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Manipulating Levels of Socially
Evaluative Threat and the Impact on
Anticipatory Stress Reactivity

Olivia A. Craw *#, Michael A. Smith * and Mark A. Wetherell *

! Stress Research Group, Department of Psychology, Northumiia University, Newcastle upon Tyne, United Kingdom,
2 Faculty of Medical Sciences, Population Health Sciences Ititute, Newcastle University, Newcastle upon Tyne,
United Kingdom

Previous work suggests that relative increases in sociallgvaluative threat modulate
the psychobiological stress response. However, few studie have compared stressors
which manipulate the level of socially evaluative threat twhich the participant is
exposed. Here we present two studies. In the rst, we assessd the integrity of an
ecologically valid, laboratory stressor (direct socialgvaluated multitasking) and its effects
on acute psychobiological reactivity and ability to evokeraanticipatory response prior to
participation. Speci cally, we assessed whether the expetation and experience of direct
social evaluation (multitasking while standing and facingn evaluator) evokes greater
reactivity than indirect evaluation (over-the-shouldervaluation). In the second study,
we sought to replicate the ndings regarding acute stress ractivity whilst extending
the assessment window to assess the extent to which the stresor evokes anticipatory
responses. As hypothesized, greater reactivity was obseed following direct social
evaluation compared with indirect observation. Increasei anxiety, heart rate and blood
pressure were demonstrated across both studies and the pardigm therefore provides an
ecologically valid technique for the activation of psychogical and cardiovascular stress
responding. Additionally, anticipation of experiencingacially evaluated multitasking led
to increases in anxiety, tension, and worry prior to the evdritself, supporting previous
suggestions that threat anticipation may prolong the actation of stress mechanisms.
In the present studies we assessed whether the expectationrad experience of direct
social evaluation evokes greater reactivity than indire@valuation. The ndings have
demonstrated that direct social evaluation of multitaskigis a more potent stressor than
multitasking with indirect evaluation. Furthermore, ourndings indicate that the period
of anticipation of stressful events may be critical to undstanding the process of stress
regulation, and as such we recommend extending the samplingvindow to allow for the
investigation of these processes.

Keywords: stress, anticipation, social evaluation, multit asking, physiological stress response
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INTRODUCTION can prolong the activation of stress mechanisms designed for
short-term arousal only. For example, in studies assessixigign
Exposure to a situation perceived as challenging or threatgni in patients attending hospital for surgery, orthopedic sugger
which exceeds an individual's ability to cope, leads to a@anfg patients reported the greatest levels of anxiety the day eefor
physiological responses which assist in managing the demamspital admission, 2 days prior to the operatiofiofinston,
and mobilizing the required metabolic resource$o(naka 198(. A further study assessing patients awaiting surgery
et al., 1998 When activated in the short-term these stresssyggests that uncertainty and fear were more stressful femta
responses mediate adaptiod¢Ewen, 2005 however, repeated awaiting heart surgery than the symptoms of the heart conditi
or inappropriate activation is associated with a plethora oftself Bengtson et al., 199imilarly, women awaiting diagnoses
well-documented adverse e ects on cardiovascular, immundellowing an abnormal mammogram described the waiting
metabolic, and psychological healthvi¢Ewen, 1998 One of period as a type of “limbo” whereby their lives were seriously
the determinants of vulnerability to stress-related ilielté is  disrupted with “panic attacks, insomnia, inability to conteste
how individuals respond to daily stressors. Therefore, idesr at work, inability to plan, gastrointestinal upset, tearfidagand
to understand the pathways by which exposure to stress lea@geoccupation of fears” (p. 45[horne et al., 1999 Finally,
to deleterious health outcomes it is necessary to deVGlOiS to women undergoing an emergency ultrasound in eariy pregnancy
which facilitate the observation of individuals while thesea reported signi cantly higher levels of anxiety before, comgzh
experiencing stres§\(etherell et al., 2006 with after the ultrasoundRichardson et al., 20).7This was even
Previous studies have employed a variety of physiologicghe case when they subsequently received a conclusiveodiagn
and psychological stressors to assess responses of both fBgardless of whether they received a positive or negativét,resu
sympathetic adrenal medullary (SAM) and hypothalamicfurther demonstrating that anticipation may be perceived as a
pituitary adrenal (HPA) axes, and provide an insight intomore potent stressor than the planned event itself.
their e ects on health, COgnition, and emotiorS(:hwabe et aI., The irnpact of forthcorning demand on resources has also
2009. These stressors elicit a range of responses dependipgen observed in non-patient settings. University studetseh
on their paradigm components; some activating the SAM axiseported greater anxiety during the period preceding nal exam
whilst others prompt activation of the slower reacting HPA (L otz and Sparfeldt, 20)7and greater levels of cortisol have
axis. Whilst SAM reactivity is evidenced by more immediat%een observed in the period preceding Sport Competitim(
responses to a stressor (such as cardiovascular reactivityiridon et al., 2017; Cintineo and Arent, 2)1a&s well as
and the release of adrenaline), HPA axis activity, detectei@ veterinary students prior to performing surgenBtevens
through the secretion of cortisol from the adrenal glands, i et al., 201) Manipulations of forthcoming demand also provide
typically observed in response to prolonged or more challegginevidence of the role of the HPA axis, speci cally, the Cortisol
(or resource-demanding) stressors. In particular, stresso Awakening Response (CAR) as an anticipatory mechanism. The
that require motivated performance during social-evalvati CAR, a surge in cortisol in the period immediately following
conditions are associated with the most robust HPA reattivi awakening is posited to play a role in preparation for forthcogin
in |ab0rat0ry conditions Kirschbaum et al., 1993; Dickerson demand Staider et al., Zolsincreases in the magnitude of the
and Kemeny, 20Q4However, whilst many previously employed CAR have been observed on the day of anticipated stress and
stressors have successfully elicited a range of stressneespo demand in ambulatory \(Vetherell et al., 20)5and sleep lab
the development of a tool allowing desired procedural control(E|der et al., 20)&ettings.
whilst also obtaining ecological validity, remains a avagle. Collectively, these ndings indicate that real world
Beyond eliciting stress reactivity, laboratory stresstisuld  stressors evoke “thinking about” the event in advance
provide insight into how an individual would respond to a and anticipatory stress responses facilitate adaptive
stressor encountered in a real-life settnge{thereIl et aI., 2006 physi0|ogica| functioning_ The assessment of anticipatory
Therefore, to achieve this ecological validity it is impotta periods could therefore be usefully incorporated into
that individuals engage with laboratory stressors repres®®  ecologically valid laboratory stressor paradigms to allow
of their experiences in natural settings. For example, dailfor the identication of biomarkers which may be
activity typically involves exposure to multiple sources oés$  associated with adaptive and maladaptive reactivity of stres
(Chida and Hamer, 2008 and therefore single task stressorsresponse mechanisms.
are of limited utility. Ecologically valid laboratory sssors In this paper we present two studies that demonstrate
should therefore encompass multiple stimuliin order to repiica the development of such a paradigm. In the rst study we
the environments experienced in daily lifevetherell et al., jnvestigate psychobiological reactivity related to an egichlly
2009. In addition to exposure to multiple sources of stressyalid laboratory stressor, the Multitasking Framework (MTF:
many commonly encountered stressors include an intervabyrple Research Solutions, UK). The MTF is a motivated
of “preparing for” or “anticipating” the planned event (e.g., performance task that elicits stress through the manipulation
Neubauer et al., 20)8 Studies examining the anticipatory of workload intensity and reliably activates indices of s$re
response preceding forthcoming acute, naturalistic stmsssoreactivity (Vetherell and Sidgreaves, 2005; Scholey et al.,
suggest that this period is often perceived as highly stressfd  2009: Kelly-Hughes et al., 2014; Allen et al., 30More
sometimes even more so than the event itself (&geco and  recently we have demonstrated that multitasking, whilst being
Roger, 2008 Further, it has been suggested that this procesgdirectly evaluated (over the shoulder feedback given on
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performance), leads to increased reports of anxiety andequired to report a target tone; number tap, where participants
cardiovascular reactivity compared with multitasking aon are required to identify and report the highest digits in a 4
(Wetherelletal., 20)7The e ects of socially evaluative threat on 4 grid; visual monitoring, where participants are required to
psychobiological stress responses, particularly the impaab upanonitor and rest a cursor to prevent it leaving a target ared; @
HPA reactivity, are well-establishediCkerson et al., 2008, 2009 Stroop task (for a detailed description of tasks'8é&eherell and
However, less is known about whether manipulations in theCarter, 2014
delivery of socially evaluative threat di erentially impaaipon )
stress reactivity. Cardiovascular Measurements

In Study 1 we aim to extend the ndings of/etherell et al. Heart rate and blood pressure were recorded using the
(2017) by manipulating the delivery of socially evaluative threatPINAMAP Pro 200 V2 (GE Healthcare), via an in atable
We assess whether direct social evaluation of multitaskingrachial cu .
(i.e., participant standing and facing the researcher) lea

o ) . uestionnaires
to acute activation of the HPA axis, measured via thﬁtems from the short-form State Anxiety scal®ldrteau and

g?/gllzgltiorrfs(lijgnsris?artchﬁersgc:j]?j?r:, rtiitilr\:g Stgatlgglrectﬁgiou Bekker, 199pwere used (I feel calm; | feel tense; | am upset; | feel
o g pzEng. relaxed; | feel content; | feel worried) alongside two aiddial

We further aimed to investigate whether there was any . .
- oy . tems measuring stress (I feel stressed) and happiness (I feel
evidence of anticipatory stress prior to stressor exposure.

Study 2 presents a replication of the acute psychobiologicaf”‘pp},/) to“assess stat:e moqq, with responses ranging from “not
L . . . - 2 at all” to “very much.” Participants also completed items that
reactivity to direct socially evaluated multitasking, ishi

extending the samoling window to assess the da rioassessedtheirfeelingsofmental alertness and physicailiensi
9 ping Y PMO%heq the night before, their levels of morning wellness anchie

to, the day of, and. the. day_ fqllowmg stressor EXPOSUIE, assess their thoughts about their forthcoming experience
to capture psychobiological indices across an  extende to what extent have you been thinking about the stressor

anticipatory period. P « ;
We hypothesized that (1) direct socially evaluate qsessmn. anc_zl to”what extent have you been worrying abat th
stressor session?”).

multitasking would elicit greater psychobiological stress
reactivity than indirect socially evaluated multitaskingnd  salivary Cortisol

(2) anticipation of experiencing direct socially evaluatedsyjiva samples were collected using Salivettes (Sarstedt,
multitasking would be associated with alterations in sta®od  Germany). Samples were frozen 20 C) and assayed in

and HPA reactivity prior to stress exposure. duplicate, using the enzyme-linked immunosorbent assay
method (Salimetrics Europe, Cambridge UK, intra and inter
STUDY 1 assay coe cients< 10%), in accordance with the manufacturer's
. instructions. Participants were requested to refrain froatirgg,
Materials and Methods drinking (other than water) and smoking for 1h prior to
Participants providing saliva samples (Salimetrics Europe, Newmarket,

The sample comprised 39 healthy adults (age range 184g¢  United Kingdom).

D 22.0,SDygeD 4.62; 5 males, 34 females) from an undergraduate

population. Participants were randomly allocated to receivé’rocedure

either direct social evaluation (20 in total: three mal@sfelnales, Participants satisfying the eligibility criteria were ited to
Mage D 21.9,SDyge D 4.36) or indirect social evaluation (19 in provide written informed consent. Participants attended a Brm
total: two males, 17 female¥lage D 22.1,SDyge D 5.02) whilst study brief 2—7 days prior to their testing session. Duringsth
multitasking. There were no signicant dierences betweenappointment direct social evaluation participants were nati e
the two groups in terms of age, sex, perceived stress, or trahat they would be required to stand in front of the researcied
anxiety. Participants were screened for the following eligib  receive social evaluation whilst completing a set of chalfengi
criteria: aged between 18 and 40 years, resting blood pressiigsks on the computer. Those in the indirect social evalumatio
< 140/90 mmHg; not taking steroidal medication; not pregnantcondition were told that they would complete the tasks whilst
or breastfeeding; no history of panic attacks. All recruiitine seated and receive social evaluation from the experimenter
and study procedures were granted ethical approval from theehind them. Participants were provided with the state mood

Institutional Ethics Committee. items and asked to complete them on the morning of the
stressor session.
Materials All laboratory testing took place at least 1h following

The Multitasking Framework (MTF: Purple Research Sohkjtiorawakening and between 12:00 and 16:00 h, when levels cfaorti
UK) is a computerized stressor that requires participants tare typically lower and more stablesgxbe, 2008 On the
attend to four tasks simultaneously that vary in terms of éim morning of the testing session (prior to attending the lakiorg)
pressure and/or diculty; tasks are performance driven andparticipants completed the morning mood questionnaire. Upon
demand is manipulated through instructing participants toarrival at the laboratory, participants were seated and the
achieve as high a score as they can. The present study includ@tNAMAP cu was placed on their non-dominant arm. After
the following tasks: auditory monitoring, where participardre a seated rest period of 10 miB#lodis et al., 20)Pparticipants
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TABLE 1 | Protocol timeline and sampling procedure: time (minutes)feach
procedure prior/subsequent to the stress task displayed inhe left column.

Time (min) Procedure

10 (Arrival at laboratory)

Saliva sample 1

State mood 1

Heart rate (HR) and blood pressure (BP) measured, following

rest period
Demonstration of the MTF (2 min)
Saliva sample 2

State mood 2

HR and BP

Stressor commencement
HR and BP

Stressor cessation
Saliva sample 3

State mood 3

HR and BP

Nature documentary commencement

Cc20

C40

C50 Saliva sample 4
State mood 4

HR and BP

Nature programme cessation
Saliva sample 5

HR and BP

State mood 5

C60

were given a 2-min demonstration of the tasks by the resesirch
(Wetherell and Carter, 20)4Prior to commencement of the

20-min period of multitasking, participants were informed tha
they needed to work as fast and accurately as possible, and

evaluation; indirect social evaluation) and time (Mood:iat,
post-stressor demonstration, stressor cessation, rétexat10,
relaxationC20/end of study; Cardiovascular parameters: arrival,
post-stressor demonstration, stressor cessation, rétex&t10,
relaxationC20/end of study; Cortisol: arrival, pre-stressor, post-
stressor, relaxatiorC10, and relaxationC20/end of study).
Bonferroni-correctegost-ho@analyses were conducted to assess
changes between the 5 time points (arrival; post-stressor
demonstration; stressor cessation; relaxatiofO; relaxation
C20/end of study).

Results
Cardiovascular Parameters
A signi cant main e ect of condition was observed for heartea
with greater heart rate for the direct compared to the indirec
condition [F; 37y D 4.29,p D 0.045, 2D 0.10]. There was no
signi cant main e ect of condition for systolicf; 37yD 1.166,
p D 0.287, 2 D 0.03] or diastolic F(1,37yD 2.63,p D 0.113,
2D 0.07] blood pressure. Signi cant main e ects of time were
observed for heart rateF[4 34y D 13.56,p < 0.001, Wilks3 D
0.39, 2D 0.66, se€igure 1A]. Pairwise comparisons revealed
signi cant increases in heart rate from arrival at the lahtary
to stressor cessatiop & 0.001). There was a signi cant main
e ect of time on systolic blood pressurg 34D 3.27pD 0.023,
Wilks'3 D 0.72, 2D 0.28, se€igure 1B. Pairwise comparisons
revealed a signi cant increase in systolic blood pressuoenfr
arrival to stressor cessatiop © 0.032). A signi cant main
e ect of time on diastolic blood pressure was observeg {4
D 5.45,p D 0.002, Wilks'3 D 0.61, 2 D 0.39, se€igure 1Q.
Pairwise comparisons revealed a signi cant increase framalr
at the laboratory to stressor cessatign¥ 0.001). A signi cant
d8ndition  time interaction was observed for heart rafgza)

attain their highest achievable score. Upon cessation of the 25 8.95,p D <0.001, Wilks3 D 0.49, 2 D 0.17] and diastolic

min stressor participants were left alone in the room for a Zoblood pressureff 4 a4 D 4.66,0 D 0.004, Wilks3 D 0.65 2p
min relaxation period. During this time, participants watchad 0.35]. Aone-wayANOVA con rmed that cessation of the st@ss

nature documentary (Frozen Planet, BBC). In the indireatiab
evaluation condition, whilst completing the MTF participants
received over-the-shoulder evaluation of their performarat
set time intervals (se@/etherell et al., 201 7for full protocol).
In the direct social evaluation condition, participants conpte
the MTF whilst standing behind a podium in front of the

experimenter. The MTF screen was projected onto the wa

behind them, enabling the researcher observation of paxitis'

performance throughout the study. Social evaluation Wa§here was asi

was the point at which heart rat&f 37D 26.29p D <0.001, 2
D 0.42], systolic blood pressurg({ 37yD 4.89,p D 0.033, D
0.12], and diastolic blood pressurig{ 37)D 19.67p < 0.001, 2
D 0.35] signi cantly di ered between the groups.

Mean (and S.E.) heart rate, systolic and diastolic blood
ﬁressure across both conditions are presentefigure 1

State Mood
gni cant main e ect of time on state anxiefy[34)

received as per the indirect evaluation condition. Saliva wap, 27.36,p < 0.001, Wilks3 D 0.24, 2 D 0.76, se&igure 2.
collected and state mood recorded at 5 intervals during thginyise comparisons revealed a signi cant increase inetyxi

testing period: upon arrival at the laboratory; immediatelydoe

from arrival at the laboratory and stressor cessatipr (0.001)

and after stressor exposure (20min); 10 and 20min following,§ gecrease between arrival and nature documentary @@ssat

stressor cessation. Heart rate and blood pressure werededor

at the end of the rest period; following the MTF demonstration;o'sop D 0.485
and immediately, 10 and 20 min following stressor cessationpserved ’

(p D 0.001). No signi cant main e ects of conditionH 37) D
2p 0.01], ortime condition interactions were
[F(4,34)D 0.50,p D 0.739, Wilks3 D 0.95, 2D 0.08].

The procedure lasted 1 h. The protocol timeline and samp”n%ed:igurez

procedure are presented Trable 1

Treatment of Data
Mood, heart rate, blood pressure, and cortisol were assesgegl u

Cortisol
A signi cant main e ect of time was observed for cortisol,
representing a reduction across the testing perigd 5o)D 6.35,

2-way repeated measures ANOVAs with group (direct socigh D 0.001, Wilks3 D 0.53, 2 D 0.47]. There was no signi cant
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FIGURE 2 | Mean (and SE) state anxiety for the direct social evaluati@nd indirect social evaluation conditions, assessed durgexposure to the stressor
manipulation.

main e ect of condition [F(1 30)D 0.41,p D 0.527, 2D 0.01] or
time condition interaction F(4 29)D 1.81,0D 0.154, Wilks3
D 0.80, 2D 0.02].

In order to adjust for the potential confounding in uence of
diurnal cortisol on cortisol reactivity, salivary cortisealues at
each time point were adjusted for the diurnal slope in accoo#gan
with the procedure outlined b¥lbau et al. (2018and Kuhnel
et al. (2020)and the area under the curve was calculated usin
these adjusted values. There was no signi cant di erence/beh
the direct and indirect social evaluation conditions usitgs
measure of cortisol reactivityg) D 0.17,pD 0.86,d D 0.06].

Awakening Mood on Day of Stressor
Participants in the direct social evaluation condition reteat
signi cantly greater feelings of tension on the morning diet

Materials
All materials were identical to those used in Study 1.

Procedure

Participants satisfying the eligibility criteria (reportedStudy 1)
were invited to the laboratory for a short (10 min) brie ng 2—
gays prior to the stressor session. Participants were tolitittesy
would be completing a stressor task which would be cognitively
demanding, whilst standing in front of a researcher who would
be monitoring their behavior and performance throughout the
task and that they would receive critical evaluation of thei
performance throughout. Following receipt of written inforche
consent, participants were given data collection packs to take
away with them. These packs included four sets of salivettes,
guestionnaire booklet including state mood measures aradieess

stressor, compared with those who were expecting indiredample collection diary. Participants received training owho

social evaluationH 37y D 6.12,p D 0.018, 2 D 0.14]. They
additionally reported feeling less conterf{z7) D 5.79,p D
0.021, 2D 0.17], less calnmH 37)D 8.40,p D 0.006, 2D 0.18],
and less happyH;,37)D 6.54,p D 0.015, 2D 0.15] than those
exposed to indirect social evaluation.

STUDY 2
Method

Participants

to provide the saliva samples and were instructed to accurately
record saliva collection times. Additionally, participantene
asked to wear wrist-worn actigraph devices for the duratién o
the study and were told that their waking times were recorded.
Unfortunately, problems with data recording prevented anedys

of these data. Participants were asked to provide saliva sample
immediately upon awakening; 30, 45, and 60 min following
awakening; 6 h following awakening and immediately prior to
bed on 3 consecutive days: the day before returning to the
laboratory for the stressor (day 1), the day of the stresday @),

the day after (day 3), and on a control day (day 4). Additiopall

The sample comprised 31 healthy adults (age range 18-38 yeapatticipants recorded state mood upon awakening, 6h after

MageD 24.4,SDyge D 5.18) from an undergraduate population
(none of whom had taken part in Study 1). One participant
withdrew from the study after the rst sampling day due to sleep
disturbance. Thirty participants remained in the nal analy$10
males, 20 females).

awakening and before bed and recorded the times at which they
woke and provided each saliva sample. The Study 1 protocol
for direct social evaluation was replicated. Participants/jted

all completed saliva samples upon arrival at the laboratory and
returned the nal day of samples after completion.
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Treatment of Data 0.009), day of stressor compared with post-stressor gai (
For acute stress reactivity, mood, heart rate, blood pressur0.040), and the day of the stressor compared with the contigl d
and cortisol were assessed using one-way repeated measyeB 0.004). SeEigure 6A
ANOVAs (variables and time points as in Study 1). Participants There was also a signi cant main e ect of day on self-reported
with missing cortisol data were excluded from acutehappiness o5 D 4.34,p D 0.014, Wilks'3 D 0.66, 2D
cortisol analysis. 0.34]. Pairwise comparisons revealed signi cantly higloares
Daily variation in mood was assessed using two-way repeatédr happiness reported on: post-stressor day compared with pre-
measures ANOVAs with day (pre-stressor, stressor, posssire  stressor dayg D 0.006), the control day compared with the pre-
control) and time (waking, wakingC6h, bed time). CAR stressor dayg D 0.040), and on the post-stressor day compared
magnitude was assessed using a repeated measures ANOVA (daigh the day of the stressop© 0.005). SeEigure 6B.
pre-stressor, stressor, post-stressor, control), and waessed There was also a signi cant main e ect of day on the extent
as the increase in cortisol observed between waking and thie which participants reported (in the morning) thinking about
maximum secretion post-awakening. the stressor sessiof§ 24D 6.33,p D 0.003, Wilks3 D 0.56,
Diurnal cortisol secretion was assessed by area under thé D 0.44]. Pairwise comparisons revealed signi cantly greater
curve with respect to ground (AUCg). AUCg was calculated foreports of thinking about the stressor session on: the dayef t
each participant on each day using the cortisol level (nmol/lstressor compared with the pre-stressor dayp(0.004), the day
at each sampling point and the time (min) between eactof the stressor compared with the post-stressor ¢ai (0.048),
sample Pruessner et al., 20Q2Diurnal cortisol secretion was the post-stressor day compared with the control dap(0.010),
not calculated for participants who did not provide su cient and the day of the stressor compared with the control dap(
samples for AUCg calculation. Therefore, due to missing samples0.001). SeEigure 6C

(insu cient saliva volume and/or missing samples) considasa There was a signi cant e ect of day on self-reported worrying
reducing sample size for this analysis, AUCg analysis waboutthe stressoF 3 0)D 4.50pD 0.014, Wilks3 D 0.60, 2D
conducted for the pre-stressor and stressor days only. 0.40]. Pairwise comparisons revealed signi cantly greegeorts

of worrying on the morning of the stressor compared with the
Results pre-stressor dayp(D 0.001) the day of the stressor compared
Stressor Effects with the post-stressor dap© 0.006), and the day of the stressor
Cardiovascular Parameters compared with the control dayp(D 0.003). SeEigure 6D.

Signi cant main e ects of time were observed for heart rate . )

[Fe.20)D 19.82p< 0.001, Wilks3 D 0.11, partial 2D 0.89]; Basal Cortisol Indices

SBP Fg20)D 15.31,p < 0.001, Wilks3 D 0.14, 2D 0.86]; Diurnal Secretion o . _
and DBP Fg.20)D 5.36,0 D 0.001, Wilks3 D 0.32, 2D 0.68]. A paired sampleg-test revealed no signi cant di erences in
Pairwise comparisons revealed signi cant increases frainar AUCc between pre-stressor dayl(D 5816.67,5DD 3753.40)

at the laboratory, to during and post-stress measures aaibss and day of stresso D 5751.385DD 2959.98)t(16) D 0.12,
parametersi§ D 0.001-0.03). Sd&gure 3. pD 0.909.

State Anxiety CAR Magnitude _ _ _
There was a signi cant main e ect of time on state anxiety | N€ré Were no signi cant di erences in C.A':\’zmagn'tUdE(ilS)
[Fua2s D 19.03,p < 0.001, Wilks'3 D 0.23, 2D 077 D 1.50,p D 0.248, Wilks3 D 0.80, partial = D 0.20], across
Post-hocsevealed signi cant increases in anxiety post-stressajl® days: pre-stressor dayl(D 8.57,SDD 8.58); day of stressor
demonstration p D 0.02) and post-stressop (< 0.001) and (M D 6.44,SDD 7.95); post-stressor dayl(D 3.55,SDD 6.78);

reductions during relaxationgD 0.01). Se€igure 4 control day M D 5,99,SDD 6.89).

Cortisol DISCUSSION

There were no signi cant changes in cortisol across thesswe

period [F(4 21)D 1.96,p D 0.138, Wilks3 D 0.73, 2D 0.27]. The aims of this paper were 2-fold: rstly, to present
the development of an ecologically valid laboratory stresso

Non-acute Variables (direct socially evaluated multitasking) and its e ects arute

Psychological Indices psychobiological reactivity and its ability to elicit angiatory

A signi cant main e ect of day was observed for state anxietyresponses prior to participation. Speci cally, we assessechehet

[F(3,21yD 4.05,p D 0.020, Wilks3 D 0.63, 2D 0.37]. Pairwise the expectation and experience of direct social evaluatiokes/

comparisons revealed signi cantly greater reports of stateéely ~ greater reactivity than the indirect social evaluation neépd

on the day of the stressor, compared with the post-stressofmlay previously {Vetherell et al., 2097 Secondly, we sought to

D 0.024), and control dayp(D 0.026). SeEigure 5. replicate the ndings regarding acute stress reactivity whilst
There was a signi cant main e ect of day on self-reportedextending the assessment window to assess the extent th whic

stress 325D 4.32,p D 0.014, Wilks3 D 0.66, 2D 0.34]. the stressor evokes anticipatory responses. In relationeortt

Pairwise comparisons revealed signi cantly greater repofts aim, as hypothesized, greater reactivity was observedviokp

stress on the pre-stressor day compared with control gap (  direct social evaluation compared with indirect observatio
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FIGURE 3 | Mean (and SE) heart ratdA), systolic (B), and diastolic (C) blood pressure assessed during exposure to the stressor mapulation.
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performance, are potent stressoisckerson and Kemeny, 2004,
Dickerson et al., 2009
In line with this notion, we hypothesized that direct social
evaluation would also elicit acute cortisol reactivity. §hi
however, was not the case even following statistical adjugtme
for the impact of the diurnal decline across this assessment
period. The stressor task was developed to incorporate the
key components present in laboratory stressors: motivated
performance, uncontrollability, and social evaluation. Mover,
the paradigm was manipulated to increase the level of social
evaluation, experienced through delivering social feeklbac
directly to the participant, rather than over the shoulder.€Th
absence of cortisol reactivity may therefore be explained by
evaluating how this stressor paradigm di ers from other st@s
that reliably elicit cortisol reactivity, specically, th&SST
FIGURE4|Mean Fand SE) state anxiety, assessed during exposure to the (Kirschbaum et al., 1993The TSST requires participants to
stressor manlpulatlon. . . . .
deliver a free speech and verbal mental arithmetic for 10 min
to a panel of assessors following a 5min preparation period.
In common with the TSST, the current stressor involves the
Speci cally, direct social evaluation elicited signi chngreater completion of challenging tasks; however, the responses are
heart rate and diastolic blood pressure reactivity. Thisqratt entered via a computer rather than vocalized to a panel of
also emerged for systolic blood pressure; however, the diege assessors. As other stressors have demonstrated HPA ityactiv
between the stressors was not statistically signi canisThay to single and even virtual assessorsrfier-Cobb et al., 200)9it
re ect di erences in the underlying mechanisms involved in seems likely that public speaking plays a crucial role in atitiga
physiological functioning (e.gAllen et al., 1987; Willemsen the HPA axis. Public speaking presents a potent threat to the
et al.,, 1998 or the modest samples size being underpoweredtisocial self” and carries a signi cant risk of social emlaasment
to detect between group di erences. The large e ect sizes anand humiliation leading to distressG@arcia-Leal et al., 20).4
the demonstration of signi cant reactivity of all cardioseular ~ As such, public speaking is a well-documented stressor, gGausin
measures in Study 2 suggest the latter. cardiovascular activation(senbruch et al., 20)6and cortisol
In addition to increased cardiovascular activity as a fimrcof ~ reactivity (Auer et al., 2018 HPA reactivity has been observed
direct social evaluation, other di erences between the ¢imas  in some individuals in response to other stressors that do not
should also be considered. Speci cally, changes in ortkiosta comprise a verbal component (e.g., the imaging stress task used
pressure from seating to standing may also contribute to thevithin an MRI scanner,Kihnel et al., 2020 However, the
greater cardiovascular reactivity observed in the direcialy absence of a public speaking element may be an explanation
evaluated condition. That is, unlike the indirect sociahkesation  for the lack of salivary cortisol reactivity in response to the
condition where participants remain seated throughout, thecurrent stressor.
direct social evaluation condition required participantsstand Both stressors increased state anxiety, and this nding was
for the duration of the stressor and this process can lead teeplicated for direct observation in Study 2. However, there
increases in cardiovascular parameters (esgeeman et al., were no di erences in acute anxiety responses between direct
201). It is therefore important to acknowledge that theseand indirect social evaluation. This nding is also consistent
orthostatic changes may have additional e ects on cardiowias  with Dickerson and Kemeny (2004yho report that socially
responses over and above that of direct social evaluatiois. Thevaluative stress may elicit di erent patterns of physiologica
issue however is not specic to the current paradigm, indeedeactivity but may not increase self-reports of distress. Mueg,
the current cardiovascular measurement protocol was bagsed dhey suggest that socially evaluative stress may lead t@ mor
the standard Trier Social Stress Test (TSST) procedure whespeci ¢ cognitive and emotional reactions. In support, we
following a period of seated baseline, participants complete thebserved changes in a number of emotional responses in
stressor task while standing (egisschbaum et al., 1993 anticipation of completing a socially evaluative stressorsEh
The cardiovascular reactivity observed across both studievho anticipated forthcoming direct social evaluation regatt
is consistent with previous studies using similar measurgme feeling more tense, and less calm, content and happy on the
protocols comprising social evaluation (e.g., TSSWlen morning of the stressor than those expecting to experience
et al.,, 201}t Taken together, these provide further evidencendirect social evaluation. These dierences suggest that t
that social observation during performance tasks eliciteppraisal mechanics engaged during stressor exposure may also
physiological reactivity; however, social evaluation itelic be engaged during the anticipatory period prior to exposure
by direct observation is a more potent stressor than indirect(Everly and Lating, 20)9This concept was therefore assessed
over-the shoulder evaluation. This supports the notion thatmore comprehensively in Study 2. In support, participants
situations involving a perceived threat to the “social sel§ reported signi cantly greater state anxiety and stress oa th
would be experienced through direct evaluation of multilagk day of the stressor than the day following. Participants also
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FIGURE 5 | Mean (and SE) state anxiety assessed in the morning, at walgrC6 h and bedtime, over the four sampling days.

reported both “thinking about” and feeling signi cantly mer due to having time to prepareDickerson and Kemeny
worried about the stressor session on the morning of th€2004) describe a dose-response relationship between the
laboratory session compared to both the day prior and postdegree of social evaluation involved in a stressor, and the
stressor exposure. This nding is consistent with previouskvo magnitude of cortisol response, and therefore the degree
investigating anticipation of a socially evaluative lathona to which the event is deemed ‘“threatening” has a direct
stressor, whereby participants reported greater levels gfdan impact on the subsequent response. The earlier examples
perceived stress, and anxiety on the morning of the anticgbatereporting greater cortisol in the period preceding events.(e.g
stressor (Vetherell et al., 2005 Unlike this study, however, sport competitions;van Paridon et al., 2017; Cintineo and
anticipation of the stressor in the current study did not alte Arent, 2019 veterinary students performing surgergievens
cortisol secretion following awakening (CAR) or levels asro et al., 201p were more personal with greater perceived
the day (AUCg). Although in both studies participants wereconsequences. In comparison, the threat of forthcoming
expecting a socially evaluative threat, public speaking mag hasocial evaluated multitasking may have been sucient to
been perceived as a greater threat than the observed mkititas modify emotional responses, but not potent enough to alter
anticipated in the current study. It has been argued that theédPA function.
cognitive preoccupation with upcoming tasks acts as a stressor These ndings should be considered in light of limitations.
in its own right (Ennis et al., 2001; Schlotz et al., 20add can, First, the sample sizes were of sucient size to observe
therefore, subsequently promote HPA axis activatigBnder and predicted changes in the psychobiological variables that hav
Najarian, 1998 been previously evaluated in relation to this paradigm. Howeve
We have previously discussed the adaptive role of thether related issues should be considered, in particular, the
anticipatory stress response in preparing for forthcomingmajority of participants were female. There are well-docuradnt
demand, with speci c attention to observing greater antitgggg ~ sex di erences in stress responding, males typically dematestra
reactivity prior to planned threat and challenge. Howevergreater cortisol reactivity than femalesidielka et al., 2009
the absence of anticipatory cortisol responses in this studfemales produce greater cortisol responses during the luteal
may also be considered from an evolutionary perspectiveéhan during the follicular phase of the menstrual cyciéh{lds
the ability to conceptualize and accurately anticipate pagnt etal., 201)) and hormonal contraceptive use may also contribute
challenges or threats is adaptive, as the negative a ectiagstbc to variability in stress reactivityNielsen et al., 20)3 Our
with anticipating a stressful event allows for appropriatesample size, compounded by instances of missing menstrual
modi cations to be made with regards to behavior, cognitioncycle data prevented meaningful analyses to correct forethes
and physiology. This process means the individual is prepareféctors, and potential di erences related to the sample should
for the forthcoming demand, but in some situations thetherefore be acknowledged. Second, other individual dnees
forward-planning this requires, combined with the motivati may have impacted upon stress reactivity. For example, although
to take measures to avoid the event, could result in mitigati the Multitasking Framework is performance driven, actual
the threat altogether Aspinwall and Taylor, 1997; Schulkin, performance was not recorded. It may be the case that better
2019, or merely appraising the event to be less threateninggerformance would impact upon stress reactivity; however,
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FIGURE 6 | Mean (and SE) morning self-reported stresgA), happiness (B), “thinking about” the stressor(C), and “worrying about” the stressor(D), assessed over
four sampling days.

the robust increases in psychological and cardiovascutasst monitoring can increase adherendér(derick et al., 2004and
reactivity demonstrate the capacity of the paradigm to inducén support, there were no instances of non-adherence based
stress. Finally, the assessment of the CAR relies upon decuran participants' self-reported timings. However, the abseoice
sampling and adherence to the sampling protocol, particularlpbjective monitoring to verify participant waking and sample
the timing of waking in relation to the provision of samples. provision may impact upon the accuracy samples obtained
In line with guidelines Gtalder et al., 20)5 strategies were during the CAR period.

implemented to facilitate protocol adherence; participantseve  Notwithstanding these limitations, the present studiesénav
given full training on appropriate collection, were madedemonstrated that direct social evaluation of multitagkiis
aware of the importance of following the protocol and werea more potent stressor than multitasking with indirect sdcia
asked to provide a record of waking and sample provisiorevaluation. The stressor does not involve public speaking,
times. Attempts were made to objectively monitor wakingand this is a likely explanation for the absence of cortisol
and sampling times through wrist-worn actigraphy devicesreactivity. Nonetheless, increases in anxiety, heart eatd
unfortunately, these data could not be used as intendedlood pressure were demonstrated across two studies and the
The wearing of the devices alongside information regardingaradigm therefore provides an ecologically valid technique
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for the activation of psychological and cardiovascular ssire patients/participants provided their written informed conseat
responding. Additionally, anticipation of experiencing sy  participate in this study.
evaluated multitasking led to alterations in state factprr
to the event itself. Although the personal salience of theA\UTHOR CONTRIBUTIONS
forthcoming task is a likely explanation of the absence of
HPA reactivity during this period, changes in state mood andOC, MS and MW designed the study protocols and prepared
cognitive appraisal provide evidence that the period prior tathe manuscript. OC executed the study protocols and ran the
forthcoming events is subject to anticipatory processes. Thereliminary analyses. All authors contributed to the artictela
period of anticipation of stressful events may be critical toapproved the submitted version.
understanding the process of stress regulatioitgviani, 201
and as such, we recommend the use of paradigms that extend tfg JNDING
sampling window around an anticipated stressor to allow fa th
investigation of these processes. This work was funded internally by Northumbria University as
part of a PhD research programme.
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