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Detection of Carriers of Benign X-Linked Muscular Dystrophy
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From the point of view of genetic counselling carrier detection
is most important in X-linked disorders. Okinaka et al. (1959)
were the first to employ the serum level of creatine kinase to

detect female carriers of X-linked Duchenne muscular
dystrophy. Since then many investigators have confirmed the
usefulness and reliability of this test. So far results on over

200 carriers have been reported, and of these approximately
two-thirds were found to have significantly raised levels of
serum creatine kinase (Emery, 1967).

Besides the severe Duchenne type of muscular dystrophy,
another X-linked form of muscular dystrophy has been recog-

nized by Becker (1955, 1957, 1962). This type of muscular
dystrophy is clinically similar to Duchenne muscular dystrophy
in that weakness begins in the pelvic girdle musculature, only
later affecting the upper limbs, and there is pseudohypertrophy
of the calf muscles. However, it differs from Duchenne mus-

cular dystrophy because the disease does not manifest itself
until the teens or early twenties, and affected individuals usually
become chair-ridden only after 25 to 30 years. This report is
concerned with the usefulness of serum enzyme studies for
detecting carriers of this benign Becker type X-linked muscular
dystrophy.

Subjects and Methods

Carriers.-All the carriers belonged to four large families, in

each of which were several affected males. A definite carrier
has been defined as a daughter of an affected man or a woman

with an affected son and a family history of other male relatives
having been similarly affected-for example, a brother or

maternal uncle.
Controls.-Enzyme determinations were carried out on 50

normal women with no history of any neuromuscular disease
and of comparable age to the carriers.
Methods.-Blood samples were taken during everyday activ-

ity. In most cases enzyme determinations were carried out

within an hour or so of the blood sample being taken. In the
few instances where this was not possible the serum was frozen
and kept at -20' C. until the following day. No specimens
were stored for more than 24 hours. Serum levels of creatine
kinase were estimated according to the method of Tanzer and
Gilvarg (1959), using a Hilger and Watts Uvispek spectro-
photometer with temperature control. Cysteine was incorporated
in the reaction mixture to a final concentration of 1 jtM/ml. The

incorporation of cysteine has been shown to increase the accu-

racy and reproducibility of assay methods for serum creatine
kinase and to prevent the loss of enzyme activity which occurs

when serum is stored (Hughes, 1962 ; Okinaka et al., 1964;
Kar and Pearson, 1965 ; Finley and Anderson, 1966). With
cysteine incorporated in the reaction mixture the values obtained
were not appreciably affected by storing serum samples for

several days at 20' C. However, without cysteine the values
obtained after storage were significantly less than those obtained
with fresh serum. It would seem, therefore, that if stored serum

is used cysteine should be incorporated in the reaction mixture.
Results are expressed in international units, one unit being

that amount of enzyme which catalyses the transformation of
1 4uM of creatine per 1,000 ml. of serum per minute at 250 C.
and pH 9. Duplicate determinations were carried out on each
sample of serum.

Results

The values for the serum levels of creatine kinase in the
controls were not normally distributed, but the cumulative
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FIG. I.-Serum creatine kinase levels
and carriers, actual values.
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FIG. 2.-Serum creatine kinase levels in
controls and carriers, cumulative percentage
frequency of the logarithms of the values.
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distribution produced a close approximation to a straight line
on a log. probability plot, and from this curve the normal 95
percentile was estimated to 3.5 units. Of the 26 definite
carriers who have been tested 13 (50%) had serum levels of
creatine kinase which exceeded the normal 95 percentile (Fig. 1).
From the cumulative log. probability plot approximately 48%
of carriers would be predicted to have values more than 3.5 units
(Fig. 2). There was no significant correlation (r= + 0.04)
between age and the serum level of creatine kinase.
Enzyme determinations were carried out on 14 possible

carriers. These were women who were sisters of affected males,
sisters of definite carriers, or daughters of definite carriers.
Except for two boys who were not available for testing, all the
sons of these possible carriers were examined and their serum
level of creatine kinase was determined, but none was found to
be affected. Five (36%) of these possible carriers had raised
serum creatine kinase levels.
None of the 26 definite carriers or any of the 14 possible

carriers had enlarged calves or any evidence of muscle weakness.

Discussion

A benign form of X-linked muscular dystrophy was first
recognized by Becker (1955, 1957, 1962). Other investigators
have also reported families in which the onset was later and
the progression slower than in the classical X-linked Duchenne

Serum Creatine Kinase in Carriers of Benign X-linked Muscular
Dystrophy

I AbnormalAssay Method Total Reference
( Modifications) No. No.No .1

Hughes (1962) { 1 1 100 Hughes (1963)Hughes(1962) ~ 9 6 67 Wilson et al. (1965)
23 11 48 Rotthauwe and Kowalewski

Tanzer and Gilvarg 4 2 50 (1966b)
(1959) 4 2 50 ~~~~~Mabry et al. (1965)

11 4 36 Emery and Dreifuss (1966)
26 1 13 50 Present study
74 37 50

type of muscular dystrophy (Levison, 1951; Lamy and
de Grouchy, 1954; Walton, 1955-6, 1956-7; Blyth and Pugh,
1958-9; Emery, 1964; Rotthauwe and Kowalewski, 1966a).
Mabry et al. (1965) and Emery and Dreifuss (1966) have des-
cribed families with benign forms of X-linked muscular dys-
trophy which appeared to differ clinically from the Becker type,
and these investigators have suggested that there may be at least
three different types of benign X-linked muscular dystrophy.
So far there have been few published reports of serum

enzyme studies in carriers of benign X-linked muscular dys-

trophy (see Table). The findings of the present study are in
good agreement with those of Rotthauwe and Kowalewski
(1966b) in showing that approximately 50% of carriers have
significantly elevated levels of creatine kinase. The test may
therefore be useful in genetic counselling in this form of
muscular dystrophy.

Summary

The serum level of creatine kinase has been found to be
significantly elevated in 13 out of 26 (50%) definite carriers
and 5 out of 14 (36%) possible carriers of benign (Becker type)
X-linked muscular dystrophy. The test may therefore be useful
in genetic counselling in this form of muscular dystrophy.

Grateful thanks are due to Dr. J. Timson and Dr. D. Gardner-
Medwin for- valuable help in tracing members of certain families
and to Miss Valerie Hodson for technical assistance. The work
was supported by a research grant from the Muscular Dystrophy
Group of Great Britain. S. S. was in receipt of an M.R.C. research
scholarship.
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