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Abstract

Purpose Vigorous physical activity may acutely trigger the onset of an acute coronary syndrome especially in sedentary
persons with established cardiovascular risk factors such as arterial hypertension. The rupture of an inflamed coronary plaque
and the activation of the coagulation cascade are the main underlying mechanisms. The present study aimed to determine
the effect of acute exercise on the inflammatory and thrombotic response in patients with arterial hypertension as compared
to normotensive peers.

Methods After excluding patients with any inflammatory or/and coronary artery disease, a total of 60 non-treated
hypertensive patients and 65 normotensive individuals underwent a maximal treadmill exercise testing. Blood samples were
drawn at rest and immediately after peak exercise. High-sensitivity C-reactive protein (hsCRP), serum amyloid A (SAA),
white blood cell (WBC), interleukin-6 (IL-6), and total fibrinogen (TF) levels, as well as plasminogen activator inhibitor-1
(PAI-1) activity, were measured.

Results All biomarkers increased with exercise, except PAI-1, which decreased (P <0.05 for the change between resting
and peak exercise for all biomarkers). After adjusting for relevant confounders (duration of exercise, metabolic equivalents,
systolic BP, and rate-pressure product achieved at peak exercise), the normotensive group had less marked (P <0.05) exercise-
induced changes than the hypertensive group in hsCRP (7.7 vs. 8.6%), SAA (5.6 vs. 11.9%), WBC (45.0 vs. 51.7%), and
PAI-1 (—=17.3 vs. -20.1%) and a similar (P =NS) change in IL-6 (23.8 vs. 23.0%) and TF (8.5 vs. 8.5%).

Conclusion In conclusion, the acute exercise-induced inflammatory and thrombotic response seems to be more pronounced
in non-treated hypertensive patients than in normotensive controls. Possible clinical implications of this finding merit further
examination.
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Introduction

Habitual aerobic physical activity is reasonably considered
as an important preventive measure associated with
beneficial long-term health outcomes and especially
cardiovascular (CV) protection over time (Warburton and
Bredin 2017; Thompson et al. 2007). There is consistent
evidence that a physically active lifestyle plays role in
the prevention of arterial hypertension and reduction
of elevated blood pressure (BP) and also prevents the
development of CV disease, irrespective of BP levels
(Mancia et al. 2023; Kraus et al. 2019; Joseph et al. 2019).

On the other hand, vigorous exercise may acutely
and transiently increase CV risk and trigger the onset
of an acute coronary event in asymptomatic adults
(Thompson et al. 2007). This is especially true in
sedentary individuals with established CV risk factors
such as arterial hypertension who engage in high-intensity
exercise but are unaccustomed to this mode of exercise
(Thompson et al. 2007). The underlying mechanisms for
the exercise-associated acute cardiac events are not well
defined. Nevertheless, the most plausible scenario is that
the increased vascular wall stress from the increased BP
and heart rate (HR) leads to the rupture or erosion of a
small inflamed, mildly fissured, vulnerable atherosclerotic
coronary plaque, followed by platelet aggregation,
coagulation cascade activation, clot formation, and finally
acute thrombotic occlusion (Thompson et al. 2007).

Moreover, subclinical inflammation and thrombosis
as well as endothelial dysfunction have been shown
to constitute a common pathway implicated in the
pathophysiology of both arterial hypertension and
coronary artery disease (CAD) (Medina-Leyte et al.
2021). Research on inflammatory and prothrombotic
biomolecules, such as acute-phase proteins and cytokines,
and their clinical application as potential novel CV risk
factors has grown exponentially over the last decades.
Among several studied circulating biomarkers, C-reactive
protein (CRP), serum amyloid A (SAA), white blood
cell (WBC) count, interleukin-6 (IL-6), fibrinogen,
and plasminogen activator inhibitor-1 (PAI-1) have
emerged as predictors of hypertension, atherosclerosis,
plaque instability, and serious CV events (Medina-
Leyte et al. 2021; Sesso et al. 2007; Bautista et al. 2005;
Lip and Beevers 1994; Kumric et al. 2021; Koenig and
Khuseyinova 2007; Suzuki et al. 2006; Catena et al. 2005;
Pai et al. 2004; Johnson et al. 2004; Danesh et al. 1998;
Juhan-Vague and Alessi 1993).

The acute effects of exercise on circulating inflammatory
and prothrombotic biomarkers’ levels have mostly been
explored several hours post-exercise in young, trained
athletes performing exhaustive long-duration exercise,
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e.g., a marathon race (Kasapis and Thompson 2005; Cox
et al 2009; Suzuki et al. 2002; Ostrowski et al. 2000, 1998;
Antunes et al. 2019). The early acute response of these
biomarkers during short-term, vigorous aerobic exercise,
e.g., jogging (Thompson et al. 2007) in older, untrained
individuals with morbidities such as hypertension, is less
well studied (Mendham et al. 2011; Dorneles et al. 2016;
Tartibian et al. 2009; Plaisance et al. 2007; Andreozzi
et al. 2007; DeSouza et al. 1997; Gavriilaki et al. 2014).
Generally, the acute exercise-induced inflammatory/
coagulative reaction seems to be related with the mode
and the intensity of the activity, the muscle injury, and the
physical fitness of the participant (Kasapis and Thompson
2005; Antunes et al. 2019; Mendham et al. 2011; Dorneles
et al. 2016). Consequently, it is unclear whether short-
duration exercise, such as a treadmill (graded) exercise
testing, an exam commonly performed in patients with
one or more CV risk factors, such as arterial hypertension,
causes rapid systemic cytokine release.

Based on the aforementioned data, we conducted a
case—control study to comparatively evaluate the effect
of short bouts of exercise-induced physical stress, via a
graded treadmill exercise testing, on a variety of mediators
of inflammation and coagulation in hypertensive patients
in contrast to normotensive peers. Although the scenario
of performing aerobic physical exercise is common both
in daily physicians’ clinical practice and in daily humans’
life, previous studies and the number of participants in this
setting are very limited and the results are not unanimous.
Given its potential clinical implications in terms of hard
end-points such as triggering an acute coronary event, we
consider that merits further evaluation.

Materials and methods
Population and design

This non-interventional, observational study enrolled
30-65-year-old normotensive individuals and patients with
untreated, uncomplicated, grade 1-2 arterial hypertension.
Patients with secondary hypertension, CAD, heart
failure, cerebrovascular events, any inflammatory disease,
malignancy, diabetes mellitus, renal or liver dysfunction,
atrial fibrillation, conduction disturbances, pre-excitation
syndromes, inability to walk on treadmill, current anti-
inflammatory medication, including aspirin, or lipid-
lowering treatment and pregnant females were excluded
from this study.

All candidates, for this study, were screened at
our institution’s hypertension unit to define which of
them met the inclusion or/and exclusion criteria. The
evaluation included a thorough medical history, repeated
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BP measurements, physical examination, resting
electrocardiogram, echocardiogram, and full laboratory
exams. After examination of 186 individuals, 70
hypertensive patients and 72 normotensive controls were
eligible and accepted to participate in this study (Fig. 1).
Written informed consent was obtained from all. This
study was conducted in accordance with the Declaration
of Helsinki recommendations and was approved by
our institution’s ethics committee (Reference number:
36153/2005).

The participants underwent maximal treadmill exercise
testing. The test was indicated due to a 10-year CV risk
score consistent with at least a moderate risk for cardiac
events, non-typical angina, intention to initiate systematic
strenuous exercise, or occupations in which acute CV
events may have direct impact on public safety (Gibbons
et al. 2002). Levels of high-sensitivity CRP (hsCRP), SAA,
WBC, IL-6, and total fibrinogen (TF), as well as PAI-1
activity, were measured in blood samples drawn before and
immediately after peak exercise. In a minority of participants
(10 normotensive and 12 hypertensive individuals) they
were also measured in blood samples drawn 3 h after
peak exercise in order to roughly estimate the dynamics of
biomarkers over time in the two groups. Blood samples’
analyses and biomarkers’ measurements were performed

186 subjects screened

142 subjects enrolled

72 Normotensives

4 subjects withdrawn:
* inconclusive / submaximal ET

Stress Imaging (if + ET) +/-
CORQO (if + Stress Imaging)

3 subjects withdrawn:
* evidence of CAD

65 included in analysis

70 Hypertensives

5 subjects withdrawn:
* inconclusive / submaximal ET

by biochemists blinded to the origin (hypertensive or
normotensive participant) and the status (before or after
exercise) of each sample. Participants with inconclusive
or submaximal exercise testing were excluded from this
analysis, whereas individuals with positive exercise testing
underwent a stress echocardiography or a thallium-201
scintigraphy. The absence of wall motion abnormalities
or perfusion defects, respectively, ruled out obstructive
CAD. Coronary angiography was performed in patients
with positive stress imaging results. Individuals with >50%
coronary stenosis were not used in the analysis because this
study targeted non-CAD subjects. Finally, 60 patients and 65
controls were included in this analysis (Fig. 1).

Grade 1 and 2 arterial hypertension definition

In accordance with the 2018 European Society of
Hypertension guidelines, arterial hypertension was
diagnosed as office systolic BP > 140 mmHg or/and diastolic
BP>90 mmHg, at repeat office visits (Williams et al. 2018).
An office BP 140-159/90-99 mmHg was defined as grade
1, whereas 160-179/100-109 mmHg was defined as grade
2 hypertension. The office BP was recorded as the average
of the last 2 out of 3 consecutive BP measurements taken
with 1-2 min intervals and the patient seated comfortably

44 subjects excluded:

* 33 met exclusion criteria
* 11 denied participation

1st: Pre-exercise

2nd: Immediately Post-exercise

3d: 3 hours Post-exercise

(in 10 normo- / 12 hyper-tensives)

5 subjects withdrawn:
« evidence of CAD

60 included in analysis

Fig.1 Study design. Flowchart of participants’ screening, enrollment, and performed exams. CAD coronary artery disease, CORO coronary

angiography, ET exercise testing
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in a quiet environment for 5 min before beginning BP
measurements. Out-of-office BP measurements, using a
certified 24-h ambulatory BP monitoring device (Spacelabs
90207, Redmond, WA, USA), was performed in participants
with a borderline office BP or a home BP not corresponding
to the office BP. The diagnostic threshold for hypertension,
based on 24-h ambulatory recordings, was > 130/80 mmHg
over 24 h,>135/85 mmHg for the day-time BP average,
and > 120/70 for the night-time BP average, all equivalent
to office BP > 140/90 mmHg.

CVrisk estimation

The underlying 10-year CV risk of the participants was
estimated using the Framingham Risk Score and the Hellenic
version of the HeartScore. The equations for the calculation
of these scores are based on established CV risk factors: age,
sex, systolic BP, total cholesterol, high-density lipoprotein,
presence of smoking, presence of diabetes mellitus, and
presence of BP-lowering medication (D’Agostino et al.
2008; Conroy et al. 2003). The Framingham Risk Score
refers to the risk for fatal and non-fatal CV events and is
considered low if < 10%, intermediate if 10-20%, and high
if >20% (D’Agostino et al. 2008). The HeartScore refers to
the risk for fatal CV events and is considered low if < 1%,
intermediate if 1-5%, high if 5-10%, and very high if > 10%
(Conroy et al. 2003).

Physical activity evaluation

The physical activity of the participants was assessed using
a translated version of the validated International Physical
Activity Questionnaire (Craig et al. 2003). Participants
reported all kinds of their activity during a usual week over
the past year: time spent walking as well as in moderate-
and vigorous-intensity exercise. Both continuous score (in
metabolic equivalents times minutes of exercise per week)
and categorical score (as low, moderate, or high level of
activity) were calculated. The criteria for grouping in the
categorical score have been previously described (Kavouras
et al. 2007).

Exercise testing

A graded maximal exercise testing, defined as achieved
HR >90% of the maximal predicted HR (220 beats per min
minus age in years), according to the Bruce protocol, was
performed to all the participants. The test was performed
between 07:30 and 08:30 a.m., after a 12-h overnight
fast, on a 15-lead electrocardiogram analysis, treadmill
system (GE CaseT-2000 Series, Milwaukee, WI, USA).
The electrocardiogram was recorded continuously and the
BP was measured at rest, at the 2nd min of each stage of

@ Springer

exercise and during the recovery. The exam was terminated
when the target HR was reached. An ischemic ST-segment
response was defined according to the standard ST deviation
criteria (Gibbons et al. 2002). Tests achieving a HR <85%
of the maximal predicted HR without ischemic ST-segment
changes were considered inconclusive.

Blood samples analyses — biomarkers
measurements

Routine laboratory exams were performed at all participants.
Blood samples were collected between 07:30 and 08:30 a.m.,
after a 12-h overnight fast, and were analyzed in the central
laboratory of our institution using the standard equipment
and certified methods.

Blood samples were also drawn immediately pre-
and post-exercise, between 07:30 and 08:30 a.m. for
measurement of the studied biomolecules. A 12-h overnight
fast preceded, to avoid the diurnal variation in the measured
biomarkers. As previously reported, an extra blood sample
was drawn from 22 fasting participants 3 h post-exercise.

Blood samples intended for hsCRP, SAA, and IL-6
measurement were collected in Serum separator tubes with
micronized silica particles which help clot the blood before
centrifugation, and a gel at the bottom of the tube which
separates whole blood cells from serum. Blood intended for
TF and PAI-1 measurement was collected in Citrate tubes.
Blood intended for WBC measurement was collected in
EthyleneDiamineTetraacetic Acid (EDTA) tubes.

Each sample was labeled with an anonymous barcode.
Thus, the analysts were not aware of the origin and the status
of the samples. The WBC count was measured on the same
day from whole-blood specimens in a CelltacMEK-6410
automatic hematology analyzer (Nihon Kohden, Rosbach
v.d.H., Germany). The blood samples intended for
measurement of all the other biomarkers were immediately
placed on ice and before they freeze were centrifuged at
1500 g, at 4 °C for 10 min. The supernatants were stored in
1-ml aliquots at —80 °C until further analyses. The analyses
were performed with no more than 1 freeze—thaw cycle,
were made in duplicate, and the reported results are the
mean of the duplicate measurements. Serum hsCRP and
SAA concentrations were measured with particle-enhanced
immunonephelometry using the BNII system (Siemens
Healthcare Diagnostics, Marburg, Germany). Serum levels
of IL-6 were determined with a high-sensitivity, enzyme-
linked immunosorbent assay according to the manufacturer’s
instructions (R&D Systems Europe, Abingdon, UK) in
a ELX-800™ Universal Microplate Reader (Biotek®
Instruments Inc., Winooski, Vermont 05404-0998 USA).
TF was measured using a modified Clauss method on a BCS
coagulation system (Siemens Healthcare Diagnostics). PAI-1
activity was determined with an amidolytic method using a
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synthetic chromogenic substrate (Diagnostica Stago S.A.S.,
Asnieres sur Seine, France). The intra-assay coefficients of
variation of the aforementioned analyses ranged between
2.2 and 4.2%. All samples from a single participant were
analyzed in the same assay in order to eliminate inter-assay
variability.

Statistical analysis

The analysis of the data was performed with the IBM
SPSS Statistics 23 software (2013, IBM, Route 100
Somers, NY, USA). Continuous variables are presented
as mean =+ standard deviation and categorical variables
as observed number (n) and percentage (%). Differences
in continuous variables were evaluated with the student’s
t-test, paired or two sample, as appropriate, once distribution
normality was demonstrated with the Kolmogorov—Smirnov
test. Otherwise, the Wilcoxon or Mann—Whitney non-
parametric test, respectively, was used. Chi-square test,
or Fisher’s exact test, if applicable, was used to assess
differences in categorical variables. Differences in the
exercise-induced inflammatory and thrombotic response
between the groups were adjusted for the effects of relevant
confounders (that is, duration of exercise, metabolic
equivalents, systolic BP, and rate-pressure product achieved
at peak exercise) using multivariate analysis of covariance
(MANCOVA). Differences were considered significant for
a two-sided P <0.05.

Results

A total of 60 hypertensive patients (65.0% males) and 65
normotensive controls (60.0% males) were included in this
analysis. For the two groups, respectively, the mean age of
the participants was 46.9 and 45.2 years; the mean office
BP was 141/94 and 117/75 mm Hg; the mean office HR
was 79 and 76 beats per min; the mean Framingham Risk
Score was 13.0% and 7.1%; and the mean HeartScore was
1.47% and 0.82% (Table 1). The 2 groups were comparable
(P=NS) with regard to clinical and biochemical parameters,
with the exception of office BP and CV risk scores (Table 1).
Maximal achieved HR at peak exercise did not differ
between the two groups (P =NS) (Table 2). None of the
participants complained about angina-like symptoms during
exercise.

Resting values of the studied biomarkers were higher
in hypertensives compared to controls with the exception
of TF (Table 3). However, these differences were not
statistically significant (P=NS for all). At peak exercise,
all inflammatory and prothrombotic biomolecules
significantly increased in both groups, except PAI-1,
which notably decreased (P <0.05 for all) (Table 3).

However, the normotensive individuals compared with
the hypertensive patients had a less marked (P <0.05)
exercise-induced percentage change in hsCRP (7.7 +£0.8%
vs. 8.6+1.0%), SAA (5.6+1.3% vs. 11.9+1.6%), WBC
(45.0£2.9% vs. 51.7+3.2%), and PAI-1 (—17.3+1.3% vs.
—20.1+1.5%) and a similar (P =NS) percentage change in
IL-6 (23.8£2.5% vs. 23.0+2.7%) and TF (8.5 +1.4% vs.
8.5+ 1.5%) (Fig. 2). The differences between the two groups
remained significant (P <0.05) after adjusting for exercise
parameters (duration and maximal achieved metabolic
equivalents, systolic BP, and rate-pressure product).

In regard to the duration of the acute exercise-induced
inflammatory/thrombotic response, available data from a
small subgroup of participants of the present study show
that 3 h post-exercise most of the studied biomarkers
tend to return to pre-exercise or even lower levels both in
normotensive and hypertensive individuals, except PAI-1
that continues to decrease (Table 4).

Discussion

The favorable effects of systematic physical exercise on the
subclinical inflammation and the underlying CV risk in the
long-term have been well documented. These appear to be
mediated through reduced cytokine production in skeletal
muscle, adipose tissue, mononuclear and endothelial cells;
improved endothelial function; decreased insulin resistance;
and an antioxidant effect (Kasapis and Thompson 2005;
Pitsavos et al. 2003).

On the other hand, the acute exercise-induced
inflammatory and prothrombotic response and the factors
involved are more difficult to be examined, and thus, they are
still only poorly clarified. Given the variety of inflammatory/
thrombotic biomarkers, the variety of mode, intensity,
and duration of physical activities, the variety of the time
intervals after peak exercise at which biomarkers could be
measured, and the variety of age, physical performance, and
comorbidities (treated or untreated) of the participants, there
are too many combination scenarios that could be studied.
All of these scenarios are certainly understudied. Data
have mainly been derived from professional athletes after
strenuous prolonged exercise (for example, a marathon race)
(Kasapis and Thompson 2005; Cox et al 2009; Suzuki et al.
2002; Ostrowski et al. 2000, 1998; Antunes et al. 2019).

The present study was undertaken in middle-aged,
untrained patients with untreated arterial hypertension
without CAD or/and other major comorbidities undergoing
short-term vigorous aerobic exercise via a treadmill exercise
testing. As far as we know, there is no other study with this
number of participants, this variety of measured biomarkers,
in these time intervals, in this specific group of patients,
and performing this type of exercise. Thus, it is currently
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Table 1 Participants’ baseline characteristics

Normotensives (n = 65) Hypertensives (n=60) P value
Clinical parameters
Age (years) 452+124 46.9+9.2 0.321
Male sex, n (%) 39 (60.0) 39 (65.0) 0.532
Office systolic blood pressure (mmHg) 117.1+12.6 1414+11.3 <0.001
Office diastolic blood pressure (mmHg) 74.5+10.0 94.0+7.5 <0.001
Office heart rate (beats/min) 76.2+8.7 78.8+9.0 0.088
Obesity markers: body mass index (kg/m?) 27.1+3.4 27.5+3.9 0.157
Waist to hip ratio 0.901 +0.068 0.918+0.075 0.053
Smoking: current smokers, n (%) 28 (43.1) 29 (48.3) 0.192
Pack-years (in smokers) 30.2+18.1 32.7+20.0 0.165
Physical activity: low, n (%) 15 (23.1) 18 (30.0) 0.332
Moderate, n (%) 32 (49.2) 26 (43.3) 0.354
High, n (%) 18 (27.7) 16 (26.7) 0.875
MET-min/week 1839+1187 1726 +1589 0.650
10-year CV risk: Framingham risk score (%) 7.1+4.6 13.0+9.6 <0.001
Heart score (%) 0.82+1.02 1.47+1.75 <0.001
Laboratory parameters
Fasting plasma glucose (Ref. range: 70-110 mg/dl) 92.8+9.9 95.2+8.6 0.243
HBA ¢ (Ref. range: 4.0-5.6%) 53+04 54+0.5 0.362
Serum creatinine (Ref. range: 0.7-1.3 mg/dl) 0.95+0.16 0.94+0.15 0.937
eGFR (Ref. range: > 90 ml/min/1.73 m?) 104.9+25.9 111.1+30.3 0.179
Total cholesterol (Ref. range: < 190 mg/dl) 203.8+36.4 214.4+39.8 0.065
Triglycerides (Ref. ranges < 150 mg/dl) 121.3+£58.2 124.3+64.7 0.567
HDL cholesterol (Ref. range: >40 or 50 mg/dl)* 50.1+11.7 48.3+13.8 0.374
LDL cholesterol (Ref. range: < 116 or 100 mg/dl)** 129.4+31.4 134.3+40.3 0.151
Echocardiographic parameters
Ejection fraction (%) 68.5+4.2 65.9+5.0 0.001
Normal left ventricular geometry, n (%) 58 (89.2) 31(51.6) <0.001
Transmitral early to late velocity ratio 1.15+£0.25 1.02+0.28 0.004

Continuous variables are presented as mean =+ standard deviation

*>40 mg/dl in males,> 50 mg/dl in females; ** < 116 mg/dl in low CV risk, < 100 mg/dl in intermediate CV risk

CV cardiovascular, eGFR estimated glomerular filtration rate, F’ females, HbA c glycated hemoglobin, HDL high-density lipoprotein, LDL low-
density lipoprotein, M males, MET metabolic equivalent (3.5 ml O,/kg/min), n number of patients, Ref. reference

Table 2 Exercise parameters in
the two groups

Normotensives (n=65) Hypertensives (n=60) P value

Exercise parameters

Duration (sec)
METs

Achieved heart rate (% of target)

Maximal heart rate (beats/min)

Maximal systolic blood pressure (mmHg)
Rate-pressure product (beats/min x mmHg)

649.5+138.6
12.8+2.5
98.7+5.9
173.4+15.5
169.0+20.2
29,325 +4451
Pseudo-ischemic ST-segment response, n (%) 11 (16.9)

596.5+114.1
11.7+2.1
98.6+6.0
17154132
198.4+22.8
33,990 + 4441
22 (36.7)

0.023
0.015
0.919
0.460
<0.001
<0.001
0.025

Continuous variables are presented as mean + standard deviation

MET metabolic equivalent (3.5 ml O,/kg/min), n number of patients.

@ Springer



European Journal of Applied Physiology

Table 3 Exercise-induced changes in inflammatory and thrombotic
biomarkers

Pre-exercise Post-exercise P value
Normotensives (n=65)
hsCRP (mg/l) 1.56+1.33 1.68+1.43 <0.001
SAA (mg/l) 3.19+2.63 337+2.72 <0.001
WBC (ul™h 7018 £2034 10,177 £2512 <0.001
IL-6 (pg/ml) 1.05+0.71 1.30+£0.97 <0.001
TF (mg/l) 363.9+78.3 394.8+82.9 <0.001
PAI-1 (AU/ml) 14.94+12.27 12.36+13.31 <0.001
Hypertensives (n=60)
hsCRP (mg/1) 1.71+1.45 1.85+1.56 <0.001
SAA (mg/l) 3.85+2.54 4.31+3.03 0.006
WBC (ul™h) 6415+1739 9733 +£2868 <0.001
IL-6 (pg/ml) 1.22+0.85 1.50+1.13 <0.001
TF (mg/l) 362.4+89.8 392.6+91.4 <0.001
PAI-1 (AU/ml) 16.09+10.70 12.85+9.84 <0.001

Continuous variables are presented as mean + standard deviation

hsCRP high-sensitivity C-reactive protein, /L-6 interleukin-6, n
number of patients, PAI-/ plasminogen activator inhibitor-1, SAA
serum amyloid A, TF total fibrinogen, WBC white blood cells

unclear whether short-duration exercise, such as a treadmill
exercise testing, causes rapid systemic cytokine release in
this specific setting. According to our study, serum levels of
most of the acute-phase inflammatory markers (hsCRP, SAA
and WBC), cytokines (IL-6), and prothrombotic factors (TF)
acutely increase within few minutes after exercise initiation,
whereas, at the same time, PAI-1 activity decreases.
Therefore, the acute thrombotic reaction is accompanied by a

60,0
50,0
40,0
30,0

20,0 »e

b

10,0 = s
Sl
0,0 b

hsCRP SAA WBC

-10,0

% change in biomarkers

-20,0

-30,0

Fig.2 Exercise-induced percentage changes (+ standard deviation) in
circulating biomarkers. ~7sCRP high-sensitivity C-reactive protein, /L-
6 interleukin-6, PAI-1 plasminogen activator inhibitor-1, SAA serum
amyloid A, TF total fibrinogen, WBC white blood cells. *P <0.05,

concomitant “protective” anti-thrombotic counter-regulation
that is also part of the acute response to exercise. Whether
the systemic inflammatory stress is also counter-regulated
by “protective” anti-inflammatory cytokines released into
the circulation was not examined in this study. The acute
exercise-induced inflammatory and thrombotic response
described above seems to be a “normal” human reaction
as it is present in the apparently healthy group of our study,
as well. However, the present study interestingly indicates
that this “normal” acute exercise-induced inflammatory and
thrombotic response is more intense in hypertensive patients
as compared to apparently healthy normotensive individuals.

The main findings of the present study seem to be in
line with the limited previously published data. A study by
Mendham et al. (2011) sought to compare the respective
effects of resistance or aerobic exercise of higher or lower
intensities on the acute plasma IL-6, CRP, and WBC
response in a population of 12 sedentary, overweight,
middle-aged, disease-free participants. They found an acute,
exercise-induced elevation in all 3 inflammatory biomarkers
and also that the exercise modality did not seem to influence
this inflammatory response. The main determinant of the
IL-6 response was exercise intensity; the highest IL-6
response was evident in the moderate—vigorous-intensity
protocol immediately post-exercise. Similarly, Dorneles
et al. (2016) compared the effects of two interval exercises
with different intensities on acute inflammatory response
in 10 lean and 12 overweight-obese males, concluding that
the acute inflammatory response (IL-6 increase) to interval
exercise is intensity dependent. Moreover, Tartibian et al.
(2009) showed that plasma inflammatory biomarkers IL-6,

Normotensives W Hypertensives
*P<0.05 *%P=NS
I 3k
23,8 sk
I
85 PAI-1
IL-6 TF
-17,3
o=
%

**P=NS vs. normotensive group (after adjusting for exercise
duration and maximal achieved metabolic equivalents, systolic BP,
and rate-pressure product)
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Table 4 Biomarkers’ levels pre-, immediately post-, and 3 h post-exercise

Pre-exercise Immediately post-exercise 3 h post-exercise P, value P, value P; value
Normotensives (n=10)
hsCRP (mg/1) 1.55+1.54 1.61+1.58 1.48+1.39 0.041 0.068 0.247
SAA (mg/l) 4.72+4.83 4.79+4.94 4.34+4.90 0.428 0.039 0.043
WBC (ul™h) 7440 £2077 10,580+ 3110 83001785 <0.001 0.008 0.094
IL-6 (pg/ml) 1.51+£0.84 1.95+1.19 1.73+0.99 0.012 0.378 0.296
TF (mg/l) 335.9+70.2 377.5+79.6 326.2+48.5 0.012 0.003 0.351
PAI-1 (AU/ml) 16.79+13.81 15.12+£15.85 15.04+£14.50 0.380 0.976 0.372
Hypertensives (n=12)
hsCRP (mg/1) 1.39+1.26 1.50+£1.37 1.32+1.18 0.006 0.010 0.036
SAA (mg/l) 4.61+3.11 4.88+3.18 4.38+2.90 <0.001 0.001 0.023
WBC (u ™) 6664 + 1603 9173 £2205 6982 +1502 <0.001 <0.001 0.194
IL-6 (pg/ml) 1.12+0.59 1.42+0.84 1.73+1.16 0.047 0.139 0.071
TF (mg/1) 352.6+93.8 370.9+102.2 344.7+97.3 0.132 0.079 0.592
PAI-1 (AU/ml) 17.88+9.29 14.24+9.22 12.99+10.48 <0.001 0.529 0.040

P, value: comparison in biomarkers’ values between pre- and immediately post-exercise

P, value: comparison in biomarkers’ values between immediately post- and 3 h post-exercise

P value: comparison in biomarkers’ values between pre- and 3 h post-exercise

Continuous variables are presented as mean =+ standard deviation

hsCRP high-sensitivity C-reactive protein, /L-6 interleukin-6, n number of patients, PAI-1 plasminogen activator inhibitor-1, SAA serum amyloid

A, TF total fibrinogen, WBC white blood cells

CRP, and WBC increased in 18 young untrained males
30 min after treadmill running. However, according to this
study, exercise intensity cannot be considered as the main
factor that determines the inflammatory responses. The
results of all 3 previous pilot studies are in agreement with
the results of the present larger-scale study, regarding the
acute exercise-induced inflammatory response. However,
only our study compared the acute effects of exercise
in subclinical inflammation between hypertensive and
normotensive individuals, showing that middle-aged,
physically active, untreated hypertensive patients exhibit
a more pronounced inflammatory response. Given that
a large proportion of hypertensive patients is unaware
of the presence of hypertension and remains untreated
(Williams et al. 2018), our findings may have significant
clinical impact but this warrants further examination.
Regarding the thrombotic/fibrinolytic response to acute
exercise, Desouza et al. (1997) found that PAI-1 activity
significantly decreased immediately after exercise in 12
hypertensive and 11 normotensive older men by 25% and
22%, respectively, and remained lower for at least 1 h in
both groups. They also concluded that the acute exercise-
induced fibrinolytic response is not impaired in sedentary,
older, hypertensive men. Their results are similar with the
results of the present study. More recently, Gavriilaki et al.
(2014) also aimed to determine thrombotic and fibrinolytic
activity during exercise in 30 hypertensive patients, pre-
and post-treatment with an angiotensin II receptor blocker,
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as well as in 15 normotensive individuals. Contrary to
both Desouza et al. (1997) as well as our findings, they
found that in untreated hypertensive patients PAI-1 levels
were significantly increased immediately after peak
exercise and decreased 30 min later, as compared with
baseline levels. At all time points, untreated hypertensives
exhibited significantly higher PAI-1 levels compared with
normotensives. No significant changes of PAI-1 levels were
observed in normotensives and in patients post-treatment.
They concluded that acute high-intensity exercise results
in impaired thrombotic and fibrinolytic response in
untreated hypertensive patients (Gavriilaki et al. 2014). The
differentiation in the results regarding PAI-1 in this study
is probably due to the fact that PAI-1 levels cannot assess
PAI-1 protein status (active, inactive, or latent) while PAI-1
activity reveals inhibitory capacity of PAI-1 system. This is
why it is considered that PAI-1 activity analyses are more
appropriate for studying clinical entities with rapid changes
simultaneously in multiple different biological systems of
the human body (Pavlov et al. 2018), e.g., musculoskeletal,
cardiovascular, circulatory, and sympathetic nervous
system changes during acute exercise. Previous studies also
suggest that anti-inflammatory cytokines (for example, the
immunomodulatory cytokine IL-10) and cytokine inhibitors
(for example, IL-1 receptor antagonist) are mobilized during
strenuous exercise and downgrade the acute inflammatory
response to exercise (Kasapis and Thompson 2005; Suzuki
et al. 2002; Dorneles et al. 2016).
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The effect of arterial hypertension on the exercise-
induced acute response of thrombotic mediators has also
been reviewed by Braschi (2019). The author highlights
the analogies, similarities, and differences between
normotensive and hypertensive subjects regarding the acute
exercise-induced changes to the hemostatic and fibrinolytic
properties, showing what differentiates essential arterial
hypertension from physiological status. In accordance to our
results, this review concludes that following acute exercise,
normotensive and hypertensive subjects both undergo
changes in hemostatic and fibrinolytic properties, but the
hypertensive patients’ response to exercise is exaggerated
and prolonged, exposing them to increased CV risk during
or immediately after vigorous exercise. The activation of the
autonomic sympathetic nervous system is more aggressive in
hypertensive patients in a pathological milieu characterized
by platelet a2-adrenergic receptors with increased
responsiveness to circulating catecholamines, altered platelet
profile and function, abnormal hemostatic parameters,
impaired fibrinolytic potential, endothelial dysfunction,
and vasoconstriction (Braschi 2019). The exercise-
induced increase in shear stress activates the endothelium
and promotes platelet adhesion to endothelial cells, thus
affecting the thrombogenic potential of atherosclerotic
plaques, even when they are of relatively small dimensions.
This pathophysiology probably predisposes to thrombotic
complications. The recovery period is particularly dangerous
for triggering adverse cardiovascular events, even in healthy
subjects, because the balance between the thrombotic and
fibrinolytic systems is temporarily shifted toward increased
prothrombotic activity (Braschi 2019).

The underlying mechanisms for this rapid change
in circulating levels of the inflammatory cytokines and
the thrombotic factors shortly after physical exercise
are not clear (Suzuki et al. 2002). They probably involve
mobilization, systemic release, functional augmentation
and hemoconcentration, concerning the macromolecules,
rather than de novo synthesis of neutrophils, cytokines,
and hemostatic biomolecules. Hemoconcentration emerges
as the most dominant mechanism. It is well known that,
regardless the hydration status, exercise can cause a transient
hemoconcentration, depending mainly on the intensity of
the exercise (Komka et al. 2022). The higher systolic BP
achieved at peak exercise in the hypertensive group may
have caused larger hemoconcentration in this group and
merely explains the differences found in inflammatory/
thrombotic responses. However, the differences between
the two groups remained significant (P <0.05) even after
adjusting for exercise parameters (including maximal
achieved systolic BP). Moreover, the reduction of PAI-1
activity with exercise implies that transient exercise
hemoconcentration is probably not the only implicated
mechanism. A decrease in renal blood flow with exercise

(Rocha et al. 2023) probably leads to a drop in PAI-1 activity.
Nevertheless, no matter what mechanism is responsible
for the acute exercise-induced inflammatory/thrombotic
response, this is more or less common in both normotensive
and hypertensive individuals and cannot be considered as a
definite determinant regarding our study’s purpose. Thus,
the herein shown differences between the (two) groups in
the inflammatory and thrombotic response during exercise
appear to be only partially attributable to hemoconcentration
or other underlying mechanisms.

Regarding the total duration of the acute exercise-
related inflammatory/thrombotic response, preliminary
data from the present study indicate that approximately 3 h
post-exercise, most of the studied biomarkers more or less
return to pre-exercise (or even lower) levels, except PAI-1
that continues decreasing. Our data are in line with them
reported by Cipryan et al. (2015) who investigated the
recovery pattern of the plasma inflammatory markers IL-6
and CRP after a single-bout maximal exercise in 30 males.
They concluded that a relatively short-duration exercise, no
matter what intensity and type, does not elicit a significant
change in IL-6 and CRP for the 1 h to 5 h period of rest
following the exercise. Moreover, PAI-1 activity has been
found to remain lower at 60 min post-exercise, than pre-
exercise levels, in both hypertensive and normotensive
individuals (DeSouza et al. 1997).

There is some evidence for the possible effects of
BP-lowering treatment on the acute exercise-induced
inflammatory and thrombotic response. In the NOAAH
(Effects of Nebivolol in Obese African Americans with
Hypertension) study, nebivolol has shown to have beneficial
effects on inflammation indicators in obese hypertensive
patients exposed to exercise-induced stress (Merchant
et al. 2011). Similar favorable effects on vascular markers
of inflammation have been reported for perindopril during
exercise in patients with metabolic syndrome (Vaccari
et al. 2008). A head-to-head comparison trial of our team
compared the effect of different antihypertensive drugs
on the acute exercise-induced inflammatory/thrombotic
response and found that irbesartan is most likely more
effective than diltiazem at suppressing the inflammatory
and coagulative reaction during exercise. Specifically, the
percentage increase in hsCRP, SAA, WBC, TNF-a, and TF
levels was lower in the irbesartan group (Liakos et al. 2012).

Regarding treadmill exercise testing, this is a medical tool
commonly used in intermediate CV risk individuals in order
to detect possible underlying CAD. Moreover, its clinical
applications extend to the evaluation of exercise capacity
and tolerance, BP response, arrhythmias, valvular diseases,
and known CAD. It is generally considered a safe procedure.
The incidence of major complications, defined by National
Heart, Lung, and Blood Institute as either myocardial
infarction or death, has been reported as very low (0.04%)
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(Wilkinson et al. 2015). Multiple surveys confirm that as
many as 10 myocardial infarctions or/and deaths may be
expected per 10,000 tests in patients with CAD (Gordon
et al. 1993). A review summarizing eight studies of
estimates of sudden cardiac death during exercise testing
revealed rates from 0O to 5 per 100,000 tests (Gordon and
Kohl 1993). Risk is greater in post-infarction patients and in
those being evaluated for malignant ventricular arrhythmias
(Fletcher et al. 2001). In hypertensive individuals, risk is
merely related to the higher incidence of exaggerated BP
response (systolic BP>210 mmHg in men and > 190 mmHg
in women) during the test (Fletcher et al. 2001). Whether the
more intense inflammatory and thrombotic response during
exercise is also implicated in the underlying risk remains to
be elucidated.

Limitations

The findings of this study have to be seen in light of some
limitations. The first is the relatively limited number of
participants. However, as already reported, previous studies
on this topic had even smaller sample size. We consider that
this limitation is partially bypassed by the high homogeneity
among the participants of the two groups (Table 1). In
any case, the results of this study are only suggestive,
and not definitive, for the greater exercise-induced acute
inflammatory/thrombotic reaction in hypertensives vs.
normotensives. The second limitation is that only patients
with grade 1 or 2 hypertension were eligible for enrollment,
considering that performing a maximal exercise testing in
untreated grade 3 hypertensive patients is generally not
considered feasible and/or safe. Another limitation is that
the exclusion of CAD was mainly based on non-invasive
methods, whereas coronary angiography, which remains the
gold standard for the diagnosis of CAD, was not performed
in the majority of the study population. Nevertheless,
angiography is not indicated in subjects without ischemic
ST-segment response at the exercise testing, wall motion
abnormalities at the stress echocardiogram, or perfusion
defects at the thallium-201 scintigraphy. Lastly, data from
the present study regarding the total duration of the acute
exercise-related inflammatory/thrombotic response derive
indicatively only by 10 normotensive controls and 12
hypertensive patients, 3 h post-peak exercise, thus making
conclusions unsafe.

Conclusions and future perspectives

The present study adds new data regarding the acute
exercise-induced inflammatory/thrombotic response in
non-CAD hypertensive patients during short-duration
vigorous exercise as compared to normotensive controls.

@ Springer

It is evident that inflammatory and thrombotic mechanisms
are activated during exercise especially in untreated
hypertensive patients. Nevertheless, this activation is, at
least in part, limited by a parallel homeostatic fibrinolytic
stimulation.

The findings of the present study shall be confirmed
by larger-scale studies. The exercise-related changes of
inflammatory/prothrombotic biomarkers in other groups of
patients with one or more common CV risk factors such as
dyslipidemia and diabetes mellitus shall be also investigated.
Moreover, the duration of the acute inflammatory/
thrombotic response to exercise as well as the effect of the
type, intensity, and duration of the physical activity and
the effect of exercise training and genetic variability (Brull
et al. 2003) on the acute exercise-induced inflammatory/
thrombotic response also require more detailed examination.
Furthermore, approaches to counteract inflammation at rest
and during exercise shall be more widely and systematically
evaluated. The effects of different BP-lowering agents and
drug categories shall be studied over a wider age spectrum.
Whether BP normalization restores the exercise-related
acute inflammatory/thrombotic response to normotensives’
levels shall be further examined. Appropriately designed
future studies should also evaluate the potential clinical
implications of the acute exercise-induced inflammatory
and thrombotic response in terms of hard end-points, such
as exercise-triggered CV events or/and mortality in different
at-risk populations.
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