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Abstract
There is a lack of consensus among studies on the
possible risks of stroke from cigarette smoking;
because of this a meta-analysis was conducted. All
published data on the association were sought and
the relative risk for each study obtained whenever
possible. The pooled relative risks were calculated
by using estimates of the precision of the individual
relative risks to weight their contribution to the
meta-analysis. Thirty two separate studies were
analysed. The overall relative risk of stroke asso-
ciated with cigarette smoking was 1.5 (95% con-
fidence interval 1*4 to 1.6). Considerable differences
were seen in relative risks among the subtypes:
cerebral infarction 1*9, cerebral haemorrhage 07,
and subarachnoid haemorrhage 2-9. An effect of age
on the relative risk was also noted; <55 years 2.9, 55-
74 years 1*8, and -75 years 1.1. A dose response
between the number ofcigarettes smoked and relative
risk was noted, and there was a small increased risk
in women compared with men. Ex-smokers under
the age of 75 seemed to retain an appreciably
increased risk of stroke (1.5); for all ages the relative
risk in ex-smokers was 1-2.
The meta-analysis provides strong evidence of an

excess risk of stroke among cigarette smokers.
Stroke should therefore be added to the list of
diseases related to smoking.

Introduction
The relation between cigarette smoking and stroke

has never been clear cut. Reviews and major textbooks
over the past 10 years have considered smoking to be
either an unlikely or a possible but uncertain risk
factor."3 Some publications have suggested that
it carries a definite risk, but they have tended not
to mention the studies that did not support the
association.4 The lack of consensus is not surprising
because relative risks of between 0 5 and 3 0 would be
expected from existing publications. At these values
many studies would give non-significant results or even
suggest a reverse association not reflecting the true
pattern. This would be especially likely with smaller
studies.

If a consensus is to be achieved results of many
studies need to be considered together as individual
results seem contradictory. For this reason we thought
that a meta-analysis (sometimes called an overview) of
all available data was worth while. Meta-analyses have
been used mainly to improve the power in a series of
clinical intervention trials, some ofwhich had reported
non-significant trends.' Wald et al, however, used the
method to estimate a small increased risk of lung
cancer in passive smokers,6 and the relative risk of 1-3
in their report has been widely accepted as the best
information we have on the issue. We present the
results of our meta-analysis on smoking and stroke.

Methods
CRITERIA FOR SELECTING STUDIES

The publications reviewed in this analysis all pro-
vided information on the relation between cigarette

smoking and the incidence of cerebrovascular disease
and were epidemiological studies investigating possible
risk factors in people rather than populations. Studies
that examined the relation by using grouped population
data to assess geographical and time trends were not
included because they are less able to allow for
confounding variables and cannot be conveniently
compared with studies on individual people. The
studies analysed here, therefore, were both concurrent
and historical cohort studies, case-control studies, and
intervention trials. In many the association between
cigarettes and stroke was not of primary interest but a
byproduct of research examining other issues.

Strokes of all descriptions were examined as reliably
distinguishing subtypes may be difficult and restricting
the investigation to particular subtypes seemed of little
value. Also, from the public health point of view which
particular subtype of stroke a person suffers is often of
only academic interest. Our study, therefore, covered
categories 430-438 of the ninth revision of the Inter-
national Classification of Diseases, though precise
definitions varied between the investigations. These
categories covered cerebral infarction, cerebral
haemorrhage, and subarachnoid haemorrhage.

All reports that fulfilled these criteria were assessed.
Although the studies varied in quality, avoiding
possible biased selection was easier to achieve by this
policy. Nine studies were excluded from the meta-
analysis because they did not present data that could be
used to derive and weight a relative risk.7-'4

COLLECTING INFORMATION

Three studies on cigarette smoking and stroke
published in widely read medical journals over the past
two years were taken as the index references.4 516 All
reports referenced in these three reports were reviewed
to assess their eligibility for inclusion. This procedure
of cross checking references was continued until no
new studies were identified. Studies published after 1
May 1988 were not included.

Additional references were sought by using a Med-
line computer search with cigarette smoking, cere-
bral infarction, cerebral haemorrhage, subarachnoid
haemorrhage, and cerebrovascular disorders as key
words. A search back to 1965 identified only four
further publications that met the criteria for entry.
Care was taken to ensure that only one publication
from each survey was included in the analysis. When
there were several papers based on a single project the
most recent was used. The following details were
collected from each publication: name of study, design,
subtypes of stroke assessed, population characteristics
(for example, sex and age range), methods of dealing
with confounding variables, and all data on the
association between cigarette smoking and stroke. In
one large study (British doctors) the authors were
approached and supplied data not available in the
original publications.'7 18 We thought it impracticable,
however, to approach all authors for data not available
in their publications.

MEASURES OF RISK CHOSEN FOR META-ANALYSIS

The principal measure of risk chosen for this study
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TABLE i-Studies and data available for meta-analysis

Method of
estimating

Derivation variance of
Total No of relative Relative relative Data available for

Name and details of study of strokes risk risk risk subgroup analysis

Cancer society" 3313
Men 45-54 years
Men 55-64 years
Men 65-74 years
Men 75-84 years
Women 45-54 years
Women 55-64 years
Women 65-74 years
Women 75-84 years

Veterans" 1515
Washington county." 926

Mortality
Men, morbidity
Women, morbidity

British doctors'/ 470
Men
Women, 1-14 cigarettes/day
Women, 15-24 cigarettes/day
Women, >25 cigarettes/day

Framingham"' 459
Men
Women

Honolulu21 288
Nurses'" 274

1- 14 Cigarettes/day
15-24 Cigarettes/day
>25 Cigarettes/day

Alumni 273
Mortality
Morbidity

Chicago" 187
1-9 Cigarettes/day
10- 19 Cigarettes/day
>20 Cigarettes/day

Japanese doctors" 154
North Karelia" 128
Men, cerebral infarction
Men, other strokes
Women, cerebral infarction
Women, other strokes

Akabane/Asali32 121
Cerebral haemorrhage,

1-9 cigarettes/day
Cerebral haemorrhage,

10-19 cigarettes/day
Cerebral haemorrhage,
>20 cigarettes/day

Cerebral thrombosis,
1-9 cigarettes/day

Cerebral thrombosis,
10-19 cigarettes/day

Cerebral thrombosis,
>20 cigarettes/day

Longshoremen" 112
Whitehall' 91

1-9 Cigarettes/day
10-19 Cigarettes/day
>20 Cigarettes/day

California elderly patients" 73
Men
Women

Oxford Family Planning Association' 38
Subarachnoid haemorrhage
Non-haemorrhagic stroke

Contraception cohort3 34
Subarachnoid haemorrhage
Other strokes

Cigarette type' 824
Men, handrolled
Men, manufactured and handrolled
Men, manufactured
Women, manufactured

Canada case-control"' 606
Neurological hospitals' 504

Subarachnoid haemorrhage
Other strokes

New Zealand" 247
Subarachnoid haemorrhage
Other strokes

Helsinki" 211
Central Middlesex" 178
Tilberg' 126
Central Finland" 114
New York elderly patients4" 101
Glasgow" 88
Helsinki case-control" 54

*Number of strokes by smoking Illinois e 44
state. Ilni'4

i-Confidence intervals. Men
iRatio of two incidences. Women
5Cs-oto,2 x 2 tble San Diego" 40fCase-control, 2x2 table. Boston drug sureve' 14I|Ratio of two risks.

¶Derived from 2 x 2 table
(unmatched analysis) or discordant Medical Research Council
pairs data (matched analysis). Hypertension" 169
**Case-control, discordant pairs.

Cohort studies
Quoted in study

1-50
1-41
1-37
0-86
2 11
1-54
1-38
1 18

Quoted in study 1 52
Quoted in study

0-85
0-90
0-92

Rate ratio:
1-34
0-93
0-45
0-19

Quoted in study
1 21
1-30

Quoted in study 2-1
Quoted in study

2-2
2-7
3.7

Quoted in study
2-1
1-57

Risk ratioi,
1-29
0-85
0-81

Quoted in study 1 -42
Quoted in study

4-2
2-2
1-4
0-8

Quoted in study

1-9

1-5

1-2

2-7

1*9

2-4
Quoted in study 1 -03

Risk ratioll
1-0
2-0
2-3

Risk ratiohl
1-72
1-88

Rate ratiot
3-0
1-36

Quoted in study
5.7
4-8

Case-control studies
Quoted in study

Odds ratio¶
Odds ratio¶

* Sex, age, dose

* Sex, age, dose, ex-smoker
*t Subtype of stroke, sex, dose

* Subtype of stroke, sex, age, dose, ex-smoker

*% Subtype of stroke, sex

* Subtype of stroke, sex, age, dose, ex-smoker
* Subtype of stroke, sex, age, dose, ex-smoker

*5 Sex, age, dose

* Dose, ex-smoker

* Sex, dose, ex-smoker
t Subtype of stroke, sex

* Subtype of stroke, dose

* Subtype of stroke, sex, dose
* Sex, dose, ex-smoker

* Sex, ex-smoker

* Subtype of stroke, sex, age, ex-smoker

t Subtype of stroke, sex, age

5 Sex
1-03
1-06
1-05
1-10
2-17

2-44
0-66

Quoted in study
3-8
2-9

Odds ratio¶ 4-16
Odds ratio¶ 1-99

Quoted in study 1-2
Odds ratio¶ 2-79
Odds ratio¶ 2-11
Odds ratio¶ 3-44

Quoted in study 2-0
Quoted in study

Quoted in study
Odds ratio¶

Intervention trial

1-15
4-30
1-76
1-43

Quoted in study 2-29

** Subtype of stroke
Subtype of stroke, sex, ex-smoker

St Subtype of stroke, sex, dose, ex-smoker

Subtype of stroke, sex, age
Subtype of stroke, sex, ex-smoker
Dose

** Subtype of stroke, sex
Subtype of stroke, sex, dose
Subtype of stroke, sex, dose

t Subtype of stroke, sex, age, dose
t Subtype of stroke, sex, age

t
5 Sex, age

t
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was the relative risk of stroke among cigarette smokers
compared with non-smokers. This was the only
measure that could be obtained from both cohort and
case-control studies and thus enabled the maximum
number of publications to be included. A potential
problem with the use of relative risk is that it covers the
rate ratio, risk ratio, and odds ratio. As stroke is fairly
rare, however, the differences between these ratios are
minimal. If a publication enabled more than one
measure of relative risk to be derived the order
of preference was rate ratio, risk ratio, and odds
ratio. The principal estimates presented were the age
adjusted, multiple risk factor adjusted, or crude
relative risks; when more than one of these was
available preference was in that order, mainly because
the age adjusted relative risks were most commonly
available and thus the most appropriate to compare.
Crude rates were the least popular because of the likely
confounding effect of age, which is associated with
both the risk of stroke and cigarette smoking. When
relative risks were not provided they could, in many
instances, be derived (see table I for methods used).
When alternative definitions of cigarette smokers

were available the preferred option was those currently
smoking only cigarettes. The preferred definition of
non-smokers was those who had never smoked. Ex-
smokers were investigated separately. For each study
and each variable of interest within a study an attempt
was made to provide a summary relative risk. This was
not possible sometimes because of the form in which
the data were provided. In these cases the smallest
series of separate relative risks that covered all the data
were selected. For example, if relative risks by both
three age groups and four levels of cigarette smoking
were available the risks by age groups were chosen to
represent the study.

METHOD OF POOLING AND WEIGHTING DIFFERENT
ESTIMATES OF RELATIVE RISK

The estimates of relative risk were all transformed
to their natural logarithm before pooling. The dis-
tribution of the natural logarithm of the relative risk is
closer to normal than that of the untransformed value.
After pooling we transformed the natural logarithm of
the relative risk to its antilogarithm for presentation.
When we pooled the relative risks of different

studies we weighted the relative risk from studies
according to the precision of the estimate. The method
adopted for weighting entailed calculating the inverse
of the variance of the natural logarithm of the relative
risk.'9 In cohort studies the variance of the natural
logarithm of the rate ratio can be approximated to
1/exposed cases + 1/unexposed cases.20 The same
approximation is not unreasonable for risk ratios when
the denominator is far larger than the number of
cases. In case-control studies the variance of the
natural logarithm of the odds ratio is 1/exposed cases
+ 1/unexposed cases + 1/exposed controls + 1/un-
exposed controls.20 In matched studies an estimate of
the variance of the natural logarithm of the odds ratio is
calculated from discordant pair data: 1/exposed cases
matched with unexposed controls + 1/exposed con-
trols matched with unexposed cases.20 If the above data

TABLE iI-Estimated relative risk of stroke in cigarette smokers
compared with non-smokers by subtype ofstroke

No of Pooled relative
estimates risk (95%

Subtype of stroke analysed confidence interval)

Cerebral infarction 22 1 92 (1-71 to 2 16)
Haemorrhagic stroke 7 1 01 (0 81 to 1-26)
Intracerebral haemorrhage (excluding

subarachnoid haemorrhage) 4 0 74 (0 56 to 0-98)
Subarachnoid haemorrhage 10 2-93 (2-48 to 3-46)

were not available the variance could be derived from
confidence intervals provided2' (see table I for the
different methods of weighting used in each study).
The weights obtained from the inverse of the

variance of the natural logarithm of the relative risk
were used to estimate confidence intervals. The vari-
ance of the pooled natural logarithm of the relative risk
is 1/sum of individual natural logarithms of the relative
risk weights."' Confidence intervals were presented
after antilogarithmic transformation.

Results
Table I gives details of the 32 projects in 36

publications that were analysed. Seventeen of these
studies were cohort studies, 14 case-control studies,
and one a hypertension intervention trial. In 19 of the
32 studies estimates of relative risk were available
(table I), but only eight included a relative risk that
summarised the whole study. Studies that presented
separate estimates of relative risk were subdivided by a
range of variables: age, sex, subtype of stroke, number
and type of cigarettes smoked, and mortality and
morbidity.

ALL STROKES AND ALL CIGARETTE SMOKING

The survey yielded 69 separate estimates of relative
risk. These ranged widely, from 0-19 to 5 7, but
increased in stability as the size of each study
increased-that is, 0-66 to 4-16 for studies with 100 or
more strokes and 0 85 to 2 44 for studies with over 500
cases. The estimated overall relative risk of stroke for
cigarette smoking was 1 51 (95% confidence interval
1 45 to 1 -58). Even after the number of cases of stroke
on which each relative risk was based was used to
weight the data when the relative risk was pooled, the
results remained 1 5.

Stroke risk by subtype of stroke
Before this meta-analysis there was general agree-

ment that cigarette smoking was associated with sub-
arachnoid haemorrhage. We thought it important,
therefore, to examine the possibility that cigarettes
cause subarachnoid haemorrhage but not other sub-
types of stroke. If this were so the positive association
seen with subarachnoid haemorrhage would produce a
much diluted positive association for all strokes
combined. As subarachnoid haemorrhage can usually
be distinguished clinically from other subtypes of
stroke we examined all the data on stroke excluding
cases diagnosed as subarachnoid haemorrhage. The
weighted, pooled relative risk after we excluded sub-
arachnoid haemorrhage in 35 separate relative risk
estimates was 143 (95% confidence interval 1-33 to
1-55).
We investigated the risks for cigarette smoking in

the three main subtypes. The diagnosis of cerebral
infarction included both cerebral thrombosis and
cerebral embolism as distinguishing the two is often
impossible. Within the subtype cerebral haemorrhage
were included some studies in which the stroke was
defined as haemorrhagic and possibly also included a
small proportion of subarachnoid haemorrhages.263339
An estimate that excluded these studies was also per-
formed. Those strokes grouped as subarachnoid
haemorrhages in the analysis included all the patho-
logical types-that is, aneurysmal, arteriovenous mal-
formation, or primary (origin unknown).

Table II shows data that suggest that there are
differences in the relative risks for cigarette smokers
between the subtypes. Subarachnoid haemorrhage was
clearly associated with cigarette smoking, and cerebral
infarction was almost twice as likely in cigarette
smokers as non-smokers. The results for cerebral

BMJ VOLUME 298 25 MARCH 1989 791

 on 17 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.298.6676.789 on 25 M
arch 1989. D

ow
nloaded from

 

http://www.bmj.com/


haemorrhage did not show any clear association. The
relative risk of cerebral haemorrhage was strongly
influenced by a single study (neurological hospitals)
with a relative risk considerably less than 1 0."

RISK BY SEX, AGE, AND NUMBER OF CIGARETTES SMOKED

When data were subdivided by sex they were
analysed separately. The results (table III) indicated a
small difference in relative risks between the sexes
with pooled relative risks of 143 and 1-72 for men
and women respectively. To examine this apparent
difference further we restricted the analysis to more
immediately comparable data-that is, studies of both
men and women. This analysis produced similar
results with relative risks of 1 32 and 1 56 for men and
women respectively.

Studies that presented data within only selected age
bands were included in the analysis of relative risk by
age. A clear trend was seen in relative risk as the age at
the time of stroke increased (table III). The relative
risk of 2 9 in those aged under 55 was unchanged when
the subarachnoid haemorrhage study (Oxford Family
Planning Association) was excluded.56 No large study
has ever shown anything other than a positive asso-
ciation between cigarette smoking and stroke in people
aged under 75. Large studies, however, have on several
occasions indicated little or even a negative association
in elderly people.
To determine the relative risk of stroke by the

number of cigarettes smoked the data were grouped
into three categories: low consumption-mainly less
than 10 cigarettes a day; intermediate -mainly between
10 and 20 cigarettes a day; and high-20 or more
cigarettes a day. The pooled relative risk estimates
indicated a dose response from 1 37 in light smokers to
1 82 in heavy smokers (table III).

TABLE Il-Estimated relative risk of stroke in cigarette smokers
compared with non-smokers by sex, age, and number of cigarettes
smoked

No of Pooled relative
estimates risk (95%

Variable analysed confidence interval)

Sex:
Men 32 1-43 (135 to 1-52)
Women 31 1 72 (1-59 to 1-86)

Age:
<55 1 1 2-94 (2 40 to 3 59)
55-74 8 175(156to197)

¢75 6 1 II (0-96 to 1-28)
Cigarettes/day:
Low (mainly <I0) 21 137 (1-24 to 1-52)
Intermediate (mainly 10-20) 20 1-45 (1 33 to 1-57)
High (>20) 33 1l82 (1 70 to 1-96)

EX-SMOKERS AND STROKE

The pooled relative risk associated with being an ex-
smoker derived from 18 separate relative risk estimates
was somewhat increased at 1 17 (95% confidence
interval 1 05 to 1-30). This relative risk increased to
147 (115 to 188) when the studies included were
restricted to those with patients who suffered their
stroke when under the age of 75. 1634)6

ASSESSMENT OF THE INFLUENCE OF POSSIBLE
CONFOUNDING VARIABLES

In all studies confounding by age was dealt with by
age adjustment, matching, or restriction of the age
group studied. As cigarette consumption is only
weakly linked to age it seems unlikely that any residual
confounding by age could have produced the observed
association.

Blood pressure and possibly obesity are risk factors
for stroke and also may be influenced by smoking.
Most evidence suggests that cigarette smokers are
thinner and have lower blood pressures than non-

smokers. Almost certainly smoking causes these
changes in blood pressure and weight. This suggests
that adjustment for blood pressure or weight may
overestimate the risks from cigarette smoking. This
increase in the relative risk was seen in all the eight
relative risk results from four studies (table IV). When
pooled the relative risks adjusted for age and blood
pressure or obesity, or both, were substantially higher
than those adjusted for age alone.

TABLE IV-Relative risk of stroke in cigarette smokers compared with
non-smokers adjustedfor age andfor age, blood pressure, and obesity

Relative risk adjusted by:

Age, blood
No of pressure, and

Name and details of study strokes Age obesity

Framingham:
Men 221 121 22
Women 238 1 30 2-5

Honolulu 288 2-10 2-5
Nurses:

1-14 Cigarettes/day 110 2-20 2-5
15-24 Cigarettes/day 126 2-70 2 9
¢25 Cigarettes/day 123 3 70 3-8

California elderly patients:
Men 39 1-72 2-0
Women 34 1-88 3-9

Pooled total (95% 1-9 (1 6 2-6 (2-3
confidence interval) to 2-1) to 2-9)

Alcohol consumption has been linked to stroke in
some but not all investigations."4 Excessive alcohol
consumption is associated with cigarette smoking.5"
Table V presents those studies that measured alcohol
consumption and adjusted for it in the analysis. The
association of stroke with cigarette smoking seemed to
remain after adjustment for alcohol consumption;
indeed, adjustment in these studies tended not to
reduce the relative risk, which suggests that alcohol
consumption is not an important confounding variable.
Furthermore, the excess risk in women compared with
men argues strongly against the possibility that the
relation between stroke and cigarette smoking is the
result of the confounding effect of alcohol.

TABLE V-Relative risk of stroke in cigarette smokers compared with
non-smokers in studies that adjustedfor alcohol intake

Relative risk
Name and details of study No of strokes (95% confidence interval)

Honolulu 288 2-50 (2-0 to 3 3)
Illinois:
Men 25 103 (0-72 to 1-48)
Women 29 3-88 (1-79 to 8-41)

Helsinki case-control 54 2 00 (0 5 to 7-5)

Pooled total 2-4 (1 9 to 2-9)

ASSESSMENT OF POSSIBLE PUBLICATION BIAS

We assessed the possibility that the selective
publication of studies indicating a positive association
might produce a misleading picture. Figure 1 plots the
relative risk against the number of strokes on which the
relative risk was based. Publication bias would be
suspected if there was a deficit of estimates in small
studies which were around or below 10. We would
expect the larger studies to lie closer to the marked
"true" value shown by the vertical broken line.
Although the spread of points was not entirely even the
pattern still suggested that there was an association
between cigarette smoking and stroke. The most likely
explanation for this uneven pattern is that larger
studies tend to include many older patients, who seem
to have a lower relative risk. Figure 2, which plots only
strokes in patients aged under 55, is more evenly
distributed and would support this explanation.
As large studies are almost always published the
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FIG 1-Relative risk plotted against number ofstrokes in study for all
data on relation betzween stroke and cigarette smoking (broken line
shows overall value)
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FIG 2-Relative risk plotted
against number ofstrokes in
study for data on relation
between stroke and cigarette
smnoking in patients aged under 55

scope for publication bias among them is reduced. The
relative risk for studies with more than 500 cases was
1 3, with more than 100 cases 1-5, and with more than
50 cases 1-5.

Discussion
The results of this meta-analysis provide strong

evidence of the excess risk of stroke among cigarette
smokers. Stroke should, therefore, be firmly added to
the list of diseases related to smoking. The overall
excess relative risk of50% is modest by epidemiological
standards but reflects a large potential for preventing
stroke. Neither publication bias nor the confounding
effects of age, obesity, blood pressure, or alcohol
seemed to account for the findings. The dose response
noted adds further weight to the case against cigarettes.
In view of the increased risk among ex-smokers
smoking probably causes strokes principally through
structural damage to the arterial walls of an athero-
matous nature. Structural damage of an aneurysmal
form may well be responsible for causing subarachnoid
haemorrhages.
The meta-analysis allowed examination of the vari-

ation in the risks of cigarette smoking by subtype of
stroke, sex, age, and number of cigarettes smoked. Not
unexpectedly, large differences in the risk were found
with some variables. Subarachnoid haemorrhage was
considerably more common among smokers than non-
smokers-. all studies showed an excess risk -but other
strokes also seemed to be related to smoking. The
increased risk of cerebral infarction was not surprising
in view of the well established dangers of cigarette
smoking for other atherosclerotic disorders -namely,
heart attacks and peripheral vascular disease. This
study did not, however, confirm smoking as a cause of
cerebral haemorrhage, but any adverse or beneficial
effect of cigarettes for this condition is small. Con-
siderably more data and better diagnosis with com-
puted tomography will be required for the picture to
become clearer.
A small difference was seen between the sexes with a

greater risk for women. A recent analysis of the
Medical Research Council's trial on mild hypertension
suggested significantly greater risks of cardiovascular
disease related to stroke in women.56 These are fairly
new findings and have implications for health pro-
motion strategies. Reasons for the differences are
speculative and may include a higher dose per unit of
body mass from a single cigarette in women, the
concurrent use of oral contraceptives, and even a small
protective effect of the widespread use of alcohol in
men who smoke.
One of the most striking findings from this meta-

analysis was the changing relative risk with age. The
risks of stroke associated with smoking are apparently
present in all age groups but are far greater in younger
people. In those publications that provided data

stratified by age the trend was for a decreasing relative
risk with age. This finding may explain the incon-
sistencies seen among studies. Coronary heart disease
seems to have a similar pattern of falling relative risk
for smoking with age.'7 The explanation for this effect
is not clear but may be that similar differences in risk
produce more distinct relative risk values in the young
when the disease is rare. An additional contributory
factor may be less accurate diagnosis in older patients,
producing an apparent dilution of any true effect. Old
smokers may also be more cautious or lighter smokers
with consequently reduced risks.
The increased risks of stroke of ex-smokers, when

noted, have usually been considered unlikely.46 The
meta-analysis suggests that ex-smokers have around a
50% increased risk of suffering a stroke before the age
of 75. The possibility that some people who reported
themselves as ex-smokers were in reality current
smokers cannot be dismissed. The diminishing relative
risk with age was again apparent in ex-cigarette
smokers.

Examination of adjusting for obesity or blood
pressure, or both, on the relative risk of stroke
associated with cigarette smoking produced a distinct
effect: the adjustment seemed to increase the relative
risk. As cigarette smoking seems to lower weight and
blood pressure the adjustment might seem unreason-
ably to overestimate the effect of smoking. Possibly in
the Framingham study the value adjusted for blood
pressure was presented because it was significantly
higher, whereas the value adjusted for age, though
higher, failed to reach the required p value of 0-05.4

All the above conclusions depend on an acceptance
of the validity of meta-analysis. The principal criticism
is that studies and populations that are clearly different
are being grouped together on the assumption that they
are similar. Even within many individual studies,
however, groups that are likely to differ substantially
have been combined so the same problems apply to
both individual studies and combined results. An
advantage of meta-analysis is that it allows examination
of subgroups when individual studies have inadequate
numbers. While different studies have used different
methods-for example, questionnaires-it seems un-
likely that differences in detecting cigarette smokers
would have introduced any serious errors or altered the
conclusions.

We thank Ms Lucy Carpenter for advice on statistical
methods for epidemiology; Mrs Julie Evans for providing a
Medline computer search; Mrs Dilys Thomas, who produced
the figures; and Mr Richard Gray, who provided data from
the British doctors cohort.
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ONE HUNDRED YEARS AGO

An interesting ceremony took place recently at a meeting of the Boston
Medical Library Association, when Dr. Oliver Wendell Holmes formally
presented his medical library to the Association. Dr. Holmes was
president of the Association from its formation in 1875 until last year. Its
library has now grown to be one of the most important in the United States.
In making the presentation, Dr. Holmes delivered a very charming little
address, which is printed in the Boston Medical and Surgical Journal. He
briefly sketched the growth of his collection, which ranges in time from a
black letter copy of Avicenna, dated 1490, to Dr. Whitla's Pharmacy,
Materia Medica, and Therapeutics, dated 1889. He said, with great truth,
"the most interesting parts of a miscellaneous medical library are its oldest
and its newest portions. Between these is a long, dreary interval filled up by
books not old enough to be curious or even rare, and not new enough to
represent the existing state of knowledge. I am thinking especially of
works on practical medicine." But even for some of these he had a good
word-even for some of the worst of them. "Do not look with contempt on
such of your old books as seem to be mere treasuries of unwisdom. The
debris of broken systems and exploded dogmas form a great mound, a
Monte Testaccio of the shards and remnants of old vessels which once held
human beliefs. If you take the trouble to climb to the top of it you will
widen your horizon, and in these days of specialised knowledge, your
horizon is not likely to be any too wide." Dr. Holmes, whose name is still
borne on the books of Harvard University as Emeritus Professor of
Anatomy, waxed eloquent on some of his old illustrated works on anatomy.
He spoke lovingly of the splendid plates of Albinus, of the folio edition of
Vesalius. "The figures," he said, "in the huge volume of Spigelius will
always attract attention, for the grace and beauty of the females who

display their viscera as if they were their jewels and laces. These are not
likely to be overlooked by the lovers of undisguised Nature and naked
truth." The day of extensive private libraries dealing with the whole
domain of medicine is past, and Dr. Holmes appeared disposed to adopt
the views expressed by one of the librarians of the British Museum, that
"there is no reason why private libraries should exist except as feeders of
great public collections." Mr. Winsor, the librarian of Harvard University,
qualified this opinion as "an eminently British sentiment," and Dr.
Holmes, at least, appears to consider it a sound one. "Since medicine," he
said, "has run into specialties, as it did thousands of years ago in Egypt,
there must be forming great numbers of private libraries, more or less
complete in these particular subjects;" by example, if not by precept, he
teaches that such collections should find their way on to the shelves of great
public libraries. There is much practical wisdom in his opinion that the
modern practitioner who possesses a few good manuals, and takes one or
more of the best medical journals, can get on with a very small library; for a
working physician, he said, is generally either an "optimist satisfied with
his old remedies and formulx, or he is in a state of chronic discontent with
his drugs and mixtures, and constantly on the look-out for something
which will do what so many other things have promised to do and failed."
Boston may well be proud of Dr. Holmes; his name is known wherever the
English tongue is spoken, but to none do his writings appeal more directly
than to his brethren of the great profession of medicine. To how manv
young men have not his cheery words and hopeful doctrines come almost
as a revelation, teaching them, perhaps, more of the true aims of their art
and the true spirit in which it ought to be followed than all the formal
discourses of the systematic lecturers. (British Medical,Journal 1889;i:488)
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