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ABSTRACT
Work stress is after musculoskeletal disorders the second most common work-related
health problem in the European Union, affecting 28% of EU employees. Furthermore, a 50%
excessive cardiovascular disease risk among employees with work stress is reported. High job
demands combined with low job control according to the Job Demands-Job Control model, or
high effort combined with low rewards according to Effort-Reward Imbalance model, are likely
to produce work stress in the majority of employees. Atherosclerotic wall thickening is a
validated marker of an increased risk of cardiovascular disease. This study examined the role of
childhood and adolescent factors as antecedents of work stress and early atherosclerosis, and in
the relationship between them. The Cardiovascular Risk in Young Finns Study, (the CRYF
project) started in 1980 when the participants were at the age of three to 18 years. Follow-ups
have been conducted every three years until 1992, after that in 1997 and 2001, and the latest is
ongoing in 2008. The participants’ parents reported their socioeconomic position in 1980 and
1983, and their life satisfaction in 1983. Biological risk factors were measured in 1980 and
2001. Type A behaviour was reported in 1986, 1989 and 2001. In the 2001 follow-up when the
participants were aged 24 to 39, work stress was assessed from responses to questionnaires on
job demands-job control and effort-reward imbalance, and education. Ultrasound measurement
of the carotid intima-media thickness (CIMT) was used to assess atherosclerosis. There were
755, 746, 1014 and 494 participants in studies I-IV, respectively.
The results showed that low parental socioeconomic position and parental life
dissatisfaction during childhood and adolescence predicted higher levels of job strain 18 years
later, and that education modified the relationship between parental socioeconomic position and
job strain. Childhood and adolescent family factors were not related to the effort-reward
imbalance. Parental life satisfaction was associated with high rewards at work among the men,
and high parental socioeconomic position was associated with high reward among the women.
Among the men, the eagerness-energy component of Type A behaviour across different
developmental periods predicted increased CIMT. Among the women, hard-driving component
of Type A behaviour predicted decreased CIMT. Low leadership characteristic in adolescence
and early adulthood was associated with both high job strain and increased CIMT, and
attenuated the relationship between job strain and CIMT to non-significance in men.
The current findings add to the literature on the relationship between job strain and
health literature in adopting a developmental perspective. The results imply that work stress
does not completely originate from work. There are childhood and adolescent environmental
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and dispositional effects on work stress and CIMT several years later, and these partly seem to
operate through educational attainment.
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TIIVISTELMÄ
Työstressi on Euroopan unionin maissa selkäsairauksien jälkeen toiseksi yleisin työhön
liittyvä terveysongelma, jota esiintyy 28 %:lla EU:n työntekijöistä. Työstressin on todettu myös
lisäävän sydäntautiriskiä 50 %:lla. Työstressimallien mukaan korkeat työn vaatimukset yhdessä
matalan työn hallinnan kanssa tai korkea panostuksen määrä yhdessä matalan palkitsevuuden
kanssa

aiheuttavat

työstressiä.

Kaulavaltimon

seinämän

paksuuntuminen

on

merkki

lisääntyneestä sydäntautiriskistä. Tässä tutkimuksessa selvitettiin kehityksellisten lapsuuden ja
nuoruuden ajan tekijöiden yhteyksiä työstressiin ja kaulavaltimon intima-median paksuuteen
sekä näiden väliseen yhteyteen. Suomalainen lasten ja nuorten aikuisten sydäntautiriski tutkimus
(LASERI-projekti) alkoi 1980 jolloin osallistujat olivat 3-18-vuotiaita. Tutkimuksen seurannat
on toteutettu joka kolmas vuosi 1992 saakka, ja sen jälkeen 1997 ja 2001. Viimeisin seuranta on
meneillään 2008. Osallistujien vanhemmat raportoivat tulonsa ja koulutuksensa 1980 ja 1983, ja
elämäntyytyväisyytensä

1983.

Biologiset

riskitekijät

mitattiin

1980

ja

2001.

A-

tyyppisyyskyselyyn vastattiin 1986, 1989 ja 2001. Vuoden 2001 seurannassa osallistujien
ollessa 24–39-vuotiaita työstressi ja koulutus raportoitiin kyselylomakkeella. Kaulavaltimon
intima-median paksuus mitattiin ultraäänitutkimuksella. Osatutkimuksissa I-IV oli 755, 746,
1014 ja 494 osallistujaa, tässä järjestyksessä.
Tulokset osoittivat, että vanhempien matala sosioekonominen asema ja elämäntyytymättömyys ennustivat tutkittavien työstressiä 18 vuotta myöhemmin, ja että tutkittavan koulutus
muokkasi vanhempien sosioekonomisen aseman ja työstressin välistä yhteyttä. Lapsuuden ja
nuoruuden ajan tekijät eivät olleet yhteydessä työhön panostuksen ja työstä saatavien
palkkioiden epätasapainoon. Miehillä vanhempien elämäntyytyväisyys ja naisilla vanhempien
korkea sosioekonominen asema olivat yhteydessä korkeaan palkitsevuuteen. A-tyyppisyyden
innokkuus-energisyys -komponentti (eagerness-energy) ennusti kaulavaltimon intima-median
paksuutta miehillä. A-tyyppisyyden hard-driving -komponentti ennusti kaulavaltimon intimamedian ohuutta naisilla. Nuoruuden ajan tekijöistä matala johtajuus-ominaisuus nuoruudessa ja
varhaisaikuisuudessa oli yhteydessä sekä korkeaan työstressiin että kaulavaltimon intimamedian paksuuteen, ja se muokkasi työstressin ja kaulavaltimon intima-median paksuuden
välistä yhteyttä miehillä.
Tutkimuksen tulokset tuovat uutta tietoa työstressin ja terveyden välistä yhteyttä
käsittelevään kirjallisuuteen huomioimalla kehityksellisen näkökulman. Tulokset osoittavat,
ettei työstressi johdu ainoastaan työstä. Lapsuuden ja nuoruuden ajan ympäristö- ja
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persoonallisuustekijät ovat yhteydessä työstressiin ja kaulavaltimon intima-median paksuuteen,
ja nämä vaikutukset kulkevat osittain koulutuksen kautta.
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1. INTRODUCTION
1.1. The concept of stress
There are many definitions of stress in the literature, most of which share common
features or assumptions concerning how it may affect health. Physiological stress refers to
bodily adaptation processes and the maintenance of body’s balance (McEwen 1998; Selye
1973). Psychological stress can be defined as “discrepancy between the environmental demands
(real or perceived) and individual capacity (real or perceived), and the meaning of this
discrepancy is related to one’s health” (Lazarus & Folkman 1984). According to the process
model of psychological stress, primary appraisal denotes the evaluation of a challenging
situation and whether it involves some kind of a threat. Secondary appraisal refers to evaluation
of the available resources and abilities to cope with the situation (Lazarus & Folkman 1984).
Prolonged stress, physiological or psychological, may be detrimental to health. Psychological
stress may affect individuals on many levels: 1) the physiological level causing change in the
functions of the autonomic nervous system, increased secretion of stress hormones, and the
suppression of the immune system, 2) on the health-behaviour level in terms of increased
alcohol consumption, and smoking, and physical inactivity and 3) on the level of psychological
wellbeing it may increase anxiety, depression, and distress (Chandola et al. 2008; Hemingway &
Marmot 1999; Lovallo 1997; Siegrist & Rödel 2006).

1.2. The concept of work stress
Theories of work stress focus on various aspects of the work environment. Several work
stress models have been developed, but this study focuses on two explicit, scientifically widely
tested concepts, the Job demands-job control model (Karasek 1979; Karasek & Theorell 1990)
and the more recent Effort-reward imbalance model (Siegrist 1996). Both of these models have
been used extensively in studies on occupational and cardiovascular health (Belkic, Landsbergis,
Schnall & Baker 2004; Lange, Taris, Kompier, Houtman & Bongers 2003; van Vegchel, de
Jonge, Bosma & Schaufeli 2005).
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1.2.1. The job demands-job control model
The job demands-job control model involves two work-related aspects: job demands
referring to time pressures and an excessive work load, and job control referring to employees’
opportunities to use social, organisational and personal resources in their work tasks and
environments (Karasek 1979). According to the model, high demands together with low control
are likely to elicit job strain in the majority of employees, and if prolonged, may increase the
risk of stress-related diseases (Belkic, Landsbergis, Schnall &

Baker 2004; Lange, Taris,

Kompier, Houtman & Bongers 2003; van der Doef & Maes 1999). An extended version of the
job strain model adds a third component, social support, and is referred as the iso-strain model
in the literature (Johnson & Hall 1988).

1.2.2. Effort-reward imbalance
The effort-reward imbalance model (Siegrist 1996) is a more recent addition to work
stress theory and is currently one of the leading work stress theories in occupational health
research. Effort refers to the demands and obligations the employee is responding to, whereas
reward denotes esteem, monetary rewards and job security/career development. Effort may be
extrinsic, such as the work load or intrinsic, such as overcommitment. Exposure to the nonsymmetric exchange of effort and reward, is called the extrinsic effort-reward imbalance
hypothesis. High effort and low reward may cause sustained stress at work and have adverse
health implications (Niedhammer, Tek, Starke & Siegrist 2004; Siegrist 1996; Siegrist 2005).
Intrinsic overcommitment, even in the absence of actual, objective work load, also appears to
increase risk of poor health (van Vegchel, de Jonge, Bosma & Schaufeli 2005). The interaction
of extrinsic effort-reward imbalance with high level of overcommitment is assumed to lead to
the highest risk of poor health.

1.3. Health-related consequences of work stress
Work stress is the second most common work-related health problem after
musculoskeletal disorders, affecting 28% of European Union employees according to the
European Agency for Safety and Health at Work (www.eurofound.ie/publications). Work stress
has been associated with variety of unfavourable health-related outcomes, all of which may also
be unfavourable to the organization. These include psychological distress, burnout, increased
alcohol consumption, depression, anxiety, sleep disturbance, physical health symptoms, a
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decline in psychological well-being, increased sickness absenteeism and increased staff turnover
according to studies conducted among adult populations (Lange, Taris, Kompier, Houtman &
Bongers 2003). The job demands-job control model is vigorously tested with respect to healthrelated outcomes. Job strain and its components have been related to decline in psychological
well-being, increased health risk behaviour, early atherosclerosis and cardiovascular disease
morbidity and mortality (Belkic, Landsbergis, Schnall & Baker 2004; Hintsanen et al. 2005;
Kivimäki et al. 2002; Lange, Taris, Kompier, Houtman & Bongers 2003; van der Doef & Maes
1999). The role of job strain as a risk factor for coronary heart disease (CHD) has received
strong support (Belkic, Landsbergis, Schnall & Baker 2004; Hemingway & Marmot 1999), but
also null findings exist (Eaker, Sullivan, Kelly-Hayes, D'Agostino & Benjamin 2004; Rosvall et
al. 2002). Belkic et al. (2004) conclude that job strain is a major cardiovascular disease risk, and
that an association between job strain and the development of CVD is plausible (Belkic,
Landsbergis, Schnall & Baker 2004). There is also good evidence that psychosocial work
characteristics may contribute to the social gradient in coronary heart diseases (Andersen et al.
2004; Marmot 2003; Marmot, Bosma, Hemingway, Brunner & Stansfield 1997). A recent metaanalysis has concluded that there is a 50% excess risk of CHD among employees who are
stressed at work (Kivimäki et al. 2006).
According to a review of studies on the Effort-Reward Imbalance model conducted
between 1986 and 2003, the extrinsic effort-reward imbalance hypothesis was the most tested
and it was associated with poor employee health in the majority of studies, and has shown very
good explanatory power for the incidence of coronary heart disease (van Vegchel, de Jonge,
Bosma & Schaufeli 2005). Employees experiencing an effort-reward imbalance face more than
a two-fold cardiovascular mortality risk compared to employees without this imbalance
(Kivimäki et al. 2002).
There are, however, some shortcomings in the previous research on work stress and
health. The health-related consequences of work stress have been vigorously examined, but very
little is known about its antecedents. Studies on the work stress – cardiovascular disease
relationship have focused mainly on adulthood exposure (Belkic, Landsbergis, Schnall & Baker
2004; Lange, Taris, Kompier, Houtman & Bongers 2003; van der Doef & Maes 1999; van
Vegchel, de Jonge, Bosma & Schaufeli 2005; Zapf, Dormann & Frese 1996), but childhood
and adolescent development-related factors may play a role in this association. There is
evidence that several childhood factors may contribute to environmental exposure in adulthood
such as socioeconomic conditions in the family-of-origin, the family structure and the family
atmosphere during childhood and adolescence. These factors have been associated with
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increased health risk in later life (Bereczkei & Csanaky 2001; Hertzman & Power 2003;
Katainen, Räikkönen, Keskivaara & Keltikangas-Järvinen 1999; Keltikangas-Järvinen 2002;
Marmot, Shipley, Brunner & Hemingway 2001; Power 2002; Tinsley 1992). In addition, work
stress is assumed mainly to originate from work (Karasek 1979; Lange, Taris, Kompier,
Houtman & Bongers 2003; van der Doef & Maes 1999), thus the role of personality-related
factors is largely ignored so far.

1.4. Antecedents of work stress
Studies in the area of public health and epidemiology conducted in the 21st century
witness the growing interest in how early life experiences influence adulthood health and
mortality risk. This research provided a basis for the present study. Life-course models postulate
that exposure during life affect later health. The effects may be independent, clustered or
sequential, referred to as the pathway model, or accumulative/chains of risks, referred to as the
accumulation model (Kuh, Ben-Shlomo, Lynch, Hallqvist & Power 2003; Kuh, Power & Blane
1997; Marmot, Shipley, Brunner & Hemingway 2001; Power & Herzman 1997; Power,
Matthews & Manor 1998; Power, Stansfeld, Matthews, Manor & Hope 2002). According to
the former, early life circumstances have an indirect effect on adult risk, i.e. childhood
circumstances determine adult circumstances, which in turn affect later disease risk (Marmot,
Shipley, Brunner & Hemingway 2001). The accumulation model, on the other hand, posits that
life-course exposure to risk gradually accumulates through exposure to adverse environmental
conditions (Kuh, Power & Blane 1997; Power, Matthews & Manor 1998). The two models are
not mutually exclusive, but rather operate simultaneously.
A common feature of the background theories of the present study is that they assume
that psychological factors operate together with environmental factors across the life course. The
risky families model assumes that an adverse family environment during developmental life
phases “gets under the skin” and affects later wellbeing and health (Repetti, Taylor & Seeman
2002; Taylor & Repetti 1997). According to the process model of determinants of parenting,
sources of contextual stress and social support affect parenting, the quality of which, in turn,
affects the child’s development (Belsky 1984). The bioecological model of development
distinguishes different environments in which the person develops and interacts. Parenting and
social interaction between family members represents the most proximal environment during the
child’s development (Bronfenbrenner & Morris 1998).
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Factors that are present before working life begins may contribute to subsequent work
stress, either independently of adulthood factors, such as education (the direct-effects model), or
indirectly in that a negative family environment increases the likelihood of poor educational
attainment (the mediated-effect model). Previous studies have shown that several developmental
factors may directly or indirectly contribute to environmental exposure in adulthood (Bereczkei
&

Csanaky 2001; Katainen, Räikkönen, Keskivaara &

Keltikangas-Järvinen 1999;

Keltikangas-Järvinen 2002; Marmot, Shipley, Brunner & Hemingway 2001; Marmot, Bosma,
Hemingway, Brunner & Stansfield 1997).

1.4.1. Parental socioeconomic position
For several reasons, it is justified to make the assumption that early socioeconomic
disadvantage might predict job strain in adulthood. First, low parental socioeconomic position
(SEP) has been found to relate to educational attainment and low adulthood SEP (Power 2002;
Power, Stansfeld, Matthews, Manor & Hope 2002), and second, adulthood SEP and education
are strong correlates of job strain (Karasek 1979; Karasek, Baker, Marxer, Alhbom & Theorell
1981; Marmot, Bosma, Hemingway, Brunner &

Stansfield 1997), and third, parental

occupational status is associated with the occupational status of their offspring (Kivimäki et al.
2006). Associations between paternal SEP and adulthood job strain, and paternal occupation and
effort-reward imbalance have also been reported (Brunner et al. 2004). Some studies have noted
a stronger association between early-life social position and health than with adulthood SEP
(Lawlor, Sterne, Tynelius, Smith & Rasmussen 2006), and thus education may act as a buffer
with respect to stress and health.

1.4.2. Parental life dissatisfaction

Another potential developmental determinant of adulthood job strain is parental life
dissatisfaction, which has been found to predict several negative health-related adulthood
endpoints such as depression and hostility (Katainen, Räikkönen & Keltikangas-Järvinen 1998;
Katainen, Räikkönen, Keskivaara & Keltikangas-Järvinen 1999; Keltikangas-Järvinen 2002).
Life-dissatisfied parents may create a stressful environment for their children, in which there
may be low parental social support and continuous conflicts. The negative social family
environment may have long-term adverse effects on the lives of children (Repetti, Taylor &
Seeman 2002; Taylor &

Repetti 1997), leading to the development of inadequate stress-

management skills and increased stress sensitivity in adulthood (Keltikangas-Järvinen 2002). An
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association between a negative emotional atmosphere in the family and low educational
attainment has been reported (Bereczkei & Csanaky 2001; Flouri & Buchanan 2004).

1.4.3. Type A behaviour
Individual traits or dispositions may also affect later well-being and adulthood disease
proneness. Type A behaviour was first described by Friedman and Rosenman in 1959.
According to them it was characterised by intense ambition, a competitive drive, constant
preoccupation with job-related deadlines, and a sense of time urgency (Friedman & Rosenman
1959). Type A behaviour was later defined as “an action-emotion complex that includes 1)
behavioural dispositions, 2) specific behaviours, and 3) emotional responses (Rosenman, Swan
& Carmelli 1988). Characteristic of this “coronary-prone” behaviour pattern is a feeling of time
urgency, a competitive style, and anger/hostility (Houston & Snyder 1988). Type A behaviour
is shown to be a multidimensional construct, and its components should be studied separately
rather than on a global scale (Dembroski, MacDougall, Costa & Grandits 1989; Dembroski,
MacDougall, Williams, Haney & Blumenthal 1985).
The Western Collaborative Group Study (WCGS) from the 1960s provided strong
evidence that Type A behaviour was associated with coronary heart disease, CHD, and
atherosclerosis (Rosenman et al. 1975; Rosenman, Swan & Carmelli 1988). By the 1970s, there
was a consensus that it was an established risk factor for CHD, although inconsistent findings on
the associations were reported in a couple of reviews in the 1980s (Haynes & Matthews 1988;
Matthews & Haynes 1986). In 1999 it was concluded that it had only a minor etiological role in
CHD (Hemingway &

Marmot 1999). The results of more recent studies examining the

association between Type A behaviour and cardiovascular health have been somewhat
conflicting, some reporting positive (Sparagon et al. 2001; Williams et al. 1988) and others
negative findings (Krantz & McCeney 2002; Rosenman 1990). The effects of its specific
components on cardiovascular health have been shown to be either negative, in terms of
impatience, aggression, hostility and anger, or positive, in terms of leadership or a sense of
responsibility, or even to change along the life-course, e.g., hard-driving (Keltikangas-Järvinen
& Räikkönen 1990; 1991).
In work-related studies, it has been characterised by highly achievement-oriented and
work-involved behaviour (Strube 1991), and has been linked with excessive working hours, a
high work load and role conflicts at work among men (Bedeian, Mossholder & Touliatos 1991).
Furthermore, type As are suggested to report more stress at work than others, to look for more
challenging environments, and to have an excessive need for control over their activities
15

(Burnam, Pennebaker & Glass 1975; Matthews 1982; Rosenman 1990). In a study of industrial
managers, impatience-irritability component of Type A behaviour was reported to increase
numbers of psychological and physiological symptoms, regardless of perceived occupational
stressors (Kivimäki, Kalimo & Julkunen 1996).

1.5. Atherosclerosis
Atherosclerosis is a progressive process of narrowing and hardening in the arteries, and
it predicts cardiovascular events (Burke et al. 1995; O'Leary & Polak 2002; O'Leary et al.
1999). Atherosclerotic wall thickening is a validated marker of an increased risk of
cardiovascular disease, and it is a sub-clinical stage of CHD (O'Leary & Polak 2002; Raitakari
et al. 2003). Atherosclerosis is thought to begin in childhood if biological, environmental or
lifestyle risk factors are present, and to develop for decades before clinical events occur
(Berenson 2002). Work stress is reported to increase the risk of cardiovascular disease
(Hemingway & Marmot 1999; Kivimäki et al. 2002; Kivimäki et al. 2006). Although the
American Heart Association does not list it as an established risk factor for CHD, it mentions
that individual response to stress might be a contributory factor.

1.6. Childhood and adolescent factors, work stress and
atherosclerosis
A cross-sectional association between job strain and CIMT in men has been reported
recently in the Cardiovascular Risk in Young Finns study (Hintsanen et al. 2005). Moreover, a
longitudinal association between work stress (i.e. high demands combined with low monetary
rewards) and the four-year progression of CIMT in men has been reported in the Kuopio
Ischaemic Heart Disease Risk Factor Study (Lynch, Krause, Kaplan, Salonen & Salonen 1997).
No relationship between job strain and atherosclerosis was not found among the women in the
Cardiovascular Risk in Young Finns Study population (Hintsanen et al. 2005; Raitakari et al.
2003). A recent study examining association between personality and CIMT report that
childhood hyperactivity predicts increased CIMT in a 21-year follow-up (Keltikangas-Järvinen,
Pulkki-Råback, Puttonen, Viikari & Raitakari 2006).
Given that the CHD risk factors are suggested to start developing in childhood, and
given that factors operating before entry into working life may directly or indirectly contribute
to environmental exposure in adulthood (Bereczkei & Csanaky 2001; Karasek, Baker, Marxer,
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Alhbom & Theorell 1981; Keltikangas-Järvinen 2002), the relationship between childhood and
adolescent factors, work stress and cardiovascular disease risk is a relevant study focus. The aim
in this study, therefore, is to examine whether childhood and adolescent family- and personalityrelated factors predict work stress and atherosclerosis, and whether part of the association
between work stress and cardiovascular health could be attributable to influences from
childhood and adolescence.

17

2. AIMS OF THE STUDY
The first objective of the present study was to prospectively examine whether parental
socioeconomic position (SEP) and parental life dissatisfaction predict job strain and effortreward imbalance in adulthood. Lower parental SEP and parental life dissatisfaction were
hypothesized to be associated with higher work stress. Possible association between parental
SEP and job strain was hypothesized to be mediated by participants’ education (Studies I and
II).
The second aim of this study was to examine whether Type A behaviour across different
developmental periods predicts adulthood carotid intima-media thickness (CIMT) after
controlling for the established risk factors for CHD in early life and in adulthood. Men and
women were studied separately, because previous studies suggest gender-related differences in
pathogenic roles of Type A behaviour (Keltikangas-Järvinen &
Keltikangas-Järvinen &

Jokinen 1989; Ravaja,

Keskivaara 1996). It was hypothesized that Type A behaviour

components are related to thicker CIMT.
Finally, we examined the role of childhood and adolescent environmental and adolescent
and early adulthood dispositional factors in the relationship between job strain and CIMT among
men. We included only men, because this relationship has been previously been reported only
among men (Hintsanen et al 2005). We hypothesized that developmental preemployment factors
would contribute to the association between job strain and CIMT (Study IV).
The research focus is outlined in Figure 1, and the research questions and study variables
in the different phases in Table 1.

Figure 1. The focus of the study.
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Table 1. The research questions and study variables during the different phases.
Study
Study
question
phase
I and II
Do childhood and
adolescent factors
predict work
stress?
III
Is Type A
behaviour
associated with
atherosclerosis?
IV
Do childhood and
adolescent
environmental and
dispositional
factors contribute
to the job strain atherosclerosis
relationship?

1980

1983

1986

1989

Household income
Parental education
Parental life satisfaction
Family size
Parental
education
Childhood
biological risk
factors
Family history
of CHD

Education
Job strain
Effort-reward imbalance

Type A
behaviour

Household income
Parental education
Parental life satisfaction

Childhood
biological risk
factors
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2001

Type A
behaviour

Type A
behaviour

Type A behaviour
Education
Adulthood biological risk
factors
CIMT
Education
Job strain
CIMT

3. METHODS
3.1. Participants
The Cardiovascular Risk in Young Finns Study is an ongoing follow-up study of
coronary heart disease risk factors in Finnish children, adolescents and young adults (Åkerblom
et al. 1991). The first cross-sectional study was conducted in 1980 when age cohorts of 3, 6, 9,
12, 15, and 18 years were randomly selected on the basis of social security numbers, resulting in
a total of 4320 invited participants. Of those, 3596 participants (83%) responded in the first
study. The follow-ups have been conducted every three years until 1992, and after that in 1997,
2001 and the latest follow-up is ongoing in 2008. The samples of the present studies I-IV,
included 755 (346 men and 409 women), 746 (341 men and 405 women), 1014 and 494
participants, respectively.
In study I, the parents of participants reported their socioeconomic position and life
satisfaction when the participants were aged six to 21 years. As we were interested in both the
effects of paternal and maternal life satisfaction, only two-parent families were included in the
present study. Eighteen years later at age 24 to 39 years, the participants responded to a survey
on job strain and its components, job control and job demands.
In study II, participants’ parents responded to a questionnaire on parental SEP and
parental life satisfaction in 1983 when the participants were aged between six and 21 years. The
participants responded to a survey on ERI at age 24-39 in 2001.
In study III, the participants’ socioeconomic background and biological risk factors were
assessed at baseline at age 6 to 18, Type A behaviour (Hunter-Wolf ) at the 6-, 9- and 21-year
follow-ups (subjects being 12-24, 15-27 and 27-39 years, respectively), and CIMT, adulthood
socioeconomic situation and biological risk factors at the 21-year follow-up when participants
were at age 27 to 39. The Type A behaviour measurement was performed for participants at age
12 or older. In 6-year follow-up, the youngest cohort was excluded because participants of that
cohort were 9 years old, thus, Type A behaviour was not reported by them.
In study IV, parental socioeconomic position and life dissatisfaction were assessed in
1983 when the participants were at age 9 to 21 years. Participants’ Type A behaviour (HunterWolf) was assessed at age 12 to 24 before employment and job strain, education and CIMT were
assessed in at age 27 to 39 years when the participants were employed. Only men were included
as the relationship between job strain and CIMT is present in men but not in women in the
Cardiovascular Risk in Young Finns study (Hintsanen et al. 2005; Raitakari et al. 2003).
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All participants gave written consent, and the study was approved by local ethics
committee.

3.2. Measures
3.2.1. Parental socioeconomic position (Studies I-IV)
Parental socioeconomic position (SEP) was measured as the household income and
completed school years of the mother and the father from 1983. In studies I, II and IV, parental
education was reported in 1983 as the number of completed school years. In study III, the
education of parents was reported in 1980. Parental education was divided according to the
completed school years into three categories: low (9 years or under), intermediate and high (over
12 years) (Pulkki, Kivimäki, Elovainio, Viikari & Keltikangas-Järvinen 2003). Family size, the
number of children living at home in 1983, was used as a control variable in the analyses
(studies I and II).

3.2.2. Parental life dissatisfaction (Studies I, II and IV)
Parental life dissatisfaction in 1983 was measured on a scale from the Operation Family
Study questionnaire (Makkonen et al. 1981). The questionnaire covered both maternal and
paternal satisfaction as a mother/father, as a spouse and with her/his work role. The average
score was calculated to form an index of parental life dissatisfaction (Keltikangas-Järvinen &
Heinonen 2003; Makkonen et al. 1981), lower values indicating life dissatisfaction. The scale
reliability (Cronbach α) was .72 for maternal life dissatisfaction and .76 for paternal life
dissatisfaction.
3.2.3. Participants’ education (Studies I-IV)
Participants educational attainment was reported in 2001 and it was the completed
school years (Studies I, II and IV). In study III, education was divided in three categories: low (9
years or under), intermediate and high (over 12 years).
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3.2.4. Early somatic risk factors (Studies III, IV)
Early somatic risk factors were measured in 1980. BMI was calculated by diving
participants’ weight in kilograms by their squared height in meters. Standardized enzymatic
methods were used to obtain high-density lipoprotein cholesterol (HDL-C) and triglycerides.
Low density lipoprotein cholesterol (LDL-C) was calculated according to the Friedewald
formula (Friedewald, Levy & Fredriksson 1972). Blood pressure was measured with a standard
mercury sphygmomanometer (Raitakari et al. 2003). For the analyses, early somatic risk factors
were standardized by calculating age-specific z-scores. Family history of coronary heart disease
was assessed by using baseline and follow-up data. Family history of CHD was considered
positive if either of participants’ parents had been diagnosed with CHD, suffered from MI, or
had had percutaneous coronary intervention at or before the age of 55 years (Kivimäki et al.
2007).

3.2.5. Type A behaviour (Studies III, IV)
Type A behaviour were self-rated with the Hunter-Wolf A-B Rating Scale (Hunter et al.
1982; Wolf, Sklov, Wenzl, Hunter & Berenson 1982) in all follow-ups. The scale consists of 23
items and four subscales, 1) aggression (e.g, “I lose my temper easily”, I find it difficult to
wait”, and “I like to argue”, seven items), leadership (e.g., “I like to tell others what to do”, “I
am always a leader in activities”, “I always like to win” six items), hard-driving (e.g., “I am
hard-driving and competitive”, “ It take things seriously”, three items) and eagerness-energy
component (e.g., “I talk fast”, “ I eat fast”, “I always feel hurried”, seven items). The response
format for items was a seven point scale in a form of a ladder (put an “X” on the step you are
on).
We calculated the means of response scores across the scale items with higher values
indicating higher level of Type A behaviour in each component and measurement point. In study
II, for each participant, we averaged the scores of the subscales in 1986, 1989 and 2001 and
used this average score in the analysis in addition to single time measures. In study IV, the Type
A behaviour components were measured in 1986, and the score was used as an indicator of
preemployment Type A behaviour. The Cronbach alpha reliabilities of the Type A behaviour
subscales varied between .56 and .69 depending on the subscale and measurement point.
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3.2.6. Adulthood risk factors (Studies III, IV)
All the adulthood somatic risk factors were assessed as in 1980, except blood pressure
which was measured with a random zero sphygmomanometer in 2001 (Raitakari et al. 2003).
Adulthood glucose concentrations were analyzed enzymatically (Mattsson, Rönnemaa, Juonala,
Viikari & Raitakari 2007). The actual scores of adulthood risk factors were used in the analysis
with an exception of transformed scores of triglycerides and glucose concentrations (study III).
Health behaviours included smoking, alcohol consumption and physical activity.
Smoking was reported yes/no. Information on alcohol consumption was acquired by
questionnaire asking the drinking habits of the participant (e.g. the type and the amount of
alcohol that is consumed during a week). The physical activity index (α .76) was formed by five
items asking the frequency, intensity, average duration, hours of physical activity and
participation in guided sport (range 5-16) (Telama, Laakso, Xiaolin & Viikari 1997). High
scores on PAI indicate high physical activity (study III).

3.2.7. Job strain (Studies I, IV)
Job control was measured with a nine-item scale from the Job Content Questionnaire
(Karasek 1985) (Cronbach α =.87). The responses were given on a five point scale 1=strongly
disagree, 5=strongly agree. Job demands (α=.59) were measured using a three-item scale from
the Occupational Stress Questionnaire (Elo, Leppänen, Lindström & Ropponen 1990), which
has been validated in Finland in a total of over 25000 employees (Elo, Leppänen, Lindström &
Ropponen 1992). The items are “Does your work have phases that are too difficult?" and "Do
you have to hurry to get your work done" and "Is your work mentally strenuous?”. The
responses to items on job strain and job demands were given on a scale ranging from 1=never
5=all the time and the mean score of all items in the scale was used in analysis. In study I,
according to previous studies (Hintsanen et al. 2005; Kivimäki et al. 2002; Landsbergis, Schnall,
Warren, Pickering & Schwarz 1994), the job strain indicator was developed by dividing the
distributions of the job-control and job-demands scales were divided into thirds and forming
three levels of the strain variable (Figure 1). The job strain variable was coded from 1 to 3, the
higher values indicating higher levels of job strain (study I). In study IV, a continuous job strain
indicator was obtained from the equation job demands score – job control score (Elovainio et al.
2006; Landsbergis, Schnall, Warren, Pickering & Schwarz 1994).
For additional analyses to check the impact of developmental preemployment factors on
the job strain-atherosclerosis relationship when using different job strain formulations, we
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formed quadrant term of job strain (demand and control score split by the median: high demand
combined with low control form the high strain category, and all other combinations the nostrain category), quotient term (demands divided by control) and multiplicative term (the
interaction of demands and control, additionally controlling for the main effects of demands and
control) (Study IV).

High
Job Control
LOW
n=234
INTERMEDIATE
n=300

Job Demands
HIGH
n=221

High

Figure 2. The formation and distribution of job strain (Study I).
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3.2.8. Effort-reward imbalance (Study II)
A standard measure of ERI was not available in this study, thus, a proxy measure was
used (Fahlen, Peter & Knutsson 2004; Hintsanen et al. 2007; Kivimäki et al. 2006). Effort and
reward were measured with three-item scales from the Occupational Stress Questionnaire, OSQ
(Elo, Leppänen, Lindström & Ropponen 1990; 1992). The effort items (Cronbach’s α = .59)
and the reward items (Cronbach’s α = .60) in this study resemble the items in the Siegrist’s ERI
questionnaire (Siegrist et al. 2004). However, there were fewer items in this study vs. the
original measure (effort: 3 vs. 6; reward: 3 vs. 11). The items of the effort scale were as follows:
“Do you have to rush to get your work done?”, "Does your work include phases that are too
difficult?" and "Is your work mentally strenuous?". The reward scale comprised the following
items: “Do you receive help and support from your superior if needed?”, "What kind of rapport
do your co-workers have on the work place?", and "How satisfied are you with your current
employment?". Responses to the effort and reward items were given on a 5-point scale, the
higher the value, the higher effort and reward.
The mean scores of effort and reward were calculated to assess the components of ERI.
The continuous variable of ERI was obtained by dividing effort by reward, larger values
indicating higher imbalance (Siegrist et al. 2004). To correct the kurtosis and skewness of the
continuous ERI indicator, a logarithmic transformation was done. Supporting the predictive
validity, higher ERI indicated with this measure has successfully correlated with lower heart rate
variability (Hintsanen et al. 2005), a well known risk factor for coronary heart disease (Task
Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology 1996).

3.2.9. Carotid intima-media thickness (Studies III, IV)
Carotid intima-media thickness was measured with ultrasound mainframes (Sequoia 512
ultrasound, Acuson, Mountain View, Calif) with 13.0-MHz linear array transducers). The left
common carotid artery was scanned by ultrasound technicians according to a standardized
protocol. A minimum of 4 measurements of the common carotid wall were taken to derive mean
carotid IMT (Juonala et al. 2005; Juonala et al. 2004; Raitakari et al. 2003). The betweenobserver coefficient of variation was 5.2% and the between-visit coefficient of variation 6.4 %
(Raitakari et al. 2003). The measurements were done between September 2001 and January
2002.
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3.3. Statistical analyses
In studies I and II the alternative hypothetical models were tested by conducting
structural equation modeling (SEM) using LISREL 8.30 (Jöreskog & Söderbom 1993). The
participants were required to have full information on all study variables, thus a listwise deletion
procedure was used. The data were entered in the form of covariance matrices and the
parameters were estimated using the Maximum Likelihood (ML) estimation procedure. We
adopted the following criteria for the model-fit: GFI (general fit index) > .95 and CFI
(comparative fit index) >.90 suggests a very good fit [38, 39], and a RMSEA (root mean square
error of approximation) value of .10 or less indicates an adequate fit, and of .05 or less indicates
a close fit in relation to the degrees of freedom (Jöreskog & Söderbom 1993; Kline 2005).
Modification indexes were not used. Age and family size (potential confounding variables) and
the educational attainment of the participants (a potential mediator variable) were treated as
single indicator factors in the structural equation modeling; therefore their error variance was
fixed at zero. Household income, mother’s and father’s education formed a latent construct of
parental SEP. The mean values of the maternal and paternal life satisfaction scales were the two
indicators of latent parental life satisfaction. Job strain (study I) and effort-reward imbalance
(study II) were single-indicator latent constructs with error variance fixed at zero. In study I, the
latent job control had two-indicators (the average scores of the subscales decision authority and
skill discretion), and the latent job demands comprised three indicators (all the items of the
scale). In study II, the latent both effort and reward had three indicators (the three scale items).
Then three hypothetical models separately for both work stress models, three for job strain, job
control, and job demands; and three hypothetical models separately for effort, reward and ERI
were specified and tested. Gender and age differences in factor loadings were examined with
∆χ²-test. The preliminary step compared the null model to the measurement model (Anderson &
Gerbing 1988). Then the measurement model and the structural models were tested for gender
differences.
In study III, the comparisons in baseline characteristics between dropouts and
participants and differences in risk factors, Type A behaviour and CIMT between men and
women were studied with t tests. As etiological factors for men and women may not be the same
(Keltikangas-Järvinen & Jokinen 1989; Ravaja, Keltikangas-Järvinen & Keskivaara 1996), all
further analyses were stratified by sex. The relationships between early and adulthood risk
factors and CIMT were examined with age-adjusted linear regression analyses. We averaged the
scores of each Type A behaviour subscale across 1986, 1989 and 2001 and used this average
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score in the analysis to estimate the effect of long-term Type A behaviour pattern. To examine
the relationship between averaged Type A behaviour components and CIMT a series of
multivariate linear regression analyses were done. The models were sequentially adjusted for
age, early risk factors and adulthood risk factors. All risk factors were entered into the model as
covariates irrespective of their association with CIMT, interaction terms between risk factors or
Type A behaviour scores were not tested. As the values of many early risk factors are known to
be age-specific (Cole, Bellizzi, Flegal & Dietz 2000), we used age-standardized z-scores of
these factors in the analyses. Adulthood triglycerides were log-transformed, and glucose was
square root transformed because of skewed distribution. Finally, to examine whether the
association between Type A behaviour and CIMT was robust across all three assessment
periods, we tested these associations separately with scores from 1986, 1989 and 2001.
In study IV, the relationships between developmental preemployment factors and job
strain were studied with linear regression analyses controlling for age and education. To
examine the contribution of parental SEP, life satisfaction and participants’ Type A behaviour to
the relationship between job strain and CIMT, a series of multivariate linear regression analyses
were done using developmental preemployment factors as covariates. In multivariate analyses,
the number of participants with full information on all study variables can be small relative to
the actual sample size reducing statistical power. In addition to this, considering that we
required the participants not to work in 1986, and to work in 2001, the number of participants
included would have been unreasonably low. Therefore, a missing value analysis was done, and
the missing data were completed by the expectation-maximation (EM-algorithm) method
(Harper et al. 2002; Schafer & Graham 2002). This method has been referred as producing
quite unbiased estimates of mean and SE (Enders 2003; Oostenbrink & Maiwenn 2005).
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4. RESULTS
The characteristics of the study samples are shown in Table 2.
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Table 2. Sample characteristics.
Study 1

Study 2

Variable
Mean S.D./%
30.76
4.55

Age

Mean S.D./%
30.73
4.51

Study 3
Men
Women
Mean S.E./% Mean S.E./%
32.71 ±0.21 32.56 ±0.17

Study 4 a
Men
Mean S.D./±S.E./%
30.93
±0.16

1980
Family history of CHD
Parental education
low
intermediate
high

b

60 12 % positive

2

BMI, kg/m
HDL-cholesterol, mmol/l
LDL-cholesterol, mmol/l
Triglycerides, mmol/l c
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
1983
Family size
Family income
Mother's education, years
Father's education, years
Mother's life satisfaction
Father's life satisfaction

128
166
113

31
41
27

220
241
138

36
40
23

18.09
1.50
.323

±0.15
±0.02
±0.04

18.1
1.51
3.39

±0.12
±0.01
±0.03

17.16
1.53
3.37

2.68
0.30
0.71

±0.02
0.61
±0.62 112.74
±0.49 67.83

±0.01
±0.42
±0.36

-0.75
112.00
69.00

0.50
11.00
10.00

6.04
10.39
10.02
4.03
4.08

±0.08
±0.16
±0.16
±0.03
±0.04

3.64
4.32
4.69
4.65

±0.03
±0.03
±0.04
±0.03

15.08

±0.15

-0.51

±0.02

0.59

±0.01

.057
114.80
68.64

2.68
6.26
10.28
9.98
4.09
4.12

2.71
6.17
10.22
9.92
4.10
4.13

1.54
1.75
3.16
3.61
0.62
0.68

1986
Aggression
Leadership
Hard driving
Eagerness-energy
Life course aggression d
Life course leadership
Life course hard driving
Life course eagerness-energy
2001
Participant's education
low
intermediate
high
Education, years

15.09

15.09

±0.03
±0.04
±0.04
±0.03

3.81
4.16
5.24
4.96

±0.03
±0.03
±0.03
±0.02

9
220
178

2
54
44

9
331
266

2
55
44

25.63
1.18
3.53

±0.18
±0.01
±0.05

24.64
1.41
3.19

±0.19
±0.01
±0.03

1.48

±0.04

2.85

BMI, kg/m2
HDL-C, mmol/l
LDL-C, mmol/l
Triglycerides, mmol/l c
Glucose, mmol/l e
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Smoking yes/no
Alcohol, units 12g/week f
Physical activity index
Job strain (tertile term)
low
intermediate
high
Job strain (linear term)

3.51
4.36
4.95
4.86

2.28
122.02
73.59
92/311
8.83
9.61
234
300
221

Effort-reward imbalance c
Intima-media thickness, mm

1.16

±0.03

±0.01
2.22
±0.63 112.39
±0.54 68.89
23/76 99/496

±0.01
±0.51
±0.41
16/82

±0.49
±0.12

±0.19
±0.09

3.48
9.56

31
40
29
-0.13

0.14
0.60 ±0.005

0.58 ±0.004

a imputed dataset exept for the childhood biological covariates
b family history of CHD was considered positive if either of participant's parents had been diagnosed with CHD, suffered from MI,
or had had percutaneous coronary intervention or by-pass surgery at or before the age of 55 years.
c log transformed
d average of 1986, 1989 and 2001 scores
e square root transformed
f one unit of alcohol is 12 g of pure alcohol
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4.1. Parental socioeconomic position, parental life dissatisfaction and
job strain (I)
The results of the structural equation models for job strain, job demands and job control
showed that childhood and adolescent family environment factors predicted job strain, job
control and job demands (Figure 3). Low parental SEP was associated with increased levels of
job strain and with low job control independent of age and family size. Part of the effect of low
parental SEP on job strain and job control was mediated by participant’s education. For job
demands, the effect of parental SEP was operated through education. Parental life dissatisfaction
predicted higher levels of job strain, but was not related to job control or job demands (Figure
3).
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JOB STRAIN
Time 2 (2001)

Time 1 (1983)
Parental life
satisfaction

-.09
.13

.08

-.07

Age

-.12

-.03

.12

R2=.04

-.11

Family
size

-.14

JOB
STRAIN

-.11

-.22

Participant’s
education R2=.13

.36

Parental
SEP

χ²(19) = 49.59, χ²/df=2.6, RMSEA=.046, GFI .99, CFI .97
JOB CONTROL
Time 2 (2001)

Time 1 (1983)
Parental life
satisfaction

.04
.13

.08

.23

Age

-.12

JOB
CONTROL

.01

.12

R2=.16

.16

Family
size

-.14

.26

-.22

Participant’s
education R2=.13

.36

Parental
SEP

χ²(26) = 60.19, χ²/df=2.3, RMSEA=.042, GFI .98, CFI .98
JOB DEMANDS
Time 2 (2001)

Time 1 (1983)
Parental life
satisfaction

-.09
.13

.08

.18

Age

-.12

.01

.12
-.14

JOB
DEMANDS
R2=.09

.03

Family
size

.23

-.22
.36

Parental
SEP

Participant’s
education R2=.13

χ²(35) = 72.76, χ²/df=2.1, RMSEA=.038, GFI .98, CFI .97
Figure 3. The structural equation models of job strain, job control and job demands. Solid lines are significant
(standardized coefficients).
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4.2. Parental SEP, parental life dissatisfaction and
effort-reward imbalance (II)
This 18-year prospective study showed that higher childhood and adolescent parental
SEP predicted higher adulthood effort at work in both genders and higher reward in women
(Figures 4 and 5). The association between parental SEP and adulthood effort was in part
mediated by the participants’ education. Furthermore, low level of parental life dissatisfaction
among the men and high parental SEP among the women predicted high reward (figure 4).
Despite these associations, neither parental SEP nor parental life dissatisfaction were predictive
of the total effort-reward imbalance (ERI).

EFFORT
Time 2 (2001)

Time 1 (1983)
Parental life
satisfaction

-.06
.14

.08

.18

Age

-.11
-.16

EFFORT

.03

.13
Family
size

.03

.21

.17

-.23

Participant’s
education

.40

Parental
SEP

χ²(35) = 71.79, χ²/df=2.05, RMSEA=.037, GFI .98, CFI .97
EFFORT-REWARD IMBALANCE
Time 1 (1983)

Time 2 (2001)

Parental life
satisfaction

-.05
.14

.08

.09

Age

-.11

.13
-.16

EFFORTREWARD
IMBALANCE

.04
.21

Family
size

-.05
.07

-.23
Parental
SEP

Participant’s
education

.40

χ²(19) = 49.07, χ²/df=2.58, RMSEA=.046, GFI .99, CFI .97

Figure 4. The structural equation models of effort and effort-reward imbalance. Solid lines are
significant (standardized coefficients).
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REWARD (MEN)
Time 1 (1983)

Time 2 (2001)

Parental life
satisfaction

.15
.13

.06

-.17

Age

-.10

-.09

REWARD

.12

.06

.06

.19

Family
size

.12
-.19
Participant’s
education

.39

Parental
SEP

χ²(35) = 65.58, χ²/df=1.87, RMSEA=.037, GFI .98, CFI .97
REWARD (WOMEN)
Time 1 (1983)

Time 2 (2001)

Parental life
satisfaction

-.01
.15

.10

.17

Age

-.13

.21

REWARD

.20

.18

.18

.21

Family
size

.02
-.27
Participant’s
education

.42

Parental
SEP

χ²(35) = 47.56, χ²/df=1.36, RMSEA=.030, GFI .98, CFI .98

Figure 5. The gender specific structural equation models of reward. Solid lines are significant
(standardized coefficients).

Table 3. Model comparisons of direct and mediated effects of preemployment factors on
job strain and effort-reward imbalance.
Job strain

MODEL
A
B

χ²
129,95
49,59

A
B

χ²-difference test
∆χ²
∆df

df

p-value

20
19

80.36

1

<.001

140.23
60.19

27
26

80.04

1

<.001

A
B

151.77
72.76

36
35

79.01

1

<.001

A
B

168.91
71.59

36
35

97.32

1

<.001

Effort-reward imbalance A
B

147.52
49.07

20
19

98.45

1

<.001

Job control
Job demands
Effort

Reward men*
n=341

A
B

110.9
65.58

36
35

45.32

1

<.001

Reward women*
n=405

A
B

100.66
47.56

36
35

53.1

1

<.005

A= direct effect, B=mediated effect; * statistically significant difference between men and women (p<.05)
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The comparisons between direct effect model and the mediated effect model of
developmental preemployment factors on job strain and effort-reward imbalance showed that
the effects of parental SEP on work stress were either partly or fully mediated by participants’
education (Table 3).

4.3. Type A behaviour components and early atherosclerosis (III)
The Cronbach alpha reliabilities of the Type A behaviour subscales varied between α
=0.59 (leadership 1986) and α =0.76 (eagerness-energy 1989) depending on the subscale and
measurement point. The three year stability for all four components varied between .48 and .63
in men, and .51 and .61 in women. The corresponding 15 year stability was from .29 to .49 in
men, and from .33 to .48 in women. The descriptives are shown in Table 2.
Among the men, the eagerness-energy component of Type A behaviour during different
developmental transitional phases over a period of 15 years, consistently predicted increased
carotid intima-media thickness in adulthood (Table 4). Among the women, hard-driving, another
component of Type A behaviour, seemed to be a protective factor, although the association
manifested only in adolescence and young adulthood, and was not entirely robust to various
adjustments (Table 4), that is, was influenced by age and the Type A behaviour assessment time.
Regardless of the Type A behaviour measurement time and age, eagerness-energy was
associated with CIMT among the men (Table 5). Neither the other two components of Type A
behaviour, aggression and leadership, nor the global Type a behaviour were associated with
CIMT.
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Table 4. Multiple linear regression analyses for CIMT and Type A behaviour and its
components.
Model 1
β

Model 2
β

p

Model 3
p

β

Model 4
p

β

p

Men (n=370*)
Impatience-aggression
Leadership
Hard-driving
Eagerness-energy
Global Type A behavior

.004
.068
.058
.114
.098

.942
.174
.264
.026
.053

.010
.070
.037
.121
.097

.836
.158
.472
.015
.055

-.027
.050
.085
.128
.095

.603
.351
.110
.013
.069

-.007
.047
.060
.129
.092

.901
.379
.256
.012
.078

Women (n=540*)
Impatience-aggression
Leadership
Hard-driving
Eagerness-energy
Global Type A behavior

.019
.056
-.079
.002
-.002

.637
.174
.059
.956
.960

.030
.050
-.098
-.003
-.011

.461
.233
.018
.949
.791

.011
.056
-.090
-.006
-.016

.796
.202
.034
.880
.703

.016
.042
-.107
-.012
-.028

.705
.346
.013
.769
.498

Model 1: adjusted for age
Model 2: adjusted for age and early risk factors
Model 3: adjusted for age and adulthood risk factors
Model 4: adjusted for age and early and adulthood risk factors
* full information on all variables

Table 5. Age-adjusted standardized β coefficients for CIMT and eagerness-energy among men
and hard-driving among women by time of measurement.
Type A component
by the year of assessment
Men (n=408)
Eagerness-energy
1986
1989
2001

β

p

.130
.100
.104

.008
.043
.030

-.081
-.041
-.068

.043
.306
.080

Women (n=606)
Hard-driving
1986
1989
2001
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4.4. Childhood and adolescent factors, job strain and early
atherosclerosis (IV)
In study IV we studied whether childhood and adolescent factors contribute to the job
strain and early atherosclerosis. In the age-adjusted model, father’s life dissatisfaction and
participants’ low leadership was associated with higher job strain in men. In the age- and
education adjusted model both maternal and paternal life dissatisfaction as well as participants’
low leadership were linked to higher job strain (Table 6).

Table 6. Unstandardized regression coefficients with 95% confidence intervals of
preemployment factors predicting job strain in men at age 27-39.
Model 1a

Model 2b

Family history of CHD

β
-.088

95%CI
-.188 to .012

β
-.023

95%CI
-.033 to -.013

1983
Family income
Mother's education
Father's education
Maternal life satisfaction
Paternal life satisfaction

-.012
-.004
-.010
-.042
-.056

-.030 to .005
-.014 to .006
-.019 to .010
-.094 to .010
-.106 to -.005

-.002
.003
-.003
-.061
-.070

-.020 to .016
-.007 to .013
-.012 to .007
-.113 to -.010
-.120 to -.020

1986
Aggression
Leadership
Hard-driving
Eagerness-energy

.001
-.095
-.007
-.018

-.043 to .045
-.137 to -.053
-.041 to .027
-.071 to .036

-.002
-.086
-.001
-.010

-.045 to .041
-.128 to -.044
-.035 to .033
-.062 to .043

-.023

-.033 to -.013

nac

2001
Education
a

Model 1: adjusted for age b Model 2: adjusted for age and education c not applicable
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The results of multivariate linear regression analyses showed that adjustment for parental
socioeconomic position slightly weakened the relationship between job strain and CIMT, and
that parental life satisfaction adjustment slightly strengthened the relationship between job strain
and CIMT. Adjustment for participants’ preemployment leadership characteristic attenuated the
relationship between job strain and CIMT to non-significance (Table 7). Low leadership was
associated both with higher levels of job strain and increased early atherosclerosis. Despite the
fact that adjustment for preemployment leadership had a 17% attenuating effect on this
relationship, it remained significant after full adjustment.

Table 7. Unstandardized regression coefficients with 95% confidence intervals of job stain and
preemployment factors predicting CIMT in men at age 27-39.
Model 1a

Age
Family history of CHD

β
95%CI
.006 .004 to .008
.042 .019 to .047

1983
Family income
Mother's education
Father's education

Model 2b
β
95%CI
.006 .004 to .008

Model 3c
β
95%CI
.006 .004 to .008

β
95%CI
.006 .004 to .008

Model 5e
β
95%CI
.006 .004 to .008

.001 -.004 to .005
.001 -.003 to .004
-.003 -.006 to .000

Maternal life satisfaction
Paternal life satisfaction

.022 .008 to .038
-.011 -.026 to .005

.022 .001 to .042

β
95%CI
.006 .004 to .008
.043 .020 to .065

.024 .008 to .040
-.012 -.028 to .003

.001 -.010 to .011
-.012 -.022 to -.001
-.005 -.013 to .003
.012 -.001 to .025

.023 .003 to .043

Model 6f

.001 -.004 to .005
.001 -.002 to .004
-.003 -.006 to .000

1986
Aggression
Leadership
Hard-driving
Eagerness-energy
2001
Education
Job strain

Model 4d

.025 .004 to .045

a

Model 1: adjusted for age and family history of CHD b Model 2: adjusted for age and parental socioeconomic position

c

Model 3: adjusted for age and parental life satisfaction d Model 4: adjusted for age and Type A behavior components

e

Model 5: adjusted for age and education f Model 6: fully adjusted
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.019 -.001 to .040

.002
-.011
-.005
.013

-.001-.003 to .002
.022 .002 to .043

-.009 to .012
-.022 to -.001
-.013 to .003
.000 to .026

.001 -.002 to .003
.022 .001 to .043

5. DISCUSSION
The present study examined the origins of work stress by focusing on childhood and
adolescent environmental and dispositional factors as possible antecedents, and the effect of
these factors on early atherosclerosis. We found associations between childhood and adolescent
factors and work stress and early atherosclerosis. Our first hypothesis concerning childhood and
adolescent family factors as predictors of job strain was supported. The second hypothesis
assuming that Type A behaviour components would be related to increased atherosclerosis after
controlling for the established risk factors for CHD in early life and in adulthood, was partly
supported. Finally, the assumption that childhood and adolescent factors would contribute to the
relationship between job strain and CIMT was also partially supported.

5.1. Childhood and adolescent family factors, work stress, and early
atherosclerosis
We found that low parental SEP in childhood and adolescence was directly related to
higher job strain and low job control. The effects of parental SEP on job strain and job control
operated also indirectly through education. The relationship between parental SEP and job
demands was fully mediated by the participants’ educational attainment. Thus, our hypotheses
concerning both the direct and the indirect effects of childhood and adolescent factors on job
strain were supported. Previous studies have reported that low parental SEP in childhood and
adulthood SEP are related to work stress (Karasek 1979; Karasek, Baker, Marxer, Alhbom &
Theorell 1981; Marmot, Bosma, Hemingway, Brunner &

Stansfield 1997), and that low

parental SEP is related to childrens’ educational attainment and low adulthood SEP (Power
2002; Power, Stansfeld, Matthews, Manor &

Hope 2002). We found a strong positive

relationship between parental SEP and the participants’ educational attainment, which is in
accordance with previous research (Andres & Grayson 2003; Kivimäki et al. 2006). One
possible explanation for this predictive relationship is that a positive family background may
offer good educational resources such as equipment, education-related information, and
emotional support, and thus enhance educational attainment. Education is an important
prerequisite for later career opportunities. Andres and Grayson (2003) reported that the children
of well-educated parents were not only in education for a longer time than their counterparts, but
also achieved a high status at work (Andres & Grayson 2003).
We found that parental SEP both directly and indirectly predicted job control. Job
control has been referred to as a more important contributor to job strain than job demands
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(Karasek & Theorell 1990, page 77), and thus it may be significant in terms of later health. A
recent study reports an association between a high socioeconomic status among fathers and high
job control in their offspring (Elovainio et al. 2007), and another found that job control
attenuated the relationship between social position and health (Rahkonen, Laaksonen,
Martikainen, Roos & Lahelma 2006).
According to our results, childhood and adolescent factors are not related to effortreward imbalance, but we did find associations with its components. High parental SEP
predicted high effort at work in both genders, and high rewards among the women. Previous
studies have reported a link between paternal SEP and job strain, and the father’s occupation
and effort-reward (Brunner et al. 2004). Furthermore, advantageous parental SEP has been
linked to higher intrinsic and extrinsic work satisfaction in women (Andres & Grayson 2003).
Parental life dissatisfaction during childhood and adolescence was associated with high
job strain among both genders. According to the risky families model (Repetti, Taylor &
Seeman 2002) there is a lack of emotional, social, and cognitive support in the adverse family
environment. It has been suggested that parental life dissatisfaction creates a stressful family
environment (Flinn & England 1995; Keltikangas-Järvinen 2002). This, in turn, may increase
sensitivity to stress or hinder the development of adequate stress-management skills, the lack of
which may partly explain the relationship between parental life dissatisfaction and adulthood job
strain. Previous studies have reported links between parental life dissatisfaction and various
adverse developmental outcomes, such as Type A behaviour in adolescents, high adulthood
hostility and depression in adulthood, all of which are risk factors for later ill-health (Katainen,
Räikkönen & Keltikangas-Järvinen 1998; Katainen, Räikkönen, Keskivaara & KeltikangasJärvinen 1999; Keltikangas-Järvinen 2002; Keltikangas-Järvinen & Heinonen 2003). It has
been suggested that life-dissatisfied type A parents with hostile child-rearing attitudes set high
demands on and exert high levels of external control over their children (Keltikangas-Järvinen &
Heinonen 2003), which may make the children less capable of managing stress independently
and of taking control over their lives. This, in turn, may predispose them to later high job
demands and low job control conditions at work.
We observed no relationship between the childhood and adolescent factors and the total
effort-reward imbalance, although these factors have been found to predict adult health and
well-being (Bereczkei & Csanaky 2001; Flouri & Buchanan 2004; Katainen, Räikkönen &
Keltikangas-Järvinen 1998; Katainen, Räikkönen, Keskivaara & Keltikangas-Järvinen 1999;
Keltikangas-Järvinen 2002; Kouvonen et al. 2005). In study I, we found that childhood and
adolescent factors were related to job strain. This discrepancy between study I and II may be

39

partly due to the nature of the work characteristics covered in the effort-reward-imbalance
model. The job demands-job control model is focused on very specific work characteristics
including the work load, time pressures, and the skills needed at work whereas the ERI model
emphasises elements of current social-exchange processes in the wider work context (Siegrist
1996; Siegrist 2005; Siegrist et al. 2004). These processes may be less affected by childhood
factors than the more generalised perceptions of work characteristics defined in the former
model (Karasek 1979). Parental life satisfaction predicted high reward at work among the men,
but not among the women. The relationship between age and reward at work was interesting: it
was negative in men but positive in women. Moreover, the level of reward at the beginning of
the career was higher among the men than among the women, but over the work years, a
decreasing trend in men and increasing in women was observed. This suggests that esteemrelated reward at work differs between genders at different career phases.
To conclude, work stress may partly originate from factors operating already long before
working life begins. Job strain was influenced by both structural and emotional aspects of the
family-of-origin. We found support for partial mediation: education seems to be an important
mediator of the relationship between childhood- and adolescent-related socioeconomic factors
and job strain. Although there were associations between childhood and adolescent factors and
components of ERI in adulthood, and a gender-specific pattern for the antecedents of the reward
component, no evidence was found to support an association between these factors and the total
ERI. We suggest that childhood and adolescent factors may contribute to job strain 18 years
later, and to esteem-related rewards at work.

5.2. Type A behaviour, work stress and early atherosclerosis
We found that the eagerness-energy component of Type A behaviour, which is close to
the original described by Friedman and Rosenman (1959), and also close to temperamental
activity (Thörensen & Pattillo 1988), consistently predicted increased adulthood carotid intimamedia thickness in men during different developmental transitional stages over a period of 15
years. This relationship was independent of the traditional risk factors for cardiovascular
disease, such as high LDL and low HDL cholesterol, elevated triglycerides, glucose, blood
pressure and BMI (see www.americanheart.org) and low parental socioeconomic position. The
eagerness-energy component of Type A behaviour was found to be related to high LDL
cholesterol and high levels of triglycerides in adolescents in the Bogalusa heart study (Hunter et
al. 1982), and to elevated LDL cholesterol, total cholesterol and blood pressure in adolescence
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and young adulthood in the Cardiovascular Risk in Young Finns data (Keltikangas-Järvinen &
Jokinen 1989). Furthermore, an association between childhood hyperactivity and adulthood
atherosclerosis in 21-year follow-up has been reported (Keltikangas-Järvinen, Pulkki-Råback,
Puttonen, Viikari &

Raitakari 2006). Our findings are in accordance with this study,

temperamental activity being close to Type A behaviour eagerness-energy, which we found to
be related to early atherosclerosis. A higher pathogenic long-term effect of eagerness-energy
was found among the men but among the women. However, eagerness-energy in adolescence
has also been related to later risk in girls (Ravaja, Keltikangas-Järvinen & Keskivaara 1996).
Hard-driving component of Type A behaviour seemed to be a protective factor among
the women, but this relationship was not robust to all adjustments, as it was partly explained be
age and Type A behaviour assessment time. Previous research indicates the protective nature of
this Type A behaviour component in adults (Raitakari et al. 1995). Among adolescents, a sense
of responsibility, which is close to hard-driving, has been related both to protective factors such
as a low likelihood of risk-behaviour accumulation in adolescence, popularity among peers and
high achievement at school (Keltikangas-Järvinen 1992; Keltikangas-Järvinen & Räikkönen
1990), and to risk factors such as high blood pressure, cholesterol and BMI (KeltikangasJärvinen & Räikkönen 1990; Ravaja, Keltikangas-Järvinen & Keskivaara 1996).
In sum, the eagerness-energy component of Type A behaviour, that is continuous sense
of hurry and doing things in quick tempo, seems to be a robust predictor of CIMT in men,
whereas the hard-driving component seemed to predict decreased CIMT in women. The
aggression and leadership components of Type A behaviour were not associated with early
atherosclerosis in study III.

5.3. The role of childhood and adolescent factors in the association
between job strain and early atherosclerosis
Our study showed that low leadership characteristic in adolescence and early adulthood,
attenuated the association between job strain and CIMT to non-significance in healthy young
men. These results suggest that preemployment disposition may have a greater influence on this
relationship than environmental factors among the men.
Low Type A behaviour leadership in adolescence was found to be associated with an
increased risk of job strain and early atherosclerosis. This result accords with those of previous
studies linking low leadership to somatic risk factors such as high blood pressure and BMI
(Keltikangas-Järvinen &

Jokinen 1989). High leadership has been associated with high

achievement standards and high social self-esteem (Keltikangas-Järvinen & Räikkönen 1990).
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Low leadership in adolescence may lead to less favourable educational careers and later
selection to more stressful jobs, which in turn, may be a risk for increased atherosclerosis in
time. On the basis of our findings we suggest that high leadership may represent a non-risk
component of Type A behaviour. Previous literature has shown that the role of leadership with
respect to stress and disease is far from clear. In a historical context, high leadership was linked
to high psychological stress in humans and other primates in the 1950s, but low leadership was
associated with stress-related diseases in the 1960s. More recent studies have shown that the
relationship between leadership and health is dependent on the species and the context
(Sapolsky 2005). A recent review conducted by van Vugt (2006) concludes that leadership in
humans is linked to initiative taking, task competency and (social) intelligence, all of which are
very important assets in contemporary society and in working life. The results of the present
study indicate that low leadership in adolescence and early adulthood is associated with low
educational attainment, which suggests that it may predispose a person to taking high-demandlow-control jobs later in life, that is to select high-strain employment.
Eagerness-energy had a symptomatic direct association with CIMT. This finding points
in the same direction as those of previous studies linking eagerness-energy to elevated
cholesterol levels and triglycerides in children and adolescents (Hunter et al. 1982), an increase
in metabolic syndrome risk factors in adolescent girls (Ravaja, Keltikangas-Järvinen &
Keskivaara 1996), high diastolic blood pressure in 18-year-old girls (Keltikangas-Järvinen &
Jokinen 1989), and longer physiological recovery time after exposure to stress (Palmero, Diez &
Asensio 2001). However, eagerness-energy did not turn out to be an independent predictor of
job strain in the present study, a potential reason for finding only a marginal association with
atherosclerosis in these data.
In sum, low leadership characteristic in adolescence and in early adulthood was
associated both with higher job strain and increased early atherosclerosis. Eagerness-energy
component was not associated with job strain, and probably therefore we found only a
symptomatic relationship with CIMT among the men in study IV. The other components of
Type A behaviour were not linked to job strain and CIMT among the men.
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5.4. Methodological considerations
Cardiovascular Risk in Young Finns is a population-based cohort study covering Finnish
children, adolescents and adults (Åkerblom et al. 1991). The same individuals have been
followed for 27 years, and this unique longitudinal data makes it possible to study
developmental effects on adulthood work stress and cardiovascular-risk-related outcomes. To
our knowledge, the present study is the first prospective study to report the effects of the
developmental family environment, such as SEP and life dissatisfaction on work stress, and a
modifying effect of a lack of leadership in adolescence and early adulthood on the work stressCIMT relationship.
The study has several strengths in terms of the measurement of parental SEP. The
father’s education or social position has previously been used as an indicator of family SEP
(Korupp, Ganzeboom & van der Lippe 2002; Sorensen 1994), and study participants have often
retrospectively reminisced about their parents status. We determined parental SEP from firsthand information, i.e. the participants’ parents’ reported their own SEP. Furthermore, we also
used several indicators (both the mother’s and the father’s educational level and the total
household income per year). Parental education may be a more reliable measure of family SEP
with respect to health than occupational status, which may be high even without a higher
education or low regardless of one. What comes to the participants own SEP in adulthood, the
education level may be a more reliable measure of SES in young adults than occupational status,
because the young may not yet have established a stable occupational position.
A special strength of our measure of Type A behaviour is that the same instrument was
used during three different study phases. Type A behaviour was quite stable across different
developmental periods. The use of an aggregate variable over three different measurement
points reduced the instrumental measurement error. As far as the learning effect is concerned,
there is evidence that repeated personality testing at intervals of more than two years is unlikely
to distort the results (Anastasi 1961).
Although the studies comprising this thesis have special strengths, there are some
limitations in the present study. There has been dropout for various reasons such as refusal to
participate and non-residence at the time of the study, for example. The exclusion of participants
working in 1983 (Study I) and 1986 (Study IV), may have led to the exclusion of more
participants with a lower educational level due to the cohort effect, and may have attenuated the
associations found rather than strengthened them. Furthermore, there is a possible educationrelated bias because the parents of the participants were more highly educated than the parents
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of the dropouts (Studies III and IV), and the participants themselves better educated than the
dropouts (Studies II and IV). This may have led to the underestimation of associations between
parental SEP, education, work stress and atherosclerosis.
Another limitation is that measurement was mainly based on self-reports, which may
have affected the associations found. Non-standard measures were used to assess parental life
satisfaction, job demands and effort-reward imbalance, but all of them have shown reliability
and validity in previous studies (Elo, Leppänen, Lindström & Ropponen 1992; Katainen,
Räikkönen, Keskivaara & Keltikangas-Järvinen 1999; Keltikangas-Järvinen 2002; Kivimäki et
al. 2006; van Vegchel, de Jonge, Bosma & Schaufeli 2005). Using a wide range of covariates in
multivariate analyses with relatively small numbers of participants may decrease the effect
stability and widen the confidence intervals.
The present study does not provide information about developmental effects on the
relationship between job strain and CIMT relationship among the women, because the
association is not present in the CRYF population. This is not specific to the Cardiovascular
Risk in Young Finns Study, however, the effect of job strain on cardiovascular health in women
is markedly less studied than that in men, and the cardiovascular risk profiles related to work
and home stress differ between men and women (Lundberg 1996; Lundberg & Frankenhaeuser
1999; Theorell & Karasek 1996).

5.5. Conclusions and practical implications
Work is a fundamental part of adult life. Work is a prerequisite for continuous income
and an environment where to operate in a core social role of adulthood (Marmot & Wilkinson
2006), thus it may be an important contributor to life satisfaction. Several psychosocial work
characteristics may be sources of everyday stress a work and if stress is prolonged, it may
induce a health risk (McEwen 1998; McEwen 2007). This study adds a few pieces of evidence
on the antecedents of the work stress, which have been lacking almost completely so far.
We found associations between parental life dissatisfaction and work stress. Family
environment during childhood and adolescence is fundamental in terms of normal emotional,
social and cognitive development and acquiring stress management skills needed in adulthood
(Repetti, Taylor &

Seeman 2002; Taylor &

Repetti 1997). Growing up in

a family

characterized by conflicts and negative emotional atmosphere may lead to development of
inadequate social skills, prevent from setting educational goals and lower the possibility to have
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supportive relationships in adulthood (Repetti, Taylor & Seeman 2002), all of which may be
important with respect to health.
Low leadership in adolescence, may reflect fewer hobbies, lower social self-esteem,
unwillingness to socially participate and compete with peers, which was associated with both
high job strain and early atherosclerosis in men. This may indicate that peer relations and
popularity among peers in adolescence are very important for favourable development of boys.
The results of this study add new information to work stress – health literature. Most of
the work stress – health studies have focused on adulthood exposure so far, and the period
before employment has received little attention. This study provides evidence on that period
before entering worklife shoud be taken into account. Whether there are preemployment factors
that confound the stress-health associations or are linked to unfavourable developmental
pathways should be studied further. The preemployment contributions to job strain and early
atherosclerosis should be taken into account in the stress and health research. Further research is
needed to confirm or eliminate effects of possible confounders in stress and health research in
order to be able to develop effective prevention programs. If preemployment factors confound
the relationship between job strain and cardiovascular disease risk, work stress interventions at
workplaces would not be enough to bring about large reductions in incident diseases.
These findings should be considered in parental counselling by giving information to
parents that are important with respect to childrens’ favourable development. The results of this
study should be taken into account in health education at schools by emphasizing the importance
of education with respect to health. Educational preferences and goals develop in family context
and within social networks, and are very important with respect to career establishment.
There are several suggestions for future research. Work stress is reported to be a strong
predictor of cardiovascular morbidity and mortality. Whether this association is explained by
early life factors should be examined further. In addition, more research is needed on the effects
of early-life factors in the development of work stress and stress-related diseases, especially in
women. It would also be beneficial to clarify which Type A behaviour components are the most
important with respect to health and why. The role of early life factors in the association
between work stress and cardiovascular health could be studied among participants who have an
established work careers. It would also be important to use actual disease endpoint as the
outcome, e.g. the incident CHD.
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