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Brompton and Doncaster populations. The rela-
tive differences between extrinsic and intrinsic
asthmatics in prevalences of asthma, hay fever,
and eczema were similar in the two populations.
In addition, the populations did not differ in the
distribution of asthma either among parents, sib-
lings, and offspring or among siblings of asthmatic
patients with neither, one, or both parents
affected.

This high degree of similarity between the two
populations suggested that the factors precipitat-
ing asthma were probably common to both. There-
fore we have combined the populations and have
presented the results for the pooled data.

POLAR EXTRINSIC PROBANDS
Among the 1166 patients examined, 327 (28-0%)
fulfilled the criteria for polar extrinsic asthma.
Of these, 164 were men. The prevalence of hay
fever did not differ between the sexes, while
eczema was slightly more common among male
than female probands (table 2).
The prevalence of asthma, hay fever, and

eczema among the first degree relatives of the
polar extrinsic probands is summarised in table 3.
The prevalence of asthma among parents, sib-
lings, and offspring was not evenly distributed;
there were more affected parents and fewer af-
fected siblings than expected.
The prevalence of asthma among siblings of

probands with neither, one, or both parents affected
tended to increase as the number of asthmatic
parents increased (table 4). The lowest prevalence
of asthma occurred in families where neither
parent was affected and the highest prevalence
where both parents were affected. Similarly, the
prevalence of hay fever/eczema among siblings
increased as the number of parents with these
traits increased.

POLAR INTRINSIC PROBANDS
Among the 1166 patients examined, 89 (7.6%)
fulfilled the criteria for polar intrinsic asthma. Of
these, 53 were women. The sex ratio of 068 was
not significantly different from 1)00 (P>005).
The prevalence of asthma, hay fcver, and eczema

Table 2 Prevalence of hay fever and eczema among polar extrinsic probands

Probands N Hayfever only Eczema only Hay fever and ec7ema

No affected Percent affected No affected Percent affected No affected Percent affected

Men 164 48 29f3 41 25 0 35 213
Women 163 51 31.3 25 15*3 49 301
Total 327 99 30 3 66 202 84 25-7

Significance X2 =0-16, p > 005 X2 = 3-88, p > 0.05 X2 =2-33, P > 005

Table 3 Prevalence of asthma, hay fever, and eczema among first degree relatives of polar extrinsic
probands

Trait Prevalence (°O Comparison ofparents,
Parents Siblings Offspring All relatives siblings and offspring

Significance (df=2)

Asthma 104/654(15-9) 70/666(10-5) 25/177 (14-1) 199/1497 (13-3) x2=719, p<0 05

Hay fever 91/654 (13-9) 69/666(10-4) 18/177 (10-2) 178/1497 (11P9) x2=386, p>0 05

Eczema 38/654 (5 8) 45/666 (6 8) 14/177 (7-9) 97/1497 (6.5) x2= 1 65. p > 0 05

Table 4 Prevalence of asthma and hay fever/eezema among siblings of extrinsic probands with neither,
one, or both parents affected

Affected parents N Asthma N Hay fever/eczema

Siblings at risk Siblings affected Percent affected Siblings at risk Siblings affected Percent affected

Neither 229 475 38 8 0 223 960 167 17-4

One 92 177 28 15-8 91 154 29 18-8

Both 6 14 4 28-6 13 18 8 44-4

Significance x2= 16-14, p < 0-001 x2=8 58, p< 005
(df=2)
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among the first degree relatives of the polar in-
trinsic probands is summarised in table 5. The
prevalence of asthma was again unevenly distri-
buted among the parents, siblings, and offspring;
there were more affected parents and fewer
affected siblings than expected.
Sample sizes were too small to permit analysis

of the number of affected siblings when neither,
one, or both parents had asthma or hay fever/
eczema (table 6). The prevalence of asthma, how-
ever, tended to be higher when one parent was
asthmatic than when neither parent was affected.
The overall prevalence of asthma among first

degree relations of intrinsic probands was signifi-
cantly lower than that among relatives of extrinsic
probands (P<0*001). Similarly, the prevalence of
hay fever/eczema was lower among relatives of
extrinsic asthmatics (P<0001).

INTERMEDIATE FORMS OF ASTHMA
A small number of asthmatic patients who did not
fulfil the criteria for polar extrinsic or intrinsic
asthma were selected for comparison with the
polar groups from the same population. Of the
787 patients attending the Brompton clinic, 22
(2.8%) were non-polar intrinsic and 271 (34 4%)
were intermediate type. From the latter group 14
randomly selected patients were included in the
present study. The prevalence of asthma among
relatives of non-polar intrinsic asthmatics was
7/96 (7T3%) and that of the intermediate type
asthmatics was 10/81 (12-3%). The prevalence of
hay fever or eczema or both was 13/95 (13-5%) in
the former group and 6/81 (7.4%) in the latter.

The prevalence of asthma and hay fever/eczema
among the first degree relatives of the four groups
(for instance, polar intrinsic and extrinsic, non-
polar intrinsics, and intermediate type) is shown
(see figure). When the groups of probands are
ranked in order of increasing atopy, as assessed
by skin test sensitivity, the prevalence of asthma
among relatives increases linearly. Between any
two adjacent groups of probands, the prevalence
of asthma is not significantly different. Between
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Prevalence of asthma and hay fever/eczema among
first degree relatives of probands.

Table 5 Prevalence of asthma, hay fever, and eczema among first degree relatives of polar intrinsic
probands

Trait Prevalence ( %) Comparison ofparents,
Parents Siblings Offspring All relatives siblings and offspring

Significance (df=2)

Asthma 14/178 (7-9) 7/290 (2 4) 7/158 (4 4) 28/626 (4.5) x'=7 27, p < 0 05
Hayfever 0/178 (0) 4/290 (1-4) 6/158 (3 8) 10/626 (1-6) x'=1 67, P>0-05*
Eczema 1/178 (0) 3/290(1-0) 3/158 (1 9) 7/626(1-1) x'= 133,p>0-05

*Comparison between siblings and offspring (df= 1)

Table 6 Prevalence of asthma and hay fever/eczema among siblings of intrinsic probands with neither,
one, or both parents affected

Affectedparents N Asthma N Hay fever/eczema

Siblings at risk Siblings affected Percent affected Siblings at risk Siblings qffected Percent affected

Neither 74 258 4 1.6 88 248 13 5-2
One 14 32 3 9 4 1 4 0 0
Both 0 - - - 0 - - -
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alternate groups and between the two extremes,
however, the differences are significant (polar
intrinsic and intermediate type, P<OO5; non-polar
intrinsic and polar extrinsic, P<005; polar ex-

trinsic and intrinsic P<0001).
The prevalence of hay fever/eczema among

first degree relatives was also positively correlated
with the degree of atopy in the probands (Spear-
man rank correlation coefficient of 0O8).

Discussion

The Doncaster and Brompton populations were
remarkably similar, the sole difference being the
relatively higher prevalence of asthma, eczema,

and hay fever among relatives of Brompton ex-
trinsic asthmatics than among relatives of Don-
caster extrinsic asthmatics. Although the cause of
this difference cannot be elucidated in this study,
this may reflect a difference in the degree of atopy
or the severity or both of the asthma in probands.
If Brompton probands were more atopic or more

severely affected, their increased predisposition
to asthma, eczema, and hay fever might be associ-
ated with a higher prevalence of these traits among
first degree relatives.
Among extrinsic and intrinsic probands there

was no distortion in the sex-ratio and little differ-
enCe between the sexes in the prevalence of hay
fever/eczema. The excess of male extrinsic asth-
matics often found in other studies was not ob-
served here. This discrepancy may reflect a bias
in ascertainment or may have arisen by chance.
In the present study the absence of sexual differ-
ences suggests that these traits are neither sex-
linked nor sex-influenced.
The increased prevalence of asthma among sib-

lings of probands with one or both parents affected
supports the hypothesis that this trait is hereditary.
At least part of this familial association, however,
may have resulted from a common family environ-
ment, which would also tend to increase this
prevalence. Similarly the increased prevalence of
hay fever/eczema among siblings of probands with
one or both parents affected, supports, but does
not prove, the concept that atopic manifestations
are partly hereditary.
The prevalence of asthma is significantly higher

among relatives of extrinsic asthmatics than
among relatives of intrinsic asthmatics. Although
this difference may result from dissimilarities in
the family environments, such that relatives of
extrinsic asthmatics are exposed to more environ-
mental provoking factors, it seems more reason-
able to suggest that this difference is genetic. If
this is true then extrinsic asthmatics have a
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stronger genetic predisposition to asthma than do
intrinsic asthmatics.

It is important to note that this clear separation
of the extrinsic and intrinsic populations results
from the deliberate selection of highly atopic and
clearly non-atopic probands. In practice, most
asthmatic patients fall between these two extreme
forms of asthma, thus forming a continuous
spectrum.
A comparison of the intermediate type of

asthma to the two polar forms shows a positive
correlation between the prevalence of asthma
among first degree relatives and the degree of
atopy in the probands (see figure). If we assume
that the prevalence of hay fever and eczema pro-
vides an estimate of the frequency of atopy, then
the prevalence of asthma among relatives is also
correlated with the degree of atopy in these same
relatives. In addition, the prevalence of asthma
and hay fever/eczema is low among relatives of
intrinsic asthmatics and high among relatives of
extrinsic asthmatics. This strong association be-
tween atopy and asthma indicates that atopy may
enhance a genetic predisposition to asthma.
The above findings together with the results

of previous investigations suggest that the ex-
pression of asthma is dependent on (a) genetic
factor(s) that predispose individuals to asthma
and (b) environmental factor(s) that precipitate
asthma in genetically predisposed individuals. Pure
environmental or genetic hypotheses may be ruled
out since twin and family studies have shown that
there is both an environmental and a genetic com-
ponent to asthma (see introduction for summary).
The particular mode of inheritance of the

genetic factor(s) cannot be determined in the
present study. The gradual increase in the number
of affected siblings with increases in the number
of asthmatic parents, however, suggests that
asthma may be polygenic. In addition, the excess
of affected parents and the slight deficit of affected
siblings indicates that one or more of the con-
tributing genes may be recessively inherited.
The results of the present study further suggest

that atopy and its manifestations (for instance,
hay fever/eczema) may enhance the predisposition
to asthma in genetically predisposed individuals.
Since atopy is, itself, partly hereditary (Pepys,
1973) relatives of extrinsic asthmatics would then
inherit a predisposition to asthma as well as an
increased likelihood of its being expressed. Hence
the prevalence of both asthma and atopic mani-
festations, such as hay fever and eczema, would
be higher among relatives of extrinsic than among
relatives of intrinsic asthmatics.

In addition, atopy may lower the age of onset of
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asthma thus giving rise to the characteristically
early age of onset in extrinsic asthma. This latter
hypothesis is supported by Pepys (1973), who ob-
served a significant negative correlation between
age of onset and the degree of atopy in the
patient.
We have proceeded to evaluate the hypotheses

described above in a population of asthmatic and
normal children attending a large general practice.
The findings support the conclusions of the present
study and will be discussed in detail in a later
publication.
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