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Objective: Acute mental stress elicits blood hypercoagulability. Following a transactional stress model, we investigated whether
individuals who anticipate stress as more threatening, challenging, and as exceeding their coping skills show greater stress reactivity
of the coagulation activation marker D-dimer, indicating fibrin generation in plasma. Methods: Forty-seven men (mean age 44 �
14 years; mean blood pressure [MBP] 101 � 12 mm Hg; mean body mass index [BMI] 26 � 3 kg/m2) completed the Primary
Appraisal Secondary Appraisal (PASA) scale before undergoing the Trier Social Stress Test (combination of mock job interview
and mental arithmetic task). Heart rate, blood pressure, plasma catecholamines, and D-dimer levels were measured before and after
stress, and during recovery up to 60 minutes poststress. Results: Hemodynamic measures, catecholamines, and D-dimer changed
across all time points (p values �.001). The PASA “Stress Index” (integrated measure of transactional stress perception) correlated
with total D-dimer area under the curve (AUC) between rest and 60 minutes poststress (r � 0.30, p � .050) and with D-dimer
change from rest to immediately poststress (r � 0.29, p � .046). Primary appraisal (combined “threat” and “challenge”) correlated
with total D-dimer AUC (r � 0.37, p � .017), D-dimer stress change (r � 0.41, p � .004), and D-dimer recovery (r � 0.32, p �
.042). “Challenge” correlated more strongly with D-dimer stress change than “threat” (p � .020). Primary appraisal (�R2 � 0.098,
� � 0.37, p � .019), and particularly its subscale “challenge” (�R2 � 0.138, � � 0.40, p � .005), predicted D-dimer stress change
independently of age, BP, BMI, and catecholamine change. Conclusions: Anticipatory cognitive appraisal determined the extent
of coagulation activation to and recovery from stress in men. Particularly individuals who anticipated the stressor as more
challenging and also more threatening had a greater fibrin stress response. Key words: blood coagulation, cognitive appraisal,
psychological stress.

AUC � area under the curve; BMI � body mass index; CAD �
coronary artery disease; EPI � epinephrine; HR � heart rate; MBP �
mean blood pressure; NEPI � norepinephrine; PASA � Primary
Appraisal Secondary Appraisal; TSST � Trier Social Stress Test.

INTRODUCTION

The role of the hemostatic system is to maintain blood in a
fluid state under physiological conditions, thereby pre-

venting the organism from excessive bleeding on the one hand
and thrombus formation on the other (1). A growing body of
research has convincingly demonstrated that in healthy indi-
viduals, acute mental stress concomitantly activates both the
coagulation and the fibrinolysis part of hemostasis to result in
net blood hypercoagulability (2). As early as 1914, Cannon
stated that “rapid coagulation may reasonably be considered
as an instance of adaptive reaction serviceable to the organism
in the injury which may follow the struggle that fear or rage
may occasion” (3). The thickening of blood in response to an
acute and potentially life-threatening stressor is therefore
physiological, because it provided our ancestors with an evo-
lutionary benefit (2). Under certain circumstances, however, a
procoagulant stress response may incur harm for the cardio-

vascular system because hypercoagulability could contribute
to overt thrombosis (4). For instance, individuals with preex-
isting atherosclerotic diseases exhibit exaggerated hyperco-
agulability in response to acute stress (5–8). If, in patients
with coronary artery disease (CAD), a stress-induced blood
pressure peak provokes rupture of a vulnerable atherosclerotic
plaque (9), a hypercoagulable milieu could accelerate intra-
coronary thrombus growth and critical vessel occlusion (4).
Therefore, a better insight into factors that might exaggerate
the procoagulant stress response to an extent that may become
harmful for certain populations could have clinical value.

Aside from manifest cardiovascular diseases (5–8), we
have previously identified several psychosocial factors that
predict procoagulant stress reactivity. Elderly subjects who
indicated relatively more life stress in the preceding weeks
(10), those with relatively more anxiety symptoms (11), and
those showing relatively lower levels of approach coping (12)
had a greater increase in the procoagulant stress response to a
speech task. The latter study in particular suggested that poor
coping strategies could contribute to increased coagulation
activation with acute stress, in this case impaired competence
in coping with a contextual challenge (13). This observation is
potentially important because it provides clinicians with the
possibility to intervene in the case of high-risk cardiovascular
patients who cope poorly with stress.

We therefore aimed to further elucidate the tentative notion
that coping processes are related to procoagulant reactivity to
stress and restoration of hypercoagulability during recovery
from stress. The concept of coping with stress and its rela-
tionship to cardiovascular reactivity has produced a wealth of
data. However, as yet, the previous studies do not allow any
firm conclusions to be drawn regarding which concept should
be favored over others as a result of the large number of
different coping classifications used across the different stud-
ies (14). One conclusion from this research is that reactivity
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studies commonly applied questionnaires that investigate cop-
ing skills that may have little value for effective coping with
the actual stress experiment. We therefore decided to apply the
transactional stress model as proposed by Lazarus and Folkman
(15). This theory posits that people’s interpretations of an
event, their personal resources, and characteristics of the
stressor interact to determine the subjective meaning of the
stressor, people’s coping efforts, and, importantly, also their
psychophysiological reactions (16). The model further allows
for an assessment of anticipatory cognitive appraisal of a
pending stressor, a process that showed a higher correlation
with psychophysiological stress responses than retrospective
appraisal of a previous stressor (17).

From the many hemostatic molecules (2), we chose to
measure the coagulation activation marker D-dimer because,
as opposed to individual clotting factors of blood coagulation
pathways, D-dimer indicates activation of the entire coagula-
tion and fibrinolysis systems (18). More precisely, D-dimer is
generated when the fibrinolytic enzyme plasmin dissolves
fibrin, which is the end product downstream in the coagulation
cascade and the main component of a blood clot (19). D-dimer
shows reliable responsiveness to acute stress and is perhaps
more readily detected in the plasma of stressed individuals
than other hemostasis molecules as a result of its comparably
long half-life (18). Research suggests that D-dimer is cleared
from the blood with an average in vivo half-life of approxi-
mately 7 hours (20). However, the molar concentration of
D-dimer is regulated by several processes, including plasmin
generation and inhibition of plasmin by antiplasmin, plasmin
degradation of fibrin forming D-dimers, and hepatic clearance
of D-dimer (20), all of which may vary across different study
protocols. In a sample of middle-aged healthy men different
from those investigated here (21), we previously found that
D-dimer had returned to prestress resting levels 45 minutes
after stress termination. This kinetic suggests that D-dimer is
a suitable marker for protocols in which the acute hemostatic
stress response is assessed during a recovery period of up to 1
hour after stress termination. The clinical use of D-dimer is
highlighted by its value as a sensitive marker of a thrombo-
genic state (19) that is routinely measured in the diagnostic
workup of a suspected venous thromboembolic event (22).
Age, blood pressure (BP), and body mass index (BMI) are
common covariates of resting D-dimer levels (23–26). None-
theless, a recent meta-analysis established the role of plasma
D-dimer as a significant and independent predictor of first-
time and recurrent cardiovascular events over a median follow
up of 5 years (23).

We hypothesized that men who anticipate the stressor as
more threatening and challenging, and expect themselves to
have less competence and control in coping with the stressor,
would show greater stress responsiveness and prolonged stress
recovery of D-dimer. We further hypothesized that stress
appraisal would predict stress-induced D-dimer change in part
independently of the usual covariates and also independently
of catecholamine surge previously shown to elicit hyperco-
agulability (27). An exaggerated acute physiological stress

response and delayed restoration of perturbed physiology after
stress is shut off are both important in understanding the
adverse effects of stress on physical health (28). We therefore
did not restrict our analyses to the D-dimer change over the
entire stress and recovery interval, but also investigated the
relationship between stress appraisal and the acute stress
change in D-dimer and its recovery from stress separately.
Because the female cycle affects resting coagulant function
(29) and coagulation responses to stress (30), we did not
include women in the present study.

MATERIALS AND METHODS
Study Participants
The study protocol was formally approved by the Ethics Committee of the

State of Zurich, Switzerland. All subjects provided written informed consent
to a protocol studying different aspects of psychophysiological stress reac-
tivity. The final study sample comprised 47 men who varied in age (range,
20–65 years), screening systolic (range, 108–167 mm Hg) and diastolic
(range, 65–114 mm Hg) BP, and BMI (range, 20–35 kg/m2). Recruitment was
carried out through advertisement of the study on pin boards at the University
of Zurich and by members of the research team who accompanied the mobile
blood donation unit of the Swiss Red Cross of the State of Zurich. The study
was conducted between April and October 2004.

All participants were required to be nonsmokers, to not take any regular
or occasional medication, and to be in excellent physical and mental health as
confirmed by an extensive health questionnaire (31) and telephone interview.
Specific exclusion criteria were self-report of regular heavy physical exercise,
alcohol and illicit drug abuse, any heart disease, varicosis or thrombotic
diseases, elevated blood sugar and diabetes, elevated cholesterol, liver and
renal diseases, chronic obstructive pulmonary disease, allergies and atopic
diathesis, rheumatic diseases, and current infectious diseases. The general
practitioner was contacted if the personal or medication history was incon-
clusive.

All eligible subjects received three seated BP assessments after a 15-
minute rest using a fully automated sphygmomanometry device (Omron 773;
Omron Healthcare Europe B.V. Hoofddorp, The Netherlands) on 3 different
days. The average mean arterial BP (MBP) was calculated by the formula (2/3 *
diastolic BP) � (1/3 * systolic BP) and defined as screening BP. BMI was
calculated as the ratio of weight in kilograms to height in square meters.

Stress Protocol
Subjects were tested between 2:00 PM and 4:00 PM after having ab-

stained from physical exercise, alcohol, and caffeinated beverages since the
previous evening. We applied the standard protocol of the widely used Trier
Social Stress Test (TSST) as introduced by Kirschbaum et al. (32). The TSST
combines a short introduction that is followed by a 5-minute preparation
phase, a 5-minute mock job interview, and a 5-minute mental arithmetic task
in this sequence before an audience (32). All subjects completed the self-
report Primary Appraisal Secondary Appraisal (PASA) scale (see subse-
quently) at the end of the 5-minute preparation phase, immediately before the
beginning of the mock job interview. During the recovery phase, subjects
remained seated in a quiet room for 60 minutes.

Heart rate (HR) was continuously assessed every minute by a portable HR
monitor (Polar S810; Polar Electro, Kempele, Finland). Mean HR responses
were measured and averaged across the 5-minute immediate prestress period,
across the 10-minute stressor (5-minute speech task and 5-minute mental
arithmetic combined), and 20 minutes after stress termination (33). BP was
measured every 15 beats from the radial pulse waveform using the Vasotrac
APM205A device (Medwave Inc., St. Paul, MN). BP values were averaged
for the 5-minute interval immediately before stress, across the job interview
and arithmetic task combined, and across 16 to 20 minutes poststress. BP
measured noninvasively by the Vasotrac previously demonstrated excellent
correlation with BP measured through a radial arterial catheter, and the mean
difference in MBP measured by the Vasotrac versus the radial arterial catheter
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was �3 mm Hg (34). However, Vasotrac readings overestimate sphygmo-
manometric BP readings (35). We therefore present BP data for the sole
purpose of demonstrating that the TSST elicited a significant change in BP.

Transactional Stress Questionnaire
We applied a transactional stress questionnaire—the PASA scale—which

we recently developed in the German language in a sample of male nonsmok-
ing students without any acute or chronic somatic or psychiatric disorders
(17). The PASA questionnaire was designed to fit with the respective de-
scription of the transactional stress model proposed by Lazarus and Folkman,
which emphasizes that the characteristics of the person and the stressor
interact to determine the subjective meaning of the stressor (15). The specific
use of the questionnaire for stress research is the specific relation of its items
to the anticipated cognitive appraisal of the TSST.

In brief, the PASA assesses four anticipatory cognitive appraisal pro-
cesses, namely “threat” (e.g., I do not feel threatened by the situation),
“challenge” (e.g., the situation is not a challenge for me), “self-concept of own
abilities” (e.g., it mainly depends on me whether the experts judge me
positively), and “control expectancy” (e.g., I have no idea what I should do
now). Each of these primary PASA scales comprises four items that are rated
on a 6-point Likert scale ranging from “strongly disagree” to “strongly agree.”
Primary PASA scales are combined into two secondary PASA scales, namely
in a “primary appraisal” scale, which comprises the items “threat” and
“challenge,” and in a “secondary appraisal” scale, which comprises the items
“self-concept” and “control expectancy.” Primary appraisal refers to a per-
son’s judgment about the significance of an event as stressful, positive,
controllable, challenging, or irrelevant, whereas secondary appraisal assesses
available coping resources and options when faced with a stressor (17).
Eventually, a “tertiary appraisal,” or global PASA scale, termed “stress
index,” is computed, which combines “primary appraisal” and “secondary
appraisal” scales to provide an integrated measure of transactional stress
perception that is calculated by the following formula: “threat” � “challenge” �
“self-concept” � “control expectancy” (17). The specific purpose of “tertiary
appraisal” is to provide a construct that meets Lazarus and Folkman’s para-
digm of the mutual dependency of primary and secondary processes in
anticipated cognitive stress appraisal (15). Thus, a higher “tertiary appraisal”
score represents a higher general stress perception.

Our recent validation of the PASA questionnaire yielded a four-factor
solution (i.e., the four primary PASA scales), which was considered optimal
for the data set and explained a total of 62% of the variance after rotation.
Cronbach’s alpha was calculated with primary PASA scales showing reason-
able (�0.60) to good (�0.80) internal consistency (“threat”: � � 0.83;
“challenge”: � � 0.63; “self-concept of own competence”: � � 0.81; “control
expectancy”: � � 0.77) (17). Further factor analysis on the basis of the
primary scales “threat,” “challenge,” “self-concept of own competence,” and
“control expectancy” resulted in two factors with the primary scales “threat”
and “challenge” (factor 1 labeled “primary appraisal”) and “self-concept of
own competence” and “control expectancy” (factor 2 labeled “secondary
appraisal”). These secondary scales explained a total variance of 73% and
showed good (“primary appraisal”: � � 0.80) or reasonable (“secondary
appraisal”: � � 0.74) internal consistency (17).

Biochemical Measures
Venous blood for D-dimer measures was drawn through an indwelling

18-gauge forearm catheter (Venflon, BD, Basel, Switzerland) from the non-
dominant arm into polypropylene tubes (Sarstedt, Sevelen, Switzerland) con-
taining 3.8% sodium citrate (9:1 v/v). Samples were centrifuged at 2000 g for
20 minutes at 4°C. For catecholamine assays, venous blood was drawn into
EDTA-coated monovettes (Sarstedt, Numbrecht, Germany) and centrifuged
for 10 minutes at 2000 g at 4°C. All plasma samples were immediately stored
at �80°C until further analysis. D-dimer was determined by an enzyme-
linked immunosorbent assay (Asserachrom Stago, Asnières, France), and
norepinephrine (NEPI) and epinephrine (EPI) levels were determined by
means of high-performance liquid chromatography and electrochemical de-
tection after liquid–liquid extraction (36). Inter- and intraassay coefficients of
variation were �10% for D-dimer and catecholamine analyses.

Blood for D-dimer and catecholamine assays was obtained immediately
before the beginning of the TSST, immediately after stress, and 20 minutes
and 60 minutes after stress. For catecholamine measures, an additional blood
sample was drawn 10 minutes poststress.

Statistical Analyses
Data were analyzed using SPSS statistical software package version 12.0

(SPSS Inc., Chicago, IL). All testing was two-tailed with the significance
level set at p � .05. Normal distribution of data was verified by the Kolmog-
orov-Smirnov test. BMI values were logarithmically transformed. Pearson
correlation analysis was used to estimate the bivariate relationship between
two continuous variables. Analysis of variance for repeated measures was
computed to investigate whether the stressor provoked a significant change in
biological systems across various time points. Post hoc analyses applied
Fisher least significant difference. Degrees of freedom vary across analyses
because data were occasionally missing as a result of technical problems; i.e.,
D-dimer levels and EPI levels 60 minutes poststress were missing in five and
three subjects, respectively; EPI levels 10 and 20 minutes poststress were each
missing in one subject.

We used a previously published formula to compute the area under the
curve (AUC) with respect to increase for D-dimer and catecholamine levels
across time intervals (37). The formula considers the variable time between
measurements and ignores the distance from zero for all measurements,
thereby emphasizing a variable’s integrated change over time. D-dimer and
catecholamine AUC measures were computed between rest and 60 minutes
after stress (“total AUC”), between rest and immediately poststress (“stress
change”), and between immediately poststress and 60 minutes thereafter
(“recovery AUC”). To avoid spurious associations because of multiple com-
parisons, only if D-dimer total AUC was significantly associated with a PASA
scale were further analyses computed to identify post hoc whether the scale
correlated with D-dimer stress change, D-dimer recovery AUC, or both. As a
result of a nonnormal distribution, D-dimer total AUC and D-dimer recovery
AUC measures were subject to Blom normal score transformation before
statistical procedures were performed.

We applied hierarchical linear regression analysis to investigate whether
PASA scales are independent predictors of D-dimer measures. According to
common statistical recommendations for the ratio of observations to predic-
tors, our sample size allowed for regression equations that considered a
maximum of five predictors (38). In addition to one of the PASA scales, we
therefore defined a priori four potential confounders of the relationship
between PASA scales and D-dimer measures. These were previously estab-
lished covariates of resting D-dimer levels and D-dimer stress reactivity,
namely age, BMI, screening BP, and catecholamine activity (23–27). We
eliminated redundant predictors by combining screening systolic BP and
diastolic BP into screening MBP, and prioritized NEPI over EPI measures
because NEPI data were complete in all subjects. In the final models, age,
BMI, screening MBP, NEPI activity, and one of the PASA scales were
entered as predictors and regressed on D-dimer measures in this order.

RESULTS
Subjects’ Characteristics

Table 1 presents the biological and psychological charac-
teristics of the 47 men studied. As intended, some subjects had
mild screening hypertension (systolic BP �140 mm Hg and/or
diastolic BP �90 mm Hg; n � 19) and were obese (BMI �30
kg/m2; n � 4). Intercorrelations between PASA primary,
secondary, and tertiary scales were comparable with our pre-
vious observations (17).

Stress Reactivity

Mean � standard error of mean HR (78.2 � 1.8, 89.0 �
2.6, 72.6 � 1.5 beats/min; F2,45 � 50.7, p � .001), systolic BP
(180 � 4.4, 194 � 3.9, 163 � 2.8 mm Hg; F2,39 � 31.4, p �
.001), and diastolic BP (104 � 2.4, 117 � 2.9, 99 � 2.0 mm
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Hg; F2,39 � 22.0, p � .001) significantly changed between
rest, immediately poststress, and recovery from stress. Figure
1 shows that NEPI (F4,43 � 46.7, p � .001; Fig. 1A), EPI
(F4,38 � 9.0, p � .001; Fig. 1B), and D-dimer (F3,39 � 8.3,
p � .001; Fig. 1C) did also significantly change between rest,
poststress, and recovery.

In post hoc analyses, increase in hemodynamic measures,
catecholamines, and D-dimer were all significant between rest
and immediately poststress (all p values �.001), demonstrating
that the stressor provoked a reliable response in all biological
systems studied. In terms of recovery, HR (p � .001) and systolic
BP (p � .001) were significantly lower 20 minutes after stress
compared with rest, whereas diastolic BP had returned to resting
values. EPI and D-dimer levels had both returned to resting
values 60 minutes after stress, and NEPI levels were higher 60
minutes after stress compared with rest (p � .001).

Primary Appraisal Secondary Appraisal Scales and
D-dimer Measures

Table 2 summarizes the analyses for the crude relationships
among PASA primary, secondary, and tertiary scales and
D-dimer measures for the different time points and intervals.

Omnibus Test

As hypothesized, an omnibus test showed that the tertiary
PASA scale “stress index” was significantly associated with
D-dimer total AUC across the four time points assessed (r �
0.30, p � .050; Fig. 2A) but was not associated with resting
D-dimer levels (p � .68). This observation suggested that the
entire process of cognitive appraisal was specifically related to
D-dimer change elicited by the stressor. Moreover, as pre-
sented in Table 2, post hoc analysis suggests that “stress
index” was significantly related to acute change in D-dimer
from rest to immediately poststress (i.e., D-dimer stress
change) (r � 0.29, p � .046). “Stress index” also showed a
trend toward statistical significance for a correlation with the
integrated change in recovery of D-dimer levels between imme-
diately poststress and 60 minutes thereafter (i.e., D-dimer recov-
ery AUC) (r � 0.27, p � .087).

PASA Primary and Secondary Appraisal

The significance of the omnibus test justified a specific
analysis in terms of whether “primary appraisal,” “secondary
appraisal,” or both would be significantly related to change in
total D-dimer AUC. To account for multiple comparisons, we
required a significance level of p � .025 for this analysis (i.e.,
p � .05/2 for “primary appraisal” and “secondary appraisal”).
Table 2 shows that “primary appraisal” (p � .017) but not
“secondary appraisal” (p � .46) was significantly associated
with D-dimer total AUC. In post hoc analysis, “primary ap-
praisal” correlated with both D-dimer stress change (p � .004)
and D-dimer recovery AUC (p � .042).

PASA Primary Scales

We then investigated whether “threat,” “challenge,” or both
would be significantly related to change in total D-dimer
AUC. Again, a significance level of p � .025 was applied to
account for multiple comparisons (i.e., p � .05/2 for “threat”
and “challenge”). Table 2 shows that “challenge” (r � 0.39,

Figure 1. (A–C) The stressor elicited a significant increase in mean � standard error of mean of catecholamines and of D-dimer across all time points assessed
(all p values �.001).

TABLE 1. Biological and Psychological Characteristics of the 47
Subjects Studied

Age �years	 43.7 � 13.6 (21 to 65)
Body mass index �kg/m2	 25.8 � 2.9 (20.7 to 34.3)
Mean blood pressure �mm Hg	 101.3 � 12.4 (82.8 to 131.2)
PASA threat 4.3 � 1.1 (1.8 to 6.0)
PASA challenge 3.0 � 0.9 (1.5 to 5.3)
PASA primary appraisal 3.7 � 0.8 (2.0 to 5.6)
PASA self-concept 2.8 � 0.9 (1.3 to 5.3)
PASA control expectancy 2.4 � 0.8 (1.0 to 4.5)
PASA secondary appraisal 2.6 � 0.7 (1.4 to 4.0)
PASA stress index 2.2 � 2.5 (�3.0 to 6.8)

Values are given as means � standard deviation (range).
PASA � Primary Appraisal Secondary Appraisal scale.
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p � .010; Fig. 2B) but not “threat” (p � .15) of the primary
appraisal scale was significantly associated with D-dimer total
AUC. Nonetheless, the positive relationship between “threat”
and D-dimer total AUC was in the predicted direction. Cor-
relation coefficients between D-dimer total AUC and “threat”
(r � 0.23) and “challenge” (r � 0.39), respectively, were not
significantly different (p � .27). This suggests that “chal-
lenge” and “threat” had a similarly strong effect on total

integrated D-dimer formation but that the relationship be-
tween “threat” and D-dimer total AUC did not reach statistical
significance because of limited statistical power.

Post hoc analysis showed that “challenge” but not “threat”
correlated significantly with both D-dimer stress change (r �
0.51, p � .001; Fig. 2C) and D-dimer recovery AUC (r �
0.34, p � .029; Fig. 2D). Correlation coefficients between
D-dimer stress change and “threat” (r � 0.21) and “challenge”

TABLE 2. Correlation Coefficients Between Primary Appraisal Secondary Appraisal Scales and D-dimer Measures

Threat Challenge Self-Concept Control Expectancy Primary Appraisal Secondary Appraisal Stress Index

D-dimer at rest 0.09 0.14 �0.01 0.11 0.14 0.06 0.06
D-dimer total AUC 0.23 0.39b �0.11 �0.07 0.37a �0.12 0.30a

D-dimer stress change 0.21 0.51c �0.09 0.07 0.41b �0.02 0.29a

D-dimer recovery AUC 0.20 0.34a �0.11 �0.06 0.32a �0.11 0.27d

Correlations are significant at a p � .05, b p � .01, and c p � .001; a trend toward statistical significance is marked as d p � .10. Sample sizes were n � 47
for resting D-dimer levels and for D-dimer change scores from rest to immediately poststress, and n � 42 for the two measures of D-dimer area under the curve
(AUC).

Figure 2. (A) Significant relationships between “total stress” and D-dimer total area under the curve (AUC) across all time points (omnibus test). (B–D)
Significant relationships between “challenge” and D-dimer measures for the three time intervals. D-dimer values are expressed as arbitrary AUC units, which,
moreover, were normalized for (A and B) D-dimer total AUC and (D) D-dimer recovery AUC.
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(r � 0.51), respectively, were significantly different (p �
.020), suggesting that “challenge” was the “driving force”
behind D-dimer formation from rest to immediately poststress.
In contrast, correlation coefficients between D-dimer recovery
AUC and “threat” (r � 0.20) and “challenge” (r � 0.34),
respectively, did not differ (p � .34), suggesting that the two
scales contributed with similar strength to D-dimer recovery
from stress.

Covariate Analysis

We calculated hierarchical regression equations in which
age, MBP, BMI, NEPI activity, and “primary appraisal” were
entered and regressed on D-dimer measures in this sequence
(Table 3). All three models were significant with most of the
variance explained for D-dimer stress change (R2 � 0.324,
F5,41 � 3.9, p � .005), somewhat less variance explained for
D-dimer total AUC (R2 � 0.296, F5,36 � 3.0, p � .022), and
the least variance explained for D-dimer recovery AUC (R2 �
0.260, F5,36 � 2.5, p � .046).

“Primary appraisal” was an independent predictor of D-
dimer stress change, explaining almost 10% of the variance
(Table 3). The regression coefficient (b) indicated that for
one-unit increase in “primary appraisal,” mean � standard
error of mean increase in D-dimer from rest to immediately
poststress was 12.8 � 5.3 ng/mL. Moreover, NEPI and D-
dimer stress change were also independently associated, sug-
gesting that the more NEPI was released, the more D-dimer
was generated. Neither “primary appraisal” nor age, BMI,
MBP, and NEPI activity measures emerged as significant
predictors of D-dimer total AUC and D-dimer recovery AUC.

In post hoc analyses, “threat” did not emerge as an inde-
pendent predictor of D-dimer measures in any model (p values
�.27). In contrast, “challenge” was the only significant pre-

dictor of D-dimer stress change (R2 � 0.138, � � 0.40, p �
.005). For a one-unit increase in “challenge,” D-dimer in-
creased by 13.3 � 4.4 ng/mL. In addition, “challenge” showed
a trend toward statistical significance as a predictor of total
D-dimer AUC (R2 � 0.059, � � 0.26, p � .085) but did not
predict D-dimer recovery AUC (p � .20).

DISCUSSION
We verified stress responsiveness of D-dimer previously

found in study samples different from that investigated in the
present study (18,21). Most importantly, we confirmed our
primary hypothesis, showing that anticipatory cognitive ap-
praisal related to acute psychosocial stress was directly asso-
ciated with stress-induced increase in this hypercoagulability
marker. A more detailed analysis revealed that cognitive ap-
praisal of the stressor was more strongly related to the amount
of D-dimer increase from rest to immediately poststress than to
the integrated change in D-dimer levels during recovery.

In line with our previous findings on the association be-
tween stress-induced cortisol secretion and “primary ap-
praisal” (i.e., combined “threat” and “challenge”) (17), we
found here that of the secondary appraisal scales, “primary
appraisal” but not “secondary appraisal” significantly corre-
lated with D-dimer change across all three time intervals
assessed. This observation suggests that perceived compe-
tence and control over the stressor had little effect on proco-
agulant reactivity. In other words, it was not primarily the
subjects’ perception as to whether their resources would be
sufficient to cope with the task, but rather their interpretation
of stressor characteristics as threatening and challenging that
related to the procoagulant stress response. The strength of the
associations of “threat” and “challenge,” respectively, with
individual D-dimer measures showed that “challenge” was

TABLE 3. Hierarchical Regression Analyses for Primary Appraisal and D-dimer Measures

Variables Entered
Partial

Correlations
Standardized
�-coefficient

t p R2 Change

D-dimer total AUC (n � 42)
Age 0.29 0.35 1.83 .076 0.173
MBP �0.01 �0.01 �0.07 .948 0.010
BMI �0.17 �0.18 �1.06 .297 0.066
NEPI 0.17 0.17 1.01 .318 0.014
PA score 0.21 0.20 1.29 .205 0.033

D-dimer stress change (n � 47)
Age 0.14 0.15 0.90 .374 0.083
MBP �0.21 �0.19 �1.39 .171 0.071
BMI �0.07 �0.07 �0.42 .677 0.035
NEPI 0.30 0.28 2.03 .049 0.037
PA score 0.36 0.37 2.43 .019 0.098

D-dimer recovery AUC (n � 42)
Age 0.26 0.32 1.61 .117 0.159
MBP 0.02 0.01 0.09 .928 0.006
BMI �0.14 �0.14 �0.82 .419 0.050
NEPI 0.20 0.20 1.21 .235 0.025
PA score 0.16 0.16 0.99 .330 0.020

AUC � area under the curve; BMI � body mass index; MBP � mean blood pressure; NEPI � norepinephrine change for the respective interval; PA � primary
appraisal.
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more strongly related to D-dimer generation from rest to
immediately poststress than “threat.” In contrast, anticipated
threat and challenge contributed with similar strength to total
D-dimer formation and recovery of D-dimer change from
stress, respectively. Our findings therefore add to an emerging
array of factors that may modulate the acute procoagulant
stress response (10–12). In addition, our data suggest that the
use of the transactional stress model for identifying psycho-
physiological mechanisms pertinent to cardiovascular diseases
might depend on whether facets of “primary appraisal” or of
“secondary appraisal” are studied.

Of the covariates, NEPI activity independently predicted
D-dimer stress change, confirming previous research on cat-
echolamine effects on the hypercoagulable state (27), whereas
age, MBP, and BMI were not independent predictors of any
D-dimer measure. Similarly, NEPI activity did not predict
total D-dimer AUC and D-dimer recovery AUC. Despite the
fact that these covariates did not emerge as independent pre-
dictors, the significant relationship between “primary ap-
praisal” and D-dimer total AUC and D-dimer recovery AUC
became nonsignificant when age, MBP, BMI, and NEPI ac-
tivity were controlled for. Although this could reflect a de-
crease in power, a more parsimonious interpretation would be
that effects of “primary appraisal” on these D-dimer measures
disappeared as a result of covariates. However, and as we
hypothesized, even when these common covariates of hemo-
static function were controlled for, “primary appraisal,” and
particularly its subscale “challenge” but not “threat,” remained
independent predictors of the amount of fibrin formed be-
tween rest and immediately poststress. In addition, “chal-
lenge” reached borderline significance as an independent
predictor of total D-dimer AUC. However, as a result of our
sample size, we feel that it would be premature to conclude
with any certainty that physiological changes accompanying
the perception of stress as challenging really do elicit fibrin
formation more readily than the perceived threat related to the
stressor.

Besides the sample size and the disparity of our sample in
terms of covariates, which render the data somewhat difficult
to interpret, four additional limitations of our study should be
mentioned. First, our device to measure BP yielded relatively
high BP values compared with those obtained by sphygmo-
manometry (data not shown). However, we feel that this
methodological caveat did not bias the significance of the BP
response to stress. Second, we investigated nonsmoking men
in reasonable mental and physical health, some of whom had
cardiovascular risk factors in terms of overweight and mild
hypertension, but we excluded subjects with manifest CAD.
Our findings are therefore not readily transferable to patients
with CAD, who are likely to be the population that manifests
the greatest atherothrombotic risk with stress (4–9). Although
BP and BMI were not correlated with D-dimer change in our
subjects, we do not know whether these cardiovascular risk
factors would increase procoagulant reactivity against a back-
ground of atherosclerotic vessels, which express hampered
endothelial anticoagulant function (39). Third, we did not

investigate women, and it therefore remains unclear whether
women show a similarly extensive procoagulant stress re-
sponse to that of men when evaluating the TSST as threaten-
ing and challenging. This is even more uncertain in light of
previous research suggesting that transactional stress pro-
cesses could be involved in the development of negative affect
in women, who encounter life stress more than men (40).
Fourth, anxiety and neuroticism showed no association with
any D-dimer measure (data not shown); however, we cannot
discount the possibility that some other co-occurring psycho-
social factor previously shown to affect the D-dimer stress
response (10–12,18) contributed to our findings.

Our findings may have clinical implications in that they
suggest that cognitive training of subjects with high anticipa-
tory “primary appraisal” could provide a psychophysiological
benefit. If cognitive training is directed at helping subjects to
perceive a stressor as less threatening or challenging, than is
realistic in a given context, the procoagulant stress response
might be less exaggerated. For instance, we have previously
demonstrated that a cognitive–behavioral stress inoculation
program led to lower stress appraisal, which was accompanied
by a decrease in the hypothalamic–pituitary adrenal axis response
to acute psychosocial stress (41,42). The clinical importance of
stress inoculation programs could grow tremendously if research-
ers succeed in demonstrating that stress management in its broad-
est sense alters physiological systems, in our case, hemostatic
stress responses, which further downstream and prospectively
alleviate cardiovascular risk (14).

In summary, our findings suggest that anticipatory cogni-
tive appraisal of acute stress is associated with the procoagu-
lant stress response in men. In particular, we observed that
D-dimer was generated as more pronounced in subjects who
perceived more threat and challenge in relation to the stressor.
In part, this effect was independent of common correlates of
coagulation activity. Future intervention studies need to show
whether the procoagulant response to stress can be modified
by teaching effective coping skills and whether the resulting
attenuation of procoagulant reactivity will benefit patients
with atherothrombotic diseases.
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