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ABSTRACT 
 
Individual differences in response to psychological challenge: A study of the effects of 

ApoE, and EGF A61G genetic polymorphisms and temperamental characteristics 

 

This study examined the effect of genes (apolipoprotein E, epidermal growth factor) 

and inherited temperament on psychological and physiological regulation and performance in 

challenging situations. The participants were 95 healthy young adults, aged 22-37 years, who 

participated in a laboratory experiment including an acoustic startle task, a mental arithmetic 

task, a reaction-time task, and a speech task. We measured heart rate, sympathetic and 

parasympathetic cardiac activity, task performance, and affects during the experiment. Data 

on insulin resistance syndrome (IRS) parameters as well as data on LDL cholesterol were 

utilized. Participant�s temperament was measured using Cloninger�s Temperament and 

Character Inventory (TCI). 

The results showed that the EGF G allele is associated with benign autonomic activity 

and G allele may serve as a protective factor for several clinically important diseases in 

women. In contrast to previous findings in older subjects, the ApoE4 allele was associated 

with good performance in the mental arithmetic task suggesting that the effect of ApoE on 

cognition may be age-dependent. In addition, this association was dependent on the LDL 

cholesterol level. Temperament, particularly harm avoidance (HA) and novelty seeking (NS), 

was found to be a significant predictor of individual differences in emotional responses to 

stress. Moreover, individual differences in affective reactions were associated with IRS 

precursors. High levels of negative affects, especially tiredness and anxiousness, were 

strongly associated with IRS, also known as the metabolic syndrome. The present findings 

provide evidence on the role of genes and inherited temperament in individual differences in 

response to challenge. 
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TIIVISTELMÄ 

ApoE ja EGF geenien sekä perinnöllisen temperamentin vaikutukset yksilöeroihin 

reaktioissa haasteellisiin tilanteisiin   

 

Tutkimuksessa tarkasteltiin geenien (apolipoprotein E, epidermal growth factor) ja 

synnynnäisen temperamentin vaikutuksia psykologiseen ja fysiologiseen säätelyyn ja 

suoriutumiseen haasteellisessa tilanteessa. Laboratoriokokeeseen osallistui 95, iältään 22-37 -

vuotiasta tervettä aikuista, jotka valittiin kansallisesti edustavasta Lasten ja Nuorten 

Sepelvaltimotautiriski-aineistosta. Kokeessa mitattiin autonomisen hermoston toimintaa, 

tehtäväsuoriutumista ja tunnekokemusta voimakkaan ääniärsykkeen (säpsähdysärsyke), 

päässälaskutehtävän, reaktioaikakokeen ja puheidenpitämistehtävän aikana. Myös tutkittavien 

insuliiniresistenssioireyhtymän tekijät mitattiin. Koehenkilöiden temperamenttipiirteitä 

arvioitiin Cloningerin Temperament and Character Inventory�llä (TCI).  

Tulokset osoittivat EGF geenin G-alleelin liittyvän terveyden kannalta suotuisaan 

autonomisen hermoston toimintaan naisilla ja G-alleeli näyttää toimivan suojaavana tekijänä 

monille kliinisesti merkittäville sairauksille. Aiemmista, vanhemmilla koehenkilöillä 

tehdyistä tutkimuksista poiketen, ApoE epsilon 4-alleelin havaittiin olevan yhteydessä hyvään 

kognitiiviseen suoriutumiseen päässälaskutehtävässä. Tulos viittaa mahdolliseen ApoE geenin 

iän mukana muuttuvaan vaikutukseen suoriutumiselle. Lisäksi havaittu geenin ja 

suoriutumisen välinen yhteys vaihteli LDL-kolesterolin tason mukaan. 

Temperamenttipiirteistä erityisesti vaikeuksien välttäminen ja elämyshakuisuus ennustivat 

yksilöiden tunnekokemuksia stressaavissa tilanteissa. Yksilöiden väliset erot 

tunnekokemuksessa olivat myös yhteydessä insuliniresistenssioireyhtymän tasoon. 

Selkeimmät yhteydet havaittiin väsymykseen ja ahdistukseen liittyvillä tunteilla. Tulokset 

tuottivat uutta tietoa temperamentin sekä rasva-aineenvaihdunta- ja kasvutekijägeenien 

merkityksistä yksilöerojen selittäjinä kuormittavissa tilanteissa. 
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1. INTRODUCTION 

The term stress has been applied to psychology from engineering, where it originally 

meant pressure in physical structures resulting from outer loads and forces. Psychology and 

physiology have retained the idea of stress as an external load or demand on a biological, 

physiological or psychological system. In most of the modern theories, stress is defined as an 

imbalance between external forces or loads and individual possibilities to cope with or resist 

those externals forces (Lazarus, 1993). It has repeatedly been shown that there are meaningful 

individual differences in how people react to a challenging or stressful situation. 

Socioeconomic background, personality, cognitive styles, and behavioral patterns are among 

the causal factors that have been advanced to explain these differences. The present study 

explored the effects of genes and genetically determined temperament as factors affecting 

individual differences in responsivity and mental functioning in stressful situations. 

 

1.1. Interaction between the environment and the individual: Stress  

Generally, the term stress refers to experiencing events that are perceived as 

endangering one�s physical or psychological well being. Selye (1956; 1974) who popularized 

the use of the term stress, held the view that elevated levels of corticosteroids served as a 

bodily marker for stress. Selye�s General Adaptation Syndrome (GAS) underscored that any 

stressor, physiological or psychological, would produce in essence the same physiological 

stereotyped stress response. The profile of this response varies according to whether the 

stressor is of short duration (alarm), moderate duration (resistance), or long duration 

(exhaustion).  

Stress reactions typically demonstrate both stimulus-response specificity and 

individual response stereotypy (Lazarus, 1966; Stern & Sison, 1990), and it is apparent that 

there is no objective way to predict psychological stress levels without taking individual 

capacity into account. The transactional stress theory by Lazarus (Lazarus & Folkman, 1984) 

defines stress as a relationship between the person and the environment that is appraised by 

the person as relevant to his or her own well-being and in which the person�s resources are 

taxed. This approach also creates a basis for understanding individual differences in emotions, 

as emergence of emotions is viewed as depending on upon the individual�s assessment of the 

significance of the event. 
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The paradox of stress lies in the simultaneity of its adaptive nature and its possible 

role in disease etiology. The effective, orchestrated bodily responses to everyday stressors are 

crucial for our adaptation and survival, and moderate levels of stress strengthen our resources 

to cope with similar situations in the future. McEwen (McEwen & Stellar, 1993; McEwen, 

1998b) has described in more detail the prevailing conditions in which adaptive functioning 

may be impaired and the possible health debilitating effects of stress start to emerge. He 

defines allostasis as the adaptive process for actively maintaining stability through change. 

Allostatic load, which can be described as cumulative wear and tear, refers to the cost to the 

body arising from repeated activation or inadequate managing of mediators of allostasis (e.g., 

adrenal hormones, immuno-cytokines, and neurotransmitters). According to McEwen there 

are four basic sources of allostatic load: (1) frequent stress, (2) lack of adaptation to repeated 

similar stressors, (3) inability to shut off allostatic responses when the stress in terminated, 

and (4) deficient responses by some allostatic system leading to compensatory increases in 

other systems (McEwen, 1998a). 

 

1.2. Stress reactions 

The body reacts to stressors by initiating a complex sequence of responses. Most of 

the physiological changes result from the activation of the basic stress systems, including the 

autonomic nervous system (ANS) and hypothalamic-pituitary-adrenal (HPA) system 

(Lovallo, 1997). The present study focuses on the ANS, specifically on individual differences 

in the basal activity and reactivity profiles in response to different stressors. The ANS 

normally coordinates an organism�s physiological response to environmental challenges and 

hence is routinely activated as a part of daily existence. Such routine reactions are not thought 

to be pathogenic; however prolonged or excessive activation of these systems could adversely 

affect cardiovascular system function, which may in turn augment risk for disease (Brownley, 

Hurwitz, & Schneiderman, 2000). 

The reactivity hypothesis states that findings of recurrent heightened psychological or 

physiological stress responsivity can identify individuals at high risk of ill heath. The specific 

mechanisms and processes underlying the associations between psychological factors and 

physiological health are not yet perfectly clear [for a review see Psychosomatic Medicine, 

reactivity special section, 2003, 65(1)]. Activation of the autonomic nervous system, 

especially the sympathetic nervous system, has been known for some time to play an 
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important role as a mediator in the disease process. Manuck and colleagues (Manuck, Kaplan, 

Adams, & Clarkson, 1989) showed that high reactive female monkeys had more extensive 

areas of atherosclerotic disease in their coronary arteries. Kaplan and co-workers (Kaplan, 

Pettersson, Manuck, & Olsson, 1991) have reported sympathetic arousal to be related to 

atherogenesis. Sympathetically mediated exaggerated cardiovascular responsivity to stressors 

predicted blood pressure elevation in humans (Light, Dolan, Davis, & Sherwood, 1992; 

Matthews, Woodall, & Allen, 1993). High blood pressure has been shown to predict 

progression of atherosclerotic process as indexed by carotid intima-media thickness (Jennings 

et al., 2004). Psychosocial stress has also been shown to play a role in the development of 

insulin resistance syndrome (IRS) via responses of the HPA axis and the ANS (Björntorp, 

Holm, & Rosmond, 1999; Keltikangas-Järvinen, Räikkönen, Hautanen, & Adlercreutz, 1996; 

Ljung et al., 2000). IRS, also known as the metabolic syndrome, is a cluster of symptoms 

generally considered to include insulin resistance, hyperinsulinemia, glucose intolerance, 

central obesity, dyslipidemia, and hypertension (DeFronzo & Ferrannini, 1991; Reaven, 

1988).  

In addition to the association between reactivity and ill health, dysregulation in the 

ANS measured during a resting situation has repeatedly been reported as a candidate 

mechanism underlying the association between psychosocial factors and health. According to 

a model developed by Sloan and co-workers (Sloan, Shapiro, Bagiella, Myers, & Gorman, 

1999), a high level of parasympathetic autonomic control of the heart exerts a buffering or 

inhibitory influence on oscillations in blood pressure during challenge and may therefore 

serve as an important protective factor against blood vessel changes predisposing to coronary 

heart disease (CHD). The literature contains evidence that resting levels of autonomic cardiac 

activity, reflected by a reduced parasympathetic modulation of the heart rate, are strongly 

associated with increased risk of CHD (Dekker et al., 2000; Liao et al., 1997) and risk for 

cardiac events (Tsuji et al., 1996). 

The influence of the sympathetic and parasympathetic nervous systems on 

myocardium can be estimated by noninvasive indices of pre-ejection period (PEP) and 

respiratory sinus arrhythmia (RSA), respectively. These measures represent standard and 

generally accepted indices in the literature (e.g., Berntson, Cacioppo, & Quigley, 1993; 

Berntson et al., 1997; Cacioppo, Uchino, & Berntson, 1994; Sherwood et al., 1990; Walsh, 

Crawford, & O'Rourke, 1982). PEP is derived from thoracic impedance signals, and within-
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subject changes in PEP serve as a reliable index of changes in cardiac norepinephrine drive to 

the left ventricle (Harris, Schoenfeld, & Weissler, 1967; Mezzacappa, Kelsey, & Katkin, 

1999; Newlin & Levenson, 1979). In addition, there is evidence that the between-subject-

level differences in PEP may index differences in stable β-adrenergic inotropic cardiac drive 

(Berntson, Cacioppo, Binkley, Uchino, & et al., 1994). Previously a shorter resting pre-

ejection period, reflecting higher sympathetic cardiac drive, has been found to be a significant 

predictor of the development of atherosclerotic processes (Barnett, Spence, Manuck, & 

Jennings, 1997). 

Heart rate variability refers to the complex beat-to-beat variation in heart rate 

produced by the interplay of sympathetic and parasympathetic (vagal) neural activity at the 

sinus node of the heart. Heart rate (HR) is subject to tonic inhibitory control via the vagus 

nerve (Berthoud & Neuhuber, 2000; Levy, 1990), and during stress the vagal activity 

functions as a �brake� that regulates metabolic output to meet external demands (Porges, 

1995). RSA indicates the variability of heart rate falling within the respiratory frequencies and 

reflects mainly parasympathetic influence via the vagus nerve. The influences on heart rate 

variability decrease under situations of stress, either emotional or physical, but increases with 

rest (Porges, 1992). According to Porges, not only low resting parasympathetic activity, but 

also reduced vagally mediated reactivity to challenges may exert an detrimental influence on 

health.  

Research has established that various psychological statuses are associated with 

reduced resting parasympathetic cardiac control. These include depression (Agelink, Boz, 

Ullrich, & Andrich, 2002; Gorman & Sloan, 2000), trait anxiety (Watkins, Grossman, 

Krishnan, & Sherwood, 1998), and generalized anxiety disorder (Thayer, Friedman, & 

Borkovec, 1996). Regarding the reactivity hypothesis, there is some evidence that hostility is 

associated with increased physiological responsiveness to behavioral challenges, expressed as 

increased heart rate and blood pressure responses both in laboratory and in daily situations (T. 

W. Smith, 1992; Suls & Wan, 1993). 

In addition to having wide-ranging effects on peripheral physiology, stress also 

influences cognitive function. Glucocorticoids, secreted by the HPA-axis, modify memory 

processes (de Quervain, Roozendaal, & McGaugh, 1998; Luine, Spencer, & McEwen, 1993; 

Lupien et al., 2005), and prolonged high levels of glucocorticoids have been suggested to 

have harmful effects on hippocampal neurons (Porter & Landfield, 1998; Sapolsky, 2000). 
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Stress may also influence cognition via other physiological functions. Elevated blood pressure 

has been associated with poorer cognitive performance (Suhr, Stewart, & France, 2004), and 

high levels of cholesterol have been found to constitute a significant risk of mild cognitive 

impairment in midlife (Muldoon, Ryan, Matthews, & Manuck, 1997). Of the genetic 

differences associated with cognition, ApoE has been among the most extensively studied. 

Previously ApoE has been associated with both lipid levels and cognitive function 

(Fillenbaum et al., 2001; Ordovas & Schaefer, 1999; Staehelin, Perrig-Chiello, Mitrache, 

Miserez, & Perrig, 1999), and the probable mechanism via which ApoE polymorphism affects 

neural activity is its relationship to LDL cholesterol levels (Barres & Smith, 2001).  

 

1.3. Emotional stress: circumplex framework 

Use of self-reported levels of stress as a source of information about person�s 

reactions to psychological challenges is highly limited compared to using an instrument that 

measures a wide array of emotions. Emotions can be defined as action tendencies or action 

dispositions (Frijda, 1986; Lang, Bradley, & Cuthbert, 1990), and they represent organized 

reactions to events that are relevant to the needs, goals, and survival of the individual. The 

tripartite model of emotion (Lang, Greenwald, Bradley, & Hamm, 1993) specifies an 

emotional response as consisting of three different measurable components: affective 

experience, physiological reactivity, and overt behavioral acts. These are suggested to be only 

partially overlapping, and each serves a somewhat different function in behavior. 

Physiological changes, for example, modulate the state of the organism to adapt to the 

requirements of the environment, and overt behavior may serve as a signal of an individual�s 

emotional state and reactions to others. 

The differential emotions theory (known also as the basic emotions theory) 

conceptualizes emotion in terms of discrete states, such as anger, fear, and sadness (see e.g., 

Ekman, 1992; Izard, 1977), that typically vary according to different models that often 

presuppose that emotions are innate and universal. Here, however, the dimensional view of 

emotions is used. This approach defines emotions as action dispositions, founded on brain 

circuits that organize behavior along a basic appetitive-aversive dimension. This approach can 

be illustrated by arranging all basic emotions systematically around the perimeter of a circle 

where the position of each emotion can be represented by its placement within a two-

dimensional space.  
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The two general dimensions of emotions are valence (pleasant to unpleasant) and 

activation or arousal (Larsen & Diener, 1992; Russell, 1980) (see Figure 1). It has been 

proposed that underlying the basic dimensions of emotions there are two evaluative neural 

systems that process information in parallel: the behavioral withdrawal system, which 

processes threat-related information from the sensory inputs and its associations, and the 

behavioral approach system, from which appetitive information is derived (see e.g., Cacioppo 

& Berntson, 1994; Gray, 1991; Lang et al., 1990; Watson, Wiese, Vaidya, & Tellegen, 1999). 

Modern emotion theories emphasize the adaptive value of emotions. Emotions are by no 

means always helpful, however. Experienced emotional arousal with mental stress is 

accompanied by parallel activation of the basic physiological stress systems (SA, HPA, and 

PNS; parasympathetic nervous system) and on this account emotions also have health 

consequences (al'Absi et al., 1997; Buchanan, al'Absi, & Lovallo, 1999; Frazier, Strauss, & 

Steinhauer, 2004; Lovallo, 1997). 

 

Activated
  Unpleasant
Affect

High Activation

Low Activation

Activated
      Pleasant
              Affect

Unactivated
   Unpleasant
       Affect

Unpleasant Pleasant

Unactivated
   Pleasant
   Affect

 

Figure 1. The affect circumplex (Larsen & Diener, 1992). 

 

1.4. Factors behind individual differences in stress reactions 

Individual differences in bio-behavioral factors, such as temperament, are suggested to 

potentiate the effects of stress on disease through associated responses of the ANS. Heart rate 

reactivity to psychological challenges appears to be an individual characteristic that is stable 

over time (Cohen et al., 2000; Kamarck et al., 1992; Matthews, Rakaczky, Stoney, & 
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Manuck, 1987; Sgoutas-Emch et al., 1994). The differences in autonomic cardiac activity, 

both during rest and stressful situations, are partly of genetic origin (Carmelli, Chesney, 

Ward, & Rosenman, 1985; Ditto, 1993; Turner & Hewitt, 1992). 

 Genetic factors have also been reported to contribute a substantial proportion of 

individual differences in parasympathetic activity during resting situation and tasks (Singh, 

Larson, O'Donnell, & Levy, 2001; Snieder, Boomsma, Van Doornen, & De Geus, 1997). 

Nevertheless, the specific genes regulating autonomic function are not well known. Recent 

quantitative genetic studies suggest that inherited serotonin system activity genotypes may be 

one factor underlying the cardiovascular reactivity differences (McCaffery, Bleil, Pogue-

Geile, Ferrell, & Manuck, 2003). In addition, genes regulating parasympathetic components 

of autonomic control have recently been suggested as potential moderator candidates 

(Neumann, Lawrence, Jennings, Ferrell, & Manuck, 2005). 

 

1.4.1 Genetic factors affecting reactions to stress 

1.4.1.1. Epidermal growth factor 

Epidermal growth factor (EGF) is a polypeptide that stimulates the proliferation of 

ectodermal and mesodermal cells (Carpenter & Cohen, 1979). EGF acts as a mitogen on 

neuronal progenitor cells in the central nervous system (CNS) and stimulates the proliferation 

and differentiation of neuronal cells in various parts of the CNS (Anchan, Reh, Angello, 

Balliet, & Walker, 1991; Reynolds, Tetzlaff, & Weiss, 1992). EGF and its structurally related 

proteins are implicated in the developmental regulation and survival of midbrain 

dopaminergic neurons (Casper, Mytilineou, & Blum, 1991; Ferrari, Toffano, & Skaper, 

1991). EGF family peptides exert neurotrophic and neuromodulatory effects on developing 

dopaminergic neurons in vitro and in vivo (Alexi & Hefti, 1993; Casper et al., 1991; Plata-

Salaman, 1991). Perturbation of EGF receptor signaling has been shown to result in various 

behavioral abnormalities, including deficits in prepulse inhibition of acoustic startle and 

impaired social interaction (Futamura et al., 2003). 

 

1.4.1.2. Apolipoprotein E  

ApoE is a polymorphic glycoprotein that plays a critical role in triglyceride-rich 

lipoprotein catabolism and cholesterol homeostasis (Mortimer, Redgrave, Spangler, Verstuyft, 

& Rubin, 1994; Utermann, Langenbeck, Beisiegel, & Weber, 1980). Its three major isoforms, 
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ApoE4, ApoE3, and ApoE2, differ from one another only by single amino acid substitutions. 

ApoE3 seems to be the normal isoform in all known functions, whereas either ApoE4 or 

ApoE2 can be dysfunctional (Mahley & Rall, 2000). In 1993, the epsilon4 allele of APOE 

genotype was identified as a risk factor for Alzheimer's disease. Other processes may relate 

e.g., to cardiovascular responsivity to mental stress (Ravaja, Räikkönen, Lyytinen, Lehtimäki, 

& Keltikangas-Järvinen, 1997), development of CHD (Stengard et al., 1995), regulation of the 

hypothalamic-pituitary-adrenal (HPA) axis, and anxiety (Raber et al., 2000). Several studies 

have supported an association between ApoE4 phenotypes and impaired cognitive 

functioning. In non-demented older adults, ApoE4 has been associated with lower general 

cognitive performance (Fillenbaum et al., 2001; Staehelin et al., 1999). However, several 

studies have failed to support the association between ApoE4 and cognitive functioning in 

non-demented older adults (Collie et al., 2001; Small et al., 2000; Smith et al., 1998). 

 

1.4.2. Temperament and stress 

As noted earlier, coping efforts and emotions are significant predictors of the observed 

individual differences in stress responses. Temperament characteristics closely related to 

emotions have been suggested to serve as one potential source of stress-related differences 

(Lovallo & Gerin, 2003; Strelau, 1996; Watson, 2000). In addition to noting the theoretically 

based salient role of temperament in the differences in emotional sensitivity, it is worth 

mentioning that there is evidence that cognitive appraisals themselves may be influenced by 

subcortical neural structures associated with emotional information processing (Scott et al., 

1997; see also Damasio, 1994). Also, differences in these structures have been proposed as 

possible neural-level candidates to serve as mediators between the observed temperament and 

emotional sensitivity (Goldsmith & Lemery, 2000; Izard, 2002). 

Temperament refers to biologically rooted, relatively stable individual differences in 

emotional self-regulation and reactivity to stimuli (Cloninger, Svrakic, & Przybeck, 1993; 

Goldsmith, 1993; Goldsmith, Lemery, Aksan, & Buss, 2000; Gray, 1991). Temperament has 

been called an inherited part of personality, since personality develops in an adaptive 

interaction between the environment (human relationships, child-rearing practices etc.) and 

inherited temperament. Physiological concomitants of temperament have also been suggested 

as a source of stress-related health consequences (e.g., a risk for CHD) (Lovallo & Gerin, 

2003). Temperamental factors can be seen to have both direct and indirect stress effects on 
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health risk. Temperament has been suggested to be related to physiological antecedents of 

disease risk (direct effect) and to be responsible for the behavioral style and strategies (health 

behaviors, social problem-solving strategies etc.) that are adopted by the individual (indirect 

effect). Previous results suggest that temperament dispositions play a significant role in stress-

related cardiac reactivity (Heponiemi, Keltikangas-Järvinen, Kettunen, Puttonen, & Ravaja, 

2004) and may also predispose to the development of elevated risk profile of metabolic 

syndrome (Keltikangas-Järvinen, Ravaja, & Viikari, 1999). 

 

1.4.2.1. Cloninger�s temperament model 

Cloninger (Cloninger, 1987; Cloninger et al., 1993) has postulated an influential 

psychobiological model of the structure of temperament. Cloninger's model comprises four 

dimensions i.e., novelty seeking (NS), harm avoidance (HA), reward dependence (RD), and 

persistence (P). Temperament dimensions are thought to be neurobiologically based 

dispositions, and the traits NS, HA, and RD are thought to be strongly influenced by different 

neurotransmitter systems, such as the dopaminergic, serotonergic, and noradrenergic systems, 

respectively. Studies of the association between candidate genes of the suggested 

monoaminergic pathways and the temperament phenotypes have produced somewhat 

inconsistent results. After the seminal report of an association between NS and dopamine 

system (DRD4) by Ebstein and co-workers (Ebstein et al., 1996), the work on Cloninger�s 

temperament traits has been extensive. While several studies have supported the original 

finding (Ebstein, Nemanov, Klotz, Gritsenko, & Belmaker, 1997; Keltikangas-Järvinen et al., 

2003; Ono et al., 1997; Keltikangas-Järvinen, Puttonen, Kivimäki, Rontu, & Lehtimäki, in 

press), others have reported negative findings (Gebhardt et al., 2000; Gelernter et al., 1997). 

Studies of genetic associations with other temperament dimensions of the model have found 

the most robust association between the 5HTTLPR polymorphism and HA, providing support 

for the suggested association between HA and CNS serotonin activity (see also Lesch et al., 

1996; Munafo et al., 2003).  

Cloninger's model proposes that the particular behaviors and emotional states depend 

on both the temperament trait and the stimulus value of the situation. To be more specific, HA 

predicts facility in the formation of conditioned signals of punishment and is manifested as 

pessimistic worry in anticipation of future problems, passive avoidant behaviors such as fear 

of uncertainty and shyness with strangers, and rapid fatigability. RD predicts facility in the 
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formation of conditioned signals of reward, particularly of verbal signals of social approval. 

NS predicts facility in incentive activation. Individuals who are high in NS show a tendency 

to intense exhilaration and excitement in response to novel stimuli or cues of potential 

rewards, and are characterized by impulsive decision-making and active avoidance of 

frustration. P predicts resistance to extinction despite intermittent reinforcement and involves 

individual differences in the ability to convert a signal of punishment into a signal of eventual 

reinforcement. Previous studies of behavioral associations have shown that temperament 

dimensions measured by the Temperament and Character Inventory (TCI; Cloninger et al., 

1993) are associated with depression (Joffe, Bagby, Levitt, Regan, & et al., 1993; 

Marijnissen, Tuinier, Sijben, & Verhoeven, 2002; Peirson & Heuchert, 2001), anxiety 

disorders (Ball, Smolin, & Shekhar, 2002), mood (Svrakic, Przybeck, & Cloninger, 1992), 

coping strategies (Krebs, Weyers, & Janke, 1998), and the development of depressive 

symptoms (Elovainio et al., 2004), among others (for a review, see Cloninger, Przybeck, 

Svrakic, & Wetzel, 1994). 

 

1.5. The present study 

This study examined the sources of individual differences in responses to laboratory 

challenges by assessing the potential effects of genetic factors (EGF, ApoE) and emotion-

related factors (temperamental dispositions). In addition, the study examined the relationship 

between physiological factors (IRS precursors) and markers of stress (self-rated emotions and 

ANS regulation). The research framework with the main variables is depicted in Figure 2. 
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Figure 2. Schematic presentation of the main concepts in the present study. 

 

 

Study I. The aim of Study I was to test the associations between temperament and emotions 

assessed with the affect circumplex during a variety of potentially stressful tasks, including an 

acoustic startle task, a mental arithmetic task, and a reaction-time task. Temperament was 

measured with the TCI (Cloninger et al., 1993). Based on the proposals of Cloninger�s 

biosocial model, we formulated several specific hypotheses (see below). The terms in 

parentheses represent discrete affects found in Cloninger's model (Cloninger et al., 1994; 

Svrakic, Svrakic, & Cloninger, 1996). Cloninger has proposed resulting emotions for all 

combinations of temperament dimensions and situational cues, but only the emotions that can 

be readily interpreted in terms of the circumplex model are included here.  

High NS was predicted to be associated with activated pleasant affect (i.e., euphoric) 

and activated unpleasant affect characterized by high dominance (i.e., angry) during 

appetitive and aversive situations, respectively. High HA was hypothesized to be associated 

with unpleasant affect (i.e., depressed) in an appetitive situation and with activated unpleasant 

affect characterized by low dominance in an aversive situation (i.e., anxious), while low HA 

was predicted to be related to activated pleasant affect (i.e., joyful) during an appetitive 
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situation and with unactivated pleasant affect (i.e., fearless) in an aversive situation. 

Furthermore, high P was predicted to be associated with activated pleasant affect (i.e., 

enthusiastic), whereas low P was predicted to be associated with unpleasant affect (i.e., 

discouraged) during an aversive situation. 

In addition, as the experimental situation can be thought as representing a novel 

situation, NS was hypothesized to show a positive association with unactivated unpleasant 

affect during the monotonous baseline period. We hypothesized that high HA is associated 

with a higher level of anticipatory fear, and that low HA is associated with a higher level of 

unactivated pleasant affect (i.e. fearless). On the basis of the proposed interactions between 

the temperament traits, we predicted that HA would attenuate or intensify the emotions that 

are suggested to be associated with high NS, RD, and P, depending on the situational cues 

(Cloninger et al., 1993). A combination of high HA and NS was predicted to result in lower 

activated pleasant affect in an appetitive situation, but in a higher level of activated unpleasant 

affect characterized by high dominance (i.e. angry) in an aversive situation. 

 

Study II. The aim of Study II was to investigate whether IRS precursors predict subsequent 

state affects and autonomic cardiac responses during different experimental challenges. 

Despite the established significance of emotions for stress-related autonomic and endocrine 

responses (Lovallo, 1997), no studies exist that assess the relationship between acute affects 

during stress and IRS. The rationale for examining this association is based on several 

considerations. First, chronic stress may contribute to the development of IRS (Björntorp & 

Rosmond, 2000), and individual differences in state affects during challenging situations are 

likely to be associated with a proneness to chronic stress. Second, temperament-related 

biological predispositions may underlie the expression of both IRS and affects during stress. 

Third, there is evidence that IRS or its components may exert an influence on behavioral 

factors (Virkkunen, 1983). 

 

Study III. Study III tested the hypothesis that the functional EGF genotype variation at 

position 61 might predict differences in cardiac autonomic control. In vitro cells from 61A 

homozygous individuals produced significantly less EGF than cells from G/G or G/A 

individuals (Shahbazi et al., 2002). We hypothesized that the A/A genotype, previously 

associated with lower levels of EGF production, predicts poor cardiac control. More 
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specifically, the A/A genotype was predicted to be associated with lower levels of 

parasympathetic activity at rest as well as with higher reactivity to challenges.  

 

Study IV. Study IV focused on the role of ApoE and low-density lipoprotein cholesterol in 

the cognitive performance of healthy young adults. Cognitive performance of the subjects was 

assessed during a mental arithmetic task and a reaction-time test. Previous findings of the 

relationship between ApoE and cognitive processes are not consistent. We hypothesized that a 

possible reason for the mixed results may be an interaction between ApoE and LDL 

cholesterol on cognitive processes. In contrast to earlier studies in elderly and clinical 

samples, we tested these associations in a sample of healthy young adults. The appraised 

stress level was treated as a covariate in order to study its possible role as a moderator in the 

association of LDL and ApoE with performance. 
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2. METHODS 

2.1. Subjects 

The subjects were 95 (49 men and 46 women) healthy adults aged 22-37 year-old 

participating in the prospective epidemiological Cardiovascular Risk in Young Finns (CRYF) 

study (Åkerblom et al., 1991), where the development of risk factors for CHD has been 

monitored at intervals of 3 to 6 years since 1980. The original sample of the CRYF study 

consisted of 3596 randomly selected healthy Finnish children and adolescents in the age 

cohorts of 3, 6, 9, 12, 15, and 18 years. The present subjects were chosen from the subjects 

who participated in the 1997 psychological study (the 5th follow-up of the CRYF study, N = 

2109) and who lived in the urban and rural districts of Helsinki. 

 

2.2. Psychological measures 

2.2.1 Temperament (Study I) 

Temperament of the subjects was measured by the Temperament and Character 

Inventory (TCI) (Cloninger et al., 1993; Cloninger et al., 1994), a 240-item, self-administrated 

questionnaire assessing four temperament and three character dimensions. In the present 

study, only the temperament scales, comprising 107 items, were included. The four 

temperament dimensions of the TCI are Novelty seeking (NS; four subscales: exploratory 

excitability, impulsiveness, extravagance, and disorderliness), Harm avoidance (HA; four 

subscales: anticipatory worry and pessimism, fear of uncertainty, shyness with strangers, and 

fatigability and asthenia), Reward dependence (RD; three subscales: sentimentality, 

attachment, and dependence), and Persistence (P). The items of each temperament scales were 

summed to yield total scores. The predictive validity of the Finnish version of the TCI has 

been demonstrated previously (Keltikangas-Järvinen et al., 1999; Ravaja & Keltikangas-

Järvinen, 2001). In a Finnish sample of 2109 men and women participating in the CRYF 

study, Cronbach's alpha for the NS, HA, RD, and P scales was .85, .92, .79, and .64, 

respectively. 

 

2.2.2. Affects (Studies I and II) and anticipated stress (Study IV) 

Adjectives representing the eight octants of the affective circumplex presented by 

Larsen and Diener (1992) (see Figure 1) were chosen from a pool of 45 adjectives. To 

construct 3-item or 4-item scales assessing the circumplex octants, we first sorted the 
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translated adjectives into eight categories, which were then separately subjected to a principal 

component analysis. The activated unpleasant octant was divided into two dimensions on the 

basis of dominance: Activated Unpleasant Affect, characterized by low dominance (i.e., fear), 

and Activated Unpleasant Affect, characterized by high dominance (i.e., anger). Three or four 

adjectives receiving the highest loading (above .40) were chosen on the basis of the principal 

component analysis to form the affect scales. The adjectives chosen were dynamic, energetic, 

and lively (Activated Pleasant Affect, α = .92); calm, at rest, and placid (Unactivated Pleasant 

Affect, α = .92); anxious, fearful, nervous, and distressed (Activated Unpleasant Affect 

characterized by low dominance, α = .91); annoyed, angry, aggressive, and irritated 

(Activated Unpleasant Affect characterized by high dominance, α = .94); dull, tired, drowsy, 

and sleepy (Unactivated Unpleasant Affect, α = .87); cheerful, pleased, and happy (Pleasant 

Affect, α = .86); sad, disappointed, gloomy, and depressed (Unpleasant Affect, α = .90); and 

aroused, intense, quiet (reverse scored), and inert (reverse scored; the unipolar arousal 

dimension, α = .69). Anticipated stress before the tasks was assessed by asking participants 

�How stressful do you expect the upcoming task to be?� During the experiment, the subjects 

rated their emotional experiences and anticipated stress on a 13-point category-ratio scale 

(CR-10; Borg, 1982) varying from 0 (nothing at all) to 11 (more than ever before).  

 

2.2.3. Health behaviors (Study III) 

The subjects were asked to report their daily consumption of cigarettes and the amount 

of exercise ("How many hours each week do you engage in physical exercise so that you get 

out of breath and sweat?"). 

 

2.3. Physiological measures (Studies II and IV) 

Blood pressure was measured to the nearest even figure with a standard mercury 

gravity sphygmomanometer on the right arm after a rest of at least 3 minutes (Uhari et al., 

1991). Subscapular skinfold thickness (SSF) was measured by Harpender calipers to the 

nearest 0.2-mm reading. SSF was used as an index of upper-body subcutaneous fat 

distribution. Body-mass index (BMI) (Studies II and III) was calculated as weight divided 

by height squared. The procedures for anthropometric measurements have been described in 

detail elsewhere (Dahlström et al., 1985). 

Venous blood samples were taken from the right antecubital vein of recumbent 
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subjects after an overnight fast. Serum insulin was measured by a modification of the 

immunoassay method of Herbert, Lau, Gottlieb, and Bleicher (1965) in the Research 

Laboratory of the Department of Pediatrics, University of Oulu, Oulu, Finland. All lipid 

determinations were done in duplicate, with standard enzymatic methods used for serum 

cholesterol and triglyceride (TG). Serum high-density lipoprotein (HDL) cholesterol 

concentrations were measured from the serum supernatant after precipitation of VLDL and 

LDL lipoproteins with dextran sulphate 500 000. A more detailed description of the 

assessment protocol has been reported elsewhere (Viikari et al., 1991). 

IRS factor. (Study II) The measurements relevant for IRS (DeFronzo & Ferrannini, 

1991; Reaven, 1988), (Serum insulin, HDL, TG, SBP, BMI, and SSF) were subjected to 

principal components analysis. Logarithmic transformations were performed for serum insulin 

and TG in order to normalize their distributions (Hair, Anderson, Tatham, & Black, 1995). In 

order to control for possible nonlinear associations of age and gender with the physiological 

parameters, the IRS factor was standardized separately by age and gender. 

 

 

2.4. Genetic analyses (Studies III and IV) 

2.4.1. Epidermal growth factor 

Genotypes were determined with the use of fluorogenic allele-specific oligonucleotide 

probes with conjugated minor groove binder (MGB) group (Livak, 1999). The nucleotide 

sequences of the primers and probes used in the PCR were deduced from published sequences 

deposited in the GenBank database and were chosen and synthesized in conjunction with 

Applied Biosystems (Foster City, CA, USA). DNA samples were genotyped by employing 

the 5' nuclease assay for allelic discrimination using the ABI Prism 7000 Sequence Detection 

System (Applied Biosystems, Foster City, CA, USA). PCR reaction containing genomic 

DNA, 1 × Universal PCR Master Mix, 900 nM of each primer and 200 nM of each probe was 

performed in 96-well plates using the standard protocol for TaqMan MGB probes in a total 

volume of 25 μl. Water controls and known control samples previously typed by RFLP-PCR 

analysis were run in parallel with unknown DNA samples. After cycling, end-point 

fluorescence was measured and genotype calling was carried out by the allelic discrimination 

analysis module. 
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2.4.2. Apolipoprotein E 

ApoE phenotyping was performed from delipidated plasma using isoelectric focusing, 

cysteamine treatment, and immunoblotting, as described in detail elsewhere (Lehtimäki et al., 

1990). For ApoE phenotyping, venous blood samples were drawn after an overnight fast from 

the antecubital vein into tubes containing EDTA. 

 

2.5. Measurement of cardiac activity and data treatment (Studies II and III) 

During the psychophysiological experiment, electrocardiograms (ECG) were taken 

with a Minnesota Impedance Cardiograph (Model 304B) using the standard tetrapolar band 

electrode configuration (Sherwood et al., 1990). The ECG, and dZ/dt signals were sampled at 

a rate of 500 Hz, and inter-beat intervals (IBI) were derived from self-programmed software. 

The positions of the Q-wave in the ECG and the B point in the dZ/dt signal were detected 

using self-programmed software (Labview, National Instruments Co., TX, USA). The 

readings were checked visually and edited for artifacts. The pre-ejection period (PEP), which 

reflects sympathetic myocardial drive (see e.g., Brownley et al., 2000; Sherwood et al., 1990), 

was calculated as the interval (ms) between the onset of the ECG Q-wave and the onset of 

left-ventricular ejection (B point). Deviant IBI values were identified using a 20 percent 

change from the previous IBI as a criterion and corrected when needed following the 

guidelines of Porges and Byrne (1992). The beat-by-beat IBI data were converted to 

equidistant IBI time series with 200-ms intervals by using the weighted-average interpolation 

method presented in Cheung and Porges (1977). The spectral analyses were performed on 60-

second segments of the heart period series. Each segment was detrended prior to spectral 

analysis by removing series mean and linear trend. The logarithm of the variance within the 

frequency band associated with respiration (i.e., 0.12-0.40 Hz) was summed to index RSA. 

RSA is mediated predominantly by vagal-cardiac nerve traffic and is considered an index of 

parasympathetic activity (Berntson et al., 1993; Berntson et al., 1997; Porges, 1995). Mean 

heart rate (HR), RSA, and PEP values were computed for each subject across each minute 

during the tasks. For the resting periods the average of two or three minutes was used. 

 

2.6. Experimental procedure 

After complete description of the study, informed consent was obtained from all 

subjects. The subjects were instructed to abstain from consumption of caffeine and cigarettes 
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for 12 hr before the experiment. The experiment was conducted in a sound-attenuated room 

with a computer for stimulus presentation and a video system for communication and 

monitoring. The experiment consisted of five tasks: (a) emotion-evoking picture viewing, (b) 

acoustic startle stimuli (ST), (c) a mental arithmetic task (MA), (d) a reaction-time task (RT), 

and (e) a public-speaking task (SP). In the present study, however, emotion-evoking picture 

viewing was not included. Affects elicited by the first (R1) and last (R2) resting periods and 

the tasks were rated after each stage, with the exception of emotion-evoking picture viewing 

and the speech task. After the first and last resting period, the subjects were asked to describe 

how they felt at that moment, and immediately after each task they were asked to rate how 

they felt during the task. The experiment started and ended with a resting period of 10 min 

(R1 and R2, respectively), and the resting periods between the four included tasks were 5, 5, 

and 8 min (in this order).  

Acoustic startle task. The subjects were presented with three trials of intense auditory 

stimulation in the form of a distorted sound of 400 Hz in frequency, 109 dB in intensity, 0.5 

second in duration, and virtually instantaneous risetime. The inter-stimulus interval was 110 s, 

and the task ended 100 s after the final stimulus presentation. The acoustic startle task was 

used as an aversive situation. 

Mental arithmetic task. The subjects were asked to perform six 1-min serial 

subtraction problems, adjusted for individual differences in mathematical skills, continuously 

for 6 min. The minuend was 297, 688, 955, 593, 1200, and 1741 for minutes 1, 2, 3, 4, 5, and 

6, respectively. The subtrahend in minute 1 was 3. Task difficulty was contingent on the 

subject�s performance during the preceding minute. Performance was measured as the number 

of correct and sufficiently rapid answers (time limit = 10 s). The subject was informed that the 

three participants who gave the greatest number of correct answers would be awarded a prize 

of $40. The mental arithmetic task with a monetary reward was used as an appetitive 

situation. 

Reaction-time task. Repeated choice-deadline trials were presented to the subject in 

three increasingly difficult blocks (10 trials per block). Each trial consisted of (a) a 

preliminary period varying randomly between 8 and 12 s; (b) a stimulus period during which 

a 1000 Hz or a 2000 Hz tone was presented; (c) a response period during which the subject 

had to push one of two buttons labeled either 1000 Hz or 2000 Hz, with an obnoxious 105 dB 

white noise of 0.5 s duration being presented if the response was incorrect or too slow; (d) and 
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a feedback period. The reaction time deadline was adjusted according to the subject�s own 

reaction time. The deadline was equal to the mean response time of the last three trials 

multiplied by a constant factor of 1.15, 1, and 0.85 for the first, second, and third blocks, 

respectively. The forced-choice reaction-time task with loud noise punishments was used as 

an aversive situation. Performance in the reaction-time test was measured as reaction time 

(ms) and the number of correct and sufficiently fast responses. 

Speech task. The participants were asked to construct and deliver three speeches (a 3-

minute speech after a 3-minute silent preparation period), each on a different topic. The 

speeches were delivered to an audience of two experimenters (one male, one female) who 

were sitting in the room. The participants were told that their speeches would be videotaped 

and evaluated later, and that the best-rated speeches would be awarded a prize of 40 US $. 

The three scenarios presented in counterbalanced order were (1) a presentation based on a 

factual article about the need for sleep; (2) the participant�s own reasoned opinion about 

homosexuals� rights to get married and adopt children; and (3) a defending speech in a 

hypothetical situation in which the subject was wrongfully accused of shoplifting. 

 

2.7. Statistical analyses 

Study I. The data were analyzed using the General Linear Model (GLM) Repeated 

Measures procedure in SPSS for Windows program, with the continuous temperament 

variables (NS, HA, RD, P) and baseline affect as covariates. The temperament variables were 

centered in order to reduce the risk of multicollinearity among them. First the data were 

analyzed with gender as the between-subject factor. As this procedure resulted in complex 

four-way interactions involving gender, gender was not incorporated into the final analyses. 

Analyses of the affect ratings included one within-subjects factor, i.e., phase (3 levels: ST, 

MA, and RT). We specified a custom model that contained the main effects of the four 

temperament factors and all two-way interactions between them. To develop the final model, 

we deleted all nonsignificant interactions and main effects that were not included in a 

significant interaction. We used planned contrasts to compare the appropriate categories of the 

phase within-subject factor (ST vs. MA; ST vs. RT; MA vs. RT). The baseline affect data 

were analyzed separately using the GLM Univariate procedure as described above. 

Significant interactions were graphed showing the regression lines for participants receiving 

low (1 SD below the mean) and high (1 SD above the mean) scores on the moderator variable 
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(e.g., HA). 

Study II. The affect data were analyzed by the general linear model (GLM) repeated 

measures procedure, with gender as the between-participant factor and the IRS factor as a 

covariate. Gender was used as the between-participant factor, given that the relationship 

between IRS and behavioral factors has previously often been found to be different for men 

and women (e.g., Ravaja, Keltikangas-Järvinen, & Keskivaara, 1996). First, we specified a 

custom model that contained (a) main effects of gender and the IRS factor and (b) Gender × 

IRS interaction. Analyses included one within-participant factor, that is, phase (five levels: 

R1, ST, MA, RT, R2). To compare the different categories of the phase within-participant 

factor, we created planned contrasts: (a) R1 and R2 versus ST, MA, and RT; (b) ST versus 

MA; (c) ST versus RT; and (d) MA versus RT. Then, to develop the final model, the 

nonsignificant Gender × IRS interaction and main effect of gender were removed. Similar 

GLM repeated measures analyses were performed for each physiological variable (i.e., HR, 

RSA, PEP), with gender as the between-participant factor and with continuous variables (i.e., 

IRS, age, and the initial physiological baseline (R1) score) as covariates. In addition, we 

repeated these analyses without using the initial baseline physiological value as a covariate. 

The effect of age was controlled for in all analyses. The task within-participant factor 

comprised five levels (i.e., MA, RT, SP1, SP2, and SP3). Planned contrasts were created to 

compare the different categories of the within-participant factor: (a) MA and RT versus SP1, 

SP2, and SP3; (b) MA versus RT; (c) RT versus SP1, SP2, and SP3; (d) SP1 versus SP2; (e) 

SP2 versus SP3; and (f) SP1 versus SP3. We then specified a custom model that contained (a) 

main effects of age, gender, IRS, and the baseline physiological value and (b) Gender × IRS 

interaction. The nonsignificant Gender × IRS interaction and main effect of gender were 

deleted again. 

Study III. The data were analyzed separately for men and women by the GLM 

Repeated Measures procedure. A/A vs. A/G or G/G was the dichotomous between-subject 

factor, age, and health behaviors were treated as continuous covariates. Analyses of each 

physiological variable (i.e., HR, RSA, and PEP) included one within-subject factor, i.e., task 

(5 levels: acoustic startle, mental arithmetic, reaction-time task, speech preparation, and 

speech delivery). We created planned contrasts to compare appropriate categories of the phase 

within-subject factor (speech preparation, speech delivery vs. acoustic startle, mental 

arithmetic, reaction-time task; mental arithmetic vs. startle, reaction-time task; startle vs. 
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reaction-time task; mental arithmetic vs. reaction-time task). The baseline data were analyzed 

separately by the GLM Univariate procedure with EGF group as the between-subject factor 

and with age and heath behaviors as covariates. 

Study IV. The relationships of ApoE genotype and the LDL cholesterol level to 

cognitive performance were analyzed with the aid of analyses of variance, where performance 

in the mental arithmetic and the reaction-time tests represented the dependent variables and 

the ApoE and the LDL cholesterol level served as the independent variables. Based on 

previous findings suggesting that epsilon4 allele of ApoE genotype may relate to altered 

cognition (Fillenbaum et al., 2001; Staehelin et al., 1999), the subjects were divided into two 

groups according to ApoE (those having any 4 alleles vs. others) polymorphism. The level of 

LDL cholesterol was treated as a continuous variable. The modifying role of the LDL 

cholesterol level in the relationship between ApoE and cognitive performance was analyzed 

by entering the interaction term after main effects in the model. All the models were adjusted 

for age and gender. 
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3. RESULTS 

Affects and physiological activity during the experiment 

Tables 1 and 2 present the means for circumplex affect octants and cardiac activity 

variables (HR, RSA, and PEP) during the experiment. All tasks produced significant changes 

in each affect octant score. The levels of Activated Pleasant Affect, Unactivated Pleasant 

Affect, Activated Unpleasant Affect (fear), and Activation differed between the initial and last 

baseline. HR was significantly higher and RSA was significantly lower during the tasks 

compared to baseline, excluding the reaction-time task. PEP was shorter during the tasks than 

during the initial baseline and showed the strongest shortening during the mental arithmetic 

task and the speech task. 

 

Table 1. 

 Means and standard deviations of affect dimensions during the experiment in the study 

group. 

 1st baseline Startle 

task 

Arithmetic 

task 

Reaction- 

time task 

Last 

baseline 

Activated Pleasant 3.0(1.8) 3.7(2.1)** 5.4(2.1)** 4.0(2.2)** 3.4(1.9)* 

Pleasant 3.9(1.6) 1.7(1.7)** 2.9(2.1)** 1.9(1.6)** 3.8(2.2) 

Unactivated Pleasant 5.4(1.8) 2.2(1.9)** 2.4(1.8)** 2.3(1.9)** 5.3(2.4) 

Unactivated Unpleasant 3.0(1.7) 1.8(1.7)** 0.8(1.0)** 1.3(1.5)** 2.0(1.8)** 

Unpleasant 0.6(0.8) 1.0(1.5)** 1.0(1.2)** 1.6(1.8)** 0.6(1.0) 

Activated Unpleasant (fear) 1.0(0.9) 3.2(2.4)** 1.8(1.2)** 2.0(1.7)** 0.6(0.9)** 

Activated Unpleasant (anger) 0.3(0.6) 2.2(2.4)** 1.0(1.4)** 2.4(2.7)** 0.3(0.6) 

Activation 3.7(0.9) 5.7(1.9)** 6.1(1.2)** 5.8(1.5)** 4.2(1.3)** 

Note. * differs from 1st baseline, p < .05; ** differs from 1st baseline, p < .01. 
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Table 2. 

Means and standard deviations of physiological variables during the baseline and tasks in the 

study group. 

  

 Baseline 

 

Startle task Arithmetic 

task 

Reaction- 

time task 

Speech 

preparation 

Speech 

delivery 

HR 71.9(9.4) 68.3(10.6)** 84.1(16.1)** 73.4(13.3) 87.8(15.2)** 92.2(16.2)** 

RSA 2.84(0.22) 2.90(0.20)** 2.69(0.25)** 2.84(0.22) 2.72(0.25)** 2.77(0.24)** 

PEP 96.7(11.3) 95.0(11.2)* 83.0(16.76)** 87.7(14.4)** 81.7(15.3)** 79.0(14.4)** 

Note. * Differs from baseline, p < .05; ** differs from baseline, p < .01; HR = heart rate 

(bpm); RSA = respiratory sinus arrhythmia (log ms2); PEP = pre-ejection period (ms). PEP is 

an indicator of sympathetic activation, and RSA reflects parasympathetic activity. 

 

3.1. Temperament and emotional responses to challenges 

The GLM Univariate procedure showed that HA was related to low self-rated 

Pleasantness and Unactivated Pleasant Affect during the baseline, Fs(1,90) = 13.81 and 7.94, 

ps < .001 and .006, η2s = .13 and .08. HA and NS both were associated with higher 

Unpleasantness during the baseline, Fs (1,90) = 12.30 and 6.40, ps = .001 and .013, η2s = .12 

and .07, respectively. In addition, NS was associated with a high level of Unactivated 

Unpleasant Affect F(1,90) = 8.34, p = .005, η2 = .09. There was also a significant HA x P 

interaction for Activated Unpleasant Affect characterized by low dominance, F(1,90) = 7.01, 

p = .010, η2 = .08; P was positively associated with fear among subjects low in HA, whereas 

the reverse was true for subjects high in HA (Figure 3). The GLM Repeated Measures 

procedure showed a significant Task × NS × P interaction for Activated Pleasant Affect, 

F(2,78) = 7.35, p = .001, η2 = .09. One planned contrast (ST vs. RT) was significant, F(1,79) 

= 14.86, p < .001, η2 = .16; among individuals low in P, NS was associated with higher 

Activated Pleasant Affect during ST compared to RT. In addition, the GLM Repeated 

Measures procedure showed a significant main effects for HA when predicting Activated 

Unpleasant Affect characterized by low dominance F(1,80) = 6.20, p = .015, η2= .07; HA was 

associated with higher levels of Activated Unpleasant Affect characterized by low dominance 

during the tasks. Reward dependence and Persistence were not associated with affects during 

the tasks. 
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Figure 3. The interaction between persistence and harm avoidance in predicting 

baseline activated unpleasant affect (low dominance). 

 

3.2. The relationships between IRS precursors and stress responsivity  

The preliminary age and gender adjusted correlations between IRS parameters and 

affects indicated that Unactivated Unpleasant Affect was significantly associated with the IRS 

factor during all phases, rs = .26−.44, ps < .05, with the exception of the first resting period. 

Unpleasant Affect showed the strongest association with the IRS factor during the mental 

arithmetic task, r = .44, p < .01. Activated Unpleasant Affect (low dominance) showed 

significant associations with the IRS factor during the first resting period, r = .37, p < .01, 

mental arithmetic task, r = .49, p < .01, and reaction-time task, r = .29, p < .01; and Activated 

Unpleasant Affect (high dominance) was significantly related to IRS during the mental 

arithmetic task, r = .29, p < .01. The positively valenced affects of the circumplex were not 

associated with the IRS factor. The GLM Repeated Measures procedure showed a significant 

main effect for IRS when predicting Unactivated Unpleasant Affect during all experimental 

epochs (R1, ST, MA, RT, R2), F(1, 60) = 13.96, p < .001, η2 = .19; IRS was associated with 

high experienced Unactivated Unpleasant Affect during the study. In addition, there was a 

significant main effect for IRS in predicting Activated Unpleasant Affect characterized by 
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low dominance, F(1, 60) = 6.03, p = .017, η 2 = .09; in other words, IRS was related to high 

self-reported Activated Unpleasant Affect. The GLM Repeated Measures procedure showed 

no significant associations between the IRS factor and autonomic cardiac activity as measured 

in terms of HR, RSA, and PEP. 

 

3.3. The contribution of EGF A61G polymorphism to autonomic functioning 

In the sample, 31 participants (44%) had the A/A genotype and 44 participants (56 %) 

had A/G or G/G in the EGF. The genotypes were equally distributed for men and women. In 

women, A/A genotype was associated with higher heart rate (HR) during the initial baseline, 

F(2,35), 4.29, p = .046, η2 = .12. After health behaviors were added in the models, the 

association remained significant F(5,30), 6.92, p = .014, η2 = .19, and the association with 

RSA became significant F(5,30), 4.71, p = .038, η2 = .14, A/A genotype being related to 

lower levels of RSA. In men, there were no significant associations between EGF genotype 

and cardiac autonomic control during the baseline (Table 3). The repeated measures 

procedure with task-related change scores did not result in any differences for the EGF gene 

polymorphism in women or in men (p values > .10). 

 

Table 3.  

Age and health behavior adjusted associations between EGF A61G polymorphism 

(A/A vs. A/G, G/G) and cardiac control during baseline. 

Mean values (SD in parentheses) 

 HR (bpm) RSA (log ms2) PEP (ms) 

Polymorphism    

Male (n=39) 

A/A 70.6(7.2) 2.86(0.14) 98.8(12.2) 

A/G, G/G 69.3(11.1)  

p = .726 

2.85(0.25)  

p = .519 

97.5(10.9)  

p = .794 

Female (n=36) 

A/A 77.4(9.5) 2.72(0.28) 96.1(9.7) 

A/G, G/G 71.1(7.5)  

p = .014 

2.89(0.23)  

p = .038 

95.6(11.9)  

p = .788 

Note. HR = heart rate, RSA = respiratory sinus arrhythmia, PEP = pre-ejection period. 
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3.4. ApoE and performance in challenging tasks 

Age was associated with actual reaction time (r = �0.32, p = 0.02), and pre-task 

anticipated stress rated by the subjects was associated with performance in the mental 

arithmetic task (r = �0.31, p = .03). The mean LDL cholesterol level in the sample was 3.1 

mmol/l (SD = 0.7) in 1983 and 2.9 mmol/l (SD = 0.7) in 1986, and the correlation between the 

measures was 0.73 (p < .001). After controlling for age and gender, analyses showed that the 

relationship between ApoE and performance in the mental arithmetic task was dependent on 

the LDL cholesterol level in 1983 (F = 9.44, d.f. = 1, p < .01) and 1986 (F = 8.71, d.f. = 1, p < 

.01). Additional adjustment for the individual level of difficulty during the six blocks of the 

MA task, or for anticipated stress before the mental arithmetic task did not affect the results. 

The interaction is illustrated in Figure 4. The performance level in the mental arithmetic task 

was estimated for those who had any 4 alleles in ApoE and for the others by the levels of 

LDL cholesterol (median split). ApoE polymorphism was associated with performance in 

subjects with a low cholesterol level in 1983 (F = 6.25, d.f. = 1, p = .02) and in 1986 (F = 

9.74, d.f. = 1, p = .005) but not in subjects with a high cholesterol level in 1983 (F = 0.19, d.f. 

= 1; n.s.) or 1986 (F = 0.15, d.f. = 1; n.s.). 

 

 

Figure 4. The relationship between ApoE4 polymorphism and cognitive 

 performance in mental arithmetic task in low and high LDL cholesterol  

groups after adjusting for difficulty level.
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4. DISCUSSION 

The present study combined multiple levels of explanation to create an overview of 

the factors influencing individual differences in responses to stressful or challenging 

situations. The main findings of the present study indicate that high levels of negative 

emotions, particularly tiredness, during stressful circumstances may be related to elevated risk 

of metabolic syndrome and that a dispositional temperament is a significant predictor of 

emotional reactions in stressful situations generally. In addition, these results revealed that the 

differences in genetic polymorphism of epidermal growth factor A61G gene may be 

associated with parasympathetic cardiac control in women, thereby potentially affecting an 

individual�s health and vulnerability to stress. The exploration of gene-by-environment 

interaction effects on behavioral outcomes is a hot topic at the present moment (see e.g., 

Caspi et al., 2002; Caspi et al., 2003; Keltikangas-Järvinen, Räikkönen, Ekelund, & Peltonen, 

2004). In relation to this, it was pointed out that it may be informative to include other 

physiological factors, such as lipids, in studies of the effect of genes on behavior. This was 

seen in the moderating effect of LDL cholesterol on the association between ApoE 

phenotypes and performance to challenges (see also Elovainio et al., 2005a; Elovainio et al., 

2005b). 

 

4.1. Temperament and emotional responsivity to challenges 

Temperament was found to be a significant predictor of individual differences in 

emotional experience. Of Cloninger's four temperament dimensions, particularly harm 

avoidance (HA) and novelty seeking (NS) predicted differences in emotional experience 

during challenging situations. In agreement with our hypothesis, HA was found to be related 

most strongly with the basic emotion of fear (i.e., Activated Unpleasant Affect characterized 

by low dominance). The basic affective experience related to NS in monotonous situations 

appears to be dullness, not anger, as Cloninger has proposed. The relationship of NS with 

dullness was clear both during a monotonous situation (i.e., rest) and during aversive tasks 

(i.e., ST and RT). However, the preliminary bivariate analyses suggested that during an 

appetitive situation and during the initial baseline the basic affective experience related to NS 

is Pleasantness. Persistence (P) was found to interact significantly with HA and NS. On the 

other hand, reward dependence (RD) failed to establish any independent associations with 

state affects in the context of the present study. 
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Persons high in HA tend to be fearful, insecure, and pessimistic even in situations that 

do not bother other people. The finding of negative association between HA and calmness 

was congruent with this. However, the expected association with fear during the baseline was 

not found; instead HA was associated positively with Unpleasant Affect and negatively with 

Pleasantness and calmness. This is in line with a previous study by Svrakic and co-workers 

(Svrakic et al., 1992), in which HA showed robust associations with all Profile of Mood 

States-bipolar form (POMS-bi) scales. In our experimental study, HA was positively 

associated with fear during the baseline only when combined with low P. Inversely, high P 

appeared to act as a buffer against the effect of HA, given that individuals high in HA showed 

lower levels of fear when they were also high on the P dimension. This is reasonable, since 

individuals who rate high on the P dimension are industrious and enthusiastic (Svrakic et al., 

1996), attributes that may buffer against the potential negative outcomes of high HA. In 

addition, P has previously been found to show positive associations with self-esteem, 

assertive action and to be negatively related to avoidant coping scales (Cloninger, Bayon, & 

Svrakic, 1998). 

We found that individuals high in HA showed a higher level of fear during the 

challenges when baseline differences were taken into account. This result is in line with the 

proposal that something novel or unfamiliar will elicit fear as a function of HA scores 

(Cloninger et al., 1993). In addition, the correlations suggested that HA also predicts other 

affects predominantly during the resting periods and MA task. During the MA task, HA 

showed a pattern of associations with emotions characterized by a lower level of pleasant 

affect, calmness and a higher level of Unpleasant Affect, fear and Activated Unpleasant 

Affect characterized by high dominance (i.e., anger). These results are partly predictable from 

the model: HA was suggested to be associated with a fearful emotional state in a situation 

where cues of negative reinforcement are present and with a depressed state (i.e., Unpleasant 

Affect) when positive reinforcement is present (Svrakic et al., 1996). 

As regards NS, we found positive relationships with dullness and pleasantness during 

the baseline. These findings were again in line with our hypotheses: individuals high in NS 

have been proposed to be exuberant and enthusiastic and to engage quickly in new and 

unfamiliar stimuli, which may have resulted in a higher level of positive affect. In addition, 

the association between NS and dullness during the relatively long resting period may reflect 

the propensity to become easily frustrated during a monotonous, passive situation. Bivariate 
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correlations showed that, as opposed to the aversive tasks (i.e., ST, RT), NS was not related to 

dullness during the appetitive MA task. Instead, as hypothesized, NS was associated with 

higher levels of pleasantness and with calmness during MA. This suggests that when the 

situation changes from appetitive to aversive, the affective reactivity associated with NS 

changes in the direction proposed by the model. 

Prior studies have shown that RD is associated with positive emotionality (Cloninger 

et al., 1998; Krebs et al., 1998). The association between RD and positive affects was not 

supported in our study. It is possible that the tasks used in the present study were not ideal for 

activating the system suggested to underlie RD (i.e., maintenance of behavior). This may, at 

least partly, explain the paucity of findings relating to RD. The presumed moderating effect of 

HA on the outcomes of other temperament dimensions received only modest support in the 

present study. When Rusting and Larsen (1999) tested the proposed interaction between 

behavioral activation and behavioral inhibition, the constructs comparable to NS and HA did 

not interact in producing affective experience following mood induction. Thus, the major 

temperament dimensions related to approach and avoidance behavior do not seem to interact 

significantly with each other. 

 

4.2. Emotions during challenges and insulin resistance precursors 

The main finding of this study was that insulin resistance syndrome score was 

associated with negative affects measured 11 years later, independently of their activation 

level. IRS was positively related to Activated and Unactivated Unpleasant Affects, that is, 

feelings of anxiety and tiredness, respectively. Previous epidemiological studies examining 

the relationship between emotions and CHD have repeatedly found evidence for an 

association between IRS and negative emotional traits of anxiety, anger, and depression (see 

e.g., Kubzansky & Kawachi, 2000). The results of the present study assessing state affects 

support the previous findings suggesting that individual disposition to experience negative 

emotions may form a risk for IRS. However, anger (Activated Unpleasant Affect 

characterized by high dominance) was not associated with IRS, although the tasks seemed to 

prompt anger-related affects as well, at least to some extent. Nevertheless, the laboratory 

challenges used may not be valid in eliciting the levels of anger experienced in daily life. 

The most plausible explanation for the association between IRS and negative state 

affects over an 11-year follow-up period might be that temperament-related biological 
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predispositions underlie the expression of both IRS and negative affects during stress. 

Namely, it has previously been shown that temperamental negative emotionality predicts IRS 

precursors (Ravaja & Keltikangas-Järvinen, 1995), and trait anger has been associated with 

the development of metabolic syndrome (Räikkönen, Matthews, Sutton-Tyrrell, & Kuller, 

2004). Although temperament is subject to changes caused by maturation and environmental 

factors, affective responding, especially negative emotionality, has been shown to be a rather 

stable predisposition (Sigvardsson, Bohman, & Cloninger, 1987; Watson, 2000). Similarly, 

IRS parameters, as well as their clustering, show considerable normative stability, this 

tracking of levels starting even in childhood (Raitakari et al., 2003; Rönnemaa et al., 1991). In 

addition high stability of the IRS factor has also been demonstrated in this sample over 

different follow-up periods (Keltikangas-Järvinen et al., 1999; Ravaja, Katainen, & 

Keltikangas-Järvinen, 2001; Ravaja & Keltikangas-Järvinen, 1995). Thus, it is possible that 

state affects during the experiment are markers of a temperamental disposition to negative 

affectivity that may contribute to increased stress and thereby to high levels of IRS.  

Although behavioral adaptability may vary in different situations, the physiological 

response to stress has been suggested to be fairly stable (Kagan, 1987). Withdrawn and 

inhibited individuals tend to express sympathetic nervous system dominance, which, as 

mentioned before, is likely to contribute to IRS risk. Our results do not support the idea that 

IRS is related to autonomic cardiac responses. Although we found no association between 

IRS and cardiovascular responses in a laboratory setting it is still possible that there is an 

association between real-life autonomic reactivity and IRS. It is also of note that the 

association between IRS and behavioral factors may be predominantly mediated by 

neuroendocrine responses (e.g., Björntorp & Rosmond, 2000; Keltikangas-Järvinen et al., 

1996).  

Tiredness, also characterized by dullness and sleepiness, does not openly associate 

with temperament. Its origin has, however, been suggested to be in avoidant behaviour, which 

is closely related to negative emotionality (Gray, 1991). In addition, Cloninger (Cloninger et 

al., 1993) suggested that individuals high in harm avoidance are highly fatigable so that 

activities must be limited to minimize the required effort. Thus, temperamental negative 

emotionality may have two different manifestations: (a) a direct influence on experienced 

distress and anxiety and (b) another influence related to avoidant coping. The latter means 

disengaging from annoying situations, which is expressed as tiredness or dullness. The state 
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tiredness measured in this study may also be related to vital exhaustion characterized by 

feelings of fatigue and loss of energy (Appels, Golombeck, Gorgels, de Vreede, & van 

Breukelen, 2000; Appels, Kop, & Schouten, 2000). It should also be recognized that, given 

the temporal precedence of the measurement of IRS as compared to the measurement of 

affects, it would be quite plausible to suggest that IRS has an effect on subsequently measured 

affects, especially as insulin has been shown to exert an influence on behavioural factors, for 

example (Virkkunen, 1983). However, it is not possible to establish a cause�effect 

relationship solely on the basis of the temporal precedence mentioned above.  

IRS accounted for a remarkably high amount of variance of anxiety and tiredness, that 

is, 9% and 19%, respectively. The estimates found in this study are much higher than those 

usually reported when using trait measures. This suggests that state affect measures may, in 

effect, have higher predictive validity in biobehavioral CHD research than trait measures. 

Although our study focused on state affects, the possibility of individual stress proneness, 

perhaps related to basic temperament, cannot be neglected.  

  

4.3. The contribution of EGF polymorphisms to autonomic cardiac control in stress  

This study suggests that functional EGF gene A61G polymorphism is associated with 

autonomic cardiac control. We found that the A/A genotype was associated with higher heart 

rate and lower parasympathetic activity during rest compared to A/G and G/G genotypes, but 

only among women. Low parasympathetic activity measured at rest may serve as a general 

marker of less benign health, and it has previously been shown to predict the development of 

coronary heart disease in a population sample of older subjects (aged 45 to 65) (Liao et al., 

1997). However, it is not known whether low parasympathetic activity has similar predictive 

value in younger women. The present results are also in line with the results of a twin-study 

by Ditto (1993), suggesting that the genetic effects on cardiac reactivity are relatively 

independent of those affecting resting level of cardiac control. 

In the present study no relationship between functional EGF gene A61G 

polymorphism and task related cardiac reactivity in women or men was observed. There are 

several possible reasons for this. First, EGF may exert a stronger effect on basal levels of 

parasympathetically mediated cardiac activity than on task responses. Second, other genetic 

factors may have influenced the reactivity. For example, the allelic variation in the serotonin 

transporter gene-linked polymorphic region has been reported to be associated with HR 
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reactivity in women (McCaffery et al., 2003). Third, other behavioral variables not measured 

in the present study may have affected the reactivity scores. 

The potential mechanism through which EGF is associated with cardiac activity is its 

role in dopaminergic systems. There is evidence that EGF affects the growth and survival of 

midbrain dopaminergic neurons (Casper et al., 1991; Ferrari et al., 1991) and enhances 

dopaminergic neurotransmission by increasing dose-dependently functional expression of 

dopamine receptors (Missale, Castelletti, Boroni, Memo, & Spano, 1991). Stimulation of 

central dopamine receptors, in turn, has been shown to enhance parasympathetic activity 

(Cavero et al., 1984) implicating dopamine in the modulation of cholinergic transmission at 

the level of parasympathetic ganglia. 

The gender-specific difference may be due to women�s higher estrogen production, 

which enhances the glutamatergic neurotransmission and parasympathetic function in female 

brains. Estrogen participates in neural sprouting and the production of certain 

neurotransmitters such as asetylcholine (Barrett-Connor, 1998). Estrogen has an influence on 

heart rate and vagal parasympathetic nerve activity (Saleh, Connell, & Saleh, 2000), and also 

increases basal dopamine release (McDermott, 1993). 

 

4.4. The effects of ApoE and LDL cholesterol on performance in mental challenges 

This study showed that the ApoE4 allele was associated with good performance in the 

mental arithmetic task and that the association was dependent on the LDL cholesterol level. 

This finding diverged from previous results suggesting that ApoE4 associates with poor 

cognitive performance among elderly people. So far, only a few studies have used healthy 

young subjects as participants. A previous study using healthy young subjects as participants 

suggested that the ApoE4 phenotype may predispose to higher education (Hubacek et al., 

2001), an association that is in line with the current findings. Together, these findings suggest 

that the effect of apolipoproteins on cognition may be age-dependent. The significant ApoE × 

LDL interaction in the mental arithmetic task revealed that a low LDL cholesterol level was 

associated with better performance in ApoE4 genotype subjects as compared with subjects 

without these alleles.  

ApoE genotype and LDL cholesterol were not associated with performance on the 

reaction-time task. Previous studies have found mixed effects for ApoE in tasks requiring 

speed in non-demented subjects (Fillenbaum et al., 2001; Smith et al., 1998). Our results 
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suggest that ApoE and LDL cholesterol may not have a significant influence on simple 

processing or psychomotor speed in young adults, but seem to have an effect on more 

complex mental processing. LDL cholesterol did not have an independent effect on cognitive 

performance. Although a high cholesterol concentration has been suggested as an independent 

risk factor for Alzheimer�s disease (Muldoon et al., 1997) and for mild cognitive impairment 

(Kivipelto et al., 2001), the cumulative effect of risks is also important. Helbecque and co-

workers (Helbecque et al., 2001) showed that the VLDLR-5-repeat allele may constitute a 

genetic susceptibility factor for dementia, particularly in the presence of vascular risk factors.  

Additional studies of the effect of ApoE and cholesterol may offer one way to 

understand the complex relationships between genetic factors, biological processes, and 

behavior (e.g., cognitive performance). These may also explain some earlier ambiguous 

results, first regarding the associations between ApoE and cognitive processes, and second 

regarding the associations between cholesterol and performance. Previous studies have shown 

that LDL cholesterol is associated with cognitive performance during older age; however, the 

present findings suggest that the association may also depend on ApoE genotype. These 

preliminary findings suggest that ApoE may have a positive effect on cognitive performance 

during young adulthood, especially when associated with low LDL cholesterol. 

 

4.5. Methodological considerations 

The present study was constricted to laboratory experiments. A key postulate 

underlying the idea of generalizability of laboratory findings is that the responses observed in 

the laboratory predict responses occurring in the real world (e.g., whether emotional or 

cardiac responses are of similar magnitude in everyday situations). Generally, laboratory 

studies have the advantage of being able to control or prevent several potential confounding 

environmental factors. However, exposure to challenges or stressors may be an important part 

of individual differences, and therefore person-by-situation effects are likely to limit the 

generalizability of laboratory findings (Schwartz et al., 2003). For example temperament is, 

by definition, assumed to be related to individual differences in approach and withdrawal 

behavior (Gray, 1991). Individuals high in approach tendencies probably choose 

environments with high levels of stimulation and changes. Additional studies in more 

ecological settings are needed to test the generalizability and ecological validity of stress-

related individual differences found in the present study (Studies I and II). 
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One of the strengths of this study was that the subjects were healthy, selected from a 

population-based cohort, and formed a reasonably large sample for a psychophysiological 

study. At the same time, the sample was relatively small for quantitative genetic studies, 

especially when analyses were made separately for men and women, as in Study III. 

Therefore the results of the genetic analyses should be considered as preliminary and need to 

be replicated in larger samples of healthy subjects. In addition, the proposed functionality of 

the EGF polymorphisms was based on the results of a single study (Study III).  

One limitation of Studies II and IV was the relatively long time span between the 

laboratory experiment and the measuring of IRS parameters and LDL cholesterol. Although 

cholesterol levels and IRS parameters have been found to show moderate temporal stability 

(e.g., their tracking in CRYF is established), a shorter time span would have provided a better 

basis for drawing conclusions. It is well known that smoking, use of alcohol, physical 

inactivity, and dietary factors affect IRS parameters and LDL cholesterol (U. Smith, 1992). 

Additional studies might take into account the possible mediating effects of health behaviors 

in the relationship between IRS and stress responsivity, and examine the role of health 

behaviors in cognitive processes in order to find out why some ApoE genotyped persons have 

lower LDL values and whether this difference as such explains the differences in cognitive 

performance. 

Vocalization may have affected the cardiovascular responses during the speech task of 

the present study (Studies I and III). The speech task involved vocalization, and it is possible 

that speech-related respiratory effects may have influenced RSA results for the task. Tomaka 

and colleagues (Tomaka, Blascovich, & Swart, 1994) reported that PEP responses may differ 

slightly when task is performed silently compared to performance aloud. Another possible 

concern is the fixed order of tasks and the possibility that carryover effects cannot be ruled 

out. For example the strong physiological responses during the last task, i.e., the speech task, 

may reflect both the requirements of the task itself and the effects of former phases of the 

experiment. However, we did not find any ascending trends for the baseline levels, and the 

responses corresponded to those reported earlier for similar tasks.  
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4.6. Conclusions 

The present study extends previous findings on individual differences in responses to 

challenges by providing new evidence on the role of temperament and genes regulating the 

lipid metabolism and neural growth as sources of differences. Temperament, which refers to 

stable dispositions in affective style, has previously been associated with individual 

differences in emotional and physiological well-being. Our results showed that Cloninger�s 

temperament dimensions, especially HA and NS, predict emotional experience during rest 

and in response to different challenges. Our results also provide support for the hypothesis 

found in the literature that the association between temperament and its outcomes may be 

mediated by emotional experience and physiological activation associated with emotions. The 

results on genetic data suggested that epidermal growth factor A61G polymorphism is 

associated with parasympathetic cardiac control in women. This evidence implies that the 

EGF G allele may serve as a protective factor for several clinically important diseases in 

women. The study of the relationships between ApoE and cognitive performance showed that 

the ApoE4 polymorphism was associated with better cognitive performance and that LDL 

cholesterol moderated the effect. The results also suggest that the effect of ApoE on cognition 

may be age-dependent. 
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