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GRATITUDE AND REACTIVITY TO STRESS

Abstract

The pathways linking gratitude to cardiovascular reactivity (CVR) to acute stress are not
fully understood. We examine whether this association is mediated by social support.
Healthy adults (N = 178) completed measures of trait gratitude and perceived social support
and participated in a standardised mental arithmetic and speech stress testing protocol. Their
CVR (i.e., systolic and diastolic blood pressure [SBP, DBP], heart rate [HR], cardiac output
[CO] and total peripheral resistance [TPR]) were monitored throughout. Gratitude was
positively associated with SBP, DBP and TPR reactivity, with those reporting higher
gratitude showing higher CVR. Social support was positively associated with TPR to the
maths task. The association between gratitude and TPR was mediated by social support but
this was only evident in response to the maths task and not the speech task. These novel
findings suggest that CVR may be a potential mechanism underlying the gratitude-physical

health link.
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Introduction

An estimated 31% of all global deaths annually are due to cardiovascular diseases,
with 17.5 million people dying from coronary heart disease (CHD) alone (WHO, 2016). One
factor, although often overlooked (Brown et al., 2019), associated with the onset and
development of CHD is psychological stress (Dimsdale, 2008; DuPont et al., 2020; Steptoe &
Kiviméki, 2013; Turner et al., 2020). Stress has been defined as an interaction between an
individual and their environment with stress occurring when people perceive that the
demands from external situations are beyond their coping capacity (Lazarus & Folkman,
1984). In terms of health impact, stress, in both childhood and adulthood, has been
associated with ~40-60% excess risk of CHD (Steptoe & Kivimaki, 2012). In fact, there is a
twofold increased risk of CHD among those reporting three or more childhood adversities
compared with those reporting none (Scott et al., 2011). In adults, the impact of chronic
stressors such as loneliness and social isolation on CHD mortality is comparable to that of
established risk factors such as smoking (Holt-Lunstad et al., 2010). One of the proposed
pathways linking stress to CHD is cardiovascular reactivity (CVR) to acute psychological

stress.

The reactivity hypothesis (Obrist, 1981; Phillips & Hughes, 2011), proposes that
exaggerated or prolonged CVR contributes to the manifestation of CHD in both adults
(Brindle et al., 2018; Gianaros et al., 2002; Krantz & Manuck, 1984) and children
(Roemmich et al., 2009). This hypothesis has received substantial support over the years
(Chida & Steptoe, 2010) with prospective studies finding that exaggerated reactivity to stress
is associated with adverse cardiovascular outcomes including hypertension (Carroll, Ginty,
Painter, et al., 2012), atherosclerosis (Barnett et al., 1997; Matthews et al., 1998), and
mortality (Carroll, Ginty, Der, et al., 2012). However, recent research suggests that relatively

low CVR to stress also has adverse health associations including obesity, depression, and
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addiction (e.g. smoking, alcohol) (Phillips & Hughes, 2011). These are also linked directly
and indirectly to CHD through pathophysiological mechanisms (De Hert et al., 2018).
Identifying positive psychosocial factors that may mitigate atypical stress reactions has been
a focus of considerable research (Bajaj et al., 2019; Fredrickson, 1998; Fredrickson &

Levenson, 1998; Kok et al., 2013; Puig-Perez et al., 2017).

One such factor which has attracted a growing level of interest for physical health and
biological processes is gratitude (Jans-Beken et al., 2020; Park et al., 2014; Schache et al.,
2019). Gratitude is conceptualized as a broad dispositional orientation towards perceiving
and appreciating the positive in life (Wood et al., 2010). Dispositional gratitude is usually
assessed by the GQ-6 with no specified time limits, whereas state gratitude can be captured
by the gratitude adjective checklist (GAC) using a more limited timeframe (Froh et al., 2011;
McCullough et al., 2002). In terms of physical health, gratitude has been associated with
reduced physical symptoms as indexed by reduced headaches, muscle fatigue, and feelings of
nausea (Emmons & McCullough, 2003) as well as better cardiovascular health (Jackowska et
al., 2016; Mills et al., 2015). Recent research has begun to examine the direct physiological
effects of gratitude as a way of understanding its implications for physical health. For
example, heart failure patients who participated in a gratitude intervention had reduced
inflammation and increased parasympathetic heart rate variability compared to those in the
control group (Redwine et al., 2016). Similarly, in a study of pregnant women, gratitude
journaling reduced the stress hormone cortisol (Matvienko-Sikar & Dockray, 2017). In fact,
these studies are in line with current theory on positive emotions which are considered to be a
buffer against the negative effects of stress (Folkman, 2008; Levenson, 2019; Pressman et al.,

2019).

A grateful response to life circumstances is considered a fundamental process by

which everyday experiences are positively interpreted (Emmons & McCullough, 2003). As
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such, gratitude as a positive emotion may facilitate how people deal with, and manage, stress
(Folkman, 2008). Research examining gratitude as a buffer of cardiovascular stress reactivity
is limited; however, one recent study reported that state, but not trait, gratitude was associated
with lower CVR to a mental arithmetic stress task (Ginty et al., 2020). A similar finding was
also recently reported, with state-like gratitude proving most predictive of lower CVR
(Gallagher et al., 2020), indicating it may be a stress buffer. However, this study had a
relatively small sample, and the underlying hemodynamic variables (i.e., cardiac output [CO]
and total peripheral resistance [TPR], which are fundamental to obtaining greater insight into
the pathophysiology of hypertension) (Pollock et al., 2020), were not examined. Moreover,
reduced TPR and increased CO have been associated with emotional and social factors
(Brown et al., 2019; Weisbuch et al., 2009) and so may be relevant to the present context.
Thus, given the call for researchers to examine the pathways underling the gratitude-health
link (Jans-Beken et al., 2020; Schache et al., 2019) and the paucity of research in the area,

further research into the influence of gratitude on CVR to acute stress is needed.

Gratitude has also been found to reduce feelings of social isolation (Frinking et al.,
2020) and enhance social relationships (O'Connell et al., 2017). Similarly, those expressing
gratitude towards others in diaries were found to have increased relationship satisfaction
relative to active controls (O’Connell et al., 2016). Other studies have found that gratitude
fortifies existing relationships by fostering social bonds and socially inclusive behaviours
(Bartlett et al., 2012), and encourages relationship formation and connections (Algoe, 2012).
Thus, it might be that gratitude is influencing CVR via social support which has known

associations with CVR (Gallagher et al., 2014; Uchino, 2009).

Social support is the processes by which social relationships promote health and well-
being (Cohen, 2004). A meta-analysis examining experimental manipulations of social

support (e.g., provision of active or passive support compared to no support) on CVR to
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laboratory stress found that it was associated with reduced hemodynamic reactivity
(Thorsteinsson & James, 1999). In line with this notion, perceived social support in real life
was associated with lower cardiovascular responses to a stress task (Howard et al., 2017,
O'Donovan & Hughes, 2008). Moreover, social support is a multi-dimensional construct
including instrumental, tangible and emotional facets, with emotional support viewed as more
nurturing than either informational or tangible support (Trobst, 2000). Emotional support
also has stronger cardioprotective effects (Horsten et al., 2000). While the stress-buffering
effect of manipulated social support on CVR has been extensively researched (Gallagher et
al., 2014; Holt-Lunstad et al., 2008; Uchino, 2006; Uchino et al., 1996; Uchino et al., 2011)

little research has been conducted on the effects of perceived availability of social support.

Gratitude is seen as a social emotion (Emmons & McCullough, 2004) and such
emotions help us connect with others (Petersen et al., 2019). As such, gratitude might
increase perceptions of social support. At least two recent studies are consistent with this
idea. First, social support was identified as a mediator of the association between gratitude
and depressive symptoms, such that those higher on gratitude reported higher social support
and lower depression (McCanlies et al., 2018). Second, lower loneliness and lower perceived
stress were found to be sequential mediators of the association between gratitude and
physical health symptoms. Those higher on trait gratitude, reported less loneliness, perceived
the stress in their lives to be lower, and had better physical health. Based on the above
evidence it is plausible that the association between gratitude and CVR may be mediated by
social support such that those reporting higher gratitude will also report higher social support
and subsequently have lower CVR to acute stress. This fits with calls to examine the links
between gratitude (Parks et al, 2014), social support (Uchino et al., 2012), and physical

health.
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One limitation of previous research investigating the association between gratitude
and CVR is the use of a largely asocial stress task by some (Gallagher et al., 2020) and a
more social task by others (Ginty et al., 2020). The social context of a stress-task can be an
important moderator of the relationship between psychological factors and CVR. For
example, socially relevant personality traits such as Type D, show differing associations
depending on the social nature of the task (Bibbey et al., 2015; O'Riordan et al., 2019).
Loneliness, also a construct that reflects a social dimension, has shown differing associations
with CVR depending on whether the stressor was social or asocial (Brown et al., 2019).
Therefore, it remains to be established if observed associations between gratitude and CVR

generalize across both asocial and social contexts within the same study.

Therefore, our aim is to replicate and extend limited prior research evaluating
associations between gratitude and CVR to both social and asocial stressors by evaluating the
same association across two different stress tasks; social and asocial. We hypothesized the
following: 1) both gratitude and social support are inversely associated with CVR to acute
psychological stress and that these effects are more pronounced for the asocial task; and 2)

the association between gratitude and CVR is mediated by perceived social support.

Materials and methods

Participants

Data were collected from 178 healthy adults (63.5 % female), recruited from a
university setting over an 18-month year period starting in October, 2017. G-power
calculations confirmed that a minimum sample size of 146 participants was needed to detect a
significant effect (p = .05, 2=0.06) at 80% power. The present manuscript is part of a larger
study observing demographic and psychosocial factors associated with cardiovascular

responses to acute psychological stress. Participants were recruited by means of a course
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credit system, by word of mouth, and the advertisement of the study throughout the campus.
Participants ranged in age from 18-40 years (M = 21.7, SD = 5.38) with a mean body mass
index (BMI) of 23.6kg/m? (SD = 3.73), the majority were White Irish (95.2%) and 64% were

single.

Participants were excluded if they were pregnant, currently ill, or had cardiovascular
problems. In preparation for the testing session, they were asked to refrain from alcohol
intake and vigorous exercise for 12 hours prior to testing, as well as no smoking (17% were
current smokers, 7.8% previous smokers) or consuming caffeine for 2 hours before testing.
Smoking was coded as, 1= yes, 2= previous, 3= no). Those who did not adhere to these
restrictions were rescheduled for another lab visit. They were asked whether there was a
history of cardiovascular disease in the family (12.8%). These precautions were to control
for confounding and are in line with existing research (Gallagher et al., 2019). All
participants provided written informed consent and the study was approved by the

University’s research ethics committee.
Design

A within-subjects correlational design was used with the main predictor variables
being gratitude and social support. The dependent variables were measures of CVR
including systolic and diastolic blood pressure (SBP, DBP), heart rate (HR), cardiac output
(CO), and total peripheral resistance (TPR). Reactivity scores were computed as the
difference between mean baseline and mean task values for each cardiovascular parameter, in

line with previous research (Carroll et al., 2005; Gallagher et al., 2014) .
Materials and Apparatus

Demographic and Anthropometric Variables
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Standardised weighing scales and portable stadiometer were used to measure height
and weight for calculation of BMI. Socio-demographic information such as age, gender,
ethnicity, relationship status, smoking status and family history of cardiovascular disease
were gathered using an in-house standardised questionnaire. These assessments, as in
previous studies in the field (Brown et al., 2019; Carroll, Ginty, Painter, et al., 2012), are

collected to control for potential confounding.

Gratitude

Gratitude was assessed using the Gratitude Questionnaire-Six Item Form trait-like
measure (GQ-6 (McCullough et al., 2002). This self-report scale examines general
thankfulness and gratitude, under four facets of grateful tendencies- intensity, density, span,
and frequency. Respondents are asked to indicate how much they agree with six statements,
two of which are reverse scored. An item example includes; ‘I have so much in life to be
thankful for’. Respondents provide their answer on a 7-point scale ranging from ‘Strongly
disagree’=1 to ‘Strongly agree’ = 7. In line with prior research using this measure (e.g.,
(O'Connell & Killeen-Byrt, 2018), items were summed to give a total gratitude score with
higher scores indicating higher gratitude. The scale is internally consistent with Cronbach’s
alpha o = .82 in previous research (McCullough et al., 2002) with a similar alpha coefficient

in the present sample, a = 0.78.

Social support

The 16-item NIH Toolbox, social support scale was used (Cyranowski et al., 2013). The
scale has two perceived social support subscales: instrumental (e.g., | have someone to help
me if I’m sick in bed) and emotional support (e.g., | have someone who understands my
problems). These items are rated on a 5-point Likert-type scale; responses from 1= ‘Never’, 2

=‘Rarely’, 3="Sometimes’, 4 =Usually’, and 5 = ‘Always and items are scored to give a total
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score. Excellent internal consistency has been reported at a = .95 (Cyranowski et al., 2013)
and similar here, a =.91. The two subscales were positively correlated (r = .44, p <.001)
with a high reliability for both the emotional (o = .90) and instrumental (o = .92) subscales.

Stress Task Measures

Immediately before and after both stress tasks (i.e., PASAT and speech), participants
were asked to indicate how stressful and how engaging they expected to find or found the
task, using separate single items scored on a 7-point Likert scale O (Not at all) to 6
(Extremely). These were captured to confirm that our stress task was psychologically
stressful and engaging and such items have been used in similar studies (e.g., Phillips et al.,

2009).

Cardiovascular Assessment

A Finometer Pro hemodynamic cardiovascular monitor (Finapres Medical Systems
BV, BT Arnhem, The Netherlands) was used to capture measures of SBP, DBP, HR, CO, and
TPR. The Finometer takes beat-to-beat continuous non-invasive measurements from finger
arterial pressure attached to the middle finger of the participant’s non-dominant hand.
Another cuff is attached to the participant’s upper arm to calibrate reconstructions of the
intra-brachial pressure derived from the finger cuff. This is also accompanied by a
hydrostatic height correction system to correct hand height to heart level which accurately
assesses absolute blood pressure (Schutte et al., 2004) and meets the validation criteria of the

Association for the Advancement of Medical Instrumentation (Brittain et al., 2018).

Stress Task

An adapted version of the Trier Social Stress Task (Kirschbaum et al., 1993) was used

as our stressor; here we used the paced auditory serial addition test (PASAT; (Gronwall,
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1977) as our math task. This task has been used within laboratory-based studies and has been
found to successfully perturb the cardiovascular system (Gallagher et al., 2014; Phillips et al.,
2009). During the task, participants listen to a 5-minute audio track where single digit
numbers are read aloud via computer. Participants listen and are required to retain the
previous number and add it to the subsequent number and say the answer out loud. The
numbers were presented at a rate of 2.4 seconds during the first minute with the speed of
presentation increasing by .4 seconds for each subsequent minute. In order to make this task
less social or socially evaluative, our experimenter, unlike in previous studies (Phillips et al.,
2009), was not obtrusively marking the participants. Further, to reduce the social evaluative
nature (Bosch et al., 2009), the experimenter was sitting behind a screen while recording the
answers. For our socially relevant stressor, participants had to give a 4-minute speech, where
they were given two minutes to prepare. For this task, while in the same position and under
the same conditions described above for the math task, they were instructed to describe and
provide real-life examples of three of their best and worst characteristics (Bosch et al., 2009).
These speech tasks have been found to be more socially relevant than mental arithmetic tasks
with resulting different CVR consequences. This appears to be the case as articulating
personal information about your best and worst characteristics has social implications
(Al'Absi et al., 1997). Moreover, speech tasks also have a greater social-evaluative threat
aspect (Dickerson & Kemeny, 2004). If participants ceased speaking at any time during the
four-minute period, they were immediately prompted by the experimenter to continue. Only
the four-minute speaking period was used for calculation of CVR. The order of these tasks
was counterbalanced. To heighten the sense of stress, the testing was conducted in reduced
light with a spotlight illuminating the candidate and experimenters all wearing white

laboratory coats.

Procedure
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Participants were sent a study information sheet prior to arrival at the laboratory.
Those who agreed to take part and were deemed eligible were asked to attend a 45-minute
testing session at our health and psychophysiology laboratory. On arrival, participants were
asked to confirm they had adhered to the health behaviour protocol described above, those
not adhering were rescheduled. Once consented, they completed a demographic
questionnaire, and were heighted and weighted for calculation of BMI. Participants were
then seated at a desk by the spotlight and were requested to place their feet in a box to control
for unnecessary movements that may affect cardiovascular measures (Hayes & Rockwood,
2017; Pickering et al., 2005). Following a 20-minute acclimatization period where the
upcoming task was explained, participants sat quietly reading magazines and cardiovascular
acclimatization measuring took place. The psychometric scales (e.g., gratitude) were
completed during the acclimatization phase. Formal baseline cardiovascular measures were
then recorded for 10 minutes. Following the formal baseline, and 1-minute before the stress
task began, the researcher asked the participant to complete the pre-stress task rating
questionnaire for both PASAT and speech. After the stress task, the participant completed
the post-task stress questionnaire, had the blood pressure cuff removed, and were thanked for

their participation and debriefed.

Data analyses

Prior to analyses, data were screened for normality and assumptions of fit. While our
data for all CVVR indices were normally distributed, i.e., all p’s for Kolmogorov-Smirnov and
Shapiro- tests were >. 18, several of the baseline values were high (e.g., SBP, DBP, HR and
TPR) with Z scores > 3 SD. Thus, we ran our analyses with and without these outliers (9 in
total) and our results became stronger without them. When included, gratitude was the most
consistent variable to be associated with several of the CVR indices, with support only

associated with TPR reactivity: when excluded, both gratitude and social support were
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predictive across several CVR indices. Therefore, we ran our analyses with outliers removed
on a final sample of 169 (105 females). In our initial analyses were tests of difference and
correlations checking for gender, lifestyle, BMI and socio-demographic
differences/associations with our CVR outcome variables. Next repeated-measures analysis
of variance (ANOVA) confirmed whether our task perturbed the cardiovascular system and if
it was psychologically stressful. This was then followed by a series of hierarchical linear
regressions to test our main hypotheses in which we analysed the CVR (change scores; task
minus baseline) to the pooled tasks and each predictor (gratitude and social support)
separately. In these, confounding variables which were associated with cardiovascular
indices (age, gender, BMI, smoking, task order, and baseline cardiovascular indices) were
entered at Step 1, followed by the predictor variables separately at Step 2. We then repeated
the same analyses for speech and PASAT separately. In sensitivity analysis for social
support, the same analyses were performed for emotional and instrumental support
separately. Mediation analysis was conducted using Model 4 in PROCESS (Hayes, 2017).

Partial eta-squared and R-squared are reported throughout as effect sizes.
Results
Descriptive Statistics

Descriptive statistics for psychological and cardiovascular variables are reported in
Table 1. Trait gratitude scores are similar to other studies in young adults (O’Connell et al.,
2016) and our social support mean score is higher than found elsewhere (Cyranowski et al.,
2013). The correlation between support and gratitude was r = .23, p =.003, with higher levels
of social support associated with higher gratitude. While there was no difference in gratitude
score between men and women, men tended to report slightly lower gratitude scores (34.21

(5.93) versus 35.85 (4.66); F(1, 164) =3.88, p =.05, n,> =.02) compared to women. Women
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had higher social support (65.35 (9.26) versus 61.61 (10.33); F(1, 164) =5.81, p = .017, ny* =

.03) compared to men.
[Insert Table 1 about here]
Manipulation check

A series of repeated-measures (baseline, task) ANOVAs confirmed that the pooled

stress task increased cardiovascular responses for: SBP, F(1, 167) = 400.79, p < .001, ; =
.71, DBP, F(1, 167) = 471.17, p < .001, 2 =.74; HR, F(1,167) = 111.19, p < .001, 72 =

40; CO, F(1,167) = 34.83, p < .001, n,’=.17; and TPR, F(1,167) = 40.91, p < .001, ny* =
.20. Further, repeated-measures ANOVAs also revealed a significant increase from pre- to

post-task rating of pooled self-reported stress, F(1, 164) =96.84, p <.001, 52 = .37.

There were no differences in CVR across stress tasks, however, participants rated the
PASAT as more stressful than the speech task; mean (SD), 4.57 (1.26) vs 4.13 (1.46), F(1,

168) =12.38, p <.001, »; = .07, with no significant differences in terms of how engaging

they found the task.

Age, family history of CVD, relationship status, smoking status, and ethnicity were not
correlated with our baseline cardiovascular indices. However, BMI was associated with
lower HR and TPR as well as higher CO (all ps < .05). Men had lower HR, TPR, and higher
CO (all p’s <.05) Interms of CVR, age was negatively associated with DBP; BMI was
positively associated with SBP and CO; and smoking was positively associated with HR (all
p’s <.05). Thus, given the associations of age, gender, smoking, and BMI with our
cardiovascular indices, these confounding factors, along with task order, were controlled for

in relevant analyses.
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Associations between gratitude, social support and cardiovascular reactivity to the pooled

stress task.

A series of hierarchical linear regressions, with confounders added at Step 1 and each
predictor variable (gratitude, social support) individually at Step 2, were conducted on the
pooled stress task reactivity. There were no associations between gratitude and either HR or
CO reactivity. There were significant positive associations between gratitude and SBP, f =
.16, 95% CI [0.02, .72], t = 2.17, p = .03; DBP, £ = .17, 95% CI [0.02, .42], t = 2.17, p = .03
and TPR, g =.18, 95% CI [0.001, .013], t = 2.29, p = .02, such that those expressing higher
levels of trait gratitude had higher reactivity to the pooled stress task. These added an
additional 2%, 3% and 3% variance in explaining SBP, DBP and TPR reactivity,
respectively. In the social support models, there were no associations between support and
SBP, DBP, HR and CO. However, support was positively associated with TPR reactivity,
=.18, 95% CI [.001, .007], t = 2.38, p = .02, such that those with higher social support had
higher TPR reactivity, contrary to our hypotheses. Social support explained an additional 3%
above and beyond the confounding factors. In sensitivity analysis of the social support
subscales, where each one was entered separately, emotional support was the key driver of
these associations with TPR reactivity (5 = .17, 95% CI [.001, .013], t = 2.13, p =.02),
whereas instrumental support was not statistically significant (8 = .15, 95% CI [.00, .010], t =

1.89, p = .06).

Associations between gratitude, social support and cardiovascular reactivity to speech and

PASAT.

A similar set of hierarchical linear regressions were conducted with confounders added
at Step 1 and each predictor variable individually at Step 2, for speech and PASAT

separately. In these models, there were no associations between gratitude or social support
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and any of the CVR indices to the speech task. However, for gratitude, although there were
no associations with HR, CO and TPR to the PASAT, it was associated with both SBP, g =
.17, 95% CI [0.03, .75], t = 2.12, p = .03 and DBP, 8 = .20, 95% CI [0.06, .50], t = 2.50, p =
.01, such that those who reported higher levels of gratitude had higher reactivity to the
PASAT. These added an additional 3% and 4% each to the variance in explaining SBP and
DBP reactivity to the PASAT. Further, support was positively associated with TPR
reactivity to the PASAT, =.17, 95% CI [.001, -.012], t = 2.18, p = .03, such that those with

higher social support had higher TPR reactivity to the PASAT.

In addition, emotional support, g = .20, 95% CI [.003, .026], t = 2.58, p = .01, but not
instrumental support, was responsible for the association between social support and TPR
reactivity. Given these observations, we checked to see if the scores on the PASAT were
associated with reactivity. PASAT scores were positively associated with DBP, = .16, 95%
CI1[0.00, .09], t = 1.98, p = .04, but not with TPR reactivity. There was a positive trend for
SBP, =.13, 95% CI [-0.012, .14], t = 1.66, p = .09. We re-analysed our SBP and DBP
findings and entered PASAT scores at Step 3, and our gratitude results were attenuated but
still withstood adjustment; SBP, £ = .11, 95% CI [0.04, .49], t = 2.06, p = .04; and DBP, 8 =
.18, 95% C1[0.03, .47],t = 2.27, p =.02. PASAT scores remained significant in the DBP
model. In the social support model, we entered emotional support due to its stronger
association with TPR, and again this withstood adjustment, 5 = .20, 95% CI [0.004, .26], t =

2.60, p =.01. The associations for gratitude are illustrated in Figure 1a and 1b.

[Insert Figure 1 About Here]

Mediation Analyses for CVR to the PASAT
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Given that only SBP, DBP, and TPR were significantly related to either gratitude or
emotional social support in the above analyses, we focused on these indices in mediation
analyses. There was no evidence of mediation for emotional social support on SBP or DBP.
However, for TPR there was an indirect relationship through emotional social support (see
Figure 2). Specifically, the findings for TPR suggest that emotional social support is a
pathway from which gratitude influences TPR reactivity to an asocial task. These findings
withstood adjustment for confounding. Given the cross-sectional nature of the data, we also
checked the alternative model (i.e., would gratitude mediate the association between
emotional social support and TPR reactivity). This model was not supported (indirect effect:

B =.001 [-.002, .004]).

[Insert Figure 2 about here]

Discussion

Our aims were to build on previous research on gratitude and its associations with
CVR to acute stressors, testing to see if perceived support was as a mediator of this
relationship. Although we found that both gratitude and perceived support were associated
with some aspects of CVR, these associations were not observed across all measured indices.
Contrary to our hypotheses, both constructs were positively, rather than negatively,
associated with CVR; those reporting higher gratitude had higher SBP and DBP reactivity.
Similarly, those reporting higher levels of perceived social support, in particular emotional
support, had higher TPR reactivity to the asocial mental arithmetic task.

Previous studies have found state gratitude (Gallagher et al., 2020; Ginty et al., 2020)
and perceived social support (e.g., Howard et al., 2017) to be associated with lower CVR to
acute stress in contrast to this study. Unexpectedly, however, the present effects were not
consistent with the stress-buffering hypothesis, as those with higher gratitude and social

support had higher CVR. We also found evidence of mediation through which gratitude
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influences social support and TPR reactivity. While not in the expected direction, this is the
first study to show that trait gratitude influences TPR responses to acute psychological stress
and identifies social support as a mediator of this relationship. In terms of social support
dimensions, it is consistent with other studies showing that emotional support has strong
effects on cardiovascular reactivity (Phillips et al., 2009). It is also in line with other
psychophysiological studies where emotional support, but not instrumental support, was
found to be associated with higher immune responses (Gallagher et al., 2008).

While our findings are not in the expected direction, the circumplex model of emotion
(Pressman & Cohen, 2005) is one explanation for increased CVR in response to positive
psychological constructs. According to this model, activated emotions (e.g., excitement, joy)
are associated with increases in HR and BP, whereas low-activation emotions like
pleasantness are associated with a dampening of the cardiovascular response. Our measure of
gratitude was a trait-like measure, unlike the activated emotions in the circumplex model.
However, studies have found that trait gratitude predicts feelings of joy (Watkins et al.,
2018), which is one of the activated emotions associated with increases in BP. Moreover, the
two recent studies examining the gratitude-CVR link (Gallagher et al., 2020; Ginty et al.,
2020) found that it was state gratitude that was associated with lower CVR responding. We
are unsure as to why there would be different CVR responses associated with state and trait
gratitude but perhaps there are other unmeasured emotional consequences which may
influence the stress appraisal and CVR. Although we did not measure other emotion
constructs in our study, future research including more detailed profiles of emotion, in
addition to gratitude, may clarify the associations between gratitude and CVR.

Even though higher CVR has been found to be cardio-toxic, it is worth noting that
lower CVR reactions also have adverse health correlates (Phillips & Hughes, 2011). It may

be the case that what we are evidencing here is a moderate, or healthy, response to stress
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(Lovallo, 2011). As such, our findings may be in line with studies showing the cardio-
protective effects of positive psychological factors. In line with this, it could be that gratitude
is an active emotion; recent research has found gratitude to be a motivating emotion where an
individual specifically focuses on positive behaviours that lead to self-improvement (Armenta
etal., 2017). In fact, research from motivational intensity theory, which is a conceptual
framework for examining the impact of effort (Richter et al., 2016), may be helpful here.
Such studies have found that when primed with positive emotions such as happiness,
participants completing challenging achievement-type tasks (such as our mental arithmetic
task) exhibit increased CVR (Framorando & Gendolla, 2019). These authors suggest that
such challenges require mobilisation of effort and positive emotions may facilitate this. Ina
related study, happiness primes led to increased CVR to a more difficult task when compared
to an easy task (Gendolla, 2012). These studies suggest that gratitude, which is a positive
emotional trait, may increase engagement and lead to higher CVR. However, given our
findings were restricted to the maths task, and no significant differences in task engagement
were observed between maths and speech tasks, further research on why maths tasks appear
to be more strongly influenced by gratitude (Gallagher et al., 2020; Ginty et al., 2020)
compared to speech tasks is needed. Further, with performance on the PASAT also linked to
higher CVR, the notion above of greater engagement in the presence of positive emotions
leading to increased CVR may still be relevant.

Similarly, not all studies find a buffering effect of social support on CVR, rather,
some find that support can be associated with higher CVR (Lee et al., 2015; Roy et al., 1998).
Roy and colleagues suggest that social support may also facilitate engagement with stressors
and assist with active coping, which may be the case here (Roy et al., 1998). Active stressors
(e.g., speech/maths) are those where you can influence an outcome whereas with passive

(e.g., cold pressor) stressors, you must merely endure (Obrist, 1981). This may also be
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relevant to gratitude and why our TPR mediation model was also associated with increased,
rather than lower, CVR.

In terms of study limitations, the observational design means causation cannot be
inferred (Christenfeld et al., 2004). In fact, despite our mediation model inferring a causal
process, we cannot infer causality using this cross-sectional design. Importantly, this study
relied on self-report measures of both dispositional gratitude and perceived social support.
Although gratitude can be captured in several ways (e.g., diaries, expression of gratitude), the
scales we chose are used extensively in this type of research. However, the limitations of
self-report measures, including issues of social desirability bias, are acknowledged. Further,
while we found that the maths task was a key driver of our CVR, and we speculate that the
effort involved in this stressor sheds some light on why we found higher CVR, there may be
alternative interpretations or unmeasured variable that better explain this association.
Moreover, while the math task was reported as more stressful, there may be other aspects to
the tasks such as perceived challenge and threat (Trotman et al., 2018) which have distinct
patterns of cardiovascular responding (Meijen et al., 2020). Thus, it might be that our math
and speech tasks could have been appraised differently with varying levels of high and low
threat and challenge. Future research could specifically target the impact of varying levels of
high and low threat and challenge, and the nature of active and passive stress tasks by
employing the hemodynamic profile-compensation deficit (HP-CD) model using CO and
TPR (James et al., 2012; Why & Chen, 2013). This may be particularly relevant for a
psychological construct such as gratitude. Further, including assessment of constructs like
depression, which has been associated with blunted reactivity in previous studies(Carroll et
al., 2007), is important given depression may be associated both with lower gratitude and

social support.
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In conclusion, the present study adds to emerging evidence linking gratitude to health
outcomes as well as to research on perceived social support and CVR to acute stress. Further,
studies that also include assessment of related constructs such as trait personality, emotions,
and depression, may help clarify associations between CVR and both gratitude, and perceived
social support. Moreover, our gratitude and CVR findings provides evidence for an indirect
pathway behind gratitude-health links (Schache et al., 2019). Finally, given the health
promoting effects of keeping gratitude diaries for health (Jans-Beken et al., 2020), this
concept aligns well with a recent call by some cardiologists for harnessing low-cost mind-

body medicine to improve cardiovascular health (Prasad, 2016).
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Table 1
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Descriptive statistics of gratitude, social support, CVR variables, and task stress rating

Variables Range Mean Standard Deviation
Trait Gratitude 14.00 - 40.00 33.25 5.02
Social Support 37.00- 80.00 63.94 9.78
Baseline SBP 82.89 — 148.48 123.87 11.03
Baseline DBP 65.69 - 115.69 75.40 9.09
Baseline HR 58.03 - 110.64 78.42 10.63
Baseline CO 1.03-10.31 5.94 1.46
Baseline TPR .51-5.80 1.05 .50
Pooled Task SBP 101.78 — 192.65 142.59 16.99
Pooled Task DBP 61.01 —135.52 87.47 11.66
Pooled Task HR 57.82-111.88 83.21 11.01
Pooled Task CO 1.33-12.03 6.36 1.83
Pooled Task TPR 58-5.31 1.19 .58
Pooled CVR SBP --6.55 - 49.63 18.73 11.63
Pooled CVR DBP -3.30 - 31.68 11.67 6.68
Pooled CVR HR -8.26 — 21.02 4.97 5.22
Pooled CVR CO -1.87-2.71 0.36 0.74
Pooled CVR TPR -.56 —0.96 0.11 0.19
Speech CVR SBP -27.89 - 60.27 18.70 15.43
Speech CVR DBP -14.82 -39.82 12.03 9.83
Speech CVR HR -27.50 - 38.69 4.16 11.94
Speech CVR CO -4.38 -5.06 0.30 1.46
Speech CVR TPR -0.99-1.10 0.11 0.33
PASAT CVR SBP -9.24 -53.24 17.97 12.10
PASAT CVR DBP -2.11-34.40 11.63 7.36
PASAT CVR HR -29.92 -41.01 5.06 11.34
PASAT CVR CO -3.75-5.22 0.37 1.46
PASAT CVR TPR -0.91-2.05 0.14 0.37
Pooled Pre Task Stress 0.0-6.0 3.22 1.39
Pooled Post Task Stress 1.0-6.0 4.35 1.03
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Figure 1. Associations between trait gratitude and SBP reactivity (1a) and DBP reactivity(1b) to the maths task, controlling for confounding
including PASAT scores. Error bars are standard error bars and reactivity mean scores for low, medium and high gratitude respectively. The

high and low gratitude scores reflect the upper (top 25%) and lower quartile (bottom 25%) scores on the gratitude scale and medium represents

the remaining middle 50% of the distribution.
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Figure 2. Mediation analysis of the relationship between gratitude, emotional social support

and TPR reactivity.
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Significant effect are highlighted in bold.

**p <0.01 level.* p < 0.05 level.

Note: Statistics refer to unstandardized betas (B) and 95% confidence intervals at the lower
and upper limit for indirect effects.



