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Associations of Inflammatory and Hemostatic Variables
With the Risk of Recurrent Stroke
Mark Woodward, PhD; Gordon D.O. Lowe, MD; Duncan J. Campbell, MD, PhD; Sam Colman;

Ann Rumley, PhD; John Chalmers, MD, PhD; Bruce C. Neal, PhD; Anushka Patel, MD;
Alicia J. Jenkins, MD, PhD; Bruce E. Kemp, PhD; Stephen W. MacMahon, PhD

Background and Purpose—Several prospective studies have shown significant associations between plasma fibrinogen,
viscosity, C-reactive protein (CRP), fibrin D-dimer, or tissue plasminogen activator (tPA) antigen and the risk of primary
cardiovascular events. Little has been published on the associations of these variables with recurrent stroke. We studied
such associations in a nested case-control study derived from the Perindopril Protection Against Recurrent Stroke Study

(PROGRESS).

Methods—Nested case-control study of ischemic (n=472) and hemorrhagic (n=83) strokes occurring during a
randomized, placebo-controlled multicenter trial of perindopril-based therapy in 6105 patients with a history of stroke
or transient ischemic attack. Controls were matched for age, treatment group, sex, region, and most recent qualifying

event at entry to the parent trial.

Results—Fibrinogen and CRP were associated with an increased risk of recurrent ischemic stroke after accounting for the
matching variables and adjusting for systolic blood pressure, smoking, peripheral vascular disease, and statin and
antiplatelet therapy. The odds ratio for the last compared with the first third of fibrinogen was 1.34 (95% CI, 1.01 to
1.78) and for CRP was 1.39 (95% CI, 1.05 to 1.85). After additional adjustment for each other, these 2 odds ratios stayed
virtually unchanged. Plasma viscosity, tPA, and D-dimer showed no relationship with recurrent ischemic stroke,
although tPA was significant for lacunar and large artery subtypes. Although each of these variables showed a negative
relationship with recurrent hemorrhagic stroke, none of these relationships achieved statistical significance.

Conclusions—Fibrinogen and CRP are risk predictors for ischemic but not hemorrhagic stroke, independent of potential

confounders. (Stroke. 2005;36:2143-2147.)
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here is increasing evidence that hemostatic and in-

flammatory variables are associated with cardiovascu-
lar events in prospective studies, including coronary heart
disease (CHD) and stroke.! Most data are available for
fibrinogen, which may play a causal role in atherothrom-
botic events through effects on atherogenesis, thrombogen-
esis, or ischemia distal to atherothrombotic stenoses or
occlusions.!-* Several prospective studies have reported
that fibrinogen is associated with risk of stroke,>* al-
though not the Caerphilly and Speedwell studies.!? Plasma
fibrinogen is an important determinant of plasma and
blood viscosity, which have also been reported to be
associated with the risk of CHD,!'-15 although reports for
stroke have been conflicting.!!3 In part, the possible
association between viscosity and stroke may be mediated
by an association between viscosity and elevated carotid

intima-media thickness, at least in men.'® Ernst et al!'?
observed that fibrinogen, plasma viscosity, blood viscos-
ity, and cholesterol were associated with risk of recurrence
over 2 years in 523 survivors of first stroke. Similar
findings have been reported for recurrent myocardial
infarction.!s

There are fewer published data on the association of
other hemostatic or inflammatory variables with risk of
CHD and stroke.! Recent meta-analyses have shown that
C-reactive protein (CRP),>! von Willebrand factor
(VWF),19-20 fibrin p-dimer,?' and tissue plasminogen acti-
vator (tPA) antigen,?? but not plasminogen activator inhib-
itor type 1,22 are associated with risk of CHD events
in samples of general populations. There are limited
published data for the associations of CRP,?324 vWF
(or its complexed coagulation factor, factor VIII),3.9.23.24
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D-dimer’-%2% or tPA antigen®925-27 with risk of stroke in
prospective studies.

In PROGRESS,?%2° baseline plasma samples were cen-
trally stored for analysis, in nested case-control studies, of
emerging potential risk factors for recurrent stroke, including
hemostatic and inflammatory variables.?® Here, we report the
associations of plasma fibrinogen, viscosity, CRP, p-dimer,
and tPA antigen with recurrent strokes (ischemic and
hemorrhagic).

Materials and Methods

The design?® and principal results?® of PROGRESS have been
published previously. Briefly, 6105 patients with a history of stroke
or transient ischemic attack (TIA) were recruited and each patient
randomly assigned active treatment (n=3051) or placebo (n=3054).
For those deemed suitable by the responsible physician, dual therapy
was allocated: perindopril with indapamide or double placebo.
Others received monotherapy: perindopril or single placebo. Patients
were followed for a mean of 3.9 years, during which time stroke
(fatal or nonfatal) occurred in 307 (10%) in the active treatment
group and 420 (14%) in the placebo group (relative risk reduction,
28%; 95% CI, 17 to 38; P<<0.0001).2°

At baseline, venous blood samples collected from 5918 (97%) of
patients were anticoagulated with K, EDTA and centrifuged at
2000g for 10 min at 4°C. Aliquots (1.5 mL) of plasma were stored
at —80°C for an average of 6 years. Plasma fibrinogen was assayed
by immunonephelometry (Dade-Behring).3¢ Plasma viscosity was
measured in a semiautomated capillary viscometer (Coulter) and
expressed at 37°C with a correction for storage of frozen samples.!
Fibrin D-dimer and tPA antigens were measured by ELISAs
(Biopool) as described previously.?!-22 CRP was measured by high-
sensitivity nephelometry (Dade Behring). Laboratory personnel were
“blinded” to the case-control status of samples. The interassay
coefficients of variation for control samples were: fibrinogen 5.3%;
viscosity 0.9%; tPA 6.5%; D-dimer 5.3%; and CRP 3.9%.

The base population for this study was all those who had plasma
frozen and stored within 48 hours of venipuncture and whose most
recent qualifying event (stroke or TIA) at baseline in the clinical trial
occurred >1 month ago. These restrictions give protection against
deterioration of the blood samples and confounding attributable to
acute-phase reactant increases in blood variables as a result of the
incident stroke or its acute complications.

Stroke cases comprised anyone with a stroke recorded during
follow-up. Using standard methodology for nested case-control
studies,?? each case was randomly matched to between 1 and 3
controls selected from all those free of recurrent stroke at the time of
recurrent stroke for that case. Under this sampling scheme, any case
may be selected as a control for other cases for whom recurrent
stroke predates their own, whereas cases may have common controls.
The overall sample size was restricted so that the total number of
people selected who had no stroke during follow-up outnumbered the
cases in the ratio of 1 to 2. Matching variables were age (within 5
years), sex, treatment allocated (active/placebo), therapy (mono/
dual), region (Australia or New Zealand/China/Japan/France or
Belgium/Italy/Sweden/UK or Ireland) and most recent qualifying
event (ischemic stroke or TIA/hemorrhagic stroke/stroke of un-
known type) at the trial baseline. Prespecified ischemic and hemor-
rhagic stroke substudies isolated those cases and their matched
controls, who had ischemic or hemorrhagic strokes as their first
recorded stroke event.

Odds ratios were calculated according to equal thirds of the
distribution of each risk factor in the total sample (cases and controls
together) using conditional logistic regression models.?> As well as
unadjusted analyses (allowing only for the confounding effects of the
matched variables, by design), additional adjustments through the
regression model were made for systolic blood pressure, smoking
(current/non), peripheral artery disease, statin therapy, and antiplate-
let therapy. Because fibrinogen and CRP are acute-phase proteins,
each was additionally adjusted for the other.

Results

The nested case-control study included 1773 patients: 591
were cases (83 hemorrhagic strokes, 472 ischemic strokes,
and 36 of unknown type), and 1182 were controls who did not
subsequently become cases. Controls satisfying all matching
criteria were found for 572 of these cases; 19 were incom-
pletely matched. After the addition of cases who acted as
matched controls for other cases and taking account of
controls who acted for >1 case, there were 33 cases with 1,
213 with 2, and 345 with 3 matched controls. Altogether, 89
cases served as controls for =1 other case.

Table 1 shows, according to type of stroke, summaries of
the demographic randomization group and risk factor data
according to whether the subject became a case or not during
PROGRESS. In this presentation, unique cases and controls
are shown, that is, after removing duplicates consequent to
the unbiased nested design. In the ischemic stroke study,
fibrinogen and CRP were significantly (P<<0.05) higher in
cases than controls, as was systolic blood pressure and the
prevalence of diabetes, smoking, peripheral artery disease,
atrial fibrillation, and left ventricular hypertrophy. In the
hemorrhagic stroke study, there were no significant differ-
ences, although this could be explained by the lack of power.

Table 2 shows the odds ratios for hemorrhagic, ischemic,
and total stroke associated with thirds of the hemostatic and
inflammatory variables. Also included is a test for trend
across the thirds. None of the variables showed any signifi-
cant relationship with hemorrhagic stroke. Only fibrinogen
and CRP showed significant associations with ischemic
stroke: the odds ratio (95% CI) comparing the last to the first
third was 1.43 (1.08 to 1.89) for fibrinogen and 1.52 (1.15 to
2.00) for CRP. Adjustment for systolic blood pressure and
smoking, in addition to the matching variables adjusted by
design, attenuated the odds ratios by 2% to 10%. A noticeable
difference between the 2 sets of results is the negative
relationships for hemorrhagic stroke and the positive relation-
ships for ischemic stroke for all variables. As a consequence,
and because ischemic strokes outnumbered hemorrhagic by
almost 6:1, results for total stroke were an attenuated version
of those for ischemic stroke. Only fibrinogen had a significant
relationship.

To investigate subtypes of ischemic stroke, we analyzed 66
cases of large artery infarct and 114 cases of lacunar infarct,
and their matched controls, separately. The only other sub-
type identified in PROGRESS was cardioembolic, which had
too few cases with blood samples (29) to justify analyses.
Allowing for the much wider Cls, results were generally
similar to those for all ischemic strokes. Thus, the odds ratio
(95% CI) for large artery infarct for the adjusted analysis of
Table 2, comparing the top to bottom thirds, was 1.34 (0.59
to 3.04) for fibrinogen and 1.48 (0.64 to 3.43) for CRP.
Corresponding results for lacunar infarct were 1.82 (0.99 to
3.13) and 1.86 (1.00 to 3.43). Now there was, however,
evidence of a positive effect for tPA, in contrast to the overall
result. The corresponding results to those above were 1.78
(0.81 t0 3.91) and 1.98 (1.10 to 3.60), with P values for trend
of 0.07 and 0.02, respectively.

The correlation between fibrinogen and CRP was 0.49 in
cases and controls. There was no interaction between them
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TABLE 1.

Woodward et al

Hemostatic Variables and Recurrent Stroke

Developed Either of the Major Subtypes of Stroke During PROGRESS

Baseline Summary Data for All Subjects in the Nested Case-Control Study Classified by Whether or Not They

Hemorrhagic Stroke Study

Ischemic Stroke Study

Cases Controls Cases Controls

Variable (n=83) (n=199)* P Value (n=472) (n=1011)* P Value

Mean (95% Cl)
SBP, mm Hg 149.7 (145.4-154.0)  145.9 (143.4-148.4)  0.11 149.9 (148.1-151.6)  147.4 (146.3-148.6)  0.02
DBP, mm Hg 88.4 (85.9-91.0) 85.9 (84.5-87.2) 0.08 86.0 (85.1-87.0) 85.0 (84.4-85.7) 0.10
Age, yt 62.5 (60.6-64.5) 62.4 (61.2-63.6) 0.92 66.5 (65.7-67.3) 66.2 (65.7-66.7) 0.48
BMI, kg/m? 24.9 (24.1-25.7) 25.3 (24.8-25.8) 0.42 25.8 (25.5-26.2) 25.5(25.3-25.7) 0.13
Fibrinogen, g/L 3.58 (3.40-3.76) 3.76 (3.63-3.89) 0.11 3.87 (3.79-3.96) 3.73 (3.70-3.78) 0.005
Viscosity, mPa.s 1.28 (1.26-1.30) 1.30 (1.29-1.31) 0.06 1.29 (1.28-1.30) 1.29 (1.28-1.29) 0.54
tPA, ng/mL 8.61(7.53-9.69) 9.08 (8.41-9.76) 0.45 9.44 (8.98-9.89) 9.00 (8.72-9.28) 0.11
p-dimer, ng/mL 118.4 (72.2-164.6) 161.0 (109.1-212.8) 0.23 198.7 (160.1-237.4)  183.0(157.7-208.3)  0.50
CRP, mg/L¥ 1.47 (1.10-1.96) 1.62 (1.35-1.94) 0.57 2.20 (1.98-2.45) 1.91 (1.77-2.05) 0.03

No. (%)
Malest 63 (76) 154 (77) 0.88 348 (74) 750 (74) 0.85
Diabetes 6(7) 19 (10) 0.65 85 (18) 113 (11) 0.0004
Smokers 15 (18) 43(22) 0.63 110 (23) 173 (17) 0.006
Active treatmentt 22 (27) 52 (26) 1.00 208 (44) 462 (46) 0.58
Dual therapyt 45 (54) 110 (55) 0.90 265 (56) 569 (56) 1.00
Previous heart disease 11 (13) 39 (20) 0.23 91 (19) 172 (17) 0.31
Peripheral artery disease 1() 74 0.94 32(7) 39 (4) 0.02
Treated hypertension 49 (59) 117 (59) 1.00 250 (53) 483 (48) 0.07
Atrial fibrillation 7(8) 12 (6) 0.45 54 (11) 75(7) 0.01
Valvular heart disease 2(2 1(1) 0.21 14 (3) 24 (2) 0.49
Left ventricular hypertrophy 13 (16) 17 (9) 0.09 41(9) 59 (6) 0.05
Statin therapy 5 (6) 13(7) 1.00 36 (8) 77 (8) 1.00
Antiplatelet therapy 39 (47) 104 (52) 0.44 362 (77) 780 (77) 0.84

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index.
*Controls who did not go on to become cases during PROGRESS; tmatching variables; Fanalyzed on the logarithmic scale; estimates shown after

back-transformation.

for any of the 3 outcomes (P>0.14). Extra adjustment of
fibrinogen for CRP, or fibrinogen for CRP, made no differ-
ence, to 1 decimal place, to either of the adjusted odds ratios
comparing the extreme thirds for ischemic stroke.

Discussion
This is the largest reported single prospective study to date of
the associations between plasma fibrinogen, viscosity, CRP,
fibrin D-dimer, tPA antigen, and the risk of recurrent
stroke.>15:19-22 The main finding is that plasma fibrinogen is
a significant, independent risk factor for recurrent stroke.
This agrees with a previous study in stroke survivors,!” which
observed a significantly higher baseline fibrinogen level for
those with recurrent stroke (n=67) compared with those who
did not experience recurrence (n=456), and also with a
meta-analysis of 3 other prospective studies of patients with
TIA or minor stroke (total recurrent ischemic strokes
n=512).33 Our study also clarifies that the association of
fibrinogen with recurrent stroke applies only to ischemic
stroke, as also observed in the meta-analysis.?® Indeed, the
odds ratio for hemorrhagic stroke was lowest in the highest
third of fibrinogen. The association between fibrinogen and

first stroke is currently being studied in the Fibrinogen
Studies Collaboration.3*

Potential confounders of the association between fibrino-
gen and ischemic stroke include blood pressure, smoking
habit, and the acute-phase reactant behavior of plasma fibrin-
ogen.'-* However, when we additionally adjusted for CRP
(the generally accepted best measure of inflammatory reac-
tions in cardiovascular disease'?), estimates of the effect of
fibrinogen were little changed for recurrent ischemic stroke.
There are several plausible biological pathways through
which increasing plasma fibrinogen levels might increase the
risk (and outcome) of stroke, including atherogenesis, throm-
bogenesis, and (through its rheological effects) promoting
cerebral ischemia distal to atherothrombotic stenoses or
occlusions.!=+13.16.17.35.36 Qur results for CRP are consistent
with previous studies that reported associations between CRP
and risk of a first stroke.?324

In contrast to previous studies of first'> or recurrent!”
stroke, we did not observe a significant association between
plasma viscosity and recurrent stroke in the present study; nor
did an analysis of first stroke in the Caerphilly and Speedwell
studies.’® A recent meta-analysis of prospective studies ob-
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TABLE 2. 0dds Ratios (95% Cls) for Hemorrhagic, Ischemic, and Total Stroke by Thirds of Each Variable

Hemorrhagic Stroke

Ischemic Stroke

Total Stroke

Variable/Third Matched Further Adjusted* Matched Further Adjusted* Matched Further Adjusted*
Fibrinogen, g/L
1(<3.32) 1 1 1 1 1

2 (3.32-4.04) 1.20 (0.65-2.23) 1.17(0.61-2.22) 1.22(0.94-1.60) 1.20(0.92-1.58) 1.19(0.93-1.51) 1.17 (0.92-1.49)

3 (>4.04)

P (trend) 0.13 0.13
Viscosity (mPa.s)

1(<1.26) 1 1

0.56 (0.29-1.10) 0.57 (0.29-1.14) 1.43 (1.08-1.89) 1.34 (1.01-1.78) 1.28(1.00-1.64) 1.24 (0.97-1.59)

0.03 0.03 0.06

1 1 1

2 (1.26-1.31) 0.70 (0.35-1.42) 0.66(0.32-1.37) 1.14(0.87-1.49) 1.09(0.83-1.42) 1.11(0.87-1.41) 1.07 (0.84-1.36)

3 (>1.31)

P (trend) 0.35 0.26
tPA (ng/mL)

1(<6.8) 1 1

2 (6.8-10.2)

3(>10.2)

P (trend) 0.39 0.31
p-dimer (ng/mL)

1(<42) 1 1

2 (42-11)

3

P (trend) 0.40 0.61
CRP (mg/L)

1(<1.14) 1 1

2

3

P (trend) 0.13 0.22

0.72 (0.38-1.36) 0.64 (0.33-1.26) 1.00 (0.76-1.31) 0.95(0.72-1.24) 0.9 (0.78-1.26) 0.95 (0.75-1.21)

0.91 0.83 0.87

1 1 1

0.75 (0.40-1.40) 0.75(0.39-1.43) 1.03 (0.79-1.34) 1.05(0.80-1.37) 0.97 (0.76-1.23) 0.98 (0.77-1.25)
0.67 (0.35-1.26) 0.63(0.32-1.22) 1.20(0.92-1.56) 1.17 (0.89-1.53) 1.09 (0.86-1.39) 1.08 (0.85-1.37)

0.23 0.35 0.41

1 1 1

0.71(0.37-1.36) 0.74(0.38-1.44) 1.06 (0.81-1.38) 1.04 (0.79-1.36) 1.04 (0.82-1.32) 1.04 (0.82-1.32)
(>111) 0.72 (0.36-1.41) 0.80(0.39-1.65) 1.16(0.88-1.54) 1.13(0.85-1.50) 1.10(0.86-1.42) 1.11(0.85-1.43)

0.40 0.42 0.41

1 1 1

(
(
(1.14-3.34) 0.57 (0.30-1.09) 0.59 (0.31-1.16) 1.37 (1.04-1.80) 1.31(0.99-1.73) 1.20(0.94-1.52) 1.16(0.91-1.49)
(>3.34)  0.77(0.41-1.46) 0.81(0.42-1.57) 1.52(1.15-2.00) 1.39 (1.05-1.85) 1.34(1.05-1.70) 1.26(0.98-1.61)

0.12 0.14 0.32

Matched indicates matched for age, sex, treatment and therapy allocated, region, and most recent qualifying event; P (trend),

P value for trend across the thirds.

*Further adjusted for systolic blood pressure, smoking, peripheral artery disease prevalence, statin use, and antiplatelet use.

served that circulating levels of tPA antigen were indepen-
dently associated with risk of CHD.?2 There is little published
information on the association of tPA antigen with risk of
stroke.®926:27 In the present study, we observed an association
of tPA antigen with risk of lacunar and large artery infarcts,
but not ischemic or total stroke. Another meta-analysis
observed that circulating levels of fibrin D-dimer (a marker of
activation of blood coagulation and fibrinolysis) were also
independently associated with risk of CHD.2! Again, there is
little published information on the association of D-dimer
with risk of stroke.’--25 In the present study, we observed no
significant association of D-dimer with risk of recurrent
stroke. Two prospective studies37-3® have reported significant
associations of D-dimer with risk of stroke in patients with
atrial fibrillation. Only 11% of patients with ischemic stroke
had atrial fibrillation in this study (Table 1).

This study adds to the evidence that plasma fibrinogen and
CRP are predictors of risk for (recurrent) ischemic stroke.
Meta-analyses are required to determine the additive value of
plasma fibrinogen and CRP to classical risk factors in the
prediction of first and recurrent stroke and to determine
whether or not chronic reduction in fibrinogen or CRP
reduces the risk of stroke.

Acknowledgments

This study was funded by grants from the Australian Health
Management Group, National Institutes of Health (5 ROl
HLO071685), the National Health and Medical Research Council of
Australia, and the National Heart Foundation of Australia. D.J.C. and
B.C.N. are recipients of career development awards, and A.J.J. is
recipient of a clinical research fellowship from the National Heart
Foundation of Australia. B.E.K. is an Australian Research Council
Federation fellow. PROGRESS was funded by grants from Servier,
the Health Research Council of New Zealand, and the National
Health and Medical Research Council of Australia. M.W. designed
the study and the analysis plan, wrote =50% of the first draft of the
manuscript, and brought the research team together. G.D.O.L. helped
initiate and analyze the study and wrote ~50% of the first draft of the
manuscript. D.J.C., A.J.J., and B.E.K. participated in the design of
the study, the application for grant support, the performance of
assays, the interpretation of the data and contributed to the final
manuscript. S.C. provided the statistical analyses. A.R. organized
and supervised assays of hemostatic variables and contributed to the
final manuscript. A.P. and B.C.N. participated in the interpretation of
the data and grant applications and contributed to the final manu-
script. J.C. and S.W.M. initiated PROGRESS and contributed to the
final manuscript.

References
1. Lowe GDO, Rumley A, Whincup PH, Danesh J. Hemostatic and rheo-
logical variables and risk of cardiovascular disease. Semin Vasc
Med. 2002;2:429-440.

Downloaded from http://stroke.ahajournals.org/ at GLASGOW UNIV LIB on January 23, 2012


http://stroke.ahajournals.org/

Woodward et al

. Lowe GDO. Fibrinogen: an independent coronary heart disease risk

factor. In: Betteridge DJ, ed. Lipids and Vascular Disease. London, UK:
Dunitz; 2000:77-84.

. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen,

C-reactive protein, albumin, or leukocyte count with coronary heart
disease. Meta-analyses of prospective studies. J Am Med Assoc. 1998;
279:1477-1482.

. Maresca G, Di Blasio A, Marchioli R, Di Minno G. Measuring plasma

fibrinogen to predict stroke and myocardial infarction: an update. Arte-
rioscler Thromb Vasc Biol. 1999;19:1368-1377.

. Wilhelmsen L, Svardsudd K, Korsan-Bengsten K, Larsson B, Welin L,

Tibblin G. Fibrinogen as a risk factor for stroke and myocardial
infarction. N Engl J Med. 1984;311:501-505.

. Kannel WB, Wolf PA, Castelli WP, D’ Agostino RB. Fibrinogen and risk

of cardiovascular disease: the Framingham Study. J Am Med Assoc.
1987;258:1183-1186.

. Smith FB, Lee AJ, Fowkes FGR, Price JF, Rumley A, Lowe GDO.

Hemostatic factors as predictors of ischemic heart disease and stroke in
the Edinburgh Artery Study. Arterioscler Thromb Vasc Biol. 1997;17:
3321-3325.

. Smith FB, Rumley A, Lee AJ, Leng GC, Fowkes FGR, Lowe GDO.

Hemostatic factors and prediction of ischaemic heart disease and stroke in
claudicants. Br J Haematol. 1998;100:758-763.

. Tracy RP, Arnold AM, Ettinger W, Fried L, Meilahn E, Savage P. The

relationship of fibrinogen and factors VII and VIII to incident cardiovas-
cular disease and death in the elderly: results from the cardiovascular
health study. Arterioscler Thromb Vasc Biol. 1999;19:1776-1783.

. Baker IA, Pickering J, Elwood PC, Bayer A, Ebrahim S. Fibrinogen,

viscosity and white blood cell count predict myocardial, but not cerebral
infarction: evidence from the Caerphilly and Speedwell cohort. Thromb
Haemost. 2002;87:421-425.

. Yarnell JWG, Baker IA, Sweetnam PM, Bainton D, O’Brien JR,

Whitehead PJ, Elwood PC. Fibrinogen, viscosity, and white blood cell
count are major risk factors for ischemic heart disease. The Caerphilly
and Speedwell Collaborative Heart Disease Studies. Circulation. 1991;
83:836-844.

. Sweetnam PM, Thomas HF, Yarnell JWG, Beswick AD, Baker IA,

Elwood PC. Fibrinogen, viscosity and the 10-year incidence of ischaemic
heart disease. The Caerphilly and Speedwell Studies. Eur Heart J. 1996;
17:1814-1820.

. Lowe GDO, Lee AJ, Rumley A, Price JF, Fowkes FGR. Blood viscosity

and risk of cardiovascular events: the Edinburgh Artery Study. Br J
Haematol. 1997;96:168-173.

. Lowe GDO, Rumley A, Norrie J, Ford I, Shepherd J, Cobbe S,

Macfarlane P, Packard C; West of Scotland Coronary Prevention Group.
Blood rheology, cardiovascular risk factors, and cardiovascular disease:
the West of Scotland Coronary Prevention Study. Thromb Haemost.
2000;84:553-558.

. Danesh J, Collins R, Peto R, Lowe GDO. Haematocrit, viscosity,

erthryocyte sedimentation rate: meta-analyses of prospective studies of
coronary heart disease. Eur Heart J. 2000;21:515-520.

. Lee AJ, Mowbray PI, Lowe GDO, Rumley A, Fowkes FGR, Allan PL.

Blood viscosity and elevated carotid intima-media thickness in men and
women: the Edinburgh Artery Study. Circulation. 1998;97:1467-1473.

. Ernst E, Resch KL, Matrai A, Buhl M, Schlosser P, Paulsen HF. Impaired

blood rheology: a risk factor after stroke? J Intern Med. 1991;229:
457-462.

. Martin JF, Bath PMW, Burr ML. Influence of platelet size on outcome

after myocardial infarction. Lancet. 1991;338:1409-1411.

. Danesh J, Wheeler JG, Hirshfield GM, Eda S, Eiriksdottir G, Rumley A,

Lowe GDO, Pepys MB, Gudnason V. C-reactive protein and other cir-
culating markers of inflammation in the prediction of coronary heart
disease. N Engl J Med. 2004;350:1387-1397.

Hemostatic Variables and Recurrent Stroke

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

38.

2147

Whincup P, Danesh J, Walker M, Lennon L, Thomson A, Appleby P,
Rumley A, Lowe GDO. Von Willebrand factor and coronary heart
disease: prospective study and meta-analysis. Eur Heart J. 2002;23:
1764-1770.

Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P,
Rumley A, Lowe GDO. Fibrin p-dimer and coronary heart disease:
prospective study and meta-analysis. Circulation. 2001;103:2323-2327.
Lowe GDO, Danesh J, Lewington S, Walker M, Lennon L, Thomson A,
Rumley A, Whincup PH. Tissue plasminogen activator antigen and
coronary heart disease: prospective study and meta-analysis. Eur Heart J.
2004;25:252-259.

Gussekloo J, Schaap MCL, Frolich M, Blauw GJ, Westendorp RGIJ.
C-reactive protein is a strong but nonspecific risk factor of fatal stroke in
elderly persons. Arterioscler Thromb Vasc Biol. 2000;20:1047-1051.
Ford ES, Giles WH. Serum C-reactive protein and self-reported stroke:
Findings from the Third National Health and Examination Survey. Arte-
rioscler Thromb Vasc Biol. 2000;20:1052-1056.

Folsom AR, Wu KK, Rosamond WD, Sharett AR, Chambless LE. Pro-
spective study of hemostatic factors and incidence of coronary heart
disease. The Atherosclerosis Risk in Communities (ARIC) study. Circu-
lation. 1997;96:1102-1108.

Ridker PM, Hennekens CH, Stampfer MJ, Manson JE, Vaughan DE.
Prospective study of endogenous tissue plasminogen activator and risk of
stroke. Lancet. 1994;343:940-943.

Nilsson TK, Jansson JH, Bowman K. tPA-PAI-1 complex as a risk factor
for the development of a first stroke. Fibrinolysis 1998; 12(suppl 1):21
(abstract).

PROGRESS Management Committee. Blood pressure lowering for the
secondary prevention of stroke: rationale and design for PROGRESS.
J Hypertens. 1996;14(suppl 2):s41-s46.

PROGRESS Collaborative Group. Randomised trial of a perindopril-based
blood-pressure-lowering regimen among 6105 individuals with previous
stroke or transient ischaemic attack. Lancet. 2001;358:1033-1041.

Cremer P, Nagel D, Labrot B, Mann H, Muche R, Elster H, Seidel D.
Lipoprotein Lp(a) as predictor of myocardial infarction in comparison to
fibrinogen, LDL cholesterol and other risk factors: results from the
prospective Gottingen Risk Incidence and Prevalence Study (GRIPS).
Eur J Clin Invest. 1994;24:444-453.

Woodward M, Lowe GDO, Rumley A, Imhof A, Koenig W. Mea-
surement of plasma viscosity in stored frozen samples: a general popu-
lation study. Blood Coagul Fibrinolysis. 2003;14:417-420.

. Woodward M. Epidemiology: Study Design and Data Analysis. Second

edition. Boca Raton, Fla: Chapman and Hall/CRC Press; 2005.
Rothwell PM, Howard SC, Power DA, Gutnikov SA, Algra A, van Gijn
J, Clark TG, Murphy MFG, Warlow CP; Cerebrovascular Cohort Studies
Collaboration. Fibrinogen concentration and risk of ischemic stroke and
acute coronary events in 5113 patients with transient ischemic attack and
minor ischemic stroke. Stroke. 2004;35:2300-2305.

Fibrinogen Studies Collaboration. Collaborative meta-analysis of pro-
spective observational studies of plasma fibrinogen and cardiovascular
disease. Eur J Cardiovasc Prev Rehabil. 2004;11:9-17.

Lowe GDO. The pharmacology of thrombolytic and fibrinogen-depleting
agents in the treatment of acute ischaemic stroke. Cerebrovasc Dis.
1998;8(suppl 1):36-42.

Lowe GDO. Ancrod in treatment of acute ischaemic stroke. Proc R Coll
Physicians Edinb. 2001;31(suppl 8):20-24.

Tait RC, Murdoch DL, O’Neill KF, McMahon A, Wallace IW, Rumley
A, Jackson J, Lowe GDO. Fibrin p-dimer is an independent predictor of
future stroke in patients with atrial fibrillation. Circulation. 2003;
108:787.

Vene N, Mavri A, Koxmelj K, Stegnar M. High p-dimer levels predict
cardiovascular events in patients with chronic atrial fibrillation during
oral anticoagulant therapy. Thromb Haemostasis. 2003;90:1163-1172.

Downloaded from http://stroke.ahajournals.org/ at GLASGOW UNIV LIB on January 23, 2012


http://stroke.ahajournals.org/

	citation_temp.pdf
	http://eprints.gla.ac.uk/19688/


