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Body fat and stroke: unmasking the hazards of
overweight and obesity

Roger Shinton, Gian Sagar, Gareth Beevers

Abstract
Study objective - It has been frequently
noted that overweight and obesity have a
stronger relationship to hypertension and
diabetes mellitus than to the risk ofstroke.
The reason for this observation has not
been clear. This study aimed to examine
the lifelong relation between body fat and
stroke to shed light on why the public
health risks ofoverweight and obesity have
tended to be obscured in previous epi-
demiological studies.
Design - Case-control study.
Setting - Eleven general practices in west
Birmingham.
Participants - Altogether 125 men and
women who had just had their first stroke
and were aged 35-74 years and 198 controls
frequency matched for age and sex were
recruited over 24 months during 1988-90.
Main results - Those in both the thinnest
and fattest quartiles of subscapular skin-
fold thickness were at increased risk of
stroke compared with those in the middle
quartiles (age adjusted odds ratios 2-12
(95% confidence interval (CI) 1*2, 3.9) and
2*08 (1.1, 3.8) respectively). When lifelong
maximum reported body mass index was
assessed the hazards of obesity but not
leanness were seen (odds ratio for the high-
est versus the lowest quartile were - age
adjusted, 1*54 (0.8, 3.0) and multiple risk
factor adjusted, 2-25 (1.1, 4.5). This life-
long pattern of risk seemed to be es-
tablished early, the odds ratios for the
highest versus the lowest quartile of re-
ported body mass index aged 21 years were
- age adjusted, 2-18 (1.1, 4.4) and multiple
risk factor adjusted 2-13 (1.1, 4.2). The
risks of both maximum reported body
mass index and reported body mass index
aged 21 years were more clear in those
who had never smoked cigarettes (test for
trend in odds ratio, p=0'009 and p=002
respectively).
Conclusions - Potentially important risks
of excessive body fat for stroke can be
obscured by both a history of cigarette
smoking and thinness associated with de-
teriorating health. The results seem to ex-
plain why excess body fat has previously
been consistently related to hypertension
and diabetes mellitus but less consistently
to stroke. Avoiding overweight and obesity
during adult life offers protection against
stroke.

(Jt Epidemiol Community Health 1995;49:259-264)

The relationship between body fat and stroke
has remained surprisingly unclear. Expert com-
mittees have not yet agreed that overweight is
an established risk factor for stroke, although
it is accepted to be causally related to hy-
pertension and diabetes mellitus, both ofwhich
are risk factors for stroke.'2 Many cohort stud-
ies seem to indicate little or no adverse risk
for stroke with increasing levels of body mass
index.''0 It is unclear, however, why overweight
is less clearly linked to stroke than it is to
hypertension.
Assessment of body fat in epidemiological

studies has, conventionally, used relative weight
or body mass index. There is now increasing
interest in the role of central or truncal body
fat as a stronger indicator ofboth cardiovascular
and stroke risk than body mass index." 2 These
initial observations were based on modest num-
bers of stroke patients and warranted in-
vestigation in studies with larger patient
numbers.
There is suggestive evidence from a north

Carolina cohort yielding 27 strokes, that the
lifelong history of body fat is important in the
development of stroke." This observation has
not been followed up but suggested the value
of a case-control approach inquiring retro-
spectively into indices of obesity over a lifelong
span. To explore further the nature of the
relation between body fat and stroke, sub-
scapular skinfold thickness, body mass index,
and lifelong patterns of body fat were assessed
in a community based case-control study which
aimed to examine a range of lifestyle related
risk factors for stroke - the west Birmingham
stroke project. The case-control approach al-
lows indices of obesity at the time of the stroke
to be assessed together with lifelong patterns.

Methods
The detailed methods of the case-control study
have been previously described."'"' People re-
gistered with 11 general practices in west Bir-
mingham comprised the study population of
101 000.

STROKE PATIENTS
Stroke patients included were male and female
patients between the ages of 35 and 74 years,
whose first stroke occurred between 1 October
1988 and 30 September 1990. Patients were
assessed for inclusion by one of us (RS) using
the standard World Health Organization cri-
teria - rapidly developing clinical signs of focal
and at times global (applied to patients in
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deep coma and to those with subarachnoid
haemorrhage) loss of cerebral function, with
symptoms lasting more than 24 hours or lead-
ing to death, with no apparent cause other than
that of vascular origin.'6 To ensure maximum
recruitment, a representative in each practice
was telephoned weekly and admission records
for Dudley Road Hospital were regularly
checked for patients with preliminary diagnoses
suggestive of stroke. Both hospital and com-

munity stroke patients, if fit, were offered a

computerised tomogram of the head (without
contrast). Cerebral infarction was diagnosed if
a head scan or necropsy was performed within
21 days of stroke onset and there was either
no evidence of haemorrhage or a pattern of
predominant infarction. The following char-
acteristics excluded stroke patients from the
study; a prior history ofstroke (but not transient
ischaemic attack), a history of mitral valvular
heart disease combined with atrial fibrillation,
a history of primary or metastatic cerebral neo-
plasm, a history of coagulation disorder or

myeloproliferative disease, patients dying be-
fore assessment could be made, and those de-
clining participation.

CONTROL SUBJECTS
Subjects were randomly selected from the gen-
eral practice population to match broadly by
age and sex the incident stroke case distribution
(frequency matching). A high response rate
was sought through close liason with the general
practitioner when the subject was approached.
The same exclusions applied as for stroke
patients.

ASSESSMENT
The cases and controls were all anthropo-
metrically assessed and interviewed by a single
observer (RS) using a standard structured ques-
tionnaire. Stroke patients were seen as soon

as possible after the event. When disability
prevented an adequate response the closest
relative or friend was interviewed. Harpenden
skinfold calipers (John Bull British Indicators
Limited, England) were used to measure

subscapular skinfold thickness by standard
methods.'7 Skinfold measurements were, with
few exceptions, recorded with the subject
seated. Two records for each subject were made
and the mean calculated. All subjects, when
possible, were weighed in light clothing using
recently calibrated portable scales with an

electronic display (Soehnle, West Germany).
Standing height was also measured, when pos-
sible, by standard methods'7 using a portable
stadiometer (CMS Weighing Equipment Lim-
ited, London). Body mass index was calculated
as weight in kg/(height in m)2. Lying height
was measured in all stroke patients admitted
to hospital. For lying height the subject lay on
his/her back and an assistant ensured the heels
were correctly positioned at the base of the
stadiometer. A simple regression equation
which related standing and lying height among
stroke patients who could stand enabled stand-
ing height to be estimated for those unable to

stand. Cases and controls were asked; "What
is the most you have ever weighed?" and "About
how much did you weigh when you were 21
years old?" The responses were converted into
kg and combined with measured/derived stand-
ing height to provide maximum reported body
mass index and reported body mass index aged
21.
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. For all measures of body fat
subjects were categorised by quartiles derived
from control subjects; these were established
separately for males and females. Variables
which could confound or interact with the
relation of body fat and stroke were assessed
by questionnaire and have been detailed
previously.1415 Local ethical committee ap-
proval had been obtained for the study.

STATISTICAL ANALYSIS
A computer software program (EGRET)'8
using methods described by Breslow and Day'9
was used to calculate odds ratios (relative risk),
their 95% confidence intervals and test for
trend in the odds ratios. Mantel-Haentzel
methods were used to provide an estimate of
the odds ratio after adjustment for one or two
other variables. Adjustment was performed
using the multiple logistic regression model if
there was a need to adjust for more than 2
variables. Regression models were fitted using
exposure levels of a given risk factor as discrete
(factored) variables. Agreement between re-
ported weights was assessed using 95% limits
of agreement.20

Results
One hundred and twenty five eligible stroke
patients were identified over two years. Of the
excluded patients 30 had had a prior event, 8
had died before assessment was possible, 3
had haematological disorders, and 1 had mitral
valve disease with atrial fibrillation. No stroke
patient (or relative) declined to participate.
Cerebral infarction was diagnosed in 81
patients, intracerebral haemorrhage in five, and
subarachnoid haemorrhage in four. In the re-
maining 35 patients, computed tomography
within 21 days was either impossible or de-
clined by the patient, relative, or attending
physician. Assessment was within 7 days for
85 (68%) and within 14 days for 112 (90%)

Table I Relation between subscapular skinfold thickness
and stroke

Subscapular skinfold Age adjusted odds ratio No of cases:
thickness (95% CI) no of controls

Males:
Ist quartile 1-0 24:25
2nd quartile 0-67 (0-25, 1-76) 16:25
3rd quartile 0-38 (0-12, 1-09) 9:23
4th quartile 0-99 (0 37, 2 28) 24:25
Females:
1st quartile 1-0 19:25
2nd quartile 0-44 (0-11, 1-36) 6:25
3rd quartile 0 43 (0-13, 1-38) 10:25
4th quartile 1-08 (0-39, 3 00) 17:25
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261Unmasking obesitylstroke relation
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Table 2 Relation between body mn

Age adjusted
(95% CI)

Body mass index:
1st quartile 1.0
2nd quardle 0-81 (0-38,
3rd quartile 0 53 (0-23,
4th quartile 0-66 (0 30,
Maximum reported body mass index:
1st quartile 1.0
2nd quartile 1-09 (0-53,
3rd quartile 0-74 (0-33,
4th quartile 1-54 (0-79,
Maximum recorded body mass index
1st quartile 1.0
2nd quartile 0-69 (0-28,
3rd quartile 059 (0-24,
4th quartile 1-19 (0-54,
Reported body mass index aged 21:
1st quartile 1.0
2nd quartile 0-66 (0-29,
3rd quartile 1-07 (0-51, '

4th quartile 2-18 (1-14, i

3 - The median ages of the patients with stroke
and the controls were 66 and 63 respectively.
Surrogate responses were required for 30 of
the 125 cases and 2 of the 198 controls.

2-

SUBSCAPULAR SKINFOLD THICKNESS
The following values defined quartiles for sub-

0 scapular skinfold thickness - males; 13-7, 17-9,
1 ------------- and 23-3 mm, females; 15-2, 22-5 and

30-1 mm. The age adjusted relation between
subscapular skinfold and stroke was "U"

I shaped in both males and females (table 1). As

o similar patterns were seen in both sexes the
0) 1 2 3 4 results were pooled (fig 1). Individual ad-
Subscapular skinfold thickness (quartile) justment of the crude odds ratio by the fol-

lowing had a negligible effect; race, social class,
ire 1 Relation between subscapular skinfold and cigarette smoking, alcohol consumption, ex-
be. * =Age adjusted, 0 =multiple risk factor ercise aged 15 to 25, recent exercise, dietary
isted (age group, race (blacklnon-black), smoking ercisead1 o 2,rc exercis, dietaryis (never, former, and current), dietary saturatedfat fat, history of cardiac ischaemia, and family
evels), and exercise aged 15 to 25 (yes/no) were history of stroke. Adjustments for diabetes and
ided in the model). Bars indicate 95% confidence hypertension history reduced the relative risk
rvals. seen among subjects in the upper quartile: the

odds ratio for upper versus lower quartiles
cases. Altogether 198 (96%) of the 207 were, unadjusted - 0-95, adjusted for history
rible control subjects agreed to participate. ofhypertension - 0 80, and adjusted for history
was originally estimated that recruitment ofdiabetes mellitus - 0-77. Multiple risk factor
uld yield about 150 cases and 150 controls. adjustment of the relation in both sexes com-

bined made the "U" shape more, rather than
less, pronounced (fig 1). The inclusion of hy-

ass index during life and stroke pertension history and history of diabetes in
odds ratio Multiple rsk factor adjusted No of cases: the adjustment was not considered appropriate

odds ratio* (95% CI) no of contols as it is now widely accepted that these two risk
factors are in substantial measure a con-

1-72) 10°67(0-3 31:52 sequence of overweight. Adjustment would,17) 0-67 (0-31, 141) 22:47
1-12) 0-58 (0-26,1-30) 18:51 therefore, only be appropriate in exploring the
1-44) 0-72 (0-32, 1-59) 19:48 extent to which hypertension and diabetes were

1(0 28:50 part of a causal pathway involving overweight
2-26) 1-37 (0-66, 2-82) 29:49 and stroke. As a prestated objective ofthe study1-57) 0-99 (0-46, 2-14) 21:47
3-05) 2-22 (1-11,4-43) 46:50 was to examine a possible increased risk in thin

1-0 28:34 as well as overweight people, an analysis was
1-63) 0 61 (0 26, 147) 19:32 conducted comparing the upper and lower
2167) 1-52 (0-67,3-44) 33:31 quartiles with the middle two. The odds ratios,

1-0 25:51 adjusted for age, for the lowest quartile was:
1-47) 0-59 (0-27,1-31) 17:50 2-12 (95% CI 1-2, 3-9) and for the upper
226) 1 07 (0-51, 224) 26:47 quartile: 2 08 (95% CI 11, 3 8).
4-J*) h-13 (1-US, 4-'U) 54:49

* Multiple risk factor adjusted included age group, race (black/non-black), smoking status (never,
former, and current), dietary saturated fat (4 levels), and exercise aged 15 to 25 (yes/no) in the
logistic regression model.

Table 3 Relation between body mass index during life and cerebral infarction
Age adjusted odds ratio Multiple risk factor adjusted No of cases:
(95% CI) odds ratio* (95% CI) no of controls

Body mass index:
1st quartile 1.0 1.0 20:52
2nd quartile 0-85 (0-36, 2 02) 0-70 (0 30, 1-64) 15:47
3rd quartile 0-68 (0-28, 1-61) 0-81 (0 34, 1-95) 15:51
4th quartile 0-59 (0-23, 1-51) 0-65 (0-25, 1-64) 11:48
Maximum reported body mass index:
1st quartile 1.0 1 0 21:50
2nd quartile 0-85 (0-36, 1-95) 1-08 (0 47, 2.48) 17:49
3rd quartile 0-60 (0-25, 1-46) 0-85 (0-36, 2-03) 14:47
4th quartile 1-19 (0-55, 2-56) 1-75 (0-81, 3-79) 28:50
Maximum recorded body mass index:
1st quartile 10 10 18:34
2nd quartile 0-63 (0-22, 1-70) 0-55 (0-20, 1-51) 11:32
3rd quartile 0-53 (0-18, 1-47) 0-61 (0-22, 1-65) 11:33
4th quartile 1-20 (0-49, 2-98) 1-67 (0-68, 4-11) 23:31
Reported body mass index aged 21:
1st quartile 10 1 0 21:51
2nd quartile 0.50 (0-20, 1-25) 0 40 (0-16, 0-99) 11:50
3rd quartile 0-89 (0-39, 2-02) 0-88 (0-39, 1-99) 18:47
4th quartile 1-43 (0-68, 3-07) 1-37 (0-64, 2-90) 30:49
* Multiple risk factor adjusted age group, race (black/non-black), smoking status (never, former
and current), dietary saturated fat (4 levels) and exercise aged 15 to 25 (yes/no) in the logistic
regression model.

BODY MASS INDEX AND STROKE
Standing height and weight could be measured
in all control subjects and 90 ofthe less disabled
stroke patients. Quartiles of body mass index
(kg/m2) were defined by the following values:
males - 23-7, 25-9 and 28-4 and females -

23-5, 26-6, and 30-1. The risk of stroke did
not seem to rise with increasing body mass
index (table 2). The pattern was not ap-
preciably altered by multiple risk factor ad-
justment (covariables as for the subscapular
skinfold analysis). A tendency for heavier
patients to be more disabled and thus excluded
from this analysis cannot be ignored but any
effect was likely to be modest.

MAXIMUM REPORTED BODY MASS INDEX
The excess risk seen among those in the thin-
nest quartile of subscapular skinfold is quite
possibly a result of the fact that stroke is not
uncommonly a late event in those who are
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Table 4 Relation between body fat and stroke stratified by smoking status

Age adjusted odds ratio* (No of cases: number of controls) Test for trend

Quartile

1 2 3 4

Subscapular skinfold thickness:
Never smoker (1-0) 0-05 0-54 1-10 p=0-38

(6/13) (2/22) (4/14) (10/20)
Former smoker (1-0) 0-57 0-19 1-04 p=0-71

(16/13) (9/11) (8/28) (21/17)
Current smoker (1-0) 0-84 1-12 1-09 p=0-72

(21/24) (11/17) (7/6) (10/13)
Maximum reported body mass index:
Never smoker (1-0) 5-13 3-58 12-80 p=0-009

(1/20) (4/14) (3/11) (13/22)
Former smoker (1-0) 0-88 0-59 1-74 p=0-25

(9/12) (12/19) (11/22) (22/16)
Current smoker (1-0) 0-95 0-55 0-93 p =0-67

(18/18) (13/16) (7/14) (11/12)
Reported body mass index aged 21:
Never smoker (1-0) 1-06 1-06 4-33 p=0-02

(3/19) (2/12) (3/18) (13/19)
Forner smoker (1-0) 0-81 1-03 2-44 p=0-58

(8/13) (10/20) (14/22) (21/14)
Current smoker (1-0) 0-38 1-74) 1-70 p=0-10

(14/19) (5/18) (9/7) (20/16)

* Age groupings (35 to 54, 55 to 64 and 65 to 74 years)

unwell from a variety of medical conditions.
To explore this possibility the relation of stroke
with maximum reported body mass index was
assessed in subjects who could recall maximum
weights (cases= 124, controls= 196). Quartiles
were defined by the following values (kg/M2):
male - 25-2, 27-9, and 30 5 and female - 24-8,
28&4, and 31-3. The apparent excess risk of
stroke in thin people disappeared when the
relation between lifelong maximum body mass
index and stroke was examined (table 2). The
hazards of obesity, however, were not obscured.
Most stroke patients (26/43) (60%) in the thin-
nest quartile of subscapular skinfold thickness
had previously been overweight (maximum re-
ported body mass index quartiles 2 to 4). The
corresponding figure in controls was 17/50
(34%). As a guide to the reliability of recalled
maximum weights, responses from stroke
patients were compared with those of their
relative/friend in a subsample of 20 cases. The
surrogate responses had a mean weight only

U,

a)

a)co

0-41 kg higher than that ofthe cases themselves.
The 95% limits of agreement were 9-1 kg to
-9-9 kg (correlation coefficient= 0 95). 18 of
the 20 paired responses differed by 635 kg
(141b) or less.

MAXIMUM RECORDED BODY MASS INDEX
Because a substantial number of cases (n= 97)
and controls (n= 130) had had prior weights
recorded, the relation between past maximum
recorded body mass index and stroke could be
examined. The interquartile values were lower
than for the estimated values (male - 24-2,
27-9, and 29-9 and female - 240, 27-5, and
31-0) but the overall relation with the risk of
stroke still indicated an increased risk in the
most overweight quartile of body mass index
(table 2). The "U" shape had reappeared in
this analysis, probably because weights tended
to be recorded in sicker subjects.

3 REPORTED 13ODY MASS INDEX AGED 21
Three stroke patients and one control could
not recall their weight when aged 21. The
interquartile values (kg/m2) in control subjects
were: male - 21-4, 22-5, and 24-2 and female

2 - 20-1, 21-8, and 23-8. The most overweight
subjects were at significantly increased risk of

o stroke (table 2). The unadjusted odds ratio for
the upper quartile of body mass index aged 21
(2-25) was reduced somewhat by adjustment

_ L---- - for exercise age 15 to 25 (1-98) but not by
maximum reported body mass index (2-39).
The pattern in both males and females was
similar for all the measures of body mass index

o (results not presented).
O 2 3 4
Subscapular skinfold thickness (quartile)

Figure 2 Relation between subscapular skinfold and
cerebral infarction. 0 =Age adjusted, 0 =multiple risk
factor adjusted (age group, race (blacklnon black),
smoking status (never, former, and currnt), dietary
saturated fat (4 levels) and exercise aged 15 to 25 (yes/
no) were included in the model). Bars indicate 95%
confidence intervals.

INTER-RELATION OF BODY FAT WITH CIGARETTE
SMOKING
Because a clearer relation between overweight
and stroke had been noted previously the odds
ratios were examined after stratification by ci-
garette smoking status.20 In controls, 24/50
(48%) of those in the thinnest quartile of sub-
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263Unmasking obesitylstroke relaion

scapular skinfold were current smokers com-
pared with 36/148 (24%) of controls in higher
quartiles. Clear patterns of risk in those who
had never smoked were, again, evident in this
study (table 3). With these stratified analyses
the small numbers within individual strata
meant that confidence intervals were wide.

CEREBRAL INFARCTION
The relation between subscapular skinfold
thickness and the indices of body mass index
was similar to that seen for all stroke patients
if the analysis was restricted to the 81 patients
with proven cerebral infarction (table 3, figure
2).

Discussion
The relation between stroke and the various
indices of body fat during life seen in this
study helps clarify the importance to stroke
prevention of avoiding overweight and obesity.
The results help to explain the longstanding
dilemma as to why measurement of overweight
and obesity at a single point in time is more
clearly related to hypertension and diabetes
mellitus than it is to the risk of stroke.
The overall results suggest a U shaped re-

lation exists between subscapular skinfold
thickness and the risk of stroke. These results
support the original hypothesis that people at
either end of the body fat distribution are at
increased risk. The pattern was similar when
cerebral infarction was considered separately.
A similar U shaped relation between body fat
and stroke has been noted in some cohort
studies2"23 but most did not stratify body fat
by more than two levels. TheU shaped relation
was seen to have a similar pattern in both males
and females. The results support previous find-
ings that the risks of excessive body fat are

more clearly seen by measuring truncal fat than
by measuring body mass index.'213 A possible
explanation for the advantages of measuring
truncal fat over body mass ii.dex is that those
in generally poor health and at risk of stroke
will tend to have a decreasing lean body mass.

Skinfold measurements would minimise the
impact of this effect.

Other epidemiological studies assessing the
hazards ofoverweight over several decades have
also concluded that excessive body fat seems

to be causally linked to an increased risk of
stroke. Among American college alumni, the
more overweight students had a 50% increased
risk of stroke in later years compared with
their thinner colleagues.2425 Those reporting a

history of "clinically diagnosed overweight" in
a Dutch hospital based case-control study were
at increased risk of stroke (odds ratio 1.8).26 In
two cohort studies with modest numbers of
stroke cases there was evidence that reported
weight in earlier life is a useful predictor of
stroke risk.'323 Reports from the Framingham
cohort soon after it was established concluded
that overweight was of doubtful importance for
cardiovascular disease and stroke but the risks
were more clearly apparent, particularly for
women, at 26 year follow up.27 The recently

observed link between variability of body
weight and coronary heart disease also noted
in the Framingham study could be partly ex-
plained by the results of our study - those who
become obese and then lose weight are at
particularly high risk of cardiovascular dis-
ease.28

Cigarette smoking tended to obscure the
true risks of overweight in this study. These
observations are consistent with data from
the Whitehall and Framingham cohorts for
both stroke and cardiovascular disease
respectively.2129 This interaction of effects is
plausible as some smokers, particularly women,
report that they smoke to avoid overweight. It
must be emphasised, however, that although
smoking may help in the short term with over-
weight it will increase the risk stroke.
The above findings may together explain

why a considerable number of studies have
concluded that overweight (derived from
weight/height) is of minimal importance as a
risk factor for stroke.?' These studies have
either had relatively short follow up, body fat
stratified by only two levels, or a preponderance
of cigarette smokers.

It seems unlikely that the relation between
excessive body fat and stroke is due to either
study biases or the influence of confounding
variables. Separate methods of assessment
(subscapular skinfold thickness and maximum
reported weight yielding maximum body mass
index) both indicated an increased risk. Sig-
nificant measurement bias by the investigator
would seem unlikely because ofthe high level of
repeatability of skinfold measurements. Recall
bias is a potential problem in a study such as
this, particularly with the inclusion of surrogate
responses. Previously recorded weights, how-
ever, and the lack of appreciable bias noted
when patients and surrogate responses were
compared did not indicate particular problems
in this study. Loss ofheight with age is unlikely
to have produced an important bias - the im-
pact on body mass index is small and any error
introduced is likely to be non-differential. The
effect of possible weight loss following stroke
could only be small and would only have the
effect of underestimating the importance of
excessive body fat in this study. The potential
problem of residual confounding in adjusted
analyses seems unlikely to be important as there
was no tendency for adjustment to attenuate
the relations that were found (apart from the
predicted effects of hypertension or diabetes).
The inter-relationships ofdiet, exercise, body

fat, blood pressure, diabetes mellitus, and other
related variables is complex and controversial.
This study aimed to explore risks which were
related to lifestyle and were potentially under
personal control. It was, therefore, a prestated
decision not to present the results after ad-
justment for hypertension and diabetes mel-
litus. The relative risks of the upper quartiles
of all measures of body fat were attenuated by
adjusting for a history of diabetes or hy-
pertension. This is likely to reflect the fact that
dietary excess and inadequate exercise lead to
overweight and its consequent increase in both
blood pressure and risk of diabetes. It is being
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realised increasingly that adjustment by vari-
ables in the causal pathway is inappropriate
except to explore that pathway.30 If a hereditary
tendency did tend to cause obesity along with
hypertension and diabetes the overweight/
stroke relation would have been expected to be
reduced by adjustment for a family history of
stroke. This was not observed.

CONCLUSION
This study provides support for the hypothesis
that excessive body fat is linked to an increased
risk of stroke. This is probably through mech-
anisms such as hypertension and diabetes mel-
litus. Intercurrent illness, cigarette smoking and
inadequate length of follow up have all tended
to obscure these risks in may previous studies.
If the prevalence of cigarette smoking falls,
the avoidance of excess body fat via dietary
prudence and adequate exercise, could emerge
more clearly as a lifestyle related risk factor
with substantial preventive potential for stroke.
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