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SHORT REPORT

Is there any evidence for a protective effect of
antithrombotic medication on cognitive function
in men at risk of cardiovascular disease? Some
preliminary findings

M Richards, TW Meade, Sir Stanley Peart, P J Brennan, A H Mann

Abstract
To explore whether antithrombotic med-
ication may protect against cognitive
decline, tests of verbal memory, atten-
tion, abstract reasoning, verbal fluency,
and mental flexibility were administered
to 405 men at risk of cardiovascular dis-
ease. These subjects were a subgroup of
those who had been participating in a
randomised double blind factorial trial of
low dose aspirin (75 mg daily) and low
intensity oral anticoagulation with war-
farin (international normalised ratio of
1.5) at 35 general practices across the
United Kingdom for at least five years,
were at least 55 years old at trial entry,
and had been randomly allocated to one
of four groups: active warfarin and active
aspirin, active warfarin and placebo
aspirin, placebo warfarin and active
aspirin, and double placebo. Verbal flu-
ency and mental flexibility were signifi-
cantly better in subjects taking
antithrombotic medication than in sub-
jects taking placebo. Aspirin may have
contributed more than warfarin to any
beneficial effect. These results provide
tentative evidence that antithrombotic
medication may protect cognitive func-
tion in men at risk of cardiovascular dis-
ease.

(3 Neurol Neurosurg Psychiatry 1997;62:269-272)
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A growing body of evidence suggests an associ-
ation between cardiovascular risk factors and
cognitive impairment during aging. These risk
factors include hypertension, diabetes, hyperc-
holesterolaemia, and cardiac disease such as
atrial fibrillation and angina, all of which may
promote neuropathological changes resulting
from microthromboses in cerebral blood ves-
sels. Antithrombotic medication may therefore
protect cognitive function. In a randomised
placebo controlled trial, Meyer et alI found
that aspirin improved cognitive function in
patients with multi-infarct dementia. Little is
known, however, about the effect of

antithrombotic medication on cognitive func-
tion in those without frank dementia.
Population based studies have either reported
no association2 or a modest trend towards pro-
tection of cognitive function3 from medication
(non-steroidal anti-inflammatory drugs and
aspirin). However, these authors relied on
recall of use of medication and, in both stud-
ies, employed a single, global measure of cur-
rent cognitive status.

In the present study we measured cognitive
function in patients already enrolled in a double
blind placebo controlled factorial trial of low
dose aspirin and low intensity oral anticoagu-
lation with warfarin for their effect on the pre-
vention of coronary and cerebral thrombosis.
The purpose was to assess whether those who
were on active treatment showed differences in
cognitive performance compared with those
who were receiving placebo. Because this cog-
nitive study was conducted after the trial was
already in progress, no baseline cognitive test
data are available for comparison. Never-
theless, we were able to take advantage of the
randomised design and detailed monitoring
during a five year interval. The content of our
neuropsychological test battery was based on
studies that reported an association between
cardiovascular risk factors and impairments in
memory, attention, and abstract reasoning.4-6

Methods
MEDICAL RESEARCH COUNCIL THROMBOSIS
PREVENTION TRIAL (TPT)
This trial is taking place within the Medical
Research Council's general practice research
framework and involves 101 collaborating
general practices. A chart review of all men
aged between 45 and 69 in these practices was
carried out by the trial nurse. Those who were
not excluded on grounds of contraindications
to a TPT drug (aspirin and warfarin) or likely
poor compliance, were invited to attend for
screening to assess cardiovascular risk status.
Screening procedures are described in detail
elsewhere78 and identified those in the top
quintile of risk for myocardial infarction or
coronary death, using a score based on family
and smoking history, blood pressure, body
mass index, blood cholesterol, plasma fibrino-
gen, and plasma factor VII activity. Those at
high risk were invited to enter the trial, in
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which they were randomised to active warfarin
and active aspirin (WA), active warfarin and
placebo aspirin (W), active aspirin and
placebo warfarin (A), or double placebo treat-
ment (P).

Participants are examined at entry and,
once stabilised on treatment, at three monthly
intervals by the trial nurse and at annual
examinations by the general practitioner.
Treatment with warfarin is initiated at a dose
of 2-5 mg daily and increased by 0 5 or 1-0 mg
steps until the intended international nor-
malised ratio (INR) of about 1-5 has been
reached. On average, this stabilisation process
takes about four months. Dose changes are
made equally often for those receiving placebo
warfarin treatment with identical tablets. The
dose of aspirin is 75 mg daily in a controlled
release formulation, also with identical
placebo tablets.

Subjects
Subjects eligible for this cognitive substudy
were (1) aged at least 55 at entry and (2) had
been participating in the trial for five years or
more. Older trial entrants were thought to be
most likely to show cognitive changes, and
those participating in the trial for five years
had received antithrombotic treatment for
long enough for any effect of treatment on
cognitive function to be evident. Of all 101
practices, 35 included men meeting the above
criterion of treatment for at least five years. A
difference of five seconds in part A of the trail-
making test (which has a large variance) is of
potential functional significance for subjects in
the age group of those in the present study.9 A
sample of 350 subjects was estimated to be
necessary to detect this effect with a power of
90% at a 5% level of significance. Of 1001
subjects originally meeting the above criteria,
493 had either already completed the TPT
study or were no longer participating.
Morbidity data, including causes of adverse
events and death, will be available at the end
of the TPT study. Of the remaining 508 eligible
subjects, 60 were in practices where training
for the neuropsychological tests could not be
arranged and 24 subjects declined to be tested
(nine in the P group, six in the A group, six in

Table 1 Baseline risk factor and background demographic data for the four treatment
groups

Groups

Vanrable WA W A P

No 108 107 97 93
Age at testing (y) 66.7 (3 8) 66-9 (4-1) 66-0 (3 5) 66 1 (4 0)
Education (y) 10-0 (2 2) 10-0 (2 2) 10-7 (2-3) 10-1 (1-8)
Time in trial (y) 5-5 (1-0) 5-4 (0-9) 5-5 (0-9) 5-6 (1-2)
Body mass index (wt/ht2) 38-1 (10 3) 38-4 (10-0) 37-8 (12-0) 40 3 (13 9)
Systolic blood pressure
(mm Hg) 139-5 (17-6) 144-2 (18-2) 142-1 (19-5) 142-7 (18 5)
Diastolic blood pressure
(mm Hg) 81-1 (10 0) 82-8 (9 4) 82-2 (9-7) 83.6 (11-6)
Cigarettes/day 4-6 (8-5) 5-6 (8 2) 6-7 (9 6) 4-5 (8-2)
Factor VII (% standard) 104-6 (26-6) 104-2 (27-3) 108-7 (28 50 114-4 (28 2)
INR 1-0 (0 1) 1-0 (0-1) 1-0 (0 1) 1-0 (0-1)
Plasma cholesterol (mmol/l) 6-3 (1-3) 6 1 (1 2) 6-0 (1-8) 6-3 (1 6)
Plasma fibrinogen (g/l) 296-6 (82-3) 306-5 (93-6) 287-4 (104-1) 290 4 (83-3)
Family history of heart
disease (%) 15-7 14-0 18 6 20 4
ECG ischaemia(%) 2-8 4-7 5-2 3-2

Values are means (SD). INR = international normalised ratio. See text for groups.

the W group, and two in the WA group). Thus
424 subjects underwent cognitive testing. All
subjects gave signed informed consent.

COGNITIVE MEASURES
The following tests were administered at the
relevant follow up assessment but not at trial
entry. (1) Logical memory subtest of the
Wechsler memory scale" (immediate and
delayed); a measure of memory decline was
obtained by subtracting the delayed from the
immediate score and this measure was used in
the present analyses. (2) Digit span subtest of
the revised Wechsler adult intelligence scale
(WAIS-R"I). (3) A cancellation task'2; subjects
were required to cross out, as quickly as possi-
ble, letter triads (TM.X) from an array of simi-
lar triads. The lower the score, the better the
performance. (4) Trailmaking test'3 (parts A
and B). A measure of mental flexibility was
gained by subtracting part A from part B" and
this measure was used in the present analyses.
The lower the value, the better the perfor-
mance. (5) The similarities subtest of the
WAIS-R was used to assess abstract reasoning.
(6) Verbal fluency was assessed by (a) produc-
tion of animal names'5 and (b) production of
words beginning with the letter F. 16 One
minute was allowed for each.

Five regional nurse coordinators underwent
standardised training by the first author to
administer the neuropsychological tests. They
then instructed clinic nurses, who adminis-
tered the tests blind to medication status. This
training required observation and practice and
emphasised strict adherence to formal written
protocols for each test.

Results
BASELINE CHARACTERISTICS
Table 1 shows the baseline characteristics for
subjects in the four treatment groups who
underwent cognitive testing.

There were no significant differences in age,
education, body mass index, systolic or dias-
tolic blood pressure, number of cigarettes
smoked per day, plasma cholesterol, plasma
fibrinogen, ECG, ischaemia, or family history
of heart disease. Nor was there any difference
between the groups in duration in the trial at
the time of cognitive testing. Subjects in the
placebo group had a slightly higher factor VII
activity level at baseline compared with sub-
jects in the active treatment groups (P =
0-04). There were no significant differences in
these baseline characteristics between subjects
who underwent cognitive testing and those
from the original pool of 1001 who would
have been eligible for cognitive testing.

COGNITIVE FUNCTION AND ANTITHROMBOTIC
MEDICATION
Subjects were first grouped into those receiv-
ing placebo only and those on any active med-
ication (WA, A, or W). Table 2 shows the
cognitive scores for these two groups.

Multivariate analysis of variance
(MANOVA) was employed, using Hotelling's
T2 statistic to compare the multiple cognitive
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Table 2 Cognitive scores for subjects taking active
treatment v placebo only

Any active
Variable treatment Placebo

No 312 93
Logical memory decline (s) 2-2 (1-5) 2-4 (1-5)
Digit span 11-4 (2-2) 11-6 (2-5)
Cancellation (s) 61-9 (17-9) 62-3 (17-8)
Similarities 17-3 (4-5) 17-6 (4-2)
Animal naming 20-2 (5-4) 18-9 (4-9)*
Letter naming (F) 12-6 (4-8) 12-0 (4-8)
Trails B-A (s) 50-2 (31-0) 59-7 (37-4)*

Values are means (SD).
*p < 0 05.

measures across these two groups. Nineteen
subjects had missing values for at least one
cognitive measure, including four subjects
who completed the trailmaking B test more
rapidly than trailmaking A, indicating proba-
ble test administration error. As MANOVA
rejects cases with missing data for any variable,
the results for these subjects were omitted
from the analysis, leaving 405 men in the
study. MANOVA disclosed a significant med-
ication effect for the cognitive scores
(Hotelling's T' = 0 04, P = 0-013).
Corresponding univariate F tests disclosed
poorer performance for subjects taking
placebo only for animal naming (F = 4-51, P
= 0 034) and trailmaking part B-A (F =
6-06, P = 0.014).

EFFECT OF SPECIFIC REGIMES
MANOVA was then used to compare cogni-
tive function in the four separate treatment
groups. Univariate F tests showed a significant
group effect for WAIS-R Similarities (F =
2-64, P = 0-049), with poorest performance
in the W group. However, as Hotelling's T2
test was not significant, the possibility that this
was a type I error cannot be ruled out.

These analyses suggested the possibility of
better cognitive performance by patients tak-
ing aspirin than in patients taking warfarin.
Table 3 therefore shows the results for all
those taking aspirin (WA and A) compared
with those not taking aspirin (W and P) and
for all those taking warfarin (WA and W) com-
pared with those not taking warfarin (A and
P)-that is, a factorial design for separate
treatment effects.

In the comparison according to warfarin
allocation, several test scores were, if anything,
poorer in those on active warfarin than with
those who were not, significantly so for simi-
larities (F = 5 49, P = 0-02), although, once
again, Hotelling's T' test was not significant.

Table 3 Cognitive scores for subjects taking or not taking aspirin andfor subjects taking
or not taking warfarin

Taking aspirin Taking warfarin

Yes (WA+A) No (W+P) Yes (WA+ W9 No (A+P)

LM (decay) 2-2 (1-5) 2-2 (1-5) 2-1 (1-5) 2-4 (1-4)
Digit span 11-5 (2-3) 11-5 (2-4) 11-4 (2-2) 11-6 (2-4)
Cancellation (s) 61-3 (17-7) 62-7 (18-0) 62-0 (19-4) 61-9 (16-0)
Similarities 17-7 (4-2) 17-0 (4-7) 16-9 (4-7) 17-9 (4-0)
Animal naming 20-4 (5-4) 19-4 (5-1) 20-0 (5-3) 19-8 (5-3)
Letter naming (F) 12-6 (4-8) 12-3 (4-7) 12-4 (4-7) 12-5 (4-9)
Trails B-A (s) 49-1 (29-9) 55-8 (35-3) 51-8 (31-8) 53-1 (34-0)

Values are means (SD).
LM = Logical memory. See text for groups.

EFFECT OF RISK FACTOR VARIABLES
Correlations were calculated between time to
complete the trailmaking B-A test and the car-
diovascular risk factor values. Values at
screening (see methods), as close as possible
to the time of cognitive testing and the mean
across the repeated assessments were used. All
correlation coefficients fell within a range of
-0a1 to 0a1. Thus there were virtually no
associations between the risk factors and the
trailmaking B-A score. A similar pattern was
observed when the P group and the combined
treatment groups were analysed separately.
There was no significant difference in the trail-
making B-A score between subjects with and
without a family history of cardiovascular dis-
ease.

Discussion
As part of a double blind factorial trial of the
effect of antithrombitic medication on the pre-
vention of coronary heart disease we found
that 405 of the older subjects who had been
taking low dose or low intensity antithrom-
botic medication with warfarin, or aspirin, or
both for about five years showed better cogni-
tive performance than subjects given only
placebo. We found this trend in most cognitive
scores. Any effect was probably mainly due to
aspirin. More specifically, scores for animal
naming (a test of verbal fluency) and part B-A
of the trailmaking test were significantly better
in subjects taking active medication. Both of
these tests are effortful, require mental control
and flexibiliy, and are thought to be under
frontal control. The trailmaking tests require
motor speed and visual scanning although
these elements were controlled in part by sub-
tracting part A from part B and were not, in
any case, sensitive to medication in the cancel-
lation test.

Caution is necessary in interpreting the
results of this or any other study that consists
of a subgroup analysis within a trial that was
designed for another purpose. Firstly, we did
not measure cognitive function at baseline.
The possibility that treatment might influence
cognitive function was only raised after the
trial had started. We have to assume that the
groups were similar in cognitive function at
baseline, which seems likely. They were well
matched in other respects and there was no
discernable difference between those cogni-
tively tested and those potentially available but
not tested. Secondly, cognitive tests were
administered by nurses with no previous expe-
rience in neuropsychological testing. Never-
theless, they received structured training, were
guided by written test protocols, and were in
any case blind to the medication status of each
patient. Thirdly, the effect of antithrombotic
medication on cognitive function, although
significant, was generally slight although we
would argue, in line with Gorkin et al,9 that the
effect for Part B-A of the trailmaking test (a
difference of 9-5 seconds between placebo and
active treatment groups) is of functional signif-
icance.

Whereas it should be born in mind that
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variance for the cardiovascular risk factors was
restricted in this sample, the striking absence
of correlations between any of the risk factors
and time to complete part B-A of the trailmak-
ing test was unexpected and brings into ques-
tion the starting hypothesis of a vascular
explanation for the wide range of scores found.
Aspirin in the thrombosis prevention trial is
low dose, 75 mg daily, and in a controlled
release formulation designed for a prehepatic
effect by reducing thromboxane in the
platelets themselves while sparing prostacyclin
production in the systemic vasculature after
the liver metabolism of aspirin to salicylate,
which is only weakly active.'7 If aspirin does
preserve cognitive function, it may perhaps do
so through some pathway other than its effect
on platelets and thrombogenesis, in which
case a higher dose than the 75 mg used in the
thrombosis prevention trial and in a formula-
tion subject to less extensive first pass metabo-
lism in the liver might result in a larger benefit.
Further investigations of the association
between antithrombotic medication and cog-
nitive function are warranted.

The salary of MR is currently provided by the Alzheimer's
Disease Society. We wish to acknowledge the help of the MRC
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Specific thanks are due to Mrs Pam Allen, Mrs Leslie Hand,
Mrs Sue Fox, Mrs Margaret Goldsborough, and Mrs Eileen
Marshall for coordination of nurse training for this study.
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