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The relation of alcohol consumption to
cardiovascular risk factors and stroke. The west
Birmingham stroke project

Roger Shinton, Gian Sagar, Gareth Beevers

Abstract
The disputed relation between recent
alcohol consumption and stroke was
examined in a community case control
study. One hundred and twenty five inci-
dent first time stroke patients and 198
controls, aged 35 to 74 years, were
recruited over two years from a general
practice population. The age and sex
adjusted relative risks for stroke by
recent weekly "drinks" of alcohol were;
0-1-0 (reference), 1 to 14-0'57, 15 to
29-0*63, and > 29-0 99. Among the con-
trols it was noted that non-drinkers were
more likely than light/moderate drinkers
(1 to 29 drinks per week) to have the fol-
lowing characteristics; history of obesity
(p < 0.001), not a recent walker (p <
0.05), and no vigorous exercise in early
adulthood (p < 0.01). The apparent asso-
ciation of light and moderate alcohol
consumption with decreased stroke risk
disappeared when these variables were
included in the multiple risk factor
adjusted analysis; 0-1-0, 1 to 14-0W88, 15
to 29-1-11, and > 29-1*23. The pattern for
proved cerebral infarction (n = 81) was
similar. The results of this study do not
support the idea that recent heavy alco-
hol consumption is an important cause of
either overall stroke or cerebral infarc-
tion. The association of non-drinking
with a history of overweight and inactivi-
ty may explain the apparent protective
effect of lighter alcohol consumption on
the risks of both stroke and coronary
heart disease.
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There is at present no consensus on the
nature of the relation between recent alcohol
consumption and stroke.'-3 Reports from a
series of case control studies have indicated
an increased risk of stroke among recent
heavy drinkers.49 These studies have been
criticised for inappropriate selection of con-
trols and have not always employed standard-
ised assessment of cases and controls.'01'
Two recent case control studies using stan-
dardised assessments have failed to confirm
that heavy alcohol consumption is an impor-
tant risk factor for stroke."l-"3 These studies,
however, were entirely hospital based, leaving
concern about the possible influence on the
results of selection factors for hospital atten-
dance.

Several, but not all, studies have indicated
that alcohol consumption is a risk factor for
cerebral haemorrhage.14-'9 Cohort studies
have also suggested that alcohol has either a
beneficial or little effect on the risks of cere-
bral infarction. 14161819 It was, however, not
always possible to confirm subtype diagnosis
with CT in these studies.

Evidence has recently been presented sug-
gesting a protective effect of light and moder-
ate alcohol consumption on the risk of
coronary heart disease.202' The possibility that
exercise may confound the relation was raised
in correspondence but was surprisingly not
addressed in a letter of reply from the original
authors.22 23
To address the above issues a community

based case control stroke study was conduct-
ed, using standardised methods of assessment
of a range of variables related to lifestyle.

Methods
A community case control study was con-
ducted involving those people registered with
11 general practice partnerships surrounding
Dudley Road Hospital, Birmingham (estimat-
ed total = 101 000).

STROKE PATIENTS
Case definition Stroke patients were assessed
for inclusion by RS using the standard World
Health Organisation criteria-rapidly devel-
oping clinical signs of focal and at times glob-
al (applied to patients in deep coma and to
those with subarachnoid haemorrhage) loss of
cerebral function, with symptoms lasting
more than 24 hours or leading to death, with
no apparent cause other than that of vascular
origin.24 In both hospital and community
stroke patients cerebral infarction was diag-
nosed if a CT head scan or necropsy was per-
formed within 21 days of stroke onset and
there was either no evidence of haemorrhage
or a pattern ofpredominant infarction.

Recruitment An appointed liaison member
of staff at each practice was telephoned week-
ly to ensure maximum recruitment. Dudley
Road Hospital admission records were
checked three times per week and patients
with entries suggestive of possible stroke
reviewed.

Inclusions and exclusions Those included
were both men and women between the ages
of 35 and 74 years, with their first stroke
occurring between 1 October 1988 and 30
September 1990. The following characteris-
tics excluded stroke patients from the study; a
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history of stroke (but not transient ischaemic
attack), a history of mitral valvular heart dis-
ease combined with atrial fibrillation, a histo-
ry of primary or metastatic cerebral
neoplasm, a history of coagulation disorder or
myeloproliferative disease, patients dying
before assessment could be made, and those
declining participation.

CONTROL SUBJECTS
Selection methods Controls were selected
from age and sex groups which would broadly
match the expected distribution of stroke
cases (frequency matching).25 Random selec-
tion of controls was achieved in two stages. In
stage one the practice from which the control
was chosen was randomly selected with
weighting according to practice size. In stage
two controls were randomly sampled using
the age-sex register as a numbered population
framework. If a selected control had either
moved outside the area or died a replacement
was again randomly selected from the prac-

tice.
Recruitment Controls were sent an intro-

ductory letter personally signed by their gen-
eral practitioner. Following contact by
telephone or a visit to their home, assessment
was arranged, usually at their local surgery.

Inclusions and exclusions All those on the
practice registers between the ages of 35 and
74 years were eligible for inclusion. The same
exclusions applied as for stroke patients.

ASSESSMENT
All participants were anthropometrically
assessed and interviewed by RS using a stan-
dard structured questionnaire. Stroke patients
were seen as soon as possible following the
event. When disability prevented an adequate
response the closest relative or friend was

interviewed.
Akohol consumption Usual weekly con-

sumption was based on a seven day retro-
spective alcohol diary. "Drinks" of alcohol
were divided into; (i) beer, lager, or cider, (ii)
wine, (iii) aperitifs, and (iv) spirits. One drink
was equivalent to half a pint of beer, lager or

cider, a glass of wine, a glass of an aperitif, or

a tot of spirits. A "drink" is approximately
equivalent to 8 to 10 grams of absolute alco-
hol. The number of days on which each cate-
gory of drink was consumed was multiplied
by the usual daily number of drinks. The four
categories were then combined to provide the
weekly total: nil, not a regular weekly drinker;
light, up to 14 drinks; moderate, 15 to 29
drinks; heavy, > 29 drinks. Past alcohol
excess was designated by a positive response
to the question: "Have you (the subject) ever

been told by anyone that you (the subject)
drink too much alcohol?"

General practice and Dudley Road
Hospital notes were examined for the most

recent record of alcohol consumption. If a

record existed, an assistant, blinded to their
case/control status, then classified the drink-
ing category into four levels as outlined
above.
Body fat Harpenden skinfold calipers

were used to measure subscapular skinfold
thickness using standard methods.26 Two
records for each subject were made and the
mean calculated.

Standing height was measured, where pos-
sible, by standard methods26 using a portable
stadiometer. Lying height was measured in all
stroke patients admitted to hospital. A simple
regression equation, which related standing
and lying height among stroke patients who
could stand, enabled standing height to be
estimated for those unable to stand. All sub-
jects, when possible, were weighed in light
clothing using portable scales with an elec-
tronic display. Body mass index was calculat-
ed as weight in kilograms/(height in metres)2.
Subjects were asked; "What is the most you
have ever weighed?" The response was con-
verted into kilograms and combined with
measured/derived standing height to provide
maximum reported body mass index.
Measured/derived standing height was com-
bined with the maximum recorded weight, if
a record was available, in the general practice
or hospital notes to provide maximum
recorded body mass index. Sex specific
interquartile ranges among control subjects
were established for all measures of body fat.

Other potential risk factors Subjects were
grouped into four serial 10-year age groups
for analysis. Sex and race (black, white,
Asian, or other) were recorded for each indi-
vidual. Questionnaire responses were used to
assess social class (manual/non-manual), cig-
arette smoking history (never, former, cur-
rent), dietary saturated fat (four levels), and
perceived health status (good, average, poor).
Whether or not there was a history of the fol-
lowing was similarly determined; vigorous
exercise in the past month, walking more
than 1 mile in the past month, vigorous exer-
cise between 15 and 25 years of age, cardiac
ischaemia, hypertension, diabetes mellitus,
and familial stroke.

STATISTICAL ANALYSIS
An epidemiological computer software pack-
age (EGRET) was used to analyse the data.27
This program used methods described by
Breslow and Day28 to calculate odds ratios
(relative risks), their 95% confidence inter-
vals, and tests for trend in the odds ratios.
Mantel-Haentzel methods were used to pro-
vide an estimate of the odds ratio after adjust-
ment for one or two other variables.
Adjustment for several variables was made by
use of the multiple logistic regression model.
Regression models were all fitted using expo-
sure levels of a given risk factor as discrete
(factored) variables.

Results
One hundred and thirty seven stroke patients
with their first event were identified, 12 were
excluded (seven died before assessment),
leaving 125 cases for analysis (response rate
100%). Almost half of the stroke patients
were initially managed at a venue other than
Dudley Road Hospital, 34% remaining at
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Figure 1 Relation
between alcohol
consumption and stroke.
Multiple risk factor
adjusted results based on
124 cases and 196 controls
(covariables included in
the logistic models were;
age group, sex, race
[blacklnon-black],
cigarette smoking status
[never, former, and
current], quartile of
maximum reported body
mass index, quartile of
subscapular skinfold
thickness, dietary saturated
fat ifour levels], recent
vigorous exercise, recent
walking, and vigorous
exercise aged 15 to 25
years). Bars indicate 95%
confidence intervals.
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home. Cerebral infarction was diagnosed in
81 patients, intracerebral haemorrhage in
five, and subarachnoid haemorrhage in four.
Assessment was within 7 days of stroke onset
for 68% and within 14 days for 90% of cases.
Of the 220 controls selected and contact-

ed, 13 were excluded because of a history of
stroke (10) or warfarin treatment (three),
leaving 207 eligible subjects of whom 198
(96%) agreed to participate. The median age
of cases was 66 years and of controls 63
years.

REPRODUCIBII=Y OF REPORTED ALCOHOL
CONSUMPTION
Comparison of questionnaire responses and
previous medical records in both cases (n =
76) and controls (n = 86) revealed alcohol
consumption was within the same category
on both assessments in 62% of cases/controls
combined. Cases tended to be more consis-
tent than controls in reporting heavy alcohol
consumption.

ALCOHOL AND POTENTIAL CONFOUNDING
CHARACTERISTICS
Among the control population cigarette

Table Relation between level of alcohol consumption and stroke by sex, age group, and
history of cardiovascular disease

Odds ratio (95% confidence interval)

Drinks per week

0 1-14 15-29 >29

Men
Age adjusted (1-0) 0-46 0-71 0-83

(0-19-1-11) (0 24-2 08) (0 35-1 9)
[cases/controls] [34/35] [13/29] [9/13] [17/21]

Women
Age adjusted (1 0) 0.70

(0-29-1-68) - -
[cases/controls] [38/60] [13/33] [0/5] [1/2]

Age 35 to 64
Sex adjusted (1-0) 0-63 0-23 0-56

(0-24-1-63) (0-041-23) (0-17-1-66)
[cases/controls] [15/19] [21/55] [3/12] [11/20]

Age 65 to 74
Sex adjusted (1-0) 0 50 1-10 2-85

(0-22-1-15) (0-27-449) (0-54-16-6)
[cases/controls] [49/54] [13/29] [6/6] [7/3]

No cardiovascular disease history
Age/sex (1-0) 0-29 0-97 0 75
adjusted (0 09-076) (0 22-427) (0-21-2-52)
[cases/controls] [38/67] [6/42] [5/11] [8/19]

History of cardiovascular disease
Age/sex (1-0) 0-76 0 41 1-47
adjusted (0 43-2 86) (0-07-1-89) (0-47-17 8)
[cases/controls] [34/28] [20/20] [4/7] [10/4]

smoking was positively associated with alco-
hol consumption (trend in odds ratio p <
0-001). Non-drinkers, compared with light
and moderate drinkers, tended to be (i) in the
upper quartile of maximum reported (p <
0Q001) and maximum recorded (p < 0.01)
body mass index, (ii) not recent walkers (p <
0 05), and (iii) not vigorously active aged 15
to 25 years (p < 0 01). These trends were
seen in both sexes. Similar (non-significant)
trends were seen for body mass index, sub-
scapular skinfold, and recent vigorous exer-
cise. A non-significant association of heavy
drinking and high dietary saturated fat was
also noted.

ALCOHOL CONSUMPTION AND STROKE
The age and sex adjusted odds ratios relating
alcohol and overall stroke suggest little
adverse effect of heavy drinking but a protec-
tive effect of light/moderate alcohol consump-
tion (fig 1). To assess any influence of
possible confounding variables on the rela-
tion, adjusted odds ratios were computed for
all the variables listed in the methods. None
of these adjustments had an appreciable effect
on the odds ratio for heavy drinking. The
apparent protective effect of light/moderate
drinking was attenuated by adjustment for
age group, measures of overweight, and all
the indicators of inactivity. After multiple
adjustment of the odds ratios by potential risk
factors related to alcohol, no effect of any
level of alcohol consumption on stroke risk
could be detected (fig 1). When the relation
was analysed separately by- sex, similar pat-
terns were seen (table). Iultiple risk factor
adjustment produced an attenuation of the
apparent protective effect of light drinking in
both men and women (results not presented).
As previous workers have reported an

adverse effect of heavy alcohol consumption
in both younger stroke patients46 and among
those without a history of cardiovascular dis-
ease29 the alcohol/stroke relation was exam-
ined separately by age group and in those
with and without a history of hypertension or
ischaemic heart disease (table). In neither
assessment was any consistent difference
noted.
The age and sex adjusted odds ratios of

alcohol consumption during the 48 hours
before either stroke onset or the interview
(controls) were not perceptibly different from
that seen with the seven day alcohol history;
0-1 0, 1-4 drinks-0-48, 5-8 drinks-0 95,
and > 8 drinks-120.
A history of excessive alcohol consumption

appears to have little effect on the risk of
stroke; age and sex adjusted odds ratio-0'83
(95% confidence interval 0 33 to 1-35).
To examine the possibility that surrogate

responses could be distorting the results, an
analysis was performed which included only
those cases (n = 95) and controls (n = 196)
who answered the questionnaire themselves.
The age and sex adjusted odds ratios for
weekly alcohol consumption were similar to
the full analysis; nil- I 0, light-064, moder-
ate-061, and heavy-087.
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* = Age and sex adjusted
o = Multiple risk factor adjusted

Drinks per week

Because stroke patients seemed to be
reporting heavy alcohol consumption with a

similar frequency to controls, a check was

made towards the end of the study that heavy
drinking stroke cases were not being mis-
classified as moderate/light/non-drinkers. In a

sequential series of 18 stroke patients a blood
ethanol level was measured at presentation
(West Midlands Toxicology Laboratory).
Only two of the 18 revealed any ethanol in
the blood-in both patients but no others was
a 24 hour history of substantial alcohol con-

sumption reported ( > six drinks).
Results for proved cerebral infarction (n =

81) were similar to those for all stroke cases

(fig 2).

Discussion
The results of this project do not support the
hypothesis that recent regular heavy alcohol
consumption is an important risk factor for
either stroke as a whole or cerebral infarction
in particular. Modest effects of alcohol on
stroke risk, either beneficial or adverse, are

not excluded by these observations. This
finding is consistent with the effect of alcohol
observed with cardiovascular risk in cohort
studies.'>'2 The results do not, however,
exclude the possibility that heavy alcohol con-

sumption can precipitate cerebral haemor-
rhage as there were only nine patients studied
known to have this subtype. They also do not
exclude the possibility that on rare occasions
binge drinking can precipitate stroke,
although none was encountered in this study.
There is no suggestion, furthermore, that a

history of excessive alcohol consumption car-

ries an increased risk of stroke.
There may be several explanations for the

absence of an adverse effect of heavy drinking
on stroke, despite the broad consensus that
regular heavy alcohol consumption does ele-
vate blood pressure. Estimates of the effect of
alcohol on blood pressure indicate that a

5-10 mm Hg rise is the most that would be
expected. The consequent small increases in
risk may be epidemiologically imperceptible,
particularly with complex interrelationships
between potentially important risk factors
clouding any associations. A second possibili-
ty is that alcohol may adversely affect blood
pressure but may have some other protective
effect on the development of vascular disease

(for example on blood lipids) which produces
no net effect.

There are reasons to believe that the results
of this case control study are easier to inter-
pret than others in which an association
between stroke and heavy drinking was
found. The same structured questionnaire
and interviewer for both stroke patients and
controls was not reported as a feature of the
latter studies.49 Any tendency arising from
different interview styles in these studies
could have introduced an important recall
bias, perhaps tending to extract a more accu-
rate, and quantitatively greater, alcohol histo-
ry from stroke patients. When standardised
questionnaires and interviewers were used in
two recently reported hospital case control
studies, no adverse effect of heavy drinking
on cerebral infarction was seen.12 13

It is unlikely that selection biases could
have hidden a substantial adverse effect of
alcohol as the study was community based.
Examination of the hospital versus home
managed stroke patients in this study revealed
somewhat higher prevalences of heavy drink-
ing among hospital cases-16% versus 12%
respectively. This study also suggests selec-
tion bias can be a substantial problem among
controls. In the previous Dudley Road
Hospital study 4% of hospital controls con-

sumed > 29 drinks per week,7 whereas the
prevalence was 12% among community con-

trols in the present study.
It is inevitable that some stroke cases aris-

ing in the study population will not have been
detected. A group of patients with mild neu-
rological dysfunction will have either not
been recognised by the patient or not have
presented to any medical practitioner. Several
observations, however, provide some reassur-

ance that the vast majority of stroke patients
presenting to medical practitioners were

recruited; the overall incidence rate was simi-
lar to that in other studies,25 the proportion of
patients managed at home (34%) was around
that expected in this age group," and all prac-

tices and almost all general practitioners noti-
fied patients.
None of the assessments of possible recall

bias reported in the results indicated that this
was likely to obscure an adverse effect of alco-
hol. The tendency appeared, if anything, for
stroke patients to be more frank about their
heavy drinking.
The association of light drinkers with a

decreased risk of stroke is consistent with
many other studies of both cardiovascular
disease and stroke.7 161-213032 Dispute contin-
ues as to whether this is due to a protective
effect of alcohol or to the influence of con-

founding variables. The disappearance of the
protective effect of alcohol seen in this study,
when adjustment for other risk factors was
made, lends weight to the argument that the
association is a result of confounding.

Strong associations with alcohol consump-
tion were seen among the controls between
current but particularly past excessive body
fat and inactivity. These variables have not
been assessed in some recent epidemiological

3

2
0

Co
0)

0

Figure 2 Relation
between alcohol
consumption and cerebral
infarction. Based on 80
cases and 196 controls
(covariables included in
the logistic models were;
age group, sex, race
[black/non-black],
cigarette smoking status
[never, former, and
current], quartile of
maximum reported body
mass index, quartile of
subscapular skinfold
thickness, dietary saturated
fat ifour levels], recent
vigorous exercise, recent
walking and vigorous
exercise aged 15 to 25
years). Bars indicate 95%
confidence intervals.
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studies which have indicated a protective
effect of light drinking for coronary heart dis-
ease.20 21 The observed associations in this
population indicate that both lifelong exercise
and body fat patterns are likely to confound
any relation of alcohol consumption with car-

diovascular disease. Studies which fail to
address these interrelationships would appear

hard to interpret.
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