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Abstract

Identifying factors that influence how individuals who smoke cigarettes respond to stress is important as stress is a risk factor
for smoking and its maintenance. This study examined the modulatory role of cardiac vagal control (CVC), a physiological
correlate of self-regulation, on cognitive stress appraisal processes of adults who smoke. Sixty daily cigarette smokers were
randomized to receive positive or negative feedback during a modified Trier Social Stress Test. Pre- and post-task stress
appraisals were assessed and resting and reactivity CVC measures were computed. Moderated regression models assessed
if the relation between feedback condition and post-task stress appraisal varied as a function of CVC. We hypothesized that
participants receiving negative feedback would report greater post-task stress appraisal compared to participants receiving
positive feedback, and the strength of the effect of both feedback groups would be greater at higher levels of CVC. All models
showed significant main effects of feedback condition (b= —0.42, p=0.01; b= —0.45, p=0.01) on post-task stress appraisal:
participants receiving negative feedback reported greater post-task stress appraisal. No significant main or interactive effects
of CVC and feedback condition on post-task stress appraisal were observed. This study demonstrates that stress appraisals
of daily cigarette smokers are sensitive to social feedback, but are not moderated by individual differences in CVC. Future
investigations are needed to clarify whether this finding is explained by smoking-specific impairments in CVC as well as the
distinct and interactive effects of physiological and psychological processes implicated in stress and smoking risk.

Keywords Cigarettes - Autonomic regulation - Cognitive appraisal - Smoking - Stress

Introduction

The relationship between stress and cigarette use is well
established. Stressful life events are associated with the
onset and maintenance of smoking behavior in established
smokers and are frequently cited as risk factors for smoking
relapse and poor cessation outcomes (Cohen & Lichtenstein,
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1990; McKee et al., 2003). Greater emotional reactivity to
stress induction has also been associated with shorter dura-
tion of past quit attempts (Calhoun et al., 2007), and both
general and acute levels of psychological distress have been
prospectively linked to stress-induced smoking (Siegel et al.,
2017). Moreover, acute stress reactivity, as indexed by self-
report measures of emotional distress, predicts the number
of cigarettes smoked early in a quit attempt and mediates the
relationship between past month general distress levels and
stress-induced smoking (Siegel et al., 2017). Despite great
interest in the relation between stress and smoking, there
remains a paucity of experimental work characterizing pro-
cesses that may serve to alter the stress response in individu-
als who smoke. This is particularly important given stress
does not unilaterally contribute to maladaptive outcomes,
such as smoking.

How one appraises a stressor, i.e., an individual’s per-
ception of external demands of a stressor relative to their
available coping resources, (Lazarus & Folkman, 1984) is
central to emotion regulation and coping (Wang & Saudino,
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2011). Indeed, stress appraisal is thought to have a greater
influence on one’s mental health than the stressor itself
(Lazarus, 1966; Lazarus & Folkman, 1984). For example, a
threat response may occur when one appraises the demands
of the situation as greater than their resources to cope; in
contrast, a challenge response may result when resources
exceed demands (Blascovich & Mendes, 2000; Tomaka
et al., 1997). In the context of smoking, a threat appraisal
may be associated with greater negative emotional reactivity
and avoidant coping (Garey et al., 2016). For example, per-
ceived ability to handle emotional distress (without smok-
ing) assessed prior to a quit attempt was found to predict
abstinence 12 months post quit (Nohlert et al., 2018). Exper-
imental work has also found that the use of reappraisal, as
compared to other emotion regulation strategies, is asso-
ciated with greater ability to refrain from smoking, both
acutely and over a 1-week period, as well as reduced craving,
and greater avoidance of smoking (Beadman et al., 2015).
Given the importance of processes such as appraisal on the
stress response, recent attention has shifted to identifying
physiological mechanisms that may promote or inhibit the
stress response and subsequent regulatory control. However,
this area remains relatively unexplored in smokers.

One candidate physiological process associated with
adaptive stress responding consistent with environmental
demands is cardiac vagal control (CVC). CVC can be meas-
ured via heart rate variability in the high frequency range
(Berntson et al., 1997a, b; Malik et al., 1996; Pumprla et al.,
2002; Shaffer & Ginsberg, 2017), and is thought to reflect
the parasympathetic nervous system’s (PNS) predominantly
inhibitory influence on the electrical activity of the heart via
the vagus nerve (Beauchaine, 2001; Porges, 1995a). Porges’
Polyvagal theory (1995a, b, 2007) posits that in humans
CVC serves as a context sensitive system that assists in
emotional processing and regulatory control, and is a criti-
cal index of heart-brain communication. Empirical work
supporting this perspective has shown greater CVC reactiv-
ity (i.e., vagal withdrawal), and to a lesser extent, greater
CVC at rest (i.e., vagal tone), affect emotional processing.
For example, irrespective of valence, greater CVC reactivity
has been observed in response to emotionally salient versus
neutral stimuli (Frazier et al., 2004). Related, Muhtadie et al.
(2015) found that greater CVC reactivity was associated
with heightened social sensitivity to both positive and nega-
tive feedback during a mock job interview (Muhtadie et al.,
2015). Further, Human and Mendes (2018) found a signifi-
cant association between greater CVC reactivity and more
accurate perceptions of others’ personality traits (Human
& Mendes, 2018). Significant associations between greater
CVC at rest and affectively significant experiences regard-
less of valence have also been observed (Kettunen et al.,
2000). Together, these findings suggest CVC may serve to
regulate the general exertion of metabolic efforts that enable
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an individual to meaningfully attend to and engage with
stimuli in their environment.

Examining the role of CVC in stress appraisal among
individuals who smoke is particularly important given well
established relations between cigarette use and heightened
sympathetic nervous system activity, reduced PNS modula-
tion, and overall reduced CVC (Dinas et al., 2013; Middle-
kauff et al., 2014). Smoking-induced reductions in CVC are
concerning as they may impede regulatory efforts necessary
to refrain from smoking during stress. For example, reduced
CVC in response to laboratory stress has been associated
with increased likelihood of smoking and greater smoking
reward (Ashare et al., 2012). While this work is helpful in
characterizing how smoking-related impairments in CVC
may potentiate stress-precipitated smoking behavior, the
extent to which variability in CVC affects stress appraisal
in smokers has not been examined. Given observed impair-
ments in CVC in smokers, its links to self-regulatory pro-
cesses and stress precipitated smoking, we sought to investi-
gate whether CVC plays a role in cognitive appraisal in daily
smokers. This investigation may inform current thinking
regarding how to alter cognitive and affective mechanisms
that confer smoking. For example, given the importance of
appropriately allocating attention to salient environmental
cues when appraising a stressor as a threat or challenge, it
is conceivable that smoking-induced deficits in autonomic
function may blunt this sensitivity and in turn alter appraisal
processes. However, no studies to date have examined how
physiological processes, like CVC, modulate appraisal pro-
cesses in adults who smoke.

To bridge this gap, the current study leveraged the modi-
fied Trier Social Stress Test (TSST; Birkett, 2011; Taylor
et al., 2010), which randomizes participants to receive
either positive or negative non-verbal feedback while giv-
ing a speech, to study the moderating role of CVC on stress
appraisal in adults who smoke daily. We predicted there
would be a significant main effect of social feedback condi-
tion on post-task stress appraisal; participants would report
greater post-task stress appraisal scores in response to nega-
tive feedback, indicating they perceived the task demands as
outweighing their individual coping resources. Conversely,
we hypothesized that those receiving positive feedback
would report lower post-task stress appraisal scores. Regard-
ing the moderating role of CVC, we predicted that the effect
of feedback condition on post-task stress appraisal would be
stronger among those evidencing greater CVC (i.e., greater
CVC would be associated with greater sensitivity to the
manipulation of the feedback condition). Our expectation
that CVC would positively modulate the effect of feedback
condition on stress appraisal is consistent with the perspec-
tive that CVC reflects the general exertion of self-regulatory
processes that occurs in response to salient environmental
cues, irrespective of valence (Muhtadie et al., 2015; Porges,
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Fig. 1 Timeline of study proce-
dures and measures
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Note: Respiratory Sinus Arrhythmia (RSA4)

1995a, b). Findings will contribute to a limited literature
examining these relations in adults who smoke and may
inform how smoking-related impairments in autonomic
function influence other regulatory processes implicated in
stress and smoking behavior.

Methods
Participants

Participants were recruited from the local New Brunswick,
New Jersey area via online and posted community adver-
tisements (e.g. Craigslist, community bulletin boards, news-
paper advertisements, etc.). Eligible participants were (1)
21-50 years old, (2) smoking at least ten cigarettes per day,
(3) computer proficient, and (4) fluent in English. Exclusion
criteria included (1) history or presence of bipolar spectrum
or psychotic spectrum disorders, (2) current suicidal or hom-
icidal ideation, (3) evidence of current (non-nicotine) sub-
stance use disorder, or (4) reported use of a pharmacological
aid for smoking cessation and/or active attempts to reduce
cigarette use in the past month. Individuals with visual,
hearing, or cognitive impairments that would interfere with
study participation or provision of informed consent were
excluded, as were those with medical conditions or medica-
tions that might increase risk of stress exposure or confound
autonomic nervous system reactivity.

Procedure

The data reported in this paper were collected as part of a
larger study funded by the National Institute on Drug Abuse
[RO3 DA041556-01A1] examining psychological and physi-
ological stress response profiles in adult cigarette smokers.
Eligibility criteria was first assessed via a telephone screen
before eligible participants were invited to complete a sin-
gle in-person laboratory visit that lasted approximately
3—4 h. Upon arrival, participants were consented using pro-
cedures approved by the Rutgers University Institutional
Review Board. Breath levels of carbon monoxide (CO) were
obtained at the start of the visit to verify smoking status
(CO> 8 ppm; Javors et al., 2005) before participants were
asked to smoke a cigarette to standardize baseline craving

{ Trier Social Stress Test q

Pre-task Post-task
Appraisal N ‘ ‘ ] Appraisal

and nicotine withdrawal. Physiological sensors were then
attached before participants completed a series of comput-
erized tasks and underwent a laboratory stress provocation
paradigm. Although not discussed in this report, additional
smoking and stress reactivity measures were collected as
part of the parent study. At the end of the visit participants
were debriefed and compensated $80. See Fig. 1 for a time-
line of study procedures and measure administration.

Laboratory Stress Provocation: Trier Social Stress Test

The modified TSST is a standardized laboratory protocol for
inducing moderate psychological distress in a controlled set-
ting. The TSST involves participants giving an impromptu
speech in front of confederate evaluators (Birkett, 2011; Tay-
lor et al., 2010). The modification of this test for the current
study included participants being unknowingly randomized
to receive positive or negative non-verbal feedback during
their speech.

Participants were told that during the next portion of
the study they will have to give a 5-min speech explaining
why they believe they are the best applicant for a job of
their choosing in front of a panel of judges with expertise
in speech evaluation and in reading non-verbal behavior.
Following written informed consent, the experimenter intro-
duced the two evaluators, one male and one female, with at
least one matched for race/ethnicity, who provided the par-
ticipants with their final instructions. Upon receipt of final
instructions, the evaluators and experimenter left the room
while the participants were provided with a brief 2-min
preparation period. During this 2-min period, the experi-
menter notified the evaluators of their assigned feedback
condition using a randomized sequence generator. Evalua-
tors then re-entered the room, sat across from the participant,
and instructed them to begin the 5-min speech task. Approx-
imately 30 s into the speech, the evaluators began to gradu-
ally display the assigned positive or negative non-verbal
feedback. Non-verbal positive feedback consisted of evalu-
ators smiling, nodding, and showing interest and enthusiasm
during the participant speech, whereas non-verbal negative
feedback consisted of the evaluators frowning, shaking their
heads, and looking uninterested in the participants speech
(e.g., Akinola & Mendes, 2008; Muhtadie et al., 2015). At
the end of 5 min the evaluators then engaged the participant
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in a 5-min question-and-answer (Q&A) session; during this
time, evaluators continued to provide positive or negative
feedback. The Q&A session was used rather than the stand-
ard math task because participants often close their eyes or
look away from the evaluators during the math task (i.e.,
sensory rejection task), which can reduce the impact of the
different evaluative feedback. Following the speech and
Q&A portions, the evaluators left the room and participants
were allotted a 5-min recovery period before being provided
instructions for the next portion of the study.

Measures
Demographics and Smoking-Relevant Indices

A participant information form was used to collect demo-
graphic information including age, sex, and body mass index
(BMI). A timeline followback (TLFB) procedure assessed
the number of cigarettes smoked per day (CPD) over the
past 28 days (Robinson et al., 2014), and the Fagerstrom
Test for Cigarette Dependence (FTCD) assessed nicotine
dependence. The FTCD is a 6-item measure that includes
yes/no items (scored as 1 or 0) and multiple-choice items
(scored from O to 3). Item scores are summed to give a total
score from 1 to 10 with higher scores indicative of greater
dependence (Fagerstrom, 2012; Heatherton et al., 1991). In
the current investigation, internal consistency for the FTCD
scale was «=0.31. The low value observed here is consistent
with previous reports for this measure (Etter et al., 1999).
Lastly, a Smoking History Questionnaire (SHQ) was admin-
istered to assess participant smoking history and patterns of
use (i.e., age of onset of smoking initiation, years being a
daily smoker, etc.) (Brown et al., 2002).

Cognitive Stress Appraisal

Cognitive stress appraisal was assessed both prior to and
after the TSST by assessing how demanding participants
perceived the task to be relative to their available coping
resources. Using a 7-point scale (1 =*“Strongly Disagree”
to 7="Strongly Agree”), participants completed an 11-item
measure consisting of five resource (e.g., pre-task: “I expect
to perform well on this task™; post-task: “I performed well
on this task™) and six demand items (e.g., pre-task: “The
upcoming task is very stressful”’; post-task: “The task was
stressful”) (Mendes et al., 2007). Task appraisal scores
were then used to compute a stress appraisal index defined
as the ratio of demands over resources where smaller num-
bers were associated with “challenge” states (i.e., when
resources outweigh demands) and higher numbers were
associated with “threat” states (i.e., when demands outweigh
resources) (Mendes et al., 2007). In the current sample, both
the demand (ax=0.80) and resource (a«=0.81) items used to
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compute our post-task appraisal index yielded good inter-
nal consistency. A pre-task stress appraisal index was also
computed to assess how demanding participants perceived
the task to be in relation to their available coping resources
directly after being introduced and preparing for the task,
but prior to completing the TSST procedures and receiving
social feedback. Pre-task demand (o«=0.83) and resource
(«=0.84) items also yielded good internal consistency.

Physiological Data Acquisition and Processing

Electrocardiograph (ECG) and impedance cardiography
(ICG) recordings were sampled at a rate of 1000 Hz using
Acknowledge Software and wireless MP150 Data Acquisi-
tion Systems (BIOPAC Systems, Inc.). ECG sensors were
placed using a modified lead II configuration while two pairs
of mylar tapes were placed around the participant’s neck and
torso for ICG. Physiological data were recorded in 5- and
2-min segments, for a total of 27 min.

Participants were first asked to complete a 5-min rest-
ing baseline. During this period, physiological activity was
recorded while participants engaged in a low demand cog-
nitive task used to standardize mental activity (Jennings
et al., 1992). Specifically, participants were instructed to
look at the computer as a series of different colored rec-
tangles sequentially presented on the screen (lasting 10 s
each). Participants were asked to silently track how many
blue rectangles they saw over the course of the task. Fol-
lowing baseline, participants completed a 5-min (minutes
6—-10) computerized dot-tracking task adapted from (Alvarez
& Franconeri, 2007). Developed as a visual attention task,
dot-tracking requires participants to focus on a cross in the
middle of the computer screen as they keep track of mov-
ing dots in their peripheral vision. Participants are asked to
keep track of certain dots that start off yellow, but as they
move around the screen, they transition to black. At the
end of each trial all dots stop moving and participants use
the mouse to identify the initial yellow dots. Participants
completed 16 trials of the task, with the number of mov-
ing dots on the screen increasing every 4 trials. Participants
then completed the TSST; minutes 11-22 captured vagal
activity during each phase of the TSST procedures (2-min
prep, 5-min speech, 5-min Q&A period). The final record-
ing (minutes 23-27) consisted of a 5-min recovery period.

Physiological data were scored offline in 1-min epochs
using Mindware software version 3.1.12 (Mindware Tech-
nologies, Ltd.) and in accordance with standard guidelines
(Task Force of the European Society of Cardiology; Malik
et al., 1996). Z0 readings derived from ICG were used to
estimate respiration. Interbeat interval (IBI) data was derived
from ECG recordings using an R-peak identification algo-
rithm with a low pass filter setting of 0.003 Hz and a high
pass filter of 0.42 Hz. Data were linearly detrended and a
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baseline and muscle noise filter detected signals between
0.25 and 0.40 Hz. CVC data in the high frequency range
was defined as the natural log of the variance occurring
between 0.12 and 0.40 Hz, corresponding with respiratory
sinus arrhythmia (RSA), a reliable index of parasympathetic
control of cardiac function (Berntson et al., 1993). Trained
research assistants visually inspected the data for additional
cleaning, including removal of misplaced R-peaks and inser-
tion of missing R-peaks, with no more than one R-peak esti-
mated within a 1-min segment. We allowed for the removal
of up to 10 s of poor-quality data at the beginning or end of
a minute-long segment. Insertion of R-peaks was based on
estimation from remaining data, RR interval distance from
measured and cleaned ECG recording, or by dividing long
R-peaks into equal intervals.

Indices of Cardiac Vagal Control

We examined resting and reactivity measures of vagal activ-
ity for the present report. CVC at rest was indexed as the
average RSA value during the 5-min baseline period. CVC
reactivity was indexed as the difference between the low-
est RSA value during the dot-tracking task and the average
RSA value during baseline. Computed difference values
were multiplied by — 1 to facilitate interpretation of negative
change scores (i.e., positive CVC reactivity scores reflected
greater vagal withdrawal). This approach is consistent with
established guidelines for computing CVC reactivity as task
minus baseline (Berntson et al., 1997a, b). As a mentally
demanding task, dot-tracking is an ideal manipulation for
examining changes in CVC as a function of cognitive effort
and attentional demand, as it reliably induces vagal with-
drawal, but does not include any social or emotional cues
(Hagan et al., 2017; Human & Mendes, 2018).

Analytic Strategy

Sample descriptive characteristics were first examined
including data distributions and identification of potential
outliers. Potential outliers were revisited to ensure validity
and z-tests were used to assess skew and kurtosis for non-
normally distributed data to be considered for transforma-
tion. Specifically, a z-score was obtained for each predic-
tor and criterion variable of interest by dividing the skew
and excess kurtosis values for each variable’s distribution
by their respective standard errors. For medium-sized sam-
ples (50 <n < 300) the null hypothesis, assuming a normal
distribution, is rejected at absolute z-values over 3.29, cor-
responding with an alpha level of 0.05 (Kim, 2013). Cal-
culated skew and kurtosis z-values revealed each pre- and
post-task stress appraisal variables’ data to be non-normally
distributed (zs > 3.29). Two outliers at the high end of each

variable’s distribution were identified and transformed using
a modified Winsorization approach (Reifman & Keyton,
2010). However, analyses using both Winsorized and non-
Winsorized appraisal scores yielded similar results, there-
fore non-Winsorized variables were retained. All reported
findings reflect raw values for pre- and post-task appraisal
scores. Calculated skew and kurtosis z-values for all other
variables showed no significant outliers and each variable’s
distribution was approximately normal (all zs <3.29). Pear-
son’s zero-order correlations were then conducted between
theoretically relevant covariates (age, sex, respiration rate,
and BMI which have been found to be empirically related
to CVC), and predictor and criterion variables of interest.
Significant correlations between candidate covariates and
task appraisals observed at > .20 were included as model
covariates (Cohen, 1988, 1992). Based on this determina-
tion the final model covariates included age, pre-task stress
appraisal, and CVC at rest. All models were run with and
without covariates.'

To assess if the effect of social feedback condition (i.e.,
positive or negative feedback) on post-task stress appraisal
varied as a function of CVC, three moderated regression
analyses were computed using SPSS PROCESS v3 macro
(Hayes, 2017). PROCESS produces 95-percentile bias-
corrected intervals, estimated using a random resampling
process with 1000 samples (i.e., bootstrapping), to determine
statistical significance of main and interaction effects. This
approach assists in minimizing sampling error and produces
unstandardized parameter estimates (Hayes, 2017). Thus,
the coefficients in the current report reflect unstandardized
values (i.e., b weights).

For the first and second models, social feedback condi-
tion served as the predictor (X-variable), post-task stress
appraisal as the outcome (Y-variable), and either CVC at
rest or CVC reactivity served as the moderator (M-variable),
respectively. This allowed us to assess the independent and
conditional effects of the social feedback condition and each
CVC index on post-task stress appraisal. In our third model,
feedback condition served as the predictor, CVC reactivity
as the moderator, post-task stress appraisal as the outcome,
and CVC at rest as a model covariate. This allowed us to
examine whether CVC reactivity would hold greater predic-
tive utility above and beyond any pre-existing influence of

! Although the samples’ average respiration rate for the baseline and
dot-tracking recording periods were not significantly correlated with
either CVC at rest or CVC reactivity, respectively, we ran additional
analyses that included each respiration rate variable as an additional
covariate. This decision was based on past work showing the effects
of respiration rate and InHF values (Shaffer & Ginsberg, 2017)
Across all re-computed models, the average respiration rate variables
had no significant effect on post-task stress appraisal (all ps>0.05).
As such, we did not covary for respiration rate in our final models
given the current analyses were already slightly underpowered.
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Table 1 Sample characteristics and group differences between randomized social feedback conditions

Social feedback condition

Total sample N=60  Negative N=27 Positive N=33 Tests of group differences Hedges’ g
Mean (SD) Mean (SD) Mean (SD) effect size
estimates
Sex 62% Male 60% Male 64% Male 2()=.12,p=.79 0.05°
Age 34.57 (7.05) 35.30 (7.16) 33.97 (7.00) 1(58)=.72, p= .47 0.19
BMI 25.30 (3.51) 24.97 (3.32) 25.58 (3.69) 1(58)=.66, p=.51 0.17
FTCD 3.80 (1.49) 3.93(1.52) 3.69 (1.49) t(57)=.61,p=.55 0.16
CPD 14.05 (4.89) 14.19 (5.48) 13.94 (4.43) 1(58)=.19,p=.85 0.05
Pre-task appraisal 0.83 (0.73) 0.95 (.93) 0.73 (.51) 1(58)=1.16, p=.25 0.30
Post-task appraisal 1.04 (0.98) 1.40 (1.31) 74 (41) 1(58)=2.71, p=.01 0.71
CVC Resting 6.01 (1.29) 5.94 (1.17) 6.14 (1.39) #(58)=—.56, p=.55 0.15
CVC Reactivity* 0.66 (0.69) 0.64 (0.67) 0.71 (0.72) t(57)=-.39,p=.70 0.10

Sex (1 =Female, 2=Male), BMI body mass index, FTCD Fagerstrom test of cigarette dependence, CPD cigarettes per day, CVCrest average
baseline RSA, CVCreac Difference between Minimum RSA during dot-tracking and Average Baseline RSA multiplied by — 1

“Due to a malfunction with the dot-tracking software, we were not able to record ECG data for 1 participant during their dot-tracking epoch.
RSA values used for computing the CVC reactivity index are based on a sample of n=59

Phi used to compute effect size estimate for X2 test of group differences in sex between feedback conditions

CVC at rest when examining its direct and indirect effects
on post-task stress appraisal. Power analyses were based on
our third model, which estimated that an N=62, with an o
set at .05, is needed to detect a medium sized effect (f2 =.167
[R? change/l — cumulative R?]=.167). This included up to
three covariates (age, CVC at rest, pre-task stress appraisal)
accounting for 30% of the anticipated variance and three
predictors (i.e., feedback condition, CVC reactivity and the
interaction term) contributing an additional 10% variance.
Given our final sample size of 60, the analyses for this report
are slightly underpowered.

Results
Participant Characteristics and Randomization

Table 1 provides sample characteristics and mean group
differences between feedback conditions. x? and Independ-
ent t-tests showed no significant differences in participant
characteristics between groups (all ps> .05 and Hedges’
g2s<.20).

Cognitive Stress Appraisal

On average, participants reported resource scores of
4.93 (SD=1.32) and demand scores of 4.40 (SD =1.35)
during the pre-task appraisal assessment, and aver-
age resource scores of 3.48 (SD=1.46) and demand
scores of 3.67 (SD=1.50) during the post-task appraisal
assessment. A stress index was computed as the ratio of
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demands over resources, which served as an index of
pre-task stress appraisal (M =0.83, SD =.73) and post-
task stress appraisal (M =1.04, SD =.98) scores in rela-
tion to the TSST. Independent ¢-tests showed no signifi-
cant differences between groups for pre-task appraisal
[#(58)=1.16, p=.25, Hedges’ g =.30], however significant
differences were observed for post-task stress appraisal
[t(58)=—2.71, p=.01, Hedges’ g=.70].

Physiological Responses

Data from ECG recordings during baseline and the dot-
tracking task were used to compute resting and reactivity
indices of CVC. Due to a malfunction with the dot-track-
ing software, we were not able to record ECG data for one
participant during their dot-tracking epoch. Considering
this, the RSA values used for computing our CVC reactiv-
ity index are based on a sample of n=59. Mean baseline
RSA, which served as our resting index of CVC, was 6.05
(SD=1.29), while mean RSA during dot-tracking was
6.00 (SD=1.13). The average difference between lowest
RSA during dot-tracking and average RSA during baseline
was computed and multiplied by — 1 to derive our CVC
reactivity index (M =0.68, SD =0.70). Independent #-tests
showed no significant differences between groups on either
CVC index (ps> .05, Hedges’ gs <.20).
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Table 2 Effects of social feedback condition and CVC reactivity on post-task stress appraisal controlling for CVC at rest, age, and pre-task stress

appraisal
R R? F P
0.85 0.72 2222 <0.001
b t p 95% CI Lower Limit ~ 95% CI
Upper
Limit
Constant 0.66 0.96 0.34 -0.73 2.05
Age —-0.00 -0.32 0.75 -0.03 0.02
Pre-task Appraisal 1.03 10.37 <0.001 0.83 1.23
CVC Resting -0.02 -0.25 0.81 -0.15 0.12
CVC Reactivity -0.23 —-1.35 0.18 -0.57 0.11
Condition -0.45 -3.01 0.01 -0.74 -0.15
Condition X CVC Reactivity 0.15 0.70 0.49 —-0.28 0.59

Primary Analyses: CVC Indices, Social Feedback,
and Stress Appraisal

The first model examining the interactive effects of condition
and CVC at rest on post-task stress appraisal was not sig-
nificant [F(3,56)=2.59, p=0.06, R*=0.12, £ =0.14]. How-
ever, within the model the effect of condition was significant
(b= —-0.64, p=0.01), with individuals randomized to the
positive feedback condition reporting lower post-task stress
appraisal scores (i.e., greater resources to demands). When
covariates for age and pre-task stress appraisal were added,
the re-computed model was significant [F(5,54)=26.17,
p<0.001, R2=0.71, f* =2.45], the effect of feedback con-
dition remained significant (b= —0.42, p=0.01), and a sig-
nificant effect was also observed for pre-task stress appraisal
(b=1.03, p<0.001), with higher pre-task stress appraisal
associated with higher post-task stress appraisal. Squared
semi-partial correlations showed condition and pre-task
stress appraisal independently accounted for 4.6% and 58.1%
of the variance in post-task stress appraisal, respectively.
Resting CVC did not have significant main or interactive
effects on post-task stress appraisal in either model.

The second moderation model examining the interactive
effects of condition and CVC reactivity on post-task stress
appraisal yielded a marginal model effect [F(3,55)=2.83,
p=0.05, R?*=0.13, f2 =0.15]. The effect of condition was
significant (b= —0.67, p=0.01), with no significant main
or interactive effects observed for either CVC reactivity
or CVC reactivity X feedback condition (ps>0.05). When
age and pre-task stress appraisal covariates were included,
the overall model became significant [F(5,53)=27.13,
p<0.001, R”?=0.72, £=2.57], with significant effects
for feedback condition (b= —0.45, p=0.01) and pre-task
stress appraisal (b=1.03, p<0.001): lower pre-task stress
appraisal and positive feedback condition were associ-
ated with lower post-task stress appraisal scores. Squared

semi-partial correlations showed condition and pre-task
stress appraisal independently accounted for 5.0% and 59.0%
of the variance in post-task stress appraisal, respectively.
CVC reactivity was not significantly predictive of post-task
stress appraisal.

The third moderation model examining the interactive
effects of condition and CVC reactivity on post-task stress
appraisal when accounting for CVC at rest was not signifi-
cant [F(4,54)=2.11, p=0.09, R>=0.14, £ =0.16]. As with
the first two models, the effect of social feedback condi-
tion was significant (b= —0.66, p=0.01). Similarly, when
controlling for age and pre-task stress appraisal, the over-
all model became significant [F(6,52)=22.22, p <0.001,
R>=0.72, f2= 2.57], with significant effects observed for
feedback condition (b= —0.45, p=0.01) and pre-task stress
appraisal (b=1.03, p<0.001), but no significant main or
interactive effects for either CVC index (all ps > 0.05).
Squared semi-partial correlations showed condition and pre-
task stress appraisal independently accounted for 4.9% and
58.2% of the variance in post-task stress appraisal, respec-
tively. Table 2 provides full model results. Figure 2 shows
the non-significant interaction of the simple slopes.

Discussion

Compelling evidence suggests cigarette smoking alters regu-
latory function and increases stress reactivity in individuals
who smoke (Middlekauff et al., 2014). Yet few studies have
examined how physiological measures of regulatory ability
relate to other critical determinants of stress responding in
smokers. To bridge this gap, the current study examined
how individual differences in resting and reactivity measures
of CVC influences how individuals who smoke appraised a
socio-evaluative stress task. Identifying how individual dif-
ferences in CVC, a physiological correlate of self-regulatory
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Fig.2 Plot of the simple slopes
for the non-significant interac-
tion between social feedback
condition and CVC reactivity on
post-task stress appraisal
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ability, moderate stress appraisal may be of particular
importance in people who smoke given the robust relations
between smoking and stress.

This study experimentally confirmed that stressor con-
text (i.e., positive or negative social feedback condition)
influences stress appraisals in adults who smoke. Relative
to individuals receiving positive social feedback, individu-
als randomized to the negative feedback condition reported
significantly greater post-task stress appraisal scores char-
acterized by greater perceived demands and fewer coping
resources. These findings are consistent with studies examin-
ing demand and resource appraisals in healthy, non-smoking
samples (Muhtadie et al., 2015), and demonstrate the critical
role of contextual cues in shaping task appraisal processes.
Given extant work suggesting greater CVC may facilitate
sensitivity to salient context cues (Human & Mendes, 2018;
Muhtadie et al., 2015), we were particularly interested in
characterizing how the effects of social feedback condi-
tion on post-task stress appraisal may vary as a function
of resting and reactivity measures of CVC. In contrast to
study hypotheses, we found no significant main or interac-
tive effects of either CVC index and feedback condition on
post-task stress appraisal. Findings from this study have sev-
eral implications when considering the relationship between
these factors in adults who smoke and can inform future
investigative efforts.

First, smoking-related deficits in autonomic function
have been well characterized (Bodin et al., 2017; Dinas
et al., 2013; Hayano et al., 1990; Middlekauff et al., 2014)
and may have obscured the ability to detect the distinct
effects of CVC indices on stress appraisal, as only adults
who smoke daily were included in this study. In Kim et al.’s
(2018) meta-analysis of CVC and stress, the authors pos-
ited that a patient’s medical and psychological history are
essential when evaluating the relationship between CVC
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and stress-related outcomes. Studies that have considered
the role of a broader set of modifiable health factors on CVC
also lend support for this perspective. For example, research
examining the association between increased cardiovascular
risk and Post-Traumatic Stress Disorder (PTSD), another
condition marked by dysregulated stress response, found
smoking, alcohol dependence, and sleep disturbance account
for 94% of the observed variance between PTSD symp-
toms and attenuated CVC in young adults with and without
PTSD (Dennis et al., 2014). Findings such as this not only
represent an intermediary set of behavioral mechanisms that
might link aspects of clinical pathology and CVC, but fur-
ther underscore the challenges smoking can introduce when
interpreting the relatedness of these constructs. This may
explain the lack of association between either CVC index
and pre- and post-task stress appraisal processes observed
in our report. Yet, most of the work examining CVC and
stress relations focuses on non-smoking individuals, high-
lighting the research gap filled by the current investigation.
Although our participants were otherwise healthy, based
upon self-reported inclusion and exclusion criteria, future
work examining indices of CVC and stress responding in
adults who smoke would benefit from incorporating a con-
trol, non-smoker comparison group to further discern the
distinct effects of smoking-related autonomic dysfunction
on stress appraisal between groups.

Study designs that consider the relative contributions
of and interactions between both PNS and SNS branches
may also assist in providing a more comprehensive pic-
ture of smoker autonomic response patterns in the context
of stress. Ashare et al.’s (2012) investigation of whether
changes in autonomic reactivity mediate the ability to
resist smoking following acute stress provides support for
this multi-measure approach. Specifically, the authors used
high frequency heartrate variability (HF-HRV) to examine
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vagal function and a low-to-high frequency HRYV ratio
(LF/HF) to examine shifts in sympathovagal balance in a
sample of abstinent smokers exposed to a stress-imagery
induction. Relative to relaxing imagery, greater HF-HRV
reductions in response to stress was associated with longer
time to smoking lapse. A relation that was not observed
for the sympathovagal measure despite greater LF/HF
increases also occurring in response to stress vs. relaxing
imagery (Ashare et al., 2012). While the use of the LF/HF
ratio as a metric of sympathovagal balance has received
criticism in the psychophysiology literature (Berntson
et al., 1997a, b), findings suggest that reductions in vagal
function may be more relevant for stress-precipitated
smoking behavior compared to overall shifts in sympa-
thovagal balance. Ongoing work incorporating multiple
measures of autonomic activity are needed to replicate and
extend these findings to measures of cognitive regulation
implicated in stress and smoking risk.

Together, the current study demonstrated that stress
appraisals of adults who smoke daily are sensitive to social
feedback and highly related to anticipatory appraisal pro-
cesses. Yet, contrary to expectations based on extant litera-
ture in healthy, non-smoking adult samples, the hypothesis
that individual differences in resting and reactivity measures
of CVC would moderate the effect of social feedback con-
dition on post-task stress appraisals among daily smoking
adults was not supported. Future studies comparing CVC
relations to cognitive appraisal processes among adults who
smoke and those who do not may help resolve inconsisten-
cies across investigations. While parasympathetic measures
of autonomic function have been linked to stress-precipitated
smoking behavior in the context of acute stress, additional
studies are needed to clarify how smoking-induced deficits
in autonomic function may relate to other regulatory stress
processes among adults who smoke.
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