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ABSTRACT
Study objective: To determine the relationship between obesity and subsequent incidence of
ischaemic heart disease (IHD).
Design: Prospective cohort survey.

Setting: Study of three occupational groups, with follow up examinations.
Subjects: 3500 people recruited between 1972 and 1978 (80% response rate), and followed up between
1978 and 1984. This report is based on subgroup of 1511 white men aged 40-64 at entry.
Measurements and main results: Information was obtained on smoking and family history of IHD.
Blood pressure, weight, height, skinfold thickness at four sites, fibrinogen, factor VII activity and
cholesterol were measured during follow up. Body mass index (BMI) was used as an index of obesity.
BMI was found to be more strongly correlated with IHD than any of the skinfold measurements,
none ofwhich was significantly associated with IHD when BMI was allowed for. Increase in BMI by
1 SD (- 8 kg) was associated with a 44% increase in the risk of IHD. Of the four skinfolds,
subscapular was the most closely associated with risk, confirming the relevance of central obesity.
The association between obesity and IHD remained when possible mechanisms for its effects were
taken into account, and its strength may increase with time: for 1 SD increase in BMI, risk of events
within 5 years was increased by 28%, while risk of events after longer than 5 years was increased by
65%.
Conclusions: Preventive strategies for IHD should include avoidance of obesity.

Many studies show an association between obesity
and the risk of ischaemic heart disease (IHD),1-5
although some have not found a relationship.&8 Most
studies which have found an association have
concluded that the adverse effect of obesity is
mediated through mechanisms such as blood pressure
or cholesterol. Another pathway may be through
haemostatic variables.
There has recently been considerable interest in the

suggestion that centrally located subcutaneous fat is
particularly implicated in the causation of IHD.
Waist/hip ratio has been shown to be associated with
IHD in prospective studies, when body mass index was
taken into account.9 10 A recent study has suggested
that skinfold thickness, and in particular subscapular
skinfold, is more closely associated with risk of
subsequent heart disease than body mass index. "I
We have compared the relationships of four

separate skinfold thicknesses and body mass index
with the risk of IHD. We have also assessed the extent
to which the association between obesity and IHD
appears to act through various mechanisms.

Methods

The main aim ofthe Northwick Park Heart Study is to
investigate the thrombotic component of ischaemic
heart disease by including measures of haemostatic
function along with other indices of risk. The design,
conduct and principal results have been reported
elsewhere.'2 13 In brief, 3500 people were recruited
between 1972 and 1978 from three occupational
groups in north west London. The response rate was
about 80%. Follow up took place between 1978 and
1984. This report is based on the 1511 white men aged
40-64 at entry.

Participants were interviewed by trained nurses in a
standard fashion. Information on smoking habit was
obtained and blood pressure was measured using a
standard sphygmomanometer with a 12 x 23 cm
bladder. A blood sample was taken, ifpossible without
venecompression. Fibrinogen, factor VII activity and
cholesterol were assayed using previously described
techniques.'2 Weight and height were measured on a
Steven's beam balance with height attachment, the
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subject wearing light clothing. Body mass index
(weight divided by height squared, in kg/mi2) was used
as an index of obesity.

Participants were interviewed by a doctor in a

standard way to determine whether there was any

history of IHD. Skinfold thickness was measured at
four sites-forearm, triceps, subscapular and
suprailiac-using Holtain skinfold calipers as

previously described. 14 Three doctors took the
majority of the measurements.

Full details of follow up procedures for mortality
and IHD events have already been described.'3 The
term "all ischaemic heart disease" refers to the sum of
fatal and non-fatal events in persons without a history
ofmyocardial infarction at entry, ie, it excludes 52 men
who had had an MI at recruitment.

Survival analysis using Cox's proportional hazards
model' 5 were carried out with the skinfold thicknesses
and body mass index as covariates, along with age and
smoking status. These were entered into the regression
first separately and then together. In further analyses,
cholesterol, systolic blood pressure, fibrinogen and
factor VII activity were also included as covariates.
The proportionality assumption was checked by
including a quadratic term as a covariate and a time
dependent term. There was no significant departure
from this assumption. The distributions of skinfold
thickness and body mass index are skewed. However,
since the use of log transformed data in the analyses
made very little difference to the results, the results
using untransformed data are presented.
The skinfold thickness results were adjusted for age

and observer effects prior to survival analysis by using
coefficients derived from multiple regression analysis.
The regression coefficients from the survival

analysis have been standardised so that the
standardised regression effect is equivalent to the
change in relative risk associated with a I SD change in
the variable under consideration.'3

Results

The mean levels and standard deviations of the
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unadjusted skinfold thicknesses and body mass index
(BMI) at entry to the study by categories ofIHD event
are shown in table 1.
A comparison of the relative strength of association

between the skinfold thicknesses and risk of IHD, and
between BMI and risk of IHD is made in table 2. The
relative risk of IHD by low, middle and high thirds of
the distributions ofthese measures ofobesity is shown.
The gradient of risk was steepest for BMI, and then
for subscapular skinfold, both for fatal IHD and all
IHD.
The standardised regression effects (table 3) also

show that BMI was most strongly associated with
IHD, followed by subscapular skinfold thickness,
after allowing for effects of age and smoking. For a

1 SD increase in BMI (on average 8 kg weight), the
risk ofan IHD event was 44% greater, while for a I SD
increase in subscapular skinfold it was 25% greater.

There was a suggestion that the relationship
between BMI and all IHD became stronger with time
(p = 007 for the interaction term). The standardised
regression effect for all IHD events within 5 years was
1-28, while for events beyond 5 years it was 1-65. For
all IHD events occurring within 5 years of follow
up, mean BMI was 26 2, while for events occurring
later it was 27-0. Similar results hold for fatal IHD
alone.

There was no significant variation with age in the
association between BMI and IHD (fatal or non-

fatal). The mean BMI in men aged 40-59 having IHD
events was 26-8 (25.4 in survivors), while for men aged
60-64 it was 26-1 (25-5 in survivors). Similar results
held for fatal IHD alone.
Only BMI was significantly associated with the risk

ofdeath from any cause. Mean levels in those dying of
cancer (n = 48) or from other causes (n = 27) were 25A4
and 24-6 respectively, compared with 26 9 for fatal
IHD.

Multiple regression analyses were performed
including all the skinfold measures together. For all
IHD, only the subscapular measurement approached
significance (p =0 07). When BMI was also included
none of the skinfolds were significantly associated

Table I Values for skinfold thickness and body mass index at entry, by categories ofIHD event. Results are means (SD)

Skinfolds (mm)
Body mass

Forearm Triceps Subscapular Suprailiac index (kg/m2)

Still alive and no IHD at
follow up (n= 1280) 5-9 (2.2) 9-8 (3-8) 16-6 (6-4) 13-1 (6 5) 25-4 (2 9)

Fatal IHD* (n=59) 6-0 (2-4) 10-5 (4-1) 19.1 (80) 13-0 (7-1) 26-9 (34)
Non-fatal IHD* (n=60) 5-9 (1-8) 101 (37) 172 (7-1) 135 (70) 26-2 (3-1)
All IHD (n= 109) 5-9 (2-1) 10-2 (3.8) 17 8 (7-1) 13-0 (6-6) 26-6 (3-2)

* Ten men had an episode of non-fatal IHD followed by a fatal episode.
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Table 2 Relative risks with (95% confidence intervals) offatalIHD and allIHD by tertiles ofskinfold thickness andbody mass
index

Skinfolds
Body mass

Tertile Forearm Triceps Subscapular Suprailiac index

Fatal IHD (n=59)
Low 1 1 1 1 1
Middle 129 136 190 1-29 2-03

(0-71-2-34) (0-71-2.63) (0-97-3-71) (0-72-2.30) 0 96-4 29)
High 1-08 1-72 1 99 0-89 3-02

(0 57-2 06) (0-91-3-24) (1-02-3 88) (0-461-72) (1-49-6 13)

All IHD (n= 109)
Low 1 1 I I I
Middle 141 1-23 1 54 1-10 2 11

(0-91-2-20) (0-77-1-95) (0-97-2 46) (0 72-1-69) (1-24-360)
High 1-33 142 165 100 2-84

(0-842-11) (090-222) (104-263) (064-1 57) (1 70-474)

Tertile cutting points (mm): Forearm 4-7, 6 5; Triceps 7-9, 10-7; Subscapular 13-3, 18-5; Suprailiac 9-5, 15 1; Body mass index
(kg/m2) 24-3, 26-6

Table 3 Standardised regression effects (SRE),* with (95% confidence intervals) andp valuesforfatallHD, all IHD and total
mortality of separate skinfold thicknesses and body mass index

Skinfolds (mm)
Body mass

Forearm Triceps Subscapular Suprailiac index (kg/m2)

Fatal IHD
SRE 1-18 1-31 1-44 1-16 1-62

(091-1 52) (1.04-1-64) (1-17-1-79) (0-901-49) (1-29-2-05)
p value 0-2 0 03 0-002 0-3 0 0001

All IHD
SRE 1-14 1 20 1-25 1-14 1-44

(0-951-37) (1-01-1-43) (1-051-47) (0-951-37) (1-21-1-71)
p value 0-2 0-05 0-01 0-2 0 0001

All deaths
SRE 0-96 1-13 1-14 0-96 1-21

(0-80-117) (0-951-34) (0-97-1-34) (0-79-116) (1-031-43)
p value 07 0-2 01 0-6 0-02

* For definition see text.

with IHD. Conversely, body mass index remained
significantly associated with IHD after all the
skinfolds were added (p = 0 0006).

Forfatal IHD, only subscapular skinfold thickness
was significantly associated (p = 0002). When BMI
was added there was a weak negative association with
suprailiac skinfold (p = 0-04), but there was no
association with the subscapular measurement. BMI
remained significantly associated after all the
skinfolds were added (p= 0 003).
To assess the independent effect of obesity on the

risk of IHD the survival analyses were repeated,
including factor VII, cholesterol, systolic blood
pressure and fibrinogen as covariates. For all IHD,
BMI remained significantly associated (p= 0-002)

with a slightly reduced SRE 1-36 (cf 1-44). The SRE
was reduced by a similar small amount (between 1 and
3%) as each covariate entered the regression. Systolic
blood pressure was associated with the largest
reduction. For subscapular skinfold the association
was no longer significant (p=0 1) and the SRE was
reduced to 1-16 (cf 1[25).

In the case offatal IHD, the association of body
mass index with IHD risk was still significant
(p=0001) with an SRE of 1-57 (cf 1-62). In the
regression, cholesterol was associated with the largest
reduction in the SRE. Subscapular skinfold (p = 0-02)
was also independently associated, with an SRE 1-34
(cf 1-44).

For events of IHD within 5 years, after inclusion of
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these risk factors the SRE for BMI was reduced to 1 19
(p= 0'2). For events beyond 5 years the SRE was
reduced to 1-60 (p=0-001).

Discussion

An association between obesity and the risk of IHD
was originally found in life insurance data.' I The
results of epidemiological studies carried out more
recently have been equivocal. In some, no significant
association was found,68 16 in others the association
was no longer evident after taking risk factors such as
blood pressure or cholesterol into account.7 7 Some
have shown a link independent of the risk factors
measured.2 3 5 Our results show a clear link between
obesity and IHD which is independent of its
association with established risk factors.
The apparently conflicting findings of different

studies may arise from differences in the range and
degree ofobesity, the ages ofthe cohorts, or the length
offollow up. For example, many ofthe populations in
the Seven Countries Study were, on average, leaner
than the Northwick Park Heart Study population,
which is comparable to the rest of the UK in terms of
obesity.'8 As others have shown,2" the Northwick
Park Study found the contribution of obesity to IHD
risk is strongest in younger men and over greater
lengths of follow up although these associations were
not statistically significant. Results of the Whitehall
Study showed that initially there was no relationship
between obesity and IHD in men aged 40-49 but that
after 10 years of follow up there was a significant
association.'6 17

Obesity and cholesterol, factor VII, fibrinogen
and blood pressure are associated in cross sectional
data'9 and changes in obesity result in changes
in these variables, with the possible exception of
fibrinogen.2 22 Our results suggest that although
obesity may predispose to IHD partly through
these mechanisms these do not appear to be solely
responsible for its association with IHD.
We have shown that body mass index is more closely

associated with subsequent IHD (both fatal and
non-fatal) than skinfold thickness. Skinfold thickness
is subject to greater measurement error than weight
and height, but we have attempted to adjust for
systematic variation between observers. Subscapular
skinfold is the most closely related of the four
skinfolds to IHD. This may be further evidence for the
role of centrally located subcutaneous fat in the
causation of IHD.
Our results, from a contemporary study of a UK

population, suggest that the reduction of obesity
should be given more prominence in cardiovascular
disease prevention.
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