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Abstract
Background Stress-related hypercoagulability might link
job stress with atherosclerosis.
Purpose This paper aims to study whether overcommit-
ment, effort–reward imbalance, and the overcommitment by
effort–reward imbalance interaction relate to an exaggerated
procoagulant stress response.
Methods We assessed job stress in 52 healthy teachers
(49±8 years, 63% women) at study entry and, after a mean
follow-up of 21±4 months, when they underwent an acute
psychosocial stressor and had coagulation measures deter-
mined in plasma. In order to increase the reliability of job
stress measures, entry and follow-up scores of overcom-
mitment and of effort–reward imbalance were added up to
total scores.
Results During recovery from stress, elevated overcommit-
ment correlated with D-dimer increase and with smaller
fibrinogen decrease. In contrast, overcommitment was not
associated with coagulation changes from pre-stress to
immediately post-stress. Effort–reward imbalance and the
interaction between overcommitment and effort–reward

imbalance did not correlate with stress-induced changes in
coagulation measures.
Conclusions Overcommitment predicted acute stress-in-
duced hypercoagulability, particularly during the recovery
period.

Keywords Blood coagulation . Cardiovascular disease .

Effort–reward imbalance . Fibrinogen fibrin degradation
products . Job stress . Psychological stress

Introduction

Numerous prospective studies have demonstrated an in-
creased risk of coronary heart disease in individuals who
experience chronic stress at work [1–3]. This link seems
stronger with cumulative exposure to job strain and is
partially independent of established cardiovascular risk
factors and adverse health behavior clustering with high
job strain in their own right [4]. The pathophysiological
mechanisms by which job stress promotes atherosclerosis
are not fully understood [2]. One promising line of research
suggests that work stress is associated with chronic low-
grade hypercoagulability [5]. A hypercoagulable state of
the blood promotes atherosclerosis development and, after
rupture of an atherosclerotic plaque, thrombotic occlusion
of a coronary artery [6, 7].

The job stress model of effort–reward imbalance posits
that an imbalance between high efforts and low rewards
perceived at the work place leads to sustained strain [8]. In
the effort–reward imbalance model, the inability to with-
draw from work obligations combined with a high need for
approval was conceptualized as a personality trait called
overcommitment. Highly overcommitted workers tend to
repeatedly exaggerate their efforts at work while, at the
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same time, exhausting their resources. As a consequence,
high overcommitment diminishes the potential to recover
from job demands, eventually resulting in poor mental and
physical health [9], including clinical manifestations of
coronary heart disease [8]. Conceptually, effort–reward
imbalance and overcommitment might contribute to coro-
nary heart disease risk in three ways [8, 10]: (1) the
combination of high efforts with low rewards increases the
risk, (2) a high level of overcommitment increases the risk,
and (3) the interaction between high effort–reward imbal-
ance and overcommitment bears an even higher risk than
high effort–reward imbalance or high overcommitment
alone. A study on more than 11,000 Dutch employees
showing that the risk of effort–reward imbalance to
aggravate physical and psychological complaints was
greater in workers with high overcommitment relative to
those with low overcommitment supports the latter reason-
ing [11].

Plasma fibrinogen levels were particularly found to be
elevated in epidemiological studies across different working
populations and conceptualizations of job stress [5, 12].
Specifically, elevated effort–reward imbalance and over-
commitment scores have both been associated with elevated
fibrinogen levels at rest [13]. Overcommitment has also
been associated with increased plasma levels of type 1
plasminogen activator inhibitor and decreased activity of
tissue-type plasminogen activator at rest, both indicating
impaired fibrinolysis [14]. However, effort–reward imbal-
ance and overcommitment showed no association with
resting level of fibrinogen in another study [15]. Although
this has not previously been studied in relation to job stress,
different types of chronic psychosocial stressors were
shown to elicit an increase in the hypercoagulability marker
fibrin D-dimer [16]. Fibrinogen and D-dimer are closely
linked within the coagulation cascade since thrombin
converts fibrinogen to fibrin, which is dissolved by the
fibrinolytic enzyme plasmin whereby D-dimer is generated
[17]. Fibrin is the end product of the coagulation cascade
and the main component of a blood clot. Therefore, as
opposed to individual clotting factors, D-dimer indicates
activation of the entire coagulation system [17]. Meta-
analyses showed that elevated plasma fibrinogen and D-
dimer levels, even within the normal range of the
population distribution, predict incident coronary heart
disease [18, 19]. Fibrinogen exerts procoagulant function
as a precursor of fibrin in the coagulation cascade and as
cofactor for platelet aggregation [20].

D-Dimer and fibrinogen are both responsive to acute
psychosocial stress [16, 21]. Chronic work stress might
contribute to an exaggerated acute procoagulant stress
response, thereby promoting atherosclerosis and its throm-
botic complications, although such theory has not thor-
oughly been investigated. One previous study found that

men experiencing low job control had greater fibrinogen
responses to acute mental stress than men with high job
control [22]. In addition, men under high job demands and
high blood pressure reactivity in anticipation of a stressor
had greater atherosclerosis progression at 4-year follow-up
than men with low job demands and low reactivity [23].

We hypothesized that overcommitment, effort–reward
imbalance, and the overcommitment by effort–reward
imbalance interaction relate to an exaggerated response of
plasma D-dimer and fibrinogen levels to acute psychosocial
stress in school teachers independent of previous correlates
of coagulation measures. We investigated coagulation
changes from immediately pre-stress to immediately post-
stress and also several times during a recovery period of
90 min after cessation of the stressor. Whether physiolog-
ical stress responses carry over to the recovery period from
stress is of particular clinical importance [24]. Specifically,
it is assumed that sustained hypercoagulability in response
to acute stress accelerates atherosclerosis progression and
growth of a coronary thrombus following plaque rupture
and thus myocardial infarction severity [21]. In case of a
significant relationship between job stress and stress-
induced coagulation changes over time, we therefore
performed post hoc analysis to identify whether the effect
confines to the immediate stress period, to the recovery
period from stress, or to both of these periods.

Stress-induced coagulation changes previously correlat-
ed directly and inversely, respectively, with norepinephrine
and cortisol reactivity [25]; both were attenuated with high
overcommitment [26, 27]. Furthermore, mental health is
poor with high job stress [28] and psychological distress
(e.g., depression, anxiety, and hostility) was associated with
acute stress hypercoagulability [5]. Therefore, we further
explored whether stress hormone reactivity and psychopath-
ological symptoms affect the hypothesized relationships.

Materials and Methods

Study Participants

Fifty-eight employed school teachers from the region of
Trier (Germany) who had previously participated in the first
part of the Trier Teacher Stress Study [27, 29] were re-
invited between 13 and 27 months after the initial
assessment to undergo a follow-up assessment of job stress
and a laboratory stress testing. Demographic data, health
status, medication, blood pressure, and body mass index
were assessed at study entry. Participants with any
psychiatric disorder, diabetes, current corticosteroids or
psychotropic medication use, or current pregnancy were
excluded [29, 30]. Demographic data, health status without
body mass index, and medication were also assessed at
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follow-up. For the follow-up investigation, we excluded
two smokers, two women taking oral contraceptives, and
two participants with missing coagulation measures, leav-
ing a final sample of 52 teachers. The ethics committees of
the State Medical Association of Rheinland Pfalz and the
University of Trier approved the study protocol. All
participants provided written informed consent. They were
paid €50 after completion of the basic study and €70 after
completion of the follow-up stress protocol.

Stress Experiment

Participants were assessed between 3 and 4 P.M. They were
instructed to refrain from physical exercise, a heavy lunch,
and alcoholic beverages on the test day. Premenopausal
women were tested during the luteal phase of the menstrual
cycle to prevent confounding of the procoagulant stress
response by female sex hormones [31]. A venous catheter
was inserted in the dominant forearm. After a 50-min rest
and information about the stress protocol, participants
underwent the Trier Social Stress Test consisting of a 3-
min preparation phase, a 5-min job interview, and a 5-min
mental arithmetic task in front of an audience [32]. The
Trier Social Stress Test elicits reliable increases in fibrin-
ogen, D-dimer, norepinephrine, and cortisol [21, 25, 32,
33]. After completion of the stress test, participants were
instructed to remain seated for 90 min in a quiet room to
recover from the stressor while reading magazines.

Sampling of Blood, Saliva, and Blood Pressure

Blood for coagulation measures was sampled immediately
before, immediately after, and 20, 45, and 90 min after
stress. For the present report, saliva for free cortisol
measures was analyzed immediately before stress and 10,
20, and 30 min after the stress test. The highest of these
values was defined as the peak cortisol response for a
particular participant. Blood for norepinephrine measures
was collected immediately before and immediately after
stress (peak response). Cortisol and norepinephrine reactiv-
ity were computed by subtracting pre-stress levels from
respective post-stress peak levels. Systolic and diastolic
blood pressure was measured immediately before and
immediately after the Trier Social Stress Test using an
automated device (Omron M5-I, Mannheim, Germany).

Biochemical Analysis

For the determination of D-dimer and fibrinogen, 3.0 ml of
venous blood was added to 0.3 ml of citrate (0.106 mol/L)
monovettes (Sarstedt, Nümbrecht, Germany). Citrate sam-
ples were immediately centrifuged at 4°C for 15 min at
2,000×g in an adjacent room. Within 60 min, plasma

aliquots were transferred to the core laboratory (Synlab,
Trier, Germany) and processed immediately. Fibrinogen
was determined by a routine clotting assay following the
Clauss method [34] and D-dimer by means of an enzyme-
linked immunosorbent assay kit (VIDAS® D-dimer Exclu-
sion TM, bioMérieux Marcy-l’Etoile, France). Intra- and
inter-assay coefficients of variation were <4.5% for
fibrinogen and <6.3% for D-dimer. Native saliva was
collected in 2-ml reaction tubes (Sarstedt, Nümbrecht,
Germany) and stored at −20°C. Salivary-free cortisol was
measured by an in-house time-resolved dissociation-en-
hanced lanthanide fluorescent immunoassay (intra- and
inter-assay coefficients of variation, <11.6%). For norepi-
nephrine measurements, venous blood was sampled in
ethylenediaminetetraacetic (EDTA) monovettes and centri-
fuged for 15 min at 2,000×g at 4°C. Plasma samples were
immediately stored at −80°C and analyzed by the core lab
by means of high-performance liquid chromatography
(intra- and inter-assay coefficients of variation, <10%).

Psychological Assessment

Effort and reward perceived at work were assessed by the
validated German version of the effort–reward imbalance
questionnaire [35]. The effort–reward imbalance question-
naire comprises six items related to effort (e.g., “I have a lot
of responsibilities in my job”; range, 6–30 points) and 11
items related to reward (e.g., “I receive the respect I deserve
from my supervisors/colleagues”; range, 11–55 points).
Each item is rated on a five-point Likert scale, whereby the
effort and reward scales are equally weighted to compute
effort–reward imbalance. A relatively higher effort to
reward ratio indicates an unfavorable condition character-
ized by relatively high effort and relatively low reward. We
assessed overcommitment at work using the six-item
questionnaire validated in German (range, 6–24 points).
On a four-point Likert scale, participants indicate to what
extent they agree or disagree with the given statements.
Overcommitment focuses on the “inability to withdraw
from work” (five items; e.g., “Work is usually still on my
mind when I go to bed”) and “impatience and dispropor-
tionate irritability” (one item). For all three scales, high
internal consistencies (Cronbach’s alpha) could be demon-
strated (effort, α ranging from 0.61 to 0.78; reward, α
ranging from 0.70 to 0.88; and OC, α ranging from 0.64 to
0.82) [36]. In order to increase the reliability of job stress
measures, overcommitment and effort–reward imbalance
scores at study entry and those at follow-up were added up to
a total score of overcommitment and effort–reward imbalance.

Psychopathological symptoms were rated using the
revised version of the Symptom Checklist-90 validated in
German [37]. In addition to nine syndrome scales (e.g.,
depression, anxiety, and hostility), not detailed in this paper,
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the sum of all 90 items provides a Global Severity Index.
The Global Severity Index is a widely used rating for
general psychological distress and level of psychopatho-
logic symptoms, respectively [38].

Statistical Analysis

Data were analyzed using the Statistical Package for Social
Sciences version 15.0 for Windows (SPSS Inc., Chicago, IL)
with significance level at p<.05 (two-tailed). All data showed
a normal distribution as verified by the Kolmogorov–
Smirnov test, except D-dimer and cortisol measures, which
were logarithmically transformed before analysis. Indepen-
dent t tests and chi-square tests were used to estimate group
differences in continuous and categorical variables, respec-
tively. Pearson correlation analysis was applied to estimate
the bivariate correlation coefficient between two variables.

We applied repeated measures analysis of variance to
investigate whether stress-induced changes in D-dimer and
fibrinogen levels over time (i.e. “time effect” between
immediately pre-stress, immediately post-stress, and 20, 45,
and 90 min post-stress) were associated with continuous
values of overcommitment, effort–reward imbalance, and
the interaction overcommitment by effort–reward imbal-
ance. Repeated measures analysis of covariance was
applied to investigate whether these relationships would
be independent of covariates. We selected four control
variables a priori to prevent model overfitting [39], namely,
pre-stress levels of coagulation measures, gender, age (on
performing the Trier Social Stress Test), and body mass
index (obtained at study entry). While the first control
variable accounted for individual differences in pre-stress
levels that might lead to floor or ceiling effects in the
magnitude of the procoagulant response, the latter three
were previously shown to be correlates of fibrinogen and
D-dimer [15, 16]. The Huynh–Feldt correction for the
degrees of freedom was applied whenever the sphericity
assumption was violated. Effect sizes are expressed as
partial eta squared (η2). Post hoc testing applied partial
correlation analysis to identify a significant relationship
between job stress measures and the magnitude of change
between individual time points. Fisher Z-transform was
used to investigate whether the strength of two correlation
coefficients would significantly differ from each other [40].

Results

Participant Characteristics

Table 1 presents the characteristics of the 52 teachers
studied. Age, years in job, body mass index, and blood
pressure measurements refer to data obtained at study entry.

Variables are compared between participants grouped
according to a median split on total overcommitment and
effort–reward imbalance scores (i.e., scores at study entry
plus scores at follow-up). Compared to participants with
low overcommitment (14–30 points), those with high
overcommitment (32–45 points) had a higher Global
Severity Index and lower pre-stress salivary cortisol. In
addition, there was a trend towards statistical significance
for relatively higher pre-stress norepinephrine levels in the
high overcommitment group. Participants with high effort–
reward imbalance (1.25–4.31) expectedly differed from
those with low effort–reward imbalance (0.47–1.20) in
terms of all psychological scales.

Change in Job Stress Variables from Study Entry
to Follow-up

Overcommitment (15.7±4.6 vs. 15.1±4.4; p=0.15), effort
(15.7±5.5 vs. 15.5±4.5; p=0.72), reward (44.1±8.5 vs.
45.1±7.7; p=0.22), and effort–reward imbalance (0.72±
0.45 vs. 0.67±0.31; p=0.32) did not significantly change
between study entry and follow-up. The test–retest corre-
lations were r=0.78 for overcommitment, r=0.71 for effort,
r=0.75 for reward, and r=0.63 for effort–reward imbalance
(all p values<0.001). This suggests that perceived job stress
and the extent to which participants feel committed to their
job were stable over time.

Relationship Between Job Stress and Coagulation Measures
Before Stress

There were no significant bivariate relationships between
overcommitment, effort–reward imbalance, and the overcom-
mitment by effort–reward imbalance interaction on the one
hand and pre-stress levels of D-dimer and fibrinogen on the
other (all p values>0.40). These relationships also remained
nonsignificant in partial correlation analyses with covariates
gender, age, and body mass index (all p values>0.16).

Physiological Stress Reactivity

The Trier Social Stress Test provoked a significant change
over time in D-dimer (F4,204=6.03, p<0.001; η2=0.106;
Fig. 1a) and in fibrinogen (F3.66,186.76=4.91, p=0.001; η

2=
0.088; Fig. 1b). The stress test also provoked increases in
systolic blood pressure (128±18 vs. 146±21 mmHg; p<
0.001), diastolic blood pressure (83±10 vs. 92±12 mmHg;
p<0.001), and norepinephrine (478±153 vs. 731±196 pg/
ml; p<0.001) from pre-stress to immediately post-stress.
Free saliva cortisol increased between immediately pre-
stress and 10, 20, or 30 min post-stress (3.8±3.3 vs. 7.7±
4.8 nmol/l; p<0.001). Cortisol and norepinephrine reactiv-
ity correlated with each other (r=0.36, p=0.010). Over-
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commitment, effort–reward imbalance, and the overcom-
mitment by effort–reward imbalance interaction did not
significantly correlate with stress hormone reactivity up to
30 min after cessation of stress (see also [27]).

Overcommitment and Stress-Induced Coagulation Changes

D-Dimer

Repeated measures analysis of variance showed a time by
overcommitment interaction in predicting stress-related

changes in D-dimer levels over time (F4,200=3.05, p=
0.018; η2=0.057). The interaction was maintained (F4,184=
3.38, p=0.011; η2=0.068) controlling for gender (p=0.68),
age (p=0.17), body mass index (p=0.049), and pre-stress
D-dimer levels (p<0.001). Post hoc analysis revealed no
significant association between overcommitment and D-
dimer increase from pre-stress to immediately post-stress
(Table 2). However, overcommitment was associated with
greater increases in D-dimer from immediately pre-stress to
45 min post-stress (p=0.031), from immediately post-stress
to 45-min post-stress (p=0.003) and from 20-min post-

Fig. 1 Coagulation changes
over time to acute stress in all
participants. The figure shows
the significant stress-induced
changes between immediately
pre-stress (pre-str), immediately
post-stress (post-str), 20-, 45-,
and 90-min post-stress in D-
dimer (a) and fibrinogen (b).
Values are means±SEM

Table 1 Characteristics of participants and as per overcommitment and ERI category

All
(n=52)

High total
OC (n=26)

Low total
OC (n=26)

P value High total
ERI (n=25)

Low total
ERI (n=27)

P value

Women/men (%) 63/37 69/31 58/42 0.388 76/25 52/48 0.071
Age (years) 49±8 50±8 49±9 0.832 49±7 50±9 0.596
Years in job 24±10 24±9 23±12 0.671 22±10 25±11 0.229
BMI (kg/m2) 25.8±4.7 26.4±5.9 25.2±3.2 0.363 26.6±6.0 25.1±3.0 0.279
SBP (mmHg) 129±17 129±13 129±21 0.994 127±14 132±19 0.304
DBP (mmHg) 83±10 83±9 82±12 0.675 83±10 82±11 0.883
Total OC 30.8±8.5 37.8±4.2 23.8±5.1 <0.001 35.6±6.6 26.3±7.6 <0.001
Total effort 31.2±9.3 37.5±6.6 24.9±7.0 <0.001 38.4±6.5 24.6±5.8 <0.001
Total reward 89.3±15.2 82.5±15.6 96.0±11.6 0.001 77.6±13.5 100.1±5.9 <0.001
Total ERI 1.40±0.68 1.80±0.67 1.00±0.39 <0.001 1.93±0.61 0.91±0.22 <0.001
GSI 0.46±0.39 0.60±0.43 0.31±0.28 0.006 0.66±0.43 0.27±0.22 <0.001
Follow up (days) 627±113 611±114 644±112 0.299 616±116 637±112 0.510
NE (pg/ml) 478±153 517±150 437±148 0.060 493±144 464±162 0.503
Cortisol (nmol/l) 3.8±3.3 2.8±1.2 4.9±4.4 0.019 3.7±4.1 3.9±2.3 0.394
Fibrinogen (g/l) 3.1±1.0 3.2±1.0 3.0±0.9 0.270 3.0±1.0 3.2±1.0 0.430
D-Dimer (ng/ml) 458±588 486±724 431±423 0.585 465±745 453±407 0.660

Values are given as mean±SD. Concentrations of NE, cortisol, fibrinogen, and D-dimer are pre-stress values and are given in original units
BMI body mass index, DBP diastolic blood pressure, ERI effort–reward imbalance, GSI global severity index, NE norepinephrine, OC
overcommitment, SBP systolic blood pressure
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stress to 45-min post-stress (p=0.001; Table 2). The
strengths of these correlations were not significantly
different from each other.

Fibrinogen

Repeated measures analysis of variance showed a time by
overcommitment interaction for stress-related changes in
fibrinogen levels over time (F3.68,183.89=2.63, p=0.040;
η2=0.050). Controlling for gender (p=0.23), age (p=0.62),
body mass index (p=0.43), and pre-stress fibrinogen levels
(p=0.001), the interaction became marginally significant
(F3.75,172.47=2.36, p<0.06; η2=0.049). Post hoc analysis
showed no relationship between overcommitment and
fibrinogen increase from pre-stress to immediately post-
stress (Table 3). However, there were associations between
elevated overcommitment and smaller decreases in fibrin-
ogen from immediately pre-stress to 45-min post-stress (p=
0.011) and from immediately post-stress to 45-min post-
stress (p=0.042). Elevated overcommitment was also
associated with a smaller increase in fibrinogen between
45- and 90-min post-stress (p=0.004; Table 3). The
strengths of these correlations were not significantly
different from each other.

Stress Hormone Reactivity and Psychopathology Symptoms

We also explored whether controlling for stress hormone
reactivity and level of psychopathological symptoms in
addition to gender, age, body mass index, and pre-stress
levels of the respective coagulation measure would affect
the predictive value of overcommitment for stress-induced
changes in D-dimer and fibrinogen. However, the signifi-

cances of the time by overcommitment interactions for D-
dimer and fibrinogen changes to stress were unaffected
when norepinephrine reactivity, cortisol reactivity, and the
Global Severity Index were separately added to the models.

Effort–Reward Imbalance and Stress-Induced Coagulation
Changes

Effort–reward imbalance did not significantly predict stress-
induced changes in D-dimer and fibrinogen levels over time
in repeated measures analysis of variance and also not when
controlling for gender, age, body mass index, and pre-stress
levels of coagulation measures. In addition, controlling for
cortisol reactivity, norepinephrine reactivity, and the Global
Severity Index did not also change these results.

Overcommitment by Effort–Reward Imbalance Interaction
and Stress-Induced Coagulation Changes

Overcommitment did not significantly interact with effort–
reward imbalance in predicting stress-related changes over
time in D-dimer and fibrinogen levels in repeated measures
analysis of variance and of covariance with covariates
gender, age, body mass index, and pre-stress coagulation
measures. These results were maintained when also taking
into account stress hormone reactivity and the Global
Severity Index.

Discussion

The primary results of this study suggest that chronic stress
at work affects changes in the coagulation measures D-

Table 2 Partial correlation between overcommitment and D-dimer
changes

Time intervals for change in D-dimer Partial
correlation
coefficients

Immediately post-stress minus pre-stress −0.17
20-min post-stress minus pre-stress −0.18
45-min post-stress minus pre-stress 0.31*
90-min post-stress minus pre-stress 0.09
20-min post-stress minus immediately post-stress −0.04
45-min post-stress minus immediately post-stress 0.42**
90-min post-stress minus immediately post-stress 0.19
45-min post-stress minus 20-min post-stress 0.46***
90-min post-stress minus 20-min post-stress 0.21
45-min post-stress minus 90-min post-stress 0.18

Refer to Fig. 1a for the course of D-dimer levels between time points.
Correlation coefficients were adjusted for pre-stress D-dimer level,
gender, age, and body mass index
*P≤0.05, **P≤0.010, ***P≤0.001

Table 3 Partial correlation between overcommitment and fibrinogen
changes

Time intervals for change in fibrinogen Partial
correlation
coefficients

Immediately post-stress minus pre-stress −0.04
Pre-stress minus 20-min post-stress −0.09
Pre-stress minus 45-min post-stress −0.36 *
Pre-stress minus 90-min post-stress 0.22
Immediately post-stress minus 20-min post-stress −0.10
Immediately post-stress minus 45-min post-stress −0.30 *
Immediately post-stress minus 90-min post-stress 0.13
20-min post-stress minus 45-min post-stress −0.15
20-min post-stress minus 90-min post-stress 0.22
90-min post-stress minus 45-min post-stress −0.41**

Refer to Fig. 1b for the course of fibrinogen levels between time
points. Correlation coefficients were adjusted for pre-stress fibrinogen
level, gender, age, and body mass index
*P≤0.05, **P≤0.010
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dimer and fibrinogen in response to acute psychosocial
stress. Specifically, job stress, as measured by the over-
commitment and effort–reward imbalance model, was
associated with an exaggerated acute procoagulant stress
response. We found that elevated levels of overcommitment
significantly and independently related to stress-induced
fibrin formation as measured by the hypercoagulability
marker D-dimer. This relationship was seen in D-dimer
changes during the recovery period but not so in D-dimer
changes during the immediate stress period. In line with
this finding, elevated levels of overcommitment were not
associated with the increase in fibrinogen from immediately
pre-stress to immediately post-stress but showed associa-
tions with a smaller decrease in fibrinogen during the
recovery period. The latter was made up by a smaller
fibrinogen increase from 45- to 90-min post-stress.

Regardless of overcommitment, we observed that peak
levels of D-dimer were reached only 45-min post-stress,
whereas fibrinogen levels peaked immediately post-stress to
experience a subsequent decline (Fig. 1). The major
function of fibrinogen in the coagulation cascade is as the
precursor to fibrin, which, in turn, will be split by plasmin,
whereby the fibrin degradation produce D-dimer is formed.
In other words, only after fibrin has been formed (and
fibrinogen has been consumed) will D-dimer be generated;
this sequence might explain the different patterns of stress-
induced change in D-dimer vs. fibrinogen.

Although not a focus of our study, we did not find an
association between overcommitment and effort–reward
imbalance and resting levels of coagulation measures. This
contrasts with the bulk of previous studies on a relationship
between job stress and elevated levels of particularly
fibrinogen [5, 12–14]. Limited statistical power could be
one explanation as previous studies regularly investigated
larger samples.

Effort–reward imbalance did not emerge as a significant
predictor of stress-induced coagulation changes in any
model. This may suggest that, with regard to job stress,
elevated overcommitment is particularly dangerous in terms
of procoagulant consequences in response to acute psycho-
social stress. We also did not observe a significant time by
overcommitment by effort–reward imbalance interaction
indicating that the relationship between overcommitment
and coagulation changes due to stress exposure was not
moderated by effort–reward imbalance. In other words, low
effort–reward imbalance will not protect individuals with
high overcommitment from experiencing hypercoagulabil-
ity elicited by acute psychosocial stress. Moreover, the
absence of an interaction effect between overcommitment
and effort–reward imbalance for stress-induced coagulation
changes contrasts theories proposing that workers who
experience high levels of both overcommitment and effort–
reward imbalance are particularly prone to poor health [8, 10].

While such an interaction has been observed in relation to
poor physical and psychological health [11], only one
previous study investigated atherosclerotic outcome [41].
In that study, high levels of overcommitment and effort–
reward imbalance both predicted incident coronary heart
disease, but there was little evidence that effort–reward
imbalance was particularly deleterious in individuals with
high overcommitment [41]. It should be emphasized that
overcommitment refers to a personality trait characterized
by enduring cognitive coping strategies with stress [8, 9].
Therefore, intrinsic effort (i.e., overcommitment) might
elicit comparably robust and reliable procoagulant stress
responses. In contrast, extrinsic effort–reward imbalance
might show greater proneness to subtle fluctuations owing
to unpredictable changes in the work environment and,
hence, comparably less reliability in terms of a possible
relation to stress-induced coagulation changes.

We did not find that stress hormone reactivity and
general psychopathology affected the predictive value of
job stress for stress-related coagulation changes. Moreover,
cortisol and norepinephrine reactivity as well as the Global
Severity Index did not emerge as independent predictors of
coagulation changes in any model (data not shown).
Therefore, overcommitment might adversely impact on
cardiovascular health as related to hypercoagulability
independent of stress hormone reactivity and poor mental
health. For instance, job stress has previously been
associated with reduced vagal cardiac control [4], which
in turn was demonstrated to relate to hypercoagulability
[42]. Future studies may want to investigate whether an
exaggerated decrease in vagal tone during acute stress
might affect the relationship between overcommitment and
coagulation activation.

The positive relationships during recovery time from
stress between overcommitment and D-dimer and fibrino-
gen might be of particular clinical importance. Both
exaggerated reactivity of physiological systems to acute
mental stress and the incapacity of the biological stress
response to recover quickly contribute to somatic diseases
[24]. Therefore, hypercoagulability that carries over to the
post-stress period might increase the impact on atheroscle-
rosis progression and coronary thrombus formation after
plaque rupture more than hypercoagulability rapidly turning
off after stress cessation [21]. Given the important role of a
hypercoagulable state in general and elevated D-dimer and
fibrinogen levels in particular for atherosclerosis and
atherothrombotic events, our findings provide one explana-
tion for the increased coronary heart disease risk previously
demonstrated in highly overcommitted individuals [41, 43–
45]. Moreover, our findings might offer an attractive
avenue for intervention research. While it has not been
investigated whether hypercoagulability can be alleviated
by reducing psychosocial stress, cognitive behavioral stress
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management intervention over 3 months previously reduced
overcommitment with this effect persisting up to 3 months
[46]. Therefore, experimental studies seem warranted
focusing on the intrinsic component of job stress in order
to perhaps reduce stress procoagulant activity and associ-
ated atherothrombotic risk.

The results of our study must be interpreted within the
limitations of the study design and population. We
investigated healthy, non-smoking, and medication-free
teachers who were all employed. This population poten-
tially experiences considerably high job stress [47]. In fact,
some participants might have enrolled in the study because
they felt highly stressed at work. Our findings might not
apply to other working populations and less stressed and
unemployed workers. Furthermore, our data and their
interpretation may not transfer to patients with manifest
cardiovascular diseases and higher prevalence of estab-
lished cardiovascular risk factors, all of which may affect
the magnitude of the procoagulant stress response and its
recovery phase [48].

Taken together, we found evidence that elevated over-
commitment to work, but not effort–reward imbalance at
work, was associated with a hypercoagulable state in
response to a standardized acute psychosocial stressor.
Overcommitment appeared to elicit sustained coagulation
changes to a stressor since hypercoagulability was partic-
ularly observed during the recovery period from acute
stress. The findings provide one explanation for the
increased risk of coronary heart disease in individuals
under high job stress.
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