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GREANEY, J.L., A.M. DARLING, E.F.H. SAUNDERS, and D.M. ALMEIDA. Daily stress and microvascular dysfunction: the buff-
ering effect of physical activity. Exerc. Sport Sci. Rev.,Vol. 51, No. 1, pp. 19–26, 2023. Although often short-lived, emotional responsive-
ness to daily stressors (i.e., routine and sometimes unexpected everyday hassles) is associated with increased cardiovascular disease (CVD), mor-
bidity, and mortality. Here, we present the novel hypothesis that a disruption of microvascular homeostasis is a key antecedent. In addition, we
postulate that physical activity may mitigate the psychobiological consequences of daily stress, thereby limiting pathophysiological CVD-related
sequelae. Key Words: negative affective responsivity, intradermal microdialysis, norepinephrine, sympathetic, vasoconstriction
Key Points

• In contrast to major life events or chronic stress, myriad
common stressful events permeate everyday life, such as
the routine challenges and unexpected and episodic hassles
that disrupt day-to-day living (e.g., argument with a spouse,
malfunctioning computer).

• Although daily stressors are relatively minor, greater emo-
tional responsivity to daily stressor occurrence is linked to
increased chronic disease risk.

• Microvascular dysfunction, characterized by both blunted
endothelium-dependent dilation and exaggerated sympathetic
vasoconstriction, is evident in adults who are more susceptible
to daily stress, which may be one underlying mechanism con-
tributing to increased risk of future cardiovascular disease.

• Increased habitual physical activity buffers the emotional
responsivity of daily stress and, in so doing, may also miti-
gate the damaging effects of daily stress vulnerability on mi-
crovascular function.

INTRODUCTION
The response to stressors is an integrated cascade of emo-

tional, behavioral, and biological reactions to challenging situ-
ations aimed at protecting the body from the perceived threat
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and promoting survival. On exposure to a stressful event,
stress-responsive neurocircuitry initiates alterations in vigilance
and emotion (e.g., fear and anxiety), activates the hypothalamus-
pituitary-adrenal and sympathetic-adrenal-medullary axes, and
stimulates the immune system. Although this is an evolution-
arily conserved adaptive response intended to restore homeo-
stasis, the allostatic load theory posits that the aggregate effects
of frequent, repetitive, or prolonged stress system activation (or
a dysregulated or excessive acute stressor response) can, through
time, result in deleterious adaptations in biological function
that initiate and accelerate cardiovascular disease (CVD) pro-
gression (1).

In line with this theory, a convincing body of evidence has
causally established psychosocial stress as a key nontraditional
risk factor precipitating the future development of CVD (2).
For example, the INTERHEART study, which spanned 52
countries and included approximately 25,000 individuals, pro-
spectively linked high amounts of psychosocial stress to an in-
creased risk of acute myocardial infarction (3). Importantly, this
association was independent of socioeconomic status, remained
significant after adjusting for traditional CVD risk factors (e.g.,
smoking), and was largely consistent across diverse geographic
regions, different age groups, and between sexes. Moreover, the
link between psychosocial stress and heightened CVD-related
risk was observed within multiple domains of stress, including
both perceived “permanent” stress (defined by investigators as
“chronic stress” resulting from conditions at work or home lead-
ing to irritability, anxiety, or difficulty sleeping) and stress related
to discrete external events (defined by investigators as major life
events such as marital separation or divorce, loss of job, loss of
crop or business failure, major personal injury or illness, and major
illness or death of a close family member or spouse) (3). Given its
e. Unauthorized reproduction of this article is prohibited.
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ubiquity in modern society, there is, thus, an urgent need to better
understand the pathophysiological mechanisms through which
stress susceptibility increases CVD risk to inform more targeted
therapeutic intervention strategies. Research addressing these
critical gaps in knowledge is clinically important: CVD is a stag-
gering public health challenge, occurring at an economic cost
of $378 billion, having prevalence rates of nearly 50% of adults,
and remaining the leading cause of morbidity and mortality
worldwide (4).
Unlike the traditional CVD risk factors (e.g., age, dyslipid-

emia, hypertension, etc.), psychosocial stress is a conceptually
broad framework that encompasses several different (and inter-
related) elements, constructs, and domains and is thus difficult
to define objectively. Perhaps not surprisingly, therefore, the
measurement and quantification of stress is complex, challeng-
ing, and, in some instances, controversial (5). In this brief re-
view, we focus exclusively on “daily stress” as a distinct and spe-
cific domain of “psychosocial stress” (defined and detailed in
the next section). Our intent is to update the literature with
mechanistic data from a series of studies from our laboratories
that has systematically interrogated the link between daily stress
and aberrant regulation of the sympathetic-immunological-
cardiovascular axis of the stress response system. Specifically,
we highlight our recent findings suggesting that increased
emotional responsivity to daily stress is associated with a dis-
ruption in vascular homeostasis: in adults who are more re-
sponsive to daily stress, there seems to be a relative impairment
in endothelium-dependent vasodilation concurrent with a sen-
sitization of sympathetic vasoconstriction, ultimately resulting
in a proconstrictor milieu (6–10). We hypothesize that these
pathological alterations in the peripheral vasculature ultimately
drive the development of hypertension and attendant CVD
sequalae in adults who are more emotionally vulnerable to daily
stress (Fig. 1). In addition, we postulate that increased habitual
physical activity may mitigate these deleterious psychobiological
Figure 1. Simplified schematic illustration of the novel hypothesis that patholog
thetic vasoconstriction and blunted endothelium-dependent dilation— ultimately
(CVD) sequalae in adults who aremore emotionally vulnerable to daily stress. In add
deleterious psychobiological consequences of daily stress, thereby reducing or pre
nitric oxide.
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consequences of daily stress, thereby reducing or preventing
pathophysiological CVD-related outcomes (Fig. 1). We have
attempted to provide a succinct, yet comprehensive, current inter-
pretation of this area of ongoing research. However, because of
space constraints, we have cited several reviews and metaanalyses
to direct the reader to additional research in this field. We
gratefully acknowledge the work of our colleagues and others
who have contributed to our understanding of the mechanisms
through which daily stress may be linked to CVD risk and, in so
doing, have advanced the field significantly. Unfortunately, we
were not able to cite all relevant original research and apologize
to those investigators for any oversights. As the scope of this
brief review is limited, we instead only highlight those studies
most foundational and relevant to the novel hypotheses pre-
sented herein.

Daily Stress Is Ubiquitous in Everyday Life
As highlighted by several key prospective epidemiological

studies, persistent long-duration chronic life stressors (e.g., living
in poverty, caregiving) and major life events (e.g., death of a
parent/child, natural disaster) predict future CVD risk (11–14).
However, these types of stressors are relatively rare and not uni-
versally experienced, making the generalizability and applicabil-
ity of these findings somewhat limited for determining optimal
preventative interventions. In contrast, myriad everyday, com-
monplace, comparatively minor stressful events, or “quotidian”
stressors, permeate daily life. Indeed, a growing body of literature
posits that these daily stressors more strongly influence overall
well-being than major, but less frequent, life events (15).

Daily stressors typically are defined as the routine challenges
and concerns of day-to-day living (e.g., work deadlines, daily
commute) and the unexpected and episodic hassles that disrupt
everyday life (e.g., argument with a partner, malfunctioning
computer) (16–18). In this way, daily stressors encompass both
the “automatic or ritualized concerns of life” and “episodic,
ical alterations in the peripheral vasculature — particularly excessive sympa-
drive the development of hypertension and attendant cardiovascular disease
ition, we postulate that increased habitual physical activity maymitigate these
venting pathophysiological CVD-related outcomes. NE, norepinephrine; NO,
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irregular, microevents that cannot be anticipated daily” (15). Al-
thoughminor, daily stressors occur frequently— on approximately
40% of all days — and elicit separate, immediate, and direct ad-
verse effects on emotional and physical well-being (17–19). In-
deed, compared with stressor-free days, days on which daily
stressors are experienced are associated with increased negative af-
fect and symptoms of psychological distress as well as increased so-
matic physical health complaints (16). In general, however, both
the stressor itself, as well as the emotional sequalae, tend to dissi-
pate or disappear in a day or two (16).

There is some evidence that daily stress processes (e.g., fre-
quency, severity, emotional responsiveness) may provide a
unique explanation for stress-associated pathophysiological out-
comes above and beyond either major life events in the recent
past or chronic role-related life stressors (15). That is, because
naturally occurring daily stressor exposures are short-lived, they
can be differentiated from persistent long-duration chronic life
stressors, which are open ended and typically remain constant
day to day. It is important to note that the responsivity to daily
stressors is not singular, and that individual and contextual fac-
tors (e.g., personality traits, socioeconomic status, history of and
current exposure to chronic stress) can certainly influence both
the likelihood of exposure, as well as the ensuing emotional and
behavior response, to daily stress (16,18). Nevertheless, it is now
apparent that daily stress has unique and independent effects
from those of chronic stress that are detrimental to both psycho-
logical and physiological health and well-being (15,18,20,21). In
line with this, some investigators have suggested that contextual/
chronic stressors (e.g., caregiving) exert their detrimental health
effects through daily stress processes (elegantly reviewed by Epel
et al. (18)), further emphasizing the importance of examining
how daily stress manifests in everyday life. A growing body of ev-
idence also demonstrates that increased daily stress is predictive
of both CVD-related and all-cause mortality, independent of
personality traits and socioeconomic status (21,22). However,
despite its ubiquity in everyday life, daily stress does not translate
to pathological CVD-related outcomes in all individuals. Thus,
it is imperative to better understand the physiological mecha-
nisms through which daily stress increases CVD risk to advance
preventative and therapeutic strategies in those who are most
susceptible.

Emotional Responsivity toDaily Stress Predicts Chronic
Disease Risk

The tendency to experience negative emotions, as is charac-
teristic of many mood and anxiety disorders (e.g., major depres-
sion), is linked to increased CVD risk (23). Building on this, it
has been postulated that adults with heightened emotional vul-
nerability to daily stressors also may be those most susceptible to
increased risk of future CVD (24). However, the evidence
supporting this concept remains somewhat inconclusive, per-
haps because of a reliance of many previous studies on broad,
static conceptualizations of daily stress or a focus only within a
specific domain (e.g., workplace) (24–28). Daily stress is a dy-
namic process encompassing both the exposure event (i.e.,
the stressful event, stimulus, or circumstance) and the ensuing
response to it (i.e., emotional and behavioral responses). Studies
using daily diary or other intensive repeated-measures methodolo-
gies to assess daily stress processes allow for the examination of the
within-person coupling of daily stress events with the affective
Volume 51 • Number 1 • January 2023
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response; in these paradigms, participants serve as their own con-
trols (16,29). In this way, dynamic negative affective responsivity
to daily stress can be conceptualized as the magnitude of the dif-
ference in a person’s negative affect on days when stressors oc-
curred compared with stressor-free days (Fig. 2) (7). Although
the negative emotional response to a singular daily stress event
likely does not have strong implications for long-term health, it
is indicative of how an individual typically responds to daily
stress and thus reflects a trait-like pattern of emotional respon-
siveness that can then be used to predict between-person differ-
ences in health outcomes (25,27). A growing body of literature
using this analytical approach suggests that the frequency of
daily stressor occurrences by and of itself may be relatively less im-
portant for health and well-being than how an individual emotion-
ally reacts to those events. Indeed, increased negative affective
responsivity to daily stressors — but not increased stressor exposure
— predicts the risk of mental health disorders, chronic medical con-
ditions, and mortality up to a decade later (22,25,27). Impor-
tantly, this association is observed even when statistically
accounting for the number of stressor exposures in the analyti-
cal models, further highlighting the importance of the magni-
tude of change in negative affective responsivity to daily stress
within an individual for overall health and well-being.

The mechanisms linking negative affective responsivity to
daily stressors to CVD risk are undoubtedly multifaceted and
complex and include nonphysiological factors such as socio-
economic status, dispositional characteristics (e.g., optimism/
pessimism, neuroticism, trait negative affect), psychiatric illness
(e.g., depressive disorders, bipolar disorder, anxiety disorders,
schizophrenia), and maladaptive health and social behaviors
(e.g., insufficient sleep, substance use, social isolation), as ex-
tensively described by Epel et al. (18) Nonetheless, as detailed
in the subsequent section, and stemming from foundational work
in nonhuman primates, a series of recent studies from our labora-
tories has highlighted sympathetic-vascular dysfunction as a po-
tential mechanistic underpinning of increased CVD risk in those
most susceptible to the emotional consequences of daily stressor
exposure. In this way, greater emotional responsivity to daily
stress may further accelerate the normal age-related declines in
sympathetic-vascular function, thereby predisposing an individ-
ual to increased CVD risk.

Psychosocial Stress and Sympathetic-Vascular
Dysfunction

Although the physiological mechanisms underlying stress-related
CVD risk are multifactorial, convincing evidence implicates vas-
cular dysfunction as a key antecedent. Indeed, seminal work in
cynomolgus monkeys clearly demonstrates that chronic psycho-
social stress causes endothelial dysfunction and accelerated ath-
erosclerosis (30–32). In the experimental paradigm used in these
studies, male cynomolgusmonkeys were fed atherogenic diets and
housed in either an unstable and stressful social setting or a nor-
mal housing environment for 2 yr. This model recapitulates two
prominent dimensions of social behavior — competitiveness
and aggression — thought to contribute to CVD in humans
and, thus, allows for amechanistic determination of the influence
of psychosocial stress on cardiovascular outcomes. In this setting,
behavioral characteristics of stress (e.g., severe aggression) were
greater in the animals exposed to the stressful social conditions.
In addition, the stress-susceptible animals also subsequently
Daily Stress, Vascular Health, and Exercise 21
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Figure 2. Negative affect is increased on days with at least one stressor exposure compared with stressor-free days (n = 58; box-and-whisker plots; Panel A).
There is marked interindividual heterogeneity in the increase in negative affect on days with a daily stressor event compared with stressor-free days (i.e., negative
affective responsivity), with some individuals far more emotionally vulnerable or resilient than others (n = 6 per group to aid visual clarity; Panel B). Increased neg-
ative affective responsivity to daily stressors— an index of emotional vulnerability to daily stress— predicts the risk of mental health disorders, chronic medical
conditions, and mortality up to a decade later. au, arbitrary units. [Adapted from (7). Copyright © 2021 The Authors. CC-BY 4.0].
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developed greater coronary artery atherosclerosis, measured by in-
timal lesion area in isolated vessels, than their unstressed counter-
parts, an effect that was independent of established CVD risk
factors (e.g, hyperlipidemia) (30–32). To determine the up-
stream mechanisms of stress-induced vascular dysfunction, the in-
vestigators next administered the nonselective beta-adrenergic
receptor antagonist propranolol during the same approximately
24-month timeframe. In monkeys behaviorally susceptible to
the stress-inducing conditions, the long-term inhibition of sym-
pathetic activity abolished the development of coronary artery
atherosclerosis (30), clearly demonstrating a role for the sympa-
thetic nervous system in mediating stress-induced vascular dys-
function. The precise structural and functional consequences of
sympathetic overactivity for overall vascular health, including a
more thorough discussion of potential mechanistic differences
across vascular beds, are beyond the scope of this brief review
but have been described extensively elsewhere (33).
Building and extending this line of work, acute laboratory

stressors, including mental arithmetic, lower body negative pres-
sure, and the cold pressor test, elicit increases in sympathetic ac-
tivity and subsequent decreases in large artery compliance in
healthy adults (34,35), thus, likewise demonstrating a link be-
tween activation of the sympathetic arm of the stress-response
system and vascular dysfunction in humans.Meta-analyses document
the deleterious impact of negative affect on multiple indices of con-
duit artery dysfunction, including blunted endothelium-dependent
dilation and increased arterial stiffness (36,37).Although it has long
been speculated that impairments in vasodilatory capacity may also
result from increases in negative affect secondary to stress exposure
(1), to our knowledge, relatively few studies have systemically exam-
ined the interactive relation between naturally occurring stressful
events (i.e., experienced outside of the laboratory setting), the ensu-
ing emotional response, and sympathetic-vascular function.

Increased Emotional Vulnerability to Daily Stress and
Sympathetic-Vascular Dysfunction
Broadly consistent with the literature noted earlier, discrete

domains of daily stress (e.g., workplace demands, job strain)
and generalized static conceptualizations of daily stress-related
22 Exercise and Sport Sciences Reviews
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affect (e.g., feelings of demand and control in daily life) also
have been associated with vascular dysfunction, evidenced by
increased carotid artery stiffening (26,38). These foundational
studies thus link trait-measures of negative emotionality to vascu-
lar dysfunction. Extending this concept, a series of investigations
fromDr. Almeida’s laboratory strongly suggest that dynamic neg-
ative affective responsivity to daily stressors also influences car-
diovascular health, even more so than the frequency of daily
stress event occurrence (15,16,22,27,39–41).

To assess the dynamic day-to-day fluctuations in daily stress
processes, Dr. Almeida and colleagues (29) have pioneered a
daily diary-based approach: the Daily Inventory of Stressful Events
(DISE). The DISE is an interview-based approach to measure
multiple aspects of daily stress via evening telephone interviews.
Participants complete the DISE interview every day for approx-
imately eight consecutive days while free-living, with some
studies expanding the assessment period up to 14 d (29,41).
The DISE assesses multiple components of objective (e.g., fre-
quency, content) and subjective appraisal characteristics (e.g.,
severity, emotions) of daily stressors. In this way, the DISE con-
ceptually andmethodologically accounts for both the exposure (i.
e., the stressful event, stimulus, or circumstance) and the re-
sponse to it (i.e., cognitive appraisal and emotional/
behavioral responses). The interview consists of stem ques-
tions (followed by open-ended probes) asking whether any
of seven types of naturally occurring psychosocial stressors
occurred in the past 24 h: argument, argument avoidance,
stressful event at work or school, stressful event at home,
stressful event related to racial/ethnic/sexual discrimination,
network stressor (i.e., stressful event that happened to a close
friend or relative), or any other stressful event. For each stressor,
participants rate the severity, amount of control they felt, and the
amount of time they spent thinking about the event as well as
four negative emotions (angry, sad, nervous, shameful) during
the event. The DISE also assesses daily positive and negative
affect, as well as physical symptoms. This approach has been
validated extensively, by us and others (for example, see
(9,15,25,27,39,40,42)), and our laboratory recently has
adapted the DISE to be administered using an ambulatory
www.acsm-essr.org
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Web-based application to assess daily stress processes as they
unfold in everyday life, an approach that is less burdensome
and more accessible than daily telephone interviews (7).

Using this approach, Almeida and colleagues have demonstrated
that increased emotional vulnerability to daily stress (i.e., negative
affective responsivity) is linked to indirect indices of sympathetic
overactivation and related downstream sequelae. For example, in
a large national sample of adults (n = 909; 35–85 yr), increased
negative affective responsivity to daily stress, but not increased
frequency of stressor exposure, was related to lower heart rate var-
iability, a marker of autonomic imbalance (40). Reduced heart
rate variability also has been linked to daily stress-related nega-
tive emotions in patients with coronary artery disease (43). In ad-
dition, heightened negative affective responsivity to daily stress
has been strongly linked to increased concentrations of circulat-
ing inflammatory biomarkers, indicative of chronic low-grade
systemic inflammation (39,44). Interestingly, as with heart rate
variability, frequency of daily stressor occurrence was not related
to circulating inflammatory biomarkers, providing further sup-
port for the concept that the emotional response to daily stress
may be relatively more important for long-term health outcomes
than exposure by and of itself.

Building from this, our laboratory next investigated whether
daily stress processes are linked directly to vascular dysfunction.
To do so, we coupled the assessment of daily stress vulnerability
while free-living with a laboratory-based in vivomechanistic as-
sessment of sympathetic vasoconstriction in the cutaneous mi-
crocirculation in college-aged young adults (9). As described
earlier, young adults completed the DISE interviews, via tele-
phone, through an 8-d time frame. On the last DISE interview
day, microvascular vasoconstrictor responsiveness to exogenous
norepinephrine was assessed using intradermal microdialysis
coupled with laser Doppler flowmetry. During the sampling
time frame, participants experienced a daily stressor on ap-
proximately 50% of days (range: 0%–88%), reporting a total
of approximately five stressors during the 8-d interview period
(range: 0–14 stressors) (9). Interestingly, increased frequency
of daily stressor occurrence was positively related to increased
norepinephrine-induced vasoconstriction (Fig. 3) (9). This find-
ing was somewhat unexpected given the evidence described ear-
lier suggesting that increased daily stressor exposure alone does
not predict cardiovascular-related outcomes. Although the reason(s)
Figure 3. The linear relation between the total number of daily stressor events o
constriction (expressed as area under the dose response curve; Panel A), illustrating
vasoconstriction. Increased overall negative affect, an index of generalized emotiona
viding broad support for the novel hypothesis that increased emotional vulnerabilit
from (9). Copyright © 2020 The Authors. CC-BY-NC-ND].
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for this discrepancy is not readily apparent, it may be related to our
use of a direct, specific, and mechanistic assessment of sympa-
thetic vasoconstriction in immediate temporal proximity to the
assessment of daily stress processes. Somewhat surprisingly, we
did not detect a relation between any stressor-related negative emo-
tions (e.g., sadness, shame, anger) and norepinephrine-induced va-
soconstriction (9). As this was a proof-of-concept study, the
small sample size precluded the quantification of negative affec-
tive responsivity to daily stress using sophisticated two-level mul-
tilevel modeling analyses, as is typical in larger samples
(39–41). However, we did note an association between over-
all negative affect as an index of generalized emotional health
and greater sympathetic vasoconstriction (Fig. 3) (9), a finding
that is broadly consistent with the hypothesis that increased
emotional vulnerability to daily stress adversely influences
sympathetic-vascular function.

It is important to note that our work to date has linked daily
stress processes to cutaneous microvasculature function and, as
such, future studies are necessary to confirm the presence (or ab-
sence) of this association in other vascular beds. For example,
given its role in contributing to increased total peripheral resistance
and overt hypertension, whether amplified emotional responsivity
to daily stress is linked to dysfunction in the resistance arteries is of
particular interest. An additional limitation of our work to date is
the lack of an examination of potential sex differences inmoderat-
ing the link between negative affective responsivity to daily stress
and sympathetic-vascular dysfunction. As this line of research in
our laboratories is still in its infancy, it likely is necessary to first val-
idate our preliminary findings in a larger sample and determine the
specific mechanistic underpinnings before establishing the influ-
ence of sex.

Habitual Physical Activity as a Potential Buffer Against
the Psychobiological Consequences of Daily Stress

Moderate amounts and intensities of habitual leisure time
physical activity (e.g., currently defined by the U.S. Centers
for Disease Control and Prevention and American College of
Sports Medicine as 150 min/wk of moderate-intensity exercise)
are unequivocally associated with improved health and reduced
risk of CVD morbidity and mortality (45). In addition to this
well-studied cardioprotective role, habitual physical activity
also seems to be a particularly effective strategy to reduce stress
ver the 8-d sampling timeframe and net norepinephrine (NE)-induced vaso-
that increased daily stressor exposure is associated with greater sympathetic
l health, also is positively related to greater NE-induced vasoconstriction, pro-
y to daily stress adversely influences sympathetic-vascular function. [Adapted

Daily Stress, Vascular Health, and Exercise 23
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and improve emotional health. As an example of its dual ben-
eficial role to reduce responsivity to stress, physical activity has
antidepressant-like effects, such that physically fit, more active
individuals seem to be both more psychologically and biologi-
cally resilient to psychosocial stressors (45). This has been dem-
onstrated elegantly in several laboratory-based studies. In one
such investigation, the Trier Social Stress Test, which consists
of having participants make an interview-style presentation
followed by a surprise mental arithmetic test in front of a panel
of judges, was administered in a laboratory setting to both
exercise-trained and untrained men (46). In both groups, the
Trier Social Stress Test elicited the canonical acute stress response,
including sympathetic activation and increases in anxiety. How-
ever, these effects were less pronounced in exercise-trained men,
suggesting that habitual physical activity moderates stress-induced
psychobiological responsiveness. An acute bout of exercise seems
to offer similar benefits: 15 min of moderate-intensity cycling before
viewing sad film clips (a laboratory task that reliably induces a
sad mood) mitigated the increase in negative affect in adults
with depression (47).
Although limited studies have specifically examined the extent

to which habitual physical activity dampens negative affective
responsivity to daily stress, the available literature generally con-
firms the aforementioned beneficial effects (42,48). Particularly
strong evidence comes from a study byAlmeida and colleagues that
assessed daily stress using theDISE (as detailed previously) in a large
national sample of approximately 2000 adults (42). Participants
also reported the amount of time, the type, and the intensity of
daily leisure time physical activity. Individuals who reached a de-
gree of physical activity comparable to that recommended by the
U.S. Centers for Disease Control and Prevention had blunted neg-
ative affective on both stressor and stressor-free days, as well as a sig-
nificant reduction in negative affective responsivity, comparedwith
those who did not (42). In addition, negative affective responsivity
was attenuated on active comparedwith inactive days (42).As pre-
viously outlined, leisure time physical activity was not related to the
occurrence of daily stressor events, again emphasizing the relative
importance of emotional responsiveness to daily stress, and not
exposure, as the primary driver of health outcomes.
Figure 4. Based on the available literature, we hypothesize that habitual physic
daily stress and sympathetic-vascular dysfunction (Panel A). The predicted outcome
physical activity, the slope of the of the relation between negative affective responsi
ical activity buffers the deleterious psychobiological consequences of daily stress.

24 Exercise and Sport Sciences Reviews
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As extensively reviewed elsewhere (49), there is a large body of
evidence documenting the beneficial effects of habitual physical
activity and exercise training on vascular function. Moreover,
the existing literature clearly supports that idea that although
being more physically active may not reduce the likelihood of
occurrence of stressful events in everyday life, it does bolster a
person’s capacity to psychologically manage the stressor in a
more effective way (42). However, to our knowledge, no studies
to date have investigated the interactive associations between
habitual physical activity, emotional responsiveness to daily
stress, and sympathetic-vascular function. This is an active area
of research, one which has important implications for public
health and clinical care. In light of the idea introduced earlier
that being more emotionally susceptible to daily stress may accel-
erate vascular aging, it will be imperative for future studies to
consider both the influence of sex and the timing of initiation
of habitual physical activity, both of which likely influence the
degree to which emotional responsiveness to daily stress impairs
sympathetic-vascular function across the lifespan. Regarding the
former, there is some evidence that womenmay bemore emotion-
ally reactive to daily stressors than men (50). Compounding this,
the effects of regular aerobic exercise on vascular function in
postmenopausal women are not nearly as strong as those in
middle-aged and older men (49). Interestingly, there has been
some suggestion that supplemental estrogen treatment may be req-
uisite to uncover the beneficial effects of aerobic exercise on vascular
function in postmenopausal women (49).Whether estrogen-based
hormone therapy influences negative affective responsivity to
daily stress, or its link to sympathetic-vascular function, has not
been determined. Secondly, there is a growing appreciation that
the timing of initiating physical activity interventions also is criti-
cal. That is, adopting a more habitually active lifestyle later in life
may be relatively less effective than if initiated during young or
middle adulthood in dampening the detrimental effects of emo-
tional vulnerability to daily stress on vascular health.

CONCLUSIONS
Our work to date provides compelling support for the idea

that increased emotional responsivity to daily stress is associated
al activity moderates the relation between negative affective responsivity to
of this model is illustrated in Panel B. In adults who engage in more regular
vity and sympathetic vasoconstriction will be less steep, suggesting that phys-
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with a disruption in vascular homeostasis, thereby highlighting a
potential mechanistic underpinning of daily stress-related CVD.
In addition to its direct beneficial effects on cardiovascular health,
we also present preliminary evidence supporting our novel hy-
pothesis that increased habitual physical activity has a dual role
to also buffer the relation between negative affective responsivity
to daily stress and sympathetic-vascular dysfunction; this is
depicted conceptually in Figure 1 earlier and hypothetically in
Figure 4. That is, we suggest that the slope of the relation between
negative affective responsivity and sympathetic vasoconstriction is
dampened in adults who engage in regular physical activity and are
more fit. Following from this, we postulate that behavioral inter-
ventions to increase physical activity will elicit reductions in neg-
ative affective responsivity to daily stress concurrent with improve-
ments in sympathetic-vascular function.Whether this can be con-
firmed experimentally represents an exciting line of future inquiry.
Such studies will be instrumental in identifying or developing novel
targeted treatment and preventative strategies to induce emotional,
cognitive, and physiological resilience to daily stress, therebymitigating
current— and reducing susceptibility toward future— psychiatric,
cardiovascular, and neurocognitive diseases (6–9).
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