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SUMMARY The role of plasma fibrinogen as a potential in-
dicator of susceptibility to heart attacks was studied in a
sample of 297 men aged 40-69 years at entry who were
initially free from overt coronary heart disease. During a mean
observation period of 7.3 years (range 0.1-16.1) new heart
attacks occurred in 40 men. There was a significant positive
correlation between initial plasma fibrinogen levels and the
subsequent incidence of heart attacks. In men with high
cholesterol or high systolic blood pressure levels the in-
cidence of heart attacks was respectively six times and 12
times greater in those with high plasma fibrinogen levels than
in those with low fibrinogen levels. In multivariate models
plasma fibrinogen was a highly significant and independent
explanatory variable, at least as important as serum
cholesterol, blood pressure or cigarette smoking. These
results suggest that high plasma fibrinogen levels are an im-
portant coronary risk factor and should be included in pro-
files used to identify those at high risk of heart attacks.

Introduction
THE evidence that the plasma fibrinogen level may be a

coronary risk factor in the same sense as plasma cholesterol,
blood pressure and cigarette smoking, came initially from a
number of case control studies'-3 in which men with coronary
heart disease were found to have higher mean fibrinogen levels
than healthy controls, and from a prospective study4 which
reported that men dying from coronary heart disease had higher
mean fibrinogen levels at initial examination than those who
remained healthy. It has been shown in an angiographic study5
that raised plasma fibrinogen levels were positively correlated
with the extent of coronary artery disease and fibrinogen has
also been implicated6 in the development of atherosclerotic
lesions.
We report here the results of a study begun in 1965 in which

the role of plasma fibrinogen as a coronary risk factor has been
examined using a technically simple and relatively specific
fibrinogen assay. The predictive value of the plasma fibrinogen
level has been evaluated by both univariate and multivariate
statistical analyses. A brief account of some of these results has
been published previously.7

Method
In a general practice of 2800 patients, men aged 40-69 years
were invited to attend for examination with a view to studying
the incidence of heart attacks. There were 505 men in this age
range of whom 384 (76%) completed all stages of the examina-
tion procedure. Of the remaining 121 men 92 either did not
attend at all or did not complete the examination procedure.
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A further 29 had left the area or had died before they could
be examined or had developed a major disease which would have
excluded them from the study.
We excluded from the 384 men who completed the examina-

tion procedure 46 with known coronary heart disease and 24
suffering from diabetes mellitus or from severe hyperlipidaemia
or hypertension for which they were already being treated by
diet or drugs. Men who were found on examination to have
hypertension or hyperlipidaemia discovered for the first time
and for which they were not receiving treatment were not ex-
cluded. Seventeen men left the area before the end of the study
and were lost to follow up. The remaining 297 (59% of all the
men in this age range) on whom this report is based remained
under the care of one of us (M.C.S.) throughout the study.
Most of the examination procedures and laboratory methods

used in this study have been described in an earlier publica-
tion;8 they included a baseline electrocardiogram (ECG) at rest,
analysis of plasma lipoproteins by micronephelometry9 and a
colorimetric estimation of serum total cholesterol.'0 The latter
method was subsequently changed to an enzymatic assay
(CHOD-PAP Boehringer-Mannheim). Plasma fibrinogen was
estimated nephelometrically by measuring the light scattering
intensity in diluted plasma by heat aggregation, with strict con-
trol of pH and temperature."",2
End points were limited to acute heart attacks. Myocardial

infarction was diagnosed on the basis of clinical presentation
and serial ECG changes which when compared with the baseline
ECG (recorded at entry into the study) showed Q wave, ST seg-
ment or T wave changes characteristic of Minnesota codes 1.1,
IV.1 or V.1. Less severe Q wave, ST segment or T wave changes
were accepted when accompanied by characteristic serial enzyme
changes - aspartate aminotransferase (AST) and lactic dehydro-
genase (LDH) in the early years of the study, or creatine kinase
and hydroxybutyrate dehydrogenase (HBD) in later years. Sud-
den death was judged to have been due to coronary heart disease
after autopsy carried out by a pathologist.

Statistical analyses were carried out using the computer
package SAS.'3 Correction of event rates to allow for age dif-
ferences in sub-groups was effected by reference to the linear
relationship between the logarithm of the event rate and age,
derived from three equal sized age sub-groups in the study itself.
Rates were corrected to a mid-observation age of 56 years (that
is, average at entry plus half the mean observation period).
Because of the skewed distribution of values for plasma
fibrinogen and serum very low-density lipoprotein (VLDL) a
logarithmic transformation of these variables was used for the
majority of the analyses reported.

Results
The 297 men in this study were observed for a total of 2165 man-
years, 57% being under observation for at least five years. Dur-
ing the period of observation (mean 7.3 years, range 0.1-16.1
years) new heart attacks occurred in 40 men: 16 died in their
first heart attack, 12 more died subsequently and 12 were still
alive when the study closed. A further 48 men suffered other
major disease events; angina pectoris (7), stroke (2), cardiac
failure other than that attributable to coronary heart disease (6),
new diabetes mellitus (4), malignant disease (19) and other con-
ditions (10).
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Table 1. Comparison between mean values of baseline variables for the 297 men at initial examination.

New heart attack Heart attack-free 'Healthy' group New malignant disease
Variable group (n =40) group (n=257) (n =209) group (n= 19)

Age (years) Mean 58.4 50.6 *** 49.2 *** 54.6 *
(CV)a (12.7) (16.6) (15.9) (14.0)

Obesity index (kg mi-2) Mean 27.1 26.0 * 26.1 25.2 *
(CV) (12.2) (14.7) (14.6) (14.8)

Cigarettes (no. smoked per day) Mean 7.9 10.4 9.9 17.9 **
(CV) (122. 7) (108.0) (119.2) (66.1)

Systolic blood pressure (mmHg) Mean 153.2 131.8 *** 130.2 *** 134.1 *
(CV) (17.1) (19.2) (15.1) (20.5)

Serum cholesterol (mM) Mean 6.4 5.6 *** 5.7 ** 5.2
(CV) (18.9) (20.8) (21.0) (24.0)

Plasma fibrinogenb (g - 1) Mean 3.92 3.13* * * 3.00* * * 3.58
(CV) (3.5) (4.0) (3.6) (5.5)

Serum VLDLb,c(g l-1) Mean 1.88 1.44* 1.47* 1.23*
(CV) (11.2) (13.5) (13.7) (14.2)

Time in study (years) Mean 6.6 7.4 7.4 7.1
(CV) (68.5) (65.8) (67.7) (43.4)

* P<0.05, **P<0.01, **P<0.001 versus new heart attack group, assuming that the variances are unequal (except in the few cases
where they do not differ significantly between the sub-groups).
a CV = coefficient of variation (%) = standard deviation x 100. b After log tranformation. c VLDL = very low-density lipoproteins.

mean value
Can be converted into triglyceride levels using the equation: TG (mM) = (0.83 x VLDL) -23.

88.6

Baseline variables
Table 1 shows the mean values of the baseline variables in the
'heart attack' group, in the whole of the 'heart attack-free' group,
and in the 209 men who remained 'healthy' (that is, free from
major disease events throughout the study). Table 1 also shows
the mean values of the variables in the 19 men who suffered
from new malignant disease. The remaining sub-groups were con-
sidered to be too small for meaningful statistical analyses.
The heart attack group had significantly higher mean levels

of plasma fibrinogen, systolic blood pressure, serum cholesterol,
serum VLDL and obesity index than the heart attack-free and
healthy groups, but the mean number of cigarettes smoked was
not significantly different between the heart attack and attack-

free groups. The malignant disease sub-group had higher
fibrinogen levels than the healthy subjects but lower than the
heart attack group, but the latter difference was not statistically
significant at the 5%7o level. However, the malignant disease group
differed from the heart attack group in a number of other
variables, for example, serum cholesterol levels were lower and
cigarette smoking was higher in the malignant disease group.

Age-related differences
It can be seen from Table 1 that the heart attack group was
significantly older than the attack-free group; therefore, in order
to show that the higher mean fibrinogen level in the heart attack
patients was not attributable to this age difference, the mean

Table 2. Comparison between mean values of baseline variables at initial examination for men in the heart attack and attack-free groups
in two age groups.

Age 40-54 years Age 55-69 years

Heart attack-free Heart attack Heart attack-free Heart attack
Variable group (n =180) group (n =11) group (n =77) group (n =29)
Age (years) Mean 45.9 48.5 61.6 62.1

(CV)a (9.5) (8.6) (7.0) (6.6)
Obesity index (kg m-2) Mean 26.2 28.2 25.6 26.7

(CV) (14.1) (12.6) (16.3) (12.0)
Systolic blood pressure (mmHg) Mean 126.8 153.2 * 142.5 ttt 153.2 *

(CV) (14.7) (19.2) (15.5) (16.6)
Serum cholesterol (mM) Mean 5.7 6.5 * 5.5 6.4 ***

(CV) (21.4) (20.5) (18.9) (18.6)
Plasma fibrinogenb (g l-1) Mean 2.99 4.03*** 3.38ttt 3.87**

(CV) (3.8) (4.2) (4.5) (3.2)
Serum VLDLb(g 1-1) Mean 1.52 2.22* 1.30 1.77***

(CV) (14.2) (15.3) (11.5) (9.1)
Time in study (years) Mean 7.6 5.4 6.9 7.0

(CV) (64. 7) (81.7) (68.4) (64.6)
Cigarette smokersC % 54.0 82.0 55.0 38.0
* P<0.05, **P<0.01, ***K<0.001 versus attack-free group. ttt P<0.001 versus 40-54 years age group.
a CV = Coefficient of variation (%). b After log tranformation. c Chi-square test.
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baseline variables in the heart attack and attack-free groups were
compared in the age ranges 40-54 and 55-69 years at entry in-
to the study (Table 2). It can be seen that in the heart attack-
free subjects the mean systolic blood pressure and plasma
fibrinogen levels were significantly higher in the older than in
the younger subjects. However these age-related differences could
not account for the highly significant differences in these
variables between the heart attack and attack-free groups. These
results demonstrate clearly that the difference in fibrinogen levels
between the men who had heart attacks and those who had not
was independent of age.

Nine of the 11 men in the 40-54 year age group who suffered
heart attacks were cigarette smokers compared with only 11 of
the 29 older men who had heart attacks. This difference bet-
ween the age groups was statistically significant (Table 2).
However, the difference in the proportion of cigarette smokers
between the heart attack and attack-free groups did not reach
statistical significance at the 5%o level even in the younger age
range.
The heart attack incidence rate in this study was 1.85% per

annum and the mean age at the event was 64.9 years. In men
aged 40-54 years at entry the incidence rate was 0.77% per an-
num and the mean age of this group at the end of the study
was 53.5 years (range 41-69 years). In men aged 55-69 years
at entry the rate was 3.96% per annum and the mean age at
the end of the study was 68.6 years (range 58-82 years).

Plasma fibrinogen
In these 297 men the plasma fibrinogen level correlated weakly
with age (r = 0.29), systolic blood pressure (r = 0.21), serum
cholesterol levels (r = 0.13) and VLDL levels (r = 0.13), but
its multiple correlation with all six baseline variables showed
that only 13.5% of its variance was explained by such correla-
tion. Thirty of the 40 new heart attacks occurred in the 98 men

Figure 1. Heart attack incidence rates (+ standard error of mean)

in relation to increasing levels of each variable.
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Figure 2. Heart attack incidence rates (+ standard error of mean)
at low and high thirds of fibrinogen for each third of serum
cholesterol and systolic blood pressure. *P<0.05, *P001

who had plasma fibrinogen levels greater than 3.50 g 1'1, an
incidence of 3107. In men with fibrinogen levels less than
3.51 g 1'1 the incidence was 5%o.

There were 28 men who died from heart attacks before the
end of the study. In these men the mean plasma fibrinogen level
was significantly higher than in the heart attack-free subjects
(4.02 versus 3.13 g I-1', P<0.001). Furthermore the 16 men who
died in their first heart attack had significantly higher mean
fibrinogen levels than the 12 men who survived their first heart
attack and lived to the end of the study (4.29 versus 3.69 g 1h',
P=0.025), but these two sub-groups did not differ with respect
to any other variable.
The association between the incidence of heart attacks and

three of the baseline variables - systolic blood pressure, serum
total cholesterol levels and plasma fibrinogen levels - was com-
pared by calculating the incidence rate in each third of the
distribution of each variable and correcting for age (Figure 1).
All three univariate relationships were statistically significant:
the Spearman rank correlation coefficients were 0.30 for systolic
blood pressure, 0.22 for serum cholesterol and 0.34 for log
plasma fibrinogen.
A number of bivariate relationships were also examined, for

example, men in each third of the serum cholesterol or systolic
blood pressure distribution were also ranked according to their
plasma fibrinogen level. Men whose serum cholesterol was in
the top third and who also had plasma fibrinogen levels in the
top third had a six times greater incidence of heart attacks than
those with plasma fibrinogen in the bottom third (Figure 2). Men
with systolic blood pressure in the top third who also had plasma
fibrinogen levels in the top third had a 12 times higher heart
attack rate than those with plasma fibrinogen in the bottom third
(Figure 2).

Multivariate analyses (by the proportional hazard method)'4
showed that the contribution of log fibrinogen in predicting heart
attacks was high compared with most of the other variables
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Table 3. The prognostic significance for heart attacks of risk fac-
tors without and with the inclusion of plasma fibrinogen (propor-
tional hazard model).

Without fibrinogen With fibrinogen

Variable X2 P x2 P

Age 16.0 0.0001 13.0 0.0003
Obesity index 0.4 0.53 2.5 0.115
No. of cigarettes 1.4 0.23 2.3 0.129
Systolic blood pressure 10.0 0.0015 6.0 0.014
Serum total cholesterol 5.7 0.017 5.1 0.024
Log plasma fibrinogen 0 0 1 5.8 0.0001
Log VLDL 3.0 0.084 1.7 0.19

X2 for model = x2 for model =
50.9 (6 df) 65.7 (7 df)

(Table 3), and that its addition increased the predictive power
of the model significantly (P<0.001). Similar analyses using the
multiple logistic model confirmed this finding. The number of
cigarettes smoked did not make a significant contribution to the
model shown in Table 3 but it did contribute significantly to
the model in men aged 40-59 years (chi-square test, P=0.006).

Discussion
The predictive power of plasma fibrinogen levels for the in-
cidence of heart attacks reported here is consistent with earlier
reports.4"5 However, the results differ from these studies in cer-
tain respects, for example, in the Northwick Park Study4 a
higher proportion of coronary heart disease events (7 out of 25)
occurred in the lowest third of fibrinogen than in the present
study (1 out of 40), and in the Gothenberg subjects,'5
fibrinogen was associated with an increased risk of myocardial
infarction only by univariate analysis. A possible explanation
of part of these differences may lie in the methods used for
estimating fibrinogen. Our nephelometric fibrinogen assay
differs from methods used in earlier studies which employed
techniques involving thrombin clotting of fibrinogen. A com-
parison of the two methods has demonstrated a high correla-
tion between them" except in conditions associated with high
levels of fibrinogen degradation products, when thrombin clot-
ting methods tend to give lower values for fibrinogen than those
found with the nephelometric technique used in this study.
Our results are also consistent with findings in the Stockholm

prospective study'6 in which erythrocyte sedimentation rate
(ESR) was positively correlated with heart attack incidence. A
significant correlation between ESR and fibrinogen has been
reported'7 as has a strong correlation between fibrinogen level
and reduction in ESR after defibrination.'8 However ESR
(which is significantly affected by the haematocrit levels) explains
only about 50%7 of the variance in fibrinogen. Fibrinogen
therefore provides a more direct assessment of acute phase
protein change than is provided by the ESR.

Like other measured variables associated with coronary heart
disease plasma fibrinogen varies from time to time even in
healthy individuals. It responds to physiological changes (for
example, pregnancy and varying thyroid activity) and also to in-
jury, inflammation, malignant disease and other stresses (the
acute phase reaction). It can be seen from Table 1 that in the
present study the mean plasma fibrinogen levels were elevated
in both the new heart attack group and also in the men who
developed malignant disease. The heart attack group had higher

fibrinogen levels than the malignant disease group but this dif-
ference was not statistically significant at the 5% level. However,
these two disease sub-groups differed markedly in some of the
other variables, for example, serum cholesterol levels were
significantly lower and the number of cigarettes smoked
significantly higher in the malignant disease group.
A pathway by which tissue reactions such as inflammation,

malignant disease or atherosclerosis may influence circulating
plasma fibrinogen levels has been reported.'9 This pathway in-
volves the local production of fibrinogen degradation products
(particularly fragment D) which stimulate macrophages to release
a regulator protein (hepatocyte stimulating factor) which in-
creases hepatic synthesis of fibrinogen and other acute phase
proteins.

It is possible therefore that atherosclerosis and its complica-
tions provoke this acute phase response as a chronic phenomenon
before clinical manifestations become apparent, and our data
are consistent with this hypothesis. However, raised levels of
plasma fibrinogen may be more than merely a marker for
vascular system damage but may also be involved in the develop-
ment of atherosclerosis. Smith and colleagues found high con-
centrations of fibrinogen in gelatinous intimal lesions and were
able to show an association between fibrinogen and the binding
of low-density lipoproteins within the intimal gel, and Copley20
has suggested that an early event in atherosclerosis is the
adsorption of low-density lipoproteins to the endothelial fibrin
lining. In addition to its possible implication in the development
of atherosclerosis fibrinogen is also a major factor in throm-
bosis, platelet2' and red cell aggregation, and in blood viscosity
particularly in small vessels.

This small prospective study, carried out entirely within a
single general practice, has demonstrated that the plasma
fibrinogen level is a significant, independent risk factor for
coronary heart disease, at least as important as blood pressure,
lipid levels or cigarette smoking. Our results suggest therefore
that the identification of men at high risk of sustaining heart
attacks would be improved by including an estimation of plasma
fibrinogen in the coronary risk profile.
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THE ROYAL COLLEGE OF GENERAL
PRACTITIONERS AND

THE ASSOCIATION OF COURSE ORGANIZERS

ALCOHOL LEARNING AND
TEACHING

A WORKSHOP FOR COURSE
ORGANIZERS

THURSDAY 20 FEBRUARY 1986

A one-day workshop for course organizers will be held at The Royal
College of General Practitioners, 14 Princes Gate, London SW7 1PU,
on Thursday 20 February 1986.
The working party of the RCGP has distilled new ideas about alcohol

problems in general practice. The aim of this workshop is to clarify
these ideas and to devise ways of teaching them to trainers and
trainees and at the release schemes.
The speakers at this workshop will be Dr Peter Anderson, Dr Jim

Orford, Dr Terry Spratley and Dr Peter Tomson - all members of the
RCGP working party on alcohol problems.

For further details and an application form please apply to: Mrs Sue
Smith, Education Division, The Royal College of General Practitioners,
14 Princes Gate, London SW7 1PU.
Zero-rated approval under Section 63 has been obtained for two

sessions.

BOOKING FOR MATERNITY CARE
A COMPARISON OF TWO SYSTEMS

Occasional Paper 31

Do women care where their babies are delivered? Can
the differences they experience in two different systems
of care be measured?

Professor Michael Klein, from a Department of General
Practice in Canada, and Ms Diana Elbourne, from the
National Perinatal Epidemiology Unit in Oxford, used
research material gathered in Oxford to carry out a
detailed study of the views of mothers booked for
delivery in a general practitioner unit and those booked
for shared care in a specialist consultant unit. The
findings are of considerable interest particularly in
relation to women booked for general practitioner care.
The study thus contributes to the continuing debate
about the appropriate place of general practitioner
obstetrics in a modern health system.

Booking for Maternity Care - A Comparison of Two
Systems, Occasional Paper 31, can be obtained from the
Publications Sales Office, Royal College of General
Practitioners, 8 Queen Street, Edinburgh EH2 1JE, price
£3.50 including postage. Payment should be made with
order.

WILLIAM PICKLES
William Pickles was one of the outstanding general
practitioners of our time. His Epidemiology in Country
Practice, first published in 1939, was reprinted by the
College as a limited facsimile edition in 1972 but has
not been available now for some years. Similarly his
biography Will Pickles of Wensleydale by Professor John
Pemberton, who was both a friend and colleague, is also
out of print.

The College has republished both books simul-
taneously. Epidemiology in Country Practice is a classic
example of original research carried out in general
practice and Will Pickles of Wensleydale is the definitive
biography of Pickles written in a pleasing and easy-to-
read style. These two books, which both separately and
together contribute to the history of general practice,
can be warmly recommended.

The books are available from the Publications Sales
Office, Royal College of General Practitioners, 8 Queen
Street, Edinburgh EH2 1JE. Epidemiology in Country
Practice is £5.50, Will Pickles of Wensleydale is £10.50;
if ordered together the two books can be bought at the
reduced price of £13.00. All prices include postage, and
payment should be made with order.
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