.00 ± 4.73 15.13 ± 5.74 ns

Power and Aggression 23.00 ± 4.10 23.26 ± 4.76 ns

Sexual Enhancement 18.44 ± 4.13 19.09 ± 3.98 ns

Social and Physical Pleasure 24.89 ± 3.25 24.70 ± 2.62 ns

Tension Reduction 20.94 ± 3.61 21.48 ± 4.56 ns

Developmental History

CTQ Scorea(M ± SD)

Phyisical Abuse 5.22 ± 0.73 5.24 ± 1.61 ns

Physical Neglect 6.28 ± 1.78 5.71 ± 1.74 ns

Emotional Abuse 7.44 ± 2.12 6.43 ± 2.42 ns

Emotional Neglect 9.67 ± 4.16 7.81 ± 5.38 ns

Sexual Abuse 5.00 ± 0.00 4.76 ± 1.09 ns

PBI Score (M ± SD)

Maternal Careb 23.58 ± 6.51 29.25 ± 2.64 .002

Maternal Overprotectionb 13.95 ± 6.90 10.92 ± 6.66 ns

Paternal carec 20.84 ± 5.47 25.61 ± 6.50 .015

Paternal Overprotectionc 12.11 ± 5.75 7.48 ± 5.85 .014

Alcohol and Polydrug Use Historyd

Onset age drinking 15.55 ± 1.82 15.13 ± 1.30 ns

Onset age illicit drug use 16.12 ± 1.93 15.82 ± 1.65 ns

Number of illicit drugs ever used 1.60 ± 1.39 3.46 ± 3.87 .048

Family History of AUDsd(n, %)

Negative 14 (60.9%) 10 (40.0%) −
Mild 3 (13.0%) 7 (28.0%) −
Positive 5 (21.7%) 7 (28.0%) −
Multigenerational 1 (4.3%) 1 (4.0%) −

Testing Variables

Time of start of scanning sessiond

Placebo dayd 13.34 ± .54 12.68 ± .49 ns

Alcohol day 12.78 ± .50 12.70 ± .46 ns

BAC at start of scanningd 0.08 ± 0.01 0.07 ± 0.01 ns

Typical awakening timed 9.19 ± 0.77 9.08 ± 1.15 ns

Subjects receiving alcohol on day 1d 10 (50%) 12 (50%) ns

Significant differences were found using independent-samples t-testing.

Abbreviations: ASSs = anxiety-sensitive subjects; SSSs = sensation-seeking subjects;

RSES = Rosenberg Self-Esteem; AEQ = Alcohol Expectancy Questionnaire; CTQ =
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Childhood Trauma Questionnaire; PBI = Parental Bonding Instrument; BAC = blood

alcohol curve; AUDs = alcohol use disorders andns = non-significant difference (at p

< .05).

No sex differences within either personality group for any of the variables presented

approached statistical significance.
a nASSs= 18, nSSSs= 23; data were missing for 2 ASSs (females) and 1 SSS (male).
b nASSs= 19, nSSSs= 24; one ASS (female) was raised by a single father and therefore did

not fill out a Mother Form.
c nASSs= 19, nSSSs= 23; one ASS (female) and one SSS (male) were raised by a single

mother and therefore did not fill out a Father Form.
d nASSs = 20 (9 females); nSSSs = 24 (10 females).

3.2 Face Emotion Processing Task

3.2.1 Placebo Condition

3.2.1.1 Behavioral Results

Two-way between-subjects ANOVA, assessing the effects of personality, sex and their

interaction on behavioral responses during the FEPT, indicated a significant main

effect of personality on face emotion identification latency, referred to from hereon as

response latency (i.e, the time it took subject to identify facial affect), F(1,37) = 4.15,

p = .049, η2p = .101, with shorter response latency being shown by the AS (M = 2.99,

SD = .70) relative to SS group (M = 3.88, SD = 1.74; Figure 3.1a). No statistical

effects of sex or an interaction on this measure were found.

An analogous analysis showed no significant results with respect to negative15 face

emotion identification accuracy (p > .1; Figure 3.1b). As to appraisal bias16, two-way

between-subjects ANOVA found a significant main personality effect on the tendency

to identify neutral faces as emotional17, F(1,37) = 4.45, p≤ .042, η2p = .107 (Figure 3.1c),

and surprised faces as harsh18, F(1,37) = 5.66, p = .023, η2p = .133 (Figure 3.1d), with

15Fearful, angry, disgusted or sad.
16As previously noted, appraisal bias is used here to refer to a tendency to perceive/ interpret and

rate ambiguously valent (i.e, neutral) or surprised faces negatively or positively.
17Fearful, angry, disgusted, SAD or surprised.
18Fearful, angry or disgusted.
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greater rates of both in the AS group (respectively, M = 12.69, SD = 14.74 and M =

6.78, SD = 10.26) relative to SS personality group (respectively, M = 4.90, SD = 8.18

and M = .96, SD = 3.03). No statistical differences in the rate of emotional faces

identified as neutral (a measure of positivity bias) stood out as a function of personality,

sex or an interaction. In sum, personality profile significant exerted a significant effect

on how rapidly facial emotion was decoded and how ambiguously valent faces were

interpreted, with a shorter response latency and interpretative negativity bias being

evident in ASSs relative to SSSs.

(a) (b) (c) (d)

Figure 3.1 a-d, Personality group means for facial emotion identifica-
tion latency (a) and accuracy (b), as well as negativity bias in appraising
neutral (c) and surprised (d) faces in anxiety-sensitive (dark bars) and
sensation-seeking (light bars) subjects under placebo. Values were entered
into the GLM two-way between-subjects ANOVA to test for main effects
of personality, sex and an interaction. An asterisk (*) indicates a signifi-
cant difference (p ≤ .05) as a function of main personality effect. See text
for additional details. Error bars indicate SEM .

3.2.1.2 Endocrine Data

Two-way between-subjects ANCOVA, controlling for ”session time” found no signifi-

cant effects of personality, sex or an interaction on pre-FEPT cortisol levels.
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3.2.1.3 Neurofunctional Results

Exploratory voxel-wise analyses. A whole-brain full-factorial GLM random ef-

fects analysis of the event-related β coefficients, thresholded at p ≤ .05, family-wise

error corrected for whole brain (k = 10), revealed significant main effects of personal-

ity on brain response to the ”Emotional19 > Neutral face” contrast. These effect were

seen in two brain clusters, localized to the left AMYG [x = −26, y = 0, z = −18,

cluster size (KE) = 63, F -value: 37.81, PFWE−corrected = .000] and right AMYG [x =

26, y = −2, z = −16, cluster size (KE) = 47, F -value: 33.13, PFWE−corrected = .002].

These results are visually displayed in Figure 3.2A.

Similar results were obtained when directly contrasting the personality groups in

response to the combination of negatively valent relative to neutral faces: compared

to SSSs, ASSs more strongly activated the left AMYG [x = −24, y = 0, z = −18,

KE = 151, T -score: 6.58, PFWE−corrected = .000] and right AMYG [x = 26, y = −2

z = −16, KE = 108, T -score: 6.09, PFWE−corrected = .000]. These results are visually

displayed in Figure 3.2B.

Directly contrasting the response of the two personality groups to the same contrast

revealed that the previously mentioned activation differences, favored the AS group

(Table 3.2, Figure 3.2B).

19Averaged fearful, angry, disgusted, surprised, sad and happy faces trials.
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(A) Main Effect of Personality Risk Profile

(B) Anxiety Sensitive Subjects > Sensation Seeking Subjects

Figure 3.2 The effects of personality risk profile on whole-brain
activation to emotional faces under placebo. (A), Main effects of
personality on regional brain activation to Emotional versus Neutral faces
under placebo. Color map represents the corresponding F values; (B),
Linear contrast between the personality groups (ASSs > SSSs) in response
to the ”Negative > Neutral face” contrast under placebo. The reverse
contrast (SSSs > ASSs) yielded no significant results. Color coding repre-
sents the t-score. Activation maps were thresholded at PFWE−corrected ≤
.05 (k = 10), superimposed on the mean structural image of all subjects.
x, y, z = sagittal, coronal and horizontal view in MNI coordinates. L and
R correspond to, respectively, the left and right sides of the brain. For
values and additional details, see section 3.2.1.3

The same pattern of findings stood out as contrasts comparing the personality

groups’ reactivity to individual emotional (relative to neutral) faces were introduced

to the model. In response to both ”Fearful > Neutral face” and ”Angry > Neutral

face” contrasts, two brain clusters, in the right and left AMYG, demonstrated stronger

BOLD activation in AS compared to SS subjects. In response to the ”Disgusted >
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Neutral face” and ”Sad > Neutral face” contrasts, one brain cluster localized to the

left AMYG activated more strongly in the AS compared to SS group. Finally, in

response to the ”Surprised > Neutral face”, three brain cluster, localized to, respec-

tively and in descending order of corresponding t-value, the right parahippocampal

gyrus (PHG; corresponding to BA 28), right PHG/ AMYG (corresponding to BA 34)

and left PHG/ HC, showed greater activity in the AS than SS group. These results are

summarized in Table 3.2 and displayed in Figure 3.3. The ”Happy > Neutral face”

contrast was the only one to which both personality groups responded comparably

at the currently employed threshold. No effects of sex or personality-by-sex on the

response to any of the previously discussed contrasts approached significance. Finally,

no significant differences were found at the currently employed threshold between the

brain activation patterns shown in response to specific face emotions.

Taken together, these results suggest that personality profile had a significant and

pronounced effect on whole-brain response during the presentation of negative (as-

sessed separately and together) and surprised versus neutral faces. These effects were

chiefly localized to the bilateral AMYG and always favored the AS over SS group.
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Figure 3.3 Personality-based differences in whole-brain activa-
tion to specific face emotions. Linear contrasts between the person-
ality groups (ASSs > SSSs) under each face emotion (versus neutral),
computed using a full-factorial GLM random effects analysis of the event-
related β coefficients. Each panel shows in a coronal (y), sagittal (x)
and axial (z) view (in MNI coordinates), activation maps thresholded at
PFWE−corrected ≤ .05 (k = 10), superimposed on the mean structural
image of all subjects. The reverse contrast (SSSs > ASSs) yielded no
significant results. Color map represents the corresponding t-score. For
values, see Table 3.2. L = left hemisphere; R = right hemisphere; and
PHG = parahippocampal gyrus.
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Table 3.2 Personality-Based Differences in Whole-Brain Activation to
Specific Face Emotions. Brain regions showing significantly higher activa-
tion during specific emotional versus neutral (peak level p ≤ .05 FWE-
corrected for whole brain)

Region (BA) x y z KE F value PFWE−corr

Fearful: ASSs > SSSs

R AMYG 26 −2 −16 70 6.15 0.000

L AMYG −24 0 −18 56 5.92 0.000

Fearful: SSSs > ASSsa

Angry: ASSs > SSSs

R AMYG 26 −4 −16 47 5.68 0.001

L AMYG −24 −4 −20 23 5.19 0.010

Angry: SSSs > ASSsa

Disgusted: ASSs > SSSs

L AMYG −24 −6 −20 13 5.22 0.009

Disgusted: SSSs > ASSsa

Sad: ASSs > SSSs

L AMYG −24 2 −18 20 5.71 0.001

Sad: SSSs > ASSsa

Surprised: ASSs > SSSs

R PHG (28) 20 −28 −12 22 5.33 0.005

R AMYG (34) 26 0 −16 17 5.24 0.008

L PHG/ HC −20 −14 −18 10 5.04 0.018

Surprised: SSSs > ASSsa

Happy: ASSs > SSSsa

Happy: SSSs > ASSsa

KE = cluster volume in voxels; BA = Brodmann’s area; ASSs = anxiety-sensitive
subjects; SSSs = sensation-seeking subjects; L = left; R = right; AMYG =
amygdala, HC = hippocampus; PHG = hippocampal gyrus.
Coordinates refer to the cluster peak voxel in mm (MNI). BA estimated from
mni2tal conversion with positive = right (x), anterior (y), and superior (z).

† Relative to neutral faces.
a No significant clusters detected.

Regions of interest analyses. Two-way between-subjects ANOVA, assessing the

effects of personality, sex and their interaction on BOLD signal intensity within our
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functional ROIs, our findings were, as follows: for the ”Fearful versus Neutral face”

contrast, personality had a main effect on the activation of the bilateral AMYG (L:

F(1,36) = 19.49, p = .000, η2p = .351; R: F(1,36) = 23.07, p = .000, η2p = .391), left aINS

(F(1,36) = 22.10, p = .000, η2p = .380) and bilateral vACC (L: F(1,36) = 7.75, p = .009,

η2p = .177; R: F(1,36) = 10.85, p = .002, η2p = .232). These activation differences favored

the AS group, and all remained significant after adjusting alpha to correct for multiple

comparisons.

For the ”Angry > Neutral face” contrast, personality had a main effect on the

activation of the bilateral AMYG (L: F(1,36) = 13.82, p = .001, η2p = .277; R: F(1,36)

= 15.74, p = .000, η2p = .304) and vACC (L: F(1,36) = 4.57, p = .039, η2p = .113; R:

F(1,36) = 10.96, p = .002, η2p = .233). These activation differences favored the AS

group. The difference within the left vACC did not withstand correction for multiple

comparisons.

For the ”Disgusted versus Neutral face” contrast, personality had a main effect on

the activation of the bilateral AMYG (L: F(1,36) = 11.511, p = .002, η2p = .242; R:

F(1,36) = 12.576, p = .001, η2p = .259), left aINS (F(1,36) = 6.033, p = .019, η2p = .144)

and left vACC (F(1,36) = 5.665, p = .023, η2p = .136). These activation differences

favored the AS group, and only those with in the the AMYG, bilaterally, remained

significant after adjusting alpha to correct for multiple comparisons.

For the ”Sad versus Neutral face” contrast, personality had a main effect on the

activation of the bilateral AMYG (L: F(1,36) = 17.66, p = .000, η2p = .329; R: F(1,36)

= 15.73, p = .000, η2p = .304) and vACC (L: F(1,36) = 10.84, p = .002, η2p = .231;

R: F(1,36) = 7.15, p = .011, η2p = .166). These activation differences favored the AS

group. The difference within the right vACC did not withstand correction for multiple

comparisons.

For the ”Surprised versus Neutral face” contrast, personality had a main effect on

the activation of the bilateral AMYG (L: F(1,36) = 19.51, p = .000, η2p = .351; R: F(1,36)

= 24.81, p = .000, η2p = .408), left aINS (F(1,36) = 4.69, p = .037, η2p = .115) and vACC
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(L: F(1,36) = 8.14, p = .007, η2p = .184; R: F(1,36) = 14.92, p = .000, η2p = .293). These

activation differences favored the AS group. The difference within the left aINS did

not withstand correction for multiple comparisons.

Finally, for the ”Happy versus Neutral face” contrast, personality had a main effect

on the activation of the bilateral aINS (L: F(1,36) = 10.55, p = .003, η2p = .227; R: F(1,36)

= .6.04, p = .019, η2p = .144). These activation differences favored the AS group, and

only those in the left aINS survived correction for multiple comparisons.

Personality group means of parameter estimates (arbitrary units) of ROIs activity

are displayed in Table 3.3 and Depicted in Figure 3.1.

Table 3.3: Parameter estimates (arbitrary units) of region-of-interest activity in
response to specific facial emotions* for anxiety sensitive subjects (N = 21) and
sensation-seeking subjects (N = 20) under placebo (standard error means are shown
in parentheses).

ROI ASSs SSSs Mean Differences

Negative > Neutral

L AMYG 1.21 (.21) −.12 (.21) 1.3a(.29)

R AMYG 1.30 (.19) −.06 (.20) 1.4a(.28)

L aINS .70 (.18) −.09 (.18) 0.8a(.25)

R aINS .56 (.12) .16 (.12) 0.41c(.17)

R vACC .68 (.16) −.07 (.17) 0.75a(.23)

L vACC .76 (.14) .05 (.15) 0.7a(.21)

Fearful > Neutral

L AMYG 1.35 (.22) −0.09 (.22) 1.44a(.31)

R AMYG 1.44 (.22) −0.11 (.22) 1.55a(.31)

L aINS 0.82 (.18) −0.36 (.18) 1.18a(.25)

R aINS 0.51 (.15) 0.14 (.15) 0.37d(.21)

R vACC 0.75 (.19) −0.06 (.19) 0.80b(.27)

L vACC 0.86 (.16) 0.08 (.16) 0.79b(.23)

Angry > Neutral

L AMYG 1.19 (.25) −0.13 (.25) 1.32b(.35)

R AMYG 1.29 (.23) −0.08 (.23) 1.37a(.33)

L aINS 0.70 (.22) 0.05 (.28) 0.64d(.32)

R aINS 0.56 (.14) 0.35 (.14) 0.22 (.203)

L vACC 0.62 (.21) −0.05 (.22) 0.67c(.30)

R vACC 0.83 (.18) −0.07 (.19) 0.89b(.26)

Continued on next page
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Table 3.3 – continued from previous page

ROI ASSs SSSs Mean Differences

Disgusted > Neutral

L AMYG 1.24 (.24) 0.07 (.24) 1.17b(.34)

R AMYG 1.34 (.23) 0.10 (.24) 1.24b(.33)

L aINS 0.78 (.23) −0.02 (.24) 0.80c(.33)

R aINS 0.68 (.17) 0.25 (.18) 0.43d(.25)

L vACC 0.73 (.19) 0.09 (.19) 0.64c(.27)

R vACC 0.64 (.20) 0.21 (.21) 0.43 (.29)

Sad > Neutral

L AMYG 1.05 (.21) −0.21 (.21) 1.26a(.30)

R AMYG 1.12 (.20) −0.02 (.20) 1.14a(.28)

L aINS 0.52 (.22) −0.08 (.23) 0.60d(.32)

R aINS 0.50 (.16) 0.09 (.16) 0.41d(.22)

L vACC 0.63 (.16) −0.15 (.17) 0.77b(.23)

R vACC 0.73 (.18) 0.01 (.18) 0.71b(.26)

Surprised > Neutral

L AMYG 1.05 (.209) −0.22 (.21) 1.27a(.30)

R AMYG 1.19 (.20) −0.24 (.20) 1.43a(.28)

L aINS 0.71 (.21) 0.10 (.22) 0.61d(.31)

R aINS 0.59 (.20) 0.17 (.20) 0.42 (.285)

L vACC 0.73 (.21) −0.14 (.21) 0.86b(.29)

R vACC 0.82 (.18) −0.20 (.18) 1.02a(.26)

Happy > Neutral

L AMYG 0.31 (.18) 0.11 (.18) 0.20 (.25)

R AMYG 0.58 (.18) 0.11 (.18) 0.47d(.25)

L aINS 0.61 (.20) −0.24 (.20) 0.85b(.29)

R aINS 0.53 (.19) −0.04 (.19) 0.58c(.27)

L vACC 0.24 (.15) 0.10 (.15) 0.14 (.21)

R vACC 0.45 (.12) 0.09 (.13) 0.36c(.18)

ROI = region of interest; M = mean; SEM = mean square error; L = left; R = right;

AMYG = amygdala; aINS = anterior insula; vACC = ventral anterior cingulate cortex.

Significant mean differences are printed in bold.
a P ≤ .001
b P ≤ .0083 (alpha adjusted to correct for multiple comparisons)
c P ≤ 0.05



157

(a) Left Amygdala (b) Right Amygdala.

(c) Left Anterior Insula (d) Right Anterior Insula

(e) Left Ventral Anterior Cingulate (f) Right Ventral Anterior Cingulate

Figure 3.4 a-f , Mean parameter estimates (arbitrary units) of ROIs
activity (y-axes) in response to fearful, angry, disgusted, surprises, sad,
and happy versus neutral faces (orange, red, purple, blue, yellow and
green bars, respectively) by personality group (x-axes) under placebo. *p
≤.05; **p ≤.0083; ***p ≤.001. For values and additional details, see Table
3.3 and section 3.2.1.3, respectively. Error bars indicate SEM .
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Correlational analyses. Pearson correlation linear regression analyses of the re-

lationship between trait anxiety -sensitive levels and functional regions-of-interest ac-

tivation to emotional face stimuli found a highly significant inverse association be-

tweentrait anxiety sensitivity levels, as measured by the SURPS-AS subscale and the

parameter estimate (arbitrary units) of mean amygdalae activity in response to the

”Fearful > Neutral” faces contrast, bilaterally (L: r(39) = .64, p(2−tailed) = .000 and R:

r(39) = .67, p(2−tailed) = .000). This association, however, remained significant only in

ASSs when the personality groups were analyzed separately (L: r(17) = .84, p(2−tailed)

= .000 and R: r(17) = .85, p(2−tailed) = .000; Figure 3.5).

(a) (b)

Figure 3.5 Significant linear relationships between AS scores (SURPS;
x-axes) and mean parameter estimates (arbitrary units; y-axes) of left (a)
and right (b) AMYG activation to ”Fearful> Neutral face” contrast under
placebo in ASMSs (blue circles) and ASFSs (pink circles). Significance of
association was unique to the AS group.

Further, testing the association between pre-FEPT and amygdalae activity in re-

sponse to ”Fearful > Neutral face” contrast separately for each personality group, par-

tial correlation analyses controlling for time of testing and thresholded at a Bonferroni

adjusted alpha level of .0125 each (.05/4) were conducted. These analyses showed,

in broad consistency with our initial expectation, that pre-FEPT cortisol levels were
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inversely associated with mean parameter estimate of left and right AMYG activity, bi-

laterally, but that this was true only for the AS group and only in the left AMYG after

adjusting alpha level to correct for multiple comparisons (L: r(19)= −.600, p = .008,

Figure 3.6a; R: r(19)= −.520, p = .027, Figure 3.6b).

Also, in accordance with our working hypothesis, the significance of this amygdala-

cortisol association was not only specific to ASSs but also exclusively displayed in

response to ”Fearful > Neutral face” contrast, diminishing when other emotional faces

(relative to neutral) are viewed. The same association was also insignificant in response

to averaged trials of emotional (fearful, angry, disgusted, SAD and surprised), relative

to neutral, face trials and after correcting for multiple comparisons.

(a) Pre-task association with left amygdalae re-

activity.

(b) Pre-task association with right amygdalae

reactivity.

Figure 3.6 a-b, Significant time-adjusted correlations between pre-
FEPT cortisol levels (x-axes) and percent activation (arbitrary units; y-
axes) in the in left (a) and right (b) AMYG in response to the ”Fearful
versus Neutral faces” contrast under placebo in in ASMSs (blue circles)
and ASFSs (pink circles). Significance of association was unique to the
AS group. See text for values.
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3.2.2 Alcohol Condition

3.2.2.1 Behavioral Results

Three-way mixed-design ANOVA, assessing the effect of condition (alcohol or placebo)

and its interaction with either and both personality and sex on the behavioral cor-

relates of facial emotion processing, revealed a significant condition-by-personality

interaction effect on response latency (F(1,37) = 5.59, p = .023, η2p = .131). Decom-

posing this 2-way interaction (using paired-sample t-tests and a Bonferroni adjusted

thresholded of p(2−tailed) ≤ .025 (.05/2 = .025) revealed, as would be expected, a sig-

nificantly greater response latency on part of ASSs when alcohol intoxicated relative

to when sober: t(19) = 2.34, p = .030), but no statistical condition difference within

SSSs (p(2−tailed) > .1, ns; Figure 3.7a).

With response to negative or surprised face emotion identification accuracy, there

was a main effect of condition such that alcohol, relative to placebo, significantly

decreased accuracy level in the entire sample: F(1,37) = 29.45, p = .000, η2p = .443

(Figure 3.7b). No significant interaction effects on this behavioral measure stood out,

indicating that the entire sample was intoxicated to the point of significant, but not

differentially altered perception, relative to placebo.

Finally, a significant condition-by-personality effect on the rate of emotional (i.e,

negatively valent or surprised) faces identified as neutral also stood out: F(1,37) =

7.12, p = .011, η2p = .161. Decomposing this effect using paired-sample t-tests and

a Bonferroni corrected 2-tailed alpha of p ≤ .025 per test, we found that relative to

placebo, said rate was significantly dampened by alcohol in both the AS and SS groups

(respectively, t(19) = 3.98, p = .001 and t(20) = 2.25, p = .036) groups, but that this

significance did not survive Bonferroni’s correction for multiple comparisons in the SS

group (by adjusting alpha to p ≤ .025 per test). Results displayed in Figure 3.7c and

Table 3.4.
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(a) Response Latency (b) Response Accuracy (c) Negativity Bias

Figure 3.7 a-c, The condition differences in behavioral performance
on the FEPT by personality group (x-axes). On y-axes are face emotion
recognition latency (seconds) (a), percent of accurately identified nega-
tively valent faces (b), and percent negative and surprised faces mislabeled
as neutral (c). An asterisk (*) denotes a significant condition difference at
p(2−tailed) ≤ .05; **p(2−tailed) ≤ .025 (Bonferroni corrected); ***p(2−tailed)

≤ .001. For values, see Table 3.4. Error bars indicate SEM .

Table 3.4: Raw means (standard error means) of behavioral responses to the FEPT
by personality group in under alcohol and placebo.

Behavioral Index Alcohol Placebo Mean Difference

Response Latency (seconds)

ASSs 3.49 (.20) 3.01 (.31) .46a(.19)

SSSs 3.25 (.20) 3.73 (.30) −.48 (.34)

Correctly identified negative emotions (%)

ASSs 68.06 (2.55) 81.61 (2.29) − 13.33c(2.97)

SSSs 67.16 (2.42) 80.25 (2.18) −13.22b(3.57)

Neutral faces identified as emotional

ASSs 12.83 (3.78) 11.65 (3.58) −.06 (3.21)

SSSs 10.18 (3.58) 6.92 (3.42) 7.13 (3.86)

Surprised faces identified as harsh

ASSs 6.78 (2.68) 6.64 (1.71) .12 (3.67)

SSSs 3.89 (2.60) .96 (1.66) 2.82 (2.01)

Emotional faces identified as neutral (%)

ASSs 13.34 (2.71) .96 (.63) 12.72b(3.2)

SSSs 4.70 (2.63) 1.55 (.61) 3.18a(1.41)

Abbreviations: ASSs = anxiety sensitive subjects; SSSs = sensation seeking subjects.

Significant mean differences are printed in bold.

a Significant at p2−tailed ≤ .05
b Significant at p2−tailed ≤ .025 (Bonferroni adjusted)
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c Significant at p2−tailed ≤ .001

3.2.2.2 Endocrine Results

Three-way mixed-design ANCOVA assessing for the effects of condition (alcohol or

placebo) and an interaction with either and both personality and sex on pre-FEPT

cortisol values, with ”session time” controlled for, revealed no significant results.

3.2.2.3 Neurofunctional Results

Exploratory voxel-wise analyses. Assessing the main effect of alcohol and its

interaction with either and both personality and sex on neural correlates of emotional

(> Neutral) face processing, emotion processing brain response to emotional (> Neu-

tral) faces, separately and together, whole-brain analyses, thresholded at P ≤ .05,

FWE corrected (k = 10) showed main effects of alcohol (Table 3.5, Figure 3.8A)

and its interaction with personality in response to all emotional (relative to neutral)

except for happy faces, both separately and combined together. Note that we consider

the unravelling of a significant condition-by-personality interaction effect as arguably

undermining the importance of the main effect of alcohol. Results for the latter are

therefore not reported here and can be found in appendix. A personality-by-condition

interaction effect on the brain response to aversive (relative to neutral) faces (Figure

3.8B and Table 3.5.
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(A) Main effect of alcohol intoxication

(B) Interaction between alcohol and personality profile

Figure 3.8 A-B, Main effect of alcohol (A), and its interaction with
personality risk profile (B) on regional brain activation to emotional
(−neutral) faces. Anatomical maps of t statistics were spatially nor-
malized by warping to MNI space and combined into a group map. A
statistical map of the main effect of personality was computed by con-
ducting a voxel-wise flexible-factorial GLM random effects analysis of the
event-related β coefficients. In this model, personality (AS or SS), and
condition (alcohol or placebo) were fixed factors and individual subject
was a random factor. The main effects of alcohol were notably observed
in, among other areas, core limbic structures (e.g, AMYG, HC and tha-
lamus), the FFG, PHG, MCC and ACC. The condition-by-personality
interaction effect, however, was comparatively more noticeably and selec-
tively localized to the previously mentioned core limbic regions and other
subcortical (e.g, caudate) cites and the insular cortex. x, y, z = sagittal,
coronal and horizontal view in MNI coordinates. The color map represents
the corresponding F value (see Table 3.5). L and R indicate, respectively,
the left and right sides of the brain; AMYG, amygdala, CAU, caudate;
INS, insula; PrecG, precentral gyrus;
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Table 3.5: The Effect of condition-by-Personality Interaction on Brain Response to
Negatively Valent > Neutral Faces.

Region (BA) x y z KE F -value PFWE−corr

R FL/ subgyral 36 −14 38 60 48.43 0.000

L AMYG −24 0 −16 140 40.94 0.000

L Putamen −26 −6 −8 23.11 0.013

L STG (38) −32 4 −18 20.82 0.033

R MCC 6 18 36 245 40.26 0.000

L MCC −6 18 34 30.09 0.001

R MCC (24) 4 8 32 25.05 0.006

L MFG −38 48 22 96 35.19 0.000

R AMYG 22 −2 −16 101 34.36 0.000

R S−L 14 −4 −12 25.70 0.005

R PHG (19) 24 −52 −10 100 33.88 0.000

R Cerebellum 10 −70 −38 31 32.61 0.000

R Cerebellum 4 −68 −14 83 32.16 0.000

L PHG −16 −26 −16 63 31.09 0.001

L PHG/ HC −24 −24 −12 24.76 0.007

R Cerebellum 18 −70 −26 94 30.00 0.001

L Cerebellum −4 −76 −36 32 29.73 0.001

L Cerebellum −8 −74 −28 21.10 0.029

R INS (13) 44 6 −4 436 29.59 0.001

R INS(21) 42 −4 −12 29.28 0.001

R STG 48 14 −12 27.63 0.002

L PostcG −46 −12 44 55 29.37 0.001

L PrecG (6) −36 −12 50 20.82 0.033

R Cerebellum 36 −56 −28 27 29.02 0.001

L STG −54 10 −10 52 28.95 0.001

R MFG 36 50 22 59 28.53 0.002

R MFG 40 50 12 22.78 0.015

R PrecG (43) 54 −12 12 172 28.47 0.002

R PrecG (4) 58 −4 16 24.35 0.008

R STG 62 −10 8 24.30 0.008

R PrecG (6) 48 −4 44 35 28.34 0.002

R PrecG (4) 50 −14 46 21.26 0.027

R MFG 38 44 −4 20 27.86 0.002

L Cerebellum −32 −56 −26 25 26.31 0.004

R Caudate body 14 −2 16 17 26.16 0.004

L Cerebellum −16 −60 −22 109 25.94 0.004

L Cerebellum −22 −54 −16 25.71 0.005

L Cerebellum −20 −72 −22 23.01 0.014

R PHG/ HC 24 −22 −14 46 25.48 0.005

R INS 40 −6 4 16 25.28 0.006

L Cerebellum −12 −34 −22 17 25.24 0.006

Continued on next page
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Table 3.5 – continued from previous page

Region (BA) x y z KE F -value PFWE−corr

R Midbrain 14 −26 −8 15 25.11 0.006

R MFG 28 16 60 15 24.80 0.007

R SFG 26 8 56 21.04 0.030

L PHG/ FFG (19) −28 −52 −8 12 24.77 0.007

R PHG/ LING 14 −46 2 23 24.63 0.007

L STG −48 −2 −4 33 24.57 0.007

L LING −12 −66 2 24 23.45 0.011

R IFG 54 8 30 10 23.19 0.013

R CG (32) 8 4 46 12 22.42 0.017

FL = frontal lobe; MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG =

cingulate gyrus; MCC = mid-cingulate cortex; ACC = anterior cingulate cortex; PrecG

= precentral gyrus; PostcG = postcentral gyrus; AMYG = amygdala, INS = insula; MTG

= middle temporal gyrus; STG = superior temporal gyrus; HC = hippocampus; PHG =

parahippocampal gyrus; LING = lingual gyrus. TL = frontal lobe;

Table 3.6: Condition-by-personality interaction effect on brain response to fearful
(relative to neutral) Specific Emotional.

Region (BA) x y z KE F value PFWE−corr

Fearful > Neutral

L ACC (24) −6 22 26 87 39.74 0.000

R ACC (24) 4 24 26 25.20 0.006

L MFG −42 46 20 45 33.00 0.000

R MCC (32) 6 14 34 31.89 0.001

L HYP −22 0 −16 75 30.71 0.001

L PUT −28 −6 −8 21.63 0.023

R AMYG 26 2 −16 29 26.86 0.003

R INS (13) 44 6 −4 27 24.37 0.008

L STG −54 10 −8 25 23.79 0.010

R MFG 38 48 20 26 23.77 0.010

L PrecG −48 −8 44 11 23.68 0.010

Angry > Neutral

R MCC 6 20 36 57 33.50 0.000

L AMYG −26 −2 −18 29 29.12 0.002

R STG 62 −10 8 75 28.77 0.002

R PostcG 62 −14 20 25.86 0.005

R PrecG (43) 54 -12 12 21.26 0.030

R MCC 2 0 30 10 27.78 0.003

L PHG −14 −26 −16 50 27.63 0.003

L Cerebellum −12 −34 −22 26.94 0.004

L HC −22 −26 −12 22.60 0.018

Continued on next page
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Table 3.6 – continued from previous page

Region (BA) x y z KE F value PFWE−corr

L cuneus −12 −64 6 38 27.34 0.003

L PrecG −20 −24 58 17 25.37 0.006

L STG (38) −46 14 −10 17 24.89 0.008

R PrecG (4) 54 −10 48 32 23.83 0.011

R Cerebellum 20 −72 −24 18 23.45 0.013

R Cerebellum 16 −62 −16 20.95 0.035

R INS (13) 38 14 −4 23 22.43 0.020

R STG 48 14 -6 22.18 0.022

R FL/ sub-gyral 36 −12 42 10 21.89 0.024

Disgusted > Neutral

R Cerebellum 6 −70 −12 11 23.40 0.013

R INS (13) 42 2 −6 15 21.89 0.024

R STG 50 12 −12 15 21.39 0.029

Sad > Neutral

L PHG (34) −22 2 −14 25 28.30 0.002

L PHG (19) −28 −52 −8 34 26.32 0.005

L Cerebellum −22 −54 −14 25.24 0.007

L Cerebellum −4 −76 −30 31 26.23 0.005

R Caudate head 8 16 4 37 25.16 0.008

R Caudate 18 22 -6 24.01 0.012

L Cerebellum −20 −74 −24 18 24.19 0.011

L Cerebellum −14 −34 −20 17 23.65 0.013

Surprised > Neutral

L MFG −38 46 22 21 28.62 0.002

L STG −48 16 −12 36 25.53 0.006

L AMYG −18 0 −12 23 23.50 0.012

R AMYG 24 2 −14 10 23.04 0.014

R STG (38) 46 12 −8 18 22.64 0.017

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal lobe;

MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate gyrus; MCC =

mid-cingulate cortex; ACC = anterior cingulate cortex; PrecG = precentral gyrus; PostcG

= postcentral gyrus; AMYG = amygdala, INS = insula; MTG = middle temporal gyrus;

STG = superior temporal gyrus; HC = hippocampus; PHG = parahippocampal gyrus;

LING = lingual gyrus.

Condition-by-personality effects were decomposed by directly contrasting the alco-

hol against placebo condition within each personality group.

For aversive (minus neutral) faces, the placebo minus alcohol contrast for ASSs

generated activation in brain clusters, with those showing the strongest and second
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strongest activations being localized to, respectively, the left ACC (BA24) and amyg-

dala. SSSs showed no signficant effect of alcohol (Table 3.8)

Table 3.7: The effect of personality by condition interaction on brain re-
sponse to aversive (minus neutral) faces. Whole-brain activations are thresh-
olded at PFWE−corrected ≤ .05, with a cluster size k ≥ 10 voxels. A negative t-value
indicates that there was greater activation to placebo than to alcohol. Coordinates
refer to the MNI system.

Region (BA) x y z KE F value PFWE−corr

R FL/ Sub-Gyral 36 −14 38 60 48.43 0.000

L PHG/ AMYG −24 0 −16 140 40.94 0.000

L PUT −26 −6 −8 23.11 0.013

L STG (38) −32 4 −18 20.81 0.033

R MCC 6 18 36 245 40.26 0.000

L MCC −6 18 34 30.09 0.001

R MCC (24) 4 8 32 25.05 0.006

L MFG −38 48 22 96 35.18 0.000

R PHG/ AMYG 22 −2 −16 101 34.36 0.000

R S−L/ E−N 14 −4 −12 25.70 0.005

R PHG/ LING (19) 24 −52 −10 100 33.87 0.000

R Cerebellum 10 −70 −38 31 32.61 0.000

R Cerebellum 4 −68 −14 83 32.16 0.000

L PHG −16 −26 −16 63 31.09 0.001

L PHG/ HC −24 −24 −12 24.75 0.007

R Cerebellum 18 −70 −26 94 29.99 0.001

L Cerebellum −4 −76 −36 32 29.72 0.001

L Cerebellum −8 −74 −28 21.09 0.029

R INS (13) 44 6 −4 436 29.59 0.001

R TL/ INS (21) 42 −4 −12 29.28 0.001

R STG 48 14 −12 27.63 0.002

L PrecG −46 −12 44 55 29.37 0.001

L PrecG (6) −36 −12 50 20.82 0.033

R Cerebellum 36 −56 −28 27 29.01 0.001

L STG −54 10 −10 52 28.95 0.001

R MidFG 36 50 22 59 28.52 0.002

R MidFG 40 50 12 22.78 0.015

R PrecG 54 −12 12 172 28.47 0.002

R PrecG (4) 58 −4 16 24.34 0.008

R STG 62 −10 8 24.30 0.008

R PrecG (6) 48 −4 44 35 28.33 0.002

R PrecG (4) 50 −14 46 21.25 0.027

R MidFG 38 44 −4 20 27.85 0.002

L Cerebellum −32 −56 −26 25 26.31 0.004

Continued on next page
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Table 3.7 – continued from previous page

Region (BA) x y z KE F value PFWE−corr

R Caudate Body 14 −2 16 17 26.15 0.004

L Cerebellum −16 −60 −22 109 25.93 0.004

L Cerebellum/ FFG −22 −54 −16 25.70 0.005

L Cerebellum −20 −72 −22 23.01 0.014

R PHG/ HC 24 −22 −14 46 25.47 0.005

R INS 40 −6 4 16 25.27 0.006

L Cerebellum −12 −34 −22 17 25.24 0.006

R Midbrain 14 −26 −8 15 25.11 0.006

R MFG 28 16 60 15 24.80 0.007

R SFG 26 8 56 21.04 0.03

L PHG/ FFG (19) −28 −52 −8 12 24.76 0.007

R PHG/ LING 14 −46 2 23 24.63 0.007

L STG −48 −2 −4 33 24.56 0.007

L LING −12 −66 2 24 23.45 0.011

R IFG 54 8 30 10 23.19 0.013

R CG (32) 8 4 46 12 22.41 0.017

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal lobe;

MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate gyrus; MCC =

mid-cingulate cortex; ACC = anterior cingulate cortex; PCC = posterior cingulate cortex;

thalamus PrecG = precentral gyrus; PostcG = postcentral gyrus; AMYG = amygdala,

INS = insula; MTG = middle temporal gyrus; STG = superior temporal gyrus; HC =

hippocampus; PHG = parahippocampal gyrus; LING = lingual gyrus; ; MDN = medial

dorsal nucleus; VLN = ventral lateral nucleus.

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.
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Table 3.8: Condition differences in whole-brain response to negative versus neutral
faces by personality group at PFWE−corrected ≤ .05 (k = 10). A negative t-value
is indicative of greater BOLD activity under the placebo than to alcohol condition.
Coordinates refer to the MNI system.

Region (BA) x y z KE t-value PFWE−corr

ASSs: alcohol > placebo

L AMYG −24 0 −16 493 −8.99 0.000

L PHG −16 −26 −16 −7.86 0.000

L cerebellum −12 −34 −22 −7.07 0.001

R FL/ subgyral 36 −14 38 70 −8.75 0.000

R AMYG 22 −2 −16 1750 −8.25 0.000

R INS (21) 42 −4 −12 −7.56 0.000

R PrecG (43) 54 −12 12 −7.41 0.000

R MCC 6 18 36 371 −7.56 0.000

L MCC −6 18 34 −6.68 0.002

R MCC (24) 4 8 32 −6.43 0.003

L STG −50 10 −8 278 −7.41 0.000

L STG −48 −2 −4 −6.78 0.001

L STG −44 16 −16 −5.93 0.013

R PHG/ LING (19) 26 −54 −8 286 −7.28 0.000

R cerebellum 22 −66 −22 −7.13 0.000

R cerebellum 34 −54 −26 −6.80 0.001

R caudate body 14 −2 16 45 −6.87 0.001

R thalamus −VLN 14 −10 14 −5.67 0.027

R PHG/ LING 14 −46 2 174 −6.79 0.001

R LING (19) 12 −56 −4 −6.19 0.007

R OL/ subgyral 16 −62 16 −6.13 0.008

L cerebellum −18 −58 −18 164 −6.66 0.002

L cerebellum −28 50 −18 −6.29 0.005

L PHG/ FFG (19) −28 −52 −8 −5.97 0.012

L TL/ subgyral −40 −4 −16 56 −6.59 0.002

L MTG −56 0 −18 13 −6.58 0.002

R MFG 36 44 −2 37 −6.57 0.002

R MFG 46 42 −2 −5.78 0.020

R MFG −38 46 24 58 −6.53 0.003

L LING −12 −66 2 55 −6.40 0.004

L LING −12 −58 0 5.96 0.012

R PostcG (3) 44 −24 58 33 6.37 0.004

R PostcG 46 −24 50 −5.72 0.024

L cerebellum −4 −76 −36 21 −6.34 0.004

R PostcG 52 −28 38 32 −6.31 0.005

R PostcG 58 −28 44 −5.57 0.035

L PrecG −46 −12 44 57 −6.23 0.006

L PrecG (6) −36 −12 50 5.70 0.025

Continued on next page
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Table 3.8 – continued from previous page

Region (BA) x y z KE t-value PFWE−corr

R PCC 2 −72 12 77 −6.21 0.006

R CUN/ LING (30) 6 −68 6 6.05 0.010

L thalamus − MDN −6 −16 6 41 −6.15 0.007

R cerebellum 2 −66 −14 52 −6.08 0.009

L S−L/ E−N −18 −4 18 14 −6.08 0.009

L STG −60 −14 8 21 −6.05 0.010

L FFG −28 −36 −22 16 −6.03 0.010

R Putamen 22 22 −8 27 −6.02 0.010

R caudate 14 18 −2 −5.93 0.013

R MCC 12 −30 38 13 −5.89 0.015

L CG −16 −32 38 11 −5.83 0.018

L cerebellum −20 −72 −22 12 −5.70 0.025

SSSs: alcohol > placeboa

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal lobe;

MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate gyrus; MCC =

mid-cingulate cortex; ACC = anterior cingulate cortex; PCC = posterior cingulate cortex;

thalamus PrecG = precentral gyrus; PostcG = postcentral gyrus; AMYG = amygdala,

INS = insula; MTG = middle temporal gyrus; STG = superior temporal gyrus; HC =

hippocampus; PHG = parahippocampal gyrus; LING = lingual gyrus; ; MDN = medial

dorsal nucleus; VLN = ventral lateral nucleus.

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

In response to fearful faces, there was a significant personality-by-condition inter-

action effect on the brain response to fearful versus neutral faces (Figure 3.9) and

Table 3.9.

The placebo minus alcohol contrast for ASSs generated activation in a total of

8 brain clusters, with those showing the strongest and second strongest activations

being localized to, respectively, the left ACC (BA24) and AMYG (Figure 3.9), Table

3.9). These results indicate, as was expected, that the current condition-by-personality

interaction effect was mainly driven by the AS group. SSSs showed no significant effect

of alcohol.

Similar results patterns were obtain in response to other negative face emotions

(assessed separately), and those are depicted in Figure 3.9 and displayed in Table 3.9.
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Figure 3.9 The effects of alcohol on whole-brain activation un-
der specific face emotions in ASSs. Each panel shows in a coro-
nal (y), sagittal (x) and axial (z) view activation maps thresholded at
PFWE−corrected ≤ .05. Negative t-values (shown by color map), indicate
greater activation to placebo than to alcohol. Alcohol-induced deacti-
vation is, as illustrated, is primarily subcortical, with the dampening of
AMYG activation being the common denominator in all of five face emo-
tions shown. Results for SSSs (Alcohol versus Placebo) were not signifi-
cant. For values, see Table 3.9.
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Table 3.9: The effects of alcohol on whole-brain response to specific face emotions
by personality group at PFWE−corrected ≤ .05 (k = 10). A negative t-value is indicative
of greater BOLD activity under the placebo than to alcohol condition. Coordinates
refer to the MNI system.

Region (BA) x y z KE F value PFWE−corr

Fearful > Neutral

Alcohol > placebo: ASSs

L ACC (24) −6 22 26 347 −8.80 0.000

R MCC (32) 6 14 34 −7.51 0.000

R ACC (24) 4 24 26 −6.84 0.001

L AMYG −22 0 −16 183 −7.77 0.000

L AMYG/ HC −16 −8 −14 −6.23 0.006

L midbrain −18 −16 −10 −5.86 0.016

R AMYG 26 2 −16 87 −7.27 0.000

R IFG 32 10 −14 −5.97 0.012

L STG (22) −52 12 −8 91 −6.67 0.002

R PrecG (4) 56 −6 16 82 −6.51 0.003

R TL/ INS (21) 42 −4 −12 201 −6.51 0.003

R INS (13) 44 8 −4 −6.35 0.004

R STG (38) 50 14 −10 −5.88 0.015

R caudate 14 18 −4 18 −6.44 0.003

L Cerebellum −4 −74 −36 11 −6.35 0.004

R caudate body 14 −2 16 19 −6.31 0.005

R HC 24 −20 −16 59 −6.30 0.005

R midbrain 14 −26 −8 −6.08 0.009

L PrecG −48 −8 44 36 −6.29 0.005

L PrecG −36 −14 42 −5.84 0.017

L thalamus - MDN −6 −14 12 37 −6.03 0.01

L MedFG −6 56 6 15 −5.91 0.014

L PHG −18 −26 −14 18 −5.87 0.016

R Cerebellum 32 −56 −26 14 −5.85 0.016

R LING 14 −52 2 16 −5.81 0.018

R PHG/LING (19) 24 −52 −10 14 −5.75 0.021

Alcohol > placebo: SSSs

L MFG −44 46 18 18 −6.79 0.001

Angry > Neutral

Alcohol > placebo: ASSs

L AMYG −26 −2 −18 82 −7.56 0.000

L AMYG/ HC −18 −6 −14 −5.87 0.017

R STG 62 −10 8 193 −7.54 0.000

R PostcG 60 −14 16 −6.43 0.004

R PostcG (43) 56 −6 14 −5.69 0.028

L PHC −14 −26 −16 152 −7.39 0.000

Continued on next page
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Table 3.9 – continued from previous page

Region (BA) x y z KE F value PFWE−corr

L Cerebellum −12 −34 −22 −7.24 0.000

L PHG/ HC −22 −26 −12 −6.60 0.002

R MCC 6 20 36 79 −7.10 0.001

L CG (32) −2 18 40 −5.61 0.035

L CG (24) −6 12 34 −5.49 0.047

R MCC 2 −2 30 22 −6.81 0.001

R PHG/ AMYG 28 0 −16 40 −6.79 0.001

L CUN −12 −64 6 43 −6.57 0.003

L STG (38) −46 14 −10 44 −6.44 0.004

R S-L 38 2 −12 76 −6.36 0.005

R PHG/ LING (30) 20 −52 2 30 −6.15 0.008

R Midbrain 16 −26 −8 21 −6.08 0.010

R PCC/ PrecG 18 −58 14 12 −6.07 0.010

R INS (13) 38 14 −4 22 −6.01 0.012

R STG 48 14 −12 17 −5.97 0.013

L FFG −28 −36 −20 12 −5.91 0.016

Alcohol > placebo: SSSsd

Disgusted > Neutral

Alcohol > placebo: ASSs

L Midbrain −10 −30 −22 28 6.54 0.003

R INS (13) 44 4 −6 184 6.32 0.005

R STG 50 12 −12 6.26 0.006

R IFG (47) 50 16 0 5.75 0.023

L PHG/ AMYG −22 0 −16 31 6.25 0.006

R PHG/ AMYG 22 −4 −16 29 6.14 0.008

R S-L/ E-N 14 −4 −12 5.63 0.032

Alcohol > placebo: SSSsd

Sad > Neutral

Alcohol > placebo: ASSs

L PHG (34) −22 2 −14 96 7.40 0.000

R AMYG −20 −6 −12 6.31 0.006

R PHG/ AMYG −28 −4 −20 5.90 0.018

L Cerebellum −14 −34 −20 59 6.70 0.002

L Cerebellum 8 −70 −28 19 6.61 0.003

L caudate 18 22 −6 70 6.57 0.003

L Caudate 14 16 0 6.38 0.005

L PHG/ AMYG 22 −2 −16 28 6.51 0.003

L Caudate Body −8 10 10 5.74 0.026

R IOG 36 −72 −10 14 6.20 0.008

L Cerebellum −20 −56 −16 25 6.08 0.011

L Cerebellum −22 −72 −22 14 5.85 0.02

Continued on next page
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Table 3.9 – continued from previous page

Region (BA) x y z KE F value PFWE−corr

R PUT −16 14 −2 17 5.80 0.023

Alcohol > placebo: SSSsd

Surprised > Neutral

Alcohol > placebo: ASSs

L STG (38) −48 14 −8 100 7.05 0.001

R PHG/ AMYG 24 2 −14 49 6.76 0.001

R STG/ INS 46 12 −8 110 6.70 0.002

L AMYG −18 0 −12 114 6.62 0.002

L PUT −20 8 −10 5.91 0.014

L PHG/ HC −20 −24 −12 32 6.47 0.003

L LING (18) −18 −80 −12 22 6.31 0.005

L ACC −2 36 30 79 6.28 0.005

L ACC (32) −10 36 28 6.23 0.006

L ACC -4 26 22 5.91 0.015

R Midbrain/ HC 16 −28 −8 18 6.19 0.007

L Midbrain −12 −30 −4 17 6.18 0.007

L MFG −38 46 22 11 6.10 0.009

R Caudate 14 18 −2 26 5.90 0.015

R Putamen 24 16 −8 5.76 0.022

R Caudate (17) 6 −86 4 13 5.77 0.021

R PHG/ HC 22 −18 −14 11 5.69 0.026

Alcohol > placebo: SSSsd

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal lobe;

MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate gyrus; MCC =

mid-cingulate cortex; ACC = anterior cingulate cortex; PCC = posterior cingulate cortex;

thalamus PrecG = precentral gyrus; PostcG = postcentral gyrus; AMYG = amygdala,

INS = insula; MTG = middle temporal gyrus; STG = superior temporal gyrus; HC =

hippocampus; PHG = parahippocampal gyrus; LING = lingual gyrus; ; MDN = medial

dorsal nucleus; VLN = ventral lateral nucleus.

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

ROI analyses. Repeated-measures ANOVAs assessing the effects of condition and

its interaction with either and both personality profile and sex on functional ROIs

activation to emotional faces revealed the following:

For the ”Fearful versus Neutral face” contrast, there was condition-by-personality

effects on the bilateral AMYG (L: F(1,36) = 11.60, p = .002, η2p = .244; R: F(1,36)
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= 11.18, p = .002, η2p = .237), left aINS (F(1,36) = 9.22, p = .004, η2p = .244) and

bilateral vACC (L: F(1,36) = 5.67, p = .023, η2p = .163; R: F(1,36) = 5.79, p = .021,

η2p = .139) activation (Figure 3.10).

For the ”Angry versus Neutral face” contrast, there was condition-by-personality

effects on the bilateral AMYG (L: F(1,36) = 8.37, p = .006, η2p = .189; R: F(1,36)

= 9.18, p = .005, η2p = .203) and vACC (L: F(1,36) = 4.43, p = .042, η2p = .110; R:

F(1,36) = 5.56, p = .024, η2p = .134) activation.

For the ”Disgusted versus Neutral face” contrast, there was condition-by-personality

effects on the bilateral AMYG (L: F(1,36) = 8.00, p = .008, η2p = .182; R: F(1,36)

= 10.80, p = .002, η2p = .229) activation.

For the ”Sad versus Neutral face” contrast, there was condition-by-personality

effects on the bilateral AMYG (L: F(1,36) = 10.04, p = .003, η2p = .218; R: F(1,36)

= 11.54, p = .002, η2p = .243) and vACC activation (L: F(1,36) = 8.45, p = .006,

η2p = .190; R: F(1,36) = 15.36, p = .026, η2p = .130).

For the ”Surprised versus Neutral face” contrast, there was condition-by-personality

effects on the bilateral AMYG (L: F(1,36) = 8.65, p = .006, η2p = .194; R: F(1,36)

= 10.25, p = .003, η2p = .222) and aINS (L: F(1,36) = 7.29, p = .011, η2p = .168; R:

F(1,36) = 6.07, p = .014, η2p = .156) activation.

For the ”Happy versus Neutral face” contrast, there was condition-by-personality

effects on the left aINS activation (F(1,36) = 5.04, p = .031, η2p = .123).

Values for the above mentioned are displayed in Table 3.10 and depicted in.

Table 3.10: The effect of alcohol on brain response to Specific Facial Ex-
pressions in the personality groups. Whole-brain activations are thresholded
at PFWE−corrected ≤ .05 (k = 10). A negative t-value is indicative of greater BOLD
activity under the placebo than to alcohol condition.

Region of Interest Alcohol Placebo Paired t-tests

Fearful > Neutral: ASSs

L AMYG −.99 (.29) 1.35 (.22) −5.18

R AMYG −1.07 (.29) 1.44 (.22) −5.05

L aINS −.68 (.24) .82 (.18) −4.45

Continued on next page
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Table 3.10 – continued from previous page

Region of Interest Alcohol Placebo Paired t-tests

R aINS −.8Q (.24) .51 (.15) −4.72

L vACC −.74 (.22) .75 (.19) −3.94

R vACC −1.00 (.23) .86 (.16) −5.29

Fearful > Neutral: SSSs

L AMYG −.47 (.27) −.09 (.22) −1.58

R AMYG −.54 (.30) −.11 (.22) −1.66

L aINS −.54 (.25) −.36 (.18) −0.78

R aINS −.47 (.25) .14 (.15) −2.25

L vACC −.37 (.23) −.05 (.19) −1.43

R vACC −.66 (.24) .08 (.16) −3.01

Angry > Neutral: ASSs

L AMYG −.86 (.25) 1.19 (.24) −4.82

R AMYG −.94 (.25) 1.29 (.23) −5.29

L aINS −.76 (.27) .70 (.22) −4.31

R aINS −.85 (.23) .56 (.14) −4.80

L vACC −.65 (.18) .62 (.21) −3.86

R vACC −.80 (.23) .83 (.18) −4.61

Angry > Neutral: SSSs

L AMYG −.57 (.25) −.13 (.25) −1.64

R AMYG −.57 (.26) −.08 (.23) −1.73

L aINS −.49 (.27) .05 (.23) −1.72

R aINS −.36 (.23) .35 (.14) −2.59

L vACC −.34 (.18) −.05 (.21) −1.18

R vACC −.57 (.23) −.75 (.19) −1.94

Disgusted > Neutral: ASSs

L AMYG −.547 (.22) 1.24 (.23) −4.44

R AMYG −.679 (.20) 1.34 (.23) −5.03

L aINS −.341 (.20) .78 (.23) −3.00

R aINS −.500 (.16) .68 (.17) −4.70

L vACC −.396 (.19) .73 (.19) −3.13

R vACC −.628 (.19) .64 (.20) −3.92

Disgusted > Neutral: SSSs

L AMYG −.18 (.23) .07 (.24) −0.99

R AMYG −.20 (.20) .10 (.24) −1.29

L aINS −.12 (.20) −.02 (.23) −0.40

R aINS −.26 (.17) .25 (.18) −2.38

L vACC −.22 (.19) .09 (.19) −1.222

R vACC −.55 (.19) .21 (.20) −2.55

Sad > Neutral: ASSs

L AMYG −.71 (.23) 1.05 (.21) −4.71

R AMYG −.82 (.23) 1.12 (.19) −5.11

L aINS −.66 (.19) .52 (.22) −3.55

R aINS −.69 (.19) .50 (.16) −3.72

Continued on next page
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Table 3.10 – continued from previous page

Region of Interest Alcohol Placebo Paired t-tests

L vACC −.66 (.18) .63 (.16) −4.80

R vACC −.80 (.22) .73 (.18) −5.38

Sad > Neutral: SSSs

L AMYG −.345 (.23) −.21 (.21) −0.50

R AMYG −.217 (.24) −.02 (.20) −0.82

L aINS −.48 (.19) −.08 (.23) −1.30

R aINS −.43 (.19) .09 (.16) −2.01

L vACC −.28 (.19) −.15 (.17) −0.69

R vACC −.43 (.23) .01 (.18) −1.47

Surprised > Neutral: ASSs

L AMYG −.71 (.29) 1.05 (.21) −4.94

R AMYG −.67 (.31) 1.19 (.20) −4.97

L aINS −.67 (.31) 1.19 (.20) −5.31

R aINS −.85 (.18) .59 (.20) −5.95

L vACC −.76 (.22) .73 (.21) −4.48

R vACC −.76 (.25) .82 (.18) −6.49

Surprised > Neutral: SSSs

L AMYG −.41 (.30) −.22 (.21) −0.50

R AMYG −.29 (.32) −.24 (.20) −0.12

L aINS −.29 (.32) −.24 (.20) −1.32

R aINS −.27 (.18) .17 (.20) −1.38

L vACC −.17 (.23) −.14 (.21) −.177

R vACC −.25 (.25) −.20 (.18) −.193

Happy > Neutral: ASSs

L AMYG −.11 (.21) .31 (.18) −1.68

R AMYG .05 (.22) .58 (.18) −2.00

L aINS −.52 (.20) .61 (.20) −4.19

R aINS −.50 (.20) .53 (.19) −3.55

L vACC −.29 (.18) .24 (.15) −2.64

R vACC −.02 (.27) .45 (.12) −2.00

Happy > Neutral: SSSs

L AMYG −.19 (.21) .11 (.18) −0.94

R AMYG .01 (.22) .11 (.18) −0.25

L aINS −.42 (.20) −.24 (.20) −0.55

R aINS −.34 (.21) −.04 (.19) −1.04

L vACC −.25 (.18) .10 (.15) −1.47

R vACC −.35 (.27) .09 (.13) −1.23

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; L = left; R = right;

AMYG = amygdala, aINS = anterior insula; vACC = ventral anterior cingulate cortex.

Significant mean differences are printed in bold.
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(a) Left Amygdala (b) Right Amygdala

(c) Left Amygdala (d) Right Amygdala

Figure 3.10 Effects of Alcohol on Threat-Related AMYG Ac-
tivation. a−d , Mean parameter estimates (arbitrary units) of mean
AMYG activation (y-axes) to negative (a−b) and fearful (b−c) versus
neutral faces by personality group (x-axes) under the under alcohol (dark
bars) and placebo (light bars) conditions. Significant condition × person-
ality interaction effects were indicated by 3-way mixed-design ANOVAs
and survived alpha adjustment to correct for multiple comparisons. ***,
p(2−tailed) ≤ .001 (paired t-test). Error bars indicate SEM . For values,
see Table 3.10.

3.2.3 Summary of Results

Under placebo, the personality groups showed distinct behavioral and neural response

profiles to face emotion processing: behaviorally, ASSs identified face emotion faster
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and a greater rate of neutral faces as emotional and surprised faces as harsh than did

SSSs. Neurofunctionally, ASSs reacted to negatively valent and surprised (relative to

neutral) faces with greater subcortical, most prominently amygdalar activation. The

magnitude of the latter, in response to fearful faces, positively correlated with anxiety

sensitivity levels and negatively, pre-FEPT cortisol levels, in ASSs.

Relative to placebo, alcohol hindered negative face emotion identification accuracy

in the entire sample, and resulted in a proclivity to identify emotional faces as neutral

in both personality groups but to a greater extent . On a neurofunctional level, alcohol

subtantially blunted amygdalae reactivity to negative face emotions in ASSs but left

it unaltered in SSSs.

3.3 Montreal Imaging Stress Task

3.3.1 Placebo Condition

3.3.1.1 Behavioral Results

Assessing the effect of personality, sex and an interaction on the performance out-

come of the MIST under placebo, two-way ANOVA revealed a significant personal-

ity effect on percent correct responses (F(1,37) = 10.68, p = .002, η2p = .224, Figure

3.11a), with SSSs scoring higher on this measure (M = 46.01, SD = 4.64) than ASSs

(M = 42.09, SD = 3.31). Analogous analyses on percent incorrect responses and

time overshoots revealed no significant results (Figures 3.11b and 3.11c, respectively).

Means and standard error means are shown in Table 3.11, Figure 3.11.
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(a) Correct Responses (b) Incorrect Responses (c) Time Overshoots

Figure 3.11 a-c, Raw mean scores on performance outcomes, namely
correct responses (a), incorrect responses (b), and time overshoots (c)
for anxiety sensitive and sensation-seeking subjects (dark and light bars,
respectively) under placebo condition. *A significant difference difference
at p ≤ .01. For values, see Table 3.11 below. Error bars indicate SEM .

Table 3.11 Raw mean scores for performance outcomes under placebo
by personality groups (standard errors are shown in parentheses).

Performance Outcome ASSs SSSs Mean Difference†

Correct Responsesa(%) 42.08 (0.91) 46.17 (0.84) −4.08*(1.25)

Incorrect Responsesb(%) 22.41 (2.79) 17.50 (2.58) 4.91 (3.80)

Time Overshootsc(%) 35.49 (3.15) 36.32 (2.90) −0.83 (4.28)

Abbreviations: ASSs= anxiety sensitive subjects and SSSs=
sensation-seeking subjects.

* p = 0.002
† ASSs > SSSs
a Number of correct responses/ number of arithmetic problems presented×100
b Number of incorrect responses/ number of arithmetic problems
presented×100

c Number of time overshoots/ number of arithmetic problems presented×100
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3.3.1.2 Subjective Mood Results

Pre-stressor mood. Assessing the effect of personality, sex and an interaction on

pre-stressor20 embarrassment and anger self-ratings under placebo, two-way ANOVAs

found significant main personality effects on both mood states: F(1,34) = 5.07, p =

.031, η2p = .130; and F(1,34) = 13.85, p = .001, η2p = .289, respectively. Specifically,

greater levels of embarrassment and anger were self-reported by ASSs (respectively,

M = 3.28, SD = 2.46 and M = 2.50, SD = 2.04) than SSSs (respectively, M =

1.68, SD = 2.17 and M = .51, SD = 1.34). These results are displayed in Figure

3.12. Subsequent correlational analyses (linear regression) revealed that pre-stressor

embarrassment self-rating significantly correlated with ASSs’ scores on the ASI-Social

Concerns subscale (r(17) = .535, p = .018).

(a) (b)

Figure 3.12 a-b, Pre-stressor self-ratings (y-axes) of states embarrass-
ment (a) and anger (a) under placebo in the anxiety sensitive (dark bars)
and sensation-seeking (light bars) personality groups (x-axes). * and **
signify, respectively, significant main personality effects at p ≤ .05 and p
≤ .01.Error bars indicate SEM .

20Assessed immediately prior to the beginning of the MIST.
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Mood changes related to stress induction. Three-way mixed-design ANOVA

assessing the effect of time21 and its interaction with either and both personality

and sex on mood self-ratings revealed a time-by-personality-by-sex effect on embar-

rassment self-ratings: F(1,32) = 4.74, p = .037, η2p = .129. Decomposition of this 3-way

interaction using paired-sample t-tests and an adjusted alpha level of p = .0125 (.05/4)

per test revealed significant increments in embarrassment for AS male subjects (t(9)

= 3.02, p = .003) but no significant time effects in the other three subgroups. As for

stress-induced increments in self-rated anger, only a main effect of time was found

(F(1,32) = 29.37, p = .000, η2p = .497).

Subsequent correlational analyses (linear regression) revealed that embarrassment

AUC significantly correlated with ASSs’ scores on the ASI-Mental Incapacitation

(”Cognitive Dyscontrol”) Concerns subscale (r(17) = .555, p = .014).

(a) State Embarrassment (b) State Anger

Figure 3.13 Subjective mood reactivity profiles of AS and SS
male and female subjects during stress session under placebo.
a-b, Self-rated intensity on a scale of 0 (not at all) to 10 (very much so) of
embarrassment (a) and anger (b) states (y-axes) throughout the course
of the MIST (x-axes) in ASMs, ASFs, SSMSs and SSFSs (respectively,
dark blue, dark pink, light blue and light pink) under placebo.

21Throughout the course of the MIST relative to pre-stress (time 0).



183

3.3.1.3 Endocrine Results

Pre-stressor cortisol levels. Two-way between-subjects ANCOVA, assessing the

effect of personality, sex and an interaction on pre-stressor cortisol, with ”session

time” assigned as a covariate revealed a highly significant personality-by-sex effect:

F(1,36) = 15.11, p = .000, η2p = .296 Decomposition of this 2-way interaction, using

two-sample t-tests and an adjusted alpha threshold of .0125 per test (.05/4) showed

greater pre-stressor cortisol values in SSM (M = 0.92) compared to SSF (M = 0.53)

subjects (t(20) = 3.73, p = .001) and also compared to ASM (M = 0.54) subjects (t(20)

= 3.74, p = .001). Further, ASFSs (M = 0.83) also showed greater levels relative to

ASMSs (t(17) = 2.25, p = .038) and relative to SSFSs (t(17) = 2.25, p = .038), but the

significance of these differences did not survive correction for multiple comparisons.

These results are displayed in Figure 3.14. Significance of the current personality-by-

sex effect survived and even increased as a result of additional covariation for parental

care protection: F(1,34) = 18.17; p = 0.000, η2p = .348.

Figure 3.14 Time-adjusted pre-stressor mean cortisol (n/ nmol) levels
(y-axis) under placebo in anxiety sensitive and sensation-seeking male and
female subjects (x-axis; dark and light blue and pink bars, respectively).
A significant personality-by-sex interaction effect was shown by a two-
way between-subjects ANCOVA. *, p < .05 and **, p < .01. Error bars
indicate SEM .



184

Cortisol area-under-the-curve (AUC). Conducting an ANCOVA with cortisol

AUC as the dependent variable, personality and sex as fixed factors and ”session time”

as a covariate, we found a significant main effect of personality (F(1,36) ) = 9.49; p =

0.004, η2p = .209); The AS group was more physiologically responsive (M = .35 nmol/

l, SD = 1.22 ) than the SS group (M = −.52 nmol/ l, SD = .74 ). A significant

personality-by-sex interaction effect was also found (F(1,36) = 6.75; p = 0.014, η2p =

.158), and decomposition of this 2-way interaction, using independent-samples t-tests

and a Bonferroni adjusted alpha level of .0125 per test (.05/4) showed greater cortisol

AUC (nmol/ l) in ASMSs (M = .90, SD = 1.29) compared to SSMSs (M = −.62,

SD = .56); (t(20) = 3.65; p = .005) and also compared to ASFSs ), although the

latter difference did not survive after adjusting alpha for multiple comparisons; t(17) =

2.19; p = .043. These results are displayed in Figure 3.15. Significance of the current

personality and personality-by-sex interaction effects held and even increased after

assigning care protection as additional covariates: F(1,34) = 14.24; p = 0.001, η2p = .295

and F(1,34) = 9.06; p = 0.005, η2p = .348, respectively.

Figure 3.15 Time-adjusted cortisol AUC (n/ nmol) (y-axis) under
placebo in anxiety sensitive and sensation-seeking male and female sub-
jects (x-axis; dark and light blue and pink bars, respectively). The
personality-by-sex interaction effect, as indicated by two-way between-
subjects ANCOVA, was significant at p < .01. Error bars indicate SEM .
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Psychoendocrine Covariance. Partial correlation analyses, controlling for ”ses-

sion time” indicated a highly significant association between stress-reactive cortisol

production (i.e, cortisol AUC) and self-rated embarrassment AUC in the entire sample

(r(33) = .688, p = .000) under placebo (Figure 3.16). This association, too, remained

significant when anger, efficiency, confidence, cheerfulness, relaxation and confusion

self-ratings AUC were also controlled for.

Figure 3.16 Time-adjusted cortisol AUC (n/ nmol; y-axis) positive as-
sociation with stress-induced increments in subjective embarrassment un-
der placebo, for the entire sample combined (r(33) = .688, p = .000). Sig-
nificant coefficients for these correlations were found using partial correla-
tion analyses (SPSS). Vales displayed scatter graph represent standardized
residuals of the correlated variables obtained after regressing values of each
participant onto ”session time” using linear regression analysis. Scatter
graph was produced using Matlab software.

3.3.1.4 Neurofunctional Results

Exploratory voxel-wise analyses. A whole-brain full-factorial GLM random ef-

fects analysis thresholded at p ≤ .05, FWE-corrected for whole brain (k = 10), re-

vealed significant main effects of acute psychosocial stress on brain response to the

”stress versus nonstress” contrast. These effect were seen in many clusters throughout

the brain, and those are depicted in Figure 3.17 and listed in Table 3.12 below.
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Figure 3.17 Main effects of acute psychosocial stress. x, y, z =
sagittal, coronal and horizontal view in MNI coordinates. Activation map
was thresholded at Puncorr < .005 superimposed on the mean structural
image of all subjects. Main effects of acute psychosocial stress were sub-
stantially present in the ’salience network’. The color map represents the
corresponding F -score. L and R denote, respectively, the left and right
sides of the brain.

Table 3.12: Whole-brain response of the entire sample combined to acute psychoso-
cial stress under placebo, at PFWE−corrected ≤ .05, k = 10

Region (BA) x y z KE F value P

L CG/ PCC −4 −46 28 1180 110.56 0.000

L Precuneus (7) −8 −62 30 66.00 0.000

L PCC (23) −4 −60 16 49.61 0.001

Bi ACC 0 34 10 1583 101.60 0.000

R ACC 2 28 18 80.04 0.000

L ACC (32) −16 44 8 63.78 0.000

R Cuneus (19) 16 −92 20 432 93.31 0.000

R Precuneus 16 −72 34 37.62 0.014

R Precuneus (7) 12 −64 30 37.61 0.014

R LING 24 −64 −6 399 76.56 0.000

R LING (18) 18 −76 −8 72.35 0.000

R PHG 26 −52 −6 43.00 0.005

R IPL (40) 54 −30 34 735 63.77 0.000

R INS 56 −36 20 56.97 0.000

R IPL 48 −34 26 53.04 0.001

R MCC (24) 6 −14 42 490 62.68 0.000

L MCC (24) −2 −20 38 58.92 0.000

R MCC 10 −30 48 48.70 0.002

R INS 40 −8 −8 49.67 0.001

R Thalamus/ pulvinar 12 −28 8 47 59.23 0.000

L IFG −42 8 32 162 55.53 0.000

L FL/subgyral −38 14 28 38.46 0.012

L IPL (40) −48 −42 56 206 54.16 0.001

Continued on next page
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Table 3.12 – continued from previous page

Region (BA) x y z KE F value P

L IPL −40 −40 42 47.74 0.002

L IPL −48 −40 46 46.83 0.002

L OL/ Cuneus −14 −88 26 151 53.49 0.001

L Cuneus (19) −10 −94 20 49.83 0.001

L Cuneus −22 −96 −4 84 50.91 0.001

L MOG −34 −94 −2 34.72 0.027

R Precuneus (7) 10 −48 54 145 50.61 0.001

L SPMG −46 −54 34 120 50.42 0.001

R Angular (39) −42 −66 30 37.17 0.016

R MTG 52 −62 8 262 50.32 0.001

R MTG 40 −72 16 41.40 0.006

R STG 46 −54 20 40.07 0.009

L ParaC −16 −36 50 68 44.26 0.004

R INS (13) 38 6 10 22 44.15 0.004

R PUT 30 8 12 37.37 0.015

L SPL −28 −64 48 29 41.80 0.006

R IOG 28 −94 −8 25 40.27 0.008

L LING (19) −24 −74 −10 43 40.02 0.009

LFFG −28 −58 −6 38.35 0.012

L SFG (8) −8 38 50 30 38.89 0.011

L MedFG −8 44 44 37.98 0.013

FL = frontal lobe; MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG

= cingulate gyrus; MCC = mid-cingulate cortex; ACC = anterior cingulate cortex;

PCC = posterior cingulate cortex;PrecG = precentral gyrus; PostcG = postcen-

tral gyrus; AMYG = amygdala, INS = insula; MTG = middle temporal gyrus;

STG = superior temporal gyrus; HC = hippocampus; PHG = parahippocampal

gyrus; LING = lingual gyrus; MDN = medial dorsal nucleus; VLN = ventral lateral

nucleus.

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

Next, a whole-brain full-factorial GLM random effects analysis thresholded at

Puncorrected ≤ .005 (k = 20), revealed significant main effects of personality on brain

response to the ”stress versus nonstress” contrast (Figure 3.18A, Table 3.13). All

personality group activation differences favored the SS group (Figure 3.18B. Brain

clusters showing significant response change in each personality group in response of

the same contrast are displayed in Table 3.14).
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(A) Main effect of personality profile

(B) Sensation Seeking Subjects > Anxiety Sensitive Subjects

Figure 3.18 The Effects of Personality Risk Profile on Whole-
Brain Activation to Acute Psychosocial Stress Under Placebo.
Depicted are the main effects of personality risk profile (A), and the
linear contrast between the personality groups (SSSs > ASSs) (B) under
Stress versus Nonstress. Each panel shows in a coronal (y), sagittal (x)
and axial (z) view (in MNI coordinates), activation maps thresholded at
Puncorr. ≤ .005 (k = 20), superimposed on the mean structural image of
all subjects. The reverse contrast (ASSs > SSSs) yielded no significant
results. Color map represents the corresponding t-score. x, y, z = sagittal,
coronal and horizontal view in MNI coordinates. L and R correspond
to, respectively, the left and right sides of the brain. For values, see
Table 3.13. CAU = caudate; IFG = inferior frontal gyrus; INS = insula;
IPL = inferior parietal lobule; MCC = mid-cingulate cortex; MFG =
middle frontal gyrus; MedFG = medial frontal gyrus; mOFG = medial
orbitofrontal gyrus; PCUN = precuneus; SFG = superior frontal gyrus;
SPL = superior parietal lobule; SPMG = supramarginal gyrus; PostcG =
postcentral gyrus and PrecG = precentral gyrus.
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Table 3.13: Effects of personality on whole-brain response to acute psychosocial
stress under placebo, at p ≤ .005, k = 20.

Region (BA) x y z KE F value P

R MFG 36 54 22 455 21.45 0.000

R MFG 34 36 34 18.83 0.000

R MFG (10) 32 46 28 13.60 0.001

R PostcG 58 −32 52 649 20.66 0.000

R IPL (40) 46 −36 60 18.58 0.000

R PostcG (2) 54 −24 52 15.65 0.000

L FL/ subgyral −32 10 26 141 20.04 0.000

L FL/ subgyral −40 16 26 16.35 0.000

R MCC (32) 14 24 36 98 19.72 0.000

R MCC (32) 10 18 30 10.53 0.002

R MedFG/ SMA 10 −2 56 117 19.47 0.000

R CG (24) 16 −8 48 16.28 0.000

L MFG (6) −38 −8 60 151 18.75 0.000

L PrecG (4) −38 −18 56 13.71 0.001

R Caudate 18 2 22 10.79 0.002

L FL/ SMA −14 −2 62 361 18.40 0.000

L SFG (6) −8 4 64 11.46 0.002

L SFG −14 8 58 11.41 0.002

R SPL (7) 24 −70 54 255 18.38 0.000

R PCUN 14 −56 50 16.43 0.000

R PCUN (7) 20 −66 48 14.27 0.001

R MFG 36 −8 48 374 17.07 0.000

R PrecG 42 −16 50 13.56 0.001

R PrecG 28 −22 52 13.44 0.001

L PCUN −12 −42 64 61 15.14 0.000

L ParacL (5) −18 −46 60 10.32 0.003

R PCC (23) 6 −32 26 29 15.07 0.000

L IFG −60 12 14 110 14.83 0.000

L PrecG −54 2 12 14.73 0.000

R PostcG 14 −46 66 45 14.57 0.000

R INS (13) 56 −38 20 55 14.54 0.000

L SPL −34 −66 54 104 14.33 0.001

L SPL (7) −24 −70 48 13.64 0.001

R IPL 60 −26 24 25 13.73 0.001

R IFG/ INS (47) 36 18 −4 12.86 0.001

R FL/ subgyral 30 8 −14 11.76 0.001

R SFG 26 62 0 64 13.37 0.001

R MFG (10) 26 56 −6 11.83 0.001

R SFG 20 54 4 9.75 0.003

L MedFG −4 10 48 69 12.85 0.001

R Claustrum 34 4 6 39 12.83 0.001

Continued on next page
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Table 3.13 – continued from previous page

Region (BA) x y z KE F value P

R INS 36 14 8 10.10 0.003

L PostcG (2) −40 −28 50 64 12.80 0.001

L PostcG −52 −28 50 10.54 0.002

L PCUN −10 −76 48 42 11.75 0.001

L ParacL (5) −2 −32 52 48 11.67 0.002

R ParacL/ MCC 6 −28 50 10.95 0.002

L Cerebellum −10 −74 −22 24 11.59 0.002

L Cerebellum −30 −62 −32 20 11.52 0.002

R Cerebellum/ LING 8 −68 −10 26 11.10 0.002

R LING 8 −78 −12 9.94 0.003

Bi Thalamus 0 −14 8 26 10.44 0.003

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal

lobe; MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate

gyrus; MCC = mid-cingulate cortex; ACC = anterior cingulate cortex; PCC = pos-

terior cingulate cortex; thalamus PrecG = precentral gyrus; PostcG = postcentral

gyrus; AMYG = amygdala, INS = insula; MTG = middle temporal gyrus; STG

= superior temporal gyrus; HC = hippocampus; PHG = parahippocampal gyrus;

LING = lingual gyrus;

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

Table 3.14: Whole-Brain Response to Acute Psychosocial Stress Under Placebo by
Personality Group, at PFWE−corrected ≤ .05, k = 10

Region (BA) x y z KE T score P

ASSs: stress > nonstress

L CG/ PCC −2 −48 30 528 8.03 0.000

R PCC (23) 4 −46 22 7.45 0.000

L CG (31) −10 −58 28 6.26 0.005

R Cuneus (18) 18 −90 22 60 7.41 0.000

Bi 0 32 8 149 7.38 0.000

Bi ACC 0 26 18 5.82 0.017

Bi MCC 0 −20 38 44 6.10 0.008

R LING (18) 18 −76 −8 10 5.94 0.012

L IPL (40) −48 −42 56 263 − 8.19 0.000

L IPL −48 −40 44 − 6.86 0.001

L PostG (40) −54 −38 52 − 6.45 0.003

L IFG −42 6 34 448 − 7.83 0.000

L FL/ subgyral −38 16 26 − 7.71 0.000

L FL/ subgyral −32 10 28 − 7.27 0.000

Continued on next page
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Table 3.14 – continued from previous page

Region (BA) x y z KE T score P

L Precuneus (7) −24 −72 50 290 − 7.32 0.000

L SPL −28 −64 44 − 7.30 0.000

L SPL (7) −30 −68 54 − 7.03 0.001

R SPL 30 −70 54 150 − 6.89 0.001

R IPL 36 −58 42 − 6.75 0.001

L Cuneus/ MOG −22 −96 −4 108 − 6.56 0.002

L MOG (18) −36 −92 −2 − 6.13 0.007

L MOG −42 −86 −2 − 5.69 0.024

L IFG −38 34 12 32 − 6.11 0.008

R IOG 34 −92 −8 84 − 6.07 0.008

R IOG 42 −84 −10 − 6.06 0.009

R MOG 26 −98 −2 − 6.06 0.009

L MFG (46) −46 30 20 19 − 5.91 0.013

L IFG −52 6 16 11 − 5.79 0.018

SSSs: stress > nonstress

R ACC (24) 2 34 12 343 7.33 0.000

R FL/ subgyral 2 28 18 6.98 0.001

L PCC −4 −46 28 162 7.25 0.000

R INS 56 −36 20 353 7.02 0.001

R IPL 60 −26 26 6.52 0.003

R IPL (40) 56 −30 32 6.28 0.005

R Cuneus (19) 16 −92 20 144 6.84 0.001

R Cuneus 18 −86 26 6.60 0.002

R LING/ FFG 24 −66 −8 109 6.71 0.002

R LING (18) 18 −76 −8 6.15 0.007

R MCC (31) 16 −26 44 52 6.22 0.006

R FL/ subgyral/ MCC 10 −30 48 5.99 0.011

R MCC (24) 6 −14 42 45 6.09 0.008

R INS 38 −12 −2 23 6.05 0.009

R Thalamus 14 −30 8 14 6.05 0.009

R MTG 48 −62 8 42 5.93 0.012

R MedFG 14 48 6 18 5.90 0.013

L Precuneus (7) −8 −62 30 15 5.88 0.014

R Precuneus (7) 10 −48 54 24 5.84 0.016

R ParacL 8 −42 60 5.50 0.038

R INS 34 6 8 12 5.78 0.018

ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal

lobe; MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate

gyrus; MCC = mid-cingulate cortex; ACC = anterior cingulate cortex; PCC = pos-

terior cingulate cortex; thalamus PrecG = precentral gyrus; PostcG = postcentral

gyrus; AMYG = amygdala, INS = insula; MTG = middle temporal gyrus; STG

= superior temporal gyrus; HC = hippocampus; PHG = parahippocampal gyrus;

LING = lingual gyrus.
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Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

Examining the main effects of sex, the same whole-brain full-factorial GLM random

effects analysis, thresholded at Puncorrected ≤ .005 (k = 20), revealed significances in a

number of brain clusters (Figure 3.19A, Table 3.15). A personality-by-sex interaction

effect was also found demonstrated by brain clusters and was mainly driven by SSMSs

(Figure 3.19B, Table 3.15).
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(A) Main effect of sex.

(B) Personality-by-sex interaction effect.

Figure 3.19 A-B, The effects of sex (A), and personality-by-sex in-
teraction (B) on the brain response to acute psychosocial stress under
placebo. Activation maps were thresholded at Puncorr. ≤ .005 (k = 20),
superimposed on the mean structural image of all subjects. x, y, z = sagit-
tal, coronal and horizontal view in MNI coordinates. L and R correspond
to, respectively, the left and right sides of the brain. For values, see Table
3.15. ACC = anterior cingulate cortex; CAU = caudate; IFG = infe-
rior frontal gyrus; INS = insula; MCC = mid-cingulate cortex; MFG =
middle frontal gyrus; MedFG = medial frontal gyrus; mOFG = medial
orbitofrontal gyrus; PCUN = precuneus; SFG = superior frontal gyrus;
SPL = superior parietal lobule; SPMG = supramarginal gyrus; PostcG =
postcentral gyrus and PrecG = precentral gyrus.

Table 3.15: The Effects of Sex and Personality-by-Sex Interaction on Whole-Brain
Activation to Acute Psychosocial Stress Under Placebo at p < .005, k = 20.

Region (BA) x y z KE F value P

Sex

R PostcG/ SPMG (2) 54 −30 36 311 28.19 0.000

R IPL/ SPMG 50 −36 28 17.89 0.000

R SFG 10 4 72 80 15.00 0.000

Continued on next page
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Table 3.15 – continued from previous page

Region (BA) x y z KE F value P

L INS −42 −8 16 104 14.98 0.000

L INS (13) −34 −2 16 12.62 0.001

L MFG −18 2 66 86 14.85 0.000

L Cerebellum −36 −52 −30 83 14.19 0.001

L Cerebellum −44 −56 −32 12.71 0.001

R TL/ subgyral 40 −8 −14 132 13.96 0.001

R INS 40 −12 −6 13.25 0.001

R INS 40 −22 −2 11.51 0.002

R FL/ subgyral 38 20 20 113 13.65 0.001

R FL/ subgyral 42 14 24 12.84 0.001

R INS (13) 34 16 14 10.71 0.002

R PrecG 52 2 30 116 13.53 0.001

R FL/ subgyral 48 18 32 12.83 0.001

R IFG/ PrecG (9) 50 6 38 12.74 0.001

L INS −36 10 −6 35 13.19 0.001

L Cerebellum −4 −54 −4 100 12.82 0.001

L Cerebellum −2 −68 −12 10.50 0.002

R Cerebellum 2 −48 −2 9.71 0.003

L FL/ subgyral −40 16 26 52 12.77 0.001

L FL/ subgyral −32 14 24 12.66 0.001

L MFG −48 16 32 10.71 0.002

Bi midbrain 0 −38 −24 41 12.38 0.001

R Cerebellum 2 −40 −32 10.96 0.002

R MCC 8 14 30 40 12.36 0.001

R LING/ PHG 20 −42 −4 22 11.94 0.001

R STG 44 −46 12 27 11.71 0.002

L INS (13) −42 12 6 20 11.54 0.002

L FL/ subgyral −36 12 16 10.63 0.002

L MFG −28 32 28 32 11.19 0.002

L MFG −34 34 22 10.29 0.003

L MFG −34 40 28 9.45 0.004

L INS/ STG (13) −48 −38 20 40 10.91 0.002

L PL/ subgyral −38 −36 24 9.90 0.003

Personality-by-Sex

L MedFG (10) −16 46 6 206 24.36 0.000

L MedFG/ mOFG −2 46 −12 14.30 0.001

L MedFG/ mOFG −10 46 −6 11.64 0.002

L MedFG −10 36 44 47 16.99 0.000

L SPMG −52 −48 26 60 16.49 0.000

R ACC 8 42 10 27 12.19 0.001

R MFG 30 56 12 108 11.83 0.001

R SFG 28 60 2 11.82 0.001

R SFG 20 58 12 10.16 0.003
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ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; FL = frontal

lobe; MFG = middle frontal gyrus, IFG = inferior frontal gyrus; CG = cingulate

gyrus; MCC = mid-cingulate cortex; ACC = anterior cingulate cortex; PCC =

posterior cingulate cortex; thalamus PrecG = precentral gyrus; PostcG = postcen-

tral gyrus; AMYG = amygdala, INS = insula; MTG = middle temporal gyrus;

STG = superior temporal gyrus; HC = hippocampus; PHG = parahippocampal

gyrus; LING = lingual gyrus; MDN = medial dorsal nucleus; VLN = ventral lateral

nucleus.

Peak MNI coordinate region.

Cluster size in voxels.
a No clusters detected.

ROIs analyses. Two-way between-subjects ANOVAs performed for each of our

functional ROIs, bilaterally, revealed a significant personality × sex interaction effect

on the mOFG activity, bilaterally (L: F(1,38) = 9.16; P = .004; η2p = .194; R: F(1,38)

= 7.01, P = .012, η2p = .156). Decomposition of this 2-way interaction using post-hoc

two-sample t-tests thresholded at a Bonferroni adjusted alpha of p = .025, indicated

statistically greater activation in SSMSs (L:M = .80, SD = 1.5; R: M = .64, SD =

1.61) compared with SSFSs (L:M = −.64, SD = .95; R: M = −.64, SD = .95) and

ASMSs (L:M = −.47, SD = .61; R: M = −.47, SD = .61; Figure 3.20A).

A significant effect of personality profile on aINS activity, bilaterally, was also

found, though its significance did not withstand correction for multiple comparisons

(L: F(1,38) = 4.24; p = 0.046, η2p = .100; R: F(1,38) = 5.12, p = 0.028, η2p = .121;

Figure 3.21A). Main effect of personality on aINS activity (L: F(1,38) = 4.24; p =

0.046, η2p = .100; R: F(1,38) = 5.12, p = 0.028, η2p = .121), with greater activation

being seen in the SS (L:M = .58, SD = 1.04; R: M = .08, SD = .56) than AS group

(L:M = −.001, SD = .51; R: M = .08, SD = 1.30)
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(A) (B)

Figure 3.20 Medial Orbitofrontal activation differences and its rela-
tion to subjective Anger in the context of acute psychosocial stress under
placebo. Depicted in (A) are the parameter estimates (arbitrary units) in
left mOFG activation (y−axis) for each of the four subgroups (x−axes).
The personality × sex interaction effect on this region’s activity was sig-
nificant. An asterisk (*) denotes a significant difference at Bonferroni
adjusted p ≤ .025. See text for values. Depicted in (B) is the significant
correlation between stress-related increments in self-rated anger (x−axis)
and parameter estimates (arbitrary units) of mean left mOFG activity
(y − axis), in the entire sample combined (r(38) = −.408, p = .011)
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(A) R aINS Activation to Stress

by Personality Group.

(B) Association of R aINS activity with sensation-

seeking trait.

Figure 3.21 Anterior insular Activation Differences and Its
Relationship with Sensation-Seeking Scores In the Context of
Acute Psychosocial Stress Under Placebo.. Depicted in (A) are the
parameter estimates (arbitrary units) in right aINS activation (y − axis)
for the AS and SS groups (dark and light bars, respectively; x− axes). *
p < .05. See text for values. Depicted in (B) is the significant correlation
between right aINS activity (y − axis) and SURPS-SS scores (x− axis),
uniquely in the SS group (r(20) = .556, p = .007)

Correlational analyses.

3.3.2 Alcohol Condition

3.3.2.1 Behavioral Results

Using three-way mixed-design ANCOVA to assess for the effects of alcohol and its

interaction with personality and sex on performance outcome on the MIST with BAC

throughout the MIST assigned as a covariate, a significant condition-by-personality in-

teraction effect on percent correct responses was found: F(1,36) = 16.62, p = .000, η2p =

.316 (Table 3.11, Figure 3.22). Paired-sample t-tests indicated this performance out-

come was, relative to placebo, significantly better in ASSs (t(18) = 3.245, p(2−tailed)
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= .004) but worse in SSSs (t(21) = 2.732, p(2−tailed) = .012) under the influence of al-

cohol, although significance of said change in the SS group did not survive Bonferroni

correction for multiple comparisons (Table 3.16, Figure 3.22). Results for incorrect

responses and time overshoots were not significant (Table 3.11).

Figure 3.22 Condition Differences in performance outcomes on
the MIST by personality group. Covarying for BAC Double artesik
signifies significant **p(2−tailed) < .025.

Table 3.16 Mean condition differences in performance outcomes (stan-
dard error mean) on the MIST by personality group.

Performance Measure Alcohol Placebo Mean Difference†

Correct Responses (%)

ASSs 46.46 (1.62) 42.08 (0.96) 4.27 (1.32)

SSSs 41.52 (1.48) 46.18 (0.87) −4.36 (1.60)

Incorrect Responses (%)

ASSs 24.61 (3.32) 22.76 (2.90) 2.54 (2.42)

SSSs 22.80 (3.03) 17.26 (2.65) 4.83 (3.73)

Time Overshoots (%)

ASSs 28.91 (3.21) 35.16 (3.27) −6.82 (2.62)

SSSs 35.66 (2.93) 36.56 (2.98) −0.47 (3.02)

Abbreviations: ASSs, anxiety sensitive subjects; SSSs, sensation-seeking
subjects.
Significant mean differences are printed in bold.

† Alcohol > Placebo
* p < 0.025
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3.3.2.2 Subjective Mood Results

Pre-stressor mood self-ratings. Three-way mixed-design ANCOVA indicated

no significant effects of condition (alcohol or placebo) or an interaction with either or

both personality and sex on pre-stressor self-rating of embarrassment or anger, with

pre-stressor BAC being assigned as a covariate.

Stress-reactive change in mood self-ratings. Three-way mixed-design AN-

COVA indicated no significant effects of condition (alcohol or placebo) or an inter-

action with either or both personality and sex on stress-related changes in self-rating

of embarrassment (Figure 3.23A) or anger (Figure 3.23B), with the average of BAC

measurements throughout the MIST covaried for.

Assessing the effects of alcohol and its interaction with either and both personality

and sex on stress-related changes in embarrassment and anger self-ratings (Figure

3.23), 3 -way mixed-design ANOVAs, covarying for BAC throughout the course of the

MIST were conducted. These tests revealed no significant results (p > .1).
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(A) (B)

Figure 3.23 A-B , Change in self-rated embarrassment (A) and anger
(B) throughout the course of the MIST (at 0 min, +10 min, +20 min,
+30 min and +40 min; y-axes) under alcohol in ASM, ASF, SSM and
SSF subjects (respectively, dark blue, dark pink, light blue and light pink
circles).

3.3.2.3 Endocrine Results

Pre-stressor cortisol. Three-way mixed-design ANCOVA, covarying for pre-stressor

BAC and ”session time” under each alcohol and placebo conditions, found a significant

condition-by-personality-by-sex interaction effect on pre-stressor cortisol levels: F(1,34)

= 6.91, p = .013, η2p = .169. This significance was amplified by additional covariation

for early-life parental care and protection: F(1,32) = 9.71, p = .004, η2p = .233.

Decomposing said three-way interaction, paired-sample t-tests indicated a signifi-

cant decrease of pre-stressor cortisol levels in SSMSs when alcohol intoxicated relative

to sober (t(11) = 2.89, p(2−tailed) = .015; Table 3.17). This change was nonetheless no

longer significant when alpha level was adjusted (p = .0125 per test) to correct for

multiple comparisons.
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Table 3.17 Time- and BAC- adjusted means (standard error of sample
mean) of pre-stressor cortisol (nmol/l) as a Function of Personality and
Sex in the context of the MIST under alcohol and placebo conditions.

Pre-stressor
cortisol (nmol/l) Alcohol Placebo Paired t-test†

ASMSs .88 (.13) .54 (.09) 1.28

ASFSs .62 (.14) .83 (.09) −1.57

SSMSs .68 (.12) .91 (.08) −2.88a

SSFSs .68 (.13) .52 (.09) 1.35

MIST, Montreal Imaging Stress Task; BAC, blood alcohol
curve; AUC, area under the curve; ASMSs and ASFSs,
anxiety sensitive male and female subjects, respectively;
SSMSs and SSFSs, sensation-seeking male and female
subjects, respectively.

† Alcohol > Placebo
a p(2−tailed) ≤ .05

Stress-reactive cortisol. Three-way mixed-design ANCOVA, covarying for BAC

throughout the course of the MIST and ”session time” under each alcohol and placebo

conditions, found significant condition-by-personality-by-sex and condition-by-personality-

by-sex interaction effects; respectively, F(1,34) = 4.57, p = .040, η2p = .119 and F(1,34)

= 7.83, p = .008, η2p = .187 (Figure 3.24). These significance were amplified by

additional covariation for early-life parental care and protection: respectively, F(1,32)

= 5.73, p = .023, η2p = .152 and F(1,32) = 8.18, p = .007, η2p = .204.

Decomposing said two− and three− way interactions, paired-sample t-tests showed

that under the influence of alcohol relative to placebo, SSM subjects showed significant

increments in cortisol AUC (t(11) = 2.27, p(2−tailed) = .044), ASM subjects showed

significant decrements (t(9) = 2.28, p(2−tailed) = .049), whereas the female subgroups

had no significant change, nor did the same-personality opposite-sex subjects analyzed

together. The previously noted significances, however, did not survive Bonferroni

correction for multiple comparisons.
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Figure 3.24 Time- and BAC- adjusted means of cortisol AUC (n/nmol)
levels under alcohol (dark bars) and placebo (light bars) in anxiety sensi-
tive and sensation-seeking male and female subjects (respectively, ASMs,
ASFs, SSMSs and SSFs) in the context of the MIST. A significant
condition-by-personality-by-sex interaction effect was indicated by three-
way mixed-design ANCOVA, covarying for ”session time” under each con-
dition and BAC readings obtained throughout the course of the task. *
P(2−tailed) ≤ .05. For values, see Table 3.17. Error bars indicate SEM .

Table 3.18 Time- and BAC- adjusted means (standard error of sample
mean) of stress-reactive cortisol (cortisol AUC; nmol/l) as a function of
personality and sex in the context of the MIST under alcohol and placebo
conditions.

Cortisol AUC
(nmol/l) Alcohol Placebo Paired t-test†

ASMSs −0.04 (.29) 0.99 (.31) −2.27a

ASFSs −0.07 (.31) -0.28 (.32) 0.39

SSMSs 0.35 (.27) −0.72 (.28) 2.27

SSFSs −0.48 (.29) −0.34 (.31) −0.24a

MIST, Montreal Imaging Stress Task; SEM , standard error of
sample mean; BAC, blood alcohol curve; AUC, area under the
curve; ASMSs and ASFs, anxiety sensitive male and female
subjects, respectively; SSMSs and SSFs, sensation-seeking
male and female subjects, respectively.

† Alcohol > Placebo
a p(2−tailed) ≤ .05
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3.3.2.4 Neurofunctional Results

Exploratory voxel-wise analyses. Examining the effects of alcohol and its inter-

action with either or both personality and sex on brain response to acute psychosocial

stress, whole-brain analyses, thresholded at puncorr < .005 (k = 20) revealed main

effects of alcohol as well as condition-by-personality, condition-by-sex and condition-

by-personality-by-sex interactions (Table 3.19, Figure 3.25).

Table 3.19 Main effect of alcohol and its interaction with either and
both personality and sex on Whole Brain Response to Acute Psychosocial
Stress. All significances found at puncorr < .005, k = 20.

Region x y
z

KE F value Puncorr

Condition

L MFG −42 52 16 23 12.52 0.001

L IFG/ MFG(46) −46 44 16 12.23 0.001

L SFG −14 46 34 66 12.25 0.001

L SFG −8 54 32 11.90 0.001

Condition-by-personality

R SFG/ mOFG 20 56 −14 34 13.40 0.001

R SFG/ mOFG 28 54 −10 12.47 0.001

L SFG −30 −8 68 22 11.75 0.001

L PrecG (6) −26 −14 72 9.87 0.003

Condition-by-sex

L ACC/ Caudate −4 16 −6 72 14.25 0.001

L FL/ RecG (11) −4 26 −2 12.93 0.001

L ACC −10 24 −10 11.27 0.002

R MFG 40 8 8 44 11.88 0.001

Condition-by-personality-by-sex

L MedFG/ Rectus (11) −4 46 −16 1136 26.50 0.000

R ACC 10 32 −8 24.99 0.000

L ACC (10) −16 50 0 24.64 0.000

R MFG 22 34 −12 195 20.23 0.000

R FL/ subgyral 24 20 −12 13.49 0.001

R IFG (47) 16 30 −18 12.87 0.001

L IFG (45) −54 18 18 37 12.21 0.001
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Figure 3.25 Effects of the Interaction of Condition with Person-
ality Risk Profile and Sex on Whole-Brain Response to Acute
Psychosocial Stress. A statistical map of the condition-by-personality-
by-sex effect was computed by conducting a voxel-wise flexible-factorial
GLM random effects analysis of β coefficients. In this model, personality
(AS or SS), sex (M or F) and condition (alcohol or placebo) were fixed fac-
tors and individual subject was a random factor. Activation maps were
thresholded at Puncorr. ≤ .005, k = 20. x, y, z = sagittal, coronal and
horizontal view in MNI coordinates. The color map represents the cor-
responding F value (see Table 3.20). L and R indicate, respectively, the
left and right sides of the brain; ACC = anterior cingulate cortex; CAU
= caudate; INS = insula; and mOFG = medial orbitofrontal gyrus.

Decomposing the current 3-way interaction, revealed the interaction was mainly

driven by the male subgroups, with ASMSs showing increase prefrontal activation

under alcohol relative to placebo and SSMSs, decreased activation (Table 3.20).
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Table 3.20 Decomposition of the Condition-by-Personality-by-Sex Ef-
fect on Whole-Brain Activation to Acute Psychosocial Stress at puncorr
< .005(k = 20).

Region
x y z

KE t- value Puncorr

ASMSs: alcohol > placebo

L FL/ Rectus −12 38 −18 48 4.75 0.000

R ACC (32) 8 20 −8 130 4.61 0.000

R MedFG/ Rectus 10 24 −18 3.67 0.000

R MedFG/ mOFG (11) 4 44 −14 35 3.92 0.000

L MFG (46) −44 38 −18 34 3.14 0.002

ASFSs: alcohol > placebo

L ACC −10 20 −10 273 −4.76 0.000

R ACC 8 32 −8 −3.57 0.000

L ACC (32) −4 26 −10 −3.33 0.001

SSMSs: alcohol > placebo

L MedFG/ Rectus −6 44 −16 521 −4.55 0.000

R MedFG/ mOFG 10 48 −14 −4.48 0.000

R MedFG/ mOFG 24 52 −10 −4.24 0.000

R FL/ subgyral 24 20 −12 67 −3.56 0.000

R IFG 26 30 −8 −3.27 0.001

SSFSs: alcohol > placebo

ROI analyses. Assessing the effects of alcohol and its interaction with either or

both personality and sex on mean parameter estimate of spherically defined regions-

of-interest activity, 3-way mixed-design ANOVAs, covarying for BAC throughout the

course of the MIST revealed a significant condition-by-personality-by-sex interaction

effects for the left mOFG (F(1,37) = 24.12, p = .000 η2p = .395; Figure 3.26a), right

mOFG (F(1,36) = 20.04, p = .000, η2p = .358, 3.26b), left pgACC (F(1,37) = 8.53,

p = .006 η2p = .187; Figure 3.26c), right pgACC (F(1,37) = 16.82, p = .000 η2p = .312;

Figure 3.26d), left NAc (F(1,37) = 9.11, p = .005 η2p = .198; Figure 3.26e) and right

NAc (F(1,37) = 9.34, p = .004 η2p = .202; Figure 3.26f).

Decomposition of the current 3-way interactions using paired-sample t-tests and an

adjusted alpha level of p = .0125 per test (.05/4) indicated that intoxicated, relative
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to sober, ASMSs activated the mOFG, bilaterally, in response to acute psychosocial

stress (L: t(10) = 4.05, p(2−tailed) = .002; R: t(10) = 4.034, p(2−tailed) = .002), whereas

SSMSs deactivated it (L: t(12) = 4.96, p(2−tailed) = .000; R: t(12) = 3.64, p(2−tailed)

= .003). Further, relative to placebo, the left pgACC significantly deactivated to

acute psychosocial stress in ASFSs (t(8) = 3.49, p(2−tailed) = .008) under the influence

of alcohol, while the R pgACC activated in ASMSs (t(10) = 2.34, p(2−tailed) = .010).

Values are displayed in Table 3.21.
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(a) Left Medial Orbitofrontal Gyrus (b) Right Medial Orbitofrontal Gyrus

(c) Left Perigenual Anterior Cingulate (d) Right Perigenual Anterior Cingulate

(e) Left Nucleus Accumbens (f) Right Nucleus Accumbens

Figure 3.26 a-f Means of parameter estimate activity (y-axes) of the,
respectively, left and right mOFG (a-b), pgACC (c-d), and NAc (e-f)
under stress versus nonstress conditions in ASM, ASF, SSM and SSF sub-
jects (x-axes) under alcohol (dark bars) and placebo (light bars). Means
for alcohol are BAC-adjusted. All of three ROIs, bilaterally, showed sig-
nificant condition-by-personality-by-sex effects. *, p ≤ .05, **: p ≤ .0125
and ***: p ≤ 0.001.
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Table 3.21: The condition differences in mean parameter estimates for ROIs ROIs
activation to Acute Psychosocial Stress (standard deviations in parentheses). A neg-
ative t-value is indicative of greater BOLD activity under the placebo than to alcohol
condition.

Region of Interest Alcohol Placebo Paired t-tests

ASMSs

L mOFG 0.12 (0.77) −0.47 (0.61) 4.05a

R mOFG 0.12 (0.77) −0.47 (0.61) 4.04a

L pgACC −0.23 (0.57) −0.55 (0.57) 2.01

R pgACC −0.11 (0.50) −0.47 (0.39) 3.15a

L NAc −0.09 (0.64) −0.47 (0.74) 2.34b

R NAc 0.08 (0.62) −0.41 (0.75) 2.60b

ASFSs

L mOFG −0.37 (1.05) 0.11 (0.88) −1.29

R mOFG −0.53 (0.69) 0.11 (0.87) −2.14

L pgACC −1.05 (0.82) −0.16 (0.99) −3.49a

R pgACC −0.71 (0.57) −0.20 (0.53) −1.35b

L NAc −0.67 (0.50) 0.13 (1.34) −.280

R NAc −0.47 (0.76) −0.09 (1.05) −2.28

SSMSs

L mOFG −0.67 (1.48) 0.79 (1.48) −4.96a

R mOFG −0.62 (1.60) 0.64 (1.61) −3.64a

L pgACC −0.72 (0.69) −0.66 (0.75) -0.34

R pgACC −0.64 (0.57) −0.38 (0.71) −1.62

L NAc −0.30 (1.18) −0.17 (1.15) -0.43

R NAc −0.16 (1.19) 0.09 (1.23) −0.94

SSFSs

L mOFG −0.49 (0.59) −0.64 (0.95) 0.79

R mOFG −0.33 (0.38) −0.39 (0.65) 0.30

L pgACC −0.64 (0.30) −0.49 (0.42) −0.97

R pgACC −0.44 (0.34) −0.48 (0.45) 0.34

L NAc −0.05 (0.57) −0.21 (0.92) 0.54

R NAc 0.04 (0.63) −0.24 (0.96) 1.09

ASSs = anxiety sensitive subjects; L = left; R = right; mOFG = medial orbitofrontal

gyrus ; pgACC = perigenual anterior cingulate cortex; NAc = nucleus accumbens

Significant differences are printed in bold.

Only the interactions that held their significance after adjusting alpha to correct for

multiple comparisons are shown.
a p < .0125
b p < .025
c p < .05
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Correlational analyses. Partial correlation analysis controlling for BAC showed an

inverse correlation between stress-related increases in subjective anger and embarrass-

ment self-ratings under alcohol and activation of (respectively) the mOFG (L: r(35)

= −.536, p(2−tailed) = .001; y-axis; R: t(34) = −.546, p = .001 ) and left pgACC (r(35)

= −.477, p(2−tailed) = .003; y-axis activation, for the entire sample combined (Figures

3.27A and 3.27B).

(A) (B)

Figure 3.27 Significant inverse linear correlations between stress-
related change in subjective mood (x-axes) and ROIs activation to acute
psychosocial stress under alcohol (y-axes), for the entire sample combined,
with BAC controlled for. Depicted are the associations between anger and
left mOFG activity (r(35) = −.536, p(2−tailed) = .001; y-axis) (A), and
between stress-related change in self-rated embarrassment self-rating (x-
axis) and left pgACC activity (r(35) = −.477, p(2−tailed) = .003; y-axis)
(B). Light blue and pink circles denote respectively ASM and ASF sub-
jects, and darker blue and pink circles, SSM and SSF subjects.

3.3.3 Summary of Results

Under placebo, ASSs had higher ratings of pre-stress embarrassment and anger than

SSSs. Throughout the course of the MIST, self-rated embarrassment significantly

increased in ASMSs, whereas anger did not in the entire sample combined. A greater
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increase in stress-related cortisol secretion was seen in ASSs compared with SSSs, and

in ASMSs compared with ASFSs.

Relative to placebo, alcohol improved task performance in the AS group and hin-

dered it in the SS group, decreased cortisol AUCi in the AS group, specifically ASMSs

and decreased it in the SS group, especially SSMSs, and increased frontal activation

in ASMss and decreased it in SSMSs.

3.4 Follow-up Assessment

Within a time range of 2-3 years, 9 out of out 44 subjects were lost to follow-up.

Out of the 35 remaining (18 ASSs; 7 females and 18 SSSs; 7 females) who underwent

assessment for mental health and drug use status, 11 had escalated in their alcohol

and/ or illicit drug use and thus classified as ’TRAs’ (TRAs). These were 8 ASSs

(4 females) and 7 SSSs (1 female). Conversely, subjects (N = 24) who consistently

remained social drinkers and casual drug users up until follow-up assessment classified

as ’non-TRAs’ (non-TRAs). These were 10 ASSs (4 females) and 11 SSSs (6 females).

The ’TRAs’ and ’non-TRAs’ of each personality group statistically differed in their

MAST scores and drinking frequency at follow-up, and it is notable that at study entry.

They did however differ in terms of familial alcoholism (greater ratio of FHP ’TRAs’

to ’non-TRAs’) and male to female ratio (6 to 1 in the SS group), which required

covariation in our subsequent analyses. Furthermore, AS ’TRAs’ did report exposure

to more adverse, though not necessarily overtly traumatic, environmental events (e.g,

abortion, romantic partner dumping, watching parent passed out drunk on regular

bases). The temporal associations of said events and escalating use picture, however,

were not entirely clear to us. This led us to decide to not incorporate environmental

adversity as an additional covariate in our analyses, as a statistical control for said

variable could be an overcontrol. 7 AS TRA had developed subclinical or clinical

symptoms of an anxiety (versus 3 AS non-TRA), which manifested as either or both
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social phobia and panic, and appear to have worsened concurrently with escalating

use. 3 AS TRA had developed subclinical or clinical symptoms of an major depression

(versus 1 AS non-TRA). The temporal precedence pattern is this case was unclear.

One SS TRA had developed depression by follow-up (in remission; versus 1 SS non-

TRA) reportedly after making an attempt to quit cocaine after few months of misuse.

Importantly, TRAs were not distinguishable from their same-personality ’non-

TRAs’ counterparts based on their years of education, reported age at drug use, drink-

ing frequency (MAST), scores on personality measures of AS (ASI and SURPS-AS), SS

(SURPS-SS), sensitivity to reward and punishment (SRSPQ), self-esteem (RSE), per-

ceived self-efficacy (CCQ), alcohol expectancy in the domains of tension reduction and

social and physical pleasure (AEQ), developmental experiences (i.e, childhood trauma

[CTQ] and early-life parental care and protection [PBI]), all measured at study entry.

These results are displayed in Table 3.22).

Table 3.22: Means, Standard Deviations, and Group Comparisons of Demographic
Data and Rating Scale Scores. Demographic characteristics of transitioner and non-
transitioner* AS and SS Subjects

Transitioners Non-transitioners Mean Difference (p− value)

ASSs (n (%)) 8 (44.4%) 10 (55.6%)

SSSs (n (%)) 5 (29.4%) 12 (70.6%)

Age (M ± SD)

ASSs 23.50 ± 1.10 22.83 ± 1.33 ns

SSSs 23.25 ± 2.86 23.28 ± 2.03 ns

Sex Women (n (%))

ASSs 4 (50.0%) 4 (40.0%) ns

SSSs 1 (16.7%) 6 (54.5%) −
Race (n (%))

Caucasian

ASSs 8 (100%) 8 (80.0%) −
SSSs 4 (66.7%) 7 (63.6%) −

Asian

ASSs 0 0 −
SSSs 0 2 (18.2%) −

Other

ASSs 0 2 (20.0%) −
SSSs 1 1 (10%) −

Continued on next page
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Table 3.22 – continued from previous page

Transitioners Non-transitioners Mean Difference (p− value)

Years of Education

(M ± SD)

ASSs 14.50 ± 0.76 13.90 ± 0.88 ns

SSSs 14.00 ± 1.26 14.09 ± 1.04 ns

Baseline SURPS Score

(M ± SD)

AS scale

ASSs 17.38 ± 1.92 16.70 ± 1.57 ns

SSSs 6.17 ± 1.72 7.55 ± 2.02 ns

SS scale

ASSs 10.63 ± 1.30 10.40 ± 2.01 ns

SSSs 22.67 ± 1.75 22.09 ± 2.34 ns

Baseline SPSRQ-SP

(M ± SD)

ASSs 13.13 ± 5.38 12.90 ± 4.56 ns

SSSs 6.50 ± 2.35 6.73 ± 4.67 ns

Baseline SPSRQ-SR

(M ± SD)

ASSs 11.50 ± 2.33 11.40 ± 3.50 ns

SSSs 16.33 ± 3.20 16.00 ± 2.68 ns

Baseline ASI score

(M ± SD)

ASSs 34.38 ± 6.65 33.60 ± 6.33 ns

SSSs 11.33 ± 5.47 10.82 ± 5.10 ns

Baseline MAST score

(M ± SD)

ASSs 1.20 ± 1.10 0.00 ± 0.00 ns

SSSs 0.33 ± 0.82 0.18 ± 0.60 ns

Follow-up MAST score

(M ± SD)

ASSs 6.25 ± 3.99 0.00 ± 0.00 .003

SSSs 7.33 ± 3.93 0.18 ± 0.60 .006

Alcoholic drinks per week

at baseline (M ± SD)

ASSs 10.50 ± 5.10 6.20 ± 2.39 .031

SSSs 10.67 ± 5.85 11.18 ± 9.21 ns

Alcoholic drinks per week

at follow-up (M ± SD)

ASSs 22.00 ± 5.15 6.00 ± 2.79 .000

SSSs 25.83 ± 10.21 6.91 ± 4.55 .000

Family history of

AUDs (n (%))

Negative

Continued on next page
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Table 3.22 – continued from previous page

Transitioners Non-transitioners Mean Difference (p− value)

ASSs 2 (25.0%) 7 (70.0%) −
SSSs 3 (50.0%) 6 (54.5%) −

Mild

ASSs 1 (12.5%) 2 (20.0%) −
SSSs 1 (16.%) 2 (18.2%) −

Positive

ASSs 5 (62.5%) 0 −
SSSs 2 (33.3%) 3 (27.3%) −

Multigenerational

ASSs 0 1 (10.0%) −
SSSs 0 0 −

Anxiety-disorder

or subthreshold

ASSs 7a(87.5 %) 3 (30.0 %) −
SSSs 0 0 −

Major depression (in past 3 y)

(n (%))

ASSs 3 (37.5 %) 1 (10.0 %) −
SSSs 1b(16.7 %) 1 (9.1 %) −

Environmental adversity†

(in past 3 y) (n (%))

ASSs 5 (62.5%) 0 −
SSSs 2 (33.3 %) 1 (9.1 %) −

Drinking age of onset

(M ± SD)

ASSs 15.63 ± 0.92 16.30 ± 2.11 ns

SSSs 15.33 ± 1.21 15.09 ± 1.45 ns

Drug use age of onset

(M ± SD)

ASSs 15.00 ± 1.31 17.43 ± 1.99 .014

SSSs 16.33 ± 0.82 15.89 ± 1.90 ns

Number of illicit drugs ever used

(M ± SD)

ASSs 2.00 ± 1.41 1.43 ± 1.13 ns

SSSs 5.00 ± 6.90 3.56 ± 2.07 ns

PBI(M ± SD)

Maternal Care

ASSs 23.25 ± 5.20 26.00 ± 6.70 ns

SSSs 27.83 ± 2.56 29.27 ± 2.57 ns

Maternal Overprotection

ASSs 12.50 ± 6.72 14.22 ± 7.12 ns

SSSs 13.60 ± 7.44 11.22 ± 6.82 ns

Paternal Care

Continued on next page



214

Table 3.22 – continued from previous page

Transitioners Non-transitioners Mean Difference (p− value)

ASSs 17.38 ± 7.21 22.40 ± 5.62 ns

SSSs 25.67 ± 3.27 26.27 ± 4.00 ns

Paternal Overprotection

ASSs 14.60 ± 1.34 9.78 ± 7.21 ns

SSSs 11.00 ± 5.34 9.43 ± 8.12 ns

CTQ Score (M ± SD)

Phyisical Abuse

ASSs 5.14 ± 0.38 5.33 ± 1.00 ns

SSSs 5.00 ± 3.24 5.45 ± 0.93 ns

Emotional Abuse

ASSs 7.86 ± 1.57 7.00 ± 2.50 ns

SSSs 6.20 ± 4.15 6.82 ± 2.04 ns

Sexual Abuse

ASSs 5.00 ± 0.00 5.00 ± 0.00 ns

SSSs 4.00 ± 2.24 5.00 ± 0.00 ns

Physical Neglect

ASSs 7.29 ± 2.36 5.56 ± 1.01 ns

SSSs 6.40 ± 3.13 5.64 ± 1.29 ns

Emotional Neglect

ASSs 8.86 ± 3.34 9.44 ± 4.90 ns

SSSs 11.80 ± 10.21 6.91 ± 2.21 ns

AEQ (M ± SD)

Careless Unconcern

ASSs 19.00 ± 2.62 17.00 ± 2.56 ns

SSSs 18.00 ± 1.26 17.82 ± 3.76 ns

Cognitive and Physical

Impairment

ASSs 46.25 ± 4.30 45.50 ± 7.03 ns

SSSs 52.00 ± 11.22 38.45 ± 10.80 .028

Global Positive

ASSs 20.13 ± 3.23 15.88 ± 5.57 ns

SSSs 14.00 ± 3.03 16.55 ± 6.71 ns

Power and Aggression

ASSs 25.75 ± 2.92 21.75 ± 3.24 .021

SSSs 23.67 ± 4.59 24.09 ± 5.20 ns

Sexual Enhancement

ASSs 20.50 ± 4.84 16.25 ± 2.71 .048

SSSs 18.33 ± 2.94 20.45 ± 3.96 ns

Social and Physical Pleasure

ASSs 25.63 ± 2.88 23.38 ± 3.34 ns

SSSs 24.17 ± 2.79 25.18 ± 3.06 ns

Tension Reduction

ASSs 22.75 ± 4.06 19.50 ± 2.78 ns

Continued on next page
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Table 3.22 – continued from previous page

Transitioners Non-transitioners Mean Difference (p− value)

SSSs 22.00 ± 3.69 22.36 ± 4.95 ns

RSE score (M ± SD)

ASSs 22.00 ± 4.87 21.25 ± 4.77 ns

SSSs 23.00 ± 3.61 22.18 ± 3.76 ns

CCQ (M ± SD)

Self-esteem

ASSs 29.00 ± 6.28 28.25 ± 5.06 ns

SSSs 32.25 ± 1.50 31.09 ± 7.06 ns

Internality

ASSs 31.13 ± 6.33 31.13 ± 3.27 ns

SSSs 34.25 ± 4.35 33.36 ± 3.41 ns

Perceived control of others

ASSs 27.88 ± 5.67 28.63 ± 2.77 ns

SSSs 28.00 ± 1.15 26.55 ± 3.72 ns

Chance

ASSs 23.38 ± 6.41 24.88 ± 4.55 ns

SSSs 19.00 ± 3.83 22.91 ± 2.98 ns

Abbreviations: ASSs = anxiety sensitive subjects; SSSs, sensation-seeking subjects; RSES,

Rosenberg Self-Esteem; IQ, Intelligent Quotient; AEQ, Alcohol Expectancy Questionnaire; CTQ,

Childhood Trauma Questionnaire; PBI, Parental Bonding Instrument; BAC, blood alcohol curve

and AUDs, alcohol use disorders.

a symptom worsening (relative to severity at study entry) reportedly

preceded escalating use but was further exacerbated after.
b Drug-induced.
† For the SS ’TRAs’, environmental adversity (job loss, dumped by

romantic partner) reportedly occurred in the aftermath of and as

a direct result of drug misuse.

3.4.1 Face Emotion Processing Task

Assessing whether the BOLD response to negative (versus neutral) faces (assessed

seperately and together) in either or both personality group, under either or both

testing conditions was prospectively associated with escalation into alcohol and/ or

other drug misuse within the subsequent 2-3 years, a univariate analysis were carried

out, with the AMYG activation to stress under placebo being the dependent variable,

’transitioning’ status and group as fixed factors. Sex and familial alcoholism were

specified as covariates. No significant results were found. The same analysis was
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carried out for the alcohol condition, also with null results.

Examining the main effects of transitioning (to alcohol and/ or drug misuse within

the 3 years following initial fMRI testing) status and its interaction with personality

on a spherically defined ROI, namely the amygdala, activity under placebo, ANCOVA

testing, covarying for sex and familial alcoholism and using an adjusted alpha level of

p = 0.025 per test (.05/2) indicated a personality-by-transitioning interaction effect on

mean parameter estimates (arbitrary units) of activity within the AMYG, bilaterally,

in response to ”negatively valent minus neutral face” contrast under placebo (L: F(1,26)

= 7.40, p = .011, η2p = .222 and R: (F(1,26) = 3.52, p = .026, η2p = .176). Paired

sample t-tests showed only condition difference significance for AS TRAs (L: t(7) =

−3.08, p(2−tailed) = .018; R: t(7) = −3.71, p(2−tailed) = .008; Figures 3.28a and 3.28b,

respectively; L: placebo: M = −1.46, SD = 2.11; Alcohol: M = 1.48, SD = 1.06 and

R: placebo: M = −1.57, SD = 2.33; Alcohol: M = 1.67, SD = 1.20)

For the ”Fearful minus Neutral faces” contrast, there was condition-by-personality-

by-transitioning status interaction effect on AMYG activity (L: F(1,26) = 8.37, p = .008,

η2p = .243; R: F(1,26) = 7.29, p = .012, η2p = .219; Table 3.23; Figures 3.28c and 3.28d).

For the ”Angry minus Neutral faces” contrast, there was condition-by-personality-

by-transitioning status interaction effect on AMYG activity (L: F(1,26) = 5.83, p = .023,

η2p = .183; R: F(1,26) = 4.68, p = .040, η2p = .152). However, the significance of the right

AMYG effect did not withstand correction for multiple comparisons (Table 3.23).

For the ”Disgusted minus Neutral faces” contrast, there was condition-by-personality-

by-transitioning status interaction effect on the left AMYG activity F(1,26) = 5.07,

p = .033, η2p = .163). However, this significance diminished after alpha was adjusted

to correct for multiple comparisons (Table 3.23).

For the ”Sad minus Neutral faces” contrast, there was condition-by-personality-

by-transitioning status interaction effect on the bilateral AMYG activity (L: F(1,26)

= 8.58, p = .007, η2p = .248; R: F(1,26) = 5.03, p = .034, η2p = .162). However,

the significance of the right AMYG effect did not withstand correction for multiple
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comparisons (Table 3.23).

(a) L AMYG Response to Negative Faces. (b) R AMYG Response to Negative Faces.

(c) L AMYG Response to Fearful Faces. (d) R AMYG Response to Fearful Faces.

Figure 3.28 Prospective Association Between AMYG Activation to So-
cioaffective Signals of Threatening and Escalating Use a-b, Mean parame-
ter estimates (arbitrary units) of AMYG activity in response to negatively
(fearful, angry, disgusted and sad) versus neutral faces (a-b) and fearful
versus neutral faces (c-d) in anxiety-sensitive (AS) and sensation-seeking
(SS) subjects who classified as transitioners (TRA) and non-transitioners
(non-TRA) to alcohol and/ or other drug misuse within the 3 years subse-
quent to initial fMRI testing under alcohol (dark bars) and placebo (light
bars) conditions. **, p(2−tailed) ≤ .0125 (Bonferroni adjusted alpha); *,
p(2−tailed) ≤ .02. Error bars indicate SEM .
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Table 3.23: The condition difference in threat-related AMYG activity as a
function of Personality Profile and Transitioning Status. A negative t-value
is indicative of greater BOLD activity under the placebo than to alcohol condition.

Region of Interest Alcohol Placebo Paired t-tests

Fearful > Neutral: ASSs TRA

L AMYG −1.46 (2.11) 1.48 (1.06) −3.00b

R AMYG −1.57 (2.33) 1.67 (1.20) −3.18b

Fearful > Neutral: ASSs non-TRA

L AMYG −0.51 (0.92) 0.85 (0.83) −3.18b

R AMYG −0.54 (1.01) 0.89 (0.97) −2.51b

Fearful > Neutral: SSSs TRA

L AMYG −0.48 (1.53) −0.38 (0.73) −.23c

R AMYG −0.48 (1.64) 0.04 (0.73) −.81

Fearful > Neutral: SSSs non-TRA

L AMYG −0.56 (0.63) 0.10 (0.67) −2.59

R AMYG −0.65 (0.67) 0.08 (0.70) −2.07

Angry > Neutral: ASSs TRA

L AMYG −0.94 (1.68) 1.86 (1.67) −2.94b

Angry > Neutral: ASSs non-TRA

L AMYG −0.27 (0.76) 0.65 (0.47) −3.49b

Angry > Neutral: SSSs TRA

L AMYG −1.06 (1.27) −0.56 (0.84) −1.21

Angry > Neutral: SSSs non-TRA

L AMYG −0.50 (0.87) −0.06 (0.79) −1.14

Disgusted > Neutral: ASSs TRA

L AMYG −0.49 (1.20) 1.59 (1.43) −2.76c

Disgusted > Neutral: ASSs non-TRA

L AMYG −0.24 (1.12) 0.71 (0.88) −1.68c

Disgusted > Neutral: SSSs TRA

L AMYG −0.16 (0.85) −0.06 (0.67) −.204

Disgusted > Neutral: SSSs non-TRA

L AMYG −0.42 (0.70) 0.06 (0.57) −1.42

Sad > Neutral: ASSs TRA

L AMYG −0.86 (1.26) 1.46 (1.50) −3.41a

Sad > Neutral: ASSs non-TRA

L AMYG −0.21 (1.04) 0.66 (0.58) −1.78b

Sad > Neutral: SSSs TRA

L AMYG −0.36 (0.51) −0.73 (0.88) .81

Sad > Neutral: SSSs non-TRA

L AMYG −0.55 (0.64) 0.02 (0.53) −1.93

Abbreviations: ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects; TRA

= ’transitioners’; non-TRA = ’non-transitioners’; L = left; R = right; AMYG = amygdala.

Significant differences are printed in bold.

Only the interactions that held their significance after adjusting alpha to correct for
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multiple comparisons are shown.
a p < .0125
b p < .025
c p < .05

The behavioral, subjective and endocrine measures response profiles in the context

of the FEPT did not statistically differ as a function of condition-by-personality-by-

transitioning interaction (p > .1).

3.4.2 Montreal Imaging Stress Task

A 3-way mixed-design ANOVA, covarying for sex, BAC and family history of AUDs,

found a significant condition-by-personality-by-transitioning status was found: bilat-

eral mOFG (L: F(1,27) = 10.11, p = .004, η2p = .273 and R: F(1,26) = 8.27, p = .008,

η2p = .235); Figures 3.29a and 3.29b, respectively. This 3-way interaction was mainly

driven by SS-TRAs (Table 3.24).
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(a) (b)

Figure 3.29 Prospective Association Between Medial Orbitofrontal Ac-
tivation to Acute Psychosocial Stress and Escalating Use. Mean parameter
estimates (arbitrary units) of the left (a) and right (b) mOFG in response
to an acute psychosocial stressor in AS and SS subjects who classified as
transitioners (TRA) and non-transitioners (non-TRA) to alcohol and/ or
other drug misuse within the 3 years subsequent to initial fMRI testing
under alcohol (dark bars) and placebo (light bars) conditions. *, p(2−tailed)

≤ .05; **, p(2−tailed) ≤ .0125 (Bonferroni adjusted alpha); ***, p(2−tailed)

≤ .001. Error bars indicate SEM .

Table 3.24: The condition difference (SD) in mOFG activation to acute
psychosocial stress as a function of personality profile and transitioning
status. A negative t-value is indicative of greater BOLD activity under the placebo
than to alcohol condition.

Region of Interest Alcohol Placebo Paired t-tests

ASSs TRA

L mOFG .05 (.17) −.32 (.80) 1.38

R mOFG −.18 (.91) −.32 (.80) .57

ASSs non-TRA

L mOFG −1.7 (.82) −.32 (.60) .50

R mOFG −1.2 (.80) −3.2 (.60) .66

SSSs TRA

L mOFG −1.21 .45 (1.52) −6.80a

R mOFG −1.20 .46 (1.83) −6.67a

SSSs non-TRA

L mOFG −.08 −.12 .12

Continued on next page
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Table 3.24 – continued from previous page

Region of Interest Alcohol Placebo Paired t-tests

R mOFG .07 (1.17) −.01 (1.14) .48

Abbreviations: ASSs = anxiety sensitive subjects; SSSs = sensation-seeking subjects;

TRA = ’transitioners’; non-TRA = ’non-transitioners’; L = left; R = right; mOFG =

medial orbitofrontal gyrus.

Significant differences are printed in bold.

Only the interactions that held their significance after adjusting alpha to correct for

multiple comparisons are shown.
a p = .001

The behavioral, subjective and endocrine measures response profiles in the context

of the MIST did not statistically differ as a function of condition-by-personality-by-

transitioning interaction (p > .1).

3.4.3 Summary of Results

There were significant condition-by-personality-by-transitioning interactions on the

AMYG activation to threatening faces and mOFG activation to acute psychosocial

stress, that were mainly driven by (respectively) AS-TRAs and SS-TRAs.
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Chapter 4

Discussion
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4.1 Face Emotion Processing Task

Using a well-validated facial emotion-processing paradigm known to tap the function

or dysfunction of the limbic circuitry (Hariri et al., 2002; Paulus et al., 2005; Stein

et al., 2007b), we demonstrated that (1) ASSs compared with SSSs more strongly acti-

vated all of our three functional ROIs, namely AMYG, aINS and vACC, to negatively

valent (assessed separately and together), especially fearful versus neutral faces. This

was particularly true for the AMYG, which was the only brain region that stringent

whole-brain analyses found to demonstrate differential activation cluster(s) as a func-

tion of personality profile. Uniquely to the AS group, task-related activation of the

bilateral AMYG to fearful vs neutral faces, but not for other affective conditions, bore

a dose-dependent association with AS scores (SURPS, and, to a lesser extent, total

ASI), such that the the most ASSs showed the greatest magnitude of BOLD signal

response. This relationship was not held by other functional ROIs. Also uniquely

to the AS group, the magnitude of BOLD response within the AMYG to negatively

valent (assessed together) but especially fearful versus neutral faces was inversely as-

sociated with pre-task cortisol levels, with ”testing time” controlled for; (2) the same

pattern of personality group neural activation differences emerged during presentions

of surprised (versus neutral) faces, alongside an increased tendency on part of ASSs

(relative to SSSs) to misrecognize such faces as harsh (i.e, angry, fearful or disgusted)

expressions; (3) SSSs were neurally unresponsive under the aforementioned affective

conditions. This reactivity - or lack thereof - occurred in the context of an intact

ability to accurately identify face emotion, which was comparable to their AS coun-

terparts’; (4) happy vs neutral faces evoked greater aINS activity in the AS than SS

group, although only the left-lateralized differences survived correction for multiple

comparisons. No differential activation clusters were found by whole-brain analyses.

Relatedly, happiness was the only facial expression to be detected with 100% accuracy

in the entire sample, which confirms previous reports (Hess et al., 1997; Gur et al.,
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2002; Leppänen and Hietanen, 2004; Horstmann et al., 2006); (5) alcohol substan-

tially blunted the BOLD activations displayed by the AS group under placebo, but

caused no brain response change in SSSs. These effects occurred in the context of an

increased proclivity for negative emotion misrecognition as neutral in the AS group,

and reduced overall face emotion detection accuracy in the entire sample combined,

relative to placebo. No statistical effects of sex were detected. The aforementioned

results are broadly consistent with our primary a priori hypothesis and are unpacked

below in chronological order.

ASSs are more reactive to negatively valent or surprised vs neutral faces

than SSSs. Stronger engagement of the brain’s ”defensive survival circuit” (LeDoux,

2015, p. 442), most prominently the AMYG, in the AS group when viewing nega-

tively valent (especially if immediately threatening, e.g, fearful), or surprised versus

neutral faces is indicative of a neural bias toward hypervigilance for potential threat.

This finding was expected a priori, is in line with the function of anxiety (i.e, to

promote vigilance towards whatever is perceived potential threat to enhance the ca-

pacity to detect and evade potential danger; Robinson et al. 2012; LeDoux 2015), and

adds to a wealth of literature that has extended said neural phenomenon from the

anxiety-disordered (Rauch et al., 2000; Stein et al., 2002; Phan et al., 2006; Etkin

and Wager, 2007; Monk et al., 2008b; Evans et al., 2008; Goldin et al., 2009; Fonzo

et al., 2010; Shin and Liberzon, 2010; Killgore et al., 2014; Poletti et al., 2015; Brooks

and Stein, 2015; Herrington et al., 2016; van den Bulk et al., 2016; Bandelow et al.,

2016; Fredrikson, 2016), to the anxiety-prone (i.e, individuals temperamentally high

in anxiety-related traits; Paulus et al. 2003; Bertolino et al. 2005; Cools et al. 2005;

Killgore and Yurgelun-Todd 2005; Killgore et al. 2011; Simmons et al. 2006, 2008a;

Stein et al. 2007b; Wolfensberger et al. 2008; Baeken et al. 2009; Chan et al. 2009;

Pujol et al. 2009; Hyde et al. 2011; Blackford et al. 2012; Ball et al. 2012; Shackman

et al. 2013; Van Schuerbeek et al. 2014; Everaerd et al. 2015). This finding also helps
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specifically explain the relationship of limbic activation with SA (Ball et al., 2012) and

IU (Simmons et al., 2008a), because persons high in either or both of these traits have

been found to also score high in AS measures (Watson and Friend, 1969; Asmundson

et al., 1994; Orsillo et al., 1994; Ball et al., 1995; Anderson and Hope, 2009; Carleton

et al., 2007; Carleton, 2016a,b; Wright et al., 2016; Ursa, 2016; Shihata et al., 2016).

The present finding additionally resonates with previous reports suggesting that the

link between a behaviorally inhibited temperament and internalizing symptomatology

is moderated by altered topography of intrinsic functional connectivity, specifically

AMYG−INS connectivity (Hardee et al. 2013; Nicholson et al. 2016b; also see An-

dreescu et al. 2015; Makovac et al. 2015; Greening and Mitchell 2015; Makovac et al.

2015; Bijsterbosch et al. 2015; Taber-Thomas et al. 2016; Kujawa et al. 2016; Herringa

et al. 2016; Gold et al. 2016).

The aINS has a vital role in monitoring changes in internal bodily state or home-

ostasis (Craig, 2002, 2009, 2011; Paulus and Stein, 2006; Gray et al., 2007; Menon and

Uddin, 2010; Nguyen et al., 2016), and consistently activates to pain delivery (corre-

spondingly with decoded intensity; Peyron et al., 1999; Craig et al., 2000; Bantick et al.,

2002), its anticipation (Wager et al., 2004; Paulus and Stein, 2006; Simmons et al.,

2006; Drabant et al., 2011; Eisenberger, 2015b) and imagined experience (Ploghaus

et al., 1999; Carlsson et al., 2006; Ogino et al., 2007), as well as in and situations with

an uncertain outcome (Kuhnen and Knutson, 2005; Preuschoff et al., 2008; Singer

et al., 2009; Sarinopoulos et al., 2010; Grupe and Nitschke, 2013), especially uncer-

tain threat (Dunsmoor et al. 2007; Somerville et al. 2013; Alvarez et al. 2015; for

meta-analyses, see Shackman et al. 2011; Cacioppo et al. 2013; Rotge et al. 2014).

Heightened INS activity under aversive affective conditions is especially characteristic

of nonclinical persons high in AS (Paulus and Stein 2006; Stein et al. 2007b; Rosso

et al. 2010; Domschke et al. 2010; Killgore et al. 2011; Yang et al. 2016; although see

Harrison et al. 2015), SA (Ball et al., 2012) and IU (Simmons et al., 2008a; Gorka

et al., 2016c), and those with anxious pathologies for which the aforementioned con-
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structs specifically dispose, such as GAD (Nitschke et al., 2009), SAD (Stein et al.,

2002; Killgore and Yurgelun-Todd, 2005) and PD (Poletti et al., 2015). Heightened

activation of this region in our cohort of AS persons might thus be specifically tied

to increased attention to, tense arousal by, apprehensions about, and aversive inter-

pretation of the physical arousal related to anxiety elicited by negative versus neutral

face presentions and perhaps over-prediction of signalled danger (Nitschke et al. 2006;

Paulus and Stein 2006; Stein et al. 2007b; Rosso et al. 2010; Domschke et al. 2010;

Craig 2011; Killgore et al. 2011; Simmons et al. 2006, 2008a, 2011; Haase et al. 2016;

Kawaguchi et al. 2016; also see Gutiérrez-Garćıa and Calvo 2016).

The left-lateralization of the differential activation of the aINS resonates with pre-

vious reports finding that (1) left aINS activity during specifically aversive anticipation

was greater in highly anxious persons compared with their anxiety-normative peers

(as opposed to greater right aINS activation under positive and aversive anticipation

conditions; Simmons et al. 2011); (2) increased face fearfulness correlated with to en-

hanced left INS activity under negatively valent cues in normal persons (Wudarczyk

et al., 2016); and (3) left, but not right, aINS activation to emotional faces predicted

escalating drinking 5 years later (Schuckit et al., 2016).

The vACC ostensibly contributes to conscious aspects of apprehension or anxiety,

such as catastrophizing and worry (Etkin and Wager, 2007; Ball et al., 2012), although

it remains unclear via which mechanisms. Its enhanced activity in the AS group may

signify hypervigilance towards arousal, or dyscontrol over distress and arousal (see Ball

et al. 2012), and is particularly consistent with prior research describing heightened

vACC activation to emotional faces in direct association with trait AS (Ball et al.

2012; also see Poletti et al. 2015; Harrison et al. 2015).

As to the AMYG, this region is viewed as the epicenter of the ”defensive survival

circuit” (LeDoux, 1996; Ledoux, 2002; LeDoux, 2012, 2013, 2014a,b,b, 2015), operating

on relatively primal and rigid principles (LeDoux, 1996; Whalen et al., 2004), and being

supremely sensitive and precipitously reactive to the most subtle of threat signals,
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including the non-consciously processed ones (e.g, subliminally presented fearful faces;

Öhman, 2002; Méndez-Bértolo et al., 2016). In fact out of all brain regions, the

AMYG is thought to be the most reliable predictor of threat and discriminator between

appetitive and aversive stimuli (Ferguson and Bargh 2004; Costafreda et al. 2008;

Satpute et al. 2015; Lindquist et al. 2012b, 2016; although see Sabatinelli et al. 2011;

Kang et al. 2016), perhaps a signifier of ”negativity bias” (see Cunningham et al., 2008;

Stillman et al., 2015; Meder et al., 2016)). This could explain why the brain cluster(s)

showing differential activation to threatening faces as a function of personality were

after employing a the highly conservative FWE-corrected threshold for the whole

brain was(were) localized to the AMYG.

The fact that this differential activation was, depending on the specific affective

condition, more significant or only significant in the left hemisphere is consistent with

previous studies showing that the left- versus right- lateralized AMYG responses to

emotionally salient information were generally stronger and more sustained (Sergerie

et al. 2008; Paulus et al. 2012; also see Ball et al. 2012).

The finding that said activation difference stood out in response to each of the

negatively valent (fearful, angry, disgusted and sad) versus neutral faces could reflect

overgeneralized anxiety and a ”better safe than sorry” response of sorts (Laufer et al.,

2016), a phenomenon that AS and its closely interrelated construct IU are strongly

predictive of (Morriss et al., 2016). This finding corroborates a large body of research

showing that even though the AMYG is most consistently responsive to signals of fear

(Adolphs et al., 1995; Quirk et al., 1995; Collins and Paré, 2000; Whalen et al., 2001;

Davis and Whalen, 2001; Zald, 2003; LeDoux, 2003; Wilensky et al., 2006; LeDoux,

2007; Davis et al., 2010; Duvarci and Pare, 2014; Johnson and Casey, 2015; Grant

et al., 2015b; Rigoli et al., 2016; Felix-Ortiz et al., 2016; Kim et al., 2016b; Méndez-

Bértolo et al., 2016), it also reacts to other negatively valent stimuli (e.g, angry faces

Adams et al. 2003; Monk et al. 2006; McCloskey et al. 2016; and sad faces Killgore

and Yurgelun-Todd 2004; Almeida et al. 2010; Grant et al. 2011; Touroutoglou et al.
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2015; Arnone et al. 2012; Szczepanik et al. 2016; Gaffrey et al. 2016; Lemche et al.

2016; for meta-analyses, see Fusar-Poli et al. 2009; Lindquist et al. 2012b).

Notwithstanding, we would point out that a qualitative comparison between the

differentially negative affective conditions did indicate that the strength of personality

group difference in AMYG activation (i.e., Z-score value) was slightly more robust

during the presentation of fearful than other negative compared with neutral faces.

Thus, while the present results clearly refute locationistic accounts whereby the AMYG

is basically equated with fear (see Kringelbach and Berridge, 2009; Lindquist et al.,

2012b,a), they also align with a body of literature describing greater AMYG activation

during the processing of fearful than other emotional faces (Whalen et al., 2001; Gorka

et al., 2013), and suggesting that the centrality of the AMYG in processing fear might

not be generalizable to other emotions (Marsh 2015; although see Tranel and Damasio

1989; Meadows and Kaplan 1994; Anderson and Phelps 2002; Becker et al. 2012). The

story of patients with focal bilateral AMYG damage is a good case in point, as these

exhibit deficient recognition of and sensitivity to fear-signaling stimuli (Adolphs et al.

1994, 1999, 2002, 2005; Young et al. 1995; Anderson and Phelps 2001; Sato et al.

2002; Wiest et al. 2006; Scheele et al. 2012; Feinstein et al. 2013; Bach et al. 2015;

Dal Monte et al. 2015; Amaral and Adolphs 2016; Khalsa et al. 2016; De Winter et al.

2016; Pishnamazi et al. 2016; Claire et al. 2016; but see Becker et al. 2012), and lack

the capacity to experience any sort of subjective fear (Feinstein et al., 2011; Klumpers

et al., 2015).

The association between greater task-related AMYG, but not aINS nor vACC,

activation and higher AS scores within the AS group in response to aversive, but

not happy, versus neutral faces, suggests that this relationship was specific to the

AMYG, as opposed to the ”defensive survival circuit” more generally, and depen-

dent on the presence of cues clearly predictive of negative outcomes. It could be

that the vital role of the AMYG in fear conditioning and threat detection (Adolphs

et al., 1995; Davis et al., 2010; Davis and Whalen, 2001; Zald, 2003; Tamietto and
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De Gelder, 2010; LeDoux, 2014b; Maren, 2016), especially in social contexts (Haxby

et al., 2002) might underlie the dose-dependent relationship between the magnitude of

AMYG threat-related activation in AS persons and the extent to which they fear their

anxiety-related symptoms (and might thus perceive negative faces to be more intensely

threatening). However, considering that we did not systematically disentangle how the

specific, yet interrelated, components of the anxiety constructs related to AMYG re-

activity to emotional faces, and the only study to date that has, to our knowledge,

done that found a unique (left) AMYG-SA association after controlling for AS scores

(Ball et al., 2012), we cannot preclude the possibility that our observed AMYG-AS

association is not accounted for by SA or some other third variable. It is also notable

that the present correlative finding is at odds with previous studies demonstrating an

association between the aINS, but not the AMYG, with AS scores during negative face

processing (Killgore et al., 2011; Stein et al., 2007b; Poletti et al., 2015). It is plau-

sible that had the anxiety-related physical symptoms been more strongly provoked

across all subjects, an association between INS activity and AS scores would have

been detected (see Ball et al., 2012). Again, though, in none of those studies were

the separate elements of the anxious phenotype systematically disentangled, and the

previously discussed Ball study found that it was the SA, not the AS that uniquely

associated with aINS activity (Ball et al., 2012). More to the point, recent evidence

has directly challenges the popular notion trait AS is predominantly mediated as part

of a broader network in which introceptive processes are instantiated (Harrison et al.,

2015). Further research will therefore need to sort out these alternative explanations.

Our observation that pre-stress cortisol levels in the AS group dose-dependently at-

tenuated threat-related AMYG activation is in line with the AMYG’s well-recognized

role as one of the top regulators of the HPAA, and reinforces previous studies sug-

gesting that higher concentration of cortisol (naturally occurring or pharmacologically

induced) prior to exposure to negative material could be stress-buffering and fear-

reducing, and thus conducive of effective coping (contrarily to stress-evoked elevation
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of cortisol secretion, which signifies enhanced stress; Het and Wolf, 2007; Het et al.,

2012; Bertsch et al., 2011; Walter et al., 2015; Hoyt et al., 2016). Such outcomes have

previously been noted in nonpathological high trait anxiety persons (Putman et al.,

2010; van Peer et al., 2010), and ostensibly occur via adaptive regulation of automatic

threat-related processing (reviewed in Putman and Roelofs, 2011).

The presence aforementioned differential activation patterns during the presenta-

tion of surprised (versus neutral) faces and particularly relevant and revealing. Ex-

pressions of surprise are unique in that they can predict either positive or negative

outcomes depending on individual factors (Tomkins and McCarter, 1964; Neta et al.,

2009; Davis et al., 2016; Neta et al., 2016) and/ or contextual information (Whalen

and Phelps, 2009; Neta et al., 2011; Davis et al., 2016), and are thus considered am-

biguously valent. Previous studies have found that facial displays of surprise engage

the AMYG when they are negatively interpreted (Kim et al., 2003), or presented in a

temporally unpredictable fashion (Davis et al., 2016) or after exposure to negatively

valent stimuli (Kim et al., 2004). Such outcomes are in the line with the vital role of

the AMYG in resolving ambiguity in aversive situations (Madarasz et al., 2016), and

the supposition that unpredictability is a potent stressor (Monat et al., 1972; Zakowski,

1995; Greco and Roger, 2001, 2003) that can, in it is own right, stimulate the AMYG

(Whalen 1998, 2007; Herry et al. 2007). Hence, the over-engagement of this and other

limbic regions in the AS group in response to temporally unpredictable presentions

of surprised (versus neutral) faces might suggests the enhanced search for danger in

response to unpredictability (Whalen, 2007), a supposition supported by the central-

ity of the uncertainty element in AS (Carleton et al., 2010). Interpreted this way,

our findings are in line with prior demonstrations of heightened elevated of AMYG

activation to uncertain threat in dispositionally-negative human and nonhuman pri-

mates (Fox et al., 2008; Somerville et al., 2010; Shackman et al., 2016a), and resonates

with the predilection of persons high in AS and/ or its closely interrelated constructs,

particularly IU for heightened anxiety under conditions with unpredictable outcomes
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(Dugas et al., 2001; Kuckertz et al., 2016). The behaviorally evident proclivity of ASSs

to misidentify surprised faces as harsh faces echoes prior reports of negatively biased

interpretation of ambiguously valent material in social phobics (Gutiérrez-Garćıa and

Calvo, 2016; Maoz et al., 2016), depressives (Leppänen et al., 2004; Oliveira et al.,

2013) and individuals high in UI (Heydayati et al., 2003). This observation may be in-

terpreted as signifying a fundamental problem of the PFC mishandling the calculation

of impending danger in the face of ambiguously valent socioaffective signals, perhaps

in addition to or instead of a deficit necessarily intrinsic to the AMYG (see Whalen,

2007; Stein et al., 2007b).

SSSs are unresponsive to negatively valent or surprised compared with

neutral faces. The finding that not only were SSSs less neurally responsive than

ASSs, but they also appeared to be unresponsive altogether confirmed our working

hypothesis and accords well with multiple lines of evidence suggesting that (healthy)

sensation-seekers generally perceive the world as ’non-threatening’ (Franken et al.,

1992; Mujica-Parodi et al., 2014; Norbury and Husain, 2015), underestimate phys-

ical risk incurred by various activities (e.g, sky-diving; Mujica-Parodi et al., 2014;

Zheng et al., 2015), and when challenged and/ or faced with aversive information,

are compared with non-SS controls (1) less subjectively anxious or not at all anxious

(Blankstein, 1975; Schwarz et al., 1978; Franken et al., 1992; Mujica-Parodi et al.,

2014); (2) less physiologically responsive or prone to defensive reactions (e.g, cortisol,

affective startle reflex, skin conductance and HR; Schulkin et al., 1994; Herman et al.,

2003a; Sorocco et al., 2006; De Pascalis et al., 2007; Mujica-Parodi et al., 2014) ; and (3)

neurally hyposensitive or insensitive altogether (Joseph et al. 2009; Santesso and Sega-

lowitz 2009; Zheng et al. 2014; Zheng and Liu 2015; also see Orsini et al. 2015). Our

finding additionally echoes previous reports of diminished AMYG activation to threat-

ening faces in cohorts of disinhibited SOA (Glahn et al., 2007), non-dependent heavy

drinkers who display heightened sensitivity to alcohol-induced stimulation (Gilman
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et al., 2012a), individuals with a IED and a past history of AUDs (Coccaro et al.,

2016), and those who escalate in drinking via impulsivity (Nikolova and Hariri, 2012;

Nikolova et al., 2016).

Recognize the significance of the fact that the neural unresponsiveness of the SS

group occurred absent a fundamental problem of misrecognition of socioaffective sig-

nals of negative outcomes, which suggests that said neural irregularity most likely

originates at the level of appraisal as opposed to detection. Face emotion recognition

deficits have been observed in multiple psychiatric populations (e.g, Fairchild et al.,

2009; Collin et al., 2013; Hopfer et al., 2013; Morgan and Marshall, 2013; Kim et al.,

2011b; Kemmis et al., 2007; Verdejo-Garćıa et al., 2007; Bora and Zorlu, 2016), and

described in association with maladaptive behaviors and social difficulties (Adolphs,

2003; Blair, 2012; Ersche et al., 2015). Because of that, their presence in our cohort

of relatively intelligent and high-functioning university students would have falsified

out working hypothesis. Can the SSSs in the present study then be viewed as ’super-

regulators’? In support of an affirmative answer is prior research demonstrating fewer

self-reported PTSD symptoms and milder psychopathologic severity in general among

ex-prisoners of war scoring high versus low in SS measures (Solomon et al. 1995; Neria

et al. 2000; also see Clinton et al. 2014), lower SS scores among substance abusers with

comorbid PTSD relative to those without (Weiss et al., 2013), and greater tolerance of

experienced physiological pain and emotional distress (Bender et al., 2012). However,

it is important to point out that inherent hypoarousal by and fearlessness in the face

of threat is not consistently adaptive and can in fact, under certain situations, be

dangerous and maladaptive.

Stimuli signaling danger in one’s surrounding environment are ”inherently tied to

our powerful self-preservation motives” (Stillman et al., 2015), for they are immediately

relevant to our survival. After all, it is survival that life, if nothing else, is about for

all living things.

This is why stimuli signaling aversive versus appetitive outcomes (e.g, fearful versus
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happy faces), irrespective of context, consistently activate the AMYG across (healthy)

individuals (Whalen, 1998; Whalen et al., 1998b; Whalen and Phelps, 2009; Stillman

et al., 2015; Phelps et al., 2004; Barrett and Armony, 2009; Sarinopoulos et al., 2010),

including infants as young as 6-months old (Leppänen and Nelson, 2012; Erlich et al.,

2013; Otte et al., 2015; Graham et al., 2016). This is also why typical trajectory of

development involves fast-paced development of the fear systems in the first year of

life (Carranza Carnicero et al., 2000; Gartstein and Rothbart, 2003; Gartstein et al.,

2010), which explains the threat-related AMYG activation in infant. It is interesting,

in this context, that neonatal fear appears to promote important adaptive functions

(Ainsworth and Bell, 1970; Hofer, 1994; Kochanska et al., 2002; Belsky et al., 2007;

Belsky and Pluess, 2013; Leppänen and Nelson, 2012; Baker et al., 2012; Landers and

Sullivan, 2012; Graham et al., 2016) and has in fact been associated with lower levels

of externalizing problems later in life (Rothbart and Bates, 2006; Biederman et al.,

2001).

Indeed, there are indications in the literature that AMYG underractivity to threat

may be associated with diminished responsiveness to hazards and propensity for drug

misuse via reduced inhibition and externalizing problems in general (Glahn et al. 2007;

Hariri 2009; Carroll et al. 2009; Lovallo 2011; Raine 2013; Manzo et al. 2014; also see

Goeders 2003; Koob and Kreek 2007; Evans et al. 2016a).

On these bases, we tentatively theorize that whereas our cohort of SS persons was

selected in a way that their AMYG hyporesponsiveness to threatening socioadffective

signals may stand for resilience and be functionally useful under conditions extreme

stress, this same neural characteristic can under certain circumstances can propel

them to engage in maladaptive forms of risky behavior, including but not limited to

problematic alcohol and other drug use. Parenthetically, these individuals might stand

out as ’super-regulators’ (of perceived threat) in some contexts and ’dysregulators’ in

others.
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ASSs are more neurally responsive to happy versus neutral faces than

SSSs. In contrast to the massive human research performed to date on negatively

valent material, the literature on stimuli that serve as ”safety signals” (e.g, happy

faces) has been much smaller and decidedly mixed. There are nonetheless indications

that socially anxious persons, which individuals high in AS typically are (Watson and

Friend, 1969), tend to discount positive social interactions (Wallace and Alden 1997;

although see Dedovic et al. 2015), and fear positive (as opposed to only negative)

evaluation (Weeks et al. 2008b,a; Weeks and Howell 2012; Weeks et al. 2015; Weeks

and Howell 2014; Weeks 2015; Weeks and Zoccola 2015; Barber 2015; Teale Sapach

et al. 2015; Dryman et al. 2016; also see Davoudi et al. 2013; Lipton et al. 2014; How-

ell et al. 2016a; Kocijan and Harris 2016; Torro-Alves et al. 2016; Yap et al. 2016;

Reichenberger et al. 2017). On these bases, we had initially very tentatively predicted

stronger limbic reactivity during the presentation of happy versus neutral faces would

evince in the AS compared with SS group, though not necessarily to the extent seen

under negative affective conditions and perhaps not in the AMYG. This prediction

was confirmed: functional ROIs analyses found comparatively greater BOLD activa-

tion within the spherically defined aINS, bilaterally, although only the significance of

left-lateralized differences withstood correction for multiple comparisons. A plausible

interpretation of the present finding is that relative to their SS counterparts, ASSs

were averse to happy faces, presumably because they can signal, in addition to posi-

tive judgment, an invitation to initiate or engage in a social interaction that is placed

under attentional spotlight and must be properly navigated if one is to avoid acting

in a socially undesirable manner and feeling embarrassed as a result (Ball et al., 2012;

Blalock et al., 2016). Enhanced aINS activity might reflect (respectively) the aversive

physical arousal sensations and catastrophic appraisals, inducted through the tapping

of ASSs’ conceptions of social inadequacy, and fear of social scrutiny. This interpre-

tation is reinforced by a recent study in which fear of positive evaluation was directly

linked with heightened INS sensitivity (Miedl et al., 2016). It will be important that
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future research more carefully scrutinize this fear of positive evaluation phenomenon,

if for the fact that it has been uniquely linked to alcohol misuse via DTC motives

(Howell et al., 2016a).

The absence of heightened AMYG activity in the AS group under this affective

condition is consistent with prior evidence suggesting that defensive responding is not

readily instigated by happy faces in non-clinically anxious cohorts (Robinson et al.,

2012) and, more broadly, resonates with the ”negativity bias” purportedly exemplify-

ing this region (Cunningham et al., 2008; Stillman et al., 2015; Satpute et al., 2015;

Lindquist et al., 2016; Meder et al., 2016) and the evolutionary perspective whereby

”bad is stronger than good” (Brickman et al., 1978; Pratto and John, 1991; Sheldon

et al., 1996; David et al., 1997; Öhman and Mineka, 2001; Sander et al., 2003; Williams

et al., 2005; Cunningham et al., 2008; Stillman et al., 2015).

Alcohol blunted threat-related limbic activity, created a positivity bias in

interpreting emotional faces, and impaired facial affect recognition in

ASSs. As expected a priori, whole-brain and functional ROIs analyses found that

in the AS group, alcohol intoxication (BAC = 0.08 %) relative to placebo substan-

tially deactivated the ”defensive survival circuit” activation during the presentation of

negatively valent (assessed separately and together) or surprised versus neutral faces.

These condition differences were most pronounced in the AMYG, especially in the

left hemisphere, especially in response to faces signalling immediate threat (i.e, fear-

ful and angry) or uncertain threat (i.e, surprised), and did not evince in response to

the ”happy versus neutral face” contrast. The aforementioned inhibitory effects co-

occurred with (behaviorally measured) (1) prolonged facial affect decoding latency;

(2) an increased rate of emotional (negatively valent and surprised) faces mislabeled

as neutral; (3) and a spike in face emotion, especially negative face emotion detection

errors.

Being that the AMYG consistently activates when threat, especially threat signaled
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by socioaffective stimuli, is detected and fear learnt (LeDoux, 2000a; Phan et al., 2002;

Haxby et al., 2002; Zald, 2003; Pessoa, 2010; Phelps, 2004; LeDoux, 2015), and alcohol

completely abolished this activation, our fMRI findings, in general, corroborate the

self-medication and tension reduction (Conger, 1956) models of alcohol use, whereby

drinking dampens stress and attenuates fear (Levenson, 1980; Sayette et al., 1992;

Kushner et al., 1996; Sher et al., 2007; Hefner and Curtin, 2012). In particular, these

findings adhere with multiple converging strands of evidence indicating that alcohol

might induce anxiolysis via an action on and down-regulation of the threat reactivity

of the AMYG (Spanagel et al., 1995; Nie et al., 2004, 2009; Roberto et al., 2003, 2004;

Zhu and Lovinger, 2006; Silberman et al., 2008, 2009; Weiner and Valenzuela, 2006;

Criswell and Breese, 2005; Kumar et al., 2009; Koob, 2003, 2004; Hyytiä and Koob,

1995; Buck, 1996) and the brain’s threat-detection system (see Sripada et al., 2011;

Arce et al., 2006; Paulus et al., 2005; Pandey et al., 2006; Allan et al., 1987; McBride,

2002; Möller et al., 1997; Sommer et al., 2001; Criswell and Breese, 2005; Kumar et al.,

2009; Weiner and Valenzuela, 2006; Gorka et al., 2013). Very few neuroimaging studies

to date have examined the effects of acute alcohol intoxication on the processing of so-

cioaffective signals. Bearing in mind that methodological discrepancies between these

studies and ours preclude direct comparability or straightforward extrapolation, these

investigations have demonstrated alcohol-induced attenuation of AMYG activation to

facial expressions of fear (Gilman et al., 2008, 2012a; Sripada et al., 2011; Gorka et al.,

2013) and anger (Sripada et al., 2011; Gorka et al., 2013) but not happiness (Sripada

et al., 2011; Padula et al., 2011; Gorka et al., 2013) in community-recruited samples

of non-dependent young adults. We extend these findings by employing a paradigm

that alternated between 7 as opposed to 2 or 3 types of face emotions, and a cohort

of selected a priori for trait AS to demonstrate that alcohol markedly blunted limbic

activation, particularly the left AMYG, to negatively valent, especially if immediately

threatening socioaffective signals (i.e, fearful, angry, disgusted and sad versus neutral

faces; assessed separately and together), and signals of uncertain threat (i.e., surprised
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faces) with no effect on BOLD activation to happy versus neutral faces.

One very notable difference between the aforementioned studies and ours, though,

is that while they have in common the finding of alcohol induced attenuation of AMYG

activation to threatening faces, the magnitude of this inhibitory effect in our cohort

of AS persons was comparatively more pronounced and detectable at a considerably

more stringent statistical threshold (FWE-corrected for whole-brain). Considering

alongside the observations that (1) subjects in the aforementioned studies were not

selected a priori for any personality trait (nor were they personality profiled after

the fact; Gilman et al., 2008, 2012a; Sripada et al., 2011; Gorka et al., 2013), and

(2) the AMYG was comparably unresponsive to socioaffective signals of threat in

the our cohort of SS individuals in both testing sessions, the aforementioned piece of

information resonates with a body of literature showing that DTC motives are more

frequently endorsed by (pathological and nonpathological) those with high scores on

measures of AS (Stewart and Zeitlin, 1995; Stewart et al., 2001; Pihl and Peterson,

1995; Kushner et al., 2001; Chandley et al., 2014; Goldstein and Flett, 2009; Novak

et al., 2003; Kuntsche et al., 2006; DeMartini and Carey, 2011), SA (Carrigan and

Randall, 2003; Thomas et al., 2003; Buckner et al., 2006; Stewart et al., 2006; Ham

et al., 2007, 2016; Keough et al., 2016; Mulligan et al., 2016), and IU (Oglesby et al.,

2015; Kraemer et al., 2015; Banducci et al., 2016), the notion that these cohorts of

individuals, relative to anxiety-normative people, have more to gain by drinking under

aversive conditions on account of they have repeatedly been found to overactivate the

AMYG in response to socioaffective stimuli signaling threat (Stein et al., 2002, 2007b;

Phan et al., 2006; Etkin and Wager, 2007; Shin and Liberzon, 2010) and be particularly

susceptible for the anxiolytic and SRD effects of alcohol (Levenson, 1980; Sher, 1987;

Stewart and Pihl, 1994; Stewart, 1996; Stewart et al., 1999; Stewart and Kushner,

2001; Conrod et al., 1998; MacDonald et al., 2000a; Brown et al., 2001, 2002, 2009;

Zack et al., 2007). This can be (and has been) invoked as an mechanistic explanation

for why among all anxiety-disordered, lifetime (and 12-month) prevalence of AUDs is
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highest in those with disorders that the aforementioned traits most strongly predict,

namely (in descending order of prevalence) SAD, PD and GAD (Lai et al., 2015).

The obvious centrality of the AMYG in alcohol-elicited SRD notwithstanding, our

findings and those of others (e.g, Gilman et al., 2008, 2012a; Padula et al., 2011;

Gorka et al., 2013) should not be taken to necessarily mean that alcohol most strongly

exerts said effects by directly and/ or only acting on the AMYG. Other brain regions

that anchor the ”defensive survival circuit” and bear direct structural and functional

connections with the AMYG such as the INS (Baur et al., 2013; Nicholson et al.,

2016b), which our AS group substantially deactivated in response to threatening (vs

neutral) faces under alcohol, also appear be important, which resonates with their

intimate interconnections with the AMYG and consistently found responsiveness to

socioaffetive signals of threat. Specifically the INS, with a vital role in introception

(Critchley et al., 2004; Craig, 2003, 2009, 2011; Paulus et al., 2005; Chong et al.,

2016), robustly activates to aversion (Peyron et al., 1999; Craig et al., 2000; Bantick

et al., 2002) and its anticipation (Wager et al., 2004; Paulus and Stein, 2006; Simmons

et al., 2006; Drabant et al., 2011; Eisenberger, 2015b), and its attenuated threat-related

activation under alcohol intoxication has, in fact, been previously found to occur absent

response change in the AMYG, or any other brain region for that matter (Padula et al.,

2011), alluding to anxiolysis solely via disruption of the processes instantiated in this

region. It is also entirely conceivable that in the context of our investigation, INS

inactivation, with its resultant disruption of anxious anticipation of potential danger,

was an indispensable to alcohol’s potent negatively reinforcing effects on ASSs, given

that it is the physical arousal sensations that emerge during a bout of anxiety that

such individuals dread most (Reiss et al., 1986; Reiss, 1991; Peterson and Reiss, 1992),

and it is the INS that is often presumed to be at the epicenter of this ”fear of fear”

(Paulus and Stein, 2006; Stein et al., 2007b; Killgore et al., 2011; Poletti et al., 2015).

According to several theoretical accounts of alcohol use, acute alcohol intoxication

attenuates fear and bring an perceived and/ or actual relief from aversive affect (Lev-
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enson, 1980; Sayette et al., 1992; Kushner et al., 1996; Sher et al., 2007; Hefner and

Curtin, 2012) by impairing recognition accuracy of threatening faces (Borrill et al.

1987; also see Mitchell et al. 2015), and hampering attention to and negative ap-

praisal/ perceived salience of the socio-emotional threat cues (Stevens et al., 2008,

2009; Gilman et al., 2008, 2012a; Gorka et al., 2013). The increased tendency of ASSs

to mistake negative faces expressions for neutral under alcohol relative to placebo is

compatible with these models and empirical evidence supporting them, or aspects

thereof. For example, showed that alcohol has been found to be more robustly anx-

iolytic when ingested before exposure to, and thus prior to appraisal of, stressors or

threat signals than after (Sayette et al., 2001), with indications that this might be

especially or specifically true when the aversive stimulus is temporally unpredictable,

and the threat it signals, uncertain (Moberg and Curtin, 2009; Hefner and Curtin,

2012).

The neurochemical substrates which acute drinking down-regulates threat-related

responding and reduces stress are incompletely understood, but GABAergic neuro-

transmission is most likely key (Criswell and Breese, 2005; Weiner and Valenzuela,

2006; Kumar et al., 2009; Mitchell et al., 2015). Chief among neural structures in

which alcohol exerts pro-GABAergic effects is the amygdaloid complex, specifically

the CeA (Nie et al., 2004, 2009; Roberto et al., 2003, 2004; Nie et al., 2004, 2009)

and/ or BLA (Zhu and Lovinger 2006; Silberman et al. 2008, 2009; also see Wang

et al. 2000; Volkow et al. 2008). Similar effects have also been described in other re-

gions that anchor the brain’s defensive survival system, particularly the INS (see Allan

et al., 1987; Möller et al., 1997; Wang et al., 2000; Sommer et al., 2001; McBride, 2002;

Paulus et al., 2005; Arce et al., 2006; Pandey et al., 2006; Volkow et al., 2008), and are

producible by other drugs in humans in similar contexts, such as the benzodiazepine

laropzam (Paulus et al., 2005; Arce et al., 2006), heroin (Schmidt et al., 2014), and

even oxytocin (Heinrichs et al. 2003; Domes et al. 2007; Mitchell et al. 2015; Koch

et al. 2015; Kanat et al. 2015; Gorka et al. 2015; but see Frijling et al. 2015) - all
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are pharmacological manipulations that promote GABAergic transmission. (Mitchell

et al., 2015). This helps explain the higher rates of nonmedical use and abuse of

benzodiazepines among individuals high in AS.

Alternative pathways (e.g, dopaminergic) have nonetheless been proposed (Gilman

et al. 2008, 2012a; Sripada et al. 2011; Gorka et al. 2013; also see Tran et al. 2016),

which resonates with previous studies implicating the mesolimbic mesotelencephalic

dopamine system in anxiety (Talalaenko et al., 1994; de la Mora et al., 2005; Diaz

et al., 2011), linking DA levels in the AMYG to threat-related activation in this system

(Kienast et al., 2008) and demonstrating the effects of alcohol on several neurotrans-

mitter systems including, but not limited to, DA (Nutt and Peters, 1994; Chastain,

2006).

Alcohol caused no change in brain response to emotional faces in SSSs.

In a jarring contrast to their AS counterparts, SSSs showed an increase in face emotion

decoding errors but no statistical changes in brain activation to negatively valence

surprised (vs neutral) faces under alcohol relative to placebo. This fMRI finding

confirmed our working hypothesis.

While it is well-established that sensation-seekers do not primarily drink to dampen

stress per se as these individuals are generally hyposensitive and underresponsive to

stressors, no prior neuroimaging studies have, to our knowledge, examined how acute

alcohol intoxication influenced emotional processing in non-pathological individuals

selected a priori for SS trait. Doing just that, we here demonstrate that SS were as

neurally unresponsive to emotional versus neutral faces under when alcohol intoxicated

as they were when sober, perhaps suggesting that when alcohol was ingested, there

was nothing for it in the brain function to alter, as far as brain reactivity in the

aforementioned context goes.

The pattern of the current fMRI findings closely resembles that found in the pre-

viously cited fMRI study by Gilman et al. (2012a). These investigators examined the
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effects of intravenously administered alcohol (BAC = 0.08 g%) versus saline (placebo)

on fearful and neutral face processing in two nonpathological groups of, respectively,

SDs and HDs (referred to by the authors as ”low-risk” and ”high-risk”) and found

that threat-related AMYG activation was present in SDs under placebo and damp-

ened by alcohol, but conspicuously absent in HDs in both testing sessions (Gilman

et al., 2012a). Though no personality assessments were administered in that study

and its Achilles heel being in how risk status was determined must be kept in mind,

the ”high-risk” group notably displayed heightened sensitivity to alcohol-induced stim-

ulation relative to the ”low-risk” group (Gilman et al., 2012a), and we know that this

characteristic is typically displayed in cohorts of externalizing, including SS, individu-

als (Peterson et al., 1996; Assaad et al., 2003; Dawe et al., 2004; Assaad et al., 2006).

In this way, our findings corroborate and extend those of the Gilman study (Gilman

et al., 2012a). The aforementioned absence of alcohol effects helps explain why it is

very unlikely for extroverts such as sensation-seekers to escalate into AUDs/ SUDs

through the internalizing pathway.

4.2 Montreal Imaging stress Task

Using an acute psychosocial stress paradigm MIST (Dedovic et al., 2005) previously

demonstrated to effectively induce a sense of helplessness and and elicit a moderate

increase in reactive cortisol production, we demonstrated that under the placebo con-

dition (1) there was a main effect of personality on task performance, with a better

performance outcome (i.e, indexed by higher percent correct responses to math prob-

lems) was displayed by the SS than AS group; (2) there was a main effect of personality

on pre-stress subjective stress, with higher levels embarrassment and anger being re-

ported by the AS groups; (3) throughout the course of the stressor, embarrassment

self-ratings increased as a function of time-by-personality-by-sex interaction that was

mainly driven by ASMSs, whereas anger self-ratings showed a main effect of time,
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increasing in the entire sample independent of personality and sex; (4) cortisol AUCi

showed main personality and personality-by-sex interaction effects, being greater in the

AS than SS group, and in the ASM than ASF subgroup; (5) cortisol AUCi showed was

uniquely associated with a dose-dependent increase in embarrassment self-ratings in

the entire sample, combined; and, finally, (6) exploratory whole-brain of the response

to ”experimental/stress versus control/ nonstress” contrast revealed the following: (a)

substantial main effects of stress; (b) pronounced and extensive personality effects; (c)

revealed main effects of stress, personality, sex and an interaction on BOLD activation

to the ”experimental/stress versus control/ nonstress” contrast, some more substan-

tial than others. Functional ROIs revealed a main personality effect on aINS and

personality-by-group interaction effect that was mainly driven by mOFG Of particu-

lar interest to us were the personality group differences, which were both pronounced

and extensive, all favored the SS group, and collectively suggested that compared with

their AS counterparts, SSSs were more energetically aroused but less intensely threat-

ened and better able at distancing themselves from the aversiveness of the situation so

as to focus on the task at hand; (7) functional ROIs revealed a personality-by-group

interaction effect on the mOFG response to response to ”experimental/stress versus

control/ nonstress” contrast that was mainly driven by SSMs. This activation corre-

lated negatively with the stress-induced increments in subjective anger, in the entire

sample combined.

The aforementioned findings generally confirmed our initial predictions, though the

absence of differential hippocampal deactivation correspondingly with inter-individual

variation in cortisol AUCi was not necessarily expected.

As to the alcohol condition, we found that (1) there was a condition-by-personality

interaction effect on task performance, such that when intoxicated versus sober, ASSs

performed better, whereas SSSs performed worse; (2) pre-stress and stress-reactive

mood (embarrassment and anger) self-ratings1 did not statistically differ as a func-

1Recognize, however, that these null findings are likely attributable to the subjective mood data
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tion of condition or an interaction of condition with either or both personality and

sex; (2) controlling for BAC and ”session time”, cortisol AUCi showed a condition-

by-personality-by-sex interaction effect, decreasing in ASMSs and increased in SSMSs

when alcohol intoxicated relative to sober. Notably, the condition-by-personality inter-

action effect on cortisol AUC trended towards significance (p ≤ .08; prior to correcting

for multiple comparisons), decreasing and increasing in (respectively) ASSs and SSSs

under alcohol relative to placebo (these changes were not statistically significant). Psy-

choendocrine covariance was conspicuously absent, which confirms previous reports

indicating a dissociation between alcohol’s effects on the subjective and physiological

stress systems (e.g, Lewis and Vogeltanz-Holm, 2002; de Wit et al., 2003; Söderpalm

and Wit, 2002); (3) exploratory whole-brain found, among others, (a) condition-by-

personality interaction effects on the frontal cortex (e.g, IFG, MFG and MedFG; ROIs:

mOFG) under alcohol relative to placebo, ASMSs activated the whereas ASFSs deac-

tivated the (left) MedFG and (right) ACC and SSMSs deactivated the (left) MedFG

while SSFSs activated the (left) ACC; and (b) condition-by-personality-by-sex inter-

action effects on the frontal and anterior cingulate cortices (ROIs: mOFG and pgACC

and NAc); (4) functional ROIs revealed (a) a condition-by-personality interaction ef-

fect on BOLD activation within the left mOFG, although we should note that the

former effect did not survive after adjusting alpha to correct for multiple comparisons;

and (b) a condition-by-sex effect on (bilateral) pgACC activity, although the right

did not withstand correction for multiple comparisons Condition-by-personality-by-

sex interaction effects on the (bilateral) mOFG, pgACC and NAc, with all of these

activating more strongly in intoxicated versus sober and the mOFG deactivating in

SSMSs under intoxication. pgACC deactivated in ASFs, R pgACC act in ASMs; (5)

controlling for BAC, mOFG activation bilaterally but especially in the left hemisphere

correlated inversely with (a) stress-related increments in anger self-ratings; (b) cor-

on two testing occasion being missing for 25% of our sample. Because of that, they are not interpreted
here as being necessarily suggestive of an absent effect of alcohol on subjective mood.
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tisol AUCi; and (c) percent rate of incorrect responses to math problems. Among

all our regions of interest, these covariation patterns were unique to the mOFG; and

(6) controlling for BAC, pgACC activation negatively correlated with stress-related

increments embarrassment self-ratings in the entire sample combined, although this

association did not hold its significance after controlling for other state emotions, sug-

gesting the association was with generally negative affect as opposed to specifically

embarrassment.

Most of the aforementioned findings with respect to the alcohol condition were

expected a priori, others not necessarily so. The general pattern of these findings

nevertheless appears to point to alcohol-induced anxiolysis and stimulation in (respec-

tively) the AS and SS group, particularly their male members, and are thus consistent

with the self-medication and disinhibition pathways for AUDs (Victorio-Estrada et al.,

1996; Verheul et al., 1999; Colder and O’Connor, 2002).

These results are unpacked below, in chronological order.

ASSs experienced greater anxious apprehension than SSSs. Our demon-

stration that ASSs compared with SSSs self-reported experiencing greater embarrass-

ment and anger just before the start of the MIST confirmed our initial hypothesis of

heightened anxious apprehension2 in the AS group as the challenge drew closer. This

finding augments a body of literature indicating that socially anxious and generally

dispositionally negative persons (1) are more prone to experiencing embarrassment,

guilt, anger, self-criticism insecurity, on regular bases (Kocovski and Endler, 2000;

Caspi et al., 2005; Clark and Watson, 2008; Lahey, 2009; Barlow et al., 2014; Shack-

mana et al., ress; Versella et al., 2016), in addition to a lack of positive affect and

pleasant experiences, especially on days when failure to manage and quell social anx-

iousness occurs, relative to controls (Kashdan and Steger, 2006). Having occurred in

2Anxious apprehension during the anticipation of threat in an aversive emotional state that alters
behavior depending on the perceived intensity of said threat (Mogg and Bradley, 1998; Gray and
McNaughton, 2000).
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the context of a comparatively worse performance outcome compared with SS group,

it is possible that greater anticipatory anxiety impinged on ASSs’ regulatory processes,

given the well-documented disruptive effects that aversive affect can have on cognitive

performance quality by limiting the availability of attentional resources that could

or would otherwise be allocated to serve goal-directed behavior (Bertsch et al. 2011;

Plessow et al. 2012; Sänger et al. 2014; Dambacher and Hübner 2015; Qi et al. 2016;

also see Easterbrook 1959; Kowalski-Trakofler et al. 2003; Dambacher and Hübner

2015). This interpretation is supported by prior research noting greater anticipatory

anxiety to a public speech task in highly (trait) anxious persons (Daly et al., 1989;

Addison et al., 2004; Lorberbaum et al., 2004), and social phobics (Morrison et al.,

2016) relative to matched controls, which hampered public speech performance quality

by focusing attention on the perceived aversiveness of the situation during preparation

(for similar results, see Butler and Mathews 1987; Cain et al. 2011; Laposa and Rector

2016; Yoon and Weierich 2016). It seems as though once the attention of such persons

has been directed to it to the social threat, a difficulty disengaging from and directing

attention away from it is encountered (Morrison et al., 2016; Liang et al., 2017).

These findings plus ours and similar others within the literature converges on the

claim that anxiety-prone persons are worse at deploying cognitive regulatory strate-

gies under aversive conditions - that is, they less effectively exert top-down control

on bottom-up emotional processes than their anxiety-normative peers (Behnke and

Sawyer, 2000).

Either our ASSs inflated the probability of failure outcome as performance social

evaluation draws closer, knowing that failing to perform at par would result in receiving

negative psychosocial feedback (see Motley, 1990), or they became highly worried

about and increasingly preoccupied with being socially scrutinized in general. Extant

evidence suggests the plausibility of both scenarios: socially anxious persons, which

individuals high in AS typically are (Watson and Friend, 1969), fear being negatively

evaluated by others (Watson and Friend, 1969; Rapee and Heimberg, 1997; Stein
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et al., 1999), making a bad impression, or acting in a way that might be embarrassing

(Antony and Swinson, 2000). They tend to over-predict catastrophic outcomes that

would make them subject to public humiliation, as per the availability heuristic of

Kahneman et al. (1982) (also see Chung et al., 2016; Müller-Pinzler et al., 2016a). At

the same time, they also tend to discount positive social interactions (Wallace and

Alden 1997; although see Dedovic et al. 2015), and fear positive evaluation (Weeks

et al. 2008b,a; Weeks and Howell 2012, 2014; Weeks 2015; Weeks and Zoccola 2015;

Weeks et al. 2015; Barber 2015; Teale Sapach et al. 2015; Dryman et al. 2016; also

see Davoudi et al. 2013; Lipton et al. 2014; Howell et al. 2016a; Kocijan and Harris

2016; Torro-Alves et al. 2016; Yap et al. 2016; Reichenberger et al. 2017), presumably

because the latter can signal invitation to initiate or engage in a social interaction

that is placed under attentional spotlight and must be properly navigated if one is

to avoid acting in a socially undesirable manner and feeling embarrassed as a result

(Ball et al., 2012; Blalock et al., 2016). In sum, greater anxious apprehension was

subjectively experienced by the AS than SS group, suggesting the former perceived

the impending social evaluative performance challenge as highly threatening.

Stress elicited a significant increase in subjective embarrassment in ASMSs.

Our finding of a time-by-personality-by-sex interaction effect on embarrassment self-

ratings, with significant increments being seen in ASMSs, confirmed our initial pre-

diction that the combination of AS personality profile and male sex would confer the

greatest susceptibility to the self-conscious emotional experience in the context of the

MIST.

Prior research has shown that relative to anxiety-normative individuals, those high

in the trait exhibit greater attentional shifts to their evaluative audience in public

(as opposed to private) contexts (Müller-Pinzler et al. 2015; also see Liang et al.

2017), ruminate more frequently (Mellings and Alden, 2000; Rachman et al., 2000;

Laposa and Rector, 2016), display negatively biased appraisals in contexts of subjec-
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tive social evaluative threat (Kashdan and Roberts, 2006; Moscovitch, 2009; Shimizu

et al., 2011; Lehman et al., 2015) and high demand stressors (Zunhammer et al., 2013;

O’Brien et al., 2008), fear and self-blame for increases in negative evaluative feedback

(Bautista and Hope, 2015; Watson and Friend, 1969; Rapee and Heimberg, 1997; Stein

et al., 1999), and are more likely to experience heightened anxiety, particularly em-

barrassment and shame under similar situations on account of all of the above (Taylor

1995a,b; Antony and Swinson 2000; Kashdan and Steger 2006; Rohleder et al. 2007;

Shimizu et al. 2011; Crisan et al. 2016; Kneeland et al. 2016; Sadikaj et al. 2015; Leary

2015; reviewed in Lehman et al. 2015). Along the same lines, one study has found

that a speech stressor amplified subjective anxiety only in subjects who endorsed DTC

motives (Field and Quigley, 2009). It has additionally been established that men are

more reactive than women to performance-based social stressors (e.g, Stroud et al.,

2002; Kudielka and Kirschbaum, 2005), with some indications that this sex variability

might be specific to (nonpathological) anxiety-prone cohorts (Takai et al., 2007; Hart-

man et al., 2013), and could be dependent on the presence of a panel of female judges

(Duchesne et al. 2012; also see Allen et al. 2014). Our subjective results reinforce the

picture emerging from the aforementioned information, which suggests that the most

pronounced stress response in a cognitively demanding situation involving a psychoso-

cial evaluative pressure component will likely be exhibited by a highly anxious male

who is exposed to female confederates.

Stress elicited a significant increase in subjective anger in the entire sam-

ple, independent of personality and sex. Our finding of stress-induced incre-

ments of anger self-ratings as a function main effect of time was at odds with our initial

hypothesis that, based on the hypoactive and hyperactive BAS in (respectively) AS

and SS persons, stress-induced increase in subjective anger would only be significant

in SSSs. We should, however, point out that this hypothesis was based on the pre-

sumption that anger is associated with approach activation, which we now know to
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commonly or often, but not always, be true. In detail, the anger construct reflects

a multidimensional phenomenon that varies in experience and expression (Funken-

stein et al., 1954; Spielberger et al., 1982; Averill, 1983), and can be conceptualized

in terms of ”anger-out” and ”anger-in” (i.e, anger inwards outwards and inwards, re-

spectively; Corr 2002; Smits and Kuppens 2005; Cooper et al. 2008; Guo et al. 2015;

Yun et al. 2016; Eisenlohr-Moul et al. 2016; Versella et al. 2016; Russell et al. 2016;

Bongard et al. 2016; Eisenlohr-Moul et al. 2016; Kidwell et al. 2016; Akutsu et al.

2016; Lee and Bierman 2016; Jasinski et al. 2016). ”Anger-out”, is approach-oriented

and primarily associated with up-regulation of antagonism by disinhibition. Contrar-

ily, ”anger-in” is inhibition-oriented associated with behavioral inhibition and implies

regulation by suppression (Smits et al., 2004; Smits and Kuppens, 2005), frequently

manifesting itself when engaging in self-loathing and -blame for performance deficien-

cies. It is interesting in this context that some studies have found anger (assessed as

a uniatry construct) to decrease cortisol secretion (e.g, Matheson and Anisman, 2009;

Herrero et al., 2010; Kazén et al., 2012), while others have noted the opposite effect

(e.g, Moons et al., 2010). Considered in this framework, it is plausible that our ob-

served increase in subjective anger in the entire sample was directed inwards in the AS

group, and outwards, the SS group. Though highly speculative in its nature, as the

POMS treats anger as a unitary construct, this supposition is supported by careful ob-

servation of our subjects’ behavior throughout the course of the MIST and thereafter

that was documented by a trained doctoral student of Clinical Psychology. This sup-

position is also consistent with AS individuals being highly susceptible to punishment

and experientially avoidant, and the opposite of just that being true of SS persons

(for more information, see 4.1; Depue and Collins 1999; Lang et al. 2005; Bardo et al.

1996; Lissek et al. 2005; Roberti 2004; Joseph et al. 2009), and resonates with a recent

characterization of anger profile typified by a predilection for the suppression of anger

expression in social phobics (Versella et al., 2016).



249

Cortisol AUCi was greater in ASSs than SSSs and greatest in ASMSs.

As expected a priori, we found that controlling for ”session time”, cortisol AUCi dif-

fered as a function of personality and personality-by-sex interactions, being higher

in the AS compared with SS group, and in the ASM compared with the ASF and

SSM subgroups. The SS sexes were comparably unresponsive (i.e, mean AUC below

0). The significance of these effects survived additional covariation for the potentially

confounding effects of early-life parental care and protection, and in fact increased as a

result. This remained the case after further covarying for self-esteem and perceived self-

efficacy scores, although it is notable that the current 3-way interaction did not hold its

significance when pre-stress cortisol values3 were controlled for. In general, our findings

are in agreement with prior research demonstrating cortisol hyper-responsiveness to

acute stress in persons bearing characteristics that amplify sensitivity to social evalu-

ation and public mistakes (e.g, low social-competence: Schmidt et al. 1999; behavioral

shame-proneness: Tops et al. 2006; Lupis et al. 2016; low self-esteem: Seeman et al.

1995; Kirschbaum et al. 1995b; Pruessner et al. 1999b; Ford and Collins 2010; depres-

sive tendencies: Kirschbaum et al. 1995b; Powers et al. 2016; dysphoria: Hankin et al.

2010; social phobia: Van West et al. 2008; Roelofs et al. 2009; and clinical anxiety in

general Powers et al. 2016), and hypo-responsiveness in individuals with disinhibitory

traits (Hartman et al. 2013; Evans et al. 2016a; SS: Zuckerman 1994; Netter et al. 1996;

Wang et al. 1997; Rosenblitt et al. 2001; impulsivity: Moss et al. 1995; Dawes et al.

1999; Hardie et al. 2002; antisociality: Vanyukov et al. 1993; Sorocco et al. 2006; and

psychopathy: O’Leary et al. 2007). Particularly, our findings corroborate those of a

recent study by Hartman et al. (2013), which found that self-reported internalizing and

externalizing symptomatology in teens were associated with (respectively) heightened

and blunted cortisol AUCi in the context of the TSST, with the association between

3Pre-stress cortisol levels differed as a function of personality-by-sex interaction, being higher in
ASFSs and SSMSs compared with their same-personality opposite-sex counterparts. The source of
these variation is therefore unclear, but values were not statistically differ from those indicated by
the two cortisol readings obtained prior.
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enhanced endocrine responsiveness and the internalizing phenotype being significant

for boys but not girls. Thus, it seems as though stronger endocrine stress reactivity

in the male sex might depend on the presence of an internalizing personality profile

and/ or the absence of an externalizing one. This point is reaffirmed by two other

studies indicating, respectively, that men were more physiologically responsive to ex-

perimentally induced stress only if the sexes being compared were high in trait anxiety

profile (Takai et al., 2007), and low in trait psychopathy (O’Leary et al., 2007). Such

outcomes might additionally explain why the aforementioned pattern of sex difference

has been noted in some studies of acute social stress (e.g, Taylor et al., 2000; Stroud

et al., 2002; Kudielka and Kirschbaum, 2005; Kumar et al., 2014) but not others (e.g,

Kogler et al., 2015a, 2016). It is of note, in this context, that our panel of female

judges might have contributed, to some extent, to the endocrine results pattern ob-

served, as Duchesne et al. (2012) have documented greater physiological reactivity to

a public speech task in men than women when subjects were exposed to a panel of

female judges.

The diminishing of our observed sex difference after controlling for pre-stressor cor-

tisol levels is interesting, and generally consistent with the notion that higher cortisol

concentration prior to exposure to negative material (naturally occurring or pharmaco-

logically induced) could buffer stress and reduce fear by precluding, at least partially,

the ability of the stressor to recruit the HPAA (Het and Wolf 2007; Het et al. 2012; van

Peer et al. 2010; Bertsch et al. 2011; Walter et al. 2015; Hoyt et al. 2016; reviewed in

Putman and Roelofs 2011). Whether the apparent saturation of HPAA at pre-stress

in ASFSs is situational, trait-like, or some combination of both is unclear. It could be

that their anticipatory anxiety fully, or almost fully, primed their anxiety circuits prior

to being confronted with the stressor (see Behnke and Sawyer, 2001; Takahashi et al.,

2005; Ulrich-Lai and Herman, 2009), though statistical difference between pre-stress

cortisol value and those obtained prior to it were absent in this subgroup (and the

three others) and might be seen as arguing against this. Conversely, said endocrine
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characteristic might be trait-like, in which case it could be dependent on or indepen-

dent from the female sex. Future research will be needed to sort out these and other

alternative explanations.

A large body of extant evidence from humans and animals suggests that stress-

evoked HPAA activation is ostensibly recruited by a more circumscribed and specific

(as opposed to general) set of negative events/ conditions (Weiner, 1992, p. 243) as

opposed to any and all stressors (e.g., Selye 1956; for a meta-analysis, see Dickerson

and Kemeny 2004), with a number of situational components being required for the

physiological stress response to be mounted: (1) a threat of negative social evaluation

(as opposed to mere social presence; Dickerson et al. 2008); (2) a threat to central

goals, primarily the physical and/ or social-self integrity be posed (Lazarus and Folk-

man, 1984; Dienstbier, 1989; Blascovich and Tomaka, 1996; Carver and Scheier, 1999;

Lazarus, 1999; Gruenewald et al., 2004; Gaab et al., 2005; Lazarus, 2006; Koolhaas

et al., 2011; Buchanan and Preston, 2014); and (3) a context of forced failure created

(i.e, uncontrollablity; Hanson et al. 1976; Davis et al. 1977; Dess et al. 1983; Swen-

son and Vogel 1983; Breier 1989; Henry and Grim 1990; Sapolsky 1993; Croes et al.

1993; Peters et al. 1998; for a meta-analysis, see Dickerson and Kemeny 2004). Simple

arousal and motivated performance situations are considered to be insufficient to re-

cruit the HPAA (Lundberg and Frankenhaeuser, 1980; Lovallo et al., 1985; Dienstbier,

1989; Blascovich and Tomaka, 1996; Dickerson et al., 2004b), and the perception of

the stressor as being primarily challenging as opposed to threatening has been linked

to more ”resilient” endocrine profiles (Lazarus and Folkman, 1984; Epel et al., 1998;

Buchanan and Preston, 2014).

Understood within this framework, our endocrine findings might reflect the effec-

tiveness of the MIST procedure in inducing a sense of helplessness, uncontrollability,

and threat to social value or status in the AS group, and more so its male than female

members, but not the SS group. It indeed appears to be the case that in a jarring

contrast to their tensely aroused and intensely threatened AS counterparts who self-
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blamed for their inferior performance, SSSs viewed the task as a motivationally salient

and energetically arousing challenge that was not threatening or stressful enough to

erode their sense of competence, self-worth and mastery. In the aftermath of this, they

might have pursued their central goal (i.e, performing at par”) harder and when they

failed, attributed the Perhaps this is why they performed better than ASSs, and when

they failed, attribute their ”below average” performance to no fault of their own. To

the extent that this is true, it could explain why the SSSs performed comparatively

better on the task, as a recent meta-analysis has confirmed the ability of stress to

acutely hinder executive functions through cortisol and other pathways (Shields et al.,

2016).

Such outcomes can be viewed through the lens of the optimal arousal theory, which

asserts that there exists an optimal level of arousal at which performance is maximized

and is related to the inverted-U curve between arousal and performance Hebb 1955;

also see Sapolsky 2015). Different arousal level leads people to seek or avoid stimulation

to maintain optimal arousal (Eysenck, 1976), the threshold for the latter unusually

high in extroverts (e.g, sensation-seekers; Lubin and Zuckerman 1969; Eysenck 1967;

Zaleski 1984; Zuckerman 1971, 1979, 1984, 1994, 2016; Trofimova and Robbins 2016),

and particularly low in introverts (e.g, AS persons; reviewed in Olsen et al. 2016). It

is henceforth conceivable that the absolute levels of stimulation induced by the forced

failure and inescapable social devaluation situation that the MIST is designed to create

were comparable in the two personality groups, but led them to experience different

aspects of the U-curve, hence the differential activation - and lack thereof - of the

HPAA (Dickerson and Kemeny, 2004).

Most parsimoniously the general pattern of our results is consistent with two al-

ternative endocrine pathways for AUDs development (see Majewska, 2002; Sher et al.,

2005; Evans et al., 2016a): hyperarousal, characterized by an inherently exaggerated

sensitivity and heightened physiological reactivity to stressors (and their anticipation)

and predominantly seen in populations high in (nonclinical and (sub)clinical) anxiety
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(Roelofs et al., 2009; Elzinga et al., 2010), and hypoarousal, which is fundamentally dis-

inhibitory, can be seen somewhat the diametric opposite of the first one (Evans et al.,

2016a) and is predominantly exemplified by externalizing individuals (e.g, Van Goozen

et al. 1998; Snoek et al. 2004; Sorocco et al. 2006; Couture et al. 2008; Fairchild et al.

2008; Hastings et al. 2009; Vries-Bouw et al. 2011; van Leeuwen et al. 2011; Evans

et al. 2012, 2013; Hartman et al. 2013; Sorocco et al. 2015; Bibbey et al. 2016; Evans

et al. 2016a; also see Errico et al. 1993; Moss et al. 1995; Bernardy et al. 1996; Lovallo

et al. 2000; Hardie et al. 2002; Gerra et al. 2003; Dai et al. 2007; Sinha et al. 2009;

Prince van Leeuwen et al. 2014), including sensation-seekers (Netter et al., 1996; Wang

et al., 1997; Rosenblitt et al., 2001; Mazur, 1995).

Notwithstanding, whether the physiological phenotypes characterized here are po-

tentially pathogenic (i.e, present a preexisting element of vulnerability) is a question

for future research and one we are unable to definitively answer. To say nothing of

the fact that the current study did not include a third low-risk group, the literature

remains highly ambiguous with respect to where to situate a given endocrine response

on the scales of normalcy and adaptiveness. We know, for example, that a normal

HPA-axis response to acute social stress is characterized by a quick increase of stress

hormones (e.g, cortisol) followed by rapid recovery (i.e, an efficient return to pre-stress

levels upon termination of the stressful challenge De Kloet 2004; Dai et al. 2007), but

how much of an increase is too much remains unresolved (and likely varies across stress

modalities). We also know that physiological unresponsiveness in the presence of a

subjective stress response (’biological disengagement’4) is maladaptive, but whether

4However, such findings has typically been obtained in studies of pathologically anxious individ-
uals, especially social phobics (Crisan et al., 2016) or depressives, so as to protect against unman-
ageable intense emotional arousal by reducing cortisol mobilization and attention allocation (Ginty,
2013; Tops et al., 2006, 2008). This phenomenon, purportedly meant to protect against unman-
ageable intense emotional arousal by reducing cortisol mobilization and attention allocation (Ginty,
2013; Tops et al., 2006, 2008), appears to develop in the aftermath of allostatic load, which tends to
ensue when the HPAA is challenged/ overactivated too much and/ or too often (McEwen and Stellar,
1993; McEwen, 1998a, 2015; Crisan et al., 2016), and is associated with a host of with its possible
pathogphysiolologic and psychopathologic consequences (Kaplan et al., 1982; Dienstbier, 1989; Sapol-
sky, 1993; McEwen, 1998a; Griep et al., 1998; Heim et al., 1998; Pruessner et al., 1999a; Gold and
Chrousos, 2002; Susman, 2006; Gur et al., 2004; Cicchetti, 2002; Phillips et al., 2011; Jones et al.,
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the lack of reactivity of the both the physiological and psychological stress systems,

which was the case for our SSSs, stands for resilience (and if so, against what) is

unclear.

Cortisol AUCi was associated with a dose-dependent increase in stress-re-

lated embarrassment self-ratings. Our finding that cortisol AUCi strongly cor-

related with a dose-dependent increase in stress-related embarrassment self-ratings in

the entire sample combined (controlling for ”session time”) was expected a priori, is

a replication of previous findings (Lewis and Ramsay 2002; Gruenewald et al. 2004;

Weitzman et al. 2004; Mills et al. 2008; Dickerson et al. 2008; see also Lewis and

Ramsay 2002; Gruenewald et al. 2004; Dickerson et al. 2004a; Sznycer et al. 2016;

reviewed in Kahle and Hastings 2015; Leary 2015) and suggests that the mounting

of a physiological stress response piggybacked on the subjective experience of embar-

rassment, the fact that correlation does not mean causation notwithstanding. More

generally this high psychoendocrine covariance is congruent with theoretical assump-

tions that psychological and endocrine responses to stressors (and their anticipation;

Gaab et al., 2005) represent indicators of the same construct (see Gaab et al., 2005;

Schlotz et al., 2008; Kudielka et al., 2009; Balodis et al., 2010). Embarrassment being

an avoidance-oriented emotion, our finding also reinforces human and animal studies

linking heightened stress-related HPAA activity to socially avoidant and inhibitory

behavior (e.g. freezing reactions; in humans: Van Honk et al. 1998, 2000; Roelofs

et al. 2005, 2007, 2009; in animals: Sapolsky 1990; Núñez et al. 1996; Kalin et al.

1998; Cavigelli et al. 2007; Feng et al. 2016).

The observation that this relationship was maintained after controlling for the self-

ratings of other mood states, namely anger, confidence, cheerfulness, relaxation and

efficiency, reinforces the supposition that the experience of self-conscious emotions (e.g,

embarrassment) may be vital in instigating cortisol response in the context of social

2012; Voellmin et al., 2015).
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evaluative threat (Dickerson et al. 2004b,a; Dickerson and Kemeny 2004; Gruenewald

et al. 2004; also see Weitzman et al. 2004; Lewis and Ramsay 2002; Lehman et al. 2015;

but see Bosch et al. 2009). More broadly, this observation reaffirms the idea of specific

biological fingerprints of distinct emotional states (see Adam et al., 2006; Matheson

and Anisman, 2009; Herrero et al., 2010; Moons et al., 2010; Kazén et al., 2012),

which is compatible with the functional account of emotions (Keltner and Gross, 1999;

Kemeny and Schedlowski, 2007; Kemeny and Shestyuk, 2008; Moons et al., 2010), in

that the increase in stress reactive cortisol production is inducible by only some, as

opposed to any and all, aversive emotions (see Buchanan et al. 1999; Hellhammer and

Schubert 2012; Weitzman et al. 2004; Lewis and Ramsay 2002; Dickerson et al. 2004b;

for a meta-analysis, see Dickerson and Kemeny 2004). It is notable, in this context,

that cortisol AUCi was not statistically related to absolute levels of self-reported affect

throughout the course of the task, indicating that the increase in stress reactive cortisol

production piggybacked on the mood change brought about by the stressor.

It is noteworthy that a dissociation between subjective and physiological responses

to stress has been a frequently documented finding (e.g, Al’Absi et al., 1997; Buchanan

et al., 1999; Cohen et al., 2000; Alpers et al., 2003; Oswald et al., 2004; Back et al.,

2005; Abelson et al., 2005; Sinha et al., 2009; Sher et al., 2007), initially culminating in

the claim that because the psychological and physiological stress systems have different

dynamics and are imperfectly coupled (see Behnke and Sawyer, 1999; Addison et al.,

2004; Hellhammer et al., 2009), the responses of one are uninformative and about

the other’s (Sher et al. 2007; Back et al. 2005; Sinha et al. 2009; also see Clevenger

et al. 1967; Behnke and Carlile 1971; Carlile et al. 1977; Behnke and Beatty 1981a,b).

However more recent evidence has suggested that the coupling of the psychoendocrine

stress responses may be closer than previously thought (Schlotz et al., 2008; Balodis

et al., 2010). It has additionally been argued that the inconsistency within the liter-

ature on this topic might be explainable by inter-study heterogeneity in terms of the

construct validity of the self-report measures employed to quantify subjective stress
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(Balodis et al., 2010), and perhaps compounded by a temporal lag between subjective

and endocrine stress measurements (e.g, cortisol measured during the course of stressor

whereas subjective stress, before and after; (Schlotz et al., 2008; Balodis et al., 2010;

Hellhammer and Schubert, 2012). The study of Balodis et al. (2010) is a case in point.

These authors administered the POMS (McNair, 1971) and obtained salivary cortisol

readings at multiple time points during the course of the TSST, subsequently reveal-

ing high psychoendocrine covariance (Balodis et al., 2010). Our findings reinforce this

latter study and recapitulate the previously mentioned points.

Acute psychosocial stress had substantial effects on brain activation in

the entire sample. Conservative exploratory whole-brain analyses of the main ef-

fect of stress, i.e. ”stress versus nonstress” contrast, yielded pronounced and exten-

sive activations in a network of regions that have been systematically associated with

various social cognitive functions, such as self-referential activity and self-reflective

processing (e.g, precuneus and PCC; Northoff and Bermpohl, 2004; Blanke and Arzy,

2005; Northoff et al., 2006; Decety and Lamm, 2007; Ngô, 2012; Cabanis et al., 2013;

Herold et al., 2015; Hu et al., 2016), aversion and its anticipation and evaluation (e.g,

INS; Fiddick, 2011; Grupe et al., 2012; Lee et al., 2014; Alvarez et al., 2015; Palermo

et al., 2015; Smith et al., 2016b; Levine, 2016; Zhuo, 2016; Miedl et al., 2016), in-

troception and subjective awareness of emotionally potent stimuli (e.g, INS; Craig,

2003; Critchley et al., 2004; Lou et al., 2004; Craig, 2009; Terasawa et al., 2012; Grupe

and Nitschke, 2013; Haase et al., 2016; Nguyen et al., 2016; Müller-Pinzler et al.,

2016a), perspective-taking (e.g, IPL; Ruby and Decety, 2003), mentalizing and the-

ory of mind (Allison et al., 2000; Pelphrey et al., 2003; Saxe and Wexler, 2005; Saxe,

2006; Lawrence et al., 2006; Amodio and Frith, 2006; Vuilleumier and Pourtois, 2007;

Wyk et al., 2009; Iacoboni, 2009; Nolte et al., 2012; Denny et al., 2012; Takahashi

et al., 2015; Mizuguchi et al., 2016; Lavoie et al., 2016), social inferences (Ciarami-

daro et al., 2007; Decety and Grezes, 2006; Frith and Frith, 2010), processing of social
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exclusion (Eisenberger et al., 2003; MacDonald and Leary, 2005; Eisenberger, 2012a;

Cacioppo et al., 2013; Rotge et al., 2014; Woo et al., 2014; Eisenberger, 2015b,a;

Müller-Pinzler et al., 2016a; Cacioppo and Cacioppo, 2016; Chester and Riva, 2016)

and attentional re-orienting (Decety and Lamm, 2007; Cacioppo et al., 2009; Japee

et al., 2015; Igelström et al., 2016). These included the insular and (posterior and

mid-anterior) cingulate cortices, the (medial and superior) frontal and (middle and

superior) temporal gyri, IPL, precuneus and the thalamus. Significant deactivation of

the pgACC, a purported important mediator of the subjective threat experience (Holz

et al., 2016).

Given that subjects were told they would be performing the MIST in the presence

of an evaluative audience, which included but was not limited to the confederates that

provided performance feedback, and considering that negative evaluation was based on

a below ”average” performance outcome, and subjects could see - throughout the entire

course of the task - how far behind the ”average” user’s performance theirs trailed,

the engagement of the aforementioned neural loci in said context accords well with

their respective functions. Furthermore, the diversity of the aforementioned functions

is congruent with the inherent complexity of and numerous processes involved in the

psychological responding to acute psychosocial stress (see Eisenberger, 2015a); from

the social cognitive processing which allows one to recognize that he or she has been

negatively valuated by others, to the affective reactivity in this sort of situations;

and from making social cognitive attributions of why social devaluation of one has

occurred to one might have been socially rejected or excluded, to the modulation of

control over behavioral and emotional reactions, different brain systems will likely to

be recruited by each of these processes and to different extents as across different tasks

or contexts (see Eisenberger, 2015a). The aforementioned activation patterns broadly

resemble and overlap with those previously characterized in nonclinical cohorts in the

context of the MIST (Lederbogen et al., 2011; Soliman et al., 2011; Dedovic et al.,

2013, 2014; Eckstein et al., 2014; Kogler et al., 2015a) or comparable forms of stress
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paradigms (Wang et al. 2007a; Drabant et al. 2011; Lee et al. 2014; Müller-Pinzler et al.

2015; Tang et al. 2016; Rudolph et al. 2016; Miedl et al. 2016; for a meta-analysis,

see Stevens and Hamann 2012). as well as during provocation-based experimental

manipulations designed to elicit specifically anger5 (Damasio et al., 2000; Kimbrell

et al., 1999; Grecucci and Sanfey, 2013), the latter which was a particularly strong

emotional correlate of stress in our entire sample combined.

In particular, the INS is thought to be primarily involved in the introceptive aware-

ness of emotionally laden experiences (for more details, see section 1.10.1; Stoleru

et al. 1999; Simmons et al. 2005; Joseph et al. 2009). It is the core component of

the ”salience network”, which additionally also encompasses the MCC (also known

as dACC) and thalamus and activates - typically in a dose-dependent manner - to

provocation-induced angry rumination (Kimbrell et al. 1999; Damasio et al. 2000; for

a review, see Gilam and Hendler 2015), and to aversion and its anticipation. This

activation co-occurs with ”deactivation” within the pgACC via reciprocal inhibition

with the MCC (Shulman et al., 1997; Drevets and Raichle, 1998; Whalen et al., 1998a;

Bantick et al., 2002), presumably signifying stress-induced disruption of its regulatory

function (Büchel et al. 1999; Rainville et al. 1999; Peyron et al. 1999; Ploghaus et al.

2001; Bush et al. 2002; Petrovic and Ingvar 2002; Petrovic et al. 2002; Bishop et al.

2004; Wager et al. 2004; Valet et al. 2004; Eldreth et al. 2004; Shiba et al. 2016; for

more information on the pgACC, see section 1.10.2). We therefore interpret the de-

activation of this system alongside enhanced salience network activity in the context

of this activation as an being an indication of the motivational value of the MIST and

the potency of this procedure in being emotionally potent enough to focus subjects’

attention on the stressfulness of the situation.

The PCC and precuneus, on the other hand, are key nodes of the so-called default-

5Such studies have typically induced anger by exposing subjects to the experimenter’s criticism
as they lay in the MRI scanner, completely passive and unable to react (Denson et al., 2009), giving
the subject an unfair offer in a money bargaining context (Feng et al., 2015) or exposing them to
autobiographical memories of angry experiences (reviewed in Gilam and Hendler 2015).
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mode network (DMN; Buckner et al., 2008; Fransson and Marrelec, 2008; Andrews-

Hanna, 2012; Amft et al., 2015), which consistently de-activates during attention-

demanding, externally-oriented, non-self-referential, goal-directed cognitive tasks (Shul-

man et al., 1997; Mazoyer et al., 2001; Raichle et al., 2001; Gusnard and Raichle, 2001;

Greicius et al., 2003; Gusnard, 2005) and robustly activates while engaging in task-

independent mind-wandering and internal mentation as well as during tasks involving

social, affective and introspective processes (Damasio 1999; Maddock et al. 2001; Kel-

ley et al. 2002; Kjaer et al. 2002; Kircher et al. 2002; Maddock et al. 2003; Northoff and

Bermpohl 2004; Northoff et al. 2006; McKiernan et al. 2006; Smallwood and Schooler

2006; Mitchell et al. 2006; Mason et al. 2007; Szpunar et al. 2007; Addis et al. 2007;

Schilbach et al. 2008; Christoff et al. 2009; Han and Northoff 2009; Legrand and Ruby

2009; van der Meer et al. 2010; Zhang and Raichle 2010; Jang et al. 2011; Schooler et al.

2011; Brewer et al. 2013; Herold et al. 2015; Schurz et al. 2015; for a comprehensive

recent review, see Raichle 2015). The activation of this network here might thus reflect

instantiation of these processes, although it is notable that both the PCC and pre-

cuneus are complex and multifaceted regions with widespread anatomical connections

(Kobayashi and Amaral, 2003; Parvizi et al., 2006; Vogt et al., 2006; Kobayashi and

Amaral, 2007; Hagmann et al., 2008; Saleem et al., 2008; Margulies et al., 2009; Leech

and Sharp, 2014; Parvizi et al., 2006) and broad functional repertoires (Selemon and

Goldman-Rakic, 1988; Tulving et al., 1994; Kapur et al., 1995; Culham et al., 1998;

Nyberg, 1999; Nagahama et al., 1999; Lundstrom et al., 2003; Grefkes et al., 2004; Lou

et al., 2004; Naghavi and Nyberg, 2005; Cavanna and Trimble, 2006; Gilbert et al.,

2007; Cabanis et al., 2013; Müller-Pinzler et al., 2015; Mäki-Marttunen et al., 2016;

Margulies et al., 2009; Vincent et al., 2008; Leech et al., 2011; Leech and Sharp, 2014;

Heilbronner and Platt, 2013; Heilbronner et al., 2011; Pearson et al., 2011; Cohen

et al., 2016a; Spreng et al., 2010; Leech et al., 2012; Heilbronner and Platt, 2013;

Pearson et al., 2011; Cohen et al., 2016a), raising the possibility that their activation

could, to some extent, reflect engagement of other cognitive processes, the exact na-
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ture of which we cannot infer. It is notable that while some of the previous studies of

healthy individuals have noted increased DMN activation in the context of the MIST

(Lederbogen et al., 2011; Dedovic et al., 2013, 2014; Eckstein et al., 2014), other have

found deactivation (e.g, Pruessner et al., 2008; Dagher et al., 2009; Soliman et al.,

2011; Dedovic et al., 2009b; Khalili-Mahani et al., 2010; Grimm et al., 2014; Albert

et al., 2015). This discrepancy within the literature might be explainable by a inter-

study variations in terms of specific task features, such as the failure rate enforced

(e.g, 60–75% as opposed to 40-60%: Lederbogen et al. 2011; and difficulty gradient

of math problems: Dedovic et al. 2013, 2014). However, given that the previously

cited studies in which DMN activation was found employed variants of the MIST that

were intended to be more stressful than its original version used here (Lederbogen

et al., 2011; Dedovic et al., 2013, 2014), it is not inconceivable that the activation of

said network in our sample signifies, at least in part, failure to deactivate - that is,

relative inefficiency of resource allocation between functionally competitive large-scale

neurocognitive systems (see Pomarol-Clotet et al., 2008).

Last but not least, the middle and superior temporal gyri tend to preferentially

activate to emotionally potent material (Narumoto et al., 2001; Stevens and Hamann,

2012) and during socioaffective processing (Morris et al., 1998; Kohn et al., 2014; Wager

et al., 2003; Müller et al., 2012), although their functions are not necessarily specifically

stress-related (Buckner et al. 2008; Ellison et al. 2004; Karnath et al. 2001; Stevens

and Hamann 2012; also see Völlm et al. 2006). The activation of either or both gyri to

aversion has been observed in normal persons across various stress modalities (Wang

et al., 2005a; Goldin et al., 2008), including the MIST (Kogler et al., 2015a; Eckstein

et al., 2014; Dagher et al., 2009; Pruessner et al., 2008; Wang et al., 2005a; Dedovic

et al., 2013, 2014; Kogler et al., 2015a; Chung et al., 2016), presumably indicating

heightened threat reactivity (Warren et al., 2013) and anxious apprehension (Warren

et al. 2013; Kogler et al. 2015a; also see Wang et al. 2005a) that could hinder inhibitory

functions and cognitive regulation upon stress elicitation (Warren et al., 2013). This
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is probably what the activation of these regions observed here reflects as well.

Considering the aforementioned information, in combination with our subjective

data indicating that the MIST was a generally upsetting and anger-inducing expe-

rience for the entire sample, we postulate that the present fMRI results collectively

connote the emotional salience and motivational value of the stress element involved in

said procedure and its effectiveness in jeopardizing subjects’ sense of relational value

and need for belonging enough to focus their attention on the unpleasantness of the

situation.

SSSs showed more pronounced and extensive brain activation in response

to acute psychosocial stress compared with ASSs. We had predicted, a pri-

ori, that in the context of acute psychosocial stress (”stress minus nonstress” con-

trast), the SS compared with AS group would more strongly engage brain regions

subserving arousal, motivation processing and cognitive regulation. This prediction

was confirmed: explanatory whole-brain analyses found that numerous brain clusters

throughout the brain demonstrated a main effect of personality. These were localized

to, among others, functional elements of the salience network (e.g, insula, MCC and

thalamus), striatal network (i.e, caudate), dorsal attention network (e.g, SPL, dlPFC

[MFG] and vlPFC [IFG]) and DMN (e.g, precuneus and PCC), and all favored the SS

group. Along the same lines, functional ROIs analyses revealed greater bilateral aINS

activity in SSSs compared ASSs, though these differences did not withstand correction

for multiple comparisons. Uniquely to the SS group, greater (right) aINS activation

magnitude corresponded to (1) higher traits SS (SURPS) and internal locus on control

scores; and (2) less pronounced stress-related decrements in subjective confidence and

increments embarrassment. This was in contrast to the AS group, in which aINS activ-

ity positively correlated with trait sensitivity to punishment scores and stress-elicited

increases in subjective embarrassment and tension.

These findings come against a broader background of neuroimaging research doc-
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umenting hyperlinks between BOLD activation within components of the aforemen-

tioned intrinsic networks under conditions of emotional challenge and internalizing and

externalizing trait-based phenotypes. This literature generally suggests that BIS- and

BAS- personality traits, e.g, (respectively) neuroticism and sensation-seeking, nega-

tively and positively correlate with insular (Reuter et al., 2004; Leland et al., 2006;

Iaria et al., 2008; Straube et al., 2010; Barrós-Loscertales et al., 2010; Coen et al., 2011;

Kret et al., 2011; Brühl et al., 2011), thalamic (Leland et al., 2006; Straube et al., 2010;

Coen et al., 2011; Brühl et al., 2011), dorsal striatal (Leland et al., 2006; Kumari et al.,

2007), posterior cingulate (Kumari et al., 2007; Coen et al., 2011) parietal lobe (Le-

land et al., 2006; Hooker et al., 2008; Suslow et al., 2010; Brühl et al., 2011; Coen

et al., 2011) and prefrontal (Canli et al., 2001; Williams et al., 2006a; Bishop et al.,

2007; Hooker et al., 2008; Barrós-Loscertales et al., 2010; Kret et al., 2011; Coen et al.,

2011; Lawson et al., 2012) activation to aversion and its anticipation, and to stimuli

of an unknown valence and their anticipation (reviewed in Kennis et al., 2013). Such

outcomes are in keeping with the longstanding idea of inter-individual variations in

cognitive and affective processing as a function of the introversion-extroversion spec-

trum purportedly correspond to different neurofunctional features (see Peña-Gómez

et al., 2011).

As detailed in the previous section, the INS, particularly the aINS, instantiates in-

troceptive processes and together with the MCC and thalamus, encompass the ’salience

network’ (Seeley et al., 2007), which subserves vigilance, attention orientation and

processing of emotionally potent material (e.g., Van Marle et al., 2010). Heightened

activity of this network in SSSs correspondingly with increased SS scores and less

pronounced negative affect, could reflect enhanced motivational value of and energetic

arousal by the social evaluative pressure component of the MIST, without feeling

’stressed’ in the aversive sense of the term (recognize that the ’salience network’ cap-

tures motivational meaning, not directionality of valence). Our interpretation finds

support in an fMRI study by Joseph et al. (2009), which found healthy young adult
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sensation-seekers to display selectively stronger INS activation to high-arousal pic-

torial stimuli imbued within a social context than low-SS matched controls. This

effect was particularly pronounced in the right aINS, occurred irrespective of emo-

tional content and was primarily predicted by trait SS scores (Joseph et al., 2009).

It thus seems as though sensation-seekers’ predilection for intense arousal obviate the

emotional content, leading them to focus more on the former at the detriment of the

latter (Feldman, 1995; Joseph et al., 2009). Indeed, when given the opportunity to

self-administer some sort of intense and unusual, but not painful, electrical stimula-

tion, healthy SS persons have been noted to find such stimulation to be behaviorally

invigorating and intrinsically rewarding (produced a subjective ”high” and elevated

”liking” ratings), and to seek to self-administer it at greater intensities, even at the

cost of monetary sacrifice, contrarily to non-SS subjects who displayed aversion and an

avoidance response (Norbury et al., 2015). It is interesting that in the latter study, said

”behavioral sensation-seeking” index was diminished by antagonism at D2 receptors

(Norbury et al., 2015), the same receptors of which binding in specifically the right

insular cortex has previously been directly linked to human novelty-seeking (Suhara

et al., 2001).

Stronger activation of the mediodorsal striatum (i.e, caudate), along with the pre-

central gyrus, in SSSs is suggestive of enhanced motor preparation (e.g, ”fight”), if

unconsciously or automatically considering that subjects laid still in the scanner and

were asked not to move (White, 2009; Drabant et al., 2011). This explanation is in line

with the functions covered by the caudate (White, 2009), and has been previously of-

fered by Drabant et al. (2011), who documented the same fMRI finding in the context

of a shock pain anticipation paradigm (also see Yu, 2016; Lighthall et al., 2012). This

explanation is also consistent with with reports of increased approach-like speeding

behavior in the face of intense sensory stimulation (Smith et al., 1990; Zuckerman,

2005; Norbury et al., 2015) and weaker avoidance response to stressors (Roberti, 2004;

Lissek et al., 2005) in healthy sensation seekers relative to non-SS individuals. Such
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outcomes appear to be underpinned by an overall greater DAergic tone, particularly

in striatal areas (e.g, Zuckerman, 1985; Riccardi et al., 2006; Gjedde et al., 2010; Der-

ringer et al., 2010; O’Sullivan et al., 2011; Carrasco et al., 1999; Verdejo-Garćıa et al.,

2013; Ratsma et al., 2001; Eisenberg et al., 2007; Laakso et al., 2005; Cools et al., 2008;

Norbury and Husain, 2015), as the striatal dopaminergic system is thought to crucially

contribute to the vigor of approach behavior and generally heightened sensitivity of

the BAS in this population (Zuckerman, 1990; Norbury et al., 2015).

Heightened activity of the superior parietal lobule (SPL, BA 7), dlPFC (MFG)

and vlPFC (IFG) in the SS relative to the AS group suggests the invoking of some

form of externally induced top-down inhibitory control to regulate bottom–up emo-

tional processes. These regions are thought to anchor the ’dorsal attention network’

of brain function (Spreng et al., 2013; Petrican et al., 2015), which reliably activates

to externally-focused attention (Corbetta and Shulman, 2002; Fox et al., 2005; Toro

et al., 2008; Petrican et al., 2015). The SPL is particularly involved in, among other

functions, sustained visuospatial attention for nonemotional material (Pardo et al.,

1991; Fink et al., 2000, 2001; Posner and Raichle, 1994; Shibata and Ioannides, 2001;

Szczepanski et al., 2010; Paquette et al., 2003; Wu et al., 2016b). Its enhanced activity

here could thus reflect vigilance devoid of emotion.

The ventral and lateral prefrontal cortices (respectively vPFC and lPFC) cover a

wide range of executive functions (Sakai et al., 2002; Ochsner and Gross, 2005; Ochsner

et al., 2012; Morawetz et al., 2016; Robbins, 2016; Rodrigo et al., 2014) and through

their connections to subcortical nuclei that boost negative emotions (e.g. AMYG),

they foster inhibition across an array of control-related processes (Menon et al., 2001;

Rubia et al., 2001; Beauregard et al., 2001; Lieberman et al., 2006; Dagher et al.,

1999; Christoff et al., 2003; Dillon and Pizzagalli, 2007; Chiu et al., 2008; Rolls et al.,

2008; Ochsner et al., 2004; Davidson et al., 2000, 2007; Sotres-Bayon and Quirk, 2010;

Agust́ın-Pavón et al., 2012; Gross, 1998; Wager et al., 2008; Heatherton and Wagner,

2011; Lindquist et al., 2012b; Sylvester et al., 2012; Viviani, 2013; Chester et al., 2016;
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Morawetz et al., 2016). This is especially true of the lateral, particularly dorsolateral,

prefrontal region (dlPFC; Amting et al. 2010; Bunge et al. 2001; Rodrigo et al. 2014),

which is considered a core hub of the circuitry subserving cognitive regulation of neg-

ative affect (Ochsner and Gross, 2005; Ochsner et al., 2009, 2012; Peña-Gómez et al.,

2011; Morawetz et al., 2015; Emmert et al., 2016), such as reappraisal (Ochsner et al.,

2002, 2012; Sang and Hamann, 2007; Kim and Hamann, 2007; McRae et al., 2010;

Kim and Hamann, 2012; Ray and Zald, 2012; Buhle et al., 2014; Kogler et al., 2015a;

Morawetz et al., 2015) and distraction (Ochsner et al., 2002, 2004; Kalisch et al., 2006;

Kim and Hamann, 2007; Blair et al., 2007), and those can be recruited consciously

or automatically in the absence of explicit instruction (see Wang et al., 2007a; Mak

et al., 2009; Drabant et al., 2009, 2011; Lee et al., 2014). Indeed, previous studies have

shown that enhanced lPFC activity (1) correlated with lower intensity of perceived so-

cial pain during social exclusion in a virtual ball toss game (i.e, cyberball software;

Eisenberger et al., 2003); (2) coincided with reduced subjective distress while observ-

ing a video of oneself (vs others) performing TSST (Lee et al., 2014); (3) decreased

limbic activity in an emotional Go/no-Go task (Berkman et al., 2009); (4) co-occurred

with more ’neutral’ ratings of negatively valent material (Peña-Gómez et al., 2011);

(5) promoted adequate performance in the presence of competing stimuli (MacDonald

et al., 2000b; Bunge et al., 2001); and (6) was associated with proper suppression of the

urge to aggress towards others after being subjected to their negative social feedback

(Casey et al., 2011b). Such outcomes can be understood within a framework in which

inhibition (of negative affect) fails when regulatory processes stop, on account of a

bidirectional relation between brain systems that contribute to goal-relevant behavior

and those that promote emotional responding. (Gomez et al. 2007; Blair et al. 2007;

Ullsperger et al. 2010; Peña-Gómez et al. 2011; although see Chester et al. 2016 for a

different perspective).

Hence, and as the dlPFC was included in the cluster showing the most profound

main personality effect in the current study, a plausible interpretation of the current
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finding may be that these individuals were better at distancing themselves from the

aversiveness of the situation, ostensibly by automatically re-appraising it and/ or redi-

recting attentional processes so as to keep unwanted information ”out of mind” (see

Wager et al., 2004). In the aftermath of this, more ”neural resources” that deal with

the more ’cognitive’ aspects (e.g, goal-directed or attentional networks) of the negative

situation became available for allocation. Hence the better performance quality and

more resilient subjective and endocrine response profiles that evinced in SSSs relative

to their AS counterparts, whose regulatory processes appear to have been hijacked by

and most of their attentional resources summonsed to dealing with the aversiveness

of and psychologically intense sense of threat induced by the cognitively demanding

situation (see Phelps, 2006).

If true, this could help explain the propensity of AS (and generally neurotic) indi-

viduals for developing anxious (and depressive) psychopathologies and the resilience

of SS to them, as reappraisal compared with avoidance/ suppression of negative affect

has been linked to more adaptive emotion responding patterns, lower risk of clinical

emotional dysregulation, higher social functioning, better mental health status and

higher life satisfaction relative to (John and Gross 2004; Kim et al. 2016a; also see

Hankin et al. 2005; Marganska et al. 2013; von dem Hagen et al. 2013).

A compromised ’line of defense’ in cognitive control areas in contexts of nega-

tive emotional processing on part of (nonpathological) anxiety-prone individuals is a

usual finding in the literature (Drabant et al., 2011; Sussman et al., 2016; Kim et al.,

2016a). For example, neurotic individuals underactivate, whereas extroverts activate,

the lPFC during a social exclusion (odd-ball) paradigm (Eisenberger et al., 2005),

and while engaging in inhibition tasks (Sosic-Vasic et al. 2012; Rodrigo et al. 2016;

reviewed in Kennis et al. 2013). Attenuated prefrontal and orbitofrontal activity is

shown by individuals high in anxiety, or dimensions thereof (e.g, SA) during symp-

tom provocation (Wik et al. 1993; Johanson et al. 1998; Van Ameringen et al. 1998;

Fredrikson et al. 1995, 1993; Bremner et al. 1999; although see Reiman 1997; Shin
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et al. 1997). Further, when the intensity of anticipated threat (i.e. electrical shock)

goes from moderate to strong, those high in neuroticism (relative to those who are not)

have been found to deactivate the middle and inferior frontal gyri, perhaos alluding to

suppression (Drabant et al., 2011). In a similar fashion, highly compared with lowly

neurotic (nonclinical) persons also deactivate (BA 46 - containing part of Middle FG

and IFG) when anticipating threat (i.e. electrical shock) of strong relative to moder-

ate intensity (Drabant et al., 2011). These findings, and ours, represent an extension

of a clinical literature documenting said phenomenon in cohorts with pathological

emotional dysregulation including social phobia (Kamphausen et al., 2013; Heeren

et al., 2016; Hwang et al., 2016; Perez et al., 2016), and dovetail nicely with functional

connectivity studies indicating attenuated functional connectivity in neural networks

subserving in cognitive and affective control in across nonclinically neurotic persons

(Gao et al., 2013; Servaas et al., 2015; Rodrigo et al., 2016), in contrast to stronger

functional connectivity in similar brain networks across extroverts (Haas et al., 2007;

Adelstein et al., 2011; Gao et al., 2013). It is interesting, in this context, that dis-

rupted structural integrity of the WM tracts interconnecting the lPFC with emotional

hub networks (AMYG) has recently been been reported in (nonpathologically) neu-

rotic individuals (Xu and Potenza, 2012), perhaps alluding to a fundamentally and at

least partly ”hard-wired” problem of a problem emotional dysregulation, considering

that the WM microstructure is 96% genetic (Jansen et al., 2015). It is also notable

that that in the above discussed study by Drabant et al. (2011), neurotic subjects did,

in fact, increase their prefrontal (BA 46) activation from ”safe” to ”medium” threat

trials, and only from ”medium” to ”strong” trials did they come to prefrontally deac-

tivate. These researchers consequently postulated that at a sufficiently high threshold

threat level, neurotic persons seem to go from being frightened to panic stricken, which

leads them to shut down and switch their avoidance system ”on”. Hence, and as our

cohort of AS individuals showed deactivation in prefrontal areas including the dlPFC,

it could very well be that the threat intensity posed by the MIST to these subjects
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has passed the threshold to which the Drabant study referred (Drabant et al. 2011;

also see Straube et al. 2009a). Though speculative in its nature, this proposition is in

line with the avoidance coping style that exemplifies AS individuals, and adheres to an

abundant evidence for the proclivity of neurotic people to resort to avoidance (McCrae

and Costa, 1986; Bolger, 1990; Parkes, 1986) and/or suppression (Canli et al., 2001;

Drabant et al., 2011) as coping mechanisms in the face of intense subjective distress.

Finally, the greater activity exhibited under stress by the SS compared with AS

group in the precuneus, PCC and IPL, all of which cover complex social functions

required for successful social interactions (Amodio and Frith, 2006; Carter and Huet-

tel, 2013; Cavanna and Trimble, 2006) and have been ascribed to the intrinsic DMN

(detailed in section 4.2; Gusnard and Raichle 2001; D’Argembeau et al. 2005; Christoff

et al. 2009; Mason et al. 2007; Raichle et al. 2001; Simpson et al. 2001; McKiernan et al.

2006; Brewer et al. 2013; Raichle 2015), might suggest that SSSs more strongly engaged

in mentalizing, perhaps by means of self-referential processing and self-reflective judge-

ment (see Gallese and Goldman, 1998; Keysers and Gazzola, 2007; Meltzoff et al., 2010;

Herold et al., 2015). That is, they were more preoccupied with trying to understand

or predict the mental state of the confederates as it related to them (see Muscatell

et al., 2012, 2016) and potentially more aware of the negative evaluative feedback

administered in this stress paradigm (see Eckstein et al., 2014). Considered in the

context of the comparatively greater prefrontal activation shown by SSSs (above), we

propose a scenario whereby the DMN acted alongside of frontoparietal networks to

promote effective cognitive regulation of negative affect, suspectedly by culminating

in a self-serving bias of sorts (e.g., ”I am not to blame for my trailing performance”).

Though this theory should be directly tested in future research, it is congruent with

a recent report finding that some functional nodes within the DMN, more specifically

the recently characterized ’social-DMN’ (e.g, precuneus, see Schilbach et al., 2012)

co-activated with the dlPFC and vlPFC during social cognitive regulation of negative

affect, with a correspondingly increased regulatory success (Xie et al., 2016). Also in
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support of this proposition is evidence indicating that co-activation of the DMN with

frontoparietal networks while engaging in goal-oriented tasks might promote flexible

allocation of cognitive processes under cognitively challenging conditions in the ser-

vice of adequate task performance (Pearson et al., 2009, 2011; Heilbronner et al., 2011;

Heilbronner and Platt, 2013; Leech et al., 2012; Cohen et al., 2016a).

In sum, SS compared with AS subjects more strongly engaged regions involved

in arousal, reinforcement, motivation processing, externalized attention and internal

mentation in the context of an acute psychosocial stressor, suggesting they were com-

paratively more energetically aroused and motivationally engaged in, yet still less

intensely threatened by the MIST procedure.

MSs activated more brain regions and more strongly the same brain re-

gions than FSs. Numerous brain clusters and one spherical ROI demonstrated

differential activity as a function of main effect of sex, with all such differences fa-

voring males. Clusters showing sex effects were distributed throughout the brain and

located in the midbrain, cerebellum, lingual gyrus, insular and midcingulate cortices,

parietal regions (postcentral and supramarginal gyri), temporal areas (e.g, STG) and

frontocortical regions (e.g, precentral gyrus, MFG, IFG and SFG). Spherical ROIs

activating differently between the sexes were the aINS and pgACC. Analyzing the as-

sociation of aINS activity with stress-related mood self-ratings, no significances were

found when the male subgroups were analyzed together. When analyzed separately,

however, aINS activation was found to correlate positively (vs negatively) with a dose-

dependent increase in subject embarrassment in ASMSs (vs SSMs). This departure

from orthogonality resonates with the dichotomy of the behavioral, subjective and

endocrine response profiles exhibited by ASMSs and SSMSs and in combination with

the sex activation differences in other neural loci, reflect more intensely arousal and

greater motivational involvement in the MIST as a function of the male sex without

without necessarily capturing emotional content (see Li et al., 2006; Salamone, 1994;
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Bromberg-Martin et al., 2010). Thus, while previous studies have shown that aINS

activity corresponded to shame, embarrassment or guilt emotions (recently reviewed

in Bastin et al. 2016), ours suggest that the picture shifts in the case of sensation-

seekers, which again reaffirms the notion that shared neural activations do not nec-

essary map onto shared psychological experiences and is in keeping with the general

idea of valence-general responsivity as a feature of large-scale brain activity (Guillory

and Bujarski 2014; Chikazoe et al. 2014; Lindquist et al. 2016; although see Kragel

and LaBar 2016).

We know of only one other study to date that has assessed sex differences in neural

responding in the context of the MIST in healthy young adults (Kogler et al., 2015a).

That study found (1) enhanced AMYG activity in women but not men; (2) stronger

STG activity in women compared with men; and (3) stronger putamen activity in

men compared with women (Kogler et al., 2015a). The investigators suggested that

women were more emotionally involved in the task, whereas men were more motiva-

tionally engaged (Kogler et al. 2015a; also see Taylor et al. 2000; Stroud et al. 2002;

Kumar et al. 2014; Kogler et al. 2016). Bearing in mind that important methodolog-

ical discrepancies between the Kogler et al. (2015a) study and ours abound and thus

direct comparability of findings is not possible, we provide replication for the finding

of a greater putamen activation in men compared with women subjects. Thus, and

as putamen activity is known to promote motivation processing (”fight-or-flight”), we

propose that our male subjects were, similarly to those in the Kogler et al. (2015a)

study, more motivationally engaged than their female counterparts. This interpreta-

tion is in line with the functions of the other regions that more strongly activated as

a function of the male sex, and it is notable that this list of regions overlaps with that

provided by the comprehensive meta-analysis of Stevens and Hamann (2012), which

too, included the precentral gyrus, IFG, INS, STG, putamen, lingual gyrus (although

note that most studies included in that meta-analysis involved the use of aversive face

or other negative pictorial stimuli, which are ecologically valid but differ from the
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MIST in both form and affect, and have distinct neural correlates because of that (see

e.g, Pruessner et al., 2008; Dedovic et al., 2013).

It is notable that a pattern of sex differences in regional brain activation in socially

stressful and/ or cognitively demanding situations, whereby all differential activations

favor the male sex is not an unusual finding in the literature. Lee et al. (2014) admin-

istered the TSST to a sample of healthy adults and subsequently MRI scanned them

as they watched video clips of themselves (versus a same-sex apparently non-stressed

other) performing said task, and noted lower self-reported stress scores concurrent

with strongly activated neural structures subserving cognitive control (e.g, IFG) and

regions implicated in introceptive awareness (e.g, INS) in men compared with women,

with no activation differences that favored female subjects. In a similar vein, Li et al.

(2006) used an inhibitory control paradigm (Stop Signal Response Task) and observed

stronger recruitment of the cortical and subcortical brain areas, including the medial

frontal and cingulate cortices, thalamus and parahippocampal gyrus in male than fe-

male subjects, in the absence of sex differences in task performance. In this study, too,

no brain regions activating more strongly in female in than male subjects (Li et al.,

2006). In sum, the motivational value of our acute psychosocial stressor was greater

for male compared with female subjects, irrespective of personality profile.

SSMSs activated more emotion regulatory and default brain regions brain

than other subgroups. Exploratory whole-brain analyses and functional ROIs

analyses found personality-by-sex interaction effects on the ”stress minus nonstress”

contrast in (respectively) a number of brain clusters (localized to the ACC, SFG, MFG

and IPL) and one ROIs, namely the mOFG. Differential activations in the aforemen-

tioned neural loci all favored SSMSs over their same-sex opposite-personality and

opposite-sex same-personality counterparts, suggesting that the current 2-way inter-

action was mainly driven by the SSM subgroup. Considering these differences in the

context of SSMS’ task performance, which was better than ASMSs’ and compara-
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ble to SSFs’, and their subjective and endocrine stress response profiles, which were

more ’resilient’ than ASMSs’ and (statistically) the same as SSFSs’, we interpret our

present fMRI findings as suggesting that SSS were were better at exerting top-down

regulation of bottom-up emotional processes than ASSs, but had to more strongly

engage more self-referential processes and cognitive regulatory functions than SSFSs

in order to perform comparably on the task, perhaps because the stress component of

the MIST held more salience to them and made it more difficult to suppress their ini-

tial bias to preferentially attend to the anger-inducing characteristics of the situation

(recall that mOFG activation was inversely associated with a dose-dependent increase

in subjective anger in the entire sample combined).

Whether this exertion of greater effortful control to prevent their subjective anger

experience from becoming more pronounced and maintain focus on the central goal

of achieving ”at par” is ’excessive’, which would connote a defective cognitive control

neurocircuitry, is not entirely clear, and it is interesting that SSFSs substantially

deactivated the mOFG while still managing to perform comparably to SSMSs. We

would point out, though, that this pattern of fMRI response differences is immediately

reminiscent of a recent study by Smith et al. (2014), in which cocaine addicts and

regular recreational users (8 years) respectively activated and de-activated the OFG

in an emotionally challenging context (cocaine-related cues), with only the dependent

users being preferentially attentive to cocaine cues6 (Smith et al., 2014). The authors

went to suggest that decreased OFC activity in the recreationally using group possibly

indicated that they did not perceive drug-related cues to be as salient as did their

dependent counterparts, and hence their apparently less prevalent need to exert much

neural effort so as to disengage from the distracting drug stimuli (Smith et al., 2014).

As such, we postulate that the fMRI response differences between the SS sexes

allude to resilience on part of SSFSs against this form of stress manipulations, though

6attentional bias to drug-related cues has been linked to increased motivation to obtain the sub-
stance, as well as heightened emotional salience for these cues (Goldstein and Volkow, 2002; Field
and Cox, 2008; Smith et al., 2014).
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the generalizablity of this resiliency to other stressful situations that are not known

to evoke stronger reactivity in the male sex remains to be determined. Note that the

prospective association of mOFG activation in the context of the MIST and escalating

drinking was addressed in part 2 of our study and is discussed in section 4.3.

No differential hippocampal activation was detected. While we are unable

to definitively explain the absence of significant results with respect to the HC, espe-

cially in ASMSs who demonstrated the most pronounced stress responsiveness among

all subjects. Deactivation of this region, typically in association with dose-dependent

AUCi, has been a recurring theme across most studies incorporating the MIST (e.g,

Soliman et al. 2011; Lederbogen et al. 2011; Dedovic et al. 2009b,a; Pruessner et al.

2008; Khalili-Mahani et al. 2010; Grimm et al. 2014; Dagher et al. 2009; Albert et al.

2015; but see for exceptions Dedovic et al. 2013, 2014), and it has been argued that

this response per se reflects a specific type of stress response (for more information,

see section 1.10.2). Bearing in mind that methodological discrepancies between the

aforementioned studies and ours in terms of, among other variables, personality com-

position and sex-bias of ascertained sample), preclude direct comparability, it might be

speculated that while the MIST procedure was designed to instigate a specific type of

stress (i.e, subjective social evaluative threat), in certain individuals (e.g, AS persons)

it might (alternatively or additionally) instigate another that on a neural level is not

identically processed. It could alternatively be speculated that the same type of stress

is differentially processed in some individuals, AS persons being among them, with

the governing neuronal substrates not including the HC. A third possible scenario is

that the stress induced by the MIST in ASMSs was too mild and its induced increase

in cortisol secretion not significant enough for hippocampal deactivation to occur. If

true, the hippocampal activation which trended towards significance in this subgroup

could connote increased modulation of the HPAA to a relatively mild social stress,

thus indirectly confirming the regulatory function of the HC. (see Dedovic et al., 2013,
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2014). While the observable behaviors of ASSs, especially ASMSs pointed to fairly

high levels of anxiety and thus suggest that this scenario is perhaps unlikely, absent

inclusion of a group that is both AS- and SS- normative precludes our ability to rule

it out. Future research will need to sort out these and other alternative explanations

by systematically disentangling the aforementioned elements of the stressful situation

while also accounting for personality composition on internalizing and externalizing

dispositions and specific aspects thereof.

Alcohol decreased cortisol AUCi and increased activation of reward-re-

lated and emotion regulatory brain regions in ASSs, specifically ASMSs.

Our finding that in ASSs, specifically ASMSs, alcohol attenuated endocrine stress re-

activity, and enhanced the activation of the NAc, pgACC and mOFC to social stress

relative to placebo is generally consistent with our primary a priori hypothesis that to

the extent that ASSs are reactive to and tensely aroused by acute social stress under

placebo, alcohol would bring them relief from their stress and negative affect.

The decrease in HPAA activation to stress as a function of intoxication presumably

signifies our predicted SRD effects, the dissociation between the subjective and phys-

iological stress systems under alcohol notwithstanding. Prior research has found that

among FHP individuals, it was those who were high cortisol responders to acute stress

(when sober) that drank most (Brkic et al., 2015), and it was those same individuals

that were also most sensitive to alcohol’s sedative properties (Brkic et al. 2016; also

see Taylor et al. 1990; Croissant and Olbrich 2004; Hefner et al. 2013). These findings

plus ours, allude to negative reinforcement of drinking behavior via inhibition of stress

reactive cortisol production in individuals who are most physiologically reactive to

acute stress when sober, those being apparently high in internalizing traits and, by

virtue, highly susceptible to alcohol’s sedative properties. A similar results pattern

has emerged from studies of other anxiolytic drugs, such as heroin (Walter et al., 2013;

Gerber et al., 2012; Schmidt et al., 2014) and oxytocin (Heinrichs et al. 2003; Domes
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et al. 2007; Mitchell et al. 2015; Koch et al. 2015; Kanat et al. 2015; also see Miller

et al. 2015), and generally culminated in similar claims.

The mOFG and pgACC are, as detailed in sections 1.10.2 and 1.10.2 respectively,

both target regions for cortisol (Pruessner et al., 2010) and are key modulators of

limbic, especially AMYG responsiveness, particularly under conditions of stress and

negative affect (Diorio et al., 1993; M.L. et al., 2003; Pezawas et al., 2005; Eippert

et al., 2007; Pessoa, 2008; Canterberry and Gillath, 2013). Enhanced pgACC activ-

ity consistently coincides with attenuated intensity and unpleasantness of perceived

pain, social or physical (Bush et al., 2002; Bantick et al., 2002; Büchel et al., 1999;

Petrovic et al., 2002; Peyron et al., 1999; Ploghaus et al., 2001; Rainville et al., 1999;

Valet et al., 2004; Wager et al., 2004), which resonates with our observed inverse as-

sociation between this region’s activation and stress-induced increase in self-reported

negative affect under alcohol, particularly embarrassment. The mOFG also activates

in a dose-dependent association with perceived pain (e.g, Valet et al., 2004), though

it appears to play a particularly prominent role in provocation-based and/ or anger-

infused situations, often correspondingly with emotion regulatory success. Such is

consistent with the unique inverse association noted here between the mOFG activa-

tion and stress-induced increase in self-reported anger under alcohol. The NAc, on

the other hand, most consistently activates to rewards and their cues (Knutson et al.,

2001; Reynolds and Berridge, 2002; Schultz, 2004; Ernst et al., 2004; May et al., 2004;

Kelley, 2004; Ernst et al., 2005; Monk et al., 2008b; Alvarez, 2016; Collins et al., 2016;

Hikida et al., 2016; Braams et al., 2016), and its stimulation is known to attenuate

state anxiety (Sturm et al., 2003; Bewernick et al., 2010; Denys et al., 2010) and de-

pressed affect (Bewernick et al., 2010). Resultant euphoria (”high”) (Brunelle et al.,

2004) has also been frequently described, although typically in externalizing individu-

als, who consequently go on to show an acute increase in risk-taking behavior (Gilman

et al., 2012b). Based on the aforementioned regions’ respective functions and associ-

ation patterns with mood in the context of our investigation, their enhanced activity
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in our cohort of AS young men under alcohol intoxication relative to placebo may be

interpreted as reflecting, as does their decrease cortisol AUCi, the SRD effects of alco-

hol. Considered in the context of their improved task performance when intoxicated

relative to sober, a finding that was not necessarily expected, it is plausible that in

the aftermath of alcohol’s SRD effects, dissipation of bottom-up emotional responses

left available for ”grabbing” by the task itself as opposed to the social threat it poses,

hence the improved performance quality. (Fairbairn and Sayette, 2014, see).

This interpretation is speculative in its nature, and might perhaps, at first glance,

appear to be counter-intuitive on account of the well-recognized acutely disruptive

effects of alcohol on prefrontal functioning (Yuille and Tollestrup 1990; Lyvers and

Maltzman 1991; Peterson et al. 1990; Holloway 1995; Chermack and Giancola 1997;

Mulvihill et al. 1997; Eckardt et al. 1998; Finn et al. 1999; Easdon and Vogel-Sprott

2000; Dysart et al. 2002; Weissenborn and Duka 2003; Schreckenberger et al. 2004;

Calhoun et al. 2004; Benton et al. 2006; Schweizer et al. 2006; Mintzer 2007; Guillot

et al. 2010; Schreiber Compo et al. 2011; Heinz et al. 2011; Oorsouw and Merckelbach

2012; Hagsand et al. 2013; Harvey et al. 2013; Gorka et al. 2013; Colloff and Flowe

2016; recently reviewed in Weafer and Fillmore 2016). It however aligns well with a

previous neuroimaging report of potentially desirable effects of acute alcohol intoxica-

tion, at least temporarily, for certain individuals, because it decreases anxiety without

hindering cognitive performance (Trim et al., 2010), and resonates with findings sug-

gesting that in some instances, alcohol can have no effects, or even beneficial effects

on cognitive functions such as (see Mintzer and Griffiths, 2001; Colflesh and Wiley,

2013).

Interpreted this way, the present fMRI and endocrine findings, corroborate the

self-medication and tension-reduction models of alcohol use (Conger, 1956) and the

negative affect regulation pathway for AUDs development.
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Alcohol increased cortisol AUCi and deactivated emotion regulatory brain

regions in SSSs, especially SSMSs. Our finding that in SSSs, especially SSMSs,

alcohol stimulated the HPAA activation and deactivated the mOFG to acute social

stress relative to placebo is consistent with our initial prediction that the MIST pro-

cedure motivationally engages and holds salience to SSSs when sober, alcohol would

disinhibit their prefrontal functioning and up their physiological arousal level. The

increase in HPAA to stress as a function of intoxication purportedly confirms exactly

that. Though the effects of alcohol on the HPAA remain poorly characterized, if re-

peatedly documented Croissant and Olbrich 2004; Cobb and Thiel 1982; Elias et al.

1982; Rivier et al. 1984; Merry and Marks 1969; Dai et al. 2007; Välimäki et al. 1984;

Magrys et al. 2013; Brkic et al. 2015, and we are unaware of any previous studies

that have examined the effect of alcohol intoxication on the endocrine responding of

sensation-seekers or externalizing persons in general to acute stress, the general pat-

tern of the current endocrine finding lends support to the sensation-seeking hypothesis,

which predicts that inherent hypoarousal leads to the deliberate seeking-out of sub-

stances of abuse in order to increase arousal (see Goeders, 2003; Koob and Kreek, 2007;

Evans et al., 2016a). This finding additionally resonates with previous alcohol chal-

lenge studies finding that pre-stressor alcohol administration attenuated physiological

responsiveness to stress in FHN but not FHP individuals (Dai et al., 2002b, 2005,

2007), FHP persons known to frequently score high on measures of disinhibitory traits

including SS (see e.g, Peterson et al., 1996; Assaad et al., 2003). Unresolved, though,

is whether this stimulatory effect on HPAA activation corresponded to enhanced sen-

sations of stress in the aversive sense of the term. The absence of an association

between cortisol AUCi and self-related negative mood ratings under the alcohol con-

dition could be seen as arguing against an answer in the affirmative. Furthermore,

there are indications in the human and animal literatures that for certain subjects,

stimulation of the stress systems along with resultant increase in glucocorticoid se-

cretion could suggest that alcohol acted as an energizer and euphoriant (see Piazza
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et al. 1993; Deroche et al. 1993; Fahlke et al. 1994a,b, 1995, 1996; Fahlke and Hansen

1999; Lamblin and De Witte 1996; for reviews, see Miczek et al. 2008; Sinha 2008;

Cleck and Blendy 2008; Uhart and Wand 2009; Melis et al. 2009; Becker et al. 2011).

At the same time, a scenario whereby intoxication in the context of the MIST did

cause SSSs to feel more stressed, perhaps via frontal disinhibition, is not inconceivable

and, if indeed true, could buffer SS persons from resorting to alcohol under stressful

situations and thus explain why it is very unlikely that these individuals escalate in

drinking through the negative affect regulation pathway. This would also help explain

why it is that some studies of normal individuals have found alcohol to produce, as

opposed to reduce, anxiety (e.g, Cappell, 1987; Pohorecky, 1991), and stress to predict

voluntary alcohol consumption only in certain (e.g, highly anxious) individuals (e.g,

Magrys and Olmstead, 2015).

The mOFG deactivation that evinced in this group as a function of intoxication

is consistent with our aforementioned postulations, as does our anecdotal observation

that under the influence of alcohol, sensation-seekers (but not ASSs), especially males

became noticeably more hostile and antagonistic towards the confederates, relative to

placebo (see Coccaro et al., 2009; Böhnke et al., 2010b; Bertsch et al., 2011).

Considering this change in fMRI response alongside the worsened performance

quality and increased cortisol AUC, and then juxtaposing those to the enhanced mOFG

activity, improved performance and decreased cortisol AUC that evinced in ASMSs

under alcohol relative to placebo, we are tempted to conclude that it was these di-

ametrically opposing response changes in mOFG activity largely contributed to the

aforementioned paradoxical patterns of change in task performance and endocrine re-

sponding, although we cannot definitively prove causation. Through its deactivation

of the mOFG, bilaterally, alcohol might have led the higher-order cognitive facul-

ties of SSMSs to lay dormant, thus hindering their capacity to regulate emotion and

to inhibit automatic and inappropriate behaviors and properly contain their height-

ened level of state arousal in order to maintain goal-focused behavior in a cognitively
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demanding situations involving the pressure of time and negative psychosocial evalu-

ation. That, perhaps in combination with an unsettling sense of uncontrollability and

alcohol-induced propensity for hostile attribution biases might could have led them

to feel angry and stressed (see Luna et al., 2004; Luijten et al., 2014). Poorer perfor-

mance and greater endocrine responsiveness (relative to placebo) might have occurred

in the aftermath of this. While speculative in its nature, and other readings of our

findings are certainly possible, this proposition is supported by our observation that

in the entire sample, combined, deactivation of the mOFG to acute social stress was

associated with a dose-dependent increase in (1) stress-related anger self-ratings; (2)

the rate of incorrect responses to math problems; and (3) cortisol AUCi, the correl-

ative nature of these associations notwithstanding. This explanation also fits nicely

within a literature suggesting that stress-induced anger in the context of the MIST

dose-dependently can impair performance in healthy adults (Kazén et al. 2012; also

see Nater et al. 2007; Okon-Singer et al. 2016), provoke aggression in healthy individ-

uals positively correlates with reactive cortisol production (Gerra et al. 2007; Böhnke

et al. 2010b; also see Böhnke et al. 2010a); (2) the OFC may be more responsive to

stimuli signaling anger than other emotions (Murphy et al., 2003); (3) alcohol might

more robustly effect the response of the OFC to signals of anger relative to other emo-

tions (Gorka et al., 2013); and (4) that in externalizing individuals, alcohol primarily

acts by targeting and disrupting higher-order frontocortical functions and impairing

top–down, strategic processing, thereby producing disinhibition (de Wit et al., 2000;

Marczinski et al., 2005; Marinkovic et al., 2012) and hampering goal-directed action

(Marinkovic et al., 2012).

Being that the vital role of mOFG in down-regulating reactive aggression has

been recognized for decades (Ohira et al. 2006; Muehlberger 1957; McDonald 1991;

Anderson et al. 1999; Blair et al. 1999; Davidson et al. 2000; Rule et al. 2002; Izquierdo

et al. 2005; Coccaro et al. 2007; Marsh et al. 2008; Jones et al. 2009; Fabiansson et al.

2012; Márquez et al. 2013; Attwood and Munafò 2014,?; Gilam and Hendler 2015;
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Shiba et al. 2016; Sierra et al. 2016), our findings of the opposite patterns of alcohol-

induced change in mOFG response to stress in the personality groups suggest that the

susceptibility of this regulatory region to the acute effects of alcohol might be limited

to a specific subset of individuals, those including sensation-seekers, especially male

sensation-seekers. This premise is highly consistent with extensive evidence for the

unique susceptibility of individuals bearing a certain risk profile to alcohol-heightened

aggression, (LeMarquand et al. 1999; Pihl and Sutton 2009; Heinz et al. 2011; also see

Perna et al. 2016), with the list of risk factors including high trait SS scores (Cheong

and Nagoshi, 1999; Jonah et al., 2001; Heinrichs et al., 2003; Pihl and Sutton, 2009),

male sex (Giancola and Zeichner, 1995; Pihl and Sutton, 2009; Giancola et al., 2009;

Wiley, 2014), older adolescence and young adulthood age (Pihl and Sutton, 2009),

enhancement drinking motives (Assaad et al., 2006; Pihl and Sutton, 2009; Mihic

et al., 2009), with situational features, such as provocation (Giancola et al., 2002;

Taylor et al., 1979), threat (Taylor et al., 1976; Gallagher et al., 2014) and social

pressure (Taylor and Sears, 1988; Pihl and Sutton, 2009) likely interacting with all of

the above to instigate or exacerbate alcohol-related aggression (Pihl and Sutton, 2009;

Heinz et al., 2011).

This behavioral tendency has been interestingly noted by numerous research groups

under nondrug conditions in pathologically aggressive populations (e.g, intermittent

explosive-, conduct- and antisocial personality- disordered individuals; Matthews and

Norris, 2002; Helfritz-Sinville and Stanford, 2014, 2015; McCloskey et al., 2016), along-

side (particularly medial) orbitofrontal hypothactivity during the processing of effec-

tively salient negative stimuli/ in contexts of acute emotional challenges (e.g, Herpertz

et al., 2001; Donegan et al., 2003; Dougherty et al., 2004; Schmahl et al., 2004; Blair,

2008; Schulze et al., 2011; Huang et al., 2014; Herpers et al., 2014), among other irreg-

ularities in this region (Davidson et al., 2000; Pol et al., 2001; Blair, 2003b; van Elst

et al., 2003; Coccaro et al., 2007; Passamonti et al., 2012). Thus, blunted OFC acti-

vation in SSMSs may contribute to many of the well-known dysregulated emotional
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and behavioral consequences of alcohol use including increased risk-taking (Morris and

Albery, 2001; Burian et al., 2002), aggression (Hull and Bond, 1986; Bushman and

Cooper, 1990; Ito et al., 1996; Chermack and Giancola, 1997; Parrott and Giancola,

2004; Heinz et al., 2011; Gan et al., 2015). and impaired inhibitory control (de Wit

et al., 2000; Marczinski et al., 2005; Euser and Franken, 2012), angry driving, sex-

ual risk-taking (Halpern-Felsher et al., 1996; George and Stoner, 2000), driving while

drunk and the risk of automobile accidents (Koelega, 1995), all of which outcomes

that we know are more prone to manifest themselves in SS under alcohol than those

who score low in this trait and the broader externalizing construct.

Left unresolved in the present study is whether SSSs, particularly SSMSs, recruited

the mOFG and other prefrontal regions to excess when sober, resulting in alcohol

intoxication functioning as a de facto ’downer’ for an overworked/ fatigued prefrontal

functioning system that is is challenged too frequently or too heavily. As is the case

with just about everything, more prefrontal activity is not always better and can

sometimes be bad, if still temporarily adaptive (”too much of anything will eventually

suppress something”; Chester et al., 2016).

Finally, our finding of no alcohol-produced change in accumbal activation in either

of the SS subgroups was not surprising. Even though findings of studies examining

altered activation within the NAc in high risk persons (e.g, FHP, high trait SS scores)

have reported inconsistent and frequently contradictory finding (for more details, see

section 1.9.1.2), the picture emerging from the literature seems to suggest that com-

paratively weaker NAc activity to reward (e.g, monetary) and/ or its anticipation in

high-risk persons might reflect a resilience mechanism (e.g, no personal history of alco-

hol misuse; Andrews et al. 2011; Yau et al. 2012), as the opposite phenotype (enhanced

NAc activity) might specifically mark problem drinker FHP individuals (Yau et al.,

2012), and has been described in association with a dose-dependent increase in exter-

nalizing symptom severity and lifetime drinking (Yau et al. 2012; also see Lopez et al.

2014; Cservenka 2016), a propensity for self-dyscontrol (Lopez et al., 2014) and sub-
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sequent escalating drinking (Dager et al., 2014). Based on this and the fact that our

subjects were high-functioning and relatively intelligent university students, increased

NAc activation by alcohol would have falsified our working hypothesis.

Summary. The MIST procedure (Dedovic et al., 2005) was upsetting to and in-

creased subjective anger in the entire sample. However, it only elicited an increase

in stress reactive cortisol production in ASSs, and effect that was mainly driven by

ASMSs and apparently piggyback on the amplified subjective experience of embarrass-

ment. Neural activation patterns in response to the ”stress versus nonstress” contrast

indicated that SS compared with AS subjects were more energetically aroused and mo-

tivationally engaged, and less emotionally involved and subjectively threatened, which

appears to have contributed to their comparatively better task performance outcome.

The motivational values of the task was greater to male than female subjects, irrespec-

tive of personality profile. Further, SSMSs more strongly engaged regulatory processes

than SSFSs, likely a result of the greater salience held by said task to them.

Alcohol challenge altered the endocrine and neural responses to stress in both per-

sonality groups. These effects were more significant or only significant in the male

subjects and diametrically opposing: alcohol relative to placebo dampened HPAA

activation of ASSs, specifically ASMSs, to stress while enhancing the activity of cog-

nitive regulatory brain brain regions and their performance on the task. The opposite

of exactly that was the case for SSSs, especially SSMSs. Such outcomes are likely in-

dicative of the alcohol-induced calming and stress-dampening effects on the AS group,

and energizing and stimulating, and maybe stress-promoting effects on the SS group.

The pattern of the aforementioned findings is consistent with the two alternative

pathways for AUDs development, namely negative affect dysregulation and disinhibi-

tion (Victorio-Estrada et al., 1996; Verheul et al., 1999; Colder and O’Connor, 2002;

Sher et al., 2005; Stewart and Pihl, 1994; Stewart et al., 1999; Stewart and Kushner,

2001; Conrod et al., 1998; MacDonald et al., 2000a; Hussong et al., 2011; Zucker et al.,
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2011).

The starkly different effects of alcohol on stress reactivity as a function of per-

sonality profile, and the dependency of the extent of those effect on sex, help explain

the inconsistencies and even contradictions within the literature on the acute effects

of alcohol intoxication on anxiety/ stress (see Cappell and Herman, 1972; Cappell,

1987; Hodoson et al., 1979; Pohorecky, 1991; Sayette, 1999; Thomas et al., 2012; Lev-

enson, 1980; Borrill et al., 1987; Sayette et al., 1992; Cooper et al., 1995; Khantzian,

1997; Kushner et al., 1996; Baker et al., 2004; Sher et al., 2007; Stevens et al., 2008,

2009; Moberg and Curtin, 2009; Hefner and Curtin, 2012; Hefner et al., 2016) and

on risk taking behavior (see Teger et al., 1969; Dougherty et al., 1999; Lane et al.,

2004; George et al., 2005; Gilman et al., 2012b; Meier et al., 1996; Richards et al.,

1999; Breslin et al., 1999; Ortner et al., 2003; Dougherty et al., 2008). Future studies

incorporating the MIST or comparable forms of stress paradigms are thus strongly

encouraged to personality profile their subjects a priori and be sufficiently powered

to detect possible interactions with sex.

Though not necessarily generalizable to other forms of stress, the aforementioned

findings may serve as a significant initial step in the elucidation of the neurobiological

substrates governing the contrasting risk trajectories of AUDs in AS and SS persons

and more generally, persons who drink to sedate and self-medicate, and those who do

so to excite and stimulate.

4.3 Follow-up Assessment

The current work examined whether the neural response to differentially aversive ma-

terial as a function of personality profile predicted follow-up drug-use patterns among

university students, and, if so, whether or not this predictive power was above and

beyond other measured risk factors. Subjects performed the FEPT and MIST in

the MRI scanner at age 18-20, when they were all social drinkers and up until then,
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psychopathology-free (’baseline’). A follow-up assessment of mental health and drug

use status was performed 2-3 years later, thus capturing the time window of greater

propensity for alcohol misuse (Fillmore et al., 1991; Naimi et al., 2003; Hasin et al.,

2007; Abuse, 2012; Organization, 2012; Merikangas and McClair, 2012; Sathe et al.,

2013; Paksarian et al., 2016) and co-occurring psychopathologies (e.g, anxiety disor-

ders; de Lijster et al., 2016). Accordingly, each personality group further subdivided

into two subgroups: ’TRAs’ (those who came to misuse either or both alcohol and il-

licit drugs) or ’non-TRAs’ (those who consistently remained social drinkers and casual

illicit drug users).

We had initially hypothesized, based on previous findings (Paulus and Stein, 2006;

Stein et al., 2007b; Killgore et al., 2011; Smith et al., 2014; Hardee et al., 2014) that

AS ’TRAs’ compared with ’non-TRAs’ would be those whose AMYG and aINS are

most pronouncedly reactive to presentions of aversive, especially immediately threat-

ening (fearful) versus neutral faces under placebo and most substantially deactivated

by alcohol, relative to placebo. We also predicted, albeit tentatively, that SS ’TRAs’

compared with ’non-TRAs’ would be those whose mOFG shows the strongest activa-

tion to acute psychosocial stress (MIST) under placebo and deactivation by alcohol,

relative to placebo. Lastly, we predicted that the predictive power of said neural phe-

notypes would be above and beyond other measured risk factors and response profiles.

The findings of our functional ROIs analyses, all covarying for familial AUDs and

sex, partially confirmed the aforementioned predictions: there was a condition × per-

sonality risk profile × drug use status interaction effect on the activation of the AMYG

and mOFG in the context of, respectively, the FEPT (”aversive versus neural face”

contrast) and MIST (”stress versus nonstress” contrast), whereas results for the aINS

were insignificant. The 3-way interaction effect on the AMYG was mainly driven

by the AS ’TRAs’, whose bilateral AMYG activation to threatening (versus neutral)

faces was most pronounced under placebo and most substantially dampened by alco-

hol, relative to placebo, thus creating a starkly sharp contrast between their AMYG
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response in the alcohol and placebo sessions. AMYG BOLD response contrasts be-

tween the two testing sessions in both SS subgroups. The 3-way interaction effect

on the mOFG activity, on the hand, was mainly driven by the SS ’TRAs’. These

subjects substantially activated in the mOFG to acute social stress when sober and

deactivated it when alcohol intoxicated, contrarily to SS ’non-TRAs’, who comparably

deactivated the mOFG in the two testing sessions.The mOFG BOLD response con-

trasts with placebo compared to alcohol were diminished in ASSs regardless of drug

use status at follow-up.

Our prediction that that neural responsiveness to the anxiety-evoking tasks prospec-

tively predicted escalating use above and beyond other measured risk factors and re-

sponse profiles was also confirmed: ’TRAs’ were (statistically) indistinguishable from

their same-personality ’non-transitioner’ counterparts based on their self-reported age

at drinking and illicit drug use onset, alcohol and other drug use habits at study entry,

scores on personality measures of traits SS, AS, sensitivity to reward and punishment,

self-esteem and perceived self-efficacy, or developmental experiences (i.e, childhood

trauma and early-life parental bonding). Further, none of the behavioral, subjective

and endocrine responses in the context of either the FEPT or the MIST showed signif-

icant personality risk profile × drug use status or condition × personality risk profile

× drug use status interaction effects. =

The current fMRI results are preliminary and must be considered very tentative

pending replication. With that in mind, they resonate with the extensively debated

roles of the AMYG and OFG dysfunction and dysmorphology in the context of alco-

hol and illicit drug abuse (AMYG: Wrase et al. 2008; Zhang et al. 2013; Dager et al.

2015; Hill et al. 2001, 2010, 2013; Benegal et al. 2007; Dager et al. 2015; OFC: Ersche

et al. 2013a; Smith et al. 2014; for a review, see Fishbein et al. 2016b; detailed in

sections 1.9.2.2 and 1.9.2.2, respectively). More specifically, these results additionally

augment a growing, if still small, body of literature demonstrating prospective associ-

ations between neurofunctional alterations during cognitive and/ or emotionally chal-
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lenging paradigms and escalating drinking, absent observable behavioral differences

(Norman et al. 2011; Squeglia et al. 2012b; Mahmood et al. 2013; Cservenka et al.

2013; Wetherill et al. 2013b,a; Heitzeg et al. 2014a,b; Whelan et al. 2014; Dager et al.

2014; Ramage et al. 2015; reviewed in Heitzeg et al. 2015; Cservenka 2016; Squeglia

et al. 2016). In particular, our results corroborate the Nikolova studies, in which two

distinct neurofunctional risk profiles for alcohol misuse were delineated in university

undergraduates during emotional face processing, one in which reduced threat-related

AMYG (and relatively enhanced reward-related VS activity) predicted escalating use

via impulsivity, and another where heightened AMYG (and diminished reward-related

VS activity) predicted the clinical outcome via anxious/ depressive symptomatology

(Nikolova and Hariri, 2012; Nikolova et al., 2016). These findings plus ours recapitu-

late the existence of two alternative risk pathways for escalation intro AUDs: negative

affect dysregulation and behavioral disinhibition.

As detailed in previous sections, the AMYG is known as the epicenter of the ”de-

fensive survival circuit” (LeDoux, 1996; Ledoux, 2002; LeDoux, 2012, 2013, 2014a,b,b,

2015). It causally promotes aversive affect (Shackman et al., 2016a), and its hyperac-

tivation to signals of threat connoting hypervigilance and difficulty disengaging from

aversive stimuli, prospectively predicts of the development of internalizing symptoms

(Swartz et al., 2015), and has been a ubiquitous findings in the human neuroimag-

ing literature on clinical (Stein et al., 2002; Wright et al., 2003; Straube et al., 2004;

Schienle et al., 2005b; Armony et al., 2005; Sakai et al., 2005; Phan et al., 2006;

Straube et al., 2007b; Rauch et al., 2000; Whalen et al., 2008; Blair et al., 2008; Evans

et al., 2008; Shah and Angstadt, 2009; Klucken et al., 2009; Kleinhans et al., 2010;

Freitas-Ferrari et al., 2010; Fonzo et al., 2010, 2015; Ottaviani et al., 2012; Fredrikson

and Faria, 2012; Demenescu et al., 2013; Fouche et al., 2013; Via et al., 2014; Brühl

et al., 2014; Binelli et al., 2014; Mahabir et al., 2015; Poletti et al., 2015; Blair et al.,

2016; Charpentier et al., 2016; Rabellino et al., 2016; Weidt et al., 2016; Nikolova

et al., 2016) and subclinical (Etkin et al., 2004; Bertolino et al., 2005; Phan et al.,
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2006; Rauch et al., 2000; Stein et al., 2007b; Haas et al., 2007; Paulus, 2008; Killgore

and Yurgelun-Todd, 2005; Killgore et al., 2011; Barrett and Armony, 2009; Ball et al.,

2012; Shackman et al., 2013) anxiety (reviewed in Etkin and Wager 2007; Brooks and

Stein 2015; Taylor and Whalen 2015; Britton and Rauch 2008; Shin and Liberzon

2010; Holzschneider and Mulert 2011; Blackford and Pine 2012; Paulus 2008; Schienle

et al. 2010; Mochcovitch et al. 2014; Brühl et al. 2014; Stern and Taylor 2014; Bas-

Hoogendam et al. 2016; Habecker et al. 2016; Ducharme et al. 2016; Hendler and

Admon 2016; for more information, see sections 1.10.1).

Multiple strands of evidence have converged on the claim that it is precisely by

dampening the threat-related activation of this region and/ or the regions heavily

interconnected with it (e.g, aINS) that alcohol exerts its anxiolytic and SRD effects in

humans (Gilman et al., 2008, 2012a; Sripada et al., 2011; Padula et al., 2011; Gorka

et al., 2013) and animals (Allan et al., 1987; Möller et al., 1997; Spanagel et al., 1995;

Hyytiä and Koob, 1995; Buck, 1996; Sommer et al., 2001; McBride, 2002; Koob, 2004;

Nie et al., 2004, 2009; Roberto et al., 2003, 2004; Criswell and Breese, 2005; Paulus

et al., 2005; Pandey et al., 2006; Arce et al., 2006; Zhu and Lovinger, 2006; Weiner

and Valenzuela, 2006; Silberman et al., 2008, 2009; Kumar et al., 2009).

Our observation that the most pronounced threat-related AMYG activation under

placebo and deactivation by alcohol relative to placebo evinced in AS ’TRAs’, reinforce

prior studies suggesting that it is in people who are victims of fear (e.g, high in AS, IU

and SA) where alcohol’s negatively reinforcing effects are most pronounced, and it is

these particularly pronounced of effects, suggestive of having more to gain by procuring

alcohol under stress, that predict escalating drinking in these individuals (Levenson,

1980; Sher, 1987; Stewart and Pihl, 1994; Stewart and Zeitlin, 1995; Stewart, 1996;

Stewart et al., 1997b, 1999; Stewart and Kushner, 2001; Stewart et al., 2002; Cooper

et al., 1995; Conrod et al., 1998; Maisto et al., 1999; MacDonald et al., 2000a; Schroder

and Perrine, 2007; Hefner et al., 2013). It is of note, in this context, that numerous

neuroimaging studies of patients with anxious (or depressive) psychopathologies have
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shown symptom improvement post-CBT (cognitive behavioral treatment) to be in-

versely associated with pre-CBT threat-related AMYG activation (e.g, McClure et al.

2007; Bryant et al. 2008; Szczepanik et al. 2016; also see (Whitfield-Gabrieli et al.,

2015; Kujawa et al., 2015); for reviews, see Shin et al. 2013; Brooks and Stein 2015;

Mason et al. 2016; Lueken and Hahn 2016; Lueken et al. 2016). The same association

has been documented in anxiety-disordered patients who underwent selective sero-

tonin reuptake inhibitor treatment (Bunford et al. 2016; also see Gingnell et al. 2016).

Relatedly, more than 85% and 35% of our cohort of AS ’TRAs’ had developed sub-

threshold symptoms of or a fully-blown anxiety disorder and major depression(versus

30% and 10% of AS ’non-TRAs’) at follow-up (see Nikolova et al. 2016, for a similar

observation).

That the predictive power of the AMYG was not applicable to the aINS was not

entirely unexpected, though it did falsify our working hypothesis. Extensive evidence

has implicated the aINS, which instantiates introceptive processes (Critchley et al.,

2002, 2004; Craig, 2002, 2009; Gray et al., 2007), in the motivation to use and misuse

substances of abuse (particularly in contexts that tap the BAS or BIS; Naqvi et al.,

2007; Naqvi and Bechara, 2009, 2010; Verdejo-Garcia et al., 2012; Paulus and Stew-

art, 2014; Belin-Rauscent et al., 2016), and threat-related aINS hyperactivity been a

recurring theme across neuroimaging investigations of the anxiety-disordered (Etkin

and Wager, 2007; Poletti et al., 2015) and anxiety-prone (Stein et al., 2007b; Simmons

et al., 2008b; Killgore et al., 2011; Ball et al., 2012). Several research groups have ad-

ditionally gone to suggest the that aINS is particularly pertinent to the AS phenotype

(Paulus and Stein 2006; Stein et al. 2007b; Killgore and Yurgelun-Todd 2001; Poletti

et al. 2015; although see Ball et al. 2012; Harrison et al. 2015). Notwithstanding the

previously mentioned information, and considering that AS scores in our cohorts of AS

individuals bore a dose-dependent association with the BOLD activation of the threat-

related AMYG, but not the aINS (nor the vACC, for that matter) under placebo, it is

entirely conceivable that out of the regions that anchor the ”defensive survival circuit”
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(LeDoux, 2015, p. 44), only the AMYG is powerful enough to capture those otherwise

undetectable subtle inter-individual differences in threat sensitivity that ultimately

”pull the trigger” on certain AS persons. The substantiated notion that the AMYG

more reliably predicts threat and discriminates between appetitive and aversive stim-

uli than any other brain region (Ferguson and Bargh 2004; Costafreda et al. 2008;

Satpute et al. 2015; Lindquist et al. 2012b, 2016; although see Sabatinelli et al. 2011;

Kang et al. 2016), which hints at ”negativity bias” (see Cunningham et al., 2008;

Stillman et al., 2015; Meder et al., 2016), makes this scenario particularly appealing.

We are aware of the recent fMRI work of Schuckit et al. (2016), demonstrating a

prospective association between the greater aINS activation to emotional faces and

escalating drinking 5-years later in young adults. Such finding might, at first glance,

appear at odds with our null result, but it is important to note that subjects in that

study were not personality profiled, a priori or a posteriori, and in fact, those who

displayed the overactive aINS phenotype were also hyposensitive to alcohol’s sedative

properties and, therefore most likely externalizing individuals (Schuckit et al., 2016;

Quinn and Fromme, 2016). Understood in this context, the predictive power ascribed

to the aINS in the Schuckit study is consistent with the documented effects of this

region on ’downstream’ structures such as NAc and striatum (Cho et al., 2013b; Gold-

stein et al., 2009), those being consistently responsive to reward cues (Kirsch et al.,

2003; O’Doherty et al., 2004; Phelps and LeDoux, 2005; Balleine et al., 2007; Valentin

and O’Doherty, 2009; Delgado et al., 2011; Lewis et al., 2014), and differentially so in

those with a precursive externalizing risk profile (Andrews et al. 2011; Yau et al. 2012;

Oberlin et al. 2013; reviewed in Heitzeg et al. 2015; Cservenka 2016).

Switching gears to the mOFG, of which activation in the context of a performance-

based acute psychosocial stressor predicted escalating drug use, this region, as detailed

in section 1.10.2, participates in negative affect down-regulation (through its dense

inhibitory projections to the AMYG), and is particularly critical in the suppression of

outward expression of affective dyscontrol (e.g, reactive aggression; Blair 2001; Coccaro
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et al. 2007; Goldstein and Volkow 2011; Motzkin et al. 2015; Amodeo et al. 2016; Angus

et al. 2016). Failures in this system (e.g, hypoactivity) in anger-infused situations (e.g,

presentions of angry faces) has been a recurring them across studies of pathologically

aggressive populations (e.g, individuals with intermittent explosive disorder) - that is,

populations bearing the externalizing pathway for disordered drinking (e.g, Pol et al.

2001; Blair 2003b; van Elst et al. 2003; Herpertz et al. 2001; Donegan et al. 2003;

Dougherty et al. 2004; Schmahl et al. 2004; Blair 2008; Schulze et al. 2011; Huang

et al. 2014; Herpers et al. 2014; reviewed in Davidson et al. 2000). Interestingly

it is externalizing individuals who are particularly prone to displaying heightened

aggression in the context of experimentally-induced psychosocial stress (Twenge et al.,

2001; Leary et al., 2006; DeWall and Bushman, 2011; Chester et al., 2013; Riva et al.,

2014; Chester and DeWall, 2015; Achterberg et al., 2016), when alcohol-challenged

(especially if then provoked), as they appear to be highly susceptible alcohol-induced

frontal disinhibition and consequent taxation of self-control resources (Conrod et al.,

1998) resonates with other reports of alcohol-induced frontal disinhibition.

Hence, and as an inverse mOFG-anger association was observed in the present

study in both testing sessions, we tentatively theorize that the mOFG activity under

performance-based emotionally ”heated” conditions may provide a unique mechanism

to single out the most vulnerable individuals in a group of otherwise behaviorally

homogeneous sensation-seekers. In detail, it seems as though the more ’vulnerable’

SS individuals are required to allocate more cognitive ”neural resources” to evade

improper enactment of approach behavior in the service of persistent goal-focused be-

havior, relative to those who are more resilient. From the perspective of typical brain

development, as the cognitive control neurocircuitry matures (e.g, become functionally

specialized and its anatomical interconnections more refined, efficient and optimized;

Giedd 2004; Rubia et al. 2006; Luna et al. 2010; Lebel and Beaulieu 2011; Lebel et al.

2012a; Jacobus and Tapert 2013; Dubois et al. 2014; Giedd and Denker 2015), its

components (e.g, middle frontal gyrus) come to decreases their activation during suc-



291

cessful response inhibition (Hardee et al., 2014). Based on this, a neurofunctional

irregularity of the sort displayed by our cohort of SS ’TRAs’ might signifies a per-

turbed development of said neurocircuitry and a resultant compensatory mechanisms

whereby suppressing inappropriate automatic response instigated in cognitively de-

manding situations necessitate the overworking of the brain’s regulatory systems (e.g,

Hardee et al. 2014; reviewed in Heitzeg et al. 2015; Cservenka 2016). Indeed, the

same or similar pattern of aberration has been previously documented in unnecessar-

ily drug-using OOA in effortful contexts (e.g, Go/no-Go task) despite comparable task

performance to matched low-risk controls (e.g, Heitzeg et al. 2010; Silveri et al. 2011;

DeVito et al. 2013; Acheson et al. 2014; Hardee et al. 2014), with extant indications

of specificity of said deficit to OOA who classify as ’vulnerable’ as opposed to resilient

(e.g, Heitzeg et al. 2010; reviewed in Heitzeg et al. 2015; Cservenka 2016; for more

details, see section 1.9.1.1). Overtime, repeated aggravation of the brain’s impulse

control networks could cause them to become ’fatigued’, and in the aftermath of that,

a host of psychopathologies not the last of which is disordered drug use might come to

manifest (”too much of anything will eventually suppress something”; see Bocanegra

and Hommel, 2014; Chester and DeWall, 2014; Chester et al., 2016). More to the point,

Smith et al. (2014) found that in response to drug-related cues (1) cocaine-abusing

young adults showed enhanced attentional bias7 (words), whereas healthy non-using

controls did not, nor did regular recreational cocaine users (8 years); and (2) relative

to both the disordered users and healthy controls, recreational users substantially de-

activated the OFC. Contrarily, the disordered users activated it. These findings were

interpreted by the authors as reflecting a resiliency mechanism on part of the recre-

ational users using group that ostensibly underpins the intrinsic difference between

their stimulant-taking habits and the the disordered users’ (Smith et al., 2014).

Left unresolved in the current study, however, is what accounts for the seemingly

7Substance-related attentional bias has been related to enhanced motivation to procure the drug,
and promoted affective salience for these cues (Goldstein and Volkow, 2002; Field and Cox, 2008;
Smith et al., 2014).
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excessive mOFG activation exhibited by the SS ’TRAs’ under placebo. In the pre-

viously discussed study by Smith et al. (2014), both the recreational and disordered

stimulant user groups were high on SS, but only the latter was highly impulsive as

well (Smith et al., 2014). As assessed using the SURPS, our entire sample was, at

study entry, non-impulsive (high impulsivity scores was an exclusion criterion). Fur-

thermore, in the previously cited Heitzeg study, the ’vulnerable’ FHP persons who

exhibited said neural risk profile had a personal history of alcohol misuse (Heitzeg

et al., 2010). Relatedly, self-rated cocaine craving has been linked to increased OFC

activation to drug-related cues in dependent users (Bendriem et al., 1991; Grant et al.,

1996; Wang et al., 1999; London et al., 2000; Smith et al., 2014). To our knowledge,

all of our subjects were, as self-reported at time of initial testing, social drinkers who

never before problematically used alcohol or other drugs. Barring misreporting or

underreporting of impulsivity or prior experience with drugs, we are unable to iden-

tify the source of the substantial mOFG activation that was displayed by SS ’TRAs’

and prospectively predicted escalating use. One possibility is that this irregularity

predated their exposure to drugs (i.e, genetic) and stemmed from some unforeseen

variable (or a combination of variables) that we did not assess for, and that mean-

ingfully differed between these individuals and their SS counterparts who consistently

remained casual users. Another possibility is that the trajectory of brain development

in some of our SSSs was stunted by some sort of exogenous insult(s) that ultimately

led them, to escalate in drinking. Risky drug use, if still non-abusive in its nature,

would be an exemplar. The pattern and type of drug-use during teen years might have

differed between our SS subgroups in a way that our questionnaires failed to capture,

and these variations could have still been within the norm. Alternatively both groups

could have had comparable experiences with drugs at the time, but were differentially

affected by them, perhaps for reasons that have to do with genetic make-up and could

very well be sex-specific (recall that our SS ’transitioner’ males outnumbered females

six to one, and the male sex is, in its own right, a risk factor for alcohol-induced
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aggression; Pihl and Sutton 2009). Future research will need to sort these and other

alternative explanations. Additional studies that follows these cohorts for extended

period of time will also be important to clarify whether SSFs might be more ’resilient’

to AUDs than SSMs who score comparably on trait SS measures, or whether their

risk trajectory is more protracted such that they tend to develop the condition at

a relatively older age, for reasons dependent on or independent from sex. Notably,

SSFs remain an understudied population, in the neuroimaging and non-neuroimaging

literatures alike.

The juxtaposition of our prospective findings with respect to the AMYG and

mOFG is both interesting and revealing, if for the fact that these two emotion-

subserving regions differ in terms of typical developmental trajectory and phyloge-

netic status, and their dysfunction was captured using aversive tasks that distinctly

differed in both form and affect. To elaborate, the AMYG constitutes a phylogeneti-

cally archaic danger-recognition system that is evolutionarily older any other (LeDoux

1998b, 2015; Tillfors et al. 2001; Waraczynski 2016; Méndez-Bértolo et al. 2016; also

see Madarasz et al. 2016), and of which the development in the typically developing

brain predominate others’, largely completing during the first year of life (Sowell et al.,

2003; Gogtay et al., 2004; Ernst et al., 2005; Galvan et al., 2006; Hare et al., 2008;

Powers and Casey, 2015). It is the dysfunction of this system that predicted escala-

tion in AS, and it is the FEPT that captured this dysfunction. By comparison, the

OFG is a younger system (though still much older than the rest of the PFC; Tillfors

et al. 2001; Kringelbach and Rolls 2004). Its typical developmental trajectory is most

dramatic in adolescence and is, relative to the AMYG, protracted (Chambers et al.,

2003; Gogtay et al., 2004; Toga et al., 2006; Hare et al., 2008; Casey et al., 2008;

Luna et al., 2010; Koob and Volkow, 2010; Stiles and Jernigan, 2010; Sturman and

Moghaddam, 2011; Mills et al., 2014; Dean et al., 2015). It is the aberrant functioning

of the OFG that predicted escalation in SSSs and it is the MIST that successfully

captured this irregularity. From the standpoint of neurodevelopmental pathology, the
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discussion here is really of two distinct personality groups that share their arrested

neurodevelopment, with the differences being in the how and when.

It is important to point out that the portion of the variance in predicting their

alcohol-related ’career’ in the current study was modest (similar to other prospective

studies; e.g, Schuckit et al. 2016), meaning neither of these neural phenotypes could

have been both requisite and sufficient to ”pull the trigger”. Such outcomes reinforces

prior research illustrating the relevance of a constellation of genetic and non-genetic

(e.g, environmental) factors in the genesis of problem alcohol use (Schuckit, 2014).

Also, recognize that our study design prohibits making causal inferences (see Moffitt,

2005; Jaffee et al., 2012; Young, 2016; Pingault et al., 2016). The possibility that the

prospective associations we identified might be reverse, bidirectional or accounted for

by some unknown ”third” variable (e.g, environmental stress) was not systematically

addressed here and thus cannot be precluded (see Moffitt 2005; Jaffee et al. 2012).

That is to say, we cannot definitively attest as to whether the prospective associations

demonstrated here are causal, or like AUD itself, consequential to the true case and

so at best, what we offer is a warm gun but non-smoking, so to speak.

Based on the above, the AMYG and mOFC hyperactivation to certain types of

aversive stimuli under nondrug conditions, in combination with their hypoactivation

to such stimuli under alcohol, might be very tentatively regarded as endophenotypic

markers that could transcend conventionally defined diagnoses.

4.4 Strengths and Limitations

Perhaps the most important strength of the work presented herein is the use of a

personality profiled sample of at-risk young adults who, up until and including time of

initial testing, were psychopathology-free and never before drank heavily or excessively

on regular bases. This precluded possible contamination of our results by aftermath

of syndromal psychiatric manifestations. Additionally, the inclusion of a prospective
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analyses bypasses the caveats inherent to cross-sectional data.

Other strengths are notable, as follows: (1) inclusion of a repeated-measure, double-

blind, counter-balanced, placebo-controlled design, which allowed that subjects serve

as their own controls; (2) use of a well-characterized anxiety-evoking tasks; (3) ad-

ministration of multiple measures of stress to characterize different parameters of the

stress response as well as with ensuring an appropriate timeframe of measurement.

(4)being sufficiently powered to detect main effects of and possible interactions with

sex; (5) assessing for a number of possible confounders and covarying for them when

needed; (6) obtaining BAC reading throughout the MRI scanning sessions, instead

of estimating BAC levels (as has been done in other fMRI studies, e.g, Padula et al.

2011); (7) using a metric of brain function (fMRI 3T) characterized by relatively high

spatial and temporal resolution; and (8) collecting subjective measures of mood and

obtaining salivary cortisol readings throughout the course of MRI sessions.

Notwithstanding, our findings must be interpreted in light of potential confounds

and considered in the context of several limitations. First and foremost, despite being

sufficiently powered to detect significant between- and within- subject differences, this

study had a propensity for, respectively, both Type I and II errors (false positives and

negative; Yarkoni 2009), given the lack of statistical power that might be necessary to

allow detection of small to medium effects and is attainable using a lager sample size.

The use of relatively small sample sizes is, however, particularly common in personality

neuroscience given the great costs associated with individual subject sessions in fMRI

research (DeYoung, 2010), and does not preclude the instrumentality of generated

finding for helping move the field forward. Relatedly, due to fMRI-related costs, the

inclusion of a third, low-risk group was not possible, and the two personality groups

thus served as controls for each other (under placebo). Conceptually, however, this

should not be problematic as subjects high in AS were low in SS and vice versa.

Second, this study lacked random population sampling, predominantly using a

cohort of high functioning and relatively intelligent university students.
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Third, potential confounds might have risen due to the likely complex vasodilatory

effects of alcohol administration on the BOLD signaling response (see Volkow et al.

1988; Ogawa et al. 1990; Luchtmann et al. 2010; Sripada et al. 2011).

Fourth, while we attempted to the best of our ability to mask the placebo drinks, it

is conceivable that some subjects saw through the placebo manipulation and were able

to tell the difference between the two testing sessions. If true, such recognition could

have influenced our findings in some meaningful yet unforeseen way. In retrospect, we

would have done well to employ a subjective measure assessing perceived intoxication,

as to get an indication of how effective (or ineffective) our placebo manipulation was.

Fourth, the size of our groups was too small to allow that fMRI scans be analyzed

with the ordering of alcohol/ placebo administration as a third between subjects factor.

However, we were careful to equally match the groups with regard to the number of

subjects administered placebo on the first versus the second day, making it unlikely,

in our opinion, that ordering significantly impacted our results.

Fifth, for roughly 80% of subjects, the two fMRI scanning sessions were roughly

two weeks apart. For the remainder 20%, practical and/ or technical issues led to

the testing days being separated by as little as two days and as long as three weeks.

We could not include the length of said period as an additional between subjects

factor on account of our small sample size and have no way of knowing whether,

how and to what extent this variable influenced our findings. A related concern is

that we cannot discount the possibility that something transpired between the two

testing occasions of some subjects to meaningfully affect how they responded to our

experimental manipulations on the second day. We did, however, explicitly ask this

question to subjects after debriefing them; one subject reported having become almost

certain that the MIST was designed to induce uncontrollable failure (by searching

online), but also added that having this knowledge did not make this paradigm any

less stressful. True or not, exclusion of that subject left our results unaltered. Fifth,

it is impossible to determine whether and to what extent the administration of the
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FEPT immediately prior to the MIST might have primed some of all subjects to

respond differently that they would have otherwise had. Sixth, a relatively liberal

threshold was employed in our whole-brain analyses of imaging results for the MIST

(P = .005, k = 10). Plus As well, relative to our sample size, a large number of analyses

was performed, and interpretive caution with respect to our correlational results is thus

warranted. With that said, in analyzing our MIST fMRI data we chose to prioritize

avoiding false negatives, even if at the risk of the cost of increasing risk of false positives.

This decision was driven by the relative lack of prior fMRI studies incorporating the

MIST, and absence of any such studies using cohorts of AS or SS persons, combined

with the fact that when meta-analyses (on which focus should be placed for establishing

scientific truth Lieberman and Cunningham 2009) are performed, Type I errors results

wont replicate and therefore self-erase, whereas unreported false negatives will remain

obscure and can never drive attempts at replications or extensions. (Lieberman and

Cunningham, 2009).

Sixth, although steps were taken to minimize the possible influence of the men-

strual cycle phase (by testing at day 14 and then again one week later), this factor was

uncontrolled for and could have, therefore, influenced our results. We know that men-

strual phase can impact neural activity and stress reactivity to emotional challenge

(e.g, viewing of affective stimuli Amin et al., 2006; Andreano and Cahill, 2010; Osse-

waarde et al., 2010; Protopopescu et al., 2005; Kirschbaum et al., 1999; Kajantie and

Phillips, 2006; Nillni et al., 2011; Chung et al., 2016). Some have also suggested subtle

effects on alcohol response (e.g, Evans and Levin, 2011), although critical reviews and

careful scrutiny of the literature on this topic suggested it lacked methodological rigor

(Carroll et al., 2015), and that the effect of ovarian hormones on reactivity to sub-

stances of abuse appeared to be either modest or altogether absent (reviewed in Terner

and De Wit, 2006). Either way, to control for this factor would have meant that the

scanning sessions of female subjects would have had to be a month part, which would

have in turn necessitated that the same goes for male subjects so as to maintain homo-
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geneity in this respect (to control for length of period separating scanning sessions).

Doing so was not feasible, for practical reasons, and on account our prior experience of

too frequently losing subjects after more than 2-3 weeks of initial testing. Our results

with respect to the fMRI response of female subjects can be viewed as representing

the averaged patterns of BOLD signaling across the menstrual cycle (see Wang et al.

2007a).

Seventh, the mood questionnaire used here (POMS) is obviously limited by its self-

report nature as as with any subjective measure, misreporting is possible. The POMS

is also limited in scope, such that it does not tap the subjective emotional experience

in its entirety such that does not assess some of the emotions that are commonly

elicited by acute psychosocial stressors (e.g, determination, inferiority or frustration,

fear, alertness, anxiousness and nervousness), and additionally fails to capture the

differential experience and expression of anger (e.g, ”anger-in” vs ”anger-out”; see

Gilam and Hendler 2015).

Ninth, our prospective study was insufficiently powered to detect higher-order in-

teractions with sex, included a number of caveats, among those is the small number

of subjects that was was restricted to the three-year study period and did not include

more objective assessment measures.

All the above potentially limit the generalizability of our findings and necessitates

their replication in larger samples selected for the same personality profiles investigated

here but in a more random fashion from the general community.

4.5 Summary and Perspective

The work presented in this thesis examined (1) how otherwise healthy young adults

who are at-risk of AUDs respond to differentially aversive material, on the subjective,

endocrine and neural levels, and how these responses differ by personality risk profile

(AS versus SS), sex and acute alcohol intoxication; and (2) whether the neural response
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to negatively valent stimuli as a function of personality risk profile predicted escalating

alcohol and/ or illicit drug use 2-3 years later, and, if so, whether or not this predictive

power was above and beyond other measured risk factors and response profiles.

Subjects performed a FEPT and a psychosocial evaluative stress task in the MRI

scanner on two separate occasions, when sober and moderately intoxicated. 2-3 years

later they were contacted and their mental health and drug use status assessed. Most

of our findings were expected a priori, some not, but virtually all converged on the

claim that different at-risk individuals respond differentially to stressors, and to alcohol

by stressor, and these differences predict how later changes in drinking and illicit

substance use habits.

Using the FEPT (”threatening versus neutral face” contrast), we demonstrated

the importance of the ”defensive threat circuitry” in the aetiology and manifestation

of the AS phenotype. This circuitry showed robust stimulation in the AS group,

but no response change in the SS group. We then presented evidence of substantial

alcohol-elicited deactivation of said circuitry, especially the AMYG, in ASSs. This was

contrarily to the case of SSSs, who remained as unresponsive to negative socioaffective

signals when intoxicated as when sober.

Using the MIST (”stress versus nonstress” contrast), a set of behavioral, subjective,

endocrine and neural findings stood out and painted a picture in which the threat posed

by this social stress task to the social self integrity caused ASSs to become frightened,

if not panic stricken but was not potent enough to do the same in SSSs, who ostensibly

perceived this procedure as a challenge as opposed to a threat and had a considerably

stronger ’line of defense’ in higher-order brain structures than their AS counterparts.

Evidence that this task was more motivationally relevant to male than female subjects

was also provided. We then showed that alcohol exerted diametrically opposing effects

on the behavioral, endocrine, and neural response profiles of the personality groups,

especially their male members. The patterns of these effects seemed to indicate that

relative to placebo, alcohol buffered the stress sensations associated with the MIST in
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ASSs, and promoted them in SSSs.

That was part one: AS and SS the neurofunctionally distinct risk phenotypes for

AUDs. Part two: AMYG and mOFG the distinct neural predictors of drug misuse in

said at-risk phenotypes.

Re-assessing subjects’ drug use status 2-3 years after initial testing, two neural

predictors of escalating alcohol and/ or illicit drug use were identified. These differed

by personality group, and were captured by different tasks: AS ’TRAs’ were those

who showed the strongest AMYG activation to presentions of negative versus neutral

faces under placebo, and deactivation under alcohol relative to placebo. SS ’TRAs’,

on the other hand, were those who showed the strongest mOFG activation to acute

psychosocial evaluative stress (MIST) under placebo and deactivation under alcohol

relative to placebo. We also showed that the predictive power of said neural phenotypes

was above and beyond other measured risk factors. These results suggested that the

two aforementioned tasks captured the dysfunction of systems of different phylogenetic

ages and typical developmental trajectories in different at-risk individuals.

Whether our findings will withstand the test of time remains to be seen, and we are

aware that some of our proposed interpretations were speculative in their nature, could

be subject to debate and might, in the future, be proven wrong. What is strikingly

clear and indisputable, nonetheless, is the jarring contrast between our cohorts of AS

and SS individuals in terms of (1) how they responded to different stressors, and to

alcohol by stressor, on the behavioral, subjective, endocrine and neural levels; and

(2) what fMRI responses to which stressor prospectively predicted escalating use.

And what this sharp discrepancy suggests, and cements, is rather self-evident and

elemental: AUDs are heterogeneous and neurodevelopmental. Heterogeneous in that

the pathways leading up to and causing them are divergent, and neurodevelopmental

in that their neural signifiers, connoting early brain development gone awry, predate

the overtly behavioral.

By demonstrating the ability of MRI to help detect neurophenotypic features that
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single out the most vulnerable individuals from groups of otherwise homogeneous AS

and SS persons, the current work essentially establishes the utility of neuroimaging

tools above and beyond other available and perhaps less costly techniques (see Berk-

man and Falk 2013; Berkman 2015). The next logical step would be to search for

alternative methods (e.g, neuropsychological tasks) that are significantly cheaper to

administer, yet rigorously capture the neurophenotypic irregularities detected by fMRI

(see Schuckit et al., 2016; Fishbein et al., 2016b; Nikolova et al., 2016).

The explanatory power of uncovering neurophenotypic alterations that pave the

path to, but precede the occurrence of, alcohol abuse and even use itself cannot be

overstated. If the field of medicine is any indication, reversing the pathologic tra-

jectory in late phases, which symptoms of disordered drinking are, is an exceedingly

challenging undertaking (see Wang et al. 2005b, 2007b; Kalivas and O’Brien 2008;

Insel and Wang 2010; Shoham and Insel 2011; Chiamulera and Cibin 2014). The

delineation of early-occurring neural markers that rigorously and specifically predict

AUDs years before behavioral symptoms have occurred should allow that interventions

move from being ameliorative or rehabilitative to preemptive or preventive (see Insel

and Wang, 2010; Insel, 2010), as early targeted interventions leverage on the extraor-

dinary plasticity of the brain during ”critical periods” of development. By altering

the neurodevelopmental trajectory, and potentially enduringly, such interventions can

buffer against alcoholism and the host of psychopathologies that frequently co-occur

with it (e.g, anxiety disorders; Fishbein et al. 2016b). Early interventions aimed at im-

proving the development of executive control networks and down-regulation of limbic

responsiveness are a perfect example (Diamond, 2006; Diamond and Lee, 2011; Dia-

mond, 2012, 2013, 2016; Diamond and Ling, 2016; Fishbein et al., 2016a,b; Cabrera

et al., 2016).

It is particularly interesting, in this context, that from the differential-susceptibility

perspective, genes associated with psychiatric disorders are not so much vulnerability

genes as they are plasticity genes, in the sense that they render one sort of like a sponge
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that will be super absorbent of and affected by the gamut of environmental conditions,

be they negative or positive, in a ”better and for worse” fashion (Belsky et al., 2009;

Belsky and Pluess, 2009; Ellis et al., 2011; Homberg and Lesch, 2011; Bakermans-

Kranenburg and Van IJzendoorn, 2015). Said differently, place highly susceptible

children or adolescents under negative conditions (e.g, parental maltreatment), they

will be more adversely affected than their lowly susceptible peers. Place them under

positive conditions (e.g, nurturance), or just conditions that are devoid of adversity,

and they will benefit comparatively more. It really is a window of opportunity as

much as it is a window of vulnerability.

In the case of specifically AS individuals, in whom the neural vulnerability heavily

features (hyperactivity of) the AMYG, a brain system that dramatically develops in

the first year of life and before any other (Sowell et al., 2003; Gogtay et al., 2004;

Ernst et al., 2005; Galvan et al., 2006; Hare et al., 2008; Powers and Casey, 2015),

environmental interventions could prove especially useful if implemented in early child-

hood and geared towards optimizing parental-child (especially maternal-child) care and

bonding, so as to prevent mothering from going awry (see Curley and Champagne,

2016). This proposition is based on the increasingly recognized capacity of childhood

maltreatment in all of its forms including neglect to disrupt emotional regulation (Shin

et al., 2015; Heleniak et al., 2016; Fonzo et al., 2016b), and irreparably scar the limbic

system (Dannlowski et al., 2012, 2013; Whittle et al., 2013; Blanco et al., 2015; Teicher

et al., 2012, 2014, 2016; Teicher and Samson, 2016; Morey et al., 2016; Fonzo et al.,

2016a), and contribute to specifically alcohol abuse (Enoch, 2011; Oshri et al., 2016)

although we do not purport to know for a fact that this association is necessarily

causal (note the lower level of maternal care in our cohort of AS compared with SS

persons). Conversely, considering that the risk profile exemplifying sensation-seekers

appears to prominently feature, among potentially other PFC regions, the mOFG, and

being that the typical developmental trajectory of the latter systems is most dramatic

during adolescence (Chambers et al., 2003; Gogtay et al., 2004; Toga et al., 2006; Hare
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et al., 2008; Casey et al., 2008; Luna et al., 2010; Koob and Volkow, 2010; Stiles and

Jernigan, 2010; Sturman and Moghaddam, 2011; Mills et al., 2014; Dean et al., 2015),

interventions for this subset of individuals might do particularly well to help them

avoid risk-taking behaviors that could irreversibly stunt their prefrontal development

during this sensitive time window. Helping them find healthy and socially acceptable

outlets for thrill-seeking tendencies, adventure and/ or competitive sports being a good

example, is one of the various ways of achieving that (see Farley, 1981; Norbury and

Husain, 2015). Working with the parents to promote monitoring behavior of their teen

offspring risk involvement might also be of value, as parental SS propensities (recall

that SS is largely genetic) have been found to correlate negatively and positively with

(respectively) parental monitoring and peer effect on risky-taking (Wang et al., 2016).

Furthermore, patients high in SS would particularly benefit from help to formulate

clear personal goals. This supposition is based on our (anecdotal) observation and

others’ (e.g, Ersche et al. 2013a) that the more resilient sensation-seekers tend to

report having clearly defined personal goals, which they are passionate about and

prioritize over the pleasure derived from their drug-using activities (interestingly in

the Ersche study the ’resilient’ and ’vulnerable’ sensation-seekers primarily differed in

their OFC morphology; Ersche et al. 2013a).

All of the above methods of intervention can take place in the context of motivation-

matched and personality-specific interventions, of which effectiveness in reducing drug

misuse and co-occurring psychopathologies in AS and SS adolescents has been estab-

lished (Conrod et al. 2008, 2010, 2013; O’Leary-Barrett et al. 2013; reviewed in Conrod

and Nikolaou 2016; O’Leary-Barrett and Conrod 2016).

Notwithstanding the fact that the earlier the intervention the better the outcome,

high-risk young adults whose susceptibility for AUDs has not been attended to (or

attended to but improperly treated) in the past are not doomed. Though the relatively

considerable waxing of psychopathologic symptoms at this developmental stage can

indeed make helping such individuals an uphill battle (Sapolsky, 2015), we now know
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that the adult brain is much more malleable that previously thought (see Rubin, 2009).

Indeed, the ability of successful8 psychotherapeutic interventions to dampen threat-

related activation of the ”defensive survival circuitry”, particularly the AMYG has

been repeatedly documented, though a clear overrepresentation of anxiety-disordered

patients in this literature in notable (recently reviewed in Brooks and Stein 2015;

Mason et al. 2016; Lueken and Hahn 2016; Lueken et al. 2016). Such interventions

come under different names (e.g, CBT, dialectical behavior therapy, mindfulness and

motivational interviewing [MI]) and differ in their general approach, but are essentially

the same in what they are set to achieve, and that is an improved capacity to self-

regulate, e.g, cognitively down-regulate negative affect in emotionally ”heated” or

phobic situations (McRae, 2016). Reappraising such situations is one way of doing that

(using CBT or other differently named approaches; see Arnsten et al. 2015; Arnsten

2015; Cohen et al. 2016b; Zilverstand et al. 2016b,a; Cabrera et al. 2016; Wiers and

Wiers 2016; Fernandez et al. 2016; Etkin et al. 2016; Li 2016; Warnock-Parkes et al.

2016). Distracting attention away from perceived aversiveness by engaging oneself in

cognitively demanding tasks is another (e.g, Bantick et al. 2002; Valet et al. 2004;

Kanske et al. 2010; McRae et al. 2010; Simon et al. 2014; Han et al. 2016; Hermann

et al. 2016).

Being that almost all of our subjects were high-functioning and relatively intelligent

university students, they are most likely to be considerably receptive and responsive

to interventions that center on MI9, which has proven to be particularly effective in

treating anxiety (Barrera et al., 2016) and substance use problems (see Miller 1983,

1996; Amrhein et al. 2003; Miller et al. 2004; Miller and Rose 2009; Miller and Rollnick

2013a,b; Miller and Rose 2015; Arkowitz et al. 2015; Hettema et al. 2005; Ehret et al.

2015; Polcin et al. 2015; Houck and Moyers 2015; Randall and McNeil 2016; Madson

et al. 2016a,b; Apodaca et al. 2016; Dean et al. 2016; Wagner et al. 2016; Dickerson

8A treatment is generally considered to be successful if it results in => 50% symptom reduction
9MI is ”a person-centered counseling style for addressing ambivalence about change and has had

widespread evidence of efficacy, particularly in treating addictions (Miller and Rollnick, 2013b)”.
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et al. 2016; Kahler et al. 2016; Dupree et al. 2016; Westra et al. 2016; Balán et al. 2016;

for reviews, see Rubak et al. 2005; Lundahl and Burke 2009; Apodaca and Longabaugh

2009; Hettema and Hendricks 2010; Lundahl et al. 2013; VanBuskirk and Wetherell

2014; Kohler and Hofmann 2015; Mun et al. 2015; Platt et al. 2016a; Palacio et al.

2016; Li et al. 2016b; for meta-analysis, see Burke et al. 2004; Rubak et al. 2005;

Vasilaki et al. 2006; Lundahl et al. 2010, 2013; Heckman et al. 2010; Jensen et al.

2011; Magill et al. 2014; VanBuskirk and Wetherell 2014; Romano and Peters 2015;

Yakovenko et al. 2015; Kohler and Hofmann 2015; Huh et al. 2015; Tanner-Smith

et al. 2015; Palacio et al. 2016; Li et al. 2016b). The efficacy of CBT in reducing

threat-related experiential avoidance has also been established (Espejo et al., 2016),

as has been that of mindfulness in attenuating AS levels (Alimehdi et al., 2016).

Inclusion of psychoeducation (e.g, about the bidirectional competition between the

brain’s emotional responding and cognitive control systems Gomez et al. 2007; Blair

et al. 2007; Ullsperger et al. 2010) as an adjuncts might also prove to be valuable,

on account of the recently documented beneficial effects of neurofeedback10 (Keynan

et al., 2016; George, 2016; Nicholson et al., 2016a; Paret et al., 2016b,a; Marxen et al.,

2016; Emmert et al., 2016; Radua et al., 2016; Nicholson et al., 2016a).

It is notable that the most commonly used approach to ameliorate clinical and

subclinical symptoms of anxiety (or depression) has been through prescription of anti-

anxiety medications (or anti-depressants; Gosselin et al. 2006), with benzodiazepines

being the most widely prescribed of all psychotropic drugs (Barker et al., 2004). To

say nothing of the fact that benzodiazepines (and similar anti-anxiety prescription

medications) produce dependence (Miller, 1995; Ashton, 2005; Arria and Compton,

2016) and have various side effects (Rickels et al., 1990; Ashton, 2001), prescribing

them to individuals high on AS or its closely interrelated constructs, will likely prove

to be inappropriate or iatrogenic and alas such has been the historical case (see Ashton

10Neurofeedback refers to a type of learning which involves the use of real-time neural activity as
feedback (Shackman et al., 2011).
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2005; Kroll et al. 2016).

Benzodiazepine abuse is highly prevalent among psychiatric patients with co-morbid

AUDs and/ or SUDs (Brunette et al., 2003; Cook et al., 2016) and has, in fact, been

directly linked to trait AS in opioid abusing adults via coping motives (McHugh et al.,

2016).

And why wouldn’t said population abuse their anti-anxiety medications? Like

alcohol, benzodiazepines induce their anxiolytic effects by targeting primarily the

AMYG (Pesold and Treit, 1995), which is rich in benzodiazepines receptors (Niehoff

and Kuhar, 1983; Niehoff and Whitehouse, 1983). Like alcohol, benzodiazepines are

particularly negatively reinforcing to those who drink ”to forget”. And like alcohol,

benzodiazepines are substances of abuse either on their own or in conjunction with

addictive others (Lader, 2014). The take home point being, it is important that physi-

cians pause before prescribing those drugs (and that clinical psychologists do the same

before recommending them), especially to patients who endorse DTC motives and/

or have a predilection for drinking their troubles away. The same level of caution

should be taken when the patient is drug-näıve but is a victim of fear (i.e, high in AS,

SA, IU or all of the above) and thus, in all likelihood, highly susceptible to the SRD

effect of anxiolytics. For all we know, introducing such persons to benzodiazepines

might simultaneously fail to treat their anxiety (or depression) and successfully open

a door that could have otherwise remained closed to disordered alcohol and other

drug use. Besides, individual studies have consistently shown and meta-analyses re-

peatedly confirmed that the effectiveness of anti-anxiety prescription medications (and

antidepressants) is comparable (Gould et al., 1997; Mitte, 2005; Bandelow et al., 2007;

Gonçalves and Byrne, 2012; Cuijpers et al., 2016; Scaini et al., 2016; Jazaieri et al.,

2016) or inferior (Butler et al. 2006; Öst et al. 2016; also see Fedoroff and Taylor 2001;

Otto et al. 2004; Manzoni et al. 2008; Mayo-Wilson et al. 2014; but see Bandelow et al.

2015) to behavioral interventions (i.e, CBT and mindfulness; Lipka et al. 2014; Wiers

and Wiers 2016; Straube 2016; Yuan et al. 2016), and both approaches exert the same
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or similar effects on the same neural loci (e.g, attenuating AMYG activity; Pesold and

Treit 1995; Kircher et al. 2013; Lueken et al. 2013; Månsson et al. 2013; Klumpp et al.

2013a; Straube et al. 2014; Strawn et al. 2016; Soravia et al. 2016). That is to say,

nonpaharmacological alternatives to anxiolytic medications exist, are safer and at the

very least comparably effective, and should be seriously considered on account of all

of the above (recently reviewed in Platt et al. 2016b).

Our findings should surprise no one. It has been long known that people with differ-

ent personality profiles drink for different reasons, and if they escalate in their alcohol

use, they do so through different pathways (see Jellinek, 1960; Jester et al., 2015; Burns

et al., 2016; Zucker et al., 2016). It has additionally been empirically substantiated

for at least two decades now that, retrospectively and prospectively, kindergartners

with a pre-existing vulnerability to AUDs/ SUDs stand out in a crowd, and those are

typified by marked aggressivity, insensitivity, and hyperactivity, or are - paradoxically

- particularly timid with unfamiliarity and shrink from novelty (i.e, temperamental

disinhibition versus inhibition, respectively; Caspi and Silva 1995; Caspi et al. 1996;

also see Schwartz et al. 1999, 2003; Isler et al. 2016; Prokasky et al. 2016). All are

sobering reminders that AUDs are deeply rooted in very early development. Except

that this reality has been largely, and at least implicitly ignored, and appears to have

become virtually invisible, despite being so obvious, or perhaps because of that. Con-

sider neuroimaging studies of alcoholism. Those have often ascertained their samples

by relying exclusively, or almost exclusively, on the DSM classification system, which

treats AUD as a homogeneous disorder with neatly delineated boundaries, thus ob-

scuring its biological reality. The same conceptual conundrum has also been a frequent

guest to studies of non-disordered individuals, where the goal is to etiologically under-

stand precursive risk, yet risk status is determined based on drinking frequency, such

that heavy drinkers qualify as ”high-risk” and social-drinkers ”low-risk”, irrespective

of personality traits (e.g, Gilman et al. 2012a). Result? a body of information that

continues to balloon as the treatment state remains a constant. Orwell was right.
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”To see what is in front of one’s nose needs a constant struggle” (Orwell, 1968). He

was also right to emphasize the power of the Doublethink: the act of simultaneously

holding two beliefs that cancel out. Today we call this cognitive dissonance. It is

our hope that by reaffirming the heterogeneous pathways for and neurodevelopmental

origins of AUDs using fMRI, a technology that, justifiably or not, has come to hold

such a ’privileged’ status in the field, that the aforementioned information become

information of a different order, and that future studies are inclined to address the

question of who the affected or vulnerable individual under study is, as opposed to

merely what psychopathology he or she has or is at-risk of.
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Bandelow, B., Reitt, M., Röver, C., Michaelis, S., Görlich, Y., and Wedekind, D.
(2015). Efficacy of treatments for anxiety disorders: a meta-analysis. International
clinical psychopharmacology, 30(4):183–192.

Bandelow, B., Seidler-Brandler, U., Becker, A., Wedekind, D., and Rüther, E. (2007).
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Böhnke, R., Bertsch, K., Kruk, M. R., Richter, S., and Naumann, E. (2010b). Exoge-
nous cortisol enhances aggressive behavior in females, but not in males. Psychoneu-
roendocrinology, 35(7):1034–1044.

Boileau, I., Assaad, J.-M., Pihl, R., Benkelfat, C., Leyton, M., Diksic, M., Tremblay,
R., and Dagher, A. (2003). Alcohol promotes dopamine release in the human nucleus
accumbens. Synapse, 49(4):226–231.

Boileau, I., Dagher, A., Leyton, M., Welfeld, K., Booij, L., Diksic, M., and Benkelfat,
C. (2007). Conditioned dopamine release in humans: a positron emission tomog-
raphy [11c] raclopride study with amphetamine. The Journal of neuroscience,
27(15):3998–4003.

Bolger, N. (1990). Coping as a personality process: a prospective study. Journal of
personality and social psychology, 59(3):525.

Bolton, J., Cox, B., Clara, I., and Sareen, J. (2006). Use of alcohol and drugs to
self-medicate anxiety disorders in a nationally representative sample. The Journal
of nervous and mental disease, 194(11):818–825.

Bongard, S., Olson, L., Nakajima, M., and al’Absi, M. (2016). Anger expression style
predicts the domain of the first smoking relapse after a quit attempt. Substance Use
& Misuse, 51(13):1810–1814.

Bonne, O., Vythilingam, M., Inagaki, M., Wood, S., Neumeister, A., Nugent, A. C.,
Snow, J., Luckenbaugh, D. A., Bain, E. E., Drevets, W. C., et al. (2008). Reduced
posterior hippocampal volume in posttraumatic stress disorder. The Journal of
clinical psychiatry, 69(7):1087.



330

Bora, E. and Zorlu, N. (2016). Social cognition in alcohol use disorder: A meta-
analysis. Addiction.

Borges, G. and Loera, C. R. (2010). Alcohol and drug use in suicidal behaviour.
Current Opinion in Psychiatry, 23(3):195–204.

Borges, G., Ye, Y., Bond, J., Cherpitel, C. J., Cremonte, M., Moskalewicz, J.,
Swiatkiewicz, G., and Rubio-Stipec, M. (2010). The dimensionality of alcohol
use disorders and alcohol consumption in a cross-national perspective. Addiction,
105(2):240–254.

Born, J., Ditschuneit, I., Schreiber, M., Dodt, C., and Fehm, H. L. (1995). Effects
of age and gender on pituitary-adrenocortical responsiveness in humans. European
Journal of Endocrinology, 132(6):705–711.

Borrill, J. A., Rosen, B. K., and Summerfield, A. B. (1987). The influence of alcohol on
judgement of facial expressions of emotion. British Journal of Medical Psychology,
60(1):71–77.

Bosch, J. A., de Geus, E. J., Carroll, D., Goedhart, A. D., Anane, L. A., van Zanten,
J. J. V., Helmerhorst, E. J., and Edwards, K. M. (2009). A general enhancement
of autonomic and cortisol responses during social evaluative threat. Psychosomatic
medicine, 71(8):877.

Boschloo, L., Vogelzangs, N., Smit, J. H., van den Brink, W., Veltman, D. J., Beekman,
A. T., and Penninx, B. W. (2011). Comorbidity and risk indicators for alcohol use
disorders among persons with anxiety and/or depressive disorders: findings from the
netherlands study of depression and anxiety (nesda). Journal of affective disorders,
131(1):233–242.

Bosquet Enlow, M., Englund, M. M., and Egeland, B. (2016). Maternal childhood
maltreatment history and child mental health: Mechanisms in intergenerational
effects. Journal of Clinical Child & Adolescent Psychology, pages 1–16.

Bouchery, E. E., Harwood, H. J., Sacks, J. J., Simon, C. J., and Brewer, R. D. (2011).
Economic costs of excessive alcohol consumption in the us, 2006. American journal
of preventive medicine, 41(5):516–524.

Bouton, M. E. (2007). Learning and behavior: A contemporary synthesis. Sinauer
Associates.

Bowers, M. E. and Yehuda, R. (2016). Intergenerational transmission of stress in
humans. Neuropsychopharmacology, 41(1):232–244.

Bowlby, J. (1969). Attachment, vol. 1 of attachment and loss.

Bowman, K. M. and Jellinek, E. M. (1941). Alcohol addiction and its treatment.
Quarterly Journal of Studies on Alcohol, 2(1):98–176.



331

Boyle, M. P., Brewer, J. A., Funatsu, M., Wozniak, D. F., Tsien, J. Z., Izumi, Y., and
Muglia, L. J. (2005). Acquired deficit of forebrain glucocorticoid receptor produces
depression-like changes in adrenal axis regulation and behavior. Proceedings of the
National Academy of Sciences of the United States of America, 102(2):473–478.

Braams, B. R., Peper, J. S., van der Heide, D., Peters, S., and Crone, E. A. (2016).
Nucleus accumbens response to rewards and testosterone levels are related to alcohol
use in adolescents and young adults. Developmental cognitive neuroscience, 17:83–
93.

Bradbury, M., Strack, A., and Dallman, M. (1993). Lesions of the hippocampal efferent
pathway (fimbria-fornix) do not alter sensitivity of adrenocorticotropin to feedback
inhibition by corticosterone in rats. Neuroendocrinology, 58(4):396–407.

Bradford, D. E., Shapiro, B. L., and Curtin, J. J. (2013). How bad could it be?
alcohol dampens stress responses to threat of uncertain intensity. Psychological
science, 24(12):2541–2549.

Brady, J. P., Foulks, E. F., Childress, A. R., and Pertschuk, M. (1982). The michigan
alcoholism screening test as a survey instrument. Journal of Operational Psychiatry.

Branas, C. C., Richmond, T. S., Ten Have, T. R., and Wiebe, D. J. (2011). Acute
alcohol consumption, alcohol outlets, and gun suicide. Substance use & misuse,
46(13):1592–1603.

Brandon, T. (1994). Negative affect as motivation to smoke. Current Directions in
Psychological Science, 3(2):33–37.

Brandon, T. H., Vidrine, J. I., and Litvin, E. B. (2007). Relapse and relapse prevention.
Annu. Rev. Clin. Psychol., 3:257–284.

Brandt, C. P., Gonzalez, A., Grover, K. W., and Zvolensky, M. J. (2013). The rela-
tion between emotional dysregulation and anxiety and depressive symptoms, pain-
related anxiety, and hiv-symptom distress among adults with hiv/aids. Journal of
Psychopathology and Behavioral Assessment, 35(2):197–204.

Bray, G. A. (1979). Obesity in america (dhew publication no. nih 79–359). (U.S.
Department of Health, Education, and Welfare, Publication (NIH)).

Breier, A. (1989). Experimental approaches to human stress research: Assessment of
neurobiological mechanisms of stress in volunteers and psychiatric patients. Biolog-
ical Psychiatry, 26(5):438–462.

Bremner, J., Staib, L., Kaloupek, D., Southwick, S., Soufer, R., and Charney, D.
(1999). Neural correlates of exposure to traumatic pictures and sound in vietnam
combat veterans with and without posttraumatic stress disorder: A positron emis-
sion tomography study. Biological Psychiatry, 45(7):806–816.



332

Bremner, J. D., Vythilingam, M., Vermetten, E., Adil, J., Khan, S., Nazeer, A., Afzal,
N., McGlashan, T., Elzinga, B., Anderson, G. M., et al. (2003). Cortisol response
to a cognitive stress challenge in posttraumatic stress disorder (ptsd) related to
childhood abuse. Psychoneuroendocrinology, 28(6):733–750.

Breslau, N. and Klein, D. F. (1999). Smoking and panic attacks: an epidemiologic
investigation. Archives of general psychiatry, 56(12):1141–1147.

Breslin, F. C., Sobell, M. B., Cappell, H., Vakili, S., and Poulos, C. X. (1999). The
effects of alcohol, gender, and sensation seeking on the gambling choices of social
drinkers. Psychology of Addictive Behaviors, 13(3):243.

Brett, M., Anton, J.-L., Valabregue, R., and Poline, J.-B. (2002). Region of interest
analysis using the marsbar toolbox for spm 99. Neuroimage, 16(2):S497.

Brewer, J. A., Garrison, K. A., and Whitfield-Gabrieli, S. (2013). What about the
‘self’is processed in the posterior cingulate cortex? Frontiers in Human Neuro-
science, 7.

Brickman, P., Coates, D., and Janoff-Bulman, R. (1978). Lottery winners and acci-
dent victims: Is happiness relative? Journal of Personality and Social Psychology,
36(8):917–927.

Brière, F. N., Rohde, P., Seeley, J. R., Klein, D., and Lewinsohn, P. M. (2014).
Comorbidity between major depression and alcohol use disorder from adolescence
to adulthood. Comprehensive psychiatry, 55(3):526–533.

Britton, J. C. and Rauch, S. L. (2008). Neuroanatomy and neuroimaging of anxiety
disorders. Oxford Handbook of Anxiety and Related Disorders. Oxford University
Press: USA, page 97.
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of corticosterone in the modulation of ethanol consumption in the rat. Alcohol
(Fayetteville, NY), 11(3):195–202.

Fahlke, C. and Hansen, S. (1999). Effect of local intracerebral corticosterone implants
on alcohol intake in the rat. Alcohol and Alcoholism, 34(6):851–861.

Fahlke, C., Hansen, S., et al. (1996). Facilitation of ethanol consumption by intracere-
broventricular infusions of corticosterone. Psychopharmacology, 127(1-2):133–139.

Fahlke, C., H̊ard, E., Hansen, S., Eriksson, C., and Engel, J. (1995). Consequence of
long-term exposure to corticosterone or dexamethasone on ethanol consumption in
the adrenalectomized rat, and the effect of type i and type ii corticosteroid receptor
antagonists. Psychopharmacology, 117(2):216–224.

Fahlke, C., H̊ard, E., Thomasson, R., Engel, J. A., and Hansen, S. (1994b).
Metyrapone-induced suppression of corticosterone synthesis reduces ethanol con-
sumption in high-preferring rats. Pharmacology Biochemistry and Behavior,
48(4):977–981.

Fairbairn, C. E. and Sayette, M. A. (2014). A social-attributional analysis of alcohol
response. Psychological bulletin, 140(5):1361.

Fairchild, G., Hagan, C. C., Walsh, N. D., Passamonti, L., Calder, A. J., and Goodyer,
I. M. (2013). Brain structure abnormalities in adolescent girls with conduct disorder.
Journal of Child Psychology and Psychiatry, 54(1):86–95.

Fairchild, G., Passamonti, L., Hurford, G., Hagan, C. C., von dem Hagen, E. A., van
Goozen, S. H., Goodyer, I. M., and Calder, A. J. (2011). Brain structure abnor-
malities in early-onset and adolescent-onset conduct disorder. American Journal of
Psychiatry.

Fairchild, G., van Goozen, S., Stollery, S., Brown, J., Gardiner, J., Herbert, J., and
Goodyer, I. (2008). Cortisol diurnal rhythm and stress reactivity in male adoles-
cents with early-onset or adolescence-onset conduct disorder. Biological Psychiatry,
64(7):599–606.

Fairchild, G., Van Goozen, S. H., Calder, A. J., Stollery, S. J., and Goodyer, I. M.
(2009). Deficits in facial expression recognition in male adolescents with early-onset
or adolescence-onset conduct disorder. Journal of Child Psychology and Psychiatry,
50(5):627–636.



372

Fanselow, M. S. and Dong, H.-W. (2010). Are the dorsal and ventral hippocampus
functionally distinct structures? Neuron, 65(1):7–19.

Farley, F. H. (1981). Basic process individual differences: A biologically based theory
of individualization for cognitive, affective, and creative outcomes. Psychology and
education: The state of the union, pages 9–31.

Farmer, R. F., Gau, J. M., Seeley, J. R., Kosty, D. B., Sher, K. J., and Lewinsohn,
P. M. (2016). Internalizing and externalizing disorders as predictors of alcohol use
disorder onset during three developmental periods. Drug and alcohol dependence,
164:38–46.

Fauth-Bühler, M. and Kiefer, F. (2016). Alcohol and the human brain: a systematic
review of recent functional neuroimaging and imaging genetics findings. Current
Addiction Reports, 3(1):109–124.

Fedoroff, I. C. and Taylor, S. (2001). Psychological and pharmacological treatments of
social phobia: a meta-analysis. Journal of clinical psychopharmacology, 21(3):311–
324.

Fedulov, V., Rex, C. S., Simmons, D. A., Palmer, L., Gall, C. M., and Lynch, G.
(2007). Evidence that long-term potentiation occurs within individual hippocampal
synapses during learning. The Journal of neuroscience, 27(30):8031–8039.

Fein, G., Landman, B., Tran, H., McGillivray, S., Finn, P., Barakos, J., and Moon, K.
(2006). Brain atrophy in long-term abstinent alcoholics who demonstrate impair-
ment on a simulated gambling task. Neuroimage, 32(3):1465–1471.

Feinstein, J. S., Adolphs, R., Damasio, A., and Tranel, D. (2011). The human amyg-
dala and the induction and experience of fear. Current biology, 21(1):34–38.

Feinstein, J. S., Buzza, C., Hurlemann, R., Follmer, R. L., Dahdaleh, N. S., Coryell,
W. H., Welsh, M. J., Tranel, D., and Wemmie, J. A. (2013). Fear and panic in
humans with bilateral amygdala damage. Nature neuroscience, 16(3):270–272.

Feldman, L. (1995). Valence focus and arousal focus: Individual differences in the
structure of affective experience. Journal of Personality and Social Psychology,
69(1):153–166.

Feldman, S. and Conforti, N. (1980). Participation of the dorsal hippocampus in
the glucocorticoid feedback effect on adrenocortical activity. Neuroendocrinology,
30(1):52–55.

Feldman, S. and Weidenfeld, J. (1993). The dorsal hippocampus modifies the negative
feedback effect of glucocorticoids on the adrenocortical and median eminence crf-41
responses to photic stimulation. Brain research, 614(1):227–232.

Feldman, S. and Weidenfeld, J. (1999). Glucocorticoid receptor antagonists in the
hippocampus modify the negative feedback following neural stimuli. Brain research,
821(1):33–37.



373

Feldman, S. and Weidenfeld, J. (2001). Electrical stimulation of the dorsal hippocam-
pus caused a long lasting inhibition of acth and adrenocortical responses to photic
stimuli in freely moving rats. Brain research, 911(1):22–26.

Felix-Ortiz, A., Burgos-Robles, A., Bhagat, N., Leppla, C., and Tye, K. (2016). Bidi-
rectional modulation of anxiety-related and social behaviors by amygdala projec-
tions to the medial prefrontal cortex. Neuroscience, 321:197–209.

Felmingham, K. L., Tran, T. P., Fong, W. C., and Bryant, R. A. (2012). Sex dif-
ferences in emotional memory consolidation: the effect of stress-induced salivary
alpha-amylase and cortisol. Biological psychology, 89(3):539–544.

Feng, C., Luo, Y.-J., and Krueger, F. (2015). Neural signatures of fairness-related nor-
mative decision making in the ultimatum game: A coordinate-based meta-analysis.
Human brain mapping, 36(2):591–602.

Feng, X., Wu, X., Morrill, R. J., Li, Z., Li, C., Yang, S., Li, Z., Cui, D., Lv, L., Hu, Z.,
et al. (2016). Social correlates of the dominance rank and long-term cortisol levels
in adolescent and adult male rhesus macaques (macaca mulatta). Scientific reports,
6.

Ferguson, M. J. and Bargh, J. A. (2004). Liking is for doing: the effects of goal pursuit
on automatic evaluation. Journal of personality and social psychology, 87(5):557.

Fernandez, K. C., Jazaieri, H., and Gross, J. J. (2016). Emotion regulation: A trans-
diagnostic perspective on a new rdoc domain. Cognitive Therapy and Research,
40(3):426–440.

Ferri, M., Amato, L., and Davoli, M. (2006). Alcoholics anonymous and other 12-step
programmes for alcohol dependence. The Cochrane Library.

Fetzner, M. G., Horswill, S. C., Boelen, P. A., and Carleton, R. N. (2013). Intoler-
ance of uncertainty and ptsd symptoms: exploring the construct relationship in a
community sample with a heterogeneous trauma history. Cognitive Therapy and
Research, 37(4):725–734.

Fialko, L., Bolton, D., and Perrin, S. (2012). Applicability of a cognitive model of
worry to children and adolescents. Behaviour research and therapy, 50(5):341–349.

Fiddick, L. (2011). There is more than the amygdala: potential threat assessment in
the cingulate cortex. Neuroscience & Biobehavioral Reviews, 35(4):1007–1018.

Field, M. and Cox, W. M. (2008). Attentional bias in addictive behaviors: a review of
its development, causes, and consequences. Drug and alcohol dependence, 97(1):1–
20.

Field, M. and Quigley, M. (2009). Mild stress increases attentional bias in social
drinkers who drink to cope: a replication and extension. Experimental and clinical
psychopharmacology, 17(5):312.



374

Fillmore, K. M., Hartka, E., Johnstone, B. M., Leino, E. V., Motoyoshi, M., and
Temple, M. T. (1991). A meta-analysis of life course variation in drinking. British
journal of addiction, 86(10):1221–1268.

Fillmore, M., Ostling, E., Martin, C., and Kelly, T. (2009). Acute effects of alcohol
on inhibitory control and information processing in high and low sensation-seekers.
Drug and Alcohol Dependence, 100(1-2):91–99.

Fink, G. R., Marshall, J. C., Shah, N. J., Weiss, P. H., Halligan, P. W., Grosse-
Ruyken, M., Ziemons, K., Zilles, K., and Freund, H.-J. (2000). Line bisection judg-
ments implicate right parietal cortex and cerebellum as assessed by fmri. Neurology,
54(6):1324–1331.

Fink, G. R., Marshall, J. C., Weiss, P. H., and Zilles, K. (2001). The neural basis of
vertical and horizontal line bisection judgments: an fmri study of normal volunteers.
Neuroimage, 14(1):S59–S67.

Finn, P., Justus, A., Mazas, C., and Steinmetz, J. (1999). Working memory, execu-
tive processes and the effects of alcohol on go/no- go learning: Testing a model of
behavioral regulation and impulsivity. Psychopharmacology, 146(4):465–472.

Finn, P. and Pihl, R. (1987). Men at high risk for alcoholism: The effect of alcohol
on cardiovascular response to unavoidable shock. Journal of Abnormal Psychology,
96(3):230–236.

Finn, P., Zeitouni, N., and Pihl, R. (1990). Effects of alcohol on psychophysiological
hyperreactivity to nonaversive and aversive stimuli in men at high risk for alco-
holism. Journal of Abnormal Psychology, 99(1):79–85.

Finn, P. R., Earleywine, M., and Pihl, R. O. (1992). Sensation seeking, stress reactivity,
and alcohol dampening discriminate the density of a family history of alcoholism.
Alcoholism: Clinical and Experimental Research, 16(3):585–590.

Finn, P. R. and Hall, J. (2004). Cognitive ability and risk for alcoholism: short-term
memory capacity and intelligence moderate personality risk for alcohol problems.
Journal of Abnormal Psychology, 113(4):569.

Finn, P. R. and Pihl, R. O. (1988). Risk for alcoholism: A comparison between two
different groups of sons of alcoholics on cardiovascular reactivity and sensitivity to
alcohol. Alcoholism: Clinical and Experimental Research, 12(6):742–747.

Fiorillo, C. D., Tobler, P. N., and Schultz, W. (2003). Discrete coding of reward
probability and uncertainty by dopamine neurons. Science, 299(5614):1898–1902.

First, M., Spitzer, R., Gibbon, M., and Williams, J. (2002). Nonpatient edition (scid-
i/np). Structured Clinical Interview for DSM-IV-TR Axis I Disorders, Research
Version, Non-patient Edition (SCID-I/NP), Biometrics Research, New York State
Psychiatric Institute, New York.



375

Fishbein, D. H., Ridenour, T. A., Stahl, M., and Sussman, S. (2016a). The full
translational spectrum of prevention science: facilitating the transfer of knowledge
to practices and policies that prevent behavioral health problems. Translational
behavioral medicine, 6(1):5–16.

Fishbein, D. H., Rose, E. J., Darcey, V. L., Belcher, A. M., and VanMeter, J. W.
(2016b). Neurodevelopmental precursors and consequences of substance use during
adolescence: Promises and pitfalls of longitudinal neuroimaging strategies. Frontiers
in Human Neuroscience, 10.

Flagel, S., Robinson, T., Clark, J., Clinton, S., Watson, S., Seeman, P., Phillips,
P., and Akil, H. (2010). An animal model of genetic vulnerability to behavioral
disinhibition and responsiveness to reward-related cues: Implications for addiction.
Neuropsychopharmacology, 35(2):388–400.

Foley, P. and Kirschbaum, C. (2010). Human hypothalamus–pituitary–adrenal axis
responses to acute psychosocial stress in laboratory settings. Neuroscience & Biobe-
havioral Reviews, 35(1):91–96.

Fonzo, G., Ramsawh, H., Flagan, T., Simmons, A., Sullivan, S., Allard, C., Paulus, M.,
and Stein, M. (2016a). Early life stress and the anxious brain: evidence for a neu-
ral mechanism linking childhood emotional maltreatment to anxiety in adulthood.
Psychological medicine, 46(05):1037–1054.

Fonzo, G. A., Huemer, J., and Etkin, A. (2016b). History of childhood maltreatment
augments dorsolateral prefrontal processing of emotional valence in ptsd. Journal
of psychiatric research, 74:45–54.

Fonzo, G. A., Ramsawh, H. J., Flagan, T. M., Sullivan, S. G., Letamendi, A., Simmons,
A. N., Paulus, M. P., and Stein, M. B. (2015). Common and disorder-specific
neural responses to emotional faces in generalised anxiety, social anxiety and panic
disorders. The British Journal of Psychiatry, pages bjp–bp.

Fonzo, G. A., Simmons, A. N., Thorp, S. R., Norman, S. B., Paulus, M. P., and Stein,
M. B. (2010). Exaggerated and disconnected insular-amygdalar blood oxygenation
level-dependent response to threat-related emotional faces in women with intimate-
partner violence posttraumatic stress disorder. Biological psychiatry, 68(5):433–441.

Ford, M. B. and Collins, N. L. (2010). Self-esteem moderates neuroendocrine and
psychological responses to interpersonal rejection. Journal of personality and social
psychology, 98(3):405.

Forscher, E. C., Zheng, Y., Ke, Z., Folstein, J., and Li, W. (2016). Decomposing
fear perception: A combination of psychophysics and neurometric modeling of fear
perception. Neuropsychologia, 91:254–261.

Forsyth, J. P., Palav, A., and Duff, K. (1999). The absence of relation between
anxiety sensitivity and fear conditioning using 20% versus 13% co 2-enriched air as
unconditioned stimuli. Behaviour research and therapy, 37(2):143–153.



376

Fortune, E. and Goodie, A. (2010). The relationship between pathological gambling
and sensation seeking: The role of subscale scores. Journal of Gambling Studies,
26(3):331–346.

Foster, K. T., Hicks, B. M., Iacono, W. G., and McGue, M. (2014). Alcohol use
disorder in women: Risks and consequences of an adolescent onset and persistent
course. Psychology of Addictive Behaviors, 28(2):322.

Fouche, J.-P., Wee, N. J., Roelofs, K., and Stein, D. J. (2013). Recent advances in the
brain imaging of social anxiety disorder. Human Psychopharmacology: Clinical and
Experimental, 28(1):102–105.

Fowles, D. C., Fisher, A. E., and Tranel, D. T. (1982). The heart beats to reward:
The effect of monetary incentive on heart rate. Psychophysiology, 19(5):506–513.

Fox, A. S., Oler, J. A., Tromp, D. P., Fudge, J. L., and Kalin, N. H. (2015). Extending
the amygdala in theories of threat processing. Trends in neurosciences, 38(5):319–
329.

Fox, E., Derakshan, N., and Shoker, L. (2008). Trait anxiety modulates the electro-
physiological indices of rapid spatial orienting towards angry faces. Neuroreport,
19(3):259–263.

Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van Essen, D. C., and
Raichle, M. E. (2005). The human brain is intrinsically organized into dynamic,
anticorrelated functional networks. Proceedings of the National Academy of Sciences
of the United States of America, 102(27):9673–9678.

Franken, R. E., Gibson, K. J., and Rowland, G. (1992). Sensation seeking and the
tendency to view the world as threatening. Personality and Individual Differences,
13(1):31–38.

Franklin, T., Acton, P., Maldjian, J., Gray, J., Croft, J., Dackis, C., O’Brien, C.,
and Childress, A. (2002). Decreased gray matter concentration in the insular, or-
bitofrontal, cingulate, and temporal cortices of cocaine patients. Biological Psychi-
atry, 51(2):134–142.

Fransson, P. and Marrelec, G. (2008). The precuneus/posterior cingulate cortex plays
a pivotal role in the default mode network: Evidence from a partial correlation
network analysis. Neuroimage, 42(3):1178–1184.

Fredrikson, M. (2016). Imaging genetics of anxiety disorders. Neuroimaging Genetics:
Principles and Practices, page 223.

Fredrikson, M. and Faria, V. (2012). Neuroimaging in anxiety disorders. Modern
trends in pharmacopsychiatry, 29:47–66.

Fredrikson, M., Wik, G., Annas, P., Ericson, K., and Stone-Elander, S. (1995). Func-
tional neuroanatomy of visually elicited simple phobic fear: Additional data and
theoretical analysis. Psychophysiology, 32(1):43–48.



377

Fredrikson, M., Wik, G., Greitz, T., Eriksson, L., Stone-Elander, S., Ericson, K., and
Sedvall, G. (1993). Regional cerebral blood flow during experimental phobic fear.
Psychophysiology, 30(1):126–130.

Freese, J. L. and Amaral, D. G. (2009). Neuroanatomy of the primate amygdala. na.

Freitas-Ferrari, M., Hallak, J., Trzesniak, C., Filho, A., Machado-de Sousa, J., Chagas,
M., Nardi, A., and Crippa, J. (2010). Neuroimaging in social anxiety disorder: A
systematic review of the literature. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 34(4):565–580.

Freud, A. (1965). Normality and pathology in children. The Writings of Anna Freud.

Frey, B. N., Andreazza, A. C., Nery, F. G., Martins, M. R., Quevedo, J., Soares,
J. C., and Kapczinski, F. (2007). The role of hippocampus in the pathophysiology
of bipolar disorder. Behavioural pharmacology, 18(5-6):419–430.
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Gautam, P., Nuñez, S., Narr, K., Mattson, S., May, P., Adnams, C., Riley, E., Jones,
K., Kan, E., and Sowell, E. (2014). Developmental trajectories for visuo-spatial at-
tention are altered by prenatal alcohol exposure: A longitudinal fmri study. Cerebral
Cortex, page bhu162.

Geiger, M. J., Domschke, K., Ipser, J., Hattingh, C., Baldwin, D. S., Lochner, C., and
Stein, D. J. (2016). Altered executive control network resting-state connectivity in
social anxiety disorder. The World Journal of Biological Psychiatry, 17(1):47–57.

Gentes, E. L. and Ruscio, A. M. (2011). A meta-analysis of the relation of intolerance of
uncertainty to symptoms of generalized anxiety disorder, major depressive disorder,
and obsessive–compulsive disorder. Clinical Psychology Review, 31(6):923–933.

Geoffroy, M.-C., Pereira, S. P., Li, L., and Power, C. (2016). Child neglect and mal-
treatment and childhood-to-adulthood cognition and mental health in a prospective
birth cohort. Journal of the American Academy of Child & Adolescent Psychiatry,
55(1):33–40.



380

George, M. S. (2016). Is functional magnetic resonance imaging-inspired electroen-
cephalogram feedback the next new treatment in psychiatry? Biological Psychiatry,
80(6):422–423.

George, S., Rogers, R., and Duka, T. (2005). The acute effect of alcohol on decision
making in social drinkers. Psychopharmacology, 182(1):160–169.

George, W. H. and Stoner, S. A. (2000). Understanding acute alcohol effects on sexual
behavior. Annual review of sex research, 11(1):92–124.

Gepner, Y., Golan, R., Harman-Boehm, I., Henkin, Y., Schwarzfuchs, D., Shelef, I.,
Durst, R., Kovsan, J., Bolotin, A., Leitersdorf, E., et al. (2015). Effects of initiating
moderate alcohol intake on cardiometabolic risk in adults with type 2 diabetes: a
2-year randomized, controlled trial. Annals of Internal Medicine, 163(8):569–579.

Gepner, Y., Henkin, Y., Schwarzfuchs, D., Golan, R., Durst, R., Shelef, I., Harman-
Boehm, I., Spitzen, S., Witkow, S., Novack, L., et al. (2016). Differential effect
of initiating moderate red wine consumption on 24-h blood pressure by alcohol
dehydrogenase genotypes: Randomized trial in type 2 diabetes. American journal
of hypertension, 29(4):476.

Gerber, H., Borgwardt, S. J., Schmid, O., Gerhard, U., Joechle, W., Riecher-Rössler,
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Jünger, E., Gan, G., Mick, I., Seipt, C., Markovic, A., Sommer, C., Plawecki, M. H.,
O’Connor, S., Smolka, M. N., and Zimmermann, U. S. (2016). Adolescent women in-
duce lower blood alcohol levels than men in a laboratory alcohol self-administration
experiment. Alcoholism: clinical and experimental research.

Jupp, B. and Dalley, J. W. (2014). Behavioral endophenotypes of drug addiction:
etiological insights from neuroimaging studies. Neuropharmacology, 76:487–497.

Jurk, S., Kuitunen-Paul, S., Kroemer, N. B., Artiges, E., Banaschewski, T., Bokde,
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Kret, M. E., Denollet, J., Grèzes, J., and de Gelder, B. (2011). The role of negative
affectivity and social inhibition in perceiving social threat: an fmri study. Neuropsy-
chologia, 49(5):1187–1193.

Krettek, J. and Price, J. (1978a). Amygdaloid projections to subcortical structures
within the basal forebrain and brainstem in the rat and cat. Journal of Comparative
Neurology, 178(2):225–253.

Krettek, J. and Price, J. (1978b). A description of the amygdaloid complex in the
rat and cat with observations on intra-amygdaloid axonal connections. Journal of
Comparative Neurology, 178(2):255–279.

Kringelbach, M. L. and Berridge, K. C. (2009). Towards a functional neuroanatomy
of pleasure and happiness. Trends in cognitive sciences, 13(11):479–487.

Kringelbach, M. L. and Rolls, E. T. (2004). The functional neuroanatomy of the human
orbitofrontal cortex: evidence from neuroimaging and neuropsychology. Progress in
neurobiology, 72(5):341–372.

Krogsrud, S. K., Fjell, A. M., Tamnes, C. K., Grydeland, H., Mork, L., Due-Tønnessen,
P., Bjørnerud, A., Sampaio-Baptista, C., Andersson, J., Johansen-Berg, H., et al.
(2016). Changes in white matter microstructure in the developing brain—a longi-
tudinal diffusion tensor imaging study of children from 4 to 11years of age. Neu-
roImage, 124:473–486.

Kroll, D. S., Nieva, H. R., Barsky, A. J., and Linder, J. A. (2016). Benzodiazepines
are prescribed more frequently to patients already at risk for benzodiazepine-related
adverse events in primary care. Journal of general internal medicine, pages 1–8.

Krueger, R. F., Markon, K. E., Patrick, C. J., Benning, S. D., and Kramer, M. D.
(2007). Linking antisocial behavior, substance use, and personality: an integra-
tive quantitative model of the adult externalizing spectrum. Journal of abnormal
psychology, 116(4):645.

Krugers, H. J., Lucassen, P., Karst, H., and Joëls, M. (2010). Chronic stress effects on
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Moreno-López, L., Stamatakis, E. A., Fernández-Serrano, M. J., Gómez-Ŕıo, M.,
Rodŕıguez-Fernández, A., Pérez-Garćıa, M., and Verdejo-Garćıa, A. (2012). Neu-
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Paquette, V., Lévesque, J., Mensour, B., Leroux, J.-M., Beaudoin, G., Bourgouin, P.,
and Beauregard, M. (2003). “change the mind and you change the brain”: effects of
cognitive-behavioral therapy on the neural correlates of spider phobia. Neuroimage,
18(2):401–409.

Paquola, C., Bennett, M. R., and Lagopoulos, J. (2016). Understanding heterogeneity
in grey matter research of adults with childhood maltreatment—a meta-analysis
and review. Neuroscience & Biobehavioral Reviews.

Pardo, J. V., Fox, P. T., and Raichle, M. E. (1991). Localization of a human system
for sustained attention by positron emission tomography. Nature, 349(6304):61–64.

Paret, C., Kluetsch, R., Zaehringer, J., Ruf, M., Demirakca, T., Bohus, M., Ende, G.,
and Schmahl, C. (2016a). Alterations of amygdala-prefrontal connectivity with real-
time fmri neurofeedback in bpd patients. Social cognitive and affective neuroscience,
11(6):952–960.

Paret, C., Ruf, M., Gerchen, M. F., Kluetsch, R., Demirakca, T., Jungkunz, M.,
Bertsch, K., Schmahl, C., and Ende, G. (2016b). fmri neurofeedback of amygdala
response to aversive stimuli enhances prefrontal–limbic brain connectivity. Neu-
roImage, 125:182–188.

Park, C. and Levenson, M. (2002). Drinking to cope among college students: Preva-
lence, problems and coping processes. Journal of Studies on Alcohol, 63(4):486–497.

Parker, G. (1983). Parental overprotection: A risk factor in psychosocial development.
Grune & Stratton.



466

Parker, G. and Brotchie, H. (2010). Gender differences in depression. International
Review of Psychiatry, 22(5):429–436.

Parker, G., Tupling, H., and Brown, L. (1979). A parental bonding instrument. British
journal of medical psychology, 52(1):1–10.

Parkes, K. R. (1986). Coping in stressful episodes: The role of individual differences,
environmental factors, and situational characteristics. Journal of personality and
social psychology, 51(6):1277.

Parkinson, K., Newbury-Birch, D., Phillipson, A., Hindmarch, P., Kaner, E., Stamp,
E., Vale, L., Wright, J., and Connolly, J. (2016). Prevalence of alcohol related
attendance at an inner city emergency department and its impact: a dual prospective
and retrospective cohort study. Emergency medicine journal, 33(3):187–193.

Parrott, D. J. and Giancola, P. R. (2004). A further examination of the relation
between trait anger and alcohol-related aggression: The role of anger control. Alco-
holism: Clinical and Experimental Research, 28(6):855–864.

Parvaz, M., Konova, A., Tomasi, D., Volkow, N., and Goldstein, R. (2012). Structural
integrity of the prefrontal cortex modulates electrocortical sensitivity to reward.
Journal of Cognitive Neuroscience, 24(7):1560–1570.

Parvizi, J., Van Hoesen, G. W., Buckwalter, J., and Damasio, A. (2006). Neural
connections of the posteromedial cortex in the macaque. Proceedings of the National
Academy of Sciences, 103(5):1563–1568.

Pascual, J., Soler, J., Baiget, M., Cortés, A., Menoyo, A., Barrachina, J., Ropero,
M., Goma, M., Alvarez, E., and Perez, V. (2006). Association between the sero-
tonin transporter gene and personality traits in borderline personality disorder pa-
tients evaluated with zuckerman-zuhlman personality questionnaire (zkpq). Actas
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Schienle, A., Schäfer, A., Walter, B., Stark, R., and Vaitl, D. (2005b). Brain activation
of spider phobics towards disorder-relevant, generally disgust- and fear-inducing
pictures. Neuroscience Letters, 388(1):1–6.

Schilbach, L., Bzdok, D., Timmermans, B., Fox, P. T., Laird, A. R., Vogeley, K., and
Eickhoff, S. B. (2012). Introspective minds: using ale meta-analyses to study com-
monalities in the neural correlates of emotional processing, social & unconstrained
cognition. PloS one, 7(2):e30920.

Schilbach, L., Eickhoff, S. B., Rotarska-Jagiela, A., Fink, G. R., and Vogeley, K.
(2008). Minds at rest? social cognition as the default mode of cognizing and its
putative relationship to the “default system” of the brain. Consciousness and cog-
nition, 17(2):457–467.



490

Schlenker, B. and Leary, M. (1982). Social anxiety and self-presentation: A conceptu-
alization model. Psychological Bulletin, 92(3):641–669.

Schlotz, W., Kumsta, R., Layes, I., Entringer, S., Jones, A., and Wüst, S. (2008).
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Räikkönen, K., Lehtimäki, T., Kähönen, M., Widen, E., et al. (2012). A genome-
wide meta-analysis of association studies of cloninger’s temperament scales. Trans-
lational psychiatry, 2(5):e116.

Setiawan, E., Pihl, R. O., Cox, S. M., Gianoulakis, C., Palmour, R. M., Benkelfat, C.,
and Leyton, M. (2011). The effect of naltrexone on alcohol’s stimulant properties and
self-administration behavior in social drinkers: Influence of gender and genotype.
Alcoholism: Clinical and Experimental Research, 35(6):1134–1141.

Shackman, A., Fox, A., Oler, J., Shelton, S., Oakes, T., Davidson, R., and Kalin, N.
(2016a). Heightened extended amygdala metabolism following threat characterizes
the early phenotypic risk to develop anxiety-related psychopathology. Molecular
Psychiatry.

Shackman, A., Kaplan, C., Stockbridge, M., Tillman, R., Tromp, D., Fox, A., and
Gamer, M. (2016b). The neurobiology of dispositional negativity and attentional
biases to threat: Implications for understanding anxiety disorders in adults and
youth.(in press). Journal of Experimental Psychopathology.

Shackman, A. J. and Fox, A. S. (2016). Contributions of the central extended amygdala
to fear and anxiety. The Journal of Neuroscience, 36(31):8050–8063.

Shackman, A. J., Fox, A. S., Oler, J. A., Shelton, S. E., Davidson, R. J., and
Kalin, N. H. (2013). Neural mechanisms underlying heterogeneity in the presen-
tation of anxious temperament. Proceedings of the National Academy of Sciences,
110(15):6145–6150.

Shackman, A. J., Salomons, T. V., Slagter, H. A., Fox, A. S., Winter, J. J., and
Davidson, R. J. (2011). The integration of negative affect, pain and cognitive control
in the cingulate cortex. Nature Reviews Neuroscience, 12(3):154–167.

Shackmana, A. J., Trompe, D. P., Stockbridgeb, M. D., Kaplana, C. M., Tillmana,
R. M., and Foxe, A. S. (in press). Dispositional negativity: An integrative psycho-
logical and neurobiological perspective. Psychological Bulletin.

Shah, P., Hall, R., Catmur, C., and Bird, G. (2016). Alexithymia, not autism, is
associated with impaired interoception. cortex, 81:215–220.

Shah, S. G. and Angstadt, M. (2009). Amygdala and insula response to emotional
images in patients with generalized social anxiety disorder. Journal of psychiatry &
neuroscience: JPN, 34(4):296.



495

Shalev, I., Heim, C. M., and Noll, J. G. (2016). Child maltreatment as a root cause
of mortality disparities: a call for rigorous science to mobilize public investment in
prevention and treatment. JAMA psychiatry.

Shalev, I., Lerer, E., Israel, S., Uzefovsky, F., Gritsenko, I., Mankuta, D., Ebstein,
R. P., and Kaitz, M. (2009). Bdnf val66met polymorphism is associated with hpa
axis reactivity to psychological stress characterized by genotype and gender inter-
actions. Psychoneuroendocrinology, 34(3):382–388.

Shankman, S. A., Gorka, S. M., Nelson, B. D., Fitzgerald, D. A., Phan, K. L., and
O’Daly, O. (2014). Anterior insula responds to temporally unpredictable aversive-
ness: an fmri study. Neuroreport, 25(8):596.

Sheldon, K., Ryan, R., and Reis, H. (1996). What makes for a good day? competence
and autonomy in the day and in the person. Personality and Social Psychology
Bulletin, 22(12):1270–1279.

Sher, K. J. (1987). Stress response dampening. Psychological theories of drinking and
alcoholism, pages 227–271.

Sher, K. J. (1991). Children of alcoholics: A critical appraisal of theory and research.
University of Chicago Press.

Sher, K. J., Bartholow, B. D., Peuser, K., Erickson, D. J., and Wood, M. D. (2007).
Stress-response-dampening effects of alcohol: attention as a mediator and modera-
tor. Journal of Abnormal Psychology, 116(2):362.

Sher, K. J., Grekin, E. R., and Williams, N. A. (2005). The development of alcohol
use disorders. Annu. Rev. Clin. Psychol., 1:493–523.

Sher, K. J. and Walitzer, K. S. (1986). Individual differences in the stress-response-
dampening effect of alcohol: A dose-response study. Journal of Abnormal Psychol-
ogy, 95(2):159.

Sher, K. J., T. T. J. B. B. and Vieth, A. (1999). Personality and alcoholism: Issues,
methods, and etiological processes. Psychological theories of drinking and alcoholism
(2nd edn), pages 55–105.

Shiba, Y., Santangelo, A. M., and Roberts, A. C. (2016). Beyond the medial regions
of prefrontal cortex in the regulation of fear and anxiety. Frontiers in systems
neuroscience, 10.

Shibata, T. and Ioannides, A. A. (2001). Contribution of the human superior parietal
lobule to spatial selection process: an meg study. Brain research, 897(1):164–168.

Shield, K. D., Taylor, B., Kehoe, T., Patra, J., and Rehm, J. (2012). Mortality and
potential years of life lost attributable to alcohol consumption in canada in 2005.
BMC Public Health, 12(1):1.



496

Shields, G. S., Sazma, M. A., and Yonelinas, A. P. (2016). The effects of acute
stress on core executive functions: A meta-analysis and comparison with cortisol.
Neuroscience & Biobehavioral Reviews, 68:651–668.

Shihata, S., McEvoy, P. M., Mullan, B. A., and Carleton, R. N. (2016). Intolerance of
uncertainty in emotional disorders: What uncertainties remain? Journal of anxiety
disorders.

Shimizu, M., Seery, M. D., Weisbuch, M., and Lupien, S. P. (2011). Trait social
anxiety and physiological activation: Cardiovascular threat during social interaction.
Personality and Social Psychology Bulletin, 37(1):94–106.

Shin, L., Kosslyn, S., McNally, R., Alpert, N., Thompson, W., Rauch, S., Macklin,
M., and Pitman, R. (1997). Visual imagery and perception in posttraumatic stress
disorder: A positron emission tomographic investigation. Archives of General Psy-
chiatry, 54(3):233–241.

Shin, L. and Liberzon, I. (2010). The neurocircuitry of fear, stress, and anxiety disor-
ders. Neuropsychopharmacology, 35(1):169–191.

Shin, L., Orr, S., Carson, M., Rauch, S., Macklin, M., Lasko, N., Peters, P., Metzger,
L., Dougherty, D., Cannistraro, P., Alpert, N., Fischman, A., and Pitman, R. (2004).
Regional cerebral blood flow in the amygdala and medial prefrontal cortex during
traumatic imagery in male and female vietnam veterans with ptsd. Archives of
General Psychiatry, 61(2):168–176.

Shin, L. M., Davis, F. C., VanElzakker, M. B., Dahlgren, M. K., and Dubois, S. J.
(2013). Neuroimaging predictors of treatment response in anxiety disorders. Biology
of mood & anxiety disorders, 3(1):1.

Shin, L. M., Wright, C. I., Cannistraro, P. A., Wedig, M. M., McMullin, K., Martis,
B., Macklin, M. L., Lasko, N. B., Cavanagh, S. R., Krangel, T. S., et al. (2005).
A functional magnetic resonance imaging study of amygdala and medial prefrontal
cortex responses to overtly presented fearful faces in posttraumatic stress disorder.
Archives of general psychiatry, 62(3):273–281.

Shin, S. H., Lee, S., Jeon, S.-M., and Wills, T. A. (2015). Childhood emotional abuse,
negative emotion-driven impulsivity, and alcohol use in young adulthood. Child
abuse & neglect.

Shlosberg, D. and Shoval, G. (2015). Suicide and substance abuse in adolescents.
In Textbook of Addiction Treatment: International Perspectives, pages 2249–2278.
Springer.

Shoham, V. and Insel, T. R. (2011). Rebooting for whom? portfolios, technology, and
personalized intervention. Perspectives on Psychological Science, 6(5):478–482.

Shokri-Kojori, E., Tomasi, D., Wiers, C., Wang, G., and Volkow, N. (2016). Alcohol
affects brain functional connectivity and its coupling with behavior: greater effects
in male heavy drinkers. Molecular psychiatry.



497

Shollenbarger, S. G., Price, J., Wieser, J., and Lisdahl, K. (2015). Poorer frontolim-
bic white matter integrity is associated with chronic cannabis use, faah genotype,
and increased depressive and apathy symptoms in adolescents and young adults.
NeuroImage: Clinical, 8:117–125.

Shulman, E. P., Harden, K. P., Chein, J. M., and Steinberg, L. (2015). Sex differences
in the developmental trajectories of impulse control and sensation-seeking from early
adolescence to early adulthood. Journal of youth and adolescence, 44(1):1–17.

Shulman, G. L., Fiez, J. A., Corbetta, M., Buckner, R. L., Miezin, F. M., Raichle,
M. E., and Petersen, S. E. (1997). Common blood flow changes across visual tasks:
Ii. decreases in cerebral cortex. Journal of cognitive neuroscience, 9(5):648–663.

Siegel, R. K. (1989). Intoxication: Life in pursuit of artificial paradise. EP Dutton.

Siegel, R. K. and Brodie, M. (1984). Alcohol self-administration by elephants. Bulletin
of the Psychonomic Society, 22(1):49–52.

Sierra, R. O., Nı́tola, L. P., Duran, J. M., Prieto, D. R., León, L. A., and Cardenas,
F. P. (2016). Medial orbitofrontal cortex lesion prevents facilitatory effects of d-
cycloserine during fear extinction. Behavioural brain research, 296:379–383.

Sikes, S. K. (1971). The natural history of the african elephant.

Silberman, Y., Ariwodola, O., and Weiner, J. (2009). Differential effects of gabab
autoreceptor activation on ethanol potentiation of local and lateral paracapsular
gabaergic synapses in the rat basolateral amygdala. Neuropharmacology, 56(5):886–
895.

Silberman, Y., Shi, L., Brunso-Bechtold, J., and Weiner, J. (2008). Distinct mecha-
nisms of ethanol potentiation of local and paracapsular gabaergic synapses in the
rat basolateral amygdala. Journal of Pharmacology and Experimental Therapeutics,
324(1):251–260.

Silveri, M., Rogowska, J., McCaffrey, A., and Yurgelun-Todd, D. (2011). Adolescents
at risk for alcohol abuse demonstrate altered frontal lobe activation during stroop
performance. Alcoholism: Clinical and Experimental Research, 35(2):218–228.

Silveri, M. M., Dager, A. D., Cohen-Gilbert, J. E., and Sneider, J. T. (2016). Neuro-
biological signatures associated with alcohol and drug use in the human adolescent
brain. Neuroscience & Biobehavioral Reviews.

Sim, M. E., Lyoo, I. K., Streeter, C. C., Covell, J., Sarid-Segal, O., Ciraulo, D. A.,
Kim, M. J., Kaufman, M. J., Yurgelun-Todd, D. A., and Renshaw, P. F. (2007).
Cerebellar gray matter volume correlates with duration of cocaine use in cocaine-
dependent subjects. Neuropsychopharmacology, 32(10):2229–2237.

Simmons, A., Matthews, S. C., Paulus, M. P., and Stein, M. B. (2008a). Intolerance
of uncertainty correlates with insula activation during affective ambiguity. Neuro-
science letters, 430(2):92–97.



498

Simmons, A., Strigo, I., Matthews, S. C., Paulus, M. P., and Stein, M. B. (2006).
Anticipation of aversive visual stimuli is associated with increased insula activation
in anxiety-prone subjects. Biological psychiatry, 60(4):402–409.

Simmons, A. N., Paulus, M. P., Thorp, S. R., Matthews, S. C., Norman, S. B., and
Stein, M. B. (2008b). Functional activation and neural networks in women with
posttraumatic stress disorder related to intimate partner violence. Biological psy-
chiatry, 64(8):681–690.

Simmons, A. N., Stein, M. B., Strigo, I. A., Arce, E., Hitchcock, C., and Paulus, M. P.
(2011). Anxiety positive subjects show altered processing in the anterior insula
during anticipation of negative stimuli. Human brain mapping, 32(11):1836–1846.

Simmons, W. K., Martin, A., and Barsalou, L. W. (2005). Pictures of appetizing foods
activate gustatory cortices for taste and reward. Cerebral Cortex, 15(10):1602–1608.

Simon, D., Adler, N., Kaufmann, C., and Kathmann, N. (2014). Amygdala hyper-
activation during symptom provocation in obsessive–compulsive disorder and its
modulation by distraction. NeuroImage: Clinical, 4:549–557.

Simon, E. W., Rosen, M., and Ponpipom, A. (1996). Age and iq as predictors of
emotion identification in adults with mental retardation. Research in Developmental
Disabilities, 17(5):383–389.

Simonetti, J. A., Mackelprang, J. L., Rowhani-Rahbar, A., Zatzick, D., and Rivara,
F. P. (2014). Psychiatric comorbidity, suicidality, and in-home firearm access among
a nationally representative sample of adolescents. JAMA psychiatry.

Simpson, J. R., Drevets, W. C., Snyder, A. Z., Gusnard, D. A., and Raichle, M. E.
(2001). Emotion-induced changes in human medial prefrontal cortex: Ii. during
anticipatory anxiety. Proceedings of the National Academy of Sciences, 98(2):688–
693.

Sindelar, H., Barnett, N., and Spirito, A. (2004). Adolescent alcohol use and injury.
Minerva pediatrica, 56:291–309.

Singer, T., Critchley, H. D., and Preuschoff, K. (2009). A common role of insula in
feelings, empathy and uncertainty. Trends in cognitive sciences, 13(8):334–340.

Singh, T., Walters, J. T., Johnstone, M., Curtis, D., Suvisaari, J., Torniainen, M.,
Rees, E., Iyegbe, C., Blackwood, D., McIntosh, A. M., et al. (2016). Rare schizophre-
nia risk variants are enriched in genes shared with neurodevelopmental disorders.
bioRxiv, page 069344.

Sinha, R. (2008). Chronic stress, drug use, and vulnerability to addiction. Annals of
the New York Academy of Sciences, 1141(1):105–130.

Sinha, R., Fox, H. C., Hong, K. A., Bergquist, K., Bhagwagar, Z., and Siedlarz, K. M.
(2009). Enhanced negative emotion and alcohol craving, and altered physiologi-
cal responses following stress and cue exposure in alcohol dependent individuals.
Neuropsychopharmacology, 34(5):1198–1208.



499

Sipe, J. C., Chiang, K., Gerber, A. L., Beutler, E., and Cravatt, B. F. (2002). A
missense mutation in human fatty acid amide hydrolase associated with problem
drug use. Proceedings of the National Academy of Sciences, 99(12):8394–8399.

Sjoerds, Z., Van Tol, M.-J., van den Brink, W., Van der Wee, N. J., Van Buchem,
M. A., Aleman, A., Penninx, B. W., and Veltman, D. J. (2013). Family history
of alcohol dependence and gray matter abnormalities in non-alcoholic adults. The
world journal of biological psychiatry, 14(8):565–573.

Skinner, K. D. and Veilleux, J. C. (2016). The interactive effects of drinking motives,
age, and self-criticism in predicting hazardous drinking. Substance use & misuse,
pages 1–11.

Skinner, M. L., Hong, S., Herrenkohl, T. I., Brown, E. C., Lee, J. O., and Jung,
H. (2016). Longitudinal effects of early childhood maltreatment on co-occurring
substance misuse and mental health problems in adulthood: the role of adolescent
alcohol use and depression. Journal of studies on alcohol and drugs, 77(3):464–472.

Slade, T., Chiu, W.-T., Glantz, M., Kessler, R. C., Lago, L., Sampson, N., Al-
Hamzawi, A., Florescu, S., Moskalewicz, J., Murphy, S., et al. (2016). A cross-
national examination of differences in classification of lifetime alcohol use disorder
between dsm-iv and dsm-5: Findings from the world mental health survey. Alco-
holism: Clinical and Experimental Research.

Sladky, R., Höflich, A., Küblböck, M., Kraus, C., Baldinger, P., Moser, E., Lanzen-
berger, R., and Windischberger, C. (2015). Disrupted effective connectivity be-
tween the amygdala and orbitofrontal cortex in social anxiety disorder during emo-
tion discrimination revealed by dynamic causal modeling for fmri. Cerebral Cortex,
25(4):895–903.

Slutske, W., Heath, A., Madden, P., Bucholz, K., Statham, D., and Martin, N. (2002).
Personality and the genetic risk for alcohol dependence. Journal of Abnormal Psy-
chology, 111(1):124–133.

Slutske, W. S., Heath, A. C., Dinwiddie, S. H., Madden, P. A., Bucholz, K. K.,
Dunne, M. P., Statham, D. J., and Martin, N. G. (1998). Common genetic risk fac-
tors for conduct disorder and alcohol dependence. Journal of abnormal psychology,
107(3):363.

Smallwood, J. and Schooler, J. W. (2006). The restless mind. Psychological bulletin,
132(6):946.

Smart Richman, L. and Leary, M. R. (2009). Reactions to discrimination, stigmati-
zation, ostracism, and other forms of interpersonal rejection: a multimotive model.
Psychological review, 116(2):365.

Smith, B. D., Davidson, R. A., Perlstein, W., and Gonzalez, F. (1990). Sensation-
seeking: Electrodermal and behavioral effects of stimulus content and intensity.
International Journal of Psychophysiology, 9(2):179–188.



500

Smith, C. A. and Ellsworth, P. C. (1985). Patterns of cognitive appraisal in emotion.
Journal of personality and social psychology, 48(4):813.

Smith, C. T., Dang, L. C., Cowan, R. L., Kessler, R. M., and Zald, D. H. (2016a).
Variability in paralimbic dopamine signaling correlates with subjective responses to
d-amphetamine. Neuropharmacology, 108:394–402.

Smith, D. G., Jones, P. S., Bullmore, E. T., Robbins, T. W., and Ersche, K. D. (2014).
Enhanced orbitofrontal cortex function and lack of attentional bias to cocaine cues
in recreational stimulant users. Biological psychiatry, 75(2):124–131.

Smith, J., Marciani, L., Humes, D., Francis, S., Gowland, P., and Spiller, R. (2016b).
Anticipation of thermal pain in diverticular disease. Neurogastroenterology and
motility: the official journal of the European Gastrointestinal Motility Society.

Smith, J. L., Iredale, J. M., and Mattick, R. P. (2016c). Sex differences in the relation-
ship between heavy alcohol use, inhibition and performance monitoring: Disconnect
between behavioural and brain functional measures. Psychiatry Research: Neu-
roimaging, 254:103–111.

Smith, Y. and Pare, D. (1994). Intra-amygdaloid projections of the lateral nucleus
in the cat: Pha-l anterograde labeling combined with postembedding gaba and
glutamate immunocytochemistry. Journal of Comparative Neurology, 342(2):232–
248.

Smits, D., De Boeck, P., and Vansteelandt, K. (2004). The inhibition of verbally
aggressive behaviour. European Journal of Personality, 18(7):537–555.

Smits, D. J. and Kuppens, P. (2005). The relations between anger, coping with anger,
and aggression, and the bis/bas system. Personality and Individual differences,
39(4):783–793.

Smyth, A., Teo, K. K., Rangarajan, S., O’Donnell, M., Zhang, X., Rana, P., Leong,
D. P., Dagenais, G., Seron, P., Rosengren, A., et al. (2015). Alcohol consumption
and cardiovascular disease, cancer, injury, admission to hospital, and mortality: a
prospective cohort study. The Lancet, 386(10007):1945–1954.

Snoek, H., Van Goozen, S. H., Matthys, W., Buitelaar, J. K., and Van Engeland,
H. (2004). Stress responsivity in children with externalizing behavior disorders.
Development and psychopathology, 16(02):389–406.

Soares, L. M., De Vry, J., Steinbusch, H. W., Milani, H., Prickaerts, J., and de Oliveira,
R. M. W. (2016). Rolipram improves cognition, reduces anxiety-and despair-like
behaviors and impacts hippocampal neuroplasticity after transient global cerebral
ischemia. Neuroscience, 326:69–83.
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Ströhle, A., Wittmann, A., Pfleiderer, B., Gauggel, S., et al. (2014). Neural cor-
relates of procedural variants in cognitive-behavioral therapy: a randomized, con-
trolled multicenter fmri study. Psychotherapy and psychosomatics, 83(4):222–233.

Straube, T. (2016). Effects of psychotherapy on brain activation patterns in anxiety
disorders. Zeitschrift für Psychologie.



507

Straube, T., Kolassa, I.-T., Glauer, M., Mentzel, H.-J., and Miltner, W. (2004). Effect
of task conditions on brain responses to threatening faces in social phobics: An
event-related functional magnetic resonance imaging study. Biological Psychiatry,
56(12):921–930.

Straube, T., Mentzel, H.-J., and Miltner, W. (2007a). Waiting for spiders: Brain
activation during anticipatory anxiety in spider phobics. NeuroImage, 37(4):1427–
1436.

Straube, T., Preissler, S., Lipka, J., Hewig, J., Mentzel, H.-J., and Miltner, W. H.
(2010). Neural representation of anxiety and personality during exposure to anxiety-
provoking and neutral scenes from scary movies. Human brain mapping, 31(1):36–47.

Straube, T., Schmidt, S., Weiss, T., Mentzel, H.-J., and Miltner, W. H. (2009a).
Dynamic activation of the anterior cingulate cortex during anticipatory anxiety.
Neuroimage, 44(3):975–981.

Straube, T., Schmidt, S., Weiss, T., Mentzel, H.-J., and Miltner, W. H. (2009b). Sex
differences in brain activation to anticipated and experienced pain in the medial
prefrontal cortex. Human brain mapping, 30(2):689–698.

Straube, T., Weiss, T., Mentzel, H.-J., and Miltner, W. (2007b). Time course of
amygdala activation during aversive conditioning depends on attention. NeuroIm-
age, 34(1):462–469.

Strawn, J. R., Cotton, S., Luberto, C. M., Patino, L. R., Stahl, L. A., Weber, W. A.,
Eliassen, J. C., Sears, R., and DelBello, M. P. (2016). Neural function before and af-
ter mindfulness-based cognitive therapy in anxious adolescents at risk for developing
bipolar disorder. Journal of child and adolescent psychopharmacology.

Stroud, L. R., Salovey, P., and Epel, E. S. (2002). Sex differences in stress responses:
social rejection versus achievement stress. Biological psychiatry, 52(4):318–327.

Sturm, V., Lenartz, D., Koulousakis, A., Treuer, H., Herholz, K., Klein, J. C., and
Klosterkötter, J. (2003). The nucleus accumbens: a target for deep brain stimulation
in obsessive–compulsive-and anxiety-disorders. Journal of chemical neuroanatomy,
26(4):293–299.

Sturman, D. A. and Moghaddam, B. (2011). Reduced neuronal inhibition and coor-
dination of adolescent prefrontal cortex during motivated behavior. The Journal of
Neuroscience, 31(4):1471–1478.

Suckling, J. and Nestor, L. J. (2016). The neurobiology of addiction: the perspective
from magnetic resonance imaging present and future. Addiction.

Suhara, T., Yasuno, F., Sudo, Y., Yamamoto, M., Inoue, M., Okubo, Y., and Suzuki,
K. (2001). Dopamine d2 receptors in the insular cortex and the personality trait of
novelty seeking. Neuroimage, 13(5):891–895.



508

Sullivan, P., Daly, M., and O’Donovan, M. (2012). Genetic architectures of psychiatric
disorders: the emerging picture and its implications. Nature reviews. Genetics,
13(8):537–551.

Sullivan, P. F., Kendler, K. S., and Neale, M. C. (2003). Schizophrenia as a complex
trait: evidence from a meta-analysis of twin studies. Archives of general psychiatry,
60(12):1187–1192.

Suslow, T., Kugel, H., Reber, H., Bauer, J., Dannlowski, U., Kersting, A., Arolt,
V., Heindel, W., Ohrmann, P., and Egloff, B. (2010). Automatic brain response
to facial emotion as a function of implicitly and explicitly measured extraversion.
Neuroscience, 167(1):111–123.

Susman, E. J. (2006). Psychobiology of persistent antisocial behavior: Stress, early
vulnerabilities and the attenuation hypothesis. Neuroscience & Biobehavioral Re-
views, 30(3):376–389.

Sussman, T. J., Jin, J., and Mohanty, A. (2016). Top-down and bottom-up factors in
threat-related perception and attention in anxiety. Biological Psychology.

Swailes, S. and McIntyre-Bhatty, T. (2002). The “belbin” team role inventory: rein-
terpreting reliability estimates. Journal of Managerial Psychology, 17(6):529–536.

Swanson, J., Holzer III, C., Ganju, V., and Jono, R. (1990). Violence and psychi-
atric disorder in the community: Evidence from the epidemiologic catchment area
surveys. Hospital and Community Psychiatry, 41(7):761–770.

Swanson, L. W. (2003). The amygdala and its place in the cerebral hemisphere. Annals
of the New York Academy of Sciences, 985(1):174–184.

Swanson, L. W. and Petrovich, G. D. (1998). What is the amygdala? Trends in
neurosciences, 21(8):323–331.

Swartz, J. R., Knodt, A. R., Radtke, S. R., and Hariri, A. R. (2015). A neural
biomarker of psychological vulnerability to future life stress. Neuron, 85(3):505–
511.

Swenson, R. M. and Vogel, W. H. (1983). Plasma catecholamine and corticosterone
as well as brain catecholamine changes during coping in rats exposed to stressful
footshock. Pharmacology Biochemistry and Behavior, 18(5):689–693.

Sylvester, C., Corbetta, M., Raichle, M., Rodebaugh, T., Schlaggar, B., Sheline, Y.,
Zorumski, C., and Lenze, E. (2012). Functional network dysfunction in anxiety and
anxiety disorders. Trends in neurosciences, 35(9):527–535.

Szatmari, P., Paterson, A. D., Zwaigenbaum, L., Roberts, W., Brian, J., Liu, X.-Q.,
Vincent, J. B., Skaug, J. L., Thompson, A. P., Senman, L., et al. (2007). Mapping
autism risk loci using genetic linkage and chromosomal rearrangements. Nature
genetics, 39(3):319–328.



509

Szczepanik, J., Nugent, A. C., Drevets, W. C., Khanna, A., Zarate, C. A., and Furey,
M. L. (2016). Amygdala response to explicit sad face stimuli at baseline predicts
antidepressant treatment response to scopolamine in major depressive disorder. Psy-
chiatry Research: Neuroimaging, 254:67–73.

Szczepanski, S. M., Konen, C. S., and Kastner, S. (2010). Mechanisms of spatial atten-
tion control in frontal and parietal cortex. The Journal of Neuroscience, 30(1):148–
160.

Sznycer, D., Tooby, J., Cosmides, L., Porat, R., Shalvi, S., and Halperin, E. (2016).
Shame closely tracks the threat of devaluation by others, even across cultures. Pro-
ceedings of the National Academy of Sciences, page 201514699.

Szpunar, K., Watson, J., and McDermott, K. (2007). Neural substrates of envisioning
the future. Proceedings of the National Academy of Sciences of the United States of
America, 104(2):642–647.

Taber-Thomas, B. C., Morales, S., Hillary, F. G., and Pérez-Edgar, K. E. (2016).
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A. A. (2013). Understanding resilience. Frontiers in behavioral neuroscience, 7:10.



531

Wu, L. S.-H., Lee, C.-S., Weng, T.-Y., Wang, K. H.-T., and Cheng, A. T.-A. (2016a).
Association study of gene polymorphisms in gaba, serotonin, dopamine, and alcohol
metabolism pathways with alcohol dependence in taiwanese han men. Alcoholism:
Clinical and Experimental Research, 40(2):284–290.

Wu, Y., Wang, J., Zhang, Y., Zheng, D., Zhang, J., Rong, M., Wu, H., Wang, Y., Zhou,
K., and Jiang, T. (2016b). The neuroanatomical basis for posterior superior parietal
lobule control lateralization of visuospatial attention. Frontiers in neuroanatomy,
10.

Wudarczyk, O. A., Kohn, N., Bergs, R., Goerlich, K. S., Gur, R. E., Turetsky, B.,
Schneider, F., and Habel, U. (2016). Chemosensory anxiety cues enhance the per-
ception of fearful faces–an fmri study. NeuroImage.

Wyk, B., Hudac, C., Carter, E., Sobel, D., and Pelphrey, K. (2009). Action under-
standing in the superior temporal sulcus region. Psychological Science, 20(6):771–
777.

Wylie, R. C. (1974). The self-concept: Theory and research on selected topics, vol-
ume 2. U of Nebraska Press.

Xiao, P., Dai, Z., Zhong, J., Zhu, Y., Shi, H., and Pan, P. (2015). Regional gray
matter deficits in alcohol dependence: A meta-analysis of voxel-based morphometry
studies. Drug and alcohol dependence, 153:22–28.

Xie, X., Bratec, S. M., Schmid, G., Meng, C., Doll, A., Wohlschläger, A., Finke, K.,
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