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SUMMARY Between January 1975 and January 1980 we counselled 214 possible or obligatory
carriers of haemophilia A in an attempt to provide the counsel they needed and to determine the
utility of a probabilistic method of assigning the heterozygous genotype (carrier detection). We
found the method of assignment to be quick and easy to use, and the single output (the final prob-
ability favouring carriership P(C)) to be understood by most counsellees. The final probabilities
obtained were either very high or very low in 80% of the women, which allowed us to give clear
counsel in four instances in five. The final probabilities could also be used to relate Mendelian
expectation to observation within each of three subsets of women (18 mothers of sporadic haemo-
philiacs, 78 sisters, and 62 more distant relatives), while the aberrant likelihood ratios of 6/36 (17%.)
of the obligatory carriers provided an estimate of the false negative diagnostic rate owing to lyonis-
ation. There was no significant age effect on VIII:C or VIIR:Ag levels of obligatory carriers, and
the VIII:C levels of the obligatory carriers who had received the gene from their fathers did not
differ from those of the obligatory carriers who had received the gene from their mothers. The ratios
of high:low probabilities among the sisters and distant relatives of haemophiliacs conformed to
genetic expectation, while the ratio among mothers of sporadic haemophiliacs suggested that their
expectations of carriership were greater than 80%.
Twenty of the 214 counsellees (9%) were pregnant on the first visit, and 13 of those with low

P(C)s (0 00-33) went to term and delivered 11 non-haemophilic children. Four with P(C)s between
0 50 and 1 00 requested amniocenteses, and one male was aborted. Three who were obligatory
carriers also requested amniocentesis which led to the abortion of a second male.

Seven women who were assessed before pregnancy and found to have high P(C)s returned after
becoming pregnant. All requested amniocentesis (one twice) and fetoscopy was requested for six of
the seven males discovered, one male having been aborted before fetoscopy became available. Of
the six males who were fetoscoped, three normal males reached term, one normal male was born
prematurely, and one haemophilic male and one normal male did not survive fetoscopy.

The discovery of sex limited (now X linked) inherit- counselling using discriminant analysis based on
ance by Morgan in 1910 provided the Mendelian factor VIII coagulant assays has been a possibility
basis for genetic counselling in haemophilia A.' It is for many years,3 it was a scientific breakthrough in
not clear when physicians became widely conscious laboratory studies of factor VIII in the early 1970s
that inheritance of eye colour in Drosophila and which rekindled interest in carrier detection. Almost
haemophilia in humans followed the same pattern, simultaneously, Bennett and Huehns in the UK4 and
but Macklin may have been the first to specify the Zimmerman et alin the USA56 discovered that there
outcomes expected from the various haemophilia- was a disproportion between the levels of coagulant
related matings in a medical journal.2 While genetic factor VIII (VIII :C) and an antigen related to factor

VIII (VIIIR:Ag) in the plasma of haemophiliacs.
*Supported (in part) by research grants (HL.06350, HL-24207, and They also observed a simnilar, though smaller,
HL-23698) from the National Institutes of Health. disproportion in the plasma of many obligatoryReceived for publication 9 April 1981
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Genetic counselling in haemophilia by discriminant analysis 1975-1980

carriers. The basic finding was quickly confirmed,7-'0
and the feeling became widespread that the problem
of haemophilia carrier detection had been solved.
The original wave of enthusiasm was succeeded by
the inevitable reaction, workers who agreed in
principle but pointed to inherent difficulties and
suggested improvements."1'-6 The intensity of the
dialogue in the mid-1970s attracted wide attention
among haematologists and led to two important
developments: (1) a prospective evaluation of the
method,17 and (2) establishment of a committee by
the WHO to give considered advice.18 The last two
studies seem to have provided most of the infor-
mation needed, and there have been few original
papers on the subject since 1977.19 20 The back-
ground, principles, and methods of carrier
identification in the haemophilias were summarised
in a comprehensive article in 1979.21
The purpose of this paper is to describe the

application of the state-of-the-art procedure during
a period of 6 years and to evaluate its use.

Materials and methods

SUBJECTS
The 214 female counsellees seen between January
1975 and January 1980 were related in a variety of
ways to approximately 600 men with haemophilia A
who had been seen at our institution. Those not
pregnant on the first visit included 36 obligatory
carriers, 78 sisters of haemophiliacs, 62 second and
third degree relatives, and 18 mothers of sporadic
haemophiliacs. Twenty additional women at risk
were seen after becoming pregnant. (Sixteen
counsellees from haemophilia B kindreds and 12
from kindreds with other disorders of haemostasis
were also seen during the 6-year period.) All subjects
were interviewed by at least two of us, and strong
efforts were made to assure a return visit. The
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FIGURE Algorithm showing the sequence of actions
taken by a pregnant woman at high risk for
haemophilia who uses the panoply of consultants
and services at Chapel Hill. Counsellee's actions
are contained in open brackets. The actions of the
medical consultants are enclosed in rectangles. The
term 'ourselves' within certain rectangles refers to
one or more of the authors of this report. 'CRM' is
shorthandfor 'cross-reacting material', in this
instance the factor VIII coagulant antigen
(VIII:CAg). The only haemophilic males
diagnosable in utero by fetoscopy are those from
kindreds in which affected makes have low to
absent VIII:CAg.
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28Emily S Barrow, Connie H Miller, HowardM Reisner, and John B Graham

counselling algorithm we follow with women who
are not pregnant was described earlier.22 The more
elaborate procedure required for those who are
pregnant is shown in the figure. It indicates the roles
that are played by ourselves, an obstetrician, a
cytogeneticist, and a fetoscopist and his associates.
The procedure is complex, labour intensive, and
expensive, the pregnant counsellee being offered
counsel at least eight times during six visits. It is our
counselling policy to be 'non-directive', assisting the
counsellee to make her own decisions at each step
with the best information and understanding that we
can muster.

GENETIC AND LABORATORY PROCEDURES
Pedigree information, including the previous re-
productive performance of a counsellee and her
ancestors, and any usable linkage information, are
collected and analysed as described elsewhere.1621
These data provide the 'pedigree (or prior)
probability' of heterozygosity (carriership) (ito)
which will be combined with information from the
laboratory to provide the 'final probability' (P(C)).

Citrated plasma is prepared and stored as described
elsewhere.23 Assays for VIII:C and VIIIR:Ag are
carried out as described earlier,23 the control
standard being successive and sequentially calibrated
pools of normal plasma stored at -700C. The data
from the laboratory together with age are used to
calculate a 'likelihood ratio' (LR), favouring
carriership by linear discriminant analysis as
described by Elston et al.*16 The LR, which is the
ratio between the likelihood of being a carrier and
the likelihood of being normal, is combined math-
ematically with ixc to produce the final probability of
carriership (P(C)) which ranges from 1 *0 (certain) to
0 0 (impossible). We have programmed the complete
statistical procedure for a desktop computer
(HP 9815A), and it requires only 15 seconds to
obtain P(C) once irc, age, and the VIII :C and
VIIIR:Ag values are available.

Results

OBLIGATORY CARRIERS
Certain women in haemophilia families are
recognised genetically as heterozygous and are
referred to as obligatory (or obligate) carriers. The
daughters of men with X linked haemophilia
(paternal carriers) are so regarded because the X
chromosome which they receive from their fathers
carries the haemophilia gene. Women with two or
more haemophilic sons, or an affected son and a

*The discriminant is: [(-0.3746-0.0496 a) x + (4.447-0055 a)y],
where x = In VIIIR:Ag, y =In VIII:C, and a = age in years. It is
normally distributed in carriers with a mean of (16.16-0-2363 ac) and
a variance of 3.09. It is normally distributed in normal women with a
mean of (20 - 52-0* 269 a) and a variance of I * 11.

carrier daughter, are so regarded, since the prob-
ability is negligible that mutation will have occurred
twice in their matings. Also, a woman in the main-
line of descent of a haemophilia family who has a
single affected son or a carrier daughter is regarded
as an obligatory carrier. We refer to all three of the
latter types as 'maternal carriers'. There were 36
obligatory carriers among our 194 non-pregnant
counsellees (15 maternal and 21 paternal) and the
data concerning them are summarised in table 1.
The table has been divided into two sections to

display the data separately for maternal carriers (A)
and paternal carriers (B) because it has been reported
that the VIII :C levels of paternal carriers are
significantly lower than those ofmaternal carriers,24 25
an assertion which has been vigorously disputed by
others.26-28 The women within each section have been
further arranged by age and family. The 15 maternal
carriers can be seen to have been unrelated, while the
21 paternal carriers fell into 16 families.t Individual
coagulation data are shown as well as individual
likelihood ratios and final probabilities.

There was no significant regression of VIII:C or
VIIIR:Ag on age in either maternal carriers (n = 15)
or paternal carriers (n = 21 or n = 16), and it is
apparent on inspection that there is no significant
difference between maternal and paternal carriers in
respect of VIII:C or VIIIR:Ag levels. When the
values for all the members of a group of related
paternal carriers are averaged and the average
entered as a single value (n = 16), there is a slight
but not significant decrease in the mean levels of
VIII:C and VIIIR:Ag.

Table 1 also displays the LRs and two estimates of
P(C) for each obligatory carrier. An LR greater than
1:1 means that carriership is likely, and a value less
than 1:1 means that carriership is unlikely. The
table shows that LRs greater than 1:1 were
present in 30/36 (83 %) of obligatory carriers, while
values of less than 1:1 were present in 6/36 (17%).
The aberrant LRs presumably represent the effects of
lyonisation and provide an estimate of the rate of
false negative diagnosis caused by it.
Two estimates of final probability (P(C)) are given.

The correct one is that which is based on the correct
pedigree probability for obligatory carriers
(Tcc = 1 0). This means that P(C) for obligatory
carriers must also be 1-0, regardless of the LR.
When, however, the women are treated as though
they were sisters of haemophiliacs (xCc = 0 50) it is
seen that the six women with LRs less than 1:1 have
P(C)s less than 0 50 and would have been diagnosed
as non-carriers on the basis of laboratory data alone.
Maternal carrier 9 is particularly interesting. Her

tMaternal carrier 9 and paternal carrier 15 were 4th cousins.
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Genetic counselling in haemophilia by discriminant analysis 1975-1980

TABLE 1 Obligatory carriers
Likelihood ratio Final probability P(C)

Family Subject Age VIII:C VIIIR:Ag
(t/dl) (p/dl) >1:1 <1:1 7rC= 1-0 rc = 0-50

A Maternal carriers
I 1 25 34 63 9 x 104:1 t >0-999
II 2 26 26 125 5x109:1 >0.999
III 3 30 28 75 5 x 106:1 >0.999
IV 4 30 70 79 7:1 0*867
V 5 32 60 51 4:1 0-783
VI 6 34 66 109 54:1 0*982
VII 7 36 83 129 10:1 0.910
VIII 8 36 90 188 35:1 1.0 0.972
*IX 9 39 167 132 1:11 0*086t
X 10 39 76 111 11:1 0.914
XI 1 1 42 52 94 263:1 0.996
XII 12 48 75 87 2:1 0.676
XIII 13 49 76 119 13:1 0-929
XIV 14 50 147 149 1:3 0*236
XV 15 58 45 91 332:1 0-997

R=38-3 73 106-8
SD= 9-6 39-6 35.5

Range 25-58 26-167 51-149

B Paternal carriers
XVI 1 3 23 92 6x 1011:1 t >0 999
XVII 2 4 60 74 332:1 0*997
XVIIIa 3 10 57) 91 991:11 0.999b 4 13 61 59 113 126 999:1 t 0.999

c L 5 20 59J 154 1000:1 J >0-999
XIX a f 6 11 135k90 5 230 174 1:42} 0.192

b 7 16 46 118 5 x104:1 j>0.999
XX a 8 12 72 195 70 131: -1b { 9 14 167}19.5 156 113 11:1 1:25} 1.0 0-918 0.038
XXI 10 16 51 116 8 x 103:1 >0.999
XXII 11 18 57 94 499:1 0-998
XXIII 12 18 46 137 1 xlO5:1 >0.999
XXIV 13 19 58 126 1-3 x 103:1 >0.999
XXV 14 20 64 72 26:1 0.963
*IX 15 20 93 240 28:1 0.966
XXVI 16 21 45 62 999:1 0.999

b 18 25 86} 81 1-22:1 10.134

$XXVIII 19 23 44/33 107/90 4 x 104:1 >0-999
$XXIX 20 28 23/21 79/185 8 x 108:1 >0-999
$XXX 21 35 184/149 157/129 1:13/1:8 0-072/0-108

C x=17 5
n=21 SD= 7-5

t Range = 3-35
f x=18.1n=16 SD= 7.9

72-7
42-4
21-184
69-2
40.0

116-1
45.9
50-230
114-5
46-8

LR was only 1:11, but she produced three affected
sons.
There is no evidence in table 1 which supports a

familial tendency towards similar likelihood ratios.
There are five sets of related obligatory carriers:
families IX, XVIII, XIX, XX, and XXVII. Family IX
consists of maternal carrier 9 and paternal carrier 15.
The former has an LR of 1 :11 and the latter has an
LR of 26:1. Family XVIII consists of three daughters
of a haemophiliac with LRs >999:1. In families
XIX, XX, and XXVII, each consisting of a pair of
daughters of a haemophiliac, one sister has an LR
>1 :1 and the other has an LR <1:1.

POTENTIAL CARRIERS
When a female relative of a haemophiliac is not an

*Belong to same family.
tHad 3 affected sons.
tTested on 2 separate occasions.

obligatory carrier, she must be regarded as a
potential carrier unless she shows herself to be
indubitably heterozygous by producing an affected
son or a carrier daughter. Until heterozygosity has
been proved by transmission of the haemophilia
gene, however, it is possible only to assign her a
probability of carriership. Table 2 displays the final
probabilities obtained on 158 potential carriers. The
P(C)s have been grouped by quartiles, 1-00-0 75
being the quartile most likely to be carriers, and
0-24-040 being the quartile least likely to be carriers.

Seventy-eight sisters of haemophiliacs are shown
in row (a), 62 second and third degree relatives in
row (b), and 18 mothers of sporadic haemophiliacs
in row (c). In each row, the majority of values are in
the first and fourth quartiles, 73-74/158 (47 %) in the
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TABLE 2 Potential carriers, not pregnant

Final probabilities P(C)

Carriers Not carriers
No When 1 + 2 3 + 4

7rc is: (1 8-075) (0.74-S50) (0-49-0-25) (0-24-00)

(a) Sisters of haemophiliacs 78 0-50 38 8 9 23

46 32
(b) Second and third degree relatives 62 0-36* 20 7 6 29

27 35
(c) Mothers of sporadic haemophiliacs (1) 18 0.67 15 1 1 1

16 2
(2) 18 0-83 16 1 0 1

17 1
Total 158 73-74 16 16-15 53

*Average of 62 individual pedigree probabilities ranging from 0 * 01-0 50.
(a) Expected = 50:50 (39:30); observed = 46:32. x2 = 2-5, p>0- 10
(b) Expected = 36:64 (22:40); observed = 27-35. x2 = 1*76, p>0. 10
(c) (1) Expected = (12:6); observed = (16:2). x2 = 3.999, p<0.05

(2) Expected = (15-7:2.3); observed = (17.1). X2 = 0-8423, p>0-30

largest quartile, and 53/158 (33%) in the smallest
quartile. Thus, the probability that a potential
carrier was indeed a carrier was either very great or
very slight in 80% of instances. Classification by
final probabilities also provided a means of com-
paring the congruence of the assigned genotype
(P(C)) with the Mendelian expectation (7tc). This was
accomplished by combining the totals in the two
largest quartiles (1* 0-050) and the two smallest
(0A49-00) in each subset of counsellees to form
testable ratios of carriers: normals.

Since sisters of haemophiliacs, whose mothers are
carriers, have a 1:1 chance of being carriers, the 78
sisters of haemophiliacs in row (b) are expected to
divide equally (39:39) between carriers and normals.
The 46:32 ratio observed between the high and low
probability groups might have occurred more than
10% of the time by chance alone.
The prior probability for the heterogeneous set of

62 second and third degree relatives was calculated
by averaging the prior probabilities of the individual
women, which ranged from 0 01 to 0 50. The result
0 36 implied that a 22:40 ratio of carriers:normals
was expected among the 62 subjects. The observation
27:35 was well within expectation.

Mothers of sporadic haemophiliacs posed a
problem because the selective disadvantage of
haemophiliacs has not been determined since the
beginning of the modern era of blood coagulation
research. Haematologists are aware, however, that
many severe haemophiliacs are reproducing. We
decided, therefore, to examine the mothers of
sporadic haemophiliacs under two assumptions:
(1) that the trait is lethal in affected males ( Tc = 0 67)

and (2) that fitness in haemophilic males is 50% of
normal, that is, xtc = 0 83*.

Line I of row (c) shows that a significant excess of
mothers scored as carriers under the assumption of
lethality.

Line 2 of row (c) shows that the assumption of
50% fitness brings expectation and observation
almost into balance.

COUNSELLEES WHO WERE PREGNANT
WHEN FIRST SEEN
During the period of study 20/214 (9%) of the
counsellees were pregnant when first seen. Seventeen
were potential and three were obligatory carriers.
Pertinent data are summarised in table 3.

Thirteen potential carriers had P(C)s between 0 * 02
and 0 33 and elected to go through pregnancy

TABLE 3 Potential carriers who were pregnant on the
first visit before fetoscopy was available.
No P(C)s Fetuses Amnio- Abortions Liveborn
of at risk centeses non-haemophilic
mothers children

Male Female

13 0.02- 13* 0 0 4 7
0-33

1 0-50 lt 1 0 0 0
1 0-83 1 1 0 0 1
1 >0.99 1 0 0 1 0
1 >0.99 3 2 1 0 2
3 1.00 3 3 1 0 2

20 - 22 7 2 5 12

*One lost to follow-up, one pending
tPending, male

*The theory which produces this estimate assumes genetic equilibrium
and that mutation rates are equal in ova and sperm.29
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without further study. They delivered 11 non-
haemophilic children, two not yet having been
accounted for. Three of four mothers with P(C)s
between 0 50 and 1 - 00, with six fetuses at risk in five
pregnancies, requested amniocentesis. The four
amniocenteses carried out identified three females
and two males. One male was aborted, one went to
term and was normal at birth, and one male birth is
pending. All three females were non-haemophilic at
birth. Three obligatory carriers requested amnio-
centesis and the single male which was identified was
aborted.

AMNIOCENTESIS AND FETOSCOPY

It has been possible for many years to determine the
sex of a fetus in utero by amniocentesis. Recently it
has become possible to determine the haemophilia
status of most male fetuses by fetoscopy and
examination of fetal blood.30 31 The procedure is
difficult, poses a significant risk to the fetus, and is
usually restricted to high-risk mothers.

Since 1977, seven of the 158 potential carriers
included in table 2, who came from families of severe
CRM- haemophilia and had been seen before
becoming pregnant, have returned for counsel after
becoming pregnant. Each requested amniocentesis
and those with male fetuses requested fetoscopy.
This experience is summarised in table 4.
A female fetus (4) identified by amniocentesis was

carried to term and is non-haemophilic. A male
identified before fetsocopy became available (3a) was
aborted but was not necropsied. Six males identified
by amniocentesis were fetoscoped. One could not be
diagnosed but was not haemophilic at birth. Four
were diagnosed as normal at fetoscopy and three of
these were normal at birth, the fourth not surviving
the procedure. The only male diagnosed as haemo-
philic by fetoscopy did not survive the procedure,
necropsy confirming the diagnosis.

Discussion

There is general agreement that the optimal pro-
cedure when counselling a woman potentially
heterozygous for an X linked disorder is to establish
her probable genotype as precisely as possible, point
out her options, and let her decide what she wants
done. When, as in haemophilia, there is not a
qualitative test which distinguishes heterozygous
carriers from normal women with certainty, and the
quantitative tests produce overlapping ranges of
values in reference groups, probability methods must
be used. Our procedure is to combine the likelihood
ratio of carriership obtained from laboratory data
by linear discriminant analysis with the prior
probability drawn from pedigree information to
yield the final probability of carriership (P(C)). P(C)
is the datum which is communicated to the counsellee
and whose implications are explained to her.
Both counsellor and counsellee must appreciate,

however, that no matter how high or low the P(C), it
is only a probability, not a certainty! A pertinent
example is seen in table 2. Had subject 9 of family IX
visited us before having had children, a prior
probability of 0 50 would have been assigned and,
together with her laboratory data, would have
yielded a P(C) of 0-086. This low value might have
led her to believe that she was normal. In fact, she
produced three affected sons in succession, proving
that her correct Trc and P(C) are 1 * 0. Her phenotype
and history are reminiscent of an obligatory carrier
described earlier.32
The reader might wonder why the mean VIII:C

level of our obligatory carriers was 72 85 ,u/dl when
lyonisation theory suggests that it should have been
50. There are several possible explanations. The
assays are not perfect. There are two types of
procedure which do not always give the same results
and the coefficients of variation are sizeable.

TABLE 4 Women with high P(C)s who returned after becoming pregnanlt
Initial visit Subsequent visit

Sex offetus Phenotype
at

Year Ttc P(C) Year amniocentesis At fetoscopy At birth At necropsy

(1) 1975 0-5 0-94 1979 Male (Unsuccessful) Premature, normal
(2) 1975 0.25 0.98 1979 Male Normal Normal
(3) 1976 0.5 >0-99 (a) 1978 Male * (Aborted) Not done

(b) 1979 Male Haemophilic --t Haemophilic
(4) 1976 0-25 >0-99 1979 Female Not haemophilic
(5) 1976 0*5 0*65 1979 Male Normal Normal
(6) 1980 0.50 0°50$ 1980 Male Normal t Normal
(7) 1980 0-50 0.86 1980 Male Normal Normal

*Fetoscopy was not available at the time.
tDid not survive fetoscopy.
:Fetoscopy at mother's insistence.
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Furthermore each laboratory produces its own local
standard for use as control. The usual practice,
which we follow, is carefully to prepare plasmas from
a number of presumably normal persons, then pool
them and store aliquots at low temperature to
minimise activation and maximise stability. As do
others, we assume that the VIII:C value of each
freshly thawed aliquot is 100 ,u/dl. Since pools
originate from a restricted number of subjects and
the number ofobligatory carriers is limited, stochastic
processes may act on either. A significant stochastic
effect on our material cannot be assessed, however,
because a suitable universal standard is lacking.
Published reports suggest that our experience is not
unique, since the VIII:C level of the obligatory
carriers was 78 7 ± 46:6 in the classical study of
Zimmerman et a16 and 78 ± 41 in the study of
Ekert et al.33
An issue vigorously debated at present is whether

obligatory carriers of paternal and maternal origin
differ, specifically whether paternal carriers have
lower VIII:C levels than maternal carriers. This is
not simply a technical disagreement among coagu-
lationists or a theoretical matter of concern only to
geneticists interested in inactivation of the X
chromosome. It also has practical significance for
carrier detection. The question being asked in carrier
detection is: did this woman receive a haemophilia
gene from her mother? Or in our usage: is she a
maternal carrier? If there is a significant difference
between paternal and maternal carriers, paternal
carriers should be excluded from reference groups of
obligatory carriers used for classifying potential
carriers. Our sample clearly shows no difference, yet
those of others do.24 25 Resolution of this disagree-
ment will probably require the acquisition of a
considerably larger body of data collected under
standardised conditions.
Those concerned with carrier detection must

remember that subsequent events may change the
7cc initially assigned to a potential carrier. For
example, a woman with a icc of 0 50, because she is
the sister of a haemophiliac, would progressively
reduce it to 0 33 then to 0 20 and finally to 0 11 by
having three normal sons in succession. Yet she
might have an affected son on the fourth pregnancy
demonstrating that she had been a carrier all along.
Furthermore, the outcome of additional random
processes, including the vagaries of inactivation of
the X chromosome (lyonisation) in heterozygous
females, has major effects on the plasma levels of
VIII:C, which in turn affect the likelihood ratio and
through it P(C). These considerations imply that a
few women among a group of carriers are expected
to have low P(C)s but to produce affected sons. Our
data on obligatory carriers showing that 17% score

as 'normal' suggests that 17% of the true carriers
within the larger group of potential carriers will
score as normal. We are, therefore, exceedingly
careful to explain the full meaning of a low prob-
ability to a potential carrier, and always put it in
writing!
We were pleased to find that the P(C)s of 80% of

potential carriers fell into the highest and lowest
quartiles. This high rate of determinancy means that
the test we have been using is relatively efficient. We
expected 'extreme lyonisation', which tends to
conceal carriers with low P(C)s while exposing those
with high P(C)s, to produce more negative diagnostic
errors (carriers classified as normal) than positive
errors (normals classified as carriers). In fact, the
ratios in rows (b) and (c) of table 3, which are not
significantly different from expectation, suggest that
the types of error balanced each other fairly well.
There was a paucity of low scores (normal

phenotypes) among the mothers of sporadic haemo-
philiacs, and the single apparently normal case may
represent an instance of 'extreme lyonisation'. The
finding suggests that either the fitness of haemo-
philiacs is much higher than suspected or the rate of
mutation may not be equal in sperm and ova. The
rarity of normal phenotypes among the mothers of
sporadic haemophiliacs agrees with an earlier study
of sporadic haemophiliacs24 and with the findings in
Duchenne muscular dystrophy34 and the Lesch-
Nyhan syndrome.35 The combined experience with
X linked traits suggests that most mothers ofsporadic
cases are in fact carriers and that mutations are very
rarely encountered. We currently use 0 80 as the xc
for mothers of sporadic haemophiliacs and regard
this as conservative.

It was probably improper to apply our discrimi-
nants to pregnant women, since the women in the
reference groups on which the discriminants are
based were not pregnant. However, no one has yet
provided pregnancy based discriminants, and it will
be difficult to obtain them, because this requires
prospective study of adequate numbers of pregnant
carriers. Our pregnant counsellees were either in the
1st or early 2nd trimester of pregnancy, however, and
we seem to have been able to identify them correctly,
at least P(C)s ranged from 0 02 to >0 99.
We wondered why the majority of women at risk

for having haemophilic sons do not use the opor-
tunities to become better informed. Our catchment
area contains approximately 600 haemophiliacs and
therefore approximately 3600 possible carriers.'8 Yet
only 214 counsellees have come to us for advice. Of
course, many women in the population are pre- or
post-menopausal, but as many as 1000 may be nubile.
A survey by Evans and Shaw in the UK 36 showed

that most obligatory carriers of haemophilia prefer

32

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.19.1.26 on 1 F
ebruary 1982. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetic counselling in haemophilia by discriminant analysis 1975-1980

either to avoid pregnancy or to risk its consequences
rather than undergo amniocentesis and fetoscopy.
The British survey and our experience may be
congruent, and most women in both countries may
be expressing the view that, since the health care
system cannot guarantee a perfect child, 3 the
benefit of obtaining a non-haemophilic son is not
sufficient to balance the psychological trauma of
having to make a series of agonising decisions.
However, we do not know how many of the 786
(1000-214) potential nubile carriers who have not
consulted us have been pregnant, nor how many of
the 194 studied have become pregnant since seeing
us. But seven potential carriers, who were seen

before becoming pregnant, have returned for further
advice after becoming pregnant, and 20 potential
carriers whom we had never seen sought aid after
becoming pregnant. Thus our counsellees may be
reacting differently from those encountered by Evans
and Shaw.36 Some of the women in the United States
at high risk for haemophilic sons appear to be
willing to use available technology, and this may

indicate that educational efforts are slowly beginning
to bear fruit. On the other hand it may merely
indicate that the population of potential mothers of
haemophiliacs is dichotomous in America, one

subset being willing to use the aid available, the
other preferring to leave the result to chance.

The authors wish to thank Dr Harold Roberts and
Dr Philip Blatt of the UNC Comprehensive Hemo-
philia Diagnostic and Treatment Center for referral
of many of the counsellees.
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