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The sex ratios of probands and of secondary cases
in conditions of multifactorial inheritance where
liability varies with sex

William H James

Abstract
Some pathological conditions affect one sex more
often than the other. A curious feature of some of
these conditions (dyslexia, congenital dislocation of
the hip, pyloric stenosis, otosclerosis, lupus
erythematosus, ankylosing spondylitis) is that the
sex ratio (proportion of males) of randomly ascer-
tained probands is more extreme than that of their
affected relatives.

In all these conditions, multifactorial inheritance
has been suspected. A simple model is offered here
of multifactorial inheritance with liability varying by
sex. Under the model, such a disparity between sex
ratios would be expected.

Many pathological conditions are reported to affect
one sex more frequently than the other. In some
conditions (for example, dyslexia) difficulties in
diagnosis or bias in ascertainment have been invoked
in explanation. However, in others there can be no
doubt that real differences exist, and such an inter-
pretation is consistent with the remissions and relapses
(for example, in rheumatoid arthritis and lupus
erythematosus) experienced by women as they proceed
through different phases of the menstrual and life
cycles. '

Table 1 gives estimates of the ratios of the sexes of
randomly ascertained probands with various con-
ditions. A curious feature of many of these conditions
is that the sex ratio of probands is more extreme than
that of secondary cases (that is, those ascertained by
being related to a proband). The point has been
commented on in regard to dyslexia,8 otosclerosis,9
and ankylosing spondylitis,10 and similar features can

MRC Mammalian Development Unit, University College
London, Wolfson House, 4 Stephenson Way, London
NWI 2HE.

W H James

Received for publication 25 May 1990.
Accepted for publication 25 June 1990.

be noted (from data in the cited references) in regard
to lupus erythematosus,6 congenital dislocation of the
hip, and pyloric stenosis.2 Table 1 gives data illustrating
the point.
Commentators have responded variously to the

point. Tallal et at8 were frankly puzzled by it in
regard to dyslexia. Morrison and Bundey" noted
that secondary cases are likely to be more closely
scrutinised than probands, and they accordingly
suggested that, in regard to otosclerosis, the more
balanced sex ratio of secondary cases indicated bias in
the ascertainment of primary cases, men being less
likely to report deafness than women. Bodmerl°
suggested that in ankylosing spondylitis the secondary
cases may be less severe than the primary cases, and
that this accounted for the disparity between their sex
ratios.
Without directly impugning these explanations, I

should like to describe a model which suggests a
general explanation for conditions in which sex ratios
of probands are more extreme than those of their
affected relatives. In a condition in which males have
a higher mean liability than females, and in which
liability is to some extent inherited, one may represent
the distributions of liabilities of males and females in
the general population and in those who are relatives
of probands as in the figure.
The sex ratio (proportion of males) of affected is the

area under the male curve to the right of the threshold
expressed as a proportion of the sum of the areas
under the male and female curves to the right of the
threshold. Let us assume that (1) the variances of
male and female liability are equal, (2) the variances of
liability in male and female sibs of probands take the
same value, and (3) the difference between the mean
liabilities ofmales and females in the general population
is equal to the difference between the mean liabilities
of male and female sibs of cases.
One may define the distribution of liability as

normal. This does not make an unwarranted assump-
tion about the real nature of the liability: it simply
specifies that in order to express the degree of
liability, we shall choose a scale of measurement
which, if we could measure the liability, would yield a
normal distribution. Then it may be confirmed that
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Table I Sex ratios of randomly ascertained probands and of their affected sibs: selected pathological conditions.

SR of
SR of affected sibs

Condition Source probands of probands Source

Congenital dislocation of the hip Carter2 0-12 0-21 Carter'
Pyloric stenosis Carter2 0-80 0 73 Carter2
Lupus erythematosus Wallace and 0-10 0-32 Arnett6

Dubois3
Otosclerosis Larsson4 0 33 0 5 (approx) Larsson4

Morrison7
Ankylosing spondylitis Masis 0-76 0-62 Masi'

Females Male

Females

General population

aS

Relatives of probands

Males

Hypothesised distributions ofliability in a condition in which
males have greater liability thanfemales. It will be seen that the
sex ratio ofthe affected
Area under the male curve to the right ofthe threshold

Area under the mal curve to the right of the threshold+

area under thefemale curve to the right ofthe threshold

is lower in the lower pair ofdistributions.

the sex ratio of affected relatives of probands is not as

extreme as that of the probands themselves: the sex

ratio of affected relatives lies between that of the
probands and that of the total population. The point
may be made clearer by taking illustrative values of
mean liability measured in standard deviation values
from the threshold (table 2).

It is worth noting that what is presented above is a

model, not an infallible criterion. If the assumptions
underlying the model are false, then explanations
based on it may be false. All the conditions mentioned
in table 1 have been suspected of being based on

multifactorial inheritance. The grounds for such
suspicion will not be summarised here. However, the
fact that the present considerations add weight to
those suspicions suggests, in general, that when sex

ratios of probands are more extreme than those of
their affected relatives, multifactorial inheritance
should be suspected.

It is useful to assess whether the magnitude of effect
expected on the model approximates to that found
empirically. If the assumptions underlying the model
are observed, then there is a relationship between the
following four parameters: (a) sex ratio of randomly
chosen probands, (b) sex ratio of affected sibs of
probands, (c) overall population risk of the condition,
and (d) risk to sibs of probands.

If we know the sex ratio of randomly ascertained
probands and their incidence, we can estimate the
difference (in standard deviation measure) between
the mean liabilities of males and females. For instance,
using the data of Carter2 on congenital dislocation of
the hip, one would estimate the male incidence at
about 1 in 4000 (=0100025) and the female incidence
at 7 in 4000 (0100175). The ordinates corresponding
to these areas in the tail of a normal curve stand at
3-48 and 2-92 SD from the mean, a difference of
0 56 SD.
The overall sib risk reported by Carter2 was

66/1480=0-0446, and the ordinate corresponding to
this area is 1-7 SD from the mean. If the model were

mirroring reality, the male and female thresholds
would be roughly 0-28 (=0 56/2) SD above and below

Table 2 Sex ratios ofprobands and of their sibs given illustrative values ofdistances from the threshold (in SD) ofmean liabilities of
males and females in the general population and those who are sibs ofprobands.

Mean distance Area under curve
from threshold beyond threshold SR of affected

General population, females 2 a 0-023
General population, males 11½2 o 0-066 074
Sisters of probands 1/2 o 0 309 062
Brothers of probands 0 0S5
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The sex ratios ofprobands and ofsecondary cases in conditions ofmultifactorial inheritance where liability varies with sex

this value, that is, 1 98 and 1 42 for males and females
respectively. The areas beyond these thresholds are
0-0239 and 0-0778, and the sex ratio (proportion of
males) of affected sibs predicted by the model is thus
0235 as contrasted with the observed value of 0-212.
The difference is not significant and the fit is good.
Applying similar methods to the data of Carter2 on
pyloric stenosis, the sex ratio of sibs of cases predicted
by the model is 0-71 and the observed value is 0-73.
Again, the fit is excellent.

It would be useful if similar demonstrations could
be given in respect of the other conditions mentioned
in table 1. However, (1) estimates of the sex ratio of
patients with lupus are very variable. For instance
Wallace and Dubois3 reviewed five large studies on
cases in the USA: in these, the proportions of males
varied from 004 to 0-22. This being so, a convincing
demonstration (that the model fits the data) would
necessitate the use of estimates of the four parameters
(a-d above) which all refer to the same population. I
know of no such data. (2) I know of no precise
numerical estimates of sib risk in otosclerosis. (3)
Masi5 reviewed six population studies on ankylosing
spondylitis. Here too, the sex ratios of affected were
very variable, suggesting (as with lupus above) that
one would need estimates of the four parameters (a-d)
from the same population. Such data are not available
to me.
However, these points are perhaps not important.

The essential thing is that a simple model is able to
account for the very wide disparities between sex
ratios (of probands and their affected relatives)
observed in some conditions. It may prove applicable
to other conditions too.
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