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Background Plasma concentrations of D-dimers show the
extent of intravascular fibrinolysis of cross-linked fibrin.
Higher concentrations of D-dimers are found in the plasma
of arteriosclerosis patients with increased fibrin metab-
olism. The present study was performed in order to inves-
tigate whether there is a relationship between the severity of
arteriosclerosis and fibrinolytic activity indicated by plasma
levels of D-dimer.

Methods The study populations consisted of 1112 men and
299 women with stable angina pectoris, on average 36&5·6
days after a myocardial infarction, as well as 326 men and
138 women with no clinical signs of cardiovascular disease.
In addition to cardiological and angiological examinations,
the lipid status and levels of fibrinogen, plasma viscosity,
F1+2, plasminogen, plasminogen activator inhibitor-1,
D-dimer, and C-reactive protein of the participants were
determined.

Results The plasma concentration of D-dimers increases
with age, both in the group with coronary artery disease
and in the control group, with the female gender showing
consistently higher concentrations in both groups.
D-dimers correlate with other parameters of the lipid and
coagulation systems, which explains 32·0% and 39·2% of

the variance in D-dimer values in men and women, respect-
ively. A significant increase in the level of D-dimers can be
found in participants with generalized arteriosclerosis, with
a left ventricular ejection fraction ¦40% as well as those
with left-ventricular aneurysm.

Conclusion This study indicates that there is increased
fibrinolytic activity in patients with severe arteriosclerosis.
This finding gives further support to the hypothesis that
D-dimer concentration is dependent on the amount of
fibrin associated with arteriosclerotic thrombi. However,
because of the low specificity and wide overlap of D-dimer
values between patients and controls, enhanced D-dimer
values are of limited relevance above and beyond other lipid
metabolism risk indicators for coronary artery disease or
coronary artery disease and peripheral arterial occlusive
disease.
(Eur Heart J 1999; 20: 1493–1502)
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Introduction

Some studies have shown that the endogenous fibrino-
lytic system is activated during both the stable and the
unstable stages of arteriosclerosis[1,2]. In young patients
0195-668X/99/201493+10 $18.00/0
after a sustained myocardial infarction and in those
patients with peripheral arterial occlusive disease
increased levels of fibrinogen[3–5] as well as increased
levels of plasminogen activator inhibitor-1 activity[6,7]

were associated with an increased risk of further myo-
cardial infarction or stroke. Patients with increased
tissue-type plasminogen activator activity were also
observed to be at an increased risk of further myocardial
infarction[8].

In contrast to the aforementioned markers of haemo-
stasis, levels of D-dimers are a direct measure of
? 1999 The European Society of Cardiology
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the extent of fibrinolysis, since they are a direct by-
product of cross-linked fibrin degradation. Significantly
increased concentrations of D-dimers have been associ-
ated with enhanced intravascular fibrin degradation.
This has been demonstrated in patients with acute
venous thromboembolism, pulmonary embolism, dis-
seminated intravascular coagulation, unstable angina
pectoris and acute myocardial infarction[9–24].

The increased metabolism of cross-linked fibrin in
arteriosclerotic plaques leads to an increase in D-dimer
concentration in plasma[1,2]. This increase has been
shown to be proportional to the development of arterio-
sclerosis in patients with peripheral arterial occlusive
disease[1]. Since coronary thrombosis plays an important
role in the pathogenesis of acute myocardial infarction
in those areas already damaged by arteriosclerosis, we
investigated whether increased amounts of fibrin break-
down products were detectable during the chronic stage
following myocardial infarction. We further examined
the question of whether there is a connection between
the severity of coronary artery disease and plasma
concentrations of D-dimers.
Methods
Patients

The study looked at 1112 consecutive men and 299
women (patients under oral anticoagulation were
excluded) with stable angina pectoris, an average of
36&5·6 days after myocardial infarction, as well as a
control group consisting of 326 men and 138 women of
similar age, with no clinical signs of cardiovascular
disease.

Duplex sonography of the carotids[25], cw-Doppler
ultrasound of all four extracranial cerebral arteries[26],
sonography of the abdominal aorta[27], an exercise oscil-
logram of the legs and an exercise ECG[28,29] were
carried out in all participants. All controls reached a
level of at least 80% of the age-related maximal heart
rate (220 minus age). Coronary angiography was carried
out in those patients with coronary artery disease[30]. It
was assumed that patients had peripheral arterial occlu-
sive disease if the resting oscillogram of the legs was
pathological[31], and arteriopathy of the extracranial
cerebral arteries was assumed if the cw-Doppler ultra-
sound diagnosis showed a stenosis >50%. An early stage
of peripheral arterial occlusive disease was assumed if
only the exercise oscillogram was pathological without
claudication[31], early arteriopathy of the extracranial
cerebral arteries was assumed if only plaques without
significant stenosis could be seen in the sonogram.
Coronary artery disease was defined if at least one
coronary vessel was constricted by more than 50%.
Controls who met any of the above mentioned criteria
were not included in the evaluation. In the evaluation of
the B-mode pictures, a thickening of the intima was not
considered to be pathological, whereas plaque, thrombi,
or aneurysms were.
Eur Heart J, Vol. 20, issue 20, October 1999
Laboratory analyses

Blood samples were taken after overnight fasting. Blood
samples used to test the haemostatic factors were mixed
with a 3·13% sodium citrate solution in a ratio of 1:10.
The blood samples were centrifuged (plasma, 15 min at
2500 g; serum, 10 min at 3000 g), aliquots prepared
and the samples frozen at "70 )C immediately after
they were taken. Serum concentrations of triglycerides,
glucose and cholesterol were measured using an auto-
analyser (Hitachi/Boehringer Mannheim, Germany).
HDL-cholesterol concentrations were determined
after precipitation with phosphotungistic acid/MgCl2
(Boehringer). LDL-cholesterol was calculated using the
Friedewald formula. Plasma concentrations of fibrino-
gen were measured according to the Clauss method,
using standards from Behring Diagnostics (Marburg,
Germany). Concentrations of prothrombin fragment
F1+2, plasminogen and plasminogen activator
inhibitor-1 activity were measured using assay kits from
Behring Diagnostics. D-dimer concentrations were
measured by an enzyme linked immunosorbent assay
(Boehringer). Further details of laboratory analyses
have already been published[32]. The serum concen-
tration of HDL-cholesterol containing apo A-1 but not
apo A-II (LpA-I) was determined with a commercially
available electroimmundiffusion essay (Sebia).
Statistical evaluation

The statistical evaluation was carried out using the
Statistical Package for the Social Sciences — SPSS[33].
In particular the programmes NPAR-Tests, Kruskal–
Wallis-test 1-way ANOVA and multiple regression were
used. The spread of constant characteristics between the
two groups was compared using the Mann–Whitney
U-test; the correlation between constant characteristics
was determined using the Spearman rank-correlation
coefficient.
Results
Patients

The characteristics of the patients with coronary artery
disease as well as of the controls are listed in Table 1.
The women with coronary artery disease examined in
this study were, on average, 6·0 years older than the
men. There were also fewer smokers and more diabetics
in the female patients. HDL-cholesterol, fibrinogen,
D-dimer concentrations and C-reactive protein were
higher in women than in men, in both patients and
controls. There were more smokers, diabetics and cases
of high blood pressure (defined as being measured
>160/90 mmHg at least three times while in a state of
rest) among the male and female patients than in the
control group. Fibrinogen levels, plasma viscosity and
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C-reactive protein were higher, but HDL-cholesterol
lower than in the corresponding control groups.
Age and sex dependence of D-dimer plasma
concentrations

The concentration of D-dimers in the control group
showed a strong correlation to age and sex. There was a
linear increase in D-dimer concentrations with respect to
age in men and women (Fig. 1). The equation of
regression to compensate for age is y= "13·0+7·1#age
(equation 1) for men and y= "34·5+8·5#age (equa-
tion 2) for women. The plasma concentration of
D-dimers was higher for women in all age groups
regardless of their medical status.
D-dimers and other variables

In the bivariate test model, the concentration of
D-dimers not only showed the above mentioned corre-
lation with age and sex, but also with other risk indica-
tors of the lipid metabolism, the coagulation system and
with clinical parameters (Table 2). The multiple regres-
sion analysis in men showed a positive correlation
between the concentration of D-dimers and age, fibrino-
gen, F1+2, C-reactive protein, plasminogen, and the
number of diseased coronary vessels, and a negative
correlation with the ejection fraction (Table 3). These
parameters accounted for 32·0% of the variance in
D-dimers. Only the factors age, fibrinogen, F1+2, and
Eur Heart J, Vol. 20, issue 20, October 1999
the cholesterol/HDL-cholesterol ratio played a role in
the concentration of D-dimers in women, accounting for
39·2% of the variance.
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Figure 1 Plasma concentration of D-dimers (median-values) depending on age in healthy
controls and in patients with coronary artery disease (CAD). *P<0·05, **P<0·005,
***P<0·0005.
D-dimers in patients with arteriosclerosis

The coronary artery disease group also showed a corre-
lation between age and plasma concentrations of
D-dimers (Fig. 1). In the bivariate test model, there is a
weak but significant correlation between the concen-
tration of D-dimers and severity of coronary artery
disease (r=0·1452; P<0·001). Male and female patients
with three-vessel coronary artery disease had signifi-
cantly higher D-dimers than those with one-vessel cor-
onary artery disease. This difference disappears after
adjustment for age (Fig. 2) and therefore in the multiple
regression analysis there is only a weak correlation
between D-dimer levels and severity of coronary artery
disease (Table 3).

Furthermore, we observed a significant correlation
between D-dimer concentrations and the left ventricular
ejection fraction. D-dimer concentrations increased in
patients with left ventricular dysfunction independent of
age (Fig. 3). Those patients who, in addition to a left
ventricular ejections ¦40%, also had a ventricular an-
eurysm, had significantly higher D-dimer concentrations
than those without an aneurysm (Fig. 4).

The higher plasma concentrations of D-dimers in men
with coronary artery disease and stenosis in the extra-
cranial cerebral vessels were no longer significant once
the age of the patients was taken into account. Men with
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coronary artery disease and peripheral arterial occlusive
disease of the upper limbs, on the other hand, had
significantly higher D-dimer plasma levels even when the
age factor was taken into account. A particularly large
increase in the D-dimer plasma concentration was
evident in the male patients who had stenosis in the
extracranial cerebral vessels, as well as peripheral
arterial occlusive disease of the upper limbs (Fig. 5).

There was no significant increase in D-dimer concen-
trations in the relatively small group of women with
coronary artery disease and peripheral arterial occlusive
disease of the upper limbs or stenosis in the extracranial
cerebral vessels, but there was a significant increase
(P<0·05) when all three were present together. The most
significant increase of D-dimers was found in male and
female patients with an aneurysm of the abdominal
aorta.
Table 2 Bivariate correlation between D-dimers and other variables

Men Women

r P r P

D-dimers
Triglycerides "0·0784 0·006
HDL-cholesterol — — "0·1048 0·039
Cholesterol/HDL-cholesterol ratio — — 0·1294 0·015
Lipoprotein Al 0·0872 0·003 — —
Glucose 0·0631 0·022 0·1368 0·011
Fibrinogen 0·3426 <0·001 0·3911 <0·001
Plasma viscosity 0·2452 <0·001 0·3164 <0·001
Plasminogen 0·0974 0·001 0·1250 0·017
PAI-1 "0·1217 <0·001 — —
F1+2 0·2411 <0·001 0·4575 <0·001
CRP 0·3308 <0·001 0·3732 <0·001
Age 0·2905 <0·001 0·2914 <0·001
Peripheral arterial occlusive disease 0·2211 <0·001 — —
Cerebrovascular disease 0·1667 <0·001 0·1338 0·012
Abdominal aortic aneuysm 0·2266 <0·001 — —
RR systol. 0·0780 0·006 0·1599 0·003
Cigarettes per day "0·0873 0·009 — —
Physical activity "0·0984 0·003 — —
Left ventricular ejection fraction (%) "0·1102 0·002 "0·1346 0·036
Number of coronary arteries diseased 0·1452 <0·001 — —
Table 3 Multivariate regression analysis between D-dimers and the variables of
Table 2 (only significant values are listed)

Men Women

r P r P

D-dimers
F1+2 0·2968 <0·0001 0·4214 <0·0001
CRP 0·1806 0·0001
Lipoprotein Al 0·1463 0·0018
Age 0·1297 <0·0102 0·2093 0·0025
Plasminogen 0·1127 0·0064
Left ventricular ejection fraction "0·1035 0·0132
Number of coronary arteries diseased 0·0838 0·0464
Fibrinogen 0·1793 0·0003 0·2619 0·0007
Glucose "0·0915 0·0284
Cholesterol/HDL-cholesterol ratio "0·1879 0·0350
r square 0·344 0·437
r square adjusted 0·320 0·392
Discussion

D-dimers are a primary product of cross-linked fibrin
degradation and as such are a direct gauge of fibrino-
lysis. In the area of cholesterol-rich plaques, as well as
in appositional thrombi, content of fibrin and its
metabolism are enhanced[34]. There is an approximately
five-fold increase in D-dimers in patients with unstable
angina pectoris[35] and in those with an acute myocardial
Eur Heart J, Vol. 20, issue 20, October 1999
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Figure 3 Plasma concentration of D-dimers (median-values) in relation to the left
ventricular ejection fraction in patients with coronary artery disease (CAD). Significance
see Fig. 1.
infarction[36,37]. During thrombolytic therapy the
fibrinogen levels drop to 12%–20% of their original
values and D-dimer plasma concentrations rise to
70–130-fold of the original values. These concentrations
drop continually once thrombolytic therapy is com-
pleted, reaching normal values after approximately 1
week[22,38]. Since our patients were examined on average,
36&5·6 days after acute myocardial infarction, it can be
assumed that the thrombolytic treatment, which 54% of
them underwent, did not affect our results. This suppo-
Eur Heart J, Vol. 20, issue 20, October 1999
sition is further supported by the fact that the D-dimer
concentration in our patients after myocardial infarction
did not show any differences in values regardless of
whether the patients underwent thrombolytic therapy or
not (377&242 vs 400&259 ng . ml"1).

Our study agrees with those of other authors[2,39–41]

who found higher D-dimer concentrations in women
than in men, and a general increase in both sexes in the
group older than 60 years. This finding is frequently
attributed to the higher prevalence and the greater
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extent of arteriosclerotic changes in this age group, even
if there are no clinical manifestations of arteriosclerosis.
To exclude the possibility of as yet unidentified arterio-
sclerosis as a basis of this finding we examined the
patients by various non-invasive techniques. A cw-
Doppler examination was carried out on all four extra-
cranial cerebral arteries; duplex-sonography of the
carotids, sonography of the abdominal aorta and an
exercise oscillogram of the lower limbs arteries were
performed. Controls whose examinations showed patho-
logical changes were not included in the study. The
concentration of D-dimers in men over 60 years of age in
our control group was around 75% higher than the level
in men under 40; for women over 60, the value was 74%
Eur Heart J, Vol. 20, issue 20, October 1999
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higher compared with those under 40. Even taking into
account the limited sensitivity of the aforementioned
angiological examinations, there is no reason to assume
that the increase in D-dimers in older controls or in
older patients was due to a pre-clinical arteriosclerosis.
In contrast to Salomaa et al.[42], we found no increased
D-dimer levels in patients with early arteriosclerosis.

D-dimer plasma concentrations correlate with a wide
range of other parameters in the lipid metabolism and
haemostatic systems (Table 2). In this study, multi-
variate regression analysis showed that the number of
diseased vessels, the ejection fraction, F1+2, fibrinogen,
plasminogen, C-reactive protein and age account for
32·0% of the variance in males with coronary artery
disease (Table 3). Although Giansante et al.[14] observed
a similar correlation in a bivariate analysis, their multi-
variate analysis of 571 controls with no clinical signs of
cardiovascular disease was able to account for only 10%
of the variance in D-dimer concentration through levels
of fibrinogen, Apo AI and age.

A number of authors[1,2,41,43–46] have observed a direct
correlation between D-dimer concentrations and the
severity of peripheral arterial occlusive disease, when the
age factor was not taken into account. In the course of a
year-long study, a higher number of myocardial infarcts
and strokes were observed in those patients with periph-
eral arterial occlusive disease, who had higher D-dimer
concentrations.

The male coronary artery disease patients in our
study, who also had peripheral arterial occlusive disease,
had significantly higher D-dimer levels. The levels were
even higher when the coronary artery disease patients
had both peripheral arterial occlusive disease and
cerebrovascular disease together. The highest D-dimer
values were found in those patients who also had an
abdominal aortic aneurysm (Fig. 5). In the smaller
group of women with coronary artery disease, those
with peripheral arterial occlusive disease did not have
higher D-dimer concentrations, but those with periph-
eral arterial occlusive disease and cerebrovascular dis-
ease together, as well as an additional abdominal aortic
aneurysm did.

Our findings, of a direct correlation between D-dimer
plasma concentrations and extent of arteriosclerosis in a
relatively large sample supports the hypothesis that the
D-dimer concentration is dependent on the amount of
fibrin associated with arteriosclerotic thrombi[1]. The
individual deviations can be explained by the variable
fibrinolytic activity in individual patients.

We observed a significant relationship between
D-dimer plasma concentration and the activation pep-
tides of prothrombin, and F1+2, in both the bivariate
and multivariate tests (Table 3). This finding, taken
together with the dependence of D-dimer concentrations
on the severity of arteriosclerosis, must be seen as an
indication of increased formation and splitting of fibrin
in these patients.

We observed increased plasma concentrations of
D-dimers in patients with a left ventricular ejection
fraction ¦40% (average 33·5%), independent of age and
Eur Heart J, Vol. 20, issue 20, October 1999
the severity of the coronary artery disease (Fig. 3). The
slightly raised level for those patients with an ejection
fraction between 41% and 50% was not statistically
relevant. Particularly noteworthy is the fact that in the
group of patients with an ejection fraction ¦40% a
particularly high concentration of D-dimers could be
found among those who also had a ventricular aneu-
rysm. This finding is an indication that the haemo-
dynamic situation has an effect on fibrin turnover. It is
to be assumed that there is a direct relationship to the
greater propensity of this group towards thrombo-
genesis. Lip et al.[47,48] reported a 27% increase in the
concentration of D-dimers in patients with a dysfunction
of the left ventricle compared to those with a normal
ejection fraction. In contrast to our study, however, the
number of patients examined was too low to reach
statistical significance in this study. Yasaka et al.[49]

found, in patients with mitral stenosis, significantly
higher D-dimer plasma levels in those patients with
detectable left atrial thrombi. D-dimers seem to be a
helpful indicator of intracardiac formation of
thrombi[49].

In conclusion, in patients with coronary artery dis-
ease, and dysfunction of the left ventricle, with coronary
artery disease and cerebrovascular disease, or with cor-
onary artery disease, cerebrovascular disease and per-
ipheral arterial occlusive disease increased fibrinolytic
activity has been indicated by increased D-dimer levels.
This finding gives further support to the hypothesis that
the D-dimer concentration is dependent on the amount
of fibrin associated with arteriosclerotic thrombi. How-
ever, because of the low specificity and the wide overlap
of D-dimer values between patients and controls,
enhanced D-dimer values are of limited relevance
beyond the other lipid metabolism risk indicators in
the assessment of risk of coronary artery disease and
peripheral arterial occlusive disease.
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