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Inflammatory and Cardiovascular Responses to Active and Passive
Acute Psychological Stress

Victoria G. Linsley, MSc, Nicolette C. Bishop, PhD, Matthew J. Roberts, PhD, Malik Hamrouni, PhD,
Mayada Demashkieh, MSc, and Nicola J. Paine, PhD

Objective: Acute psychological stress is a risk factor for cardiovascu-
lar disease (CVD), possibly through promoting a heightened inflam-
matory profile. Active stressors are commonly used to investigate
cardiovascular and immune reactivity; however, this response may
not translate to other stress modalities. We aimed to decipher potential
differences in immune responses to passive and active stressors.
Methods: Eighty-eight participants completed this study. After a base-
line period, a passive (International Affective Picture System [IAPS])
and active stress task (Paced Auditory Serial Addition Test [PASATT)
were completed in a randomized order, with 45-minute rest post-tasks.
Cardiovascular measures (including SBP, DBP, HR) were collected
continuously. Blood samples were collected after each time point deter-
mining inflammatory responses, including circulating and stimulated
interleukin-6 (IL-6), systemic inflammation response index (SIRI),
neutrophil/lymphocyte ratio (NLR), TNF-a, and P- and E-selectin.
Results: Cardiovascular measures were higher during the PASAT than
IAPS (p <.001). Circulating IL-6 levels increased from baseline to 45-
minutes after both tasks (p < .001), with no difference between 45-
minute post-PASAT and 45-minute post-IAPS (p >.05). SIRI increased
from baseline to post-IAPS (p = .013), 45-minute post-IAPS (p = .004),
and 45-minute post-PASAT (p < .001). No difference in SIRI between
45-minute post-PASAT and 45-minute post-IAPS existed. NLR increased
from baseline to 45-minute post-PASAT (p =.008). There were no signif-
icant time effects for TNF-a, P-selectin, or E-selectin (all p > .05).
Conclusion: Both stressors increased circulating IL-6 levels and SIRI.
Cardiovascular measures were higher during the active task, but the
magnitude of inflammatory responses did not significantly differ be-
tween tasks. Regardless of stress modality, an immune response ensues,
potentially increasing the risk of CVD over time.
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Abbreviations: BMI = body mass index, CVD = cardiovascular dis-
ease, DBP = diastolic blood pressure, ECG = electrocardiogram,
GAD-7 = General Anxiety Disorder-7, GEE = generalized estimated
equations, GLM = generalized linear models, HR = heart rate,
IAPS = International affective picture system, IL-6 = interleukin-6,
LPS = lipopolysaccharide, MDD = major depressive disorder, MVPA =
moderate-vigorous intensity physical activity, NF-xB = nuclear factor-
kappa beta, NLR = neutrophil/lymphocyte ratio, PASAT = Paced Audi-
tory Serial Addition Test, PBMC = peripheral blood mononuclear cells,
Q = cardiac output, RPE = rating of perceived exertion, SAM = sympatho-
adrenal medullary, SB = sedentary behavior, SBP = systolic blood pres-
sure, SIRI = systemic inflammation response index, TNF-a = tumor
necrosis factor-o, TSST = Trier Social Stress Task

(Biopsychosoc Sci Med 2025;87:107-117)

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death
worldwide (1), with mortality rates reaching approximately 200
deaths per 100,000 people in Western European countries in
2022 (2). CVD encompasses many preventable diseases such
as angina, stroke, and myocardial infarction (3). The common
underlying disease process in CVD is atherosclerosis, a progres-
sive, inflammatory disease of the arteries that begins early in life
and manifests with age and exposure to risk factors (4,5). Psy-
chological stress, an inevitable aspect of everyday life, is a risk
factor for CVD and can present in different forms such as active
(e.g., completing an exam) or passive (e.g., financial pressures)
stressors (6). Chronic psychological stress, such as caring for an
ill family member, is associated with a higher risk of developing
CVD, compared to individuals without caregiving responsibili-
ties (7). Acute bouts of psychological stress can also trigger car-
diac events. For instance, a meta-analysis of 13 studies found
that short stressful events, such as watching live football, were
associated with a higher risk of cardiovascular events due to in-
creased mental and emotional stress (8). Moreover, substantial
increases in cardiac-related events or deaths have been observed
in response to sudden, highly stressful events like natural disas-
ters (e.g., earthquakes) (9—11).

Acute stress triggers many coordinated systems, including
nervous, endocrine, and immune responses, to produce a phys-
iological response (fight or flight), following a perceived or
physical threat (12). Acute psychological stress immediately
activates the sympathetic nervous system, leading to a systemic
release of catecholamines (e.g., adrenaline and noradrenaline)
via the sympatho-adrenal medullary (SAM) system activation.
Simultaneous withdrawal of parasympathetic nervous system
activity also occurs, resulting in vasoconstriction and decreased
vagal tone. This leads to physiological responses such as
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increased heart rate (HR) and blood pressure (BP) (13,14)
alongside an increase in proinflammatory cytokine release
(e.g., interleukin [IL]-6, tumor necrosis factor-alpha [TNF-a],
and IL-1[3) from immune cells (15,16), following activation of
nuclear factor-kappa beta (NF-<B: a key transcription factor).
Peripheral blood mononuclear cells (PBMCs), e.g., monocytes,
migrate to areas of inflammation in response to cytokine/
chemokine signaling and secrete proinflammatory cytokines
to sustain the inflammatory response (17).

This acute increase in inflammation is essential when tis-
sue damage has occurred, or an invading pathogen is present,
to repair damaged tissue and restore homeostasis. However,
chronic inflammation or repeated, exaggerated stress reactivity,
where the inflammatory response is not resolved, results in host
tissue damage leading to significant health consequences such
as atherosclerosis (18,19). These physiological responses are
similar to those observed during exercise (20,21). However,
in response to psychological stress, they appear metabolically
unjustified because the body mobilizes fuel stores, increases
blood flow to the extremities, and primes the immune system
for a physical challenge that does not occur (22,23). Addition-
ally, larger stress-evoked circulating IL-6 responses have been
associated with higher CRP in males, indicating that exaggerated
stress responses may have a deleterious impact on an individual’s
resting inflammatory profile (24). Hence, repeated exposure to
acute bouts of psychological stress may increase CVD risk
through promoting a heightened inflammatory milieu.

Numerous studies have explored the cardiovascular, corti-
sol, and immune responses to stress, mainly focusing on active
stressors where the participant engages in a task, such as the
Trier Social Stress Task (TSST) (25) or the Paced Auditory
Serial Addition Test (PASAT) (13). However, the magnitude
of inflammatory responses to an acute passive psychological
stress paradigm has not been explored, but this may be impor-
tant in determining mechanisms behind how different stressors
impact CVD risk.

Typically, circulating IL-6, TNF-o, and lipopolysaccha-
ride (LPS)-stimulated IL-6 are investigated as markers of
inflammation in response to psychological stress (15). Circu-
lating IL-6 is a reliable predictor of hypertension, atherosclero-
sis, and other CVDs, such as myocardial infarction (26,27).
Higher circulating TNF-a levels have also been associated with
greater CVD risk (28). Therefore, circulating levels of these
markers may be used as prognostic indicators of future CVD de-
velopment. LPS-stimulated IL-6 is a useful marker for assessing
the functional response of immune cells to a stressor, possibly
reflecting the primary immune response more accurately than
circulating levels because a plethora of cell types can release
IL-6 (e.g., adipocytes and endothelial cells) (29). The magnitude
of the stimulated IL-6 response to psychological stress may be
important because an insufficient response could leave the indi-
vidual susceptible to infection, whereas an exaggerated response
may increase the risk of inflammatory diseases (29,30).

Endothelial adhesion molecules E-selectin and P-selectin
have yet to be investigated in the context of active or passive
psychological stress reactivity. These markers may indicate
acute stress—induced changes in leukocyte rolling, adhesion,
and infiltration into inflamed tissue (31,32), which could be
important as higher P-selectin concentrations have been corre-
lated with greater incident cardiovascular events in a sample of
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females (33). Additionally, in a sample of young adults (25-35
years), higher circulating P- and E-selectin levels were associ-
ated with markers of atherogenic inflammatory arterial wall
alterations (34). Because E- and P-selectins are important
markers of cardiovascular health, we aimed to explore any po-
tential differences in circulating levels, after exposure to acute
psychological stress (both active and passive) to develop current
theories surrounding mechanisms underpinning the relation-
ship between psychological stress, inflammation, and potential
CVD risk.

Novel leukocyte ratios such as the neutrophil/lymphocyte
ratio (NLR) and systemic inflammation response index (SIRI)
may predict future CVD, as they possibly reflect an individ-
ual’s inflammatory profile more effectively than individual cell
counts (35,36). Higher NLR values have been associated with
cardiovascular events in both patients with CVD and healthy
controls (pooled analysis of 38 studies) (37). Likewise, higher
SIRI scores have been associated with increased all-cause and
CVD mortality in a sample of adults with no known chronic
conditions (n = 85,154) (36). Neither the NLR or SIRI has
been used as a marker of the inflammatory response magnitude
to acute psychological stress; hence, we aimed to decipher any
changes in these markers due to acute passive and active psy-
chological stress exposure.

Limited evidence exists surrounding differences in im-
mune reactivity to an active and passive stressor in the same
sample. These differences may be important to combat CVD
risk related to the type of stress an individual is most suscepti-
ble to, e.g., active stress such as sitting an exam or passive
stress when worrying about financial issues. Because different
modalities of stress may perturb different pathways (38), leading
to distinct inflammatory responses, this may help to identify
mechanistic variations in how active or passive psychological
stress can impact an individual’s inflammatory profile. Further-
more, previous studies investigating reactivity to passive stress
often used tasks such as the cold pressor, which involves sub-
merging extremities into a container of cold water (~0°C-5°C)
for a period of 3—4 minutes (39-41). This test involves elements
of psychological stress but also includes a physical/pain com-
ponent; therefore, identifying which physiological/immune re-
sponses correspond to which modality of stress is difficult.
Hence, we aimed to explore the impact of passive stress on
markers of inflammation and cardiovascular measures by using
a bank of unpleasant images from the International Affective
Picture System (IAPS), a robust instrument for replicating
real-life emotions in a controlled setting, without the presence
of a physical stressor (42). We also investigated differences in
markers of inflammation and cardiovascular responses to an
active stressor compared to a passive stressor to elucidate any
differences between the modalities of stress encountered. We
hypothesized that both tasks would initiate an increase in in-
flammatory and cardiovascular measures, but these would both
be higher in response to the PASAT.

METHODS
Participants
Ninety-two healthy, young (aged 18-25 years) adults were

recruited via noticeboards, word of mouth, and social media
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adverts in the period spanning March 2022 to June 2023. Par-
ticipants were excluded if a) BMI was >40 kg/m? or body fat
percentage was >40%, b) resting brachial systolic BP was
>140 mmHg, c) they had a current or previous clinically diag-
nosed psychological condition, d) they had a clinically diag-
nosed disease/condition, e) they had a history of or currently
smoked/used recreational drugs (including e-cigarettes and
vapes), f) they were taking prescribed or over-the-counter
medication that could affect the outcomes of interest (e.g.,
anti-inflammatory drugs). Prior to the main trial, participants
refrained from vigorous exercise for 24 hours, alcohol for
12 hours, food and drink (other than water) for 4 hours, and
over-the-counter medication for 72 hours. The visit was re-
arranged if the participant was ill/infectious or had been in
the previous 7 days, as reported by the participant. This study
was conducted in accordance with the Code of Ethics of the
World Medical Association (Declaration of Helsinki). All par-
ticipants gave informed consent, and ethical approval was
given by the Loughborough University Research ethics
committee (2021-5456-4541).

Protocol

This study consisted of two visits to the Loughborough
University laboratory. Visit 1 was a screening session to assess
eligibility, which consisted of obtaining written informed con-
sent from the participant, before measurement of resting brachial
BP (Omron M6 Comfort; Omron Healthcare, Milton Keynes,
United Kingdom) and completion of a series of validated ques-
tionnaires to ensure the participant was eligible for the study
and to collect sociodemographic information and information
on potential confounders, e.g., anxiety traits (General Anxiety
Disorder-7 [GAD-7]). Participants were instrumented with two
devices to measure movement behaviors including time spent
sedentary (ActivPAL3 inclinometer; PAL Technologies Ltd,
Glasgow, United Kingdom) and daily physical activity levels
(Actigraph GT3X BT+; ActiGraph, Florida, USA). Partici-
pants were asked to wear the devices for 8§ full days and nights
and fill out an activity log to identify periods of sleep and time
where the devices were removed (e.g., for bathing).

After at least 8 days, the participant returned to the lab for
visit 2. The main trial consisted of a baseline period of rest (20
minutes), two stress tasks, and two 45-minute recovery periods.
The order in which the stress tasks took place was randomly
assigned for each participant. Each main trial started at 10 AM
to avoid any diurnal variation in outcome measures. Upon
arrival to the laboratory, repeat consent was obtained before
measurement of height (274 stadiometer; Seca GmbH,
Hamburg, Germany), weight, body fat percentage (mBCA
515 bioimpedance scales; Seca GmbH), waist circumference
(Seca 201 tape measure) and resting brachial BP (Omron M6
Comfort; Omron Healthcare) were completed. Participants
were then instrumented for the outcome measures in the trial,
before remaining seated in an upright position throughout
the trial. A nature documentary (Frozen Planet, BBC, United
Kingdom) was played during the rest periods in line with previ-
ous work (13,43,44). The Borg 6-20 rating of perceived exer-
tion scale (45) and a 7-point Likert scale (rating of 0—6; 0 being
“not at all,” 6 being “extremely”) were used after completion
of each period in the stress protocol to assess how difficult,
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stressful, arousing, and engaging and how well the participant
thought they were doing.

Active Stress Task: Paced Auditory Serial
Addition Task

An 8-minute version of the Paced Auditory Serial Addi-
tion Task (PASAT) (46) was used due to its good test-retest
reliability (47), and it reliably perturbates the cardiovascular
system (48-50) as well as inflammatory modifications (13,51).
The task required the participant to add two single digit numbers
together read out by the audio file, remember the second number
and add it to the next number read out. This pattern continued
until the end of the test, with 1 point being awarded for every
correct answer. The time between number presentations de-
creased as the test proceeded (2.4, 2.0, 1.6, 1.2 seconds, re-
spectively (52)). An initial instruction audio file was played
through a tablet device (iPad; Apple Inc., Cupertino, California)
followed by a practice test. Final instructions regarding task
manipulation (as outlined below) were then played, before
the main test commenced. To enhance the stressfulness of the
task, elements of social evaluation and competition were in-
cluded. A leader board was visually displayed on a wall, in line
of sight of the participant, to elicit pressure in the form of inter-
individual competition. The task was video recorded and
streamed through a television screen to which the participants
were asked to look at throughout. The participants were told
that the video would be sent to body language experts to ana-
lyze their performance; if they looked away from the screen a
loud, aversive noise was delivered. A researcher stood near
the participant with a clipboard to mark the test. An aversive
buzzer was sounded every 10 numbers, in response to an incor-
rect answer or hesitation. If no error was made, the buzzer was
pressed on the 10th number to maintain consistency on the
number of aversive sounds given to each participant (44).

Passive Stress Task: IAPS

During the passive stress task, participants were instructed
to look at a screen showing a bank of images selected from the
“negative valence” IAPS group to elicit an emotional response
(53) for a total of 6 minutes. Each image was displayed ona TV
screen for a total of 20 seconds. If at any point participants
looked away from the screen, they were asked to look back at
the screen.

Cardiovascular Measures

Continuous cardiovascular measures were collected through-
out the testing protocol (last 10 minutes of the baseline period,
throughout each stress task and for 8 minutes immediately after
the termination of each stress task). A Human Non-Invasive
Blood Pressure (NIBP) system (ADInstruments, Oxford, United
Kingdom) was used to measure the systolic BP (SBP), dia-
stolic BP (DBP), and cardiac output (Q) over each time period,
by placing an oscillometric blood pressure cuff on the middle
phalanx of the middle finger to detect changes in arterial diam-
eter. Lab Chart 8 (ADInstruments) with the Non-Invasive Car-
diac Output package was used for data collection and analysis.
A three-lead electrocardiogram (ECG), with electrodes placed
below each clavicle and the lower left rib, was used to measure
heart rate (HR). The ECG signal was amplified (PowerLab;
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ADInstruments) and analyzed using the Lab Chart 8 software
program (ADInstruments). Mean SBP, DBP, O, and HR were
calculated for each time point and used in the analyses.

Blood Sampling and Analysis

A 20-gauge cannula (BD Nexiva; BD, Franklin Lakes,
New Jersey) was inserted into a suitable antecubital vein to al-
low blood draws to be made at baseline, immediately after each
stress task and 45 minutes after each stress task. The first 2 ml
of blood was collected in a syringe and disposed of. Then 4.9 ml
of blood was collected in a potassium ethylene diamine tetra
acetic acid (K3 EDTA) S-monovette tube (Sarstedt AG & Co.
KG, Niimbrecht, Germany), and 15 ml of blood was collected
in two 7.5-ml S-monovette tubes treated with sodium heparin
(Sarstedt AG & Co. KG). After each blood collection, the can-
nula was flushed with a 0.9% NaCl solution to maintain patency.

For each time point, 20 ul of EDTA was used to measure to-
tal and differential leukocyte counts (neutrophils, lymphocytes,
and monocytes) on a benchtop hematology analyzer (Yumizen
H500; Horiba Medical, Montpellier, France). SIRI was deter-
mined ([neutrophil count x monocyte count)/lymphocyte count)
as it has been closely associated with cardiovascular and all-cause
mortality risk (35). NLR was calculated as this has also been
associated with all-cause and cardiovascular mortality risk (54).
The remaining blood was centrifuged (3500 rpm, 10 minutes,
4°C) before the plasma was aliquoted (~500 pl) into microtubes
and stored at —80°C for future analysis. IL-6 and TNF-o were
measured using high-sensitivity ELISA kits (R&D systems,
Minneapolis, Minnesota). P-selectin and E-selectin were mea-
sured in duplicate using ELISA kits (R&D systems), according
to the manufacturer’s instructions. All samples were measured
in duplicate. The intra-assay coefficients of variance were
as follows: IL-6, 2.0%; TNF-«a, 1.0%; P-selectin, 0.6%;
and E-selectin, 2.0%, respectively.

PBMCs were separated from heparanized blood by density-
graded centrifugation for each timepoint. After isolating PBMC:s,
cells were counted using a hemocytometer (BRAND GMBH +
CO KG@G, Wertheim, Germany). A total of 170,000 cells were
added to 500 pl of media into a well on a 24-well plate. The
LPS-stimulated well consisted of 170,000 cells in 475 pl RPMI
and 25 pl LPS (100 ng/ml). The control well consisted of
170,000 cells in 500 pl in RPMI. After a 4-hour incubation pe-
riod (CO,: 5%, temperature: 37°C), the supernatant from each
well was centrifuged (300g, 5 minutes), and the resultant
supernatant was aliquoted (~200 pl) into two microtubes and
stored at —80°C for future analysis. LPS-stimulated IL-6 pro-
duction from PBMCs was assessed in duplicate using ELISA
kits (R&D systems, Minneapolis, Minnesota). The intra-assay
coefficient of variance was 4.8%.

Data Reduction and Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 29
(IBM, Chicago, Illinois), and statistical significance was set at
p < .05. Missing Actigraph, ActivPAL, and immune marker
data were imputed using a 5x multiple imputation method
(55). Normality tests indicated non-normal distribution for most
dependent variables, leading to the use of generalized estimated
equations (GEE) with an autoregressive (AR (1)) correlation
matrix and gamma with log-link models for analysis. Linear
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models were used for normally distributed variables (HR, SBP,
DBP). Analyses were adjusted for age, biological sex (male = 0
or female = 1), body fat percentage, ethnicity, moderate-
vigorous physical activity (MVPA) volume, sedentary behav-
ior (SB) volume, and anxiety traits (GAD-7 score), which are
known to alter inflammatory status (unadjusted GEE results
are presented in Table S1, Supplemental Digital Content,
http:/links.lww.com/PSYMED/B65). Cramer’s phi (¢.) was
used to determine effect sizes, interpreted as small = 0.1, me-
dium = 0.3, and large = 0.5 effects. GEE post-hoc analyses
with Bonferroni correction were conducted for significant
main effects of time. Generalized linear models (GLMs) were
used to determine correlations between changes in inflamma-
tory markers and cardiovascular reactivity variables, adjusting
for relevant covariates (age, biological sex [male = 0 or fe-
male = 1], body fat percentage, ethnicity, task order, MVPA
volume, SB volume and anxiety traits [GAD-7 score]) (13).
Pearson’s bivariate (continuous covariates)/point biserial (dichot-
omous covariates) correlations between markers of inflammation
(circulating IL-6, stimulated IL-6, TNF-a, P-selectin, E-selectin,
total and differential leukocytes, NLR, and SIRI) and the rele-
vant covariates are presented in Table S2, Supplemental Digital
Content, http://links.lww.com/PSYMED/B65.

Sample Size Determination

Sample size estimates were calculated using a smaller,
more conservative effect size than has been reported for the
changes in circulating IL-6 seen in response to acute psycho-
logical stress (15). Using RStudio (pwrss package) with an
effect size of eta® = 0.02, power of 0.9, and alpha of .05, the
minimum sample size was determined to be 77.

Data Availability Statement

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request
and in line with ethical and consent considerations.

RESULTS

Sample Characteristics

A sample of 88 participants completed both sessions of
the two-visit protocol. Table 1 provides a summary of partici-
pant characteristics. The sample consisted of young adults
(mean [SD] age =21.5 [2.2] years) with 41% females, predom-
inantly of White ethnicity (51%).

Cardiovascular Responses and Self-Reported
Perception to the Stress Tasks

Table 2 outlines the adjusted cardiovascular responses to
both stress tasks, Table S3 (Supplemental Digital Content,
http://links.lww.com/PSYMED/B65) outlines the unadjusted
models. There was a significant main effect of time for HR,
SBP, DBP, and O, where all increased significantly in response
to the PASAT (p < .001). HR, SBP, DBP, and Q significantly
decreased 8 minutes after the PASAT (p < .001).

SBP (p =.022) and DBP (p < .001) significantly increased
in response to the IAPS, whereas O (p <.001) significantly de-
creased. Q increased significantly during the 8-minute recov-
ery period post-JAPS (p < .001). There was no significant
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TABLE 1. Participant Characteristics at Baseline (n = 88)

Variable Mean (SD)/N (%)
Age (y) 21.5(2.2)
Sex (female) 37 (41)
BMI (kg/m?) 23.6(3.2)
Body fat % 21.7 (7.6)
Resting brachial SBP (mm Hg) 110 (12)
Resting brachial DBP (mm Hg) 69 (8)
Ethnicity
Asian 27 (30)
Black 13 (14)
White 46 (51)
Other 5(5)
GAD-7 Score (0-21) 39(@3.3)
Daily SB (h/d) 9.4 (1.5)
Daily MVPA (min/d) 97.3 (29.6)

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic
blood pressure; GAD-7 = Generalized Anxiety Disorder-7; SB = sedentary be-
havior; MVPA = moderate-vigorous intensity physical activity.

difference in SBP or DBP between post-IAPS and post 8-
minute IAPS measures (p > .05). There was no significant
change in HR during the IAPS (p > .05). HR, SBP, DBP, and
O were significantly higher during the PASAT than the IAPS
(all p <.001).

Table 2 outlines self-reported responses to both tasks; un-
adjusted models are reported in Table S3 (Supplemental Digi-
tal Content, http://links.lww.com/PSYMED/B65). Perceived
stress and difficulty significantly increased from baseline to
post-PASAT and IAPS, respectively (both p <.001). Both re-
turned to baseline levels after 45 minute of recovery (p > .05
from baseline to 45 minute after both stress tasks, respectively).
Participants self-reported lower excitement and engagement
during the TAPS (both p < .001). Subjective excitement re-
turned to baseline levels after 45 minutes of rest (p > .05 from
baseline to 45-minute post-IAPS). Perceived engagement
remained significantly lower than baseline levels after a 45-
minute period of rest (p =.006). There was a significant reduc-
tion in how well individuals thought they were performing
during the PASAT compared to baseline (p < .001). Perceived
intensity (RPE) significantly increased in response to both the
PASAT and IAPS (both p < .001).

Inflammatory Responses to the Stress Tasks
Table 2 outlines fully adjusted models assessing inflam-
matory responses to both stressors, respectively, with a series
of GEEs used to assess the effect of time for each inflammatory
outcome. Unadjusted models are reported in Table S3 (Supple-
mental Digital Content, http://links.lww.com/PSYMED/B65).
There was an effect of time for circulating IL-6 concentration
(Wald x*=82.871; p <.001; Figure 1A). Post-hoc analyses re-
vealed a significant increase in circulating IL-6 levels from
baseline to 45 minutes after both stress tasks, respectively
(p = .001). Post-hoc analyses showed a significant increase
in circulating IL-6 levels from post-PASAT to 45-minute
post-PASAT (p < .001) and from post-IAPS to 45-minute
post-IAPS (p = .001). There was no significant difference be-
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tween post-PASAT and post-IAPS circulating IL-6 levels
(p > .05) or 45-minute post-PASAT and 45-minute post-IAPS
circulating IL-6 levels (p > .05).

There was a significant time effect (Wald x* = 13.696;
p = .008) for LPS-stimulated IL-6 concentration (Figure 1B).
However, there were no significant post-hoc differences be-
tween any time points (all p > .05).

There was no significant effect of time for circulating
E-selectin (Wald x* = 5.919; p = .205), P-selectin (Wald
X*=6.166; p = .187), or TNF-oc (Wald x> =4.713; p = .318).

Total and Differential Leukocyte Counts

There was an effect of time on total leukocyte counts (Wald
X> = 68.063; p < .001). Post-hoc analyses revealed a significant
increase in total leukocyte counts from baseline to all other time
points (all p < .001). Additionally, there was a significant in-
crease from the IAPS to 45-minute post-IAPS (p < .001).
There was no significant difference in leukocyte counts between
the PASAT and 45-minute post-PASAT values (p > .05).

There was a significant main effect of time on monocyte
counts (Wald x? = 41.632; p < .001). Post-hoc analyses re-
vealed a significant increase in monocyte counts from baseline
to all other time points (all p <.003) in addition to an increase
from post-IAPS to 45-minute post-IAPS (p = .051). There was
no significant difference for monocyte counts between the
PASAT and 45-minute post-PASAT values (p > .05).

A main effect of time for lymphocyte counts existed (Wald
X* = 46.523; p < .001). Post-hoc analyses revealed a signifi-
cant increase in lymphocyte counts from baseline to post-
PASAT (p < .001) and from post-IAPS to 45-minute post-
IAPS (p = .001). A significant decrease in lymphocyte counts
was evident from post-PASAT to 45-minute post-PASAT
(p = .002). Lymphocyte counts were significantly higher
post-PASAT compared to post-IAPS (p < .001).

There was a significant main effect of time for neutrophil
counts (Wald x? = 50.700; p < .001). Post-hoc analyses re-
vealed a significant increase in neutrophil counts from baseline
to all other time points (all p values < .001). There was a sig-
nificant increase in neutrophil counts from after both stress
tasks to 45 minutes after tasks (both p < .001), respectively.

Systemic Inflammation Response Index

There was a significant effect of time on SIRI (Wald
X>=26.455; p < .001; Figure 1C). Post-hoc analyses revealed
a significant increase in SIRI from baseline to post-IAPS
(p = .013), from baseline to 45-minute post-IAPS (p = .004),
and from post-IAPS to 45-minute post-IAPS (p = .048). There
was a significant increase in SIRI from baseline to 45-minute
post-PASAT (p < .001) and from post-PASAT to 45-minute
post-PASAT (p = .005). There was no significant difference
between 45-minute post-PASAT and 45-minute post-IAPS
SIRI scores (p > .05).

Neutrophil/Lymphocyte Ratio

Figure 1D depicts the effect of time on NLR (Wald
X* =32.711; p < .001). Post-hoc analyses revealed a signifi-
cant increase in NLR from baseline to 45-minute post-PASAT
(p = .008) and from post-PASAT to 45-minute post-
PASAT (p <.001).
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TABLE 2. Cardiovascular, Inflammatory, and Self-reported Responses to the Paced Auditory Serial Addition Test (PASAT) and International

Affective Picture System (IAPS) (n = 88)

Effect
Wald  Size
Baseline PASAT Post-PASAT IAPS Post-IAPS x2 (e0) )4

Cardiovascular

Heart rate (bpm) 61.45+£2.12  75.15+£2.26% 63.12£2.19%**% 61.52 £ 2.05%** 63.68 £2.10%** 34844 099 <.001

Systolic blood pressure 11138 £2.45  136.5 £2.64*% 12433 £2.69%** 115.80 £2.78** *** 11738 +2.62* 338.58 098 <.001

(mm Hg)

Diastolic blood pressure 6046 £1.99 81.96+2.13* 70.80 £2.13***  66.5 £ 2.07**** 67.11 £2.03* 57943 128 <.001

(mm Hg)

Cardiac output (L/min) 474 £0.15 5.48 £0.22*  4.86+0.17* 442 £0.16*,** *** 462 +0.16,** 87.95 0.50 <.001
Inflammatory

Circulating IL-6 (pg/ml) 0.70 = 0.08 0.76 £ 0.08 111 £0.13***  0.79+0.09 1.01 £0.12***  82.87 049 <.001

Total leukocyte counts 498 +£0.21 5.41+£022*% 557+0.24*% 5.30 +0.24* 571£027*%**  68.06 044 <.001

(x10°L)

Monocyte counts (x 10%/L) 0.38+£0.02 0.41 +£0.02*  0.42+0.02* 0.4 +0.02* 0.42 +0.02***  41.63 034 <.001

Neutrophil counts (x10%L)  2.56 +0.13 281 £0.15%  3.05+£0.18*%** 282+0.17* 3.11+£0.20%**  50.70 038 <.001

Lymphocyte counts (x 10%L)  1.71 £ 0.05 1.86 £ 0.06*  1.77 + 0.05** 1.72 £ 0.05%** 1.80 £ 0.05%** 46.52 036 <.001

System inflammation 0.59 £ 0.04 0.63 +0.05 0.75£0.07***  0.68 £ 0.06* 0.76 £ 0.07*** 2646 027 <.001

response index (SIRI)

Neutrophil lymphocyte ratio  1.52 + 0.06 1.52 +0.07 1.75 £ 0.10%**  1.65+0.09 1.74 £0.11 32.71 030 <.001

(NLR)

Stimulated IL-6 (pg/ml) 176.94 £ 35.84 125.49 £29.68 93.76 £ 16.51 157.26 £30.28 107.82 £ 23.99 13.70 020 <.001

E-selectin (ng/ml) 29.02+1.44 29.89+1.50 29.61 £1.46 29.41 £1.43 28.98 & 1.45 592 0.13 205

P-selectin (ng/ml) 46.69+391 46.40+3.85 42.56+3.39 46.48 +3.74 4549 £3.81 6.17 0.13 187

Circulating TNF-a (pg/ml) 0.59 £0.03 0.58 £ 0.03 0.57 £0.03 0.58 £0.03 0.57 £0.02 471 012 318
Self-reported measures

Perceived stress 1.47 +£0.09 529 £0.15%  1.30+0.06** 2.96 + 0.15% *** 1.25+£0.06%* 1038.14 1.72 <.001

Perceived difficulty 1.44+0.10 6.00+0.17%  1.26 = 0.06%* 2.59 £ 0.13% F** 128 £0.07** 104292 1.72 <.001

Perceived excitement 323+0.18 3.70 +£0.19 3.42+0.20 226 £ 0.15% F** 3.56 +0.22%* 57.85 041 <001

Perceived engagement 454 +£0.23 4.85+0.22 412 £ 0.21%**F  3.69 £ 0.20% *** 411+0.21% 73.80 0.46 <.001

Perceived accomplishment 492+0.13 3.03+0.12%  5.14£0.14%* 4.92 £ 0.15%** 5.18+0.15 153.03 0.66 <.001

(rating of how well

participants were doing)

Perceived intensity (RPE) 771+0.25 1330+ 046%  7.25+0.23*%**¥ 93] + (.34* *** 7.10 +0.20*** 38929 1.05 <.001

©. = Cramer’s phi; IL-6 = interleukin-6; TNF-o. = tumor necrosis factor-o; RPE = rating of perceived exertion.

Data are presented as mean + SE.
* Significant difference from baseline (p <.05).
** Significant difference from stress (e.g., PASAT or IAPS).

*** Significantly different from PASAT. Post PASAT/IAPS measures were taken 8 minutes post-stress for the cardiovascular measures and 45 minutes post-stress

for the inflammatory measures.

Cardiovascular and Inflammatory Marker
Relationships

Tables S3 and S4 (Supplemental Digital Content, http://
links.lww.com/PSYMED/B65) outline associations between
stress-induced changes in circulating IL-6, stimulated IL-6,
SIRI, and NLR with changes in cardiovascular measures, re-
spectively. There was a significant inverse relationship between
changes in circulating IL-6 concentration from baseline to
post-IAPS with changes in SBP (p = .006) and changes in
DBP (p = .025), respectively. Changes in stimulated IL-6 con-
centration from baseline to post-PASAT were positively associ-
ated with ADBP (p = .008). Changes in stimulated IL-6 levels
from baseline to 45-minute post-PASAT were positively associ-
ated with changes in SBP (p = .018) and changes in DBP
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(p = .008), respectively. Changes in SIRI from baseline to
post-IAPS were positively related to the changes in HR
(p <.001) during the IAPS. There was a positive relationship
between changes in SIRI from baseline to 45-minute post-
IAPS and changes in HR (p = .016), during the IAPS.
Changes in NLR from baseline to post-IAPS were positively
associated with changes in HR (p = .005) during the IAPS. A
positive relationship existed between changes in NLR from base-
line to 45-minute post-PASAT (p = .034) and 45-minute post-
IAPS (p = .030) with changes in HR during the PASAT/IAPS.

DISCUSSION
In this study, we aimed to reveal any differences in im-

mune responses to an active and passive stressor. Both tasks

© 2025 Society for Biopsychosocial Science and Medicine
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FIGURE 1. The effect of time on (A) circulating IL-6 concentration, (B) stimulated IL-6 concentration, (C) SIRI, (D) NLR. PASAT = Paced Auditory Serial
Addition Test; IAPS = International Affective Picture System; IL-6 = interleukin-6; SIRI = system inflammation response index; NLR = neutrophil/
lymphocyte ratio. *Significant difference from baseline. TSignificant difference from respective stress task. Data are presented as mean = SE.

lead to an increase in total and differential leukocyte counts,
SIRI, and circulating IL-6, to a similar magnitude, suggesting
both modalities of stress promote a heightened immune re-
sponse. Conversely, we found no significant differences at
any time point for TNF-o, P-selectin, or E-selectin levels. We
observed a significant effect of time for LPS-stimulated IL-6
but no post-hoc differences. Our study represents an important
advancement in the literature by investigating multiple cyto-
kine and immune responses to passive stress, given meta-
analytic analysis exploring the impact of acute psychological
stress on circulating and stimulated immune markers included
33 studies but all used an active stressor (15).

Circulating IL-6 and TNF-a Responses to Acute
Psychological Stress

Circulating IL-6 levels increased in response to both psy-
chological stressors, reaching significance 45 minutes after the
stressor terminated. This is consistent with the findings of a
meta-analysis (29 studies), which reported no significant
increase in circulating IL-6 levels immediately after an acute
psychological stressor, but a marked increase in measures
40 minutes after the stressor had subsided (15). The studies in-
cluded in this review only used active stressors, such as mental
arithmetic and Stroop-Colour Word test (15). Our study is the
first to report circulating IL-6 responses to a passive stress task
and demonstrates a similar response irrelevant of the stress mo-
dality. Because SBP and DBP increased in response to both
stressors, this suggests that the SAM system was mobilized,
which stimulates the immediate release of catecholamines
(e.g., adrenaline and noradrenaline), promoting increased

© 2025 Society for Biopsychosocial Science and Medicine

cardiac inotropy and vascular tone, possibly explaining this
BP reactivity (56). Nonetheless, we observed a significant dif-
ference in cardiovascular variables during the PASAT com-
pared to the IAPS, with HR, SBP, DBP, and O, all increasing
to a greater extent during the PASAT than the TAPS (all
p < .001). For example, Q is modified by changes in HR
and/or stroke volume and is regulated by autonomic nervous
system, endocrine, and paracrine signaling pathways (57),
which could lead to inflammatory modifications. This may
suggest that cardiovascular parameters play a more dominant
role in the mechanisms behind increased IL-6 release in re-
sponse to an active stressor with other pathways potentially be-
ing responsible for the inflammatory response to the IAPS.
However, because we did not measure cortisol levels, we also
cannot rule out the role of HPA-axis activity on the stress-
related inflammatory responses. Despite these cardiovascular
differences, we observed no differences in the magnitude of
circulating IL-6 reactivity between the tasks; hence, the modal-
ity of stress and subsequent cardiovascular reactivity is not a
determining factor for the immune response. Because the
IAPS was reported to be significantly “less stressful” than
the PASAT through our subjective task ratings, this highlights
the potential “under the radar,” deleterious impact of passive
psychological stress on an individual’s inflammatory profile.
This should be considered in noncommunicable disease pre-
vention, as what may be deemed a slightly stressful experience
could lead to the same inflammatory response as a highly
stressful event and predispose an individual to inflammatory
diseases, if repeated exposures occur.

TNF-a is released in response to NF-kB activation and
has been reported to induce IL-6 production, so it is surprising
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that we found no difference in circulating TNF-a levels at any
time point (58). However, this may be due to the timing of
when samples were taken as peak TNF-a levels appear to oc-
cur 2 hours after a challenge, followed by a rapid decline, ow-
ing to its short half-life (~18.2 minutes; (59)). Additionally,
TNF-a reactivity to acute active psychological stressors, aver-
aged over samples taken 20—120 minutes after stress (from 11
studies), only revealed a “small” increase, compared to the
“large” increases reported for circulating IL-6 levels (15). Al-
though, in the 10 samples consisting of healthy participants,
8 reported no significant change in TNF-a levels in response
to an active stressor, which is consistent with our findings. Fur-
thermore, higher TNF-a levels have been related to symptoms
of depression in a healthy population, independent of anxiety
symptoms; however, anxiety symptoms were not significantly
related to TNF-a levels (60). Because the stress tasks used in
our study may evoke more anxiety than depressive symptoms,
this could explain the lack of changes in TNF-a levels.

Circulating E-selectin and P-selectin Responses to
Acute Psychological Stress

Our study is the first to examine potential changes in E-
selectin and P-selectin in the context of psychological stress
reactivity; however, we observed no differences at any time
point. P- and E-selectin may be important mediators of the in-
flammatory response, due to being vital in the recruitment of
leukocytes to areas of inflammation. Dysregulated expression
of P-selectin has been shown to contribute to pathological inflam-
mation in models of atherosclerosis, stroke, and other cardiovas-
cular disorders (61). We measured circulating E- and P-selectin,
respectively, meaning they must have undergone protease-
dependent cleavage from activated or damaged endothelial
cells (or platelets), and although these are often used as bio-
markers of systemic endothelial activation (62), they may not
reflect an acute inflammatory response. In vitro, E-selectin ex-
pression on endothelial cells has been shown to peak between
3 and 6 hours after cytokine (TNF-ot) exposure, with soluble
levels peaking 12-24 hours after the initial exposure (63).
Hence, future studies could look at the expression of cellular
adhesion molecules on endothelial cells or the time course of
circulating E- and P-selectin levels in response to an acute
psychological stressor to determine if these levels change
later than 45 minutes after stress task. Elevated plasma P-
selectin levels have been reported as a consequence, rather
than a cause, of CVD (64), and increasing soluble P-selectin
levels have been shown to predict atherosclerotic progression
(65). This may indicate that circulating selectin levels could
be more indicative of CVD progression rather than predicting
future CVD risk, and as we recruited a healthy sample, this
could explain the lack of changes in E- and P-selectin levels,
respectively.

SIRI and NLR Responses to Acute Psychological
Stress

To our knowledge, this is the first study to explore the im-
pact of a passive and active stressor on SIRI and NLR respec-
tively. Using leukocyte ratios is a relatively inexpensive mea-
sure compared to cytokine analysis and can easily be obtained
from routine full blood counts, including those from clinical
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populations. SIRI significantly increased in response to the
IAPS, with higher levels than baseline evident post-IAPS and
45 minutes after the task. SIRI also increased in response to
the PASAT but like the circulating IL-6 response, the differ-
ence was only significant 45 minutes after stress exposure.
SIRI encompasses neutrophil, monocyte, and lymphocyte
counts and may provide a more robust and well-rounded indi-
cator of one’s inflammatory profile than using individual leu-
kocyte counts (36). Increased SIRI levels have been associated
with a higher risk of all-cause and cardiovascular related
deaths, with one cohort study of 42,875 participants, revealing
that those with SIRI levels >1.43 were ata 126% greater risk of
cardiovascular mortality than those with a SIRI score of <0.68
after a 20-year follow-up period (35). At the 45-minute post-
IAPS timepoint, SIRI scores reached 0.76 (a 0.17 increase
from baseline; p = .004), similar to the increase recorded 45
minutes post-PASAT (0.16 increase from baseline; p < .001),
highlighting the heightened inflammatory response to both
tasks, which could possibly be a mechanism behind psycho-
logical stress triggering cardiovascular events or how repeated
exposures to acute psychological stress could lead to future
CVD. SIRI has also been explored in the context of chronic
stress, with one study reporting higher SIRI levels in those with
a greater risk of developing clinical depression (mean SIRI:
nondepressed = 1.24; depressed = 1.32) (66). However, a re-
cent study found no difference in SIRI between healthy con-
trols and patients with major depressive disorder (MDD)
(67), suggesting that further research is required, consisting
of various psychological disorders to elucidate the effective-
ness of SIRI as a marker of future disease risk. Interestingly,
in our study, the SIRI reactivity scores did not significantly dif-
fer between the active and passive stress tasks, possibly show-
ing that the modality of stress is irrelevant in terms of the con-
sequential immune response magnitude.

Our study is the first to examine changes in NLR under
acute psychological stress, showing that NLR significantly in-
creased from baseline to 45 minutes post-PASAT, which ap-
peared to be driven by a significant increase in the number of
circulating neutrophils. In contrast, we found no difference in
NLR levels in response to the passive stress task (both immedi-
ately and 45 minutes post-IAPS) despite a significant elevation
in neutrophil counts. The change in NLR from baseline to 45-
minute post-PASAT was positively associated with AHR dur-
ing the PASAT. Similarly, AHR during the IAPS was positively
associated with ANLR from baseline to 45-minute post-IAPS.
Therefore, the magnitude of HR response to a psychological
stressor seems to impact on the magnitude of NLR response,
given that the HR response to the IAPS was significantly lower
than during the PASAT. Higher NLR levels have been observed
in patients presenting with acute stroke (68), myocardial infarc-
tion (69), and atherosclerosis (70), and elevated NLR levels
have also been reported to relate to higher all-cause mortality
risk (71,72). Therefore, repeated exposure to acute active psy-
chological stressors, leading to an increase in NLR, may result
in adverse health profiles, but more evidence is required to sup-
port this notion. The evidence surrounding relationships be-
tween NLR levels and psychological conditions is inconsistent.
One study reported higher NLR levels in those with MDD
compared to healthy controls (73), whereas another study re-
ported no significant difference between NLR levels between
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MDD patients and healthy controls (67). Therefore, more re-
search is required for both chronic and acute stress relation-
ships with NLR.

LPS-Stimulated IL-6 Responses to Acute
Psychological Stress

Although changes in leukocyte counts may indicate im-
mune system perturbation, they do not reflect the functionality
of cells; therefore, we explored differences in IL-6 production
from PBMC:s stimulated with LPS in response to both an active
and passive stressor. We found a significant effect of time on
stimulated IL-6 levels, but post-hoc tests did not reveal any dif-
ferences between specific time points. Previous research has
been conducted exploring the impact of acute active psycho-
logical stress on stimulated IL-6 levels, and there is significant
heterogeneity in the reported outcomes (15). A meta-analysis
reported no significant differences in stimulated IL-6 produc-
tion in response to an active stressor in the first 10 minutes
post-task, but a tendency for levels to increase when findings
were averaged from 15 to 120 minutes after active stressor
(15). Hence, the time points we examined may not have been
sufficient to detect changes in LPS-stimulated IL-6 production
in response to either task (74,75). As mentioned, typically other
studies that have investigated stimulated IL-6 responses have
utilized an active stress task, and future research is needed to
further explore the differences in stimulated IL-6 production
from PBMCs especially in response to a passive stressor, as
this had not been explored prior to this study.

Methodological Considerations and Future
Directions

Although we found a stress-induced inflammatory re-
sponse to both tasks, the mechanisms behind these responses,
especially for passive stressors, remain unclear. Future research
should explore changes in hormone levels such as adrenaline,
noradrenaline, and cortisol to elucidate which systems are acti-
vated in response to different stressors, especially passive stress
as this has not been explored in comparison to acute active
stressors prior to this study. We recruited a young, healthy pop-
ulation who were free of disease; therefore, our findings may
not be translatable to different population groups, including
clinical or at-risk populations. Also, we did not see stress-
induced changes in TNF-a levels (as seen in previous work
with acute active stress tasks (15)), or E- or P-selectin levels,
which may have been due to the time points at which we took
blood samples (45 minutes after stress task). Alternatively, due
to logistical issues, plasma was not separated and stored in the
freezer until the end of the testing protocol, which may have led
to the demise of TNF-q, given its short half-life (59). There-
fore, future research could explore longer recovery periods of
90 minutes after both passive and active stress tasks to eluci-
date any changes that occur after 45 minutes of rest. This
may be useful in determining temporal patterns of immune re-
activity to both passive and active stress tasks and provide in-
sights to possibly help prevent stress-induced cardiovascular
events. However, due to participant burden such as time com-
mitment to the study and a prolonged fasting period, extending
the rest times may be challenging from a recruitment per-
spective. Additionally, we did not include a nonstress control
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condition, so it is unclear as to the magnitude of change in in-
flammatory markers due to diurnal variation compared to stress
reactivity alone.

CONCLUSION

Our study is the first to demonstrate that both passive
and active stress tasks induced an increase in circulating
IL-6 and SIRI. Although cardiovascular changes were greater
during the active stress task, there were no significant differ-
ences in the magnitude of the inflammatory response be-
tween the tasks. This suggests that regardless of the stress
modality, an augmented inflammatory profile seems to en-
sue, which, over time, could predispose an individual to a
heightened CVD risk. However, future research is required
to confirm these findings and determine mechanisms behind
these responses, especially in the context of passive stress as
limited evidence is currently available.
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