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Abstract
Objective-To determine the relations

of plasma fibrinogen to family history
ofpremature heart disease, personal his-
tory of hypertension, diabetes, stroke,
coronary heart disease, and to presence
ofintermittent claudication.
Design-Random population survey

across 22 local government districts in
Scotland.

Participants-10 359 men and women
aged 40 to 59 years. Plasma fibrinogen
was measured in 8824.
Main outcome measure-Plasma fib-

rinogen concentration.
Results-Persons with a family history

of heart disease or a personal history of
high blood pressure, diabetes, stroke, or
presence of intermittent claudication all
had higher plasma fibrinogen concentra-
tions than those without. When com-
pared with participants without cardio-
vascular or related disease (men: 2-27
(SE = 0.01) gIl, n = 3367; women 2-34
(0-01) gil, n = 3096), predefined cases of
either myocardial infarction (men: 2-51
(0.02) gil, n = 248; women: 2-63 (0.04) gil,
n = 72) or angina (men: 2 45 (0.02) gil,
n = 394; women: 2 50 (0 02) gil, n = 398)
had significantly higher plasma fibrino-
gen concentrations (p < 0-001). After ad-
justment for 10 other coronary risk
factors, there was a noticeable linear
trend in the odds ratios for myocardial
infarction across all quartiles (quarters)
of plasma fibrinogen concentrations in
both sexes. Similarly, the risk of angina
increased linearly with increasing
fibrinogen concentrations, although the
test for a linear trend was NS among
women.

Conclusions-This large population
study confirms that plasma fibrinogen is
not only a risk factor for coronary heart
disease and stroke, but it is also raised
with family history of premature heart
disease and with personal history of

hypertension, diabetes, and
intermittent claudication.

presence of

(Br Heart j 1993;69:338-342)

Recently, reports from the follow up of five
epidemiological studies have related plasma
fibrinogen to the incidence of coronary heart
disease.'-5 Only two of these, however, the
Caerphilly and Speedwell collaborative stud-
ies6 and the Northwick Park Heart Study8
have reported the correlation of baseline plas-
ma fibrinogen concentration with prevalent
coronary disease. Furthermore, no random
population study has related plasma fibrino-
gen concentrations to family history of prem-
ature heart disease, personal history of
hypertension, diabetes, or stroke, although
cross sectional studies have consistently relat-
ed plasma fibrinogen to peripheral vascular
disease.9 10

In the Scottish Heart Health Study,' 12
plasma fibrinogen was measured in 8824
middle aged men and women. A previous
report has examined the relations of plasma
fibrinogen to coronary risk factors in this
population.'3 With so many participants the
strength and consistency of any relations
reported in previous smaller studies can be
tested. Also, as we have data on both sexes,
any sex differences in the association between
fibrinogen and prevalent disease can be
explored. Our paper reports the relations of
plasma fibrinogen with family history of heart
disease and with personal history of hyper-
tension, diabetes, stroke, peripheral vascular
disease (as indicated by intermittent claudica-
tion), and with prevalent coronary heart
disease.

Patients and methods
The Scottish Heart Health Study was a ran-
dom population survey of 10 359 men and
women aged 40 to 59 years across 22 local
government districts of Scotland. Each sub-
ject was sent an extensive questionnaire to
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complete, covering demographic details and
lifestyle. This was checked at the screening
clinic, where height and weight were mea-

sured, a blood sample taken, and an electro-
cardiogram carried out.

Family history of premature heart disease
was ascertained by asking if a subject's par-

ents or brothers and sisters had heart disease
before the age of 60 years. A subject's med-
ical history was elicited by the question
"Have you ever been told by a doctor that
you have, or have had, any of the following?"
The options were high blood pressure, stroke,
diabetes, angina, and heart attack (coronary
thrombosis, myocardial infarction). The Rose
symptom questionnaire was used to assess

angina, possible previous myocardial infarc-
tion, and intermittent claudication. 14
Additional evidence of prevalent coronary

heart disease was from the electrocardiogram,
this was coded with the Minnesota codes,'5
with codes 1 1 to 1-2 signifying a Q/QS pat-
tern of myocardial infarction and codes 1 3,
4-1 to 4 4, 5-1 to 5 3 and 7-1 showing
ischaemic changes based on the Whitehall
categories. 16

In the case control analysis, the two most

specific criteria were used to define the cases.

Hence, people with myocardial infarction
were defined as those with a medical history
or a Q/QS pattern on the electrocardiogram.
A medical history or chest pain on the Rose
questionnaire was evidence of angina.

Subjects with evidence of both myocardial
infarction and angina were classified as a case

of myocardial infarction. The remaining par-

ticipants were used as the control group with
the following exclusions: any evidence of
prevalent cardiovascular disease, treatment
for high blood pressure, and taking vasodila-
tors or cardiovascular drugs. Definitions and
methods of measurement of the other risk
factors have been reported previously."
Plasma fibrinogen was measured in 8824
samples of stored citrated plasma by the
thrombin time method of Clauss,'7 with a

Coag-U-Mate X2 coagulometer (Organon
Teknika) with the manufacturer's reagents
and standards.

STATISTICAL METHODS

Student's t test (two-tailed) was used to
examine the significance of differences in
mean plasma fibrinogen concentrations.
Adjusted means (SEs) were calculated with
PROC GLM in SAS.'" In the case control
analysis, the Generalised Linear Interactive
Modelling system (GLIM) was used to calcu-
late age adjusted odds ratios for each quartile
(quarter) of the fibrinogen distribution with
the first quartile as base.'9 The significance of
these odds ratios and tests for both a linear
trend and a non-linear residual effect were

also calculated. In the multivariate case con-

trol analyses, the odds ratios were further
adjusted for systolic blood pressure, total and
high density lipoprotein cholesterol, triglyc-
eride, uric acid, body mass index, smoking
and drinking state, and family history of pre-
mature heart disease. These variables have

Table 1 Mean (SE) plasma fibninogen (gll) by
premature parental and sibling history ofpremature heart
disease (standardisedfor age and smoking)

Men Wonmen

Parental history:
Yes 2-34 (0 01) 2-41 (0-01)

n = 896 n = 1135
No 2-30 (<0-01)*** 2-36 (<0-01)***

n = 3344 n = 2931
Sibling history:

Yes 2-34 (0-01) 2-46 (0-01)
n = 497 n = 558

No 2-32 (<0 01)* 2-38 (<0-01)***
n = 3307 n = 3051

*p < 0 05; ***p < 0-001 for history v no history (t tests).

previously been shown to affect fibrinogen
concentrations in this population.'3 Finally,
the sex effect was investigated further as both
a main effect and also for its interaction with
plasma fibrinogen.

Results
Table 1 shows that subjects with either a
parental or a sibling history of premature
heart disease had significantly higher fibrino-
gen concentrations than those without (after
standardisation for age and smoking).

Subjects with a self reported medical histo-
ry of high blood pressure, diabetes, or stroke,
and those with intermittent claudication had
higher mean plasma fibrinogen concentra-
tions than subjects with no disease, after stan-
dardisation for age, body mass index, and
smoking (table 2). Some of these associations
were statistically significant in men only.

MYOCARDIAL INFARCTION

Compared with those participants without
cardiovascular or related disease, men and
women with any of the three indicators of
myocardial infarction (medical history, chest
pain on the Rose questionnaire, and electro-
cardiogram) all had significantly higher plas-
ma fibrinogen concentrations than those
without (table 3). When the interrelations of
the three indicators were examined, those

Table 2 Mean (SE) plasma fibrinogen (gll) by medical
history (standardised for age, body mass index, and
smoking)

Men Women

High blood pressure:
Yes 2 39 (0 05) 2-38 (0 06)

n = 670 n = 908
No 2-27 (0 05)*** 2-31 (0 06)*

n = 3816 n = 3365
Diabetes:

Yes 2-46 (0 09) 2-44 (0-10)
n = 74 n = 58

No 2-27 (0 05)* 2-30 (0 06)
n = 4395 n = 4182

Stroke:
Yes 2-56 (0-12) 2-36 (0-14)

n=35 n=26
No 2-26 (0 05)** 2-30 (0 06)

n = 4429 n = 4213
Intermittent claudication:

Yes 2-38 (0-11) 2-48 (0 14)
n = 46 n = 28

No 2-26 (0 05) 2-32 (0 06)
n = 4350 n = 4133

*p < 0-05; **p < 0 01; ***p < 0-001 for history v no history
(t tests).
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Table 3 Mean (SE) plasma fibrinogen (gll) by
indicators of myocardial infarction

Indicators of
myocardial infarction Men Women

Medical history 2-55 (0 05)*** 2-80 (01 1)***
n = 209 n = 58

Rose chest pain 2 40 (0 04)*** 2-56 (0-06) *
questionnaire n = 306 n = 181

Electrocardiogram (Q/QS) 2 61 (0 09) *** 2-62 (0 12)*
n = 90 n = 24

No cardiovascular 2-27 (0 01) 2 34 (0 01)
or related disease n = 3367 n = 3096

*p<0.05; ***p<0 001 for indicator v no disease group
(t tests).
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Figure 1 Odds ratios for
myocardial infarction by
plasma fibrinogen (gll)
(arranged in quartiles).
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Table 5 Mean (SE) plasma fibrinogen (gil) by
indicators ofangina and ischaemia

Indicators of angina Men Women

Medical history 2-53 (0-05)*** 2-57 (0Q05)***
n = 236 n = 157

Rose chest pain 2-48 (0 05)*** 2-50 (0-05)***
questionnaire n = 248 n = 299

Electrocardiogram 2-44 (0 05)*** 2-42 (0 03)**
(Whitehall-ischaemia) n = 363 n = 391
No cardiovascular or 2-27 (0 01) 2 34 (0 01)

related disease n = 3367 n = 3096

**p < 0-01; ***p < 0-001.

subjects without cardiovascular or related dis-
ease (p < 0-001). For women, the figures

ith two or more indicators of dis- were 2-63 (0-04) g/l, (n = 72) and 2134 (0-01)
igher fibrinogen values than those g/l, (n = 3096) (p < 0-001).
)ne. These effects were not simply Figure 1 and table 4 show the age adjusted
as this was comparable across all and multiple adjusted odds ratios for myocar-
groups for both sexes (data not dial infarction across all quartiles of plasma

fibrinogen concentrations. The odds ratios
standardised mean (SE) fibrino- were consistently higher for men than for

for men were 2-51 (002) g/l, (n = women. The male odds ratios were statistical-
ag cases of myocardial infarction ly significant in all quartiles of plasma fibrino-
(0-01) g/l, (n = 3367) among gen and showed a significant linear trend (p <

0001), with no significant non-linear residual
effect. Among women, the age adjusted odds

Men ratio was significant (p < 0.01) for only the
top quartile of plasma fibrinogen concentra-

* Multiple adjusted tions. There was, however, a significant linear
o Age adjusted trend (p < 0-01). After multiple adjustment,

none of the female odds ratios reached statis-
adjusted odds f tical significance. An investigation into the
adjeoeffect of sex on plasma fibrinogen concentra-

tions found that there was a consistent signifi-
cant main effect (women had higher

I|- concentrations), but no significant interac-
tion.

1 2 3 4 ANGINA
Quarter of plasma fibrinogen (g/l) Subjects with any evidence of angina had sig-

nificantly higher plasma fibrinogen concen-
Women trations than those subjects without

3 - cardiovascular or related disease (table 5).
When the interrelations between the three

2 indicators were examined, subjects with two
T or more indicators present had the highest
T 4, plasma fibrinogen concentrations. Once

1 - * again, the mean age was comparable across

1 - the seven subgroups (data not shown).
0- lThe age standardised mean (SE) plasma1 2 3 4 fibrinogen values were significantly higher

Quarter of plasma fibrinogen (g/l) among prevalent angina cases (men: 2-45
(0 02) g/l, (n = 394); women: 2-50 (0 02) g/l,
(n = 398)) than among those subjects with-
out cardiovascular or related disease (men:
2-27 (0.01) g/l, (n = 3367); women: 2-34

4 Numeical data forfigure 1 (001) gil, (n = 3096) (p < 0001)).
When the distribution of fibrinogen was

Odds ratio (95% CI) split into quartiles, a consistent linear effect in
nents Men Women the male odds ratios was noted, with the risk
I quartile: of angina increasing as plasma fibrinogen

1-79 (1-15-2-79)* 0-85 (0-37-1-93) concentration increased (fig 2 and table 6).
Iti 1-84 (1-17-2-91)* 0-66 (0-28-1-58) Tests of a linear trend in the odds ratio were
quartile:

1-94 (1-25-3-00)** 1-38 (066-2-90) significant for each sex (p < 0-001). Among
Iti 1-92 (1-22-3-02)** 0-91 (0-42-2-00) women, the age adjusted odds ratios were sig-

2-99 (1-97-2-53)*** 2-45 (1-24-4-83)** nificant for the third and fourth quartiles of
Iti 2-82 (1-81-4-38)*** 1-35 (0-65-2-81) fibrinogen concentrations, but these effects
)r linear trend:

***** became non-significant after multiple adjust-
lti *** ment. There was no sex effect on the age
05; **p < 0-01; ***p < 0-001. adjusted odds ratios for angina. For the
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Figure 2 Odds ratios
for angina by plasma
fibrinogen (gll) (arranged
in quartiles).
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**p < 0-01;

Men history seems to contribute to risk indepen-

Multiple adjusted odds
dently of other factors.2'-24 Our finding that

Age adjusted odds
family history of premature heart disease is

95o ClAedshown foddsmultassociated with increased plasma fibrinogen
95%/0 Cl shown for multiple concentrations, in combination with evidence
adjusted odds ; of heritability of fibrinogen concentrations,2526

suggest that the genetic component of fib-
T T rinogen concentrations may be one contribu-
2 tor to the heritability of premature heart

* disease.
Cardiovascular disease is an important

cause of both morbidity and mortality of dia-
betic patients. We have confirmed the results

1 2 3 4 of previous studies that plasma fibrinogen
Quarter of plasma fibrinogen (g/l) concentrations are raised in diabetic

people.27 28 After adjustment for age, body
Women mass index, and smoking, we found that our

a3 74 male and 58 female diabetic subjects had
T ~ higher plasma fibrinogen concentrations than
..j non-diabetic subjects. This raised plasma fib-

* rinogen concentration may play a part in the
cardiovascular complications of diabetes.29
Our finding that prevalent stroke is associated
with raised plasma fibrinogen concentrations

2 3 4 --- is consistent with a recent case control study
of transient ischaemic attacks and minor

Quarter of plasma fibrinogen (g/l) strokes30 and with two prospective studies.' 4

A more detailed analysis of the current data
related tertiles of plasma fibrinogen concen-

nificaduteffedtodd ratios, however,ther tration to the prevalence of intermittent clau-
-ifcantiteffcti of sex(pw<0t00)plan dication.3' It found that the odds ratios were

statistically significant among men, even after
n concentration (p < 005). adjustment for other coronary risk factors.

There was, however, no apparent effect
among women. Data from the Framingham

ion study showed a raised plasma fibrinogen con-
^oss sectional analysis of a large ran- centration in subjects who subsequently pro-
lpulation sample across Scotland, gressed to having peripheral vascular disease.9
re significant associations of plasma Another study noted a raised plasma fibrino-
n concentration with family history gen concentration in patients with intermit-
ature heart disease and also with tent claudication and also the higher the
peripheral vascular disease, coro- concentration the worse the disease.'0

-art disease, and hypertension. We have shown that prevalent coronary
who reported a medical history of heart disease (myocardial infarction or angi-
or stroke each had higher plasma fib- na) is associated with increased plasma fib-
concentrations than those with no rinogen concentrations, confirming previous
n the case control analyses, the risk studies.6-8 After inclusion of several variables
either myocardial infarction or angi- that were associated with plasma fibrinogen
ised as plasma fibrinogen concentra- concentrations in our study,'3 the strength of
mased: the effects were more striking association between plasma fibrinogen and
en than among women. prevalent coronary heart disease was reduced,
is much evidence that people with a especially for angina in women (fig 2). The
iarental or sibling) history of prema- appropriateness of multivariate analysis may,
rt disease have an increased risk of however, be questioned, because variables
ig it themselves.202' Also, a parental such as smoking may promote cardiovascular

disease by increasing plasma fibrinogen con-
lumerical data forfigure 2 centrations. Subjects in our study who had

been diagnosed as having coronary heart dis-
Odds ratio (95% CI) ease reported both reduced cigarette con-
Men Women sumption and an increase in giving up

tile: smoking.32 However, with cotinine as an
1-25 (0-90-1-75) 1-37 (099-1-89) objective measure of smoking, this group
1-22 (0-86-1-72) 1-24 (0-89-1-73) inhaled the most tobacco. It is unlikely that
1-36 (0-98-1-89) 1-53 (1-11-2-10)** drugs used for treatment of coronary heart
1-23 (0-87-1-73) 1-21 (0-87-1-69) disease, hypertension, or diabetes significant-
2-29 (1-68-3-12)*** 1-77 (1-29-2-42)*** ly affected plasma fibrinogen concentra-
1-80 (1-29-2-49)** 1-18 (0-84-1-66) tions.33

ar trend:
***** Results from the current analyses show

that plasma fibrinogen, unlike, for example,
***P<oo 1. serum cholesterol, is raised in all aspects of
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disease from a family history of premature
heart disease to a personal history of hyper-
tension, stroke, diabetes, peripheral vascular,
and coronary heart disease. We noted, how-
ever, that some of these associations were
stronger among men. This may, in part, have
been due to the higher prevalence of disease
among men.34 Alternatively, there may be real
biological differences between the sexes that
might explain the results. A history of high
blood pressure, stroke, diabetes, angina, and
myocardial infarction based on self report has
not been validated within this study. Any loss
of specificity and sensitivity would, however,
tend to dilute the difference in plasma fib-
rinogen concentration between the history
and no history groups, rather than abolish
them.

It is interesting that we confirmed a raised
fibrinogen concentration in subjects with
angina. This suggests that fibrinogen may
have a role in the narrowing of vessels before
the start of thrombosis. It may also be
involved in the pathogenesis of hypertension,
although its predictive value cannot be entire-
ly accounted for by its correlations with blood
pressure or other risk factors. We have previ-
ously reported weak correlations between
plasma fibrinogen and systolic blood pressure
on entry to this population (rank correlations
of -0 1 in men and 0 13 in women)."3

Results from one of the largest epidemio-
logical studies of plasma fibrinogen reported
to date confirm the importance of plasma fib-
rinogen as an important cardiovascular risk
factor. Follow up of the participants in the
Scottish Heart Health Study, currently in
progress, will enable us to estimate the rela-
tive contribution of plasma fibrinogen con-
centrations to incidence of cardiovascular
disease in a population with very high levels
of coronary heart disease.

The Scottish Heart Health Study was funded by the Chief
Scientist's Office of the Scottish Home and Health
Department; however, the views expressed in this article are
those of the authors and not the Department. We thank labo-
ratory staff in the Department of Medicine, Glasgow Royal
Infirmary for technical assistance.
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