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Abstract

The incidence of adverse cardiovascular events is higher among spectators of exciting sports
events, particularly in patients with coronary artery disease (CAD), but the mechanistic link
between the events is not known. We assessed the hemodynamic, autonomic function, plasma
catecholamines, endothelin-1, interleukin-6, and markers of platelet activation and blood
coagulation of enthusiastic male ice hockey spectators with CAD (n=55, 60±9 years) and healthy
subjects (n=16, 48±6 years) during Finnish national league ice hockey final play-off matches and
on a control day. Blood markers were also measured before and after a maximal exercise test with
a bicycle ergometer. 

Systolic and diastolic blood pressure (BP) were significantly higher one hour before, during,
and one hour after the match than on the control day. During the match the highest systolic BP was
180±14 vs. 145±15 and diastolic BP was 103±13 vs. 82±11 mmHg (respectively, p<0.001 for
both). Heart rate (HR) was higher throughout the match (p<0.05) and remained elevated two hours
after the match (p<0001), and measures of HR variability were decreased during the match
(p<0.01).

Plasma endothelin-1 (ET-1), interleukin-6 (IL-6) and noradrenaline (NOR) increased during
the match (p<0.01 for all), but markers of platelet activation and coagulation remained unchanged.
ET-1 did not change during exercise but NOR, adrenaline, IL-6, and markers of platelet activation
and blood coagulation increased statistically significantly (p<0.0001 for all). A statistically
significantly more marked increase in both endothelin-1 and interleukin-6 was observed in CAD
patients compared with healthy subjects during the match (time x group interaction p<0.05 for
both). The high-frequency power of R-peak-to-R-peak intervals decreased in CAD patients
(p<0.001) but did not change in healthy subjects during the match.

Maximal metabolic equivalens (METs) were most strongly correlated with ET-1 response
during the match (β =-0.45, partial correlation r=-0.43, p=0.002) when age, body mass index,
METs, left ventricular ejection fraction, basal ET-1 and subjective experience of excitement were
entered into the model as independent variables in a linear stepwise regression analysis.

In conclusion, autonomic reactions and vasoconstriction may partly explain the vulnerability
to cardiovascular events caused by this type of leisure-time emotional excitement. Emotional
excitement causes concomitant increases in markers reflecting vulnerability to atherosclerotic
plaque complications, while physical exercise causes more prominent changes in markers of
coagulation. Emotional excitement causes more significant increases of markers of
vasoconstriction and acute inflammation and withdrawal of cardiac vagal regulation in patients
with CAD than in healthy subjects. Exercise capacity may protect against further cardiovascular
events in CAD patients because it is associated with reduced ET-1 release during emotional
excitement.

Keywords: autonomic regulation, coronary artery disease, emotional excitement,
endothelin-1, exercise, interleukin-6
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Tiivistelmä

Jännittävän urheilutapahtuman on havaittu lisäävän sydäntapahtumia erityisesti sepelvaltimotau-
tipotilailla. Syyt eivät ole selvillä. Tutkimuksen kohteena oli jääkiekon mestaruussarjan pudotus-
pelien seuraamisen vaikutus sekä sepelvaltimotautisten (n=55, 60±9 vuotta) että terveiden
(n=16, 48±6 vuotta) jääkiekkofanien verenkiertoon, autonomiseen hermostoon, veren katekola-
miinien, endoteliini-1:n (ET-1) ja interleukiini-6:n (IL-6) pitoisuuksiin sekä veren hyytymiseen
paikan päällä jäähallissa seurattuna. Muuttujat mitattiin jäähallissa ottelun aikana. Ne mitattiin
myös ennen ottelua ja eri päivänä sairaalassa ennen kuntopyörällä tehtyä maksimaalista sydä-
men kuormitustestiä ja heti sen jälkeen.

Sepelvaltimotautipotilaiden ylä- ja alaverenpaineet kohosivat tilastollisesti merkitsevästi tun-
tia ennen jääkiekkopeliä ja sen aikana, ja ne olivat koholla vielä tunnin ajan pelin jälkeen kont-
rollipäivään verrattuina. Ottelun aikana yläpaineet olivat 180±14 vs. 145±15 ja alapaineet
103±13 vs. 82±11 mmHg (p<0.001 molemmille painetasoille). Sydämen syke oli korkeampi
pelin ajan (p<0.05), ja se pysyi koholla kahden tunnin ajan pelin jälkeen (p<0.001). Lisäksi
sykevaihtelu heikentyi pelin aikana (p<0.01) kontrollipäivään verrattuna.

 Veren ET-1-, IL-6- ja noradrenaliinipitoisuudet (p<0.01) nousivat pelin aikana, mutta veren
hyytymistä kuvastavat lukemat säilyivät muuttumattomina. ET-1 ei noussut fyysisessä kuormi-
tustestissä, mutta noradrenaliini- ja adrenaliinipitoisuudet sekä IL-6:n ja veren hyytymistä
kuvaavat lukemat kasvoivat tilastollisesti merkitsevästi (p<0.0001). Pelin aikana sepelvaltimo-
tautipotilaiden ET-1 ja IL-6 pitoisuudet kohosivat enemmän kuin terveiden vastaavat arvot
(p<0.05). Lisäksi ottelun aikana sydämen sykevaihtelu laski sepelvaltimopotilailla (p<0.001),
muttei muuttunut terveillä. Polkupyörätestin maksimaalinen suorituskyky (METs) oli voimak-
kaasti yhteydessä ET-1 vasteeseen pelin aikana (β =-0.45, r=-0.43, p=0.002), kun ikä, painoin-
deksi, METs, sydämen supistusvireys, ET-1:n lähtötaso ja koehenkilöiden kokema jännitystaso
huomioitiin itsenäisinä muuttujina regressiotyyppisessä tilastolaskennassa.

Yhteenvetona todetaan itsenäisesti toimivan hermoston muutosten ja verisuonten supistumi-
sen voivan osittain selittää aiemmin havaitun sydäntapahtumien lisääntymisen tutkimuskohteen
tyyppisessä vapaa-ajan tunne-elämyksessä. Jääkiekkopelin jännitys aiheuttaa muutoksia sepel-
valtimotautialueiden repeämisherkkyyttä kuvaaviin tekijöihin, kun taas fyysinen rasitus vaikut-
taa voimakkaammin veren hyytymistä ilmaiseviin lukemiin. Potilailla jännitys lisäsi enemmän
suonten supistuvuutta, akuuttia tulehdusreaktiota ja nosti parasympaattisen hermoston
vetäytymistä kuvaavia lukemia terveisiin koehenkilöihin verrattuna. Hyvä suorituskyky voi suo-
jata korkean riskin sepelvaltimotautipotilaita sydäntapahtumilta vähentämällä ET-1:n vapautu-
mista jännityksen aikana.

Asiasanat: autonominen hermosto, endotelin-1, interleukin-6, jännitys, liikunta,
sepelvaltimotauti
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ACS acute coronary syndrome 

ADP adenosine diphosphate 

ADR adrenaline 

ACTH adrenocorticotropic hormone 

AMI acute myocardial infarction 

ANS autonomic nervous system 

BMI body mass index 

BP blood pressure 

BRS baroreflex sensitivity 

CABG coronary artery bypass grafting 

CAD coronary artery disease 

CHF chronic heart failure 

CI confidence intervals 

CNS central nervous system 

CRH corticotropin releasing hormone 

hs-CRP high sensitivity C-reactive protein 

CVD cardiovascular disease 

DIC disseminated intravascular coagulation 

ECG electrocardiography 

ELISA enzyme-linked immunosorbent assay 

ET-1 endothelin-1 

FVIII Factor VIII 

GPV glycoprotein V 

HF high frequency 

HPA hypothalamic-pituitary-adrenal 

HR heart rate 

HRV heart rate variability 

IL-6 interleukin-6 

LDL low-density lipoprotein  

LF low frequency 

LV left ventricular 

LVEF left ventricular ejection fraction 

MET metabolic equivalent 

NF-κB Nuclear factor kappa-light-chain-enhancer of activated B Cells 

NSTEMI non-ST-elevation myocardial infarction 
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NO nitric oxide 

NOR noradrenaline 

PCI percutaneous coronary intervention 

RR relative risk 

R-R R-peak-to-R-peak interval 

SDANN standard deviation of the average R-R  

SDNN standard deviations of normal-to-normal R-R intervals 

SDNNi mean of all the 5-minute standard deviations of normal-to-normal 

intervals during the 24-hour period 

TAT thrombin-antitrombin complex 

TGFβ transforming growth factor beta 

TCM takotsubo cardiomyopathy 

TNFα tumor necrosis factor alfa 

TF tissue factor 

TSST trier social stress test 

ULF ultralow frequency 

VLF very low frequency 

vWFag von Willenbrand factor antigen 
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1 Introduction 

Environmental stress has been shown to be an important risk factor for 

cardiovascular events (Strike & Steptoe 2003, Eller et al. 2009). Epidemiological 

data show earthquakes, war, and sporting events cause a peak in the incidence of 

cardiovascular events (Meisel et al. 1991, Leor et al. 1996, Serra Grima et al. 
2005). Recently, Wilbert-Lampen et al showed that a stressful soccer game more 

than doubled the risk of acute cardiovascular events among spectators, including 

acute coronary syndrome and symptomatic cardiac arrhythmia, during a World 

Cup soccer match held in Germany in 2006 (Wilbert-Lampen et al. 2008). On 

those days, the highest average incidence of events was observed during the first 

two hours after the beginning of each match.  

Previous studies have also shown that triggering is more common in patients 

with coronary artery disease than without it (Leor et al. 1996, Strike et al. 2006, 

Tofler & Muller 2006). There is also a much of evidence on the effects of physical 

exercise on haemodynamics and haemostatic factors that may potentially serve as 

triggers of acute cardiac events (Thrall et al. 2007), but the mechanisms by which 

leisure-time stress, such as watching exciting sports events, increases 

vulnerability to cardiac events are not so well known.  

There is evidence that catecholamines may directly influence blood 

coagulation and platelet function, but the role of these mechanisms in terms of 

sports related cardiac morbidity is highly speculative (Wilbert-Lampen et al. 
2006a, Wilbert-Lampen et al. 2006b). Furthermore, there are no preventive 

measures available that gauge the excess risk in patients with known coronary 

artery disease (CAD) during leisure time emotional excitement. Circulating 

endothelin-1 (ET-1) concentration and inflammatory factors have been shown to 

be higher in patients with emotional stress-induced acute coronary syndrome than 

in patients with acute coronary syndrome not associated with emotional stress 

(Wilbert-Lampen et al. 2010). Elevated ET-1 has also been linked to plaque 

rupture and subsequent acute coronary syndrome (Wilbert-Lampen et al. 2010).  

The mechanisms by which emotional excitement, such as watching sports 

events, increases vulnerability to untoward cardiac events is not well known. At 

the moment, ice hockey is the most intensively followed sport in Finland, and 

national play-off finals are of great significance to a large proportion of the 

population, especially males. All the previous studies of emotional excitement 

with cardiovascular patients have been done in vitro in a laboratory environment. 
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We created a new model that is in vivo in an ice hockey hall with direct contact 

with an atmosphere of maximal excitement. 
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2 Review of the literature 

2.1 Emotional excitement and cardiovascular regulation 

2.1.1 Stress 

There is no exact definition of emotional excitement and the most of the literature 

deal with the term mental stress varyingly, but simplified as follows: general 

stress is defined as any stimulus that disrupts the body’s internal balance. Stress is 

one of the most significant health problems in modern societies in the 21st 

century, causing a pressing need for investigations into the biological pathways 

linking health and stress. 

Mental stress and its association with morbidity and mortality has long been 

studied, with contradictory results (Aro & Hasan 1987). One reason for these 

conflicting results is that the concept of mental stress has been defined in several 

different ways. Hinton and Burton’s definition of mental stress describes “a given 

individual in a given life situation with perceived lack of control over the 

situation, reacts with specific emotions, reduced efficiency of performance, and 

psychosomatic symptoms” (Hinton & Burton 1992). The American Institute of 

Stress defines mental stress as “physical, mental, or emotional strain or tension as 

well as a condition or feeling experienced when a person perceives that demands 

exceed the personal and social resources the individual is able to mobilize” 

(stress.org 2013). Perception of mental stress varies widely between individuals 

and perception of mental stress in populations also varies with time. Mental stress 

can lead to long-term deregulation of allostasis and may result in somatic 

symptoms through a series of neural and endocrine mechanisms (McEwen & 

Gianaros 2010)  

It`s known that cardiovascular events can be triggered by acute mental stress 

caused by events such as a televised high-drama soccer game, an earthquake, job 

strain, or the death of a loved one. Acute mental stress enhanced sympathetic 

output and creates a hypercoagulable state and endothelial dysfunction with the 

potential to rupture vulnerable plaque and cause intraluminal thrombosis 

(Schwartz et al. 2012). In at study of different moods over eight years of follow-

up, optimists had a 9% lower risk of CAD and a 14% lower risk of death than 

pessimists among women with adjusted hazard rate (HR) of 0.86, 95% CI 0.79–

0.93 (Tindle et al. 2009). Anger or hostility is linked to stress, reduced heart rate 
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variability (HRV), exaggerated autonomic function, platelet aggregation, 

inflammation and cardiovascular disease (CVD) (Suls 2013). 

Emotion  

Theories about emotions stretch back to the stoics of Ancient Greece and China. 

The ancient Chinese supposed that excess emotions could damage the qi, which 

in turn, damages the vital organs (Suchy et al. 2011). The four humours theory 

made popular by Hippocrates and Aristotle stated that emotions were an essential 

component of virtue (Ross 2014). In the Aristotelian view, all emotions called 

passions corresponded to a capacity or an appetite. In the 19th century emotions 

were supposed to be adaptive and were researched more frequently from an 

empiricist psychiatric perspective. 

Nowadays the word emotion is quite heterogeneous and emotions are also 

regarded as intense feelings that are directed at someone or something (Hume 

2015). Otherwise emotions can be used to refer to mild states such as annoyed or 

content, or to states not directed at anything as in depression and anxiety. 

Emotions have also been described as consistent and discrete responses to internal 

or external events of particular significance for the organism. Emotions are brief 

in duration and consist of a coordinated set of responses, which may include 

verbal, physiological, behavioural, and neural mechanisms. Paul Ekman has 

described emotions as biologically given and a result of evolution because they 

provided good solutions to ancient recurring problems of our ancestors (Ekman 

1992). The hippocampus region in the brain is critically involved in the 

neuroendocrine regulation of stress responses to emotional challenges (Howland 

& Wang 2008, Joels et al. 2008). 

Sports events 

Throughout history people have been interested in sports events. Entertainment 

such as the Roman circus or Olympics in Greece was very popular in ancient 

times. Nowadays, the most popular sports events worldwide are soccer games. 

For a moment ice -hockey is the most followed sport in Finland. Last season one 

and a half million persons were attended 400 games (liiga 2015), and the World 

Cup final game in which Finland played against Russian was followed on 

television by 2.8 million people in a nation of 5.5 million people (MTV3 2014). 
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An ice-hockey match normally lasts 2 hours, 45 minutes, but could last 4–5 

hours if an even game is played until one of the teams scores the first so-called 

sudden-death goal. The game comprises 60 minutes of effective time divided into 

20-minute periods with 18-minute intervals. During the intervals most people 

walk the corridors of the arena and some people buy soft drinks, beer, salty 

snacks, popcorn, sausages, or candies. Games are played normally in the evenings 

during the leisure time after the regular working day or at weekend. There are 

normally games every second or third day. The spectacle is similar in all the 

western countries.  

Correlations between mental stress and cardiovascular events 

Previous studies have reporting conflicted data on increased cardiovascular events 

after a major natural disaster such as an earthquake (Dobson et al. 1991). In Los 

Angeles in 1994 the Northridge earthquake was found to be a significant trigger 

of sudden cardiac deaths in the first hours and days, independently of physical 

exertion. The unusually low incidence of such deaths in the week after the 

earthquake was speculated to suggest that mental stress may precipitate cardiac 

events in persons who are predisposed to such events (Leor et al. 1996). The 

newest report from Japan`s east coast earthquake in 2011 shows an increase in the 

occurrence of acute coronary syndromes (ACS) and heart failures, but not other 

cardiovascular events such as out-of-hospital cardiac arrests or strokes. The 

number of events rose during the first three weeks after the disaster but could 

have had multifactorial causes rather than being induced only by emotional stress 

(Nozaki et al. 2013). The first days of the Gulf War caused a sharp rise in the 

incidence of acute myocardial infarctions (AMI) and sudden cardiac deaths 

among the civilian population in Israel compared with control periods (Meisel et 
al. 1991). Also, a Zagreb hospital recorded more AMIs among civilians during the 

height of the war in Croatia compared with periods of stability (185 vs. 125 

prewar cases, p < 0.001) (Bergovec et al. 1992).  

Major stressful events are known to enhance the incidence of acute cardiac 

events (Steptoe & Brydon 2009). After the September 11 terrorist attacks, 

significantly more people had AMIs and were hospitalized in Brooklyn (11.2% 

vs. 15.5%, p = 0.008) (Feng et al. 2006) and in New Jersey 18 079 vs. 18 777 

patients were admitted to the hospital compared with a control period with 79 vs. 

118 (p = 0.01) (Allegra et al. 2005). Huge earthquakes are the most catastrophic 
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natural disasters, and are known to cause adverse cardiovascular events (Bartels 

& VanRooyen 2012). 

The first longitudinal study of the mortality of soccer fans was done in 1996 

the day the Dutch soccer team was eliminated from the European football 

championship. It showed that mortality from CAD and stroke was higher in 

Dutch men on the day of the match (relative risk RR 1.51, 95% CI 1.08–2.09). No 

statistically significant mortality changes were observed in women (Witte et al. 
2000). Carroll et al. (2002) found an acute increase in the number of AMIs after 

the national team lost a penalty shoot-out on 30 June 1998, the day when England 

lost to Argentina (Carroll et al. 2002). In Brazil in 1998, 2002, 2006, and 2010, 

with 155 992 hospital admissions the incidence of AMIs increased during the 

period of the World Cup football matches (RR 1.09, 95% CI 1.05–1.15) and on 

days when there were Brazil's matches (RR 1.16, 95% CI 1.06–1.27). There was 

no impact on deaths during the games (RR 1.00, 95% CI 0.93–1.08) and Brazil's 

matches (RR 1.04, 95% CI 0.93–1.22) (Borges et al. 2013).  

In Italy they found 25 159 hospital admissions for AMI during the 

international football competitions: the World Cup 2002, the European 

Championship 2004, and the World Cup 2006, but no increase was found on the 

days of football matches involving Italy in either the single competitions or the 

three competitions combined (RR 1.01, 95% CI 0.98–1.05) (Barone-Adesi et al. 
2010). In France in 1992–2006, watching European soccer competitions had a 

positive impact in the city of Dijon with a decrease in strokes (40% decrease 

compared with unexposed period (RR 1.4, 95% CI 1.0–1.9, p = 0.044) due to a 

possible association between a larger television audience and long-lasting euphoria 

(Aboa-Eboule et al. 2014).  

A population-based study was done in the Munich area during the World Cup 

from 9 June to 9 July 2006 and the study period was assessed prospectively. The 

periods from 1 May to 8 June and 10 July to 31 July in 2005 and 2003, as well as 

1 May to 8 June and 10 July to 31 July 2006, constituted the controls. Patients 

who had contacted emergency services were evaluated by an emergency medicine 

physician and given a diagnosis of ACS or symptomatic arrhythmia. They found a 

significant increase in the incidence of ACSs by a factor of 2.61 (95% CI 2.22–

3.08) and arrhythmias by a factor of 3.07 (95% CI 2.32–4.06) within two hours of 

matches in which the German team played compared with matches without 

German participation and compared with a control period, especially in men with 

known CAD. A major increase occured during a dramatic game including a 

penalty shoot-out (Germany beat Argentina), the number of events being 
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increased from 15 to 65 cardiovascular events per day. Almost the same happened 

during an exciting match when Germany in turn lost against Italy (Wilbert-

Lampen et al. 2008). Further evaluation of mortality was done by the same author 

and the number of deaths due to AMI was not measurably increased compared 

with a matched control period in Bavaria. Thus, they could not demonstrate a 

stress-induced increase in mortality (Wilbert-Lampen et al. 2011). And later there 

were also analyzed data on cardiac events and arrhythmias from the Bavarian 

Council for Statistics and Data Management for the period of soccer World Cup 

(June 9–July 9, 2006) and reference periods (May 1–July 31, 2005; May 1–June 

8, 2006 and July 10–31, 2006). Whether German team played or rested was not 

associated with an increased incidence of cardiac events or rhythm problems 

(Niederseer et al. 2013).  

Different factors affecting stress reactions  

A family history of CVD has some influence on stress responsivity (Wright et al. 
2007). Blood pressure (BP), heart rate, and it`s variability were measured 

continuously for 5 min periods at the baseline, during two mental stress tasks 

(Stroop and speech task), and at 10–15 min, 25–30 min, and 40–45 min post-

stress. Individuals with a positive family history exhibited significantly greater 

diastolic BP reactivity and poorer systolic and diastolic BP recovery from the 

stressors in comparison with family- history- negative individuals. 

In healthy subjects has been found some differences in cardiovascular risk 

and responsivity to mental stress that comparing with gender and age at rest. 

Systolic and diastolic BP was higher in men than in women, while cardiac BRS 

was greater in younger than in older participants (Steptoe et al. 1996). BP 

responses to tasks were substantial, with changes from the baseline averaging 

18.6/8.11, 26.0/13.5, and 40.7/19.0 mmHg for computerized problem- solving, 

mirror drawing, and speech tasks, respectively. Men and women in the older age 

band did not differ from each other in BP, HR, or BRS sensitivity responses. 

Systolic BP responses (mean +/- the standard error of the mean) were larger in 

older than in younger women (mean peak difference 6.87+/-2.67 mmHg), and in 

the younger male groups compared with the younger female groups (mean peak 

difference 7.20+/-2.97 mmHg). Diastolic BP and HR responses to mental stress 

were larger in younger than in older participants of both sexes. BRS was inhibited 

during behavioural tasks, with statistically significantly greater suppression in 

younger than in older groups (5.28 +/- 0.52 and 2.62 +/- 0.35 ms/mmHg, 
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p < 0.05, respectively). Cortisol responses were greater in men than in women, 

but did not vary with age. Across the entire sample, systolic BP responsivity was 

negatively related to expression of anger.  

There are different data concerning eating and mental stress; meal fat content 

did not impact hemodynamic reactivity to laboratory stressors. These data also 

provide the first evidence that meal fat content does not impact hemodynamic 

recovery from repeated mental stress tasks (Poitras et al. 2014a, Poitras et al. 
2014b). Little is known about the transient effects of foods and nutrients on 

reactivity to mental stress, but interleukin-6 (IL-6) was depressed (Sauder et al. 
2012). 

People quite often use tobacco, drugs, and alcohol to get rid of stress even 

though some studies (MiYang et al. 2014) indicate that smoking did not reduce 

stress and had a negative effect on vascular status. It`s well known that cigarette 

smoking constricts the proximal and distal epicardial coronary arteries and 

enhanced coronary resistance vessel tone, despite myocardial oxygen demand 

(Quillen et al. 1993). As with stress, acute alcohol consumption also directly and 

indirectly activates the hypothalamus-pituitary-adrenal (HPA) axis by resulting in 

elevated levels of glucocorticoids (Richardson et al. 2008) and it slowly affects 

the cardiovascular system, too. Obese persons have less efficient HPA axis 

habituation as well as sensitization of IL-6 responses to repeated acute stress, 

pointing to maladaptive stress responses in overweight individuals (McInnis et al. 
2014). 

HPA axis 

The locus coeruleus-noradrenaline/autonomic (sympathetic) nervous system 

(Chrousos & Gold 1992) and the HPA axis form the major physiological stress 

response system. In a stressful situation the hypothalamus secretes corticotrophin-

releasing hormone (CRH), which further stimulates the release of 

adrenocorticotropic hormone (ACTH) from the anterior pituitary into the 

bloodstream and eventually binds to receptors in the adrenal cortex, and finally, 

cortisol the main stresshormone, is released into the bloodstream (Sapolsky et al. 
2000).  

The HPA axis is a highly adaptive system characterized by considerable inter- 

and intraindividual variability. Salivary cortisol is frequently used as a biomarker 

of psychological stress, but as a trigger of the HPA axis it can only be indirectly 

assessed. The hippocampus, hypothalamus, pituitary, and adrenals, which control 
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the HPA axis and their respective modulators, receptors, or binding proteins, may 

all have an effect on salivary cortisol concentration. There is no linear 

relationship with measures of plasma ACTH and cortisol in blood or urine 

(Hellhammer et al. 2009)  

Connection between HPA and sympathetic-adrenal-medullary systems 

A study comparing the cardiovascular pattern, peripheral catecholamines, and the 

HPA axis has shown that although HPA responses quickly habituate, the 

sympathetic nervous system shows rather uniform activation patterns with 

repeated exposure to acute stress test (Schommer et al. 2003). These two systems 

have been found to be connected in the central nervous system (CNS), with fibers 

linking CRH- releasing neurons in the hypothalamus with noradrenaline (NOR)- 

releasing neurons in the brainstem (Ulrich-Lai & Herman 2009). Also, higher 

NOR levels have been shown to affect the HPA axis by stimulating CRH release 

from the hypothalamus (Pacak 2000). Differences have been found in acute 

psychosocial stress in that the HPA axis and autonomic responses were different 

for each sex and depended on the phase of the menstrual cycle, menopausal 

status, and pregnancy (Frankenhaeuser et al. 1978) (Abplanalp et al. 1977) 

(Altemus et al. 2001) (Glynn et al. 2001). Sympathoadrenal responsiveness is 

attenuated more during oral hormone replacement therapy (Burleson et al. 1998). 

Sex differences in autonomic function could be a result of estrogen exposure, 

which attenuates sympathoadrenal responsiveness (Kajantie & Phillips 2006).  

Autonomic nervous system  

Autonomic nervous system (ANS) activity is considered the biggest component 

of emotional responses in many new theories of emotion (Kreibig 2010). 

Neurochemical factors and the ANS control regulation of cardiovascular function 

by modulating the internal opening of blood vessels and the electrical and 

contractile activity of the myocardium. This very complex mechanism constantly 

strive for the ideal balance between systemic blood pressure and blood flow to 

end organs under different environmental influences. The ANS regulates HR, BP, 

and cardiac output through the interaction of the parasympathetic (vagal) and 

sympathetic pathways of the ANS in a parallel way. The ANS operates in these 

two branches differently due to differences in their neurotransmitter system, 

anatomical structure, and physiological actions (McArdle et al. 2001). 
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The sympathetic and parasympathetic branches have opposite effects on 

regulation of the cardiovascular system. Sympathetic activation controls 

myocardial contractility and HR during exercise or during the day via release of 

NOR and adrenaline (ADR). At rest the parasympathetic system dominates by 

decreasing HR via acetylcholine excreted from efferent vagal nerves. The 

sympathetic nerves innervate the whole myocardium, whereas the 

parasympathetic fibers mostly innervate the atrial myocardium (McArdle et al. 
2001). Some findings have indicated that vagal nerves may be found in the 

ventricular myocardium, as well (Standish et al. 1994, Johnson et al. 2004). 

Proper regulation of the heart is dependent on incessant feedback from the 

peripheral receptors the in muscles and blood vessels. The pressure-sensitive 

baroreceptors in the wall of the carotid sinuses and the aortic arch sense changes 

in arterial pressure and their stimulation leads to enhanced cardiac vagal outflow. 

Cardiac contractility and HR decrease resulting in a drop in the BP level. On the 

contrary, the falling BP deactivates the vagus nerve and cardiac contractility and 

HR increase. In addition, mechanoreceptors and chemoreceptors within the 

muscles control its chemical and physical state. These sensory nerves in action 

modify either parasympathetic or sympathetic outflow to reach appropriate 

cardiovascular responses to demands (McArdle et al. 2001).  

2.1.2 Analysis of cardiovascular autonomic function 

The connection and interplay between parasympathetic and sympathetic 

activations lead to continuous fluctuations in the beat-to-beat R-R interval (R-R 

interval). This is called HR variability (Levy & Martin 1979) and is used as a tool 

for studying the balance between parasympathetic and sympathetic regulation 

(Task-Force-of-ESC-and-NASPE 1996). Cardiovascular autonomic function can 

be also be evaluated by HR recovery and HR turbulence (Bauer et al. 2008, 

Okutucu et al. 2011). Time and frequency domain analyses are two of the most 

commonly used methods for HRV analyses. The signal for HRV evaluation 

normally comes from long-term ambulatory electrocardiography (ECG) 

recordings during daily life or from short-term ECG measurements in a laboratory 

environment with various physiological autonomic tests (Task-Force-of-ESC-and-

NASPE 1996). 
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Time domain analyses of heart rate variability 

Measuring the overall magnitude of HR fluctuation is the simplest but less 

specific information providing HRV analysis. The standard deviation of normal-

to-normal R-R intervals (SDNN), reflecting all the cyclic components responsible 

for variability, and average HR are the most used and easiest measurements. The 

standard deviation of the average normal-to-normal interval (SDANN) calculated 

over short periods of the entire recording, usually around five minutes, is the 

variation in the SDNN. Two variants of the SDNN, created by dividing the 24-

hour monitoring period into 5-minute segments, are the SDNN index (SDNNi) 

and the SDANN index. The SDNNi is the mean of all the 5-minute standard 

deviations of NN (normal R-R) intervals during the 24-hour period, while the 

SDANN index is the standard deviation of all the 5-minute NN interval means. 

(Task-Force-of-ESC-and-NASPE 1996). 

Frequency domain analyses of heart rate variability 

Measurements of the magnitude of HR fluctuation at certain predetermined 

frequencies is called frequency domain analysis of HRV (Malliani et al. 1991). 

Parametric autoregressive analysis and nonparametric fast Fourier transformation 

are commonly used methods which transform signals to the power spectrum 

containing three important spectral components: a very low frequency (VLF) 

component with a frequency rate from 0.003 to 0.04 Hz, a low frequency (LF) 

component with a frequency rate from 0.04 to 0.15 Hz, and a high frequency (HF) 

component with a frequency rate from 0.15 to 0.4 Hz (Task-Force-of-ESC-and-

NASPE 1996).  

The LF component is supposed to be affected by the BP regulation 

mechanism and it reflects parasympathetic and sympathetic activation (Kamath & 

Fallen 1993). The HF component is synchronous with respiration and represents 

mainly parasympathetic activation. The relation between LF and HF components 

has been studied as an index of sympathovagal balance (Malliani et al. 1991). The 

nature of the VLF component is less well known, but it may be influenced by the 

renin-angiotensin system (Akselrod et al. 1981, Bonaduce et al. 1994), 

thermoregulatory factors (Kitney & Rompelman 1977, Fleisher et al. 1996), and 

physical activity (Bernardi et al. 1996). As a VLF, the theoretical background of 

the ultralow frequency (ULF) component a frequency rate < 0.003 Hz is 

unknown, but it is speculated to be part of the circadian rhythm (Roach et al. 
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1998) and physical activity (Serrador et al. 1998). This fourth minor component 

has been included in frequency domain analyses and can be reached only through 

long lasting recordings (24 hours), whereas VLF, LF, and HF can be identified 

also from shorter recordings lasting from two to five minutes (Task-Force-of-

ESC-and-NASPE 1996). 

2.1.3 Blood pressure variability and baroreflex sensitivity 

A more detailed analysis of cardiovascular signals including analysis of beat-to-

beat BP variability and BRS provides a deeper insight into cardiovascular 

regulation in different physiological settings. BP oscillation reveals the activity of 

peripheral sympathetic outflow (Inoue et al. 1991). Baroreflex action can be 

measured using the transfer function technique between R–R and systolic BP 

oscillation spectra (Carrasco-Sosa et al. 2005). The function of baroreflex is 

generally characterized by a dynamic gain, namely, BRS (Smyth et al. 1969). 

BRS has been extensively studied over the last 20 years, and its prognostic value 

in several cardiovascular diseases has been widely accepted (La Rovere et al. 
1998, Kiviniemi et al. 2014). 

2.1.4 Mental stress tests  

To study the physiological effects of fast arousing and mostly negative emotional 

events in an easy, controlled, and efficient manner, a wide range of protocols has 

been established and Kreibig has listed 134 studies on the effects of emotion on 

autonomic nervous system activity. Paradigms that have been used include 

watching film and pictures, listening to sounds, expecting an electrical shock, 

mental imagery, negative events in a gaming context, recall of personal emotional 

happenings and directed facial expression (Kreibig 2010). 

The Trier Social Stress Test (TSST) is the paradigm that has become a kind of 

standard for inducing psychological stress (Kirschbaum et al. 1993), where 

participants take the role of a job applicant. They are ordered to give a speech to a 

selection committee and their performance is audiovisually recorded for analysis. 

After five minutes of free speech, the participant is instructed to perform a serial 

subtraction calculation aloud, having to start over again on mistake. The TSST is 

considered the best paradigm to reliably produce strong neuroendocrine stress 

responses (Dickerson & Kemeny 2004) and also for having stronger responses of 

the sympathetic nervous system (Kirschbaum et al. 1993). The main reason for 
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the strong neuroendocrine stress responses is thought to be a social-evaluative 

threat (Dickerson & Kemeny 2004) 

A heart rate increase of 15–25 due to a psychosocial stressor has been 

estimated, but how much is part of physical activity remains unclear (Kudielka et 
al. 2007). The effects of public speech on autonomic regulation have also been 

studied (Jiang et al. 1993, Goldberg et al. 1996, Strike et al. 2006).  

2.2 Coronary artery disease 

Coronary artery disease (CAD) is the leading cause of death globally, and the 

number of deaths due to CAD has increased by 35% since 1990 (Lozano et al. 
2012). It has been predicted that in 2020, CAD will still be the leading contributor 

to the burden of disease and mortality worldwide (Murray & Lopez 1997) even 

though temporal trends suggest a decrease in the annual death rate (Roger et al. 
2012).  

As one manifestation of atherosclerosis, CAD and it`s early forms have been 

found already in childhood (Strong et al. 1999) and also in some historical 

findings from early human civilization 3000 years BC (Thompson et al. 2013). 

The control of risk factors has shifted the prevalence and mortality of 

atherosclerosis to the elderly population, and along with ageing it has come the 

most common cause of death worldwide (Lozano et al. 2012). The traditional 

understanding of stable CAD is that of a disease causing which causes exercise- 

or stress-related chest symptoms and a reversible myocardial demand/supply 

mismatch called ischaemia due to a narrowing of > 50% in the left main artery 

and > 70% in one or several epicardiac coronary arteries (Fox et al. 2006). 

Four different mechanisms of the clinical presentations are plaque-related 

obstruction of the epicardial arteries, spasm of normal or plaque-diseased arteries, 

microvascular dysfunction, and left ventricular dysfunction caused by prior acute 

myocardial necrosisor hibernation, called ischemic cardiomyopathy. The 

consequences of ischemia occur temporal sequence as increased H+ and K + 

concentration in venous blood draining from the ischaemic area, signs of 

ventricular diastolic and systolic dysfunction with regional wall motion changes, 

occurrence of ST-segment and/or T-wave abnormalities on an ECG and cardiac 

ischaemic pain called angina. In many cases, early manifestations of CAD are 

endothelial dysfunction and microvascular disease, associated with an increased 

risk of complications from CAD (Kitta et al. 2009). 
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Contemporary data from different clinical trials consiste with observational 

registery data estimates for annual mortality rates range from 1.2–2.4%, with an 

annual incidence of cardiac death between 0.6–1.4% and of non-fatal myocardial 

infarction, between 0.6–2.7% (Henderson et al. 2003, Daly et al. 2006, Boden 

2011). In stable CAD an individual`s prognosis varies depending on baseline 

clinical, functional, and anatomical characteristics (Steg et al. 2007).  

Traditional risk factors for development of CAD are hypercholesterolaemia 

(Pekkanen et al. 1990), hypertension (Nicholls et al.), smoking (Frey et al.), 
obesity (Perk et al. 2012), sedentary lifestyle (Perk et al. 2012), diabetes 

(Bayturan et al. 2010), and family history (Otaki et al. 2013). Only a minority of 

the genetic variants associating with clinical CAD seem to act through traditional 

risk factors, while most variants appear to act through mechanisms that are 

independent of other risk factors (Schunkert et al. 2011). Since traditional risk 

factors together with genetic components do not explain all of the risk for CAD, 

there are some novel risk factors, such as coronary artery calcium scores, ankle-

brachial index, and inflammation marker high sensitivity C-reactive protein (hs-

CRP), which have the potential to improve risk assessment for CAD among 

asymptomatic persons (Yeboah et al. 2012). An elevated resting HR is also 

indicative of a worse prognosis in those with CAD (Diaz et al. 2001). By treating 

appropriately these risks can be reduced (Harris et al. 1979, Nicholls et al. 2011). 

The worst outcomes occur in patients with reduced left ventricular (LV) systolic 

function, heart failure, multivessel disease, proximal affected CAD, large 

ischemia, impaired functional capacity, depression, severe angina, and older age 

(Califf et al. 1988, Ladwig et al. 1994, Califf et al. 1996). 

Epidemiological studies of vasospastic angina and microvascular angina are 

missing, but recent clinical data suggest that abnormal vasomotion is present in 

two-thirds of patients suffering from angina but with angiografically negative 

findings (Ong et al. 2012). Takotsubo cardiomyopathy (TCM) is a transient 

resolving wall motion abnormality of the LV apex or basal as inverted TCM with 

open epicardial coronary arteries accompanied mostly with emotional stress 

(Song et al. 2011). Originally takotsubo was a Japanese word for a pot with a 

narrow neck and a round bottom used to catch octopuses. Left ventriculography 

in the systole of patients with TCM shows such a shape. The number of TCM 

cases reported is increasing rapidly. This acquired cardiomyopathy has also been 

called stress-related cardiomyopathy (Pavin et al. 1997), broken heart 

(heartbreak) syndrome, transient LV apical ballooning syndrome, and ampulla 

cardiomyopathy (Sharkey et al. 2011). TCM envolve 1–2% of all patients with 
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suspected ACS, and most of these patients are postmenopausal women (Wedekind 

et al. 2006)). For men, physical stress might play an important role in the progress 

of TCM (Kurisu et al. 2010). Even though the pathogenesis is open, Wittstein et 
al. (2005) found a two to three times higher serum catecholamine concentration in 

patients with TCM than that in patients with normal myocardial infarction 

(Wittstein et al. 2005). 

The diagnosis and assessment of CAD involves a clinical evaluation and 

heart specific investigations such as stress testing and coronary imaging. The goal 

of management of CAD is to reduce symptoms and improve prognosis through 

lifestyle modification, control of risk factors, evidence based pharmacological 

therapy, and patient education. Pharmacological treatment of CAD includes 

angina/ischaemia relief with nitrates and betablockers and/or calcium channel 

blockers and event prevention with low-dose aspirin, statins and angiotensin 

converting enzyme (ACE) inhibitors for high risk patients. If the patient has 

significant CAD and ischaemia (>10% myocardium), in addition to optimal 

medical therapies the options are revascularization by percutaneous coronary 

intervention (PCI) or coronary artery bypass grafting (CABG), considering 

individual findings and needs (Montalescot et al. 2013). 

2.2.1 Pathogenesis of coronary artery disease 

The development of CAD begin from minimal structural changes and micro-

injuries in the arterial endothelium, which are perhaps caused by risk factors such 

as hypertension, inflammation, elevated cholesterol, smoking, free radicals, or 

differences in blood flow dynamics in, e.g., the bending points of arteries and 

areas near branching vessels. Damage in the inner wall of an artery and 

accumulation of low-density lipoprotein (LDL) activate a process called 

atherosclerosis, in which lipids, platelets, and macrophages aggregate on the 

artery wall, leading to development of fibrotic or lipid plaque. This plaque 

narrows the arteries and decreases blood flow to the heart muscles, causing 

ischaemia and angina, the typical symptoms of CAD. In some cases, the surface 

of plaque can rupture, causing platelets to clump and blood to clot. This process 

obstructs blood flow completely or partly and causes an AMI (Fuster et al. 1992a, 

Lusis 2000). A myocardial infarction is defined in pathology as myocardial cell 

death due to prolonged ischaemia. After the onset of ischaemia, histological cell 

death is not immediate but take a finite period of time to develop about 20 

minutes or less in some animal models (Jennings & Ganote 1974) 
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Already in younger age small accumulations of macrophages and 

macrophages containing lipid droplets have been seen in the coronary arteries. At 

late middle age these initial small changes develop over decades into plaques that 

obstruct arteries. High levels of circulating LDL and its accumulation in the 

arterial subendothelial matrix is a primary initiating event in the progression of 

atherosclerosis over time (Lusis 2000, Stary 2000). Since the development of 

CAD is often slow and most individuals with this chronic disease show no 

symptoms until the advanced state of the disease, it can progress without 

symptoms until myocardial infarction finally occurs. However, the progression of 

early atherosclerotic lesions to clinically manifest atherosclerotic plaques with 

obstruction and symptoms of angina is often more rapid in persons with many 

coronary risk factors (Fuster et al. 1992b).  

Multiple prospective studies have shown that low socio-economic status, low 

educational level, holding a low-status job, low income, or living in a poor 

residential area poses an increased all-cause and CVD mortality risk (Albert et al. 
2006, Stringhini et al. 2010, Blomster et al. 2013). Low social support and 

disconnection from other people add to the risk of dying prematurely from CVD 

(Frasure-Smith et al. 2000) (Burg et al. 2005). 

Stress in family life and at work shows some evidence that work-related 

stress (e.g., job strain, lack of social support, and high psychological demands) 

are risk factors for ACS (HR 1.34, 95% CI 1.1–1.63) (De Vogli et al. 2007, Eller 

et al. 2009). According to guidelines, clinical depression and depressive 

symptoms predict the risk of CAD while social support seems to counteract the 

adverse effect of depression (Fifth Joint Task Force of the ESC on CVD 

prevention in clinical practice 2012) (Perk et al. 2012). Anxiety is an independent 

risk factor for incident CAD (HR 1.26, 95% CI 1.15–1.38) (Roest et al. 2010a) 

and for adverse events after AMI (Roest et al. 2010b). Hostility is a personality 

trait characterized by experience of rage, mistrust, and anger, and the tendency to 

engage in maladaptive social relationships. Furthermore, hostility and anger are 

associated with an increased risk for cardiovascular problems in both CAD and 

healthy populations. The incidence of AMI onset was 2.43-fold higher (95% CI, 

2.01–2.90) within two hours of an outburst of anger, and the association was 

consistently stronger with higher intensities of anger (p < 0.001) (Chida & 

Steptoe 2009) (Mostofsky et al. 2013). Inability to express anger could have 

particular importance, as patients with CAD who suppress their anger had more 

adverse cardiac events in a six-year follow-up (OR 2.87, 95% CI 1.15–7.15, 

p = 0.024) (Denollet et al. 2010). A personality trait and an emotional state, anger 
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is associated with development of myocardial ischemia during emotional stress 

but not in exercise or pharmacological stress in CAD patients (for state-anger, the 

summed-difference score is 0.36, 95% CI, 0.14–0.59 and for trait anger, 0.95, 

95% CI 0.21–1.69) (Pimple et al. 2015). 

In contrast to anxious symptoms and isolated depression, which often occur 

in episodes, the type D (‘distressed’) personality includes an enduring tendency to 

experience negative affectivity and social inhibition. The type D personality 

predicts a two-fold risk of recurrent AMI or death in patients with CAD compared 

with non-Type D patients (HR 2.23, 95% CI 1.14–4.35) (Martens et al. 2010). 

In many situations, psychosocial risk factors are the same in individuals and 

groups. The mechanism link between psychosocial factors and increased CVD 

risk often includes an unhealthy lifestyle, increased healthcare utilization, and low 

adherence to cardiac medication or behaviour-change recommendations. Also, 

persons and patients with chronic stress and/or depression show changes in 

autonomic function in the hypothalamic – pituitary axis and in other humoral 

markers, which the affect inflammatory and haemostatic process, myocardial 

perfusion, and endothelial function. There is limited evidence that routine 

screening for psychosocial risk factors contributes to fewer future cardiac adverse 

events, as screening has not yet translated into improved healthcare models (Perk 

et al. 2012). 

2.2.2 Cardiovascular autonomic function in coronary artery disease 

Cardiovascular autonomic function is altered among patients with CAD 

(Airaksinen et al. 1987, Huikuri et al. 1994b). HRV is significantly lower in 

patients with CAD compared with healthy persons of the same age (Bigger et al. 
1995). Autonomic dysfunction occurs after an AMI especially during the first 

months and HRV measured after an AMI, is substantially higher than variability 

measured in the very early post-infarction phase, but is still at lower level than in 

healthy persons (Kleiger et al. 1991, Jokinen et al. 2003). 

Measures of HRV differ also between patients with stable CAD and those 

with CAD complicated by AMI (Huikuri & Mäkikallio 2001). High-frequency 

fluctuation of HR has been reduced in patients with stable CAD (Huikuri et al. 
1994a), whereas reduced overall HRV has been seen after AMI (Bigger et al. 
1995). HR fluctuations are commonly minor in the low-frequency area in patients 

with AMI and problems with LV function (Lombardi et al. 1996). HR recovery, 

similarly to HRV, is reduced statistically significantly (p = 0.0001) in patients 
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with stable CAD, indicating deceleration in responses of ANS and blunted vagal 

reactions after cessation of exercise (Evrengul et al. 2006). The severity of CAD 

has been linked independently to abnormal HR recovery in the post-exercise 

phase (Ghaffari et al. 2011). 

2.3 Blood coagulation 

In all mammals the blood coagulation system involves a cellular component and a 

protein component, which with its close interaction with immunity is a key 

survival mechanism against fatal bleeding. The coagulation process is a dynamic 

interwoven array of multiple processes. Classically, thrombosis is divided into 

three different forms: venous, arterial and the mixed microvascular form 

(Kleinegris et al. 2012). Virchow originally created the triad for venous 

thrombosis the components of the blood, the state of the vessel wall, and blood 

flow but now the same principles can be applied to arterial and the mixed 

microvascular form, being part of a continuous spectrum of the same disease 

(Virchow 1881, Bagot & Arya 2008, Prandoni 2009). Virchow´s ideas have been 

updated, as abnormal blood constituent changes in platelet function, coagulation, 

and fibrinolysis factors are influenced by metabolic, hormonal, and inflammatory 

elements. Vessel wall changes in arterial problems are caused by atherosclerosis 

in hemorrheology and/or turbulence in the bifurcations and stenotic regions that 

enable the formation of local arterial thrombosis (Lip & Blann 2000, Rauch et al. 
2001, Jerjes-Sanchez 2005). One of the primary events in venous thrombosis is 

impaired oxygenation of the venous endothelium evoked by impaired flow (Zhai 

et al. 2015). 

Tissue factor exposure to coagulation is followed by a stepwise activation of 

coagulation zymogens and culminate in the generation of thrombin, which as a 

key regulator of coagulation converts fibrinogen into fibrin (Borissoff et al. 
2011). 

In normal conditions there is a basal level of activated coagulation maintained 

in a tissue factor-dependent manner, providing rapid response to injury (ten Cate 

et al. 1993). A fibrinolytic pathway is initiated by endothelial cell-derived tissue 

plasminogen activator, which converts plasminogen to plasmin. Plasmin degrades 

the fibrinogen system, limiting the size of the formed clot. Coagulation and 

fibrinolysis are regulated in a fine-tuned, complex manner. 

There are some in vivo works showing that stress enhances arterial 

thrombosis via the sympathetic nervous system Blood-borne tissue factor (TF) 
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has a contributing effect, whereas vessel wall TF, circulating coagulation factors, 

platelets, inflammation, and fibrinolysis do not appear to play a role (Stampfli et 
al. 2014). At the site of a wound or in the area of endothelial injury, the 

glycoprotein (GP) IbIXV-complex mediates initial platelet adhesion to von 

Willebrand factor deposited on the subendothelium. Activation of platelets leads 

to redistribution of glycoprotein V (GPV) within the platelet membrane 

framework and to its proteolysis from the platelet surface and accumulation into 

plasma (Michelson et al. 1996). Soluble GPV can thus be used as a plasma 

marker of in vivo platelet activation (Aleil et al. 2006) 

Catecholamines exert their effects via alpha- and beta-adrenoceptors. There 

are approximately 250 stimulatory β2-adrenoceptors and 50 stabilizing β2-

adrenoceptors on the surface of each platelet (Kerry et al. 1984). ADR and NOR 

are considered to be relatively weak platelet agonists themselves, but even at 

physiological concentrations they enhance the response of other agonists like 

adenosine diphosphate (ADP), thrombin, and collagen (Lanza et al. 1988). NOR 

has been suggested to be an even more important platelet activator than ADR in 

vivo (Ardlie et al. 1985, Skogsberg et al. 2000).  

The thrombin-antithrombin complex (TAT) and prothrombin fragments 1+2 

(F1+2) are markers of thrombin generation. In the final steps of blood coagulation 

prothrombin factor II (F II) is cleaved by prothrombinase to yield thrombin and 

F1+2. The primary inhibitor of free thrombin in plasma is antithrombin; the TAT 

complex is formed when thrombin binds covalently to antithrombin. In general, a 

TAT is considered to be a more sensitive marker of thrombin generation than 

F1+2 (Wallen et al. 1999).  

The effect of mental stress on thrombin generation has been assessed earlier 

in healthy young individuals (Wallen et al. 1999), showing an increasing 

tendency of TAT levels, whereas F1+2 levels were not affected. In patients with 

atherosclerosis, coagulation is upregulated even at rest, and thrombin generation 

is accelerated more during physical exercise when compared with healthy 

controls (Mustonen et al. 1998). Catecholamines are known to release Factor VIII 

(FVIII) and von Willebrand factor from endothelial cells but not to a great extent 

until 95% to 100% of maximal oxygen consumption is achieved. Thus the 

intensity of exercise strongly affects the release of these factors, as well as D-

dimer, F1+2, and TAT levels (Andrew et al. 1986, Lee & Lip 2003).  
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2.4 Cardiac biomarkers 

Inflammation plays a key role in the initiation, progression, and development of 

an array of cardiovascular diseases such as hypertension, atherosclerosis, 

restenosis after balloon angioplasty, nephropathy, and cardiomyopathy (Tracy 

1998).  

2.4.1 Endothelin-1 

First described by Yanagisawa (Yanagisawa et al. 1988) as a 21-amino acid 

endothelium-derived peptide, endothelin induces vasoconstriction in a variety of 

vascular beds. Endothelins are potent regulators of vascular tone, and they also 

have mitogenic, apoptotic, and immunomodulatory properties (Rubanyi & 

Polokoff 1994, Kedzierski & Yanagisawa 2001). ET-1 signals through two G 

protein-coupled receptor isoforms, endothelin A and B. The endothelin B (ETB) 

receptor is the primary isoform expressed in the arterial endothelium (Takayanagi 

et al. 1991) when both receptors are co-expressed in the smooth muscle of the 

vessel (Yu et al. 2012). ETB produces vasorelaxing factors such as nitric oxide 

and prostacyclin in the endothelium (Rich & McLaughlin 2003), but the precise 

function of ETB in the smooth muscle has not been resolved. Both receptors give 

signals via tyrosine/serine kinase cascades such as the RAF/MEK/MAPK 

pathway (Nilsson et al. 2008, Yu et al. 2012). 

The 21-aa peptides ET-1, -2 and -3 are called endothelins; they share 

structural homology with snake venom sarafotoxin b and c (Mazzuca & Khalil 

2012). ET synthesis starts with preproET gene transcription and is then followed 

by the production of 203-aa preproETs, which are cut by furin-like protease into 

smaller biologically inactive 37- to 41-aa big ETs. These ETs are in turn cleaved 

by ET- converting enzymes (ECEs) to produce active ET peptides (Luscher & 

Barton 2000). ET-1 is cached in Weibel-Palade bodies in the endothelium 

(Russell et al. 1998). Mechanical shear stress or chemical stimuli activate the 

endothelial cells, which enhance cytosolic Ca2+ influx (Russell et al. 1998), and 

then these storage granules migrate from the cytoplasm to the plasma membrane 

and liberate ET-1 by exocytosis (Lowenstein et al. 2005). Free ET-1 then acts in a 

paracrine or autocrine fashion on ET receptors in the endothelial cells and smooth 

muscle cells (Luscher & Barton 2000). Airway epithelial cells, fibroblasts, 

leukocytes, mesangial cells and cardiomyocytes also secrete ET-1 (Hynynen & 

Khalil 2006). ET synthesis is regulated mostly at the gene transcription level. 



37 

PreproET-1 mRNA is upregulated in response to vasoactive agents such as 

angiotensin II and cytokines such as tumor necrosis factor alpha (TNF-α) and 

transforming growth factor (TGF-β), also and during cardiovascular stress 

(Schiffrin & Touyz 1998, Hynynen & Khalil 2006). Hypoxia is a significant 

stimulus of ET-1 signaling and synthesis (Kang et al. 2011, Luo et al. 2012). A rat 

in normobaric hypoxia also stimulates preproET-1 gene expression (Elton et al. 
1992). Hypoxia-induced upregulation of ET-1 probably plays an important role in 

pulmonary arterial hypertension. PreproET-1 mRNA expression increases and 

then decreases during shear stress, and is downregulated by prostacyclin, nitric 

oxide (NO), and natriuretic factor (Hynynen & Khalil 2006).  

The plasma levels of ET-1 are as low as 0.7 to 5 pg/mL in healthy human 

adults, maybe due to its continuous clearance and metabolism. In adults, 24-hour 

urinary ET excretion varies from 1.7 pg/mL to 6.8 ng/mL (Hynynen & Khalil 

2006). Endothelial ETBRs called clearance receptors take part in ET clearance 

from the circulation (Kedzierski & Yanagisawa 2001) and the lungs by means of 

degradation and endocytosis (Dupuis et al. 2000). ET-1 is quickly removed from 

the circulation after the intravenous injection and remains primarily in the lungs, 

liver, and kidney, and this effect is possibly inhibited by ETBR, but not by ETAR 

antagonists (Fukuroda et al. 1994). Plasma ET-1 levels increase also during an 

ETBR blockade and in ETBR-deficient rats (Gariepy et al. 2000). The lungs 

contain the greatest ETBR density, as they have half of the endothelium of the 

vascular tree. The pulmonary endothelium acts as an efficient eliminating 

mechanism, retaining 60% of ET-1 at each pulmonary pass (Dupuis et al. 2000). 

The liver and kidneys have their own role in ET-1 clearance, and bilateral 

nephrectomy impairs clearance of exogenous ET-1 in rats (Shi et al. 1994). 

Three isoforms of endothelin have been identified to date, with ET-1 being 

the best studied. ET-1 is classically considered to be a potent vasoconstrictor. 

However, in addition to the effects of ET-1 on vascular smooth muscle cells, the 

peptide is increasingly recognized as a pro-inflammatory cytokine (Sessa et al. 
1991, Teder & Noble 2000). ET-1 causes platelet aggregation and plays a role in 

increased expression of leukocyte adhesion molecules, the synthesis of 

inflammatory mediators contributing to vascular dysfunction. 

2.4.2 Interleukin-6 

IL-6 is a secreted cytokine that assigns its biologic effects by binding to two cell 

surface receptors, IL-6Rα and gp130 (Taga et al. 1989, Hibi et al. 1990, 
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Kishimoto et al. 1992). The assembly of the IL-6·IL-6Rα·gp130 complex on the 

cell surface starts to activate the janus kinase family of tyrosine kinases and the 

downstream STAT3 transcription factor (Ihle et al. 1994, Stahle et al. 1999). In 

cells that express IL-6Rα, IL-6-dependent activation of the signal-transducing 

gp130 receptor is mediated by membrane-bound IL-6Rα. IL-6 in a complex with 

soluble IL-6Rα can alternatively activate gp130 in cells (Jones et al. 2005). 

As a pleiotropic cytokine, IL-6 regulates many cellular functions including 

apoptosis and proliferation. IL-6 has an important role in inflammation and 

modulates the development of several processes, including cardiovascular disease 

such as hypertension, where high circulating levels of IL-6 have been found. Type 

I diabetic rats have elevated circulating levels of IL-6 and enhanced blood vessel 

contractility (Tang et al. 2009). IL-6 overexpression in mice produces pulmonary 

vascular remodeling that is similar to that seen in patients with pulmonary 

hypertension caused by proliferative and antiapoptotic mechanisms (Steiner et al. 
2009). IL-6 also modulates vascular reactivity. Treatment of isolated human 

vessels from various organs with IL-6 results in increased vascular tone (Iversen 

et al. 1999). IL-6 mediates the development of CAD and is a predictor of sudden 

death (Empana et al. 2010). IL-6 effects on the vascular system are mediated via 

NF-κB signaling, which plays a key role in vascular remodeling. Inhibition of 

NF-κB via deletion of IκBNS, a nuclear IκB regulatory protein of NF-κB, reduces 

intimal hyperplasia after vascular injury in mice via NF-κB-mediated IL-6 

production (Niida et al. 2012). 

High levels of IL-6 are associated with obesity (Yudkin et al. 1999) and 

further associated with physical inactivity, independently of obesity (Fischer et al. 
2007), and it is possible that the correlational relationships between IL-6 and 

insulin resistance may be ascribed to IL-6 being a marker of obesity and physical 

inactivity. Due to the observation that plasma IL-6 is often elevated in patients 

with metabolic disease, the common belief is that IL-6 is a cause of chronic 

disease and that IL-6 is a proinflammatory cytokine that promotes insulin 

resistance and hyperlipidemia. 

A high concentration of IL-6 has been found in lipid pure fiber blocks of 

atherosclerotic plaque (Rus et al. 1996) and is a promoting factor for 

atherosclerosis and plaque rupture (Ikeda et al. 2001). IL-6 levels increase when 

plaque has inflammation or rupturing (De Gennaro et al. 2012). Serum IL-6 

concentrations have been found to be elevated in ACS patients compared with 

health and other CAD patients groups (Burazor et al. 2008, Lai et al. 2011). 

Elevated IL-6 levels were independent predictors of cardiac death, myocardial 
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infarction, major adverse cardiac events, and late stent thrombosis in patients with 

unstable angina after PCI who had not received statin pretreatment, suggesting a 

role for IL-6 in inflammatory risk assessment (Chen et al. 2014). IL-6 was 

superior to hs-CRP in predicting all the end-points (HR 1.337, 95% CI 1.234–

1.449, p < 0.001) (Chen et al. 2014). Serial samples of IL-6 concentrations 

improved the prognostic risk stratification of non-ST-elevation myocardial 

infarction (NSTEMI) patients (C-index was 0.39, 95% CI 0.14–0.64, p = 0.002) 

(Lopez-Cuenca et al. 2013).  

Hostility, particularly cynical hostility, may be detrimental to (younger) 

women. The TNF-α, IL-6, CRP triad appears vulnerable to psychological and 

behavioral factors, and may be one mechanism by which cynical hostility 

measured by the Cook-Medley Hostility Inventory contributes to increased 

cardiovascular risk in women. Prospective research is needed to verify this 

(Boisclair Demarble et al. 2014). In rats, restraint upregulates IL-6 mRNA 

expression in IL-6 neurons of the hypothalamo-neurohypophyseal system (HNS) 

and also elevates circulating IL-6 levels, indicating HNS importance in 

psychological stress (Jankord et al. 2010). Circulating levels of IL-6 and CRP, but 

not the soluble forms of the receptor (sIL-6R) or the receptor signalling subunit 

(sgp130), were associated with the extent of myocardial necrosis. The biological 

importance of the IL-6/gp130-mediated signaling pathways in patients with acute 

myocardial infarction and dysglycemia should be further elucidated (Ritschel et 
al. 2013). 

2.4.3 Tumor necrosis factor alpha 

TNFα is a key proinflammatory cytokine that regulate the expression of many 

genes of inflammation, oxidative stress, and antiapoptotic signaling pathways in 

virtually all types of cells (Parameswaran & Patial 2010). Aberrant TNFα 

signaling leads to the development of pathological conditions including 

cardiovascular disease, and therapeutic blocking of TNFα signaling has been 

proposed as the treatment of several inflammatory diseases, particularly 

rheumatoid arthritis and intestinal disease (Parameswaran & Patial 2010). TNFα 

impairs endothelium-dependent NO mediated vasorelaxation in the coronary 

arteries or the carotid artery via superoxide radical production (Gao et al. 2005). 

Patients with high levels of circulating TNFα have a greater risk of developing 

CVD (Pelisek et al. 2009). In endothelial cells, TNFα induces the expression of 

IL-6, monocyte chemoattractant protein-1 (MCP-1), and cell adhesion molecules 
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(CAM) (Russo et al. 2002). Deletion of TNFα in mice inhibits intimal hyperplasia 

after carotid artery injury (Zimmerman et al. 2002), while increased expression of 

TNFα aggravates pulmonary hypertension in mice (Fujita et al. 2001). TNFα 

mediated inflammation plays an important role in vascular remodeling. Human 

carotid artery smooth muscle cells respond to TNFα with increased cell 

proliferation, whereas inhibition of circulating TNFα prevents carotid artery post 

injury media remodeling and neointima formation in rats (Lambert et al. 2010). 

TNFα inhibition has been shown to improve endothelium function by stimulating 

endothelial cells regeneration (Krasinski et al. 2001). 

2.4.4 Nuclear factor kappa-light-chain-enhancer of activated B Cells  

Nuclear factor kappa-light-chain-enhancer of activated B Cells (NF-κB), a 

proinflammatory factor downstream of TNFα, plays a central role in regulating 

the expression of vascular inflammatory mediators interleukin-1 beta (IL-1β), IL-

6, TNFα, and MCP-1 in endothelial cells and other cell types (Han et al. 1999). 

Activated NF-κB induces vascular smooth muscle cell proliferation and mediates 

neointima hyperplasia after vascular injury (Landry et al. 1997). 

2.4.5 C-reactive protein 

Another marker of inflammation is C-reactive protein (CRP) which is considered 

a hallmark of acute-phase response and a predictor of cardiovascular event risk 

(von Kanel et al. 2012). CRP is mainly produced in the liver (Hurlimann et al. 
1966), but other cell types such as smooth muscle and endothelial cells of 

atherosclerotic arteries show CRP expression (Calabro et al. 2003). CRP plays a 

role in mediating vascular disease. In vitro studies show that CRP has 

proinflammatory and prothrombotic effects (Pasceri et al. 2000), inhibits 

endothelial progenitor cell differentiation and function (Verma et al. 2004), and 

upregulates angiotensin II type 1 receptors (Wang et al. 2003). CRP activates the 

classical complement signaling cascade, which plays a key role in neointima 

formation in injured vessels (Hage et al. 2010). Circulating CRP levels correlate 

with several inflammation markers including inflammatory cytokines, cell 

adhesion molecules, markers of activated platelets, and white cells (Libby & 

Theroux 2005). All of these inflammation markers are also predictive of coronary 

artery events (Danesh et al. 1999). 
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2.4.6 The effect of exercise on cardiac and inflammatory biomarkers  

Some findings show that exercise training could change inflammatory responses, 

depending on the exercise, training level, health status, and age. Ostrowski et al. 
found messenger ribonucleic acid (mRNA) of IL-6 from muscle samples 

immediately after a marathon run that correspended to plasma levels, and on the 

contrary, TNF 	 mRNA was not detected (Ostrowski et al. 1998). The first 

cytokine to appear in the circulation is IL-6, exponentially increasing while the 

exercise continues and quickly dropping after the exercise period (Toft et al. 
2002). IL-6 caused by muscular contraction may have some vigorous anti-

inflammatory effects, since IL-6 triggers an inhibitory effect on TNF 	 and IL-1 

production (Schindler et al. 1990) and stimulates the production of IL-10 and IL-

1 receptor antagonist (Smith et al. 2000, Steensberg et al. 2000, Phillips et al. 
2010). Some exercise induced IL-6 production originates from the CNS (Nybo et 
al. 2002). Lopes et al. (2010) have shown that aerobic exercise training in 

infarcted rats increased the ratio of IL-10/TNF 	 in the soleus muscle of animals, 

emphasizing the anti-inflammatory effect of exercise after an ischemic event 

(Lopes et al. 2010). Individuals with increased risk of CAD presented a reduction 

in IL-6, IL-1, TNF 	, and CRP-levels, as well as incrementing cytokines, such as 

IL-10, and transforming growth factor beta (TGF-β1) after an aerobic exercise 

training program (Smith et al. 1999). Volaklis et al. have also found that IL-10 

and IL-6 levels increased (p < 0.05) immediately after two different resistant 

exercise programs with no differences between programs. Interferon-γ was 

significantly lower (p < 0.05) one hour after the low intensity program, whereas 

TGF-β1 increased (p < 0.05) immediately after the lower intensity program. 

There were no differences in TNFα and hs-CRP levels (Volaklis et al. 2015). ET-

1 seems to be an important signaling molecule in the response to exercise plasma 

levels of arginine vasopressin, angiotensin II, and ET-1 enhancement during 

exercise, especially at greater intensities but not at lighter exercise levels (Maeda 

et al. 2003). Cardiac troponins and natriuretic peptides are also known to react 

following intense endurance exercise (La Gerche et al. 2015). 

2.5 Physical activity, exercise capacity and emotional stress 

Physical activity has been defined as any body movement caused by contraction 

of skeletal muscles, increasing the amount of energy above a basal metabolic rate 

(Caspersen et al. 1985). Commonly used categories of physical activity include 
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occupational, leisure-time, household, self-care, and transportation or commuting 

activities. Cardiorespiratory fitness is described as the ability of the circulatory 

and respiratory systems to enhance oxygen during physical activity (Caspersen et 
al. 1985). Exercise capacity, being a part of cardiorespiratory fitness, has been 

defined as the maximum amount of resisted physical exertion (Goldstein 1990).  

Cardiorespiratory fitness can be objectively measured by an incremental 

exercise stress test, either on a bicycle or a treadmill ergometer, directly by 

respiratory gas exchange analysis in a maximal incremental exercise test or 

indirectly in a graded sub-maximal exercise test (Åstrand & Rodahl 1986, 

Fletcher et al. 2001, Vanhees et al. 2005). Indirect measurement of maximal 

oxygen uptake is based on the assumption of a linear relationship between HR 

and oxygen uptake and extrapolation of a submaximal HR to a known or 

predicted maximal HR (Åstrand & Rodahl 1986). When an exercise test is 

performed according to a generally accepted incremental protocol, exercise 

capacity can be measured accurately from the duration, workload, or stage of 

exercise at the end of the test (Fletcher et al. 2001, Vanhees et al. 2005).  

The intensity of physical activity and exercise capacity can be expressed in 

multiples of metabolic equivalents (METs) (Jette et al. 1990, Howley 2001). One 

MET as a unit is the rate of energy expenditure at rest (approximately 1 kcal per 

kilogram of body weight per hour) equate to oxygen consumption of 

approximately 3.5 milliliters per kilogram of body weight per minute for an 

average adult (Howley 2001). Exercise capacity of 12 METs is normal for healthy 

men, while athletes could reach values as high as 18 to 24 METs (Fletcher et al. 
2001). Capacity less than 5 METs in CAD patients can be classified as low and 

exercise capacity more than 8 METs as high (Martin et al. 2013), and for high 

risk coronary patients capacity less than 5 METs is a mortality factor (Myers et al. 
2002, Kokkinos et al. 2009a). 

In the general population, a sedentary lifestyle and low physical fitness 

increase the risk of CAD (Williams 2001). Exercise training and regular physical 

activity have a positive influence on the risk of CAD (Thompson et al. 2003). 

People with high intensity or amounts of physical activity have average risk 

reductions of one third for incidence of CAD compared with people with low 

amounts or intensity of physical activity, whereas those with moderate amounts or 

intensity of physical activity had risk reductions of one fourth (Sofi et al. 2008, 

Shiroma & Lee 2010), but for unfit people with very low levels of physical 

activity, even slightly more activity gives health benefits (Lee et al. 2003, 

Sattelmair et al. 2011). Each 1 MET increase in exercise capacity lowers the risk 
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of mortality by 13% in patients with cardiovascular disease, including CAD 

(Kokkinos et al. 2009b), especially in patients whose baseline capacity is lower 

than 5 METs (Martin et al. 2013).  

Long-term physical activity has a positive influence on cardiovascular 

autonomic function. Individuals with a lot of physical activity show significantly 

faster HR recovery and higher HRV indexes (Buchheit et al. 2005, Carnethon et 
al. 2005, Blom et al. 2009). Exercise training improves autonomic function in 

healthy persons and especially inactive persons (Levy et al. 1998, Schuit et al. 
1999, Tulppo et al. 2003, Jurca et al. 2004).  

The impact of regular exercise on psychological responses has been reviewed 

in randomized controlled trials by Hamer et al. (2006) which demonstrate the 

positive effect of acute aerobic exercise on blood pressure responses to 

psychological laboratory tasks (Hamer et al. 2006). Furthermore, in subjects with 

untreated metabolic syndrome, aerobic exercise immediately inhibited emotional 

stress-induced endothelial dysfunction and increased shear rate during exercise 

contributing to that (Sales et al. 2014). There is also evidence for HPA axis 

negatively feedback in healthy man with short exercise but especially in higher 

aerobic fitness demonstrating lower cortisol responses to stress tasks (Zschucke et 
al. 2015). Figure 1 shows a conceptual summary model of how stress may be 

linked to prothrombotic states and thrombosis according Austin et al. 2013 

(Austin et al. 2013). 
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Fig. 1. Processes in the relationship between stress, hemostasis, and thrombosis. 

Depending on cortical information processing and appraised coping resources, 

environmental challenges initiate autonomic- and neuroendocrine-driven changes in 

the hemostatic system. Several demographic and health-related factors rnodulate and 

acquired prothromhotic conditions enhance the prothromhotic stress response, 

which may become pathological if excessive or chronic, thereby increasing 

thrombosis risk. Coag, coagulation activation; FL, fibrinolysis activation; HPA, 

hypothalamic—pituitary—adrenal axis; SNS, sympathetic nervous system 

(↑ = increased, ↓ = decreased). Modified from Austin et al. 2013 (Austin et al. 2013). 
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3 Aims of the study 

The specific aims of this serial study were: 

1. to evaluate changes in autonomic regulation measured by HRV and 

ambulatory BP in enthusiastic ice hockey fans with CAD during play-off ice 

hockey matches in Oulu. Furthermore, to compare autonomic responses 

between emotional excitement and physical exercise. 

2. to compare changes in plasma ET-1 and IL-6 levels, and blood coagulation 

and platelet activation, caused by leisure-time emotional excitement in 

patients with stable CAD with those caused by a physical bicycle exercise 

test. 

3. to investigate changes in autonomic regulation, inflammation, 

catecholamines, platelet activation and blood coagulation markers to 

emotional excitement between healthy subjects and patients with CAD.  

4. to test the hypothesis that physical fitness is associated with physiological 

response among patients with documented CAD by studying the possible 

association between maximal exercise capacity and individual responses in 

plasma ET-1, IL-6, catecholamines, HR, and HRV caused by leisure-time 

emotional excitement in patients with stable CAD. 
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4 Materials and methods 

4.1 Population selection 

The patients were selected from the ARTEMIS (Innovation to Reduce 

Cardiovascular Complications of Diabetes at the Intersection, registered at 

ClinicalTrials.gov, Record 1539/31/06) study database comprised of 665 patients 

with CAD who underwent a thorough evaluation of their cardiovascular status, 

including a baseline examination performed by a cardiologist, echocardiography, 

an exercise stress test, and 24-hour Holter recordings. CAD and its severity were 

assessed by coronary angiography at Oulu University Hospital within six months 

of inclusion. To maximize the likelihood of emotional arousal, a consecutive 

series of 162 male candidates out of 665 patients were interviewed by telephone 

about their devotion to spectator sports and the most enthusiastic ice hockey fans 

were chosen for the present investigation (55 males) based on their interest in ice 

hockey during the season (Figure 2). Only males were selected for the study since 

based on a previous study, cardiac event triggered by sports are more common 

among males than females (Wilbert-Lampen et al. 2008). 

The characteristics of the patients in studies I, II, and IV are presented in 

Table 1 and medication data in Table 2. In study III, healthy subjects known as 

ice-hockey fans were recruited with flyers and via the internet by e-mail (n = 16, 

all males). All the healthy subjects (age 48 ± 6 years, range from 41 to 60 years, 

body mass index BMI 26 ± 2 kg/m2, maximal exercise capacity in a maximal 

bicycle exercise stress test 242 ± 39 W, maximal METs 9.9 ± 1.7, maximal HR 

176 ± 10 beats/min) and all the CAD patients less than 61 years of age were 

included in the final analysis (n = 18 out of 55 (33%), age 51 ± 6 years, range 

from 45 to 60 years, BMI 29 ± 4 kg/m2, maximal exercise capacity in a maximal 

bicycle exercise stress test 183 ± 33 W, maximal METs 7.2 ± 1.5, maximal HR 

143 ± 21 beats/min, 17 patients on beta blockade). Patients older than 60 years 

were excluded since it´s well known that age has significant effects on HRV 

values (Tulppo et al. 1998b). The healthy subjects were tested with a bicycle 

ergometer to diagnose asymptomatic CAD; those with more than 1 mm ST 

segment depression were excluded (n = 0).  

In study IV two patients were excluded from the final analyses because of a 

change in their cardiac medication between the match and the exercise test and 

two patients did not participate in the exercise test (n = 51, all males). 



48 

 

 

Fig. 2. Patient selection protocol from the ARTEMIS database. 

4.2 Ethical aspects 

All the subjects gave informed consent before participating. This sub-study of the 

ARTEMIS project, including healthy subjects, was approved by the Ethics 

Committee of Oulu University Hospital and was deemed to comply with the 

Declaration of Helsinki. 

ARTEMIS Database n=665
Phone call for 162 patients

Are you interested in sport?

What kind of sport you are interested in?

Yes n=121 No n=41

Team sport n=83 Individual sport n=38

What kind of team sport you are interested in?

Ice hockey n=58 Other n=25

Have you followed Team-Kärpät matches at this season?

55 patients selected into the study 

Yes n=55 No n=3
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4.3 Study protocol 

The subjects were spectators at Finnish National Ice Hockey League play-off 

matches held in the city of Oulu, Finland, in 2008, 2009, and 2011. The patient 

population was measured in 2008 (six different matches), and 2009 (three 

different matches) and the healthy subjects, in 2011 (three different matches). The 

subjects watched the match inside a private balcony of the ice hockey arena with 

an excellent view of the rink and a constant temperature of 20 ± 1°C, documented 

by thermometer. A baseline blood sample was collected before the match on the 

same day in Oulu University Hospital with the patient in a sitting position and a 

second sample was collected in the private balcony of the ice hockey arena 1.5 

hours after the beginning of the match, close to the second break. Subjective 

experience of excitement was assessed with a questionnaire (one value) during 

the match at the same time with the blood sampling (0 = none, 1 = very low, 2 = 

low, 3 = medium, 4 = high, 5 = very high excitement). 

Twenty-four-hour ECG recording was performed for all the subjects during 

the match day and during a control day within a one-week interval. Ambulatory 

BP measurements were performed for 17 out of 55 consecutive patients during 

the matches and on the control day at 2008. One patient was excluded from the 

final ambulatory BP analysis due to a change in antihypertensive medication, one 

due to atrial fibrillation, and one due to non-participation in the control recording, 

resulting 14 successful measurements (Table 1). Beat-to-beat BP, ECG, and 

respiration frequency were measured in 21 consecutive patients in Oulu 

University Hospital, located next to the ice hockey hall, on the morning of the 

match day and during the match in the ice hockey hall in 2008. The next day the 

same recordings were performed (Oulu University Hospital) during a dynamic 

bicycle exercise test targeting HR at the same level as that measured during the 

match. Two subjects were excluded because the same steady-state HR could not 

be maintained during the exercise (> 5 beats/min compared with the average HR 

during the match), one subject due to a significant number of ectopic beats during 

the exercise, and two subjects because coherence between the R-R interval and 

BP was <0.5 and therefore the BRS values could not be calculated, resulting in 16 

subjects in the steady-state exercise analysis.  

A multistage maximal bicycle stress test with continuous ECG recording was 

performed 2–4 weeks after the ice-hockey match for all the patients and healthy 

subjects. Blood samples were taken in a supine position before and immediately 
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after the exercise test. Blood pressure was measured before the exercise test in a 

sitting position on the bicycle and at 1-minute intervals during the exercise test. 

Table 1. Demographic characteristics of the Artemis study populations. 

Variable All 

n = 55 (%) 

Ambulatory ECG11 

n = 40 (%) 

Ambulatory BP12 

n = 14 (%) 

Beat-to-beat BP 

n = 21 (%) 

Male 55 (100) 40 (100) 14 (100) 21 (100) 

Age (years)1 60 ± 10 60 ± 9 60 ± 9 58 ± 11 

BMI1,2 29 ± 4 29 ± 4 28 ± 4 29 ± 4 

Type 2 Diabetes 23 (42) 18 (46) 7 (50) 8 (42) 

Current smokers 3 (5) 2(5) 2 (14) 2 (10) 

Sleep apnea 5 (9) 4 (10) 0 2 (10) 

Hypertension 33 (60) 24 (60) 7 (50) 14 (67) 

History of AMI3 26 (47) 17 (43) 7 (50) 10 (48) 

Revascularized 47 (85) 34 (85) 13 (93) 17 (81) 

CABG4 19 (35) 16 (40) 7 (50) 4 (19) 

PCI5 31 (56) 20 (50) 7 (50) 11 (52) 

Angina pectoris     

CCS9 Class 1 46 (83) 35 (88) 11 (79) 15 (71) 

CCS Class 2 8 (15) 4 (10) 2 (14) 5 (24) 

CCS Class 3 1 (2) 1 (2) 1 (7) 1 (5) 

1-vessel CAD10 18 (33) 13 (33) 2 (14) 7 (33) 

2-vessel CAD 14 (25) 7 (18) 4 (28) 5 (24) 

3-vessel CAD 23 (42) 20 (50) 8 (56) 9 (43) 

Cardiac function     

LVEF1,6 65 ± 7.7 64 ± 7 65 ± 10 64 ± 9 

E´/E1,7 10 ± 4.1 11 ± 4.3 9.2 ± 2.5 9.1 ± 4.3 

LVH1,8 19 (35) 14 (35) 5 (36) 6 (29) 

Bicycle stress test     

max load (W)1 169 ± 40 166 ± 36 160 ± 38 172 ± 43 

METs1,13 6.8 ± 1.7 6.8 ± 1.6 6.7 ± 1.7 7.0 ± 1.8 

max ST depression>1 mm 19 (33) 15 (38) 4 (29) 5 (24) 

max heart rate, beats/min1 135 ± 20 135 ± 20 135 ± 22 132 ± 19 

1 Values are means ± SD, 2 body mass index, 3 acute myocardial infarction, 4 coronary artery by-pass 

grafting, 5 percutaneus coronary intervention, 6 Left Ventricular Ejection Fraction, 7 basal septal E`with 

tissue Doppler ratio to mitral inflow E wave, 8 left ventricular hypertrophy, 9 Canadian cardiology society, 
10 coronary artery disease, 11 Electrocardiography, 12 blood pressure, 13 maximal exercise capacity.  
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Table 2. Medication of the patients. 

Medication All 

n = 55 (%) 

Ambulatory ECG3 

n = 40 (%) 

Ambulatory BP4 

n = 14 (%) 

Beat-to-beat BP 

n = 21 (%) 

Aspirin 53 (96) 38 (95) 14 (100) 21 (100) 

Clopidogrel 21 (38) 12 (30) 6 (43) 8 (38) 

Warfarin 1 (2) 1 (3) 0 0 

Beta Blockers 52 (95) 38 (95) 14 (100) 21 (100) 

bisoprolol 35 (67) 24 (63) 7 (50) 15 (71) 

metoprolol 16 (31) 14 (37) 7 (50) 5 (24) 

atenolol 1 (2) 0 0 1 (5) 

Calcium antagonists 12 (22) 8 (20) 1 (7) 6 (29) 

ACEI1 or ARB2 37 (67) 28 (70) 12 (86) 18 (86) 

Diuretics 15 (27) 11 (28) 2 (14) 5 (24) 

Statin 55 (100) 40 (100) 14 (100) 21 (100) 

Insulines 6 (11) 4 (10) 1 (7) 2 (10) 

Oral antidiabetics 16 (29) 11 (28) 3 (21) 4 (19) 

Nitrates 14 (25) 9 (23) 5 (36) 2 (10) 

1 angiotensin conversion enzymes inhibitor, 2 angiotensin receptor blocker, ACEI or ARB the patients 

using at least one of them, 3 electrocardigraphy, 4 blood pressure. 

4.3.1 Ambulatory electrocardiogram 

Ambulatory electrocardiogram (ECG) was recorded with a digital Holter recorder 

(Medilog AR12, Huntleigh Healtcare, UK) with an accuracy of one msec and 

saved on a computer for further analysis with custom-made software, as described 

earlier in detail (Huikuri et al. 1990, Huikuri et al. 1994b) (HEARTS software 

Heart Signal Co, Kempele, Finland). First, HRV was analyzed over the entire ice 

hockey match (3 hours) and during the control measurement at the corresponding 

time of day (3 hours). Secondly, HR variability indices that showed significant 

differences between the match and control measurements were analyzed in one-

hour periods before, during, and after the match and on the control days to reveal 

more accurate temporal changes in these indices. Thirdly, the R-R intervals were 

analysed in 5 min periods during the match and the lowest and highest HR and 

HRV periods were used to calculate maximal changes in heart rate dynamics 

during the match. Seven patients were excluded from the analysis of HRV due to 

technical artefacts during the Holter recordings, four due to non-arrival to the 

agreed measurements, and four due to episodes of atrial fibrillation during either 

the match or the control measurements. 
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To exclude all undesirable beats, which accounted for < 2% of the data in 

each included subject, the R-R intervals were edited by visual inspection. We 

used the deletion method, which simply removes the edited R-R intervals and 

replaces each removed R-R interval with the following normal R-R interval (Salo 

et al. 2001). Mean HR, SDNN, and SDNNi (SDNN index) were used as time-

domain measures of HRV. The values of LF and HF power of R-R intervals were 

calculated from blocks of 512 beats. Heart rate, SDNN, SDNNi, and VLF power 

of R-R intervals were analyzed over the entire analysis period. The power 

spectrum densities of the HF and LF oscillations in the R-R intervals and LF to 

HF ratio were calculated after period level detrending of the data (Task Force of 

the European Society of Cardiology and the North American Society of Pacing 

and Electrophysiology 1996). 

4.3.2 Ambulatory blood pressure 

Ambulatory BP was recorded automatically every 15 min (SunTech Medical, 

USA) and average values were calculated over the entire match and during the 

control day. Average values of BP were also analyzed in one-hour periods before, 

during, and after the match and at a corresponding time on the control day. The 

maximum and minimum BP values were also analyzed during the match and the 

control day.  

4.3.3 Multimodal cardiovascular measurements 

Five-minute recordings of beat-to-beat signals and respiration frequency at the 

baseline (temperature 20° ± 1°C) and during the match (temperature 20° ± 1°C) 

were measured in a sitting position (spontaneous breathing) without any 

confounding factors such as body movements, breathe holding, eating, or 

drinking. The patients were instrumented and measured inside a private balcony 

in the hockey hall during the match with an excellent view of the rink. Standard 

lead-II ECG, continuous finger BP (Finapres, Ohmeda, USA and Finometer, 

Finapres Medical Systems, The Netherlands), and breathing by plethysmography 

(Pneumotrace, ADInstruments, Australia) were measured and collected using a 

PowerLab data acquisition system (PowerLab/8SP, ADInstruments, Australia) 

with a sampling frequency of 1000 Hz. BP was also measured with an automatic 

BP device by Dimensional K-Sound Analysis (Tango, SunTech, USA) two times 

during the baseline and the match. The finger BP values were corrected by 
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Dimensional K-Sound Analysis measurement (Imholz et al. 1998). The 

automated BP measurement by Dimensional K-Sound Analysis has been shown 

to be an accuracy method particularly e.g. during exercise with body movements 

(Cameron et al. 2004). R-R intervals and beat-to-beat systolic BP values were 

extracted from the continuous ECG and BP recordings as discrete event series 

that were then interpolated at 2 Hz (Tiinanen et al. 2008). In order to have time-

synchronous signals, respiration was down-sampled at 2 Hz, as well. 

Power spectral analyses of R-R intervals and systolic BP variability were 

performed with customized software using an autoregressive model (Burg's 

algorithm) (Tiinanen et al. 2008). The Akaike information criterion was used to 

determine the model order, validated by testing the whiteness of prediction error, 

separately for the R-R intervals and the systolic BP data. The power spectrum 

densities of the HF and LF oscillations in the R-R intervals and systolic BP were 

calculated (Task Force of the European Society of Cardiology and the North 

American Society of Pacing and Electrophysiology 1996). The spectral powers 

are presented as absolute units (ms2, mmHg2). BRS was analyzed using alpha 

(Pagani et al. 1988) and sequence methods (Bertinieri et al. 1985). BRS for the 

LF spectral band was also calculated after extracting the respiratory component 

(BRSLF-filtered) using an LMS (least mean square) adaptive filter described 

previously (Tiinanen et al. 2008). 

Steady state exercise test 

Exercising was started at an intensity of 30 W and increased by 10 W every 

minute until an average HR equal to the average HR during the ice hockey match 

was achieved (a difference < 5 beats/min compared with emotional excitement 

during the match) in each individual. This steady-state HR was maintained for a 

5-minute period without increasing the workload. The R-R intervals, BP, and 

respiration were recorded from the steady-state portion of the exercise test as 

described above.  

4.3.4 Blood collection and analysis 

Blood samples for determination of plasma catecholamines, markers of blood 

coagulation and platelet activation were collected by venipuncture from the 

cubital vein via a 20 G needle (Venoject, Terumo Medical Corporation, NJ, USA) 

connected to vacutained tubes. The first 5 ml of blood was discarded. Samples 1 
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and 2 (before and during the play-off matches) were collected in a sitting position 

and samples 3 and 4 (before and after the exercise test) were all collected in a 

supine position. The baseline samples were collected after a quiet steady period of 

3–5 minutes. To avoid any confounding effects, considerable attention was paid to 

proper blood collection, handling, and storage. All the laboratory analyses were 

performed in high-quality national reference laboratories.  

Analysis of ET-1 and IL-6 

The concentrations of ET-1 and IL-6 were determined from serum samples. 

Serum was prepared by allowing the blood to clot for 30 minutes followed by 

centrifugation at 2 000 × g for 10 minutes. The serum was stored at -20ºC until 

analyzed. ET-1 levels were analyzed using a sandwich, enzyme-linked 

immunosorbent assay (ELISA) (QuantiGlo Chemiluminescent Immunoassay, 

R&D Systems Inc., Minneapolis, MN) with a sensitivity of 0.064 pg/mL. Serum 

IL-6 levels were also analysed using a sandwich ELISA (Quantikine High 

Sensitivity Immunoassay; R&D Systems Inc, Minneapolis, Minnesota, USA) 

with a sensitivity of 0.039 pg/mL. 

Analysis of plasma catecholamines 

Catecholamines (NOR and ADR) were determined from blood samples collected 

in 10 ml plastic tubes containing EGTA (ethylene glycol-bis(2-aminoethylether)-

N,N,N’,N’-tetraacetic acid) and reduced glutathione as a preservative and placed 

on ice. The samples were centrifuged immediately and the plasma was stored 

frozen at –70ºC until analysed. The ADR and NOR were analyzed by high-

performance liquid chromatography with electrochemical detection (plasma 

catecholamine reagent kit and column from Chromsystems GmbH, Munich, 

Germany). Absolute recovery of catecholamines was 70–72%, and analytical 

recovery 96–99%, the linear range of the method was 0.06–40.0 nmol/L, the 

intra-assay variation was 4.1–6.7% for NOR and 3.5–8.5% for ADR, and the 

inter-assay variation was 7.1–7.2% for NOR and 7.6–10.1% for ADR.  

Markers of blood coagulation and platelet activation 

Markers of coagulation and platelet activation were determined from blood 

collected in 3.2% sodium citrate, except for the assessment of soluble 
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glycoprotein V (sGPV), for which the samples were collected in Biopool® 

Stabilyte™ 102080. Plasma was separated by centrifugation at 2 500 repeats/min 

and stored at -70ºC. Commercial ELISA´s were used as instructed by the 

manufacturers to analyse the haemostatic markers: TAT (Enzygnost® TAT) and 

soluble GPV (Asserachrom® sGPV) (Diagnostica Stago, Asnières, France). All 

the ELISA analyses were performed in duplicate. Fg was assessed with Clauss`s 

the functional method with bovine thrombin (FibrinogenC, HemosIL, 

Instrumentation Laboratory, MA, USA), vWFag was analysed by the immuno-

turbidometric method (STA-LIATEST, Diagnostica Stago, Asnières, France), and 

FVIII with a one-stage clotting assay (Dade Behring, Marburg, Germany). The 

intra-assay coefficients of variation were 3.1% for F VIII, 2.1% for vWFAg, 2.7% 

for Fg, 2.8% for sGPV, and 5.4% for TAT. 

4.3.5 Maximal exercise test, echocardiography and coronary 

angiography 

After the match days, all the subjects performed a maximal bicycle exercise stress 

test which started at 30 W, followed by an incremental protocol with the work rate 

increasing at a rate of 15 W every min. The CAD patients were encouraged to 

reach a symptom-limited maximal workload. Maximal ST-segment depression 

from 12-lead ECG was used as a measure of ischaemic changes at the time of 

exercise. Myocardial ischaemia certainly limits exercise capacity and may play a 

major role in the results. This was a stable CAD disease patient population on 

optimal medication and there were no significant ST-segment depressions (over 

2 mm) as a sign of myocardial ischemia, which could potentially limit exercise 

capacity.  

An experienced cardiologist performed 2-dimensional echocardiography 

(Vivid 7, GE Healthcare) where the left ventricular ejection fraction (LVEF) was 

measured from a 4-chamber view according to the American Society of 

Echocardiography’s recommendation. There was always a time delay, which was 

less than six months (median 2.5 months) between the measurement of LVEF and 

the ice-hockey match and less than a week between the match and the exercise 

test (median 2.3 days). CAD (1, 2, or 3 vessel disease) was angiographically 

evaluated proximal coronary arteries with more than 50% stenosis. 
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4.4 Statistical analysis 

Continuous variables are presented as means ± standard deviations and 

categorical variables as the number of cases followed by the corresponding 

percentage within brackets. Normal Gaussian distribution of the data was verified 

by the Kolmogorov-Smirnov goodness-of-fit test (z-value < 1.0), and variables 

with a non-Gaussian distribution were log-transformed before the analysis of 

variance. All p-values were two-tailed and p < 0.05 was considered statistically 

significant. 

Analysis of variance for repeated measurements (ANOVA) with time, group, 

and interaction were performed, followed by post hoc comparison (t-test). 

Statistical difference between parameters was determined using an independent t-

test, paired t-test, or Wilcoxon Signed Rank Test when appropriate (all 2-tailed). 

A Kruskal-Wallis test or Chi square test was performed with categorized 

parameters. In correlation analysis, Spearman´s correlation analysis was 

performed across the measured variables when appropriate. Correlation is 

considered weak (r = 0.1–0.29), moderate (r = 0.30–0.49) or strong (r > 0.50) 

(Cohen 1988). Finally, linear stepwise regression analyses were used to study the 

association between different parameters by adjusting for relevant covariates. All 

the statistical calculations were performed with SPSS software version 17.0 (I–II), 

19.0 (III), and 21.0 (IV) (SPSS Inc., Chicago, IL, USA). 
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5 Results 

5.1 Ambulatory heart rate and heart rate variability 

The average HR and HRV values analyzed over the match and the corresponding 

time of day during the control measurements are shown in Table 3. The average 

HR was higher during the match than during the control day (76 ± 13 vs. 

68 ± 11 bpm, p < 0.01). SDNNi was 65 ± 22 ms during the match and 77 ± 26 ms 

during the control day (p < 0.05) and the HF power of R-R intervals was 

4.5 ± 0.9 ms2 during the match and 5.0 ± 1.0 ms2 during the control day 

(p < 0.05). 

Table 3. Average values of HRV8 and BP analyzed over the entire ice hockey play-off 

final (3 hours) and during the control measurement at the corresponding time of day 

(3 hours). 

Variable Control1 Match1 p-level 

HR2, beats/min 68 ± 11 76 ± 13 p = 0.005 

SDNNi3, ms 77 ± 26 65 ± 22 p = 0.027 

HF4 power, ms2 5.0 ± 1.0 4.5 ± 0.9 p = 0.031 

LF5 power, ms2  5.8 ± 0.9 5.5 ± 0.8 p = 0.285 

VLF6 power, ms2 7.0 ± 0.6 6.8 ± 0.7 p = 0.108 

LF/HF ratio 2.9 ± 1.8 3.7 ± 2.0 p = 0.076 

BP7sys mmHg 130 ± 11 153 ± 11 p < 0.001 

BPdia, mmHg 74 ± 8 87 ± 7 p < 0.001 

1 Values are means ± SD, 2 heart rate, 3 mean of all the 5-minute standard deviations of normal-to-normal 

intervals during the 24-hour period, 4 high frequency power of R-R intervals, 5 low frequency power of R-R 

intervals, 6 very low frequency power of R-R intervals, 7 blood pressure, 8 heart rate variability. 

Temporal changes in HR and HRV in the one-hour periods are shown in Figure 3. 

Two hours before the match, HR was the same level at the match as on the control 

day (70 ± 10 vs. 70 ± 12 bpm, p = ns, respectively). HR was significantly higher 

one hour before the match than during the control measurement (77 ± 12 vs. 

69 ± 12 bpm, p < 0.05, respectively) and remained statistically significantly 

elevated during the entire duration of the match, i.e. 78 ± 14 vs. 65 ± 11 bpm 

(p < 0.001) during the last hour of the match compared with the control period 

(Figure 3A). HR was still elevated two hours after the match compared with the 

control day (66 ± 9 vs. 60 ± 60 bpm, p < 0.01, respectively). SDNNi was 

depressed during the first hour of the match compared with the control day and 
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returned to the control level thereafter (Figure 3B). The HF power of R-R 

intervals was at the same level before the match as on the control day but was 

significantly depressed during the match, i.e. 4.4 ± 1.0 vs. 5.0 ± 0.9 ms2 during 

the last hour of the match vs. the control day (p < 0.01), and remained attenuated 

one hour after the match (4.5 ± 0.7 vs. 5.2 ± 1.0 ms2, p < 0.001, respectively) 

(Figure 3C). 
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Fig. 3. Heart rate (A), mean of all the 5-minute standard deviations of normal-to-normal 

intervals during the 1-hour period (SDNNi) (B), and the high-frequency power of R-R 

intervals (C) values before, during, and after the ice hockey play-off final (n = 40). 

x p < 0.05, xx p < 0.01, xxx p < 0.001 compared with control day values. 
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5.2 Ambulatory blood pressure 

The average values of systolic BP were 153 ± 11 and 130 ± 11 mmHg during the 

match and the control measurements, respectively (p < 0.001). The corresponding 

diastolic BP values were 87 ± 7 and 74 ± 8 mmHg (p < 0.001). Analysis of BP in 

one-hour periods revealed that BP was at the same level two hours before the 

match as on the control day, i.e. systolic BP was 134 ± 19 vs. 127 ± 16 mmHg, 

respectively, p = ns. Systolic BP was significantly higher one hour before the 

match than during the control period day and remained elevated until one hour 

after the match, i.e. 157 ± 11 vs. 130 ± 19 mmHg at the beginning of the match 

compared with the control day, respectively, p < 0.001 (Figure 4A). Similarly, 

diastolic BP was statistically significantly higher one hour before the match and 

remained elevated until one hour after the match, i.e. 90 ± 8 vs. 72 ± 10 mmHg 

during the first hour of the match compared with the control day, respectively, 

p < 0.001 (Figure 4B). The maximum values of both systolic (180 ± 14 vs. 

145 ± 15 mmHg, p < 0.001) and diastolic (103 ± 13 vs. 82 ± 11 mmHg, 

p < 0.001) BP measured at any time were significantly higher during the match 

than during the control day.  
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Fig. 4. Hour-by-hour ambulatory systolic (A) and diastolic (B) BP values before, 

during, and after the ice hockey play-off final (n = 14). x p < 0.05, xx p < 0.01, 

xxx p < 0.001 compared with control day values. 

5.3 Multimodal cardiovascular signals 

Beat-to-beat data during the controlled laboratory conditions, during the match, 

and during the exercise test are shown in Table 4. HR was significantly higher 

during the match compared with the control measurement (71 ± 15 vs. 

61 ± 10 bpm p < 0.001, respectively). SDNN was at the same level in both 

conditions (31 ± 13 vs. 31 ± 16 ms, p = ns) but HF power was lower (4.33 ± 1.38 

vs. 5.03 ± 1.17 ms2, p < 0.05) and the LF/HF ratio was higher (2.43 ± 2.00 vs. 
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recordings. 
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Table 4. HRV, BP variability, and BRS. 

Variable Control1 

n = 21 

Match1 

n = 21 

Exercise1 

n = 16 

Match1 

n = 16 

HR5, beats/min 61 ± 10 71 ± 154 77 ± 13 76 ± 14 

SDNN6, ms 31 ± 13 31 ± 16 17 ± 6 28 ± 124 

HF7 power ln (ms2) 5.03 ± 1.17 4.33 ± 1.382 3.91 ± 1.29 4.12 ± 1.09 

LF8
 power ln (ms2) 4.90 ± 1.08 4.84 ± 0.94 3.93 ± 0.99 4.75 ± 0.814 

LF/HF 1.39 ± 1.27 2.43 ± 2.002 1.47 ± 1.61 2.56 ± 1.882 

Mean BP9
sys

11 (mmHg) 132 ± 14 157 ± 244 155 ± 22 164 ± 22 

Max BPsys (mmHg) 145 ± 18 179 ± 344 168 ± 29 190 ± 342 

SD BPsys (mmHg) 5.0 ± 2.1 8.0 ± 4.03 4.9 ± 2.5 8.4 ± 4.34 

HFBP-sys power (mmHg2) 4.01 ± 3.66 5.32 ± 4.132 5.05 ± 6.04 6.03 ± 4.35 

LFBP-sys power (mmHg2) 5.37 ± 3.39 10.6 ± 6.83 9.0 ± 6.1 12.0 ± 6.73 

Mean BPdia
12 (mmHg) 76 ± 6 86 ± 133 82 ± 10 88 ± 13 2 

Max BPdia (mmHg) 82 ± 6 100 ± 154 89 ± 10 104 ± 134 

SD BPdia (mmHg) 2.4 ± 0.7 3.7 ± 1.73 2.3 ± 0.9 3.9 ± 1.83 

BRS10
HF, (ms/mmHg) 9.4 ± 6.9 5.7 ± 4.43 5.5 ± 3.9 4.5 ± 3.7 

BRSLF (ms/mmHg) 6.8 ± 3.9 5.3 ± 4.22 3.1 ± 1.8 4.2 ± 3.3 

BRSLF-filtered (ms/mmHg) 6.8 ± 3.9 5.0 ± 4.12 3.0 ± 1.7 4.1 ± 3.4 

BRSmean, (ms/mmHg) 8.1 ± 4.5 5.5 ± 3.83 4.3 ± 2.6 4.4 ± 2.7 

BRSseq (ms/mmHg) 8.7 ± 6.5 5.2 ± 4.53 4.2 ± 1.9 5.5 ± 3.9 

Respiration (Hz) 0.23 ± 0.05 0.29 ± 0.054 0.29 ± 0.04 0.29 ± 0.05 

1Values are means ± SD, 2p < 0.05, 3p < 0.01, 4p < 0.001, 5heart rate, 6standard deviation of normal-to-

normal R-R intervals, 7high frequency power of R-R intervals, 8low frequency power of R-R intervals, VLF 

very low frequency power of R-R intervals, 9blood pressure, 10baroreflex sensitivity, 11systolic blood 

pressure, 12diastolic blood pressure.  

Mean systolic BP was 157 ± 24 mmHg during the match and 132 ± 14 mmHg 

during the control measurement (p < 0.001), and the corresponding maximum 

values were 179 ± 34 vs. 145 ± 18 mmHg (p < 0.001). The mean diastolic BP 

values were 86 ± 13 mmHg and 76 ± 6 mmHg (p < 0.01) during the match and 

control measurements, respectively, and the corresponding maximum values were 

100 ± 15 vs. 82 ± 6 mmHg (p < 0.001). The standard deviation of beat-to-beat 

systolic BP oscillation was 8.0 ± 4.0 mmHg during the match and 

5.0 ± 2.1 mmHg during the control measurement (p < 0.01). Both the HF 

(5.32 ± 4.13 vs. 4.01 ± 3.66 mmHg2, p < 0.05) and LF (10.6 ± 6.8 vs. 

5.37 ± 3.37 mmHg2, p < 0.01) power of systolic BP oscillation were significantly 

higher during the match than during the control measurements. Similarly, the 

standard deviation of beat-to-beat diastolic BP oscillation was elevated during the 
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match compared with the control measurement (3.7 ± 1.7 vs. 2.4 ± 0.7 mmHg, 

p < 0.01, respectively).  

All the BRS values were attenuated during the match compared with the 

control measurements. For example, BRS analysed from the LF band by spectral 

techniques after extracting the respiratory component (BRSLF-filtered) was 

5.3 ± 4.1 ms/mmHg during the match and 6.8 ± 3.9 ms/mmHg during the control 

measurements (p < 0.05). The frequency of respiration was higher during the 

match compared with the control period. 

5.3.1 Multimodal cardiovascular signals: match and exercise 

The average HR was titrated to an equal level during the match and the exercise 

(76 ± 14 vs. 77 ± 13 bpm, respectively). SDNN (28 ± 12 vs. 17 ± 6 ms, 

p < 0.001), the LF power of R-R intervals (4.75 ± 0.81 vs. 3.93 ± 0.99 ms2, 

p < 0.001), and the LF/HF ratio (2.56 ± 1.88 vs. 1.47 ± 1.61, p < 0.05) were 

statistically significantly higher during the match compared with the values 

during the exercise, respectively. No statistically significant differences were 

observed in the mean systolic BP between the match and the exercise (164 ± 22 

vs. 155 ± 22 mmHg, p = ns, respectively), but mean diastolic BP was significantly 

higher during the match than during the exercise (88 ± 13 vs. 82 ± 10 mmHg, 

p < 0.05, respectively). Both maximum systolic (190 ± 34 vs. 168 ± 29 mmHg, 

p < 0.05) and maximum diastolic (104 ± 13 vs. 89 ± 10 mmHg, p < 0.001) BP 

were higher during the match compared with the exercise, respectively. 

BP variability was higher during the match than during the exercise. 

Especially the LF component of systolic blood pressure oscillation was elevated 

during the match compared with the exercise (12.0 ± 6.7 vs. 9.0 ± 6.1 mmHg2, 

p < 0.01, respectively). Similarly, the standard deviation of beat-to-beat diastolic 

BP was elevated during the match compared with the exercise (3.9 ± 1.8 vs. 

2.3 ± 0.9 mmHg, p < 0.01, respectively). BRS was depressed during both 

emotional and exercise stress compared with the baseline measurements. The R-R 

intervals and corresponding beat-to-beat systolic and diastolic blood pressure data 

during the baseline, during the match, and during the exercise for one 

representative subject are shown in Figure 5. Note the rapid elevations in both 

systolic and diastolic blood pressure during an exciting period of the match (goal 

for the visitors), which results in considerably elevated LF oscillation of BP 

(Figure 5).  
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5.4 Blood analysis after the match and after exercise 

5.4.1 Endothelin-1 and Interleukin-6 

ET-1 was at a higher level before the match than before the exercise test 

(2.82 ± 0.21 and 2.73 ± 0.17 pg/mL, p = 0.001, respectively, Table 5). ET-1 

increased significantly during the ice-hockey match (p < 0.001), but did not 

change during the maximal exercise test (p = 0.593) (Table 5). The individual 

changes in ET-1 are shown in Figure 6. 

 

Fig. 6. Individual changes in endothelin-1 from baseline to match and from baseline to 

exercise. 
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exercise test (p = 0.980) (Table 5). The individual changes in IL-6 are shown in 

Figure 7. 

 

Fig. 7. Individual changes in endothelin-1 from baseline to match and from baseline to 

exercise. 

Pre
Match

Post
Match

Pre
Exercise

Post
Exercise

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

In
te

rl
e

u
ki

n
-6

  (
p

g
/m

l)

p<0.0001

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

In
te

rl
e

u
ki

n
-6

  (
p

g
/m

l)

p<0.0001

P = ns between
match and exercise



 

67 

Table 5. Blood analysis data means ± SD of measurements taken before and after 

emotional excitement or physical exercise. 

Variable Baseline Match p-level Baseline Exercise p-level 

ET-11 (pg/mL) 2.82 ± 0.21 2.94 ± 0.25 p < 0.001 2.73 ± 0.17 2.72 ± 0.19 p = 0.59314 

NOR2 (nmol/L) 4.38 ± 1.79 4.77 ± 1.75 p = 0.009 2.70 ± 1.08 10.6 ± 5.5 p < 0.00114 

ADR3 (nmol/L) 0.33 ± 0.19 0.39 ± 0.25 p = 0.118 0.23 ± 0.13 0.52 ± 0.37 p < 0.00114 

IL-64 (pg/mL) 2.04 ± 1.98 2.90 ± 2.41 p < 0.001 1.77 ± 1.59 2.43 ± 1.78 p < 0.001 

FVIII5 (IU/mL) 1.17 ± 0.20 1.21 ± 0.22 p = 0.052 1.08 ± 0.21 1.37 ± 0.30 p < 0.00114 

vWFag6 (IU/mL) 1.33 ± 0.43 1.35 ± 0.43 p = 0.461 1.23 ± 0.36 1.54 ± 0.47 p < 0.00114 

Fg7 (g/L) 3.47 ± 0.62 3.51 ± 0.62 p = 0.449 3.33 ± 0.59 3.74 ± 0.62 p < 0.00114 

sGPV8 (ng/mL) 34.3 ± 11.0 32.7 ± 7.4 p = 0.499 30.4 ± 11.1 36.1 ± 12.9 p < 0.00114 

TAT9 (ng/mL) 3.88 ± 1.89 4.70 ± 4.38 p = 0.150 4.01 ± 3.90 14.3 ± 17.3 p < 0.00114 

HR10 (bpm) 67 ± 12 91 ± 14 p < 0.001 59 ± 10 135 ± 20 p < 0.00114 

BP-sys11 (mmHg) 131 ± 13 179 ± 15 p < 0.001 145 ± 26 209 ± 31 p < 0.00113 

BP-dia12 (mmHg) 77 ± 8 104 ± 13 p < 0.001 89 ± 15 101 ± 16 p < 0.00113 

1 endothelin-1, 2 noradrenaline, 3 adrenaline, 4 interleukin-6, 5 factor VIII, 6 von Willebrand factor antigen, 
7 fibrinogen, 8 soluble glycoprotein V, 9 thrombin-antithrombin complex, 10 heart rate, 11 systolic blood 

pressure, 12 diastolic blood pressure. 13 p < 0.01, 14 p < 0.001 significance of the difference between the 

change from baseline to match and that from baseline to exercise analysed by analysis of variance for 

repeated measures with time and group interaction. 

5.4.2 Catecholamines 

Both NOR (4.38 ± 1.79 vs. 2.70 ± 1.08 nmol/L, p < 0.001) and ADR (0.33 ± 0.19 

vs. 0.23 ± 0.13 nmol/L, p < 0.01) were at higher level before the match than 

before the exercise test, respectively. The NOR level increased statistically 

significantly during the match (from 4.38 ± 1.79 to 4.77 ± 1.75 nmol/L, 

p = 0.009) and during the exercise test (from 2.70 ± 1.08 to 10.6 ± 5.5 nmol/L, 

p < 0.001) (Table 5), whereas adrenaline did not change during the match (from 

0.33 ± 0.19 to 0.39 ± 0.25 nmol/L, p = 0.118) but was significantly elevated after 

exercise (from 0.23 ± 0.13 to 0.52 ± 0.37 nmol/L, p < 0.001) (Table 5). The 

changes in NOR and ADR from the baseline were significantly higher during 

exercise than during the match (p < 0.001 for both).  

5.4.3 Markers of platelet activation and blood coagulation 

FVIII was significantly higher before the match than before exercise test 

(1.17 ± 0.20 vs. 1.08 ± 0.21 IU/mL, p < 0.001, Table 5). FVIII tended to increase 

during the match (from 1.17 ± 0.20 to 1.21 ± 0.22 IU/mL, p = 0.052) and 
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increased significantly during exercise (from 1.08 ± 0.21 to 1.37 ± 0.30 IU/mL, 

p < 0.001) (Table 5). vWfag (1.33 ± 0.43 vs. 1.23 ± 0.36 IU/mL, p < 0.001) and 

sGPV (34.3 ± 11.0 vs. 30.4 ± 11.1 ng/mL, 0.046) were higher before the match 

than before the exercise test. Fg and TAT did not differ at the two baseline 

conditions. vWFag (from 1.23 ± 0.36 to 1.54 ± 0.47 IU/mL, p < 0.001), Fg (from 

3.33 ± 0.59 to 3.74 ± 0.62 g/L, p < 0.001), sGPV (from 30.4 ± 11.1 to 

36.1 ± 12.9 ng/mL, p < 0.001), and TAT (from 4.01 ± 3.90 to 14.3 ± 17.3 ng/mL, 

p < 0.001) increased significantly during exercise but did not change during the 

match (Table 5). Thus, the response in all the markers of platelet activation and 

coagulation were more prominent during the exercise than during the match 

(Table 5).  

5.4.4 Correlation between blood markers 

Correlation between different blood markers before and during the experiments is 

shown in Table 6. ET-1 baseline values correlated moderately with each other and 

also during the experiments. IL-6 baseline values correlated strongly with each 

other and moderately during the experiments. Baseline NOR values correlated 

with each other and also the NOR values measured during the match and after 

exercise. Baseline ADR values were in correlation but not the values measured 

during the match vs. exercise. Moderate to high correlations were observed in 

markers of platelet activation and blood coagulation variables at the baseline 

conditions and during the match vs. exercise conditions. 
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Table 6. Correlation between different blood markers before and during experiments. 

Variable Before the match vs. 

before exercise 

During the match vs. 

after exercise 

∆ Match vs 

∆ exercise 

ET-11 0.4115 0.4015 0.03 

NOR2 0.4315 0.3114 -0.3614 

ADR3 0.5316 0.28 0.14 

IL-64 0.7216 0.5816 0.12 

FVIII5 0.7716 0.5116 0.05 

vWFag6 0.9416 0.8116 -0.04 

Fg7 0.7016 0.6016 -0.05 

sGPV8 0.2914 0.5916 0.03 

TAT9 0.2914 -0.01 -0.24 

HR10 0.7216 0.22 0.01 

BP11-sys12 0.49 0.46 0.39 

BP-dia13 0.7015 0.18 0.02 

1endothelin-1, 2noradrenaline, 3adrenaline, 4interleukin-6, 5factor VIII, 6von Willebrand factor antigen, 
7fibrinogen, 8soluble glycoprotein V, 9thrombin-antithrombin complex, 10heart rate, 11blood pressure, 
12systolic, 13diastolic, 14p < 0.05, 15p < 0.01, 16p < 0.001. 

5.4.5 Correlations between changes in blood markers 

The changes in ET-1 or IL-6 did not correlate with the changes in the other 

parameters during the match. The change in NOR correlated with the change in 

FVIII during the match (r = 0.30, p < 0.05). The changes in ADR was positively 

correlated with the changes in various other parameters, including FVIII (r = 0.30, 

p < 0.05) and vWFag (r = 0.51, p < 0.001). 

The changes in ET-1 correlated with the changes in NOR (r = 0.38, p < 0.05) 

and Fg (r = 0.30, p < 0.05) during exercise. The change in NOR correlated only 

with the changes in ADR during exercise (r = 0.44, p < 0.01). IL-6 did not 

correlate with any changes in other variables.  

5.4.6 Correlation between blood markers and heart rate variability 

The increases in HR and systolic BP were more marked during the exercise than 

upon match, but the increase in diastolic BP was higher during the match than 

during the exercise (27 ± 12 vs. 12 ± 13 mmHg, p = 0.0025, respectively) (Table 

5). The minimum and maximum HF power, LF power and LF/HF ratio were 

3.01 ± 1.1 vs. 5.67 ± 0.98 ln ms2 (p < 0.001), 4.10 ± 1.32 vs. 6.58 ± 0.75 ms2 

(p < 0.01) and 2.49 ± 7.61 vs. 16.7 ± 44.2 (p < 0.001), respectively. Only the 
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change in HF power correlated moderately with the change in ET-1 during the 

match (r = -0.40, p < 0.01). The changes HR or HRV did not correlate with the 

changes in IL-6 or NOR.  

5.4.7 Blood markers and subjective experience 

Eleven subjects reported a low, twenty subjects a medium, nineteen subjects a 

high, and three subjects a very high subjective experience of excitement during 

the match. There were no differences in any measured variables during the match 

or responses from baseline to the match among groups categorised according to 

subjective experience of excitement. For example, ET-1 values during the match 

were 3.01 ± 0.24, 2.90 ± 0.15, 2.91 ± 0.31, and 3.18 ± 0.25 pg/mL (p = 0.152) for 

subjects with low, medium, high and very high levels of excitement, respectively. 

IL-6 measured during the match tended to be associated with subjective 

experience of excitement (i.e. 3.35 ± 2.13, 2.39 ± 1.85, 2.50 ± 1.92, and 

6.41 ± 0.25 pg/mL (p = 0.083), in subjects with low, medium, high and very high 

excitement, respectively. The corresponding Δ values from the baseline to the 

match were -0.06 ± 1.95, 0.93 ± 1.06, 1.11 ± 1.48, and 2.60 ± 4.10 pg/mL 

(p = 0.467). 

5.5 Physiological responses in patients and healthy subjects 

Five CAD patients reported low, seven medium, and six high subjective 

experience of excitement during the match (n = 18). Three healthy subjects 

reported low, six medium, four high, and three very high subjective experience of 

excitement during the match (n = 16). There were no differences between the 

groups in experience of excitement during the match.  

5.5.1 Heart rate and heart rate variability 

HR and HRV data are shown in Table 7. HR increased (p < 0.001, ANOVA time 

effect) and SDNN decreased (p < 0.025, ANOVA time effect) significantly during 

the match compared with the baseline measurements, but there were no 

differences between the groups (p = 0.65, ANOVA time x group interaction 

effect). The HF power of R-R intervals decreased more in the CAD patients (from 

5.2 ± 0.8 to 4.4 ± 0.9 ln ms2) than in the healthy subjects during the match (from 

5.0 ± 0.8 to 5.1 ± 0.6 ln ms2, p < 0.001, ANOVA time x group interaction effect, 
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Table 7). The mean values for HF power with post hoc comparison are shown in 

Figure 8A. The LF power of R-R intervals was at a statistically significantly 

lower level in the CAD patients than in the healthy subjects, but there was no 

statistically significant time x group interaction effect. The LF/HF ratio was at a 

lower level in the CAD patients than in the healthy subjects at the baseline 

condition and it increased significantly during the match only in the CAD 

patients. The VLF power of R-R intervals decreased only in the CAD patients 

during the match compared with the baseline condition. 
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Fig. 8. High-frequency power of R-R intervals (A), circulating endothelin-1 (B), and 

interleukin-6 (C) in healthy subjects (open circle) and coronary artery disease patients 

(black circles) at the baseline and during an exciting ice hockey match. * p < 0.05, 

** p < 0.01, and *** p < 0.001 with time effect and x † p < 0.01, and ‡ p < 0.001 with 

group effect after post hoc comparison. Values are means ± standard deviation. 
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5.5.2 Catecholamines, Endothelin-1, and Interleukin-6 

ADR had a statistically non-significant trend toward increasing values and NOR 

increased significantly from the baseline to the match in both groups, but there 

were no differences between the groups (ANOVA time x group interaction effect, 

p = 0.95 and p = 0.61 for ADR and NOR, respectively) (Table 7). ET-1 was 

statistically significantly higher in the CAD patients than in the healthy subjects at 

the baseline (Figure 8B) and the change from baseline to match was significantly 

higher in the CAD patients than in the healthy subjects (from 2.79 ± 0.14 to 

2.93 ± 0.19 pg/mL and from 2.54 ± 0.09 to 2.56 ± 0.10 pg/mL for CAD and 

healthy subjects, respectively, ANOVA with time x group interaction effect 

p = 0.009, Figure 8B). Similarly, IL-6 was significantly higher in the CAD 

patients than in the healthy subjects at the baseline (Figure 8C) and the change 

from baseline to match was significantly higher in the CAD patients (from 

1.40 ± 0.95 to 2.72 ± 1.72 pg/mL and from 0.63 ± 0.36 to 1.04 ± 0.52 pg/mL for 

CAD and healthy subjects, respectively, ANOVA with time x group interaction 

effect, p = 0.018, Figure 8C). 

5.5.3 Markers of platelet activation and blood coagulation 

TAT was at a significantly higher level (p < 0.001) in the CAD patients than in the 

healthy subjects at the baseline, but the change from baseline to match was 

significantly more significant in the healthy subjects (from 4.16 ± 1.99 to 

6.10 ± 6.76 and from 2.43 ± 0.93 to 6.89 ± 8.71 ng/mL for CAD and healthy 

subjects, respectively, p < 0.001 for baseline and ANOVA with time and group 

interaction effect, p = 0.018) (Table 7). There was no time, group, or interaction 

effect in sGPV. The difference in the change in Fg from the baseline to the match 

did not reach significance between the groups (p = 0.059). The change in vWFag 

from the baseline to the match differed between the groups (p = 0.0165) with a 

trend toward increasing values in the CAD patients and a trend toward decreasing 

values in the controls. FVIII tended to increase during the match but there was no 

group or interaction effect (Table 7).  

5.6 Exercise capacity and stress responses in patients 

Ten CAD patients reported low, twenty medium, nineteen high, and two very high 

subjective experience of excitement during the match (n = 51).  
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5.6.1 Heart rate dynamics, catecholamines, Endothelin-1 and 

Interleukin-6 

HR increased (68 ± 11 vs. 76 ± 13 bpm, p < 0.001) and SDNN decreased (77 ± 25 

vs. 65 ± 22 ms, p = 0.001) from the baseline to the match. ET-1 (2.81 ± 1.83 vs. 

2.93 ± 0.24 pg/mL, p < 0.001), IL-6 (1.94 ± 1.94 vs. 2.77 ± 2.33 pg/mL, 

p < 0.001), and NOR increased (4.38 ± 1.79 vs. 4.77 ± 1.75 nmol/L, p = 0.015) 

but ADR did not change (0.33 ± 0.19 vs. 0.39 ± 0.25 nmol/L, p = 0.179) from the 

baseline to the match, respectively.  

5.6.2 Association between exercise capacity and Endothelin-1 

Maximal METs correlated with circulating ET-1 at rest (r = -0.43, p = 0.004) and 

during emotional excitement (r = -0.52, p < 0.001). The change in ET-1 from 

baseline to emotional excitement also correlated with maximal METs (r = -0.30, 

p = 0.040) (Figure 9). In a linear regression analysis with basal ET-1 as a 

dependent variable and age, BMI, METs, and LVEF as independent variables, 

only BMI correlated with basal ET-1 (β = 0.51, partial correlation r = 0.42, 

p = 0.003). When the change in ET-1 from baseline to emotional excitement was 

used as a dependent variable and age, BMI, METs, LVEF, basal ET-1, and 

subjective experience of excitement were used as independent variables, METs, 

BMI, and LVEF correlated with ET-1 response (R = 0.61, p = 0.003). The 

strongest association was observed between ET-1 response and METs (β = -0.68, 

partial correlation r = -0.52, p < 0.001), followed by BMI (β = -0.41, partial 

correlation r = -0.35, p = 0.024) and LVEF (β = -0.29, partial correlation r = -0.33, 

p = 0.026). 
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Fig. 9. Association between maximal exercise capacity (METs) and circulating 

endothelin-1 at rest (A), during emotional excitement (B), and the change in 

endothelin-1 from the baseline to the match (C).  
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5.6.3 Association between exercise capacity and Interleukin-6 

Maximal METs correlated with circulating IL-6 at rest (r = -0.55, p < 0.001) and 

during emotional excitement (r = -0.42, p < 0.002) but not with the change from 

the baseline to the match (r = 0.13, p = 0.138). In a linear regression analysis with 

basal IL-6 as a dependent variable and age, BMI, METs, and LVEF as 

independent variables, only maximal METs correlated with basal IL-6 (β = -0.37, 

partial correlation r = -0.30, p = 0.038). There was no correlation, when the 

change in IL-6 from baseline to emotional excitement was used as a dependent 

variable and age, BMI, METs, LVEF, basal IL-6, and subjective experience of 

excitement were used as independent variables (R = 0.47, p = 0.098). Maximal 

METs did not correlate with the responses in any other variables (Table 8). 

Table 8. Correlation between maximal exercise capacity and stress markers at rest 

(adjusted with age, BMI and LVEF) and their responses (change from the baseline to 

the match) to the emotional experience (adjusted with age, BMI, LVEF, basal value of 

each marker and subjective experience of excitement). 

Variable ET-14 IL-65 NOR6 ADR7 HR8 SDNN9 

Exercise capacity       

Rest  -0.432 -0.553 -0.03 0.01 0.06 0.381 

Response -0.301 0.19 0.03 -0.04 -0.13 -0.24 

Exercise capacity       

Rest (adjusted) -0.04 -0.301 -0.16 0.05 -0.361 0.19 

Response (adjusted) -0.523 -0.26 0.06 0.12 -0.01 -0.15 

1 p < 0.05, 2 p < 0.01, 3 p < 0.001, 4 endothelin-1, 5 interleukin-6, 6 noradrenaline, 7 adrenaline, 8 heart rate, 9 

standard deviation of all normal-to-normal R-R intervals. 
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6 Discussion 

6.1 Methodological considerations 

Previous reports have concentrated on investigating experimentally induced 

mental stress, such as a frustrating computer task, a stressful interview, or 

arithmetic tests in a laboratory environment, in cardiac patients (Pagani et al. 
1991a, Strike et al. 2004, Strike et al. 2006, Brydon et al. 2010) and healthy 

subjects (Pagani et al. 1991b). The effects of public speech on autonomic 

regulation have also been studied (Jiang et al. 1993, Goldberg et al. 1996, Strike 

et al. 2006). However, there are several fundamental methodological differences 

between previous studies and the present study design. First, previous study 

designs have mostly focused on stressful tasks that are relatively short (5–

10 min). Secondly, all of the previous studies have been performed in a 

laboratory-like environment and therefore do not represent the effects of real-life 

emotional excitement on autonomic regulation. Thirdly, the spectators of sports 

events are willing to attend the event and therefore are most probably waiting for 

positive emotions during the events. On the contrary, subjects who are 

participating in mental stress tasks in laboratory conditions may instead be 

waiting for negative emotions during the tests.  

In the present study, we performed the long-lasting ambulatory HR and BP 

measurements and blood markers before, during, and after real life emotional 

excitement. Secondly, to avoid possible confounding effects of body movements 

and eating/drinking during the match, beat-to-beat cardiovascular signals and 

respiration were measured in a sitting position during real-life emotional 

excitement. Thirdly, our study population was very carefully selected and all were 

strongly interested in ice-hockey. Furthermore, control measurements were 

performed for the all patients during the day without any exciting sports events in 

the Oulu region. Taken together, our experimental study design cannot be 

compare to previous studies, resulting in a unique study protocol. 

6.1.1 Exercise capacity and emotional excitement 

Previous reports have concentrated on investigating the association between 

exercise capacity and physiological responses to mental stress, such as a 

frustrating computer task, a public speech, or arithmetic tests in a laboratory 
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environment. The most commonly used markers of stress responses to a mental 

challenge have been HR (Holmes & McGilley 1987, de Geus et al. 1993, 

Georgiades et al. 2000, Ribeiro et al. 2005, Hamer & Steptoe 2007, Ray & Carter 

2010, Sloan et al. 2011, Costin et al. 2013, Dishman et al. 2013), HRV (Hamer & 

Steptoe 2007, Finkenzeller et al. 2011, Sloan et al. 2011, Dishman et al. 2013), 

BP (de Geus et al. 1993, Georgiades et al. 2000, Ribeiro et al. 2005, Hamer & 

Steptoe 2007, Ray & Carter 2010, Sloan et al. 2011, Dishman et al. 2013), 

catecholamines (de Geus et al. 1993), and more recently also inflammation 

markers like IL-6 (Hamer & Steptoe 2007). The subjects in previous studies have 

been children (Ribeiro et al. 2005, Costin et al. 2013), healthy young men and 

women (Holmes & McGilley 1987, de Geus et al. 1993, Ray & Carter 2010, 

Sloan et al. 2011, Dishman et al. 2013), healthy middle-age and elderly subjects 

(Hamer & Steptoe 2007, Finkenzeller et al. 2011), and subjects with hypertension 

without any medication (Georgiades et al. 2000). Finally, previous study designs 

have mostly focused on stressful tasks that are relatively short (5–10 min). 

Therefore, there are several fundamental methodological differences between 

previous studies and the present study design. First, our study design represents 

real-life and long-lasting (3-hour) emotional excitement among enthusiastic sports 

fans during a thrilling sports event. Most importantly, our subjects were 

angiographically documented CAD patients, and the present study is the first one 

in which the association between exercise capacity and ET-1 response to 

emotional excitement was studied in this population.  

6.2 Ambulatory measurements 

There are several new observations regarding autonomic responses to leisure-time 

emotional excitement in cardiac patients in this study. In addition to an increase in 

systolic BP and HR, diastolic BP increased markedly during emotional 

excitement caused by a thrilling sports event. Many patients reached high 

temporary BP values despite appropriate beta-blocking and other cardiac 

medication. Secondly, an increase in diastolic BP was opposite to that which 

occurred during physical exercise, which caused a subtle decrease or no change in 

diastolic BP.  

Despite the epidemiological data on cardiac events during a sports event or 

other long-term emotional stress like an earthquake (Leor et al. 1996) or acute 

anger (Mittleman et al. 1995, Moller et al. 1999), there is little information on the 

autonomic, HR, and BP responses to this type of naturally occurring emotional 
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stress in cardiac patients. Spectral analysis of R-R intervals has shown that after a 

terrorist attack or an earthquake, the HF power of HR variability decreases and 

the LF/HF ratio increases, suggesting reduced cardiac vagal outflow and altered 

sympatho-vagal balance in subjects without documented cardiac disease (Lin et 
al. 2001, Lampert et al. 2002). Similar findings have also been observed in a 

laboratory environment during mental stress in healthy subjects (Pagani et al. 
1989, Pagani et al. 1991a, Pagani et al. 1991b) and CAD patients (Jiang et al. 
1993). Also, both systolic and diastolic BP increased in a small group of 

hypertensive or suspected hypertensive patients during the Wenchuan earthquake 

in China (Chen et al. 2009). Concurrent with the results of previous research 

investigating hemodynamic responses to emotional stress in healthy subjects, in 

the present study both systolic and diastolic BP and HR increased and the HF 

power of R-R intervals decreased during emotional excitement (ice hockey 

match) in stable CAD patients who were using their normal cardiac medication.  

A more comprehensive temporal analysis revealed that these changes 

occurred already one hour before the match and remained altered one hour 

thereafter. The number of cardiovascular events is also higher not only during a 

thrilling sports event, but also one to two hours before and after the match 

(Wilbert-Lampen et al. 2008). Furthermore, the maximum values of BP were 

even more significantly elevated than the average values during the match 

compared with the maximum values during the control day. Regardless of the 

relatively few measuring points of ambulatory BP, these findings suggest that 

abrupt and unpredictable elevations in BP occur during this type of emotional 

excitement, probably during the thrilling periods of the match. 

There are some new findings regarding differences in physiological responses 

to leisure-time emotional excitement between cardiac patients and age-matched 

healthy subjects in ambulatory HRV measurements. The vagally mediated HF 

power of R-R intervals was attenuated and the LF/HF ratio was augmented during 

emotional excitement in the CAD patients but not in the healthy subjects. These 

differences were obvious despite equal emotional excitement among the CAD 

patients and the healthy subjects, documented by a questionnaire on subjective 

experience of excitement answered during the match.  

A more significant reduction of HF spectral power and a more significant 

increase in LF/HF power in the CAD patients during emotional excitement were 

surprising, since autonomic responses are usually thought to be blunted in cardiac 

patients with beta-blocking medication. Beta-blocking medication should 
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attenuate rather than accentuate autonomic nervous system responses. Therefore, 

the reasons for these differences remain unclear. 

Infusion of physiological doses of NOR (Tulppo et al. 1998a), cold face 

immersion (Tulppo et al. 2005) and post exercise condition (Tulppo et al. 2011) 

result in abrupt and significant lengthening of beat-to-beat R-R intervals in 

healthy subjects without any medication. This is due to the co-activation of vagal 

and sympathetic arms and results in increased HF power of R-R intervals in these 

specific physiological conditions. In the present study, HF power of R-R intervals 

did not decrease despite the higher average HR in healthy subjects. It is possible 

that co-activation of vagal and sympathetic arms occured due to the high levels of 

circulating NOR also in the present study particularly in healthy subjects. This co-

activation could results in sudden and brief lengthening periods of R-R intervals 

which are observed as a relatively high level of HF power despite a higher 

average heart rate. It could be speculate that the co-activation is weaker or may be 

absent in CAD patients due to beta-blocking medication and HF power of R-R 

intervals is decreased at the same time with increased HR. 

6.3 Multimodal cardiovascular signals 

To elucidate further the autonomic response to leisure-time emotional excitement, 

we measured simultaneous beat-to-beat R-R intervals, BP, and respiration during 

the ice hockey match and compared the results with the data obtained from a 

standardized laboratory environment. Similarly to the ambulatory measurements, 

HR was elevated, the HF power of R-R intervals was reduced, and the LF/HF 

ratio increased during the match compared with the baseline condition. 

Interestingly, all the BP variability indices of both systolic and diastolic BP were 

considerably elevated and the BRS indices were depressed during the match. 

Similar findings have been observed also in a laboratory environment during 

mental stress in healthy subjects (Pagani et al. 1989, Pagani et al. 1991a, Pagani 

et al. 1991b) and in CAD patients (Jiang et al. 1993).  

Emotional excitement resulted in different HR and BP variability responses 

than physical exercise at the same average HR level and respiration rate. In 

addition to more marked elevation of diastolic BP, increased oscillations of both 

systolic and diastolic BP were observed during the ice hockey match compared 

with exercise stress. Also, the LF power of R-R interval variability and the LF/HF 

ratio were at a higher level during the match than during the exercise. Increased 

LF power of R-R intervals is probably a result of higher LF oscillations of BP 
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causing increased afferent input to the vasomotor center and a consequential 

increase in efferent outflow to the sinus node. The HF power of R-R intervals was 

depressed similarly during emotional excitement and exercise stress compared 

with the baseline values, revealing a withdrawal of vagal outflow in both 

conditions (Tulppo et al. 1996, Tulppo et al. 1998b). Furthermore, BRS was 

impaired in both emotional excitement and exercise stress compared with the 

baseline condition, as documented in earlier studies (Pagani et al. 1991a, Iellamo 

et al. 1997, Lucini et al. 2002, Heffernan et al. 2007, Niemelä et al. 2008). All 

these changes together provide evidence of increased momentary sympathetic 

activity at the time of long-lasting withdrawal of vagal outflow during leisure-

time emotional excitement. 

Participating as a spectator at a thrilling sports event results in extensive and 

abrupt elevations in both systolic and diastolic BP, increased BP variability, 

altered HRV, and attenuated BRS in CAD patients. The BP and HR variability 

responses during leisure-time excitement differ from those occurring during 

physical exercise at the same HR level and respiration rate. These changes were 

consistent with decreased cardiac vagal outflow combined with abrupt 

sympathetic activation (Lambert et al. 2010). The autonomic reactions may partly 

explain the vulnerability to cardiovascular events caused by this type of leisure-

time emotional excitement. The significant BP reactions occurred despite beta-

blocking medication. Therefore, more targeted medication, e.g. extra dosing of 

beta-blocking medication before the match or combined alpha- and beta-blocking 

medication, should perhaps be considered for enthusiastic sports fans with CAD 

during exciting sports events. 

6.4 Blood analysis after the match and exercise 

The results show that leisure-time emotional excitement and physical exercise 

have partly different effects on potential triggers of cardiovascular events in 

patients with stable CAD. The plasma level of ET-1, a potent vasoconstrictor, 

increased during emotional excitement but not during physical exercise, although 

both experiments induced an increase in the level of IL-6, a marker of acute 

inflammatory response. Unlike physical exercise, emotional excitement did not 

cause any prominent changes in ADR level, in vivo platelet activation, or 

thrombin generation or any increase in the other markers of coagulation. Only a 

modest increase was seen in the NOR level during the ice-hockey match. 

Furthermore, there are several new findings regarding differences in physiological 
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responses to leisure-time emotional excitement between cardiac patients and age-

matched healthy subjects in blood analysis. 

6.4.1 Endothelin-1 

A difference in the response of ET-1 between emotional excitement and physical 

exercise was one of the main findings of the present study. Although there has 

been relatively little information on the effects of emotional excitement and 

physical exercise on plasma ET-1, short-term mental stress in a laboratory 

environment has been shown to induce an increase in ET-1 level in patients with 

peripheral atherosclerotic disease (Mangiafico et al. 2002), which would appear 

to be concurrent with the present findings. ET-1 levels have also been shown to 

be elevated during emotional stress in patients who suffer from acute coronary 

syndrome (Wilbert-Lampen et al. 2010). The present observations are also in 

agreement with the observation that short-term bicycle exercise did not cause 

increased levels of ET-1 in healthy subjects (Lenz et al. 1998). However, ET-1 

has been shown to rise after high intensity resistance exercise concomitantly with 

considerably elevated diastolic blood pressure (Okamoto et al. 2008) and also 

after long-term (~2 hours) running (Davis et al. 2005).  

ET-1 is a potent vasoconstrictor that affect both peripheral and coronary 

circulation, and there is evidence that it induces a long-lasting contraction of the 

coronary arteries making it an ideal candidate for the initiation and maintenance 

of a coronary artery spasm (Nguyen et al. 2010). Of perhaps the greatest 

importance for the current findings, however, is the fact that ET-1 has been linked 

to plaque rupture and subsequent ACS, especially in sport events similar to the 

World Cup finals in football (Wilbert-Lampen et al. 2010).  

Importantly, the change in ET-1 was associated with the change in HF power 

of R-R intervals during the match. A higher increase in ET-1 results in a more 

significant decrease in vagally mediated HF power of R-R intervals. The 

association between ET-1 release and autonomic nervous system regulation has 

been observed also in earlier studies of patients with CAD in laboratory 

conditions (Fernandez et al. 2010, Burg et al. 2011). Whether there is a direct 

causal relationship between these factors, or whether the reduced cardiac vagal 

regulation reflects more significant mental excitement and thereby increases ET-1 

release remains to be established. 

An increase in plasma levels of ET-1 was more significant in the CAD 

patients than in the healthy subjects during emotional excitement. ET-1 was 
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elevated in CAD patients during emotional real-life excitement but not after 

vigorous exercise. Therefore, during real-life conditions ET-1 seems to be a more 

specific biomarker for emotional excitement than catecholamines or HR 

variability indices, which all are known to be altered by exercise and/or physical 

activity, as well.  

6.4.2 Catecholamines and Interleukin-6 

The catecholamine responses also differed between the emotional excitement and 

bicycle exercise. Similarly, the haemodynamic responses were different, exercise 

causing a more significant increase in HR and systolic BP compared with 

emotional excitement, while the increase in diastolic BP was more significant 

while watching an ice-hockey match. The increase in diastolic BP during 

emotional excitement may be explained by elevated NOR, leading to 

vasoconstriction without the concomitant metabolic vasodilatation that occurs 

during exercise, and perhaps also by vasoconstriction caused by elevated 

circulating ET-1.  

The finding that IL-6 levels increased similarly during emotional excitement 

and physical exercise is in line with previous reports showing that a mental 

challenge and physical exercise result in higher levels of inflammatory markers in 

both healthy subjects and patients with CAD (Kop et al. 2008). The stress 

induced changes in cytokines have partly been linked to the vulnerability of 

unstable atherosclerotic plaques and ACS and IL-6 has been shown to be a local 

and circulating marker of coronary plaque inflammation that stimulates many 

factors promoting acute plaque disruption (Wilbert-Lampen et al. 2010). Elevated 

levels of inflammatory markers also indicated an increased risk of coronary heart 

disease in a six year follow-up among men without coronary heart disease at the 

baseline (Pai et al. 2004). 

Circulating catecholamine responses to emotional excitement were similar in 

both the healthy subjects and the CAD patients. Circulating IL-6 increased in both 

groups during the match but the change from baseline to match was significantly 

higher in the CAD patients. Most importantly, these changes are more significant 

in CAD patients despite optimal medication, including beta-blocking medication. 

Particularly, emotional excitement results in a more significant increase in 

circulating ET-1 concentration and a higher acute inflammatory response in CAD 

patients than in healthy subjects.  
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6.4.3 Markers of platelet activation and coagulation 

Examinations of the effect of acute psychological stress on coagulation have 

generally yielded positive findings, demonstrating increases in clotting factors, 

such as FVIII, TAT complex, fibrinogen, and fibrin D-dimer levels (Kawano et al. 
2000, Thrall et al. 2007, Reid et al. 2009). The results have also generally shown 

that platelet count, secretion of platelet specific products, and platelet aggregation 

can significantly increase following acute psychological stress (Thrall et al. 
2007). The present results show that leisure-time emotional excitement caused by 

watching an ice-hockey match did not result in any significant changes in the 

markers of platelet activation or blood coagulation in either the patients with 

CAD or the healthy controls.  

The majority of previous studies have included healthy subjects or cardiac 

patients without beta-blocking or aspirin therapy, and the studies have been 

performed in laboratory environments using various short duration mental stress 

tests (Thrall et al. 2007). These differences in the study populations and mental 

stress tests perhaps partly explain the controversial results. For example, aspirin 

and non-selective beta-blocking have been shown to attenuate the acute 

prothrombotic response to psychological stress in apparently healthy subjects 

(von Kanel et al. 2008). The present results, however, are in line with an abundant 

number of previous studies showing that heavy physical exercise results in a 

prothrombotic stage with increased platelet activation and maybe thereby serves 

as a triggering factor for arterial thrombosis and eventually vessel occlusion 

(Mustonen et al. 1998, Kawano et al. 2000, Lee & Lip 2003, Thrall et al. 2007).  

Various possible mechanisms of association between cardiovascular events 

and emotional excitement have been proposed previously, such as augmented 

activity of the sympathetic nervous system causing arrhythmias, increased 

haemodynamic load and impaired dilatation of the coronary vessels, and the 

effects of catecholamines on monocyte function, endothelial function, platelet 

activation, and blood coagulation (Wilbert-Lampen et al. 2006a, Wilbert-Lampen 

et al. 2006b). The present study provides further insights into the potential 

mechanistic links between emotional excitement and CV risk showing that 

viewing an exciting ice hockey match concomitantly increases ET-1 and IL-6 

levels together with an increase in NOR and diastolic BP in patients with stable 

CAD who are on standard medical therapy, including aspirin and beta-blocking 

medication. Together these factors may cause increased vulnerability to disruption 
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of atherosclerotic plaques by increasing vascular shear forces in the presence of 

vasoconstriction of atherosclerotic segments and elevated inflammatory response. 

6.5 Exercise capacity and stress responses 

The main finding of the present study is that maximal exercise capacity is 

moderately associated with ET-1 response to emotional excitement in CAD 

patients. Good exercise capacity attenuated ET-1 response to emotional 

excitement in a real-life study design. The association was more obvious after 

adjustment with appropriate covariates including age, BMI, LVEF, basal level of 

ET-1, and subjective experience of excitement. The association between exercise 

capacity and circulating ET-1 responses to emotional excitement may partly 

explain the well-known cardioprotective evidence of exercise capacity in large 

epidemiological studies (Lakka et al. 1994, Laukkanen et al. 2010). The 

association between good exercise capacity and mental stress responses is called 

the “cross-stressor adaptation” hypothesis, meaning that adaptation to exercise 

training leads to adaptation of the responses to other challenges like mental stress 

(Sothmann et al. 1996). The present findings also support the concept of the 

“cross-stressor adaptation” hypothesis, particularly concerning the association 

between exercise capacity and vasoconstriction during emotional excitement in 

patients with CAD. Secondly, acute inflammatory, catecholamine, and autonomic 

responses to emotional excitement were not associated with maximal exercise 

capacity. 

6.5.1 Exercise capacity and Endothelin-1 

ET-1 shows a terminal elimination half-life of several hours (Parker et al. 1999), 

making it an ideal biomarker for studying stress reactions during long-lasting 

real-life conditions like in the present study design. Circulating ET-1 is the most 

potent endogenous vasoconstrictor in the human body, produced by vascular 

endothelial cells (Yanagisawa et al. 1988). ET-1 levels increase during mental 

stress in various clinical populations with cardiac (Fernandez et al. 2010) and 

peripheral atherosclerotic disease patients (Mangiafico et al. 2002). In the present 

study ET-1 increased during emotional excitement even more markedly in CAD 

patients than in healthy age-matched controls. ET-1 is a very powerful 

vasoconstrictor that affect both peripheral and coronary circulation, and there is 

evidence that it induces a long-lasting constriction of the coronary arteries, 
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making it an ideal candidate for initiation and maintenance of a coronary artery 

spasm (Nguyen et al. 2010). ET-1 levels have also been shown to be higher in 

patients who suffer from acute coronary syndrome during emotional stress than in 

acute coronary syndrome patients without emotional triggers (Wilbert-Lampen et 
al. 2010). Elevated ET-1 has also been linked to plaque rupture and subsequent 

acute coronary syndromes (Taylor et al. 2004, Khan 2005).  

The novel finding of the present study is that ET-1 release during emotional 

excitement is moderately associated with exercise capacity in CAD patients. ET-1 

is released in response to various stimuli, including increases in pulsatile stretch 

(Macarthur et al. 1994), shear stress (Malek & Izumo 1992), and hypoxia 

(Kourembanas et al. 1991). In our present study, beat-to-beat blood pressure 

measurements showed that BP is rapidly and significant increased and decreased 

within tens of seconds during emotional excitement in CAD patients. The changes 

in BP occurred rapidly during exciting periods of the match without any body 

movement or other confounding factors. These rapid changes in excitement are 

typical in team sports like ice hockey and soccer, and could be difficult to mimic 

in laboratory conditions, underlining the unique study design of the present study. 

The rapid changes in blood pressure are most probably due to neural sympathetic 

activation and/or norepinephrine pulsation (half-life ~ 1 min) rather than via the 

ET-1 pathway, since an elevated ET-1 level is the result of long-term 

vasoconstriction (> 30 min) (Pernow et al. 1991). The rapid and considerable 

changes in BP increases pulsatile stretch and shear stress (Malek & Izumo 1992, 

Macarthur et al. 1994), and this could result in the elevated ET-1 release observed 

in the present study.  

Exercise capacity is limited by various factors, including vascular stiffness in 

CVD in particular (Sorensen et al. 1999, Amoh-Tonto et al. 2009, Austin et al. 
2010). It could be speculated that vascular stiffness is the key component 

explaining the association between low exercise capacity and increased ET-1 

release during emotional excitement in the present study. High vascular stiffness 

limits exercise capacity (Sorensen et al. 1999, Amoh-Tonto et al. 2009, Austin et 
al. 2010), and on the other hand, results in high pulsatile stretch/shear stress 

(Malek & Izumo 1992, Macarthur et al. 1994) and may lead to elevated ET-1 

release during emotional excitement. Furthermore, BMI and LVEF were 

associated with ET-1 response to emotional excitement. Both obesity (van 

Elderen et al. 2010, Urbina et al. 2012) and LVEF (van Elderen et al. 2010) are 

associated with vascular stiffness, further supporting the present hypothesis that 
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vascular stiffness is the key mechanism explaining the association between low 

exercise capacity and high ET-1 release during emotional excitement. 

6.5.2 Exercise capacity and other stress markers 

A majority of studies have shown that exercise capacity or exercise conditioning 

is associated with mental stress responses, including HR (Dishman et al. 2013), 

HRV (Holmes & McGilley 1987, Georgiades et al. 2000, Hamer & Steptoe 2007, 

Costin et al. 2013), BP (Georgiades et al. 2000, Ribeiro et al. 2005), and 

inflammatory markers (Hamer & Steptoe 2007). There are also studies where the 

association between exercise capacity and mental stress responses is lacking (de 

Geus et al. 1993, Ray & Carter 2010, Finkenzeller et al. 2011, Sloan et al. 2011). 

There is no a common denominator which could explain the differences between 

study findings; e.g. the age of the study subjects has varied from children to 

elderly and the mental challenges are different in almost every laboratory. Hamer 

et al. showed that physical fitness is associated with inflammatory responses to 

short-term mental stress, documented by circulating IL-6 and tumor necrosis 

factor-α (Hamer & Steptoe 2007). The subjects were healthy middle-age men and 

women from the Whitehall II epidemiological cohort and the mental challenge 

lasted 10 min in laboratory condition. In the present study, exercise capacity was 

associated with circulating IL-6 at the baseline but not with IL-6 response. It is 

highly possible that cardiac medication masks the role of exercise capacity in the 

IL-6 response. Furthermore, the responses in catecholamines or global HRV 

(SDNNi) were not associated with exercise capacity. This is not surprising in the 

present study population with various cardiac medications targeting reduced 

sympathetic outflow, including beta-blockades, in all the subjects. Exercise 

capacity may protect against further cardiovascular events in CAD patients, 

because it is associated with reduced ET-1 release during emotional excitement. 

6.6 Study Limitations 

There are a few limitations in the present study that have to be taken into account 

when evaluating the overall results. The sample size of this study was based only 

on the availability of the play-off finals in the city of Oulu during 2008, 2009, and 

2011. There were plans to monitor more subjects in 2010, but the team did not 

qualify for the play-off finals. The ambulatory BP recordings were not performed 

for all subjects due to the limited number of measurement devices. Similarly, the 
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number of patients was limited in the beat-to-beat study due to practical reasons, 

since it was possible to measure only one subject at a time. Despite these practical 

limitations in this type of study design, the results were concordant, with little 

inter-subject variability in the main findings.  

Medication may also have influenced the observed results. We were not able 

to interrupt the beta-blocking medication, for example, because of ethical reasons 

and a well-known withdrawal effect of beta-blocking cessation. However, we feel 

the observed results have more practical implications as the analyses were 

performed at a time when the patients are on their normal medication. Finally, HR 

and BP variability techniques are not direct measures of autonomic function and 

these techniques have been criticized recently (Parati et al. 2006). However, 

direct measurements of autonomic activity, like measurements of muscle 

sympathetic nervous activity directly from the peroneus nerve during the match, 

is very difficult with a significant number of subjects due to practical reasons.  

For practical reasons, blood sample collection during the match was 

scheduled for the second break, which by no means represents the moment of 

maximal emotion. It may therefore not be possible to compare changes in CV risk 

variables directly between emotional excitement and physical exercise, because of 

the different intervals between maximal excitement and sample collection. 

Despite this bias in the timing of sample collection, distinct changes in ET-1, IL-

6, and NOR were observed during the ice-hockey matches. If the blood samples 

could have been taken at the point of maximal excitement (a goal, a fight, or the 

awarding of a penalty) at least the changes in risk factors with a short half-life 

might be expected to have been even more significant. On the other hand, 

emotional excitement generally lasts throughout the match, increasing the total 

stress burden.  

It is also possible that repeated measurements after the match and during 

recovery from exercise could have resulted in different changes in the 

cardiovascular risk markers. For practical reasons, repeated blood samples could 

not be obtained and the levels of excitement were not continuously monitored 

during the match. Therefore, the dose-response relationship of the various 

parameters could not be assessed. The baseline values of some of the variables 

also were at a higher level before the match compared with the values before the 

exercise test, perhaps due to some excitement already before the onset of the 

match and a relatively short resting period before the blood samples were drawn. 

Finally, there are many other pro-inflammatory and vasoconstrictive markers in 

addition to ET-1 and IL-6 that may play a role in stress-mediated coronary events. 
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We nevertheless decided here to analyze only these two markers because of the 

widespread evidence of their role as triggers of adverse cardiovascular events. 

Despite these limitations, to our knowledge this is the first study assessing various 

risk factors of acute coronary complication during real-life emotional excitement, 

such as watching a sports event, among patients with diagnosed CAD who are on 

their standard medication. Other study designs will surely be needed to assess the 

possible dose-response relationships between this type of emotional excitement 

compared with physical exercise and their risk variables. 

The dose-response relationship of various parameters during the mental 

excitement could not be assessed and there may be threshold effects and inverted 

U-functions in these relationships. The blood samples were drawn for practical 

reasons in a sitting position during the hockey game, but in a supine position 

before and after exercise. The responses of the sympathetic nervous system in 

sitting vs. supine positions may differ, but should have only a minimal or modest 

effect on ET-1 values, for example (Modesti et al. 1996). In addition, the blood 

samples were drawn before the match in the ice-hockey hall and then during the 

breaks of the match. It is obvious that true baseline measurements should perhaps 

have been taken several hours before the match at the time of minimal excitement 

and then exactly at the time of maximal excitement. By doing this, an even 

stronger effect might have been observed in many variables, but again this was 

not practically possible. Despite these obvious limitations, many significant 

changes were observed in the measured variables. 

Subjective experience of excitement was assessed with a questionnaire. We 

are aware that this method of assessing emotional excitement is subjective and 

more inaccurate than, e.g., a continuous measurement of skin conductance. 

However, this was quite a heavy protocol for the patients in the ice-hockey hall 

and it was not practically possible to include any other devices or measurements 

during the ice-hockey match. Finally, we had only male subjects in the present 

study and the results could be different in females since we know that there are 

differences in the physiological responses to mental stress between men and 

women. 
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7 Conclusions 

The following conclusions can be drawn on the basis of the results discussed 

above: 

1. The results show that cardiac vagal outflow is attenuated and vasomotor 

sympathetic activity is elevated during exciting sports events and that BP 

dynamics differ from those occurring during physical exercise at equal HRs.  

2. The responses of surrogate markers of acute cardiovascular events to 

emotional excitement and physical exercise are partly different. Emotional 

excitement causes concomitant increases in markers reflecting vulnerability 

to atherosclerotic plaque complications, while physical exercise causes more 

prominent changes in markers of coagulation. 

3. Real-time emotional excitement causes more significant increases of markers 

in vasoconstriction (ET-1) and acute inflammation (IL-6) and withdrawal of 

cardiac vagal regulation in patients with CAD than in healthy subjects. 

4. Maximal exercise capacity is moderately associated with ET-1 response to 

emotional excitement in CAD patients. Good exercise capacity attenuated 

ET-1 response to emotional excitement in a real-life study design. 
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