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von Willebrand factor, tissue plasminogen
activator, and dehydroepiandrosterone sulphate
predict cardiovascular death in a 10 year follow up
of survivors of acute myocardial infarction

J-H Jansson, T K Nilsson, O Johnson

Abstract

Background—Haemostasis plays a major
part in the process initiating a myocardial
infarction. The impact of haemostatic
variables on long term prognosis is un-
known.

Objective—To evaluate von Willebrand
factor (VWF), tissue plasminogen activa-
tor antigen (t-I’A) and its activity before
and after venous occlusion, plasminogen
activator inhibitor (I’PAI-1), dehydroepian-
drosterone sulphate (DHEAS), and estab-
lished clinical risk factors as long term
predictors for reinfarction and mortality.
Patients—123 consecutive survivors of
myocardial infarction followed up for 10
years.

Design—Study entry took place between
1982 and 1983. Fifty seven patients died (54
of cardiovascular disease) during the
mean observation time of 10 years.
Results—Cox’s univariate regression
analysis showed that cardiovascular mor-
tality was significantly associated with
age, hypertension, previous history of
angina pectoris, DHEAS, mass concen-
tration of t-PA, and vWF. These associa-
tions were significant for vWF and mass
concentration of t-PA after adjusting for
age and hypertension.

Conclusions—A low concentration of
DHEAS and high levels of the endotheli-
ally derived haemostatic variables vWF
and mass concentration of t-PA are pre-
dictors of cardiovascular mortality in sur-
vivors of myocardial infarction. This
association is independent of established
clinical risk factors for mass concentra-
tion of t-PA and vWF.

(Heart 1998;80:334-337)
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Survivors of myocardial infarction have a
hypofibrinolytic state,' > characterised by an
increased mass concentration of tissue plas-
minogen activator (t-PA) and increased activity
of plasminogen activator inhibitor (PAI-1).
Endothelially derived haemostatic factors, such
as t-PA, PAI-1, and von Willebrand factor
(vWPF), predict cardiovascular complications in
patients with vascular disorders,”° and even in

apparently healthy men.'"" It is reasonable to
assume that these factors may have a role not
only in thrombus formation but also in athero-
genesis.

Dehydroepiandrosterone sulphate (DHEAS)
is the adrenal androgen present in the highest
concentration in the circulation. It may predict
life expectancy and aging," but its precise
physiological functions are uncertain. Benefi-
cial effects on lipids" and diabetes'® in animal
models have been found, suggesting an anti-
atherogenic effect. An association has been
reported between low plasma concentration of
DHEAS and an increased risk of deep vein
thrombosis after major abdominal surgery in
humans."” '* Low levels of DHEAS have been
found in young male survivors of myocardial
infarction," *° and in one study were independ-
ently and inversely related to cardiovascular
mortality in men older than 50.%

The cohort in most cited studies has been
followed for a period of less than five years. The
aim of the present study was to evaluate the
long term prognosis of a patient group with a
high cardiovascular mortality, with emphasis
on the putative novel risk indicators DHEAS
and the endothelially derived haemostatic
factors.

Patients and methods

A total of 123 consecutive survivors of myocar-
dial infarction (95 men and 28 women aged
less than 70) were followed up at the outpatient
clinic, department of internal medicine, Umea
University Hospital, between 20 November
1982 and 28 November 1983.% Blood sampling
was performed three months after discharge
from hospital. Patients who smoked at the time
of myocardial infarction were considered as
smokers and others as non-smokers. Hyper-
tension was considered as present only in those
patients who were clinically diagnosed as
having this condition.

The study was approved by the local ethics
committee. Informed consent was obtained
from all participants. Table 1 lists the clinical
and laboratory data at baseline.

FOLLOW UP PROTOCOL
Patients records were searched for death in
November 1993. Death certificates were ob-
tained. The cause of death was noted from the
certificates which were of good validity.”
Cardiovascular death was defined according to
the International Classification of Diseases, ninth
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Table 1  Clinical and laboratory variables at baseline

No cardiovascular death (n = 69) Cardiovascular death (n = 54)

n (%) Mean (SD) 95% CI n (%) Mean (SD) 95% CI
Age (years) 69 58 (9) 55 to 60 54 61 (7) 59 to 63
Male 53 (77) 42 (78)
Female 16 (23) 12 (22)
Hypertension 16 (23) 21 (39)
Diabetes mellitus 9 (13) 6 (11)
Smoker 25 (36) 11 (20)
Previous angina pectoris 25 (36) 41 (76)
AST (units/l) 63 43 (3.1) 3.51t05.1 53 4.2 (3.3) 3.3105.1
Triglycerides (mmol/l) 60 2.2 (1.1) 1.9t025 45 2.0 (0.9) 1.7t02.3
Cholesterol (mmol/l) 61 7.1 (1.5) 6.7t0 7.5 46 6.9 (1.2) 6.5t07.3
DHEAS (umol/l) 69 6.0 (3.9) 5.0 t0 6.9 54 4.6 (2.7) 3.8t05.3
SHBG (umol/l) 69 25 (14) 21 to 28 54 26 (13) 23 to 30
vWF (% of normal) 69 138 (61) 123 to 153 54 164 (52) 150 to 178
vWF vo (% of normal) 67 176 (59) 161 to 190 54 221 (69) 202 to 240
tPA activity (U/ml) 69 0.09 (0.07) 0.07 t0 0.11 54 0.12 (0.13) 0.08t00.16
tPA activity vo (U/ml) 67 2.3 (2.9) 1.6 t0 3.0 54 1.7 (2.2) 1.2t02.3
tPA mass conc (ug/l) 69 11.0 (4.3) 10.0 to 12.0 54 12.8 (5.4) 11.41t0 14.3
tPA mass conc vo (ug/l) 67 35 (23) 29 to 40 54 40 (28) 33 to 48
PAI-1 (U/ml) 69 10.6 (7.1 8.91t012.3 54 9.1 (5.1) 7.81010.6

AST, aspartate aminotransferase; DHEAS, dehydroepiandrosterone sulphate; SHBG, sexual hormone binding globulin; vIWF von
Willebrand factor; vo, after venous occlusion; tPA, tissue plasminogen activator; conc, concentration; PAI-1, plasminogen activator

inhibitor.

edition (codes 390-459). Non-fatal infarction
was not searched. All patients were followed
up—that is, all records were found and
evaluated.

BLOOD SAMPLING AND LABORATORY PROCEDURE
Blood samples were taken when the acute
phase of the disease had receded, three months
after hospital discharge. Blood was obtained at
rest and 10 minutes after venous occlusion
(100 mm Hg for 10 minutes) for preparation of
citrated plasma and assay for t-PA to evaluate
mass concentration and activity. PAI-1 activity
and vWF were measured from samples taken
only at rest. t-PA and PAI-1 activities were
measured by a chromogenic substrate assay,
while mass concentration of t-PA and vWF
were measured with an enzyme linked immu-
nosorbent assay. Further details have been
described by Nilsson and Johnson.”

Plasma DHEAS was measured directly in
diluted plasma with a radioimmunoassay, using
an antiserum (Endocrine Sciences, California,
USA) raised against DHEA-SO,-17-oxime-

Table 2 Relation berween risk indicators and cardiovascular mortality (Cox regression

analysis)
Univariate Mulrivariate
p value Risk ratio (95% CI) p values*
Age 0.034 1.045 (1.003 to 1.088)
Sex > 0.40
Hypertension 0.033 1.817 (1.050 to 3.143) 0.023
Diabetes mellitus > 0.40
Smoker 0.18
Previous angina pectoris <0.001 3.982 (2.129 to 7.499)
AST > 0.40
Triglycerides > 0.40
Cholesterol >0.40
DHEAS 0.029 0.892 (0.804 to 0.989)
SHBG > 0.40
vWF 0.009 1.005 (1.001 to 1.008) 0.006
vWF vo <0.001 1.008 (1.004 to 1.012)
tPA activity 0.070
tPA activity vo 0.27
tPA mass conc 0.023 1.063 (1.009 to 1.121) 0.025%
tPA mass conc vo 0.17
PAI-1 0.34

*QOnly significant values are shown; TAfter exclusion of vWF and DHEAS.

AST, aspartate aminotransferase; DHEAS, dehydroepiandrosterone sulphate; SHBG, sexual hor-
mone binding globulin; vWF von Willebrand factor; vo, after venous occlusion; tPA, tissue plas-
minogen activator; conc, concentration; PAI-1, plasminogen activator inhibitor.

bovine serum albumin; 7-°"H-DHEAS was used
as tracer and free and bound radioactivity were
separated by precipitation using ammonium
sulphate.

STATISTICAL METHODS

Baseline variables were divided into quartiles
(Q,—Q,) and the incidence of mortality in each
quartile was calculated per 100 patient-years to
show the relation between a possible prognos-
tic factor and the incidence of cardiovascular
mortality. These quartiles were not used to test
relations. Relative risk was calculated as the
incidence of mortality in Q, per incidence of
mortality in Q,.

Cox’s regression analysis® was performed to
test for a relation between a baseline variable
and the incidence of mortality. Variables with a
significant relation in a univariate analysis were
studied further in a backward stepwise multi-
variate analysis. Relations for continuous vari-
ables were considered as linear. Two tailed tests
were performed and p < 0.05 was considered
significant.

Results

During the 10.5 (0.3) year follow up 57
patients (46%) died: 54 of cardiovascular
disease (51 of coronary heart disease, one of
stroke, and two of pulmonary embolism), one
of pulmonary cancer, one of respiratory insuf-
ficiency in the terminal state of amyotrophic
lateral sclerosis, and one of a methadone over-
dose. Mortality was similar in men and women
(table 1). There was no difference in the use of
diuretics three months after myocardial infarc-
tion between patients who subsequently died of
cardiovascular disease and others, indicating
similar numbers of patients with clinical signs
of heart failure in these groups.

Cox’s univariate analyses with cardiovascular
mortality as the response variable showed a
significant negative association with DHEAS
and significant positive associations with age,
hypertension, previous angina pectoris, mass
concentration of t-PA, and vWF (table 2).
DHEAS was significantly and negatively corre-
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Figure 1 Relation between the incidence of cardiovascular mortalivy (per 100
patient-years) after 10 years’ follow up and quartiles Q1 to Q4 of the mass concentration of
tissue plasminogen activator (t-PA) and von Willebrand factor (vWF).

lated to age (r = —0.48). Thus, less than 25%
variation in DHEAS can be explained by age.
Relative risk (incidence of mortality in Q, per
incidence of mortality in Q,) for 10 year
cardiovascular mortality was 2.2 (95% confi-
dence interval (CI) 0.98 to 4.72) with t-PA as
the marker, 2.6 (95% CI 1.09 to 6.27) with
vWF, and 0.56 (95% CI 0.27 to 1.19) with
DHEAS.

Cox’s multivariate regression analyses
showed that vWF (p = 0.0061, »=0.0052)
and pharmacological treatment for hyper-
tension (p = 0.0229, r=0.6411) were inde-
pendently associated with cardiovascular mor-
tality at 10 year follow up when clinical and
laboratory risk factors were entered as inde-
pendent variables. Continuous variables were
age, triglycerides, cholesterol, aspartate amino-
transferase, vWF, and PAI-1 activity; discrete
variables were sex, smoking habits (non-
smoker, current smoker), pharmacological
treatment of hypertension, and diabetes melli-
tus. Mass concentration of t-PA was independ-
ently associated with cardiovascular mortality
(p = 0.025, r = 0.064) when the same analyses
were performed after exclusion of vWF and
DHEAS. The relation between DHEAS and
cardiovascular mortality remained after adjust-
ment for hypertension (p = 0.0495) but not
after adjustment for age (p = 0.155).

Figure 1 shows that the mass concentration
of t-PA and vWF have a mutual independent
association with mortality.

Correlations between VWF and the mass
concentration of t-PA  were  0.299
(p = 0.0008), between vWF and DHEAS
-0.164 (p =0.070), and between t-PA and
DHEAS -0.068 (p = 0.45).

Discussion

Survivors of myocardial infarction have a high
risk of cardiovascular death. Our results
suggest that long term risk may be predicted by
DHEAS, vWF, and the mass concentration of
t-PA. The recently published European con-
certed action on thrombosis and disabilities

Fansson, Nilsson, Johnson

angina pectoris study on a large cohort of
patients with angina pectoris also showed a
strong association between cardiovascular
events during a two year follow up and vWF
and mass concentration of t-PA’: both factors
were interpreted as representing endothelial
dysfunction. In fig 1, however, these two factors
independently predict the risk of mortality and
thus they are unlikely to represent merely a
single common mechanism.

In our study low concentrations of DHEAS
were associated with cardiovascular mortality.
Nevertheless, after adjustment for age there
was no significant relation between DHEAS
and cardiovascular mortality.

A decreased concentration of DHEAS is
found in men with coronary artery disease
compared with that measured in controls and
there seems to be a relation between DHEAS
levels and the extent of coronary athero-
sclerosis.”* Furthermore, some prospective
studies show an inverse association between
DHEAS and cardiovascular events,* * ** how-
ever in one study this association disappeared
after adjusting for the effects of age,” as seen in
the present study.

vWF is essential in the aggregation of plate-
lets and the formation of thrombi, particularly
in stenotic arteries with high shear stress.”’
Monoclonal antibody against vWF in an extra-
corporeal pig perfusion system produced an
80% reduction in platelet deposition after
superficial and deep vascular injury compared
with a 30% reduction in swine treated with
aspirin alone. The experimental evidence of
vWF in thrombosis, which was recently re-
viewed by Bowie,” provides a theoretical
framework that fits well with the clinical results
presented here and in previous studies.’ *°

In our study the 95% CI for the relative risks
(incidence of mortality in Q, per incidence of
mortality in Q,) of t-PA and vWF are wide,
probably because of the small sample size.
Nevertheless, Cox’s regression analysis showed
an independent statistically significant associ-
ation between these variables and cardiovas-
cular mortality. Clearly, our results that t-PA
and vWF are better predictors for a poor long
term prognosis than established risk factors
will have to be confirmed in larger prospective
studies. Whether these haemostatic variables
are predictors even in individuals without
established coronary heart disease is another
important issue for future investigation.

Patients with coronary heart disease have
increased PAI-1 activity compared with that in
controls.' >*>° PAI-1 activity in young men
with acute myocardial infarction before the age
of 45 was associated with recurrent infarction
in one study,’ but not in others on middle aged
or older patients.’’® Mass concentration of
PAI-1 (“PAI-1 antigen”), which is strongly
correlated with PAI-1 activity, was found to be
related to cardiovascular events in univariate
analysis but after adjustment for other risk fac-
tors this association disappeared.’ '’ Our find-
ing that PAI-1 activity did not predict long
term events fits well with findings in previous
short term studies on comparable patient
populations.
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Several established risk factors, such as sex,
smoking habits, diabetes mellitus, cholesterol,
and triglycerides, were not significantly associ-
ated with cardiovascular mortality. Likewise, in
the much larger ECAT study serum cholesterol
was not associated with cardiovascular events.’
In the Scandinavian simvastatin survival study
the placebo group included 2222 patients with
verified ischaemic heart disease, 79% with pre-
vious myocardial infarction.” On follow up
there was a slight increasing incidence of major
coronary events in the higher quartiles of
serum cholesterol (relative risk (Q,/Q,) 1.18).
These negative findings do not imply that such
factors are unimportant, but reflect that our
study was not designed to evaluate these
traditional risk factors. However, relations
between DHEAS or the haemostatic factors
and cardiovascular mortality are significant,
indicating that they offer a stronger prediction
of long term risk than established risk factors.

In conclusion, the endothelially derived hae-
mostatic variables vWF and mass concentra-
tion of t-PA but not the steroid DHEAS were
independently associated with mortality, indi-
cating that they provide some independent
predictive value for cardiovascular mortality in
survivors of myocardial infarction.

Expert statistical advice was given by Kjell Pennert, Gothen-
burg. This study was supported by grants from the Swedish
Medical Research Council (grant no 08267) and the Swedish
Heart and Lung Fund.
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