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Greater Daily Psychosocial Stress 
Exposure is Associated With Increased 
Norepinephrine- Induced Vasoconstriction in 
Young Adults
Jody L. Greaney , PhD; Agus Surachman, BS; Erika F. H. Saunders, MD; Lacy M. Alexander, PhD; 
 David M. Almeida, PhD

BACKGROUND: Epidemiological data suggest a link between psychological stress and increased cardiovascular disease risk; 
however, the underlying mechanisms remain incompletely understood. The purpose of this investigation was to directly 
examine the influence of daily psychosocial stress on microvascular adrenergic vasoconstrictor responsiveness in healthy 
adults. We hypothesized increased daily psychosocial stress would be positively related to increased norepinephrine- induced 
vasoconstriction.

METHODS AND RESULTS: Eighteen healthy adults (19–36 years; 10 women) completed a daily psychosocial experiences tel-
ephone interview for 8 consecutive evenings in order to document their exposure and emotional responsiveness to com-
mon stressors (eg, arguments, work stress) over the preceding 24 hrs. On the last interview day, red cell flux (laser Doppler 
flowmetry) was measured during graded intradermal microdialysis perfusion of norepinephrine (10−12 to 10−2 mol/L) and 
expressed as a percentage of baseline vascular conductance. Exogenous norepinephrine elicited progressive and ro-
bust vasoconstriction in all individuals (maximal vasoconstriction: 71±4%base; cumulative vasoconstriction [area under 
the curve]: 118±102 arbitrary units). Participants experienced a stressor on 51±5% of days and a total of 5.2±0.9 stress-
ors over the 8- day time frame. Increased daily frequency of stressor exposure was positively related to both maximal 
(R2=0.26; P=0.03) and cumulative (R2=0.31; P=0.02) vasoconstrictor responsiveness. Likewise, the total number of stress-
ors was associated with increased maximal (R2=0.40; P<0.01) and cumulative (R2=0.27; P=0.03) norepinephrine- induced 
vasoconstriction. Neither stressor severity nor stress- related emotions were related to vasoconstrictor responsiveness.

CONCLUSIONS: Collectively, these data suggest that daily psychosocial stressor exposure by itself is sufficient to adversely influ-
ence microvascular vasoconstrictor function, regardless of the perceived severity or emotional consequences of the stressor 
exposure.
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In response to stress, multiple cognitive, behavioral, 
and physiological feedback mechanisms are acti-
vated in order to protect the body from perceived 

threats and maintain homeostasis. However, it is now 
evident that a dysregulated acute stress response or 
chronic exposure to psychological stress can pre-
cipitate the development of both physical and mental 

health problems.1–5 In line with this, the INTERHEART 
study, spanning 52 countries and including ~25  000 
individuals, prospectively linked chronic stress to in-
creased cardiovascular risk,6 an association that 
was independent of, and similar in magnitude to, that  
imposed by traditional cardiovascular risk factors 
(eg, aging, hypertension, hypercholesterolemia, etc.). 
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Despite this compelling epidemiological evidence, 
the mechanisms converting psychological stress into 
pathophysiological cardiovascular outcomes remain 
incompletely understood.

Activation of the sympathetic- adrenal- medullary axis 
is a critical component of the acute stress response. 
In this regard, acute psychological stress elicits large 
increases in plasma norepinephrine, at least in some 
individuals,7–9 the downstream effects of which include 
activation of adrenergic receptor- mediated signaling 
pathways and subsequent increases in vasoconstric-
tor tone. However, excessive stress- induced increases 
in sympathetic activity have been proposed to medi-
ate the link between stress and cardiovascular dis-
ease,3,7,10–12 likely via the deleterious effect of excessive 
sympathetic outflow on the vasculature and its contri-
bution to sustained increases in tonic blood pressure. 
Psychological stress causes transient impairments in 
vascular endothelial function,13–15 in part, via overactiva-
tion of vasoconstrictor mechanisms.15 Interestingly, lon-
gitudinal data suggest that heightened cardiovascular 
responsiveness to stress- induced sympathetic activa-
tion is predictive of the future development of hyper-
tension only in individuals with high amounts of daily life 
stress.16 This suggests that antecedent psychological 
stress exposure is potentially causally related to dysreg-
ulated sympathetic control of the vasculature. Although 
there is some evidence supporting a link between 

high amounts of daily life stress and increased stress- 
induced norepinephrine release,17 to our knowledge, 
no studies have directly examined the influence of daily 
psychosocial stress on microvascular adrenergic va-
soconstrictor responsiveness. Thus, the purpose of 
the present investigation was to assess whether com-
mon and mundane everyday psychosocial stressors 
modulate microvascular reactivity to direct exogenous 
administration of the sympathetic transmitter norepi-
nephrine in healthy young adults. We hypothesized that 
increased daily psychosocial stress exposure would be 
positively related to increased norepinephrine- induced 
vasoconstriction.

METHODS
Participants
The institutional review board at The Pennsylvania 
State University (IRB 9617) and the Food and Drug 
Administration (IND 125 994) approved all experimental 
procedures and protocols. Verbal and written informed 
consent was obtained voluntarily from all participants 
in accordance with the guidelines set forth by the 
Declaration of Helsinki. The data supporting the find-
ings of this study are available from the corresponding 
author upon reasonable request.

Eighteen young adults participated (10 women; 
19–36 years; body mass index 25.0±3.4 kg/m2; resting 
blood pressure 117±2 / 72±1 mm Hg; resting heart rate 
70±2 bpm). All participants were free of cardiovascular, 
renal, metabolic, and neurological disease; did not use 
tobacco products; were recreationally active; and were 
not taking prescription medications, with the excep-
tion of hormonal birth control (n=8). Norepinephrine- 
induced vasoconstriction in these 8 women was not 
different from that in the 10 other participants (P>0.05); 
thus, these data were analyzed collectively. A urine 
pregnancy test confirmed the absence of pregnancy.

Assessment of Daily Psychosocial Stress
As previously described in detail,18,19 daily psychosocial 
stressors were assessed every day for 8 consecutive 
days (the experimental visit described subsequently 
occurred on day 8) using the Daily Inventory of 
Stressful Events, which consists of stem questions 
asking whether any of 7 types of daily stressors oc-
curred in the past 24  hours: argument, argument 
avoidance, stressful event at work or school, stress-
ful event at home, discrimination, network stress (ie, 
stressful event that happened to a close friend or rela-
tive), or any other stressful event. Thus, this assess-
ment of daily psychosocial stress captures specific 
events that occurred within the 24 hours prior to each 
telephone interview and is not intended to assess the 
effects of chronic stress occurring over much longer 

CLINICAL PERSPECTIVE

What Is New?
• The novel finding of this study is that increased 

cumulative exposure to common naturally oc-
curring everyday psychosocial stressors was 
positively related to increased norepinephrine-
induced vasoconstriction in healthy young 
adults.

• However, neither stressor severity nor stressor-
related emotional or cognitive processes were 
related to end-organ vasoconstrictor respon-
siveness to exogenous norepinephrine.

What Are the Clinical Implications?
• These data suggest that daily psychosocial 

stressor exposure by itself is sufficient to ad-
versely influence microvascular vasoconstrictor 
function, regardless of the perceived severity, 
control over the stressor, or the emotional con-
sequences of the exposure.

• These findings add to the growing body of lit-
erature linking naturalistic daily psychosocial 
stress to impaired microvascular function and 
provide additional mechanistic insight into 
stress-related cardiovascular risk.
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durations (eg, living in poverty, being in an abusive 
relationship). Obtaining daily psychosocial stressor 
information over this short- term time frame helps in 
alleviating concerns regarding ecological validity and 
retrospective memory distortions that can occur over 
longer periods of time.19 All participants completed 
every daily interview.

A dichotomous variable was created to indicate 
the occurrence of any stressor that day (1=yes, 
0=no). From these data, two stressor exposure indi-
cators were calculated: stressor frequency (ie, per-
centage of interview days during which at least one 
stressor occurred) and total stressors (ie, total num-
ber of stressors reported across all interview days). 
Using a 4- point Likert scale (0=none at all, 1=a lit-
tle, 2=some, 3=a lot), participants also rated the se-
verity of the stressor, the amount of time they spent 
thinking about the stressor (ie, rumination), and the 
amount of control they felt over the stressor, as well 
as the contribution of the stressor to any of four neg-
ative emotions (angry, sad, nervous, shameful; 0=not 
at all, 1=not very, 2=somewhat, 3=very). The mean of 
these indicators was calculated by averaging the rat-
ings for all stressors within that day and then aggre-
gating scores across the 8 interview days. In those 
individuals who did not experience any stressors, 
these stressor indices were not calculated.

Daily affect was assessed using a validated scale.20,21 
Participants rated the frequency of 14 positive (in good 
spirits, cheerful, extremely happy, calm and peaceful, 
satisfied, full of life, close to others, like you belong, en-
thusiastic, attentive, proud, active, and confident) and 
14 negative (restless or fidgety, nervous, worthless, so 
sad nothing could cheer you up, everything was an ef-
fort, hopeless, lonely, afraid, jittery, irritable, ashamed, 
upset, angry, and frustrated) emotions using a 5- point 
scale (0=none of the time, 1=a little of the time, 2=some 
of the time, 3=most of the time, 4=all of the time). The 
emotion item ratings were averaged to obtain daily 
positive and negative affect scores and scores were 
aggregated for the 8 interview days. Participants also 
indicated whether they had experienced any of 28 
physical symptoms each day (eg, headache, fatigue, 
cough, etc.); the responses were summed to provide 
the number of daily stress- related physical symptoms.22

Assessment of Sympathetic 
Microvascular Reactivity
Participants refrained from alcoholic and caffein-
ated beverages for 12  hours and vigorous physical 
activity for 24  hours before the experimental visit. 
One intradermal microdialysis probe (CMA Linear 
30 probe, 6  kDa; Harvard Apparatus, Cambridge, 
MA) was inserted into the dermal layer of the ven-
tral forearm using sterile technique for the local 

delivery of pharmacological agents, as previously 
described in detail and standardized in our labora-
tory.23–25 Norepinephrine was prepared immediately 
before use, dissolved in lactated Ringer solution with 
0.5  mg/mL (2.8  mmol/L) ascorbic acid (Sigma, St. 
Louis, MO) as a preservative,23,26–28 filtered using 
sterile syringe microfilters (Acrodisc, Pall, Port 
Washington, NY), wrapped in foil to prevent photo-
degradation, and subsequently perfused through the 
microdialysis probes at a rate of 2 μL/min (Bee Hive 
controller and Baby Bee microinfusion pumps, BASi, 
West Lafayette, IN). Although local ascorbic acid per-
fusion has been shown to blunt the adrenergic vaso-
constrictor response to local cooling in human skin,29 
in our laboratory, the administration of this low con-
centration of ascorbic acid alone does not influence 
cutaneous vasomotor tone; therefore, it is unlikely 
that the addition of ascorbic acid as a preservative 
contributed to the observed responses in this study.

During an initial hyperemia resolution period 
(~60  minutes) and during baseline measures (~10 
minutes), lactated Ringer solution perfused the fiber. 
Thereafter, increasing concentrations of norepineph-
rine (10−12–10−2 mol/L; United States Pharmacopeia, 
Rockville, MD) were sequentially perfused for 5 min-
utes each. Red blood cell flux, an index of cutane-
ous blood flow, was continuously measured directly 
over the microdialysis fiber using an integrated laser 
Doppler flowmeter probe placed in a local heating 
unit (VP12 and VHP2, Moor Instruments, Wilmington, 
DE) set to thermoneutrality (33°C). Automated bra-
chial blood pressure (Spot Connex, Welch Allyn, 
Skaneateles Falls, NY) was measured every 5 min-
utes throughout the protocol.

Data and Statistical Analysis
Red cell flux was recorded at 40  Hz (PowerLab 
and LabChart, AD Instruments, Sydney, Australia). 
Vascular conductance was calculated as laser 
Doppler flux (perfusion units) divided by mean arte-
rial pressure, normalized as a percentage of baseline 
(%base), and averaged during 5  minutes of base-
line and the last 1  minute of each norepinephrine 
dose.23,26–28 Vasoconstriction at the highest dose 
of norepinephrine was used as an index of maximal 
adrenergic vasoconstriction. Given that exogenous 
intradermal microdialysis perfusion of the selected 
range of concentrations of norepinephrine yields a 
biphasic response (ie, vasodilation and/or loss of va-
soconstrictor tone at lower doses and progressive 
vasoconstriction at higher doses),23,26–28,30 owing 
to the differential effects of α-  and β- adrenergic re-
ceptors,23 the net area under the curve was calcu-
lated as the negative peak area subtracted from the 
positive peak area and used as to reflect cumulative 
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adrenergic vasoconstriction (Prism 8, GraphPad, La 
Jolla, CA). Linear regression was used to determine 
the relation between daily psychosocial stress and 
norepinephrine- induced vasoconstriction (Prism 8, 
GraphPad). Given the robust nature of these physi-
ological measures,23,26,27 using an estimated stand-
ard deviation of 0.15 perfusion units·mmHg−1 and a 
physiologically meaningful slope of 0.1, we calcu-
lated a priori that 15 subjects would be necessary 
to observe a medium effect size given varying daily 
stressor exposure (G*Power 3.1.9.4). The sample size 
was increased to account for potential subject drop-
out and/or missing daily interview data. Significance 
was set at α<0.05 and data are presented as 
mean±standard error of the mean.

RESULTS
Consistent with previous reports,23,26–28 exogenous 
norepinephrine elicited a biphasic response, whereby 
low concentrations caused modest vasodilation and/
or loss of vasoconstrictor tone and higher concentra-
tions elicited progressive vasoconstriction (Figure  1). 
Despite increased variability at the lowest doses of 
norepinephrine, this response was reliably observed 
in all subjects. Maximal norepinephrine- induced vaso-
constriction was 71±4%base (range: 42–96%base). The 
net area under the curve was 118±102 arbitrary units, 
though there was significant interindividual heteroge-
neity in this parameter owing to a prominent initial dila-
tory response in some individuals (range: −1096–615 
arbitrary units).

On average, over the 8- day time frame of daily 
stress interviews, participants experienced a psycho-
social stressor on 51±6% (range: 0–88%) of days and 
a total of 5.2±0.9 (range: 0–14) stressors. Additional 

daily stress processes are presented in the Table. 
Increased daily frequency of exposure to at least one 
psychosocial stressor was positively related to both in-
creased maximal vasoconstriction (Figure 2A; P=0.03) 
and increased cumulative responsiveness (Figure 2B; 
P=0.02). Further, the total number of psychosocial 
stressors was likewise positively related to increased 
maximal norepinephrine- induced vasoconstriction 
(Figure  3A; P<0.01), as well as cumulative vasocon-
strictor responsiveness over the full range of doses of 
norepinephrine (Figure  3B; P=0.03). Neither maximal 
nor cumulative adrenergic vasoconstrictor responsive-
ness were related to stressor severity, stressor- related 
rumination, the amount of control over the stressor, 
stressor- induced emotional responsiveness, or phys-
ical symptoms (Table; all P>0.05), with the exception of 
a significant relation between net area under the curve 
and negative affect (Table; P=0.04).

DISCUSSION
The primary novel finding of the present study is that 
increased cumulative exposure to common naturally 
occurring everyday psychosocial stressors was posi-
tively related to increased norepinephrine- induced 
vasoconstriction in healthy young adults. However, 
neither stressor severity nor stressor- related emo-
tional or cognitive processes were related to end- 
organ vasoconstrictor responsiveness to exogenous 
norepinephrine. Taken together, these data suggest 
that daily psychosocial stressor exposure by itself 
is sufficient to adversely influence microvascular va-
soconstrictor function, regardless of the perceived 
severity, control over the stressor, or the emotional 
consequences of the exposure. These findings add to 
the growing body of literature linking naturalistic daily 
psychosocial stress to impaired microvascular func-
tion24,31,32 and provide additional mechanistic insight 
to stress- related cardiovascular risk.

Exposure to stress is a powerful activator of the 
sympathetic nervous system,1 and the resultant 
release of the sympathetic neurotransmitter nor-
epinephrine is essential for the cardiovascular alter-
ations that prepare an organism for “fight or flight.”33 
In the laboratory setting, application of acute psy-
chological stressors (eg, mental arithmetic, anxiety- 
provoking speech tasks, cognitive challenges, etc.) 
elicits significant increases in blood pressure.34–36 
The stress- induced pressor response is thought to 
be mediated, in large part, by increased sympathetic 
nervous system activity, though there is substan-
tial heterogeneity in sympathetic reactivity to acute 
psychological stress.7,37 Nevertheless, sympathetic 
hyperreactivity to stress has been prospectively 
linked to increased cardiovascular disease risk,3 

Figure  1. Group summary data for exogenous 
norepinephrine (NE)- induced cutaneous vasoconstriction 
in healthy young adults (n=18; 10 women).
Data are mean±SE and are expressed as a percentage of 
baseline vascular conductance.
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clearly highlighting the clinical importance of stress- 
induced overactivation of the sympathetic nervous 
system. Moreover, it appears that heightened car-
diovascular responsiveness to stress is most pre-
dictive of the future development of high blood 
pressure in individuals with high amounts of daily 
life stress,16 suggesting an important link between 
persistent chronic life stress and dysregulation of 
the acute stress response.

In this regard, increased daily psychosocial stress 
has been associated with autonomic dysfunction.18,38 
Broadly consistent with these previous reports, the 
novel findings of the present study demonstrate that 
cumulative exposure to common everyday psycho-
social stressors was positively related to increased 
microvascular vasoconstrictor responsiveness to 
exogenous norepinephrine. This linear association 
was evident for maximal vasoconstriction, as well as 

for cumulative adrenergic vasoconstrictor respon-
siveness assessed across the broad range of con-
centrations of norepinephrine utilized in this study. 
The increased transduction of a given sympathetic 
stimulus into the resultant vasoconstrictor response 
may therefore potentially contribute increased stress- 
induced cardiovascular risk via its adverse effect on 
vascular health.1,12 This concept is largely consis-
tent with the evidence indicating that psychological 
stress impairs vascular endothelial function.13–15 Our 
laboratory recently confirmed and extended these 
findings, demonstrating that acute exposure (within 
1  day) to any naturally occurring everyday psycho-
social stressor was related to more severe deficits 
in microvascular endothelial function in young adults 
with depression.24 Thus, the collective vascular con-
sequences of daily psychosocial stressor exposure—
heightened sympathetic vasoconstriction coupled 

Table. The Relation Between Daily Psychosocial Stress and Vasoconstrictor Responsiveness to Norepinephrine

Stress Process Mean

Maximal Vasoconstriction (%base) Cumulative Vasoconstriction (AU)

Slope y- Intercept R2 P Value Slope y- Intercept R2 P Value

Stressor severity (range 
0–3)

2.1±0.2 −5.7 85.2 0.07 0.32 28.6 125.6 0.01 0.82

Stressor- related 
rumination (range 0–3)

1.9±0.2 2.5 67.3 0.02 0.61 144.5 −97.0 0.14 0.13

Amount of control over 
stressor (range 0–3)

1.7±0.2 −1.6 73.6 0.01 0.71 46.0 39.5 0.01 0.70

Stressor- related negative 
emotions (range 0–3)

1.2±0.2 4.3 65.8 0.04 0.43 221.4 −142.9 0.14 0.13

Negative affect (range 0–4) 1.0±0.2 4.6 66.1 0.06 0.31 243.4 −135.3 0.24 0.04

Positive affect (range 0–4) 3.0±0.1 −13.4 110.6 0.14 0.12 −342.7 1132.0 0.12 0.15

No. of daily physical 
symptoms

0.7±0.1 5.9 66.5 0.05 0.38 250.4 −67.8 0.12 0.16

Data are mean±SE. AU indicates arbitrary units.

Figure  2. The relation between the frequency of psychosocial stress exposure and maximal (A) and cumulative (B) 
norepinephrine (NE)- induced vasoconstriction in healthy young adults (n=18; 10 women).
Increased psychosocial stress exposure was positively related to increased norepinephrine-induced vasoconstriction.
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with impaired endothelium- dependent dilation—likely 
work in concert to the detriment of cardiovascular 
health.

Previous studies that have attempted to examine 
the extent to which antecedent chronic life stress in-
fluences end- organ responsiveness to sympathetic 
stimulation are equivocal.17,39,40 An important caveat 
to these studies is their reliance on nonspecific (ie, 
blood pressure) and indirect (ie, plasma norepineph-
rine) indices of sympathetic activation in response to 
acute stress. Instead, we directly measured target ef-
fector organ responsiveness to discrete sympathetic 
stimulation and quantified the resultant vasoconstric-
tor response in relation to daily psychosocial stress 
exposure, which we assessed using an ecologically 
valid comprehensive daily interview paradigm.18,19,24 
This stress assessment methodology captures as-
pects of daily stress as they unfold, namely stressor 
frequency, severity, and related emotions, allowing 
the quantification of exposure to, as well as the cog-
nitive appraisal of, minor stressful events in everyday 
life. Further, given their relatively short timeframes, 
daily interview studies address concerns regarding 
potential memory bias.41 Our data clearly demon-
strate that increased exposure to daily psychosocial 
stress translates to increased vascular reactivity to di-
rect sympathetic stimulation in healthy young adults. 
Speculatively, the accumulation of daily stressor ex-
posure and subsequent increase in allostatic load 
and vasoconstrictor tone may therefore catalyze ac-
celerated vascular aging and cardiovascular disease 
trajectories. Large- scale prospective longitudinal 
studies are clearly necessary to better understand 
the mechanistic link between psychosocial stress 
exposure and microvascular sympathetic reactivity in 
contributing to cardiovascular risk.

We did not observe a significant relation between 
any cognitive or emotional processes associated with 
daily psychosocial stress exposure and vasoconstrictor 
responsiveness. Taken together, these findings suggest 
that daily stress exposure by and of itself is sufficient to 
precipitate enhanced microvascular adrenergic vaso-
constrictor responsiveness, whereas the perception of 
severity and cognitive and emotional processes related 
to stressor exposure do not appear to influence vascu-
lar reactivity to direct sympathetic stimulation, at least 
in healthy young adults. These findings were somewhat 
surprising given that emotional responsiveness (ie, af-
fective reactivity) to psychosocial stress may be even 
more predictive of long- term disease risk than stressor 
exposure per se.18,22,41,42 For example, midlife and older 
adults who perceived their stressors to be more severe 
or who demonstrated greater increases in negative af-
fect when faced with stressors exhibited blunted heart 
rate variability, whereas the frequency of daily stressors 
did not affect cardiac autonomic control.18 The authors 
interpret their findings to suggest that perception and 
emotional responsiveness to daily stressors are rela-
tively more important for cardiovascular health than 
exposure to stressful events. Interestingly, we did de-
tect a significant relation between negative affect and 
cumulative microvascular responsiveness to norepi-
nephrine, suggesting that the detrimental emotional 
toll of daily stress may indeed amplify the vascular re-
sponse to stress- induced sympathetic activation and 
contribute to a proatherogenic milieu. Larger studies 
that include individuals with a more diverse health his-
tory are required to better understand the link between 
daily psychosocial stress “affective reactivity” and 
sympathetic- mediated vasoconstriction.

Although adrenergic receptors play a critical role 
in mediating the response to stress, the coordinated 

Figure 3. The relation between the total number of psychosocial stressors and maximal (A) and cumulative (B) 
norepinephrine (NE)- induced vasoconstriction in healthy young adults (n=18; 10 women).
Increased total psychosocial stress was positively related to increased vasoconstrictor responsiveness to exogenous norepinephrine.
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action of multiple blood pressure regulatory systems 
is required for adequate cardiovascular regulation 
during exposure to stressful events. Data from an ani-
mal model demonstrate that endothelin- 1 contributes 
to the pressor response to chronic stress, though 
whether this effect is mediated independently of in-
creased adrenergic sensitivity remains unclear.43,44 
In humans, acute psychological stress- induced vas-
cular dysfunction occurs, in part, via activation of 
endothelin- A receptors.15 The current study was not 
designed to probe the specific downstream signaling 
pathways affected by direct administration of norepi-
nephrine to the microvasculature. However, given the 
aforementioned potential of an interaction between 
norepinephrine-  and endothelin- 1- mediated vaso-
constriction, coupled with notable stress- induced in-
creases in plasma concentrations of these signaling 
molecules, this warrants future investigation.

Perspectives and Conclusions
Investigations of the mechanisms by which chronic 
stress increases cardiovascular risk are technically chal-
lenging and often not feasible given that experimentally 
imposing long- term psychological stress in humans is 
unethical. Moreover, naturalistic chronic stress study de-
signs are complex and difficult to conduct and involve 
inherent potential for self- selection bias. To circumvent 
this, the majority of studies that have examined stress- 
induced alterations in vascular function have assessed 
responsiveness to the application of acute laboratory- 
based psychological stressors, on the assumption of 
a link between reactivity to acute laboratory stressors 
and naturalistic stress.36 However, evidence for such 
generalizability remains controversial,36 though recent 
investigations that have used technological advances 
in methodology to simultaneously collect ambulatory 
cardiovascular data in conjunction with episodic stress 
exposure indicate better generalizability between lab 
and life stress.45,46 We posit that our approach in the 
present investigation—the coupling of an ecologically 
valid assessment of short- lived but pervasive naturally 
occurring everyday psychosocial stressors with the di-
rect measurement of microvascular responsiveness to 
sympathetic stimulation using a targeted in vivo phar-
macological approach—reflects an important concep-
tual advancement in the assessment of the link between 
psychosocial stress and cardiovascular regulation. 
Interestingly, intervention strategies to counter the det-
rimental cognitive and emotional consequences of 
stressor exposure appear to secondarily reduce basal 
sympathetic outflow.47 Whether increasing psychologi-
cal resiliency to stress also translates to reduced micro-
vascular reactivity to sympathetic stimulation has not yet 
been examined but represents an exciting avenue for 
future research.
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