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SUMMARY A study has been performed on 124 first degree relatives of 38 index patients with
dystrophia myotonica in order to assess means of detecting heterozygotes before neurological
complaints. Some or all of the following tests have been performed on the relatives:clinical
examination, electromyography, slit-lamp examination, radiography of the skull, electrocardi-
ography, serum insulin, and serum immunoglobulin levels. There is evidence that abnormalities
in symptomless heterozygotes may be detected by slit-lamp examination, electromyography, and
immunoglobulin concentration, and this is probably the order of usefulness of the test in early
recognition of the disease. In this study 13 previously undetected heterozygotes have been identi-
fied: six as a result of neurological examination, four by both electromyography and slit-lamp
examination, and three by slit-lamp examination alone. Abnormalities detected by these tests
appear to be independently manifest, so that they will probably be more useful in combination
than singly. The family data give a maximum estimate for incidence of mutations among index
cases of one quarter, lower than previously suggested. The estimation of immunoglobulins in 45
patients showed significant deficiency, as compared with controls, not only of IgG but also of
IgM, and there was an insignificant trend for IgA to be low too. This suggests that the abnor-
mally rapid catabolism of immunoglobulin, previously reported, is not specific for IgG.

Dystrophia myotonica is a dominant condition. By
this we mean that the disease develops in those
heterozygous for the mutant gene concerned.
However, clinical manifestation, which includes a
distal myopathy with myotonia, mental changes,
cataract, and hypogonadism, is very variable in its
severity. Likewise the age of onset of symptoms is
very variable, and it is possible for a carrier to
transmit the gene to his offspring while he is still
clinically healthy. Indeed symptoms start after the
age of 30 years in about half the patients (Lynas,
1956; Klein, 1958) and it has been estimated by the
same authors that about a third of patients are
affected by fresh mutations. For these reasons there
may be considerable difficulty in identifying, at an
age when genetic counselling can be effective, those
apparently healthy members of an affected family
who carry the abnormal gene-that is, are hetero-
zygotes.

Objective evidence of the disease includes muscle

wasting and weakness, myotonia, personality
changes (or, in children, mental subnormality), lens
opacities, electromyographic and electrocardio-
graphic changes, skull radiographic changes, high
serum levels of insulin (Huff, Horton, and Lebovitz,
1967), and low serum levels of immunoglobulin G
(IgG) (Zinneman and Rotstein, 1956; Wochner,
Drews, Strober, and Waldmann, 1966). For other
references see Klein (1958) and Caughey and
Myrianthopoulos (1963). Such abnormalities were
sought for in a prospective study of symptomless
members of affected families. The study is presented
here.
Wochner et al. (1966) showed that the deficiency

of IgG was due to an abnormally fast catabolism of
IgG, which they regard as specific since the small
numbers of studies ofIgM and IgA catabolism which
they made in these patients fell within their normal
range, as did the serum concentrations of IgA and
IgM. However, there was a trend for the serum
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concentrations of the other immunoglobulins to be
low, and so these have been estimated in the present
study.

MATERIALS AND METHODS

PATIENTS

Eighty-seven patients have been diagnosed since 1947 at
the National Hospital Queen Square (80 cases) or The
Hospital for Sick Children (seven cases) as having dystro-
phiamyotonica. They or their families were contacted with
the following exclusions: 12 lived too far away, 16 were
not traced, in 11 cases where the index patient was dead
the relatives were not traced, and in two cases we had
medical advice not to visit. An attempt was made
therefore to contact the families of 46 patients (39 alive
and seven dead), but the families of eight were not
available and only the index patient was studied. Four
families were independently ascertained twice, and in
one of these instances two sibs (Appendix numbers 3 and
5) were index cases.
During the study, we were informed of seven secondary

patients with symptoms of dystrophia myotonica, who
were second or third degree relatives of our. index cases
and whose sibship we could study. Thus 44 sets of first
degree relatives were studied.

There were 177 living first degree relatives of patients
and 124 of these were seen; those excluded were 19 living
too far away, 16 whose address was not known, and 18
who did not wish to be seen. Some medical information
was available on 14 of these 53 excluded relatives; eight
had clinical evidence of dystrophia myotonica and six
had no such evidence.
The 124 relatives were examined in their homes and,

where permission was given, venous blood was taken for
immunoglobulin estimation. Blood was also taken from
23 spouses as they were thought to act as suitable
controls, being of similar age, environment, and sex
distribution. Fasting blood samples were obtained from
14 patients, seven spouses, and seven first degree
relatives for insulin estimation. Forty-eight relatives were
further studied at the National Hospital. Some data
obtained elsewhere on six further relatives have been used.

EXAMINATION OF MUSCULATURE Myotonia was sought in
delay of release of hand grip, and by percussion of thenar
and forearm muscles. Face, neck, forearm, and hands
were inspected for wasting, and power of these muscle
groups was tested. The degree of muscular involvement
in those affected was graded as follows: (1) no weakness,
(2) mild weakness; not limited in job or housework; but
limited in strenuous activities; (3) moderate weakness;
able to do a restricted job; (4) severe weakness; part-time
very restricted work or unemployed; (5) gross weakness;
confined to a wheel chair.

ASSESSMENT OF MENTALITY Patients were classified, sub-
jectively, during conversation into: (1) no abnormality;
(2) personality disorder leading to unsocial behaviour
(it is possible that some impairment of intellectual
function was related to this); (3) mildly mentally defective
(including children classified as educationally subnormal

and adults following similarly restricted lives); (4)
severely mentally subnormal.

ELECTROMYOGRAPHY Sites were sampled by a concentric
needle electrode in the forearm flexors and in the
abductor pollicis brevis. The presence (my) or absence
(n) of myotonic discharge was noted. A note was made
of an increase in insertion activity without myotonia
(iia) but this was a subjective observation and was not
quantified.

ELECTROCARDIOGRAPHY Standard tracings were taken,
using four limb leads and six chest sites.

SLIT-LAMP EXAMINATION OF THE EYES After pupillary
dilatation the lenses were examined in both eyes using
a Haag-Streit lamp. All changes noted were bilateral.
They were classified as: cataract (c) in the case of a gross
opacity obscuring vision; peripheral punctate multi-
coloured, refractile opacities (characteristic opacities,
c.o.) first described as an early change in dystrophia
myotonica by Vogt (1921); white dot opacities (described
as atypical opacities, a.o.); and normal (n).

SKULL RADIOGRAPHY One lateral film was taken. It was
examined, not necessarily by the same person, for
presence or absence (n) of some or all of the features
reported in dystrophia myotonica: generalized thicken-
ing of the skull vault (gt), localized hyperostosis frontalis
(hf), small sella turcica (ss), or large air sinuses (Is).

INSULIN Grant's (1967) modification of the double
immunoprecipitation method of Morgan and Lazarow
was used.

IMMUNOGLOBULINS Serum immunoglobulins G, A, and
M were measured by a modification of the single gel
diffusion method of Mancini, Carbonara, and Heremans
(1965). Results are expressed as percentage of the
M.R.C. Research Standard Serum for immunoglobulins
G, A, and M. Log transformation of data was made
before statistical calculations.

RESULTS

INDEX PATIENTS

The living index patients were re-examined clinically.
All had clinical myotonia, and all but one (number
26) had muscular weakness of characteristic dis-
tribution. This female patient had typical myotonia
and cataracts. Thirteen out of 38 patients were
considered to be of normal intelligence and
personality, while 13 adults were thought to have a
personality disorder, as judged by irresponsibility,
aggressiveness, or undue anxiety, when these
characteristics were compared with those of their
sibs. Six index patients were thought to be mildly
mentally subnormal. Six index patients, all with
onset of dystrophia myotonica in childhood, were
severely mentally subnormal, being ineducable or
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incapable of leading an independent existence.
Four of these six cases (nos. 1, 4, 6, and 7) were
described by Vanier (1960) in the first description of
dystrophia myotonica occurring in infancy.
The results of special investigations on index

patients, routinely performed at the time they were
originally assessed at hospital, are shown later in
Table 2, and Appendix 1. The abnormalities on slit-
lamp examination are less than found byKlein(1958)
who observed cataract or characteristic peripheral
opacities in 98% of 242 patients examined. The
radiological and electrocardiographic findings in
the index patients are similar to those reported by
others (Evans, 1944: Spillane, 1951; Di Chiro
and Caughey, 1960). Immunoglobulin results in
patients are shown in Table 3 and Appendix 1. These
will be discussed later. Fasting insulin levels on

patients did not differ from the levels in controls,
and this has been reported elsewhere (Bundey, 1968).
These results are also shown in the four appendices.

FIRST DEGREE RELATIVES

1. NEUROLOGICAL ABNORMALITY Twenty-seven
relatives were found to have myotonia on examin-
ation and most of these also had characteristic
weakness and wasting of muscle. Twenty-one of
these secondary cases had already been diagnosed
elsewhere. Four relatives initially denied symptoms,
but after myotonia had been demonstrated they
agreed that they had had difficulty in 'letting go' a

hand grip for some years. The other two relatives
(nos. 72 and 73) with demonstrable myotonia con-
sistently denied symptoms. Nine of the 27 secondary
cases were considered to be of normal mentality,
six to have a personality disorder, six to be mildly
mentally subnormal, and six, all children, to be
severely mentally deficient. The remaining 93
relatives were normal on clinical neurological

examination. Results of further investigations on

46 of these are summarized in Tables 1 and 2.

2. ELECTROMYOGRAPHY Myotonic discharge on

electromyography was found in four relatives
(Appendix 2, nos. 102, 105, 107, and 115) in whom
the limited neurological examination was normal.
Of these relatives, no. 105 had cataracts and the
other three had characteristic peripheral lens
opacities (vide infra). These four relatives were older
than average (aged 49 to 61) and two of them had
both affected sibs and children, and so were certainly
heterozygotes. Increased insertion activity without
myotoniawas foundin three further relatives (nos. 80,
96, and 106) aged 21, 40, and 61 respectively. One
of these relatives (no. 80) also had lenticular
opacities, suggestive but not characteristic of
dystrophia myotonica. There was no certain
indication from the pedigree that any of these three
were heterozygotes.

3. SLIT-LAMP EXAMINATION Characteristic slit-lamp
opacities, peripheral, punctate, and multi-refractile,
were seen in six symptomless relatives without
clinical myotonia aged 30 to 68 years (nos. 84,
86, 102, 107, 115, and 116 in Appendix 2). Three of
these relatives (nos. 102, 107, and 115) had myotonic
discharges on electromyography. In the other three
relatives, there was no other evidence of the disease
but, as the lenticular opacities were characteristic in
appearance, we considered these three to be hetero-
zygotes also. Case 119 had definite cataract, but was
not investigated further and so the finding was

graded as equivocal. In addition, white punctate
lenticular opacities, without characteristic features,
were present in seven patients (nos. 80, 94, 101, 110,
112, 117, and 118). In cases 117 and 118, both aged
71, these opacities could well have been changes
associated with age, but in the remaining five cases

BLE 1
RESULTS OF INVESTIGATIONS IN 124 FIRST DEGREE RELATIVES EXAMINED

Already First recognition of dystrophia myotonica Typical EMG and Clinically
known to lenticular slit-lamp normal but

have Clinical myotonia Myotonia on Myotonia on opacities findings not further
dystrophia EMG and EMG alone alone investigated
myotonica with without typical normal equivocal

symptoms symptoms lenticular
opacities

21 4 2 4 0 3 29 10* 51

Heterozygotes Probably Doubtful
34 normal 61

29

*One case with increased insertional activity on EMG and atypical lenticular opacities, two cases with increased insertional activity on EMG
only, one case with cataract only (EMG not performed), and six cases with atypical lenticular opacities only.
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TABLE 2
ABNORMALITIES ON SPECIAL INVESTIGATIONS OF INDEX PATIENTS AND OF FIRST DEGREE RELATIVES WITHOUT

DEMONSTRABLE MYOTONIA

ABNORMALITY ON EMG

Number examined Myotonia Increase in Total percentage
insertional with

activity alone abnormality

Index patients (46) 24 21 0 88
Neurologically normal first degree relatives 44 4 3 16

ABNORMALITY ON SLIT-LAMP EXAMINATION

Numnber examined Cataracts Characteristic Opacities Percentage with
opacities not typical abnormality

ofDM

Index patients (46) 32 10 13 1 75
Neurologically normal first degree relatives 42 2 6 7 36

ABNORMALITY ON SKULL RADIOGRAPHY

Number examined Small sella Thickening of Large Percentage with
skull vault sinuses abnormality

Index patients (46) 28 9 11 4 72
Neurologically normal first degree relatives 39 2 3 1 13

ABNORMALITIES ON ELECTROCARDIOGRAPH

Number examined Abnormal PR interval QRS interval Percentage with
rhythm >0 20 sec >012 sec with

abnormality

Index patimnts (46) 22 5 3 9 78
Neurologically normal first degree relatives 37 1 4 1 16

(aged 21, 38, 48, 69, and 41 respectively) this was
unlikely. Case 80, referred to above, also had in-
creased insertion activity on electromyography.

4. SKULL RADIOGRAPHY The skull radiographs of
five relatives were classified as showing one or more
of the abnormalities described as occurring in
dystrophia myotonica (Table 2 and Appendix 2)
and present in 72% of index cases. None had other
evidence of dystrophia myotonica, and it was con-
sidered that these non-specific changes were
coincidental.

5. ELECTROCARDIOGRAPHY Definite electrocardio-
graphic abnormality was seen in six relatives
(Table 2 and Appendix 2). One relative (no. 105) had
auricular fibrillation, and she also had cataracts and
myotonic discharge on electromyography. Two
relatives (nos. 94 and 117) with a prolonged PR

interval (of more than 0 20 sec) and a prolonged
QRS interval (of more than 0-12 sec) respectively,
also had atypical lenticular opacities. Three further
relatives (nos. 93, 98, and 103) had PR intervals of
more than 0 20 sec, but were without other evidence
of disease. The mean length of the PR interval in the
36 relatives in whom this could be measured was
0 17 sec.

6. INSULIN LEVELS The distribution of insulin levels
in the relatives was similar to that in the controls
with a mean level of 15 0 ,Lu/ml. compared with
17-1 ,uu/mI. in spouses.

7. IMMUNOGLOBULIN LEVELS Twenty-six index
patients, 19 first degree relatives who had clinical
evidence of dystrophia myotonica, 70 clinically
normal first degree relatives, and 23 spouses of
patients were studied. The results are given in
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TABLE 3
LOG MEAN IMMUNOGLOBULIN VALUES (WITH ANTI-LOG OF MEANS AND STANDARD ERROR OF MEANS IN PARENTHESES)

IgG IgA IgM

Controls 2 2024 (160%) 2-1061 (128%) 2-2022 (159%)
(23) (0-0399) (0-0469) (0 0540)

Index patients 1-9456 (88%)$ 2 0245 (106%) 2 0726 (118%)
(26) (0-0421) (0-0414) (0-0610)

Affected first degree relatives 1-8707 (74%)t 19887 (97%) 2-0205 (105 %)t
(19) (0 0428) (0-0618) (0 0669)

Total affected 1 9140 (82%)t 2-0094 (102%) 2 0506 (101 %)t
(45) (0-0304) (0-0350) (00448)

Neurologically normal first degree relatives 2 1154 (130%)* 2-0760 (119%) 2-1567 (143 %)
(70) (0 0217) (0 0293) (0-0349)

*Significantly different from control mean P < 0-05 (one-tailed distribution).
tSignificantly different from control mean P < 0 05 (two-tailed distribution).
tSignificantly different from control mean P < 0 001 (two-tailed distribution).

Appendices 1 to 4, and summarized in Table 3. previously known to have suffered from dystrophia
myotonica.

Controls For the total affected there are significant differ-

In the control group there was no relation of the ences of the means of the serum levels of IgG and
levels of immunoglobulins to age (Table 4) and IgM from the control means. These differences areleel of im uolb.n toae(abe4.n shown in Table 3. There iS no such significant
indeed, in the three groups studied for comparisons,
the age distribution was similar. We have therefore difference between the means for IgA. In the affected
not standardized the results in each group for age. group, the correlation between the levels of the
Similarly, no standardization for sex was made, different ;mmunoglobulins is lost, the reduction in
since there are no significant differences in immuno- IgG and .gM levels appearing to be independent.
globulin levels between the two sexes in the controls, Appendix 1 shows a clinical grading of the
and the sex distribution in the three groups is disease in patients, together with the immuno-
similar In The controls, as with the unaffected globulin results. The low IgG and IgM levels dosimilar.~~~~Intecnrl,a .ihteuafce not correlate with length of history (Table 4). Also,

relatives, there is significant correlation between the whe the levels ofgin(Thoe affected,
alevelss of th the difren im nglbln. when the levels of IgG and IgM in those affected,levels Of the three different immunoglobulins.

with no mental impairment (grade 1) are compared
Affected with those of patients with moderate mental impair-

ment (grade 3), there is no significant difference in
In the affected group there are both the index th2 means. Similarly there is no significant difference
patients (for 26 of whom we have immunoglobulin in the means between those with no or mild muscular
levels) and the 19 secondary cases with demon- weakness (grades 1 and 2) and those with severe
strable myotonia, of whom all but six had been muscular weakness (grades 4 and 5) (Table 5).

TABLE 4
REGRESSIONS

Controls (23) Neiarologically Total affected
unaffected

relatives (70) (45)
'b' It, 'b' It, 'b' It,'

IgG level v IgM level 0 568 2-13' 0 568 3 06t 0-370 1 71
IgG level v IgA level 0-836 4 64t 0-581 3 89t 0 329 1-94
IgA level v IgM level -0 052 0 21 0 373 2 75t -0 257 0 19
IgG reduction from mean of controls v IgM reduction
from mean of controls 0-340 1 78 0-228 0 91
IgG level v age -0 001 <0-01 -0-002 <0 01 0-005 <0-01
IgM level v age -1 800 1 25 -0 000 <0 01 0 002- <0 01
IgG level v length of history 0 000
IgM level v length of history 0 000

*Significantly different from zero at 5 % level.
tSignificantly different from zero at 1% level.
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TABLE 5
IMMUNOGLOBULIN LEVELS AND CLINICAL GRADINGS

IN THOSE AFFECTED

Mild muscular Severe muscular 'It
weakness weakness

(grades I and 2) (grades 4 and 5)

Mean level of IgG 1-8970 1-9471 0 77 on 33 d.f.
Mean level of IgM 2-1143 1*9427 1*642 on 33 d.f.

No mental Moderate mental
impairment impairment
(grade 1) (grade 3)

Mean level of IgG 1-9476 1-8784 0 860 on 24 d.f.
Mean level ofIgM 2-1007 1-7903 2-01 on 24 d.f.

First degree relatives, who are normal on neurological
examination

The results of levels of immunoglobulins IgG and
IgM in 70 neurologically normal first degree rela-
tives is shown in Figs. 1 and 2 and of all immuno-
globulin levels in Table 3 and Appendices 2 and 3.
The levels of IgG, IgA, and IgM lie between the
levels found in patients and those found in controls.
The difference between IgG values in controls and
relatives is significant at the 1 in 20 level (one tailed
distribution), but the IgA and IgM differences are
not significant.

There is no relation between IgG and IgM levels
in relatives and the other investigations described.
This is shown in Table 6 and in Figs. 1 and 2. For
example, four relatives who had unequivocal
evidence on electromyography or slit-lamp exam-
ination that they were heterozygotes, had mean
levels ofIgG and IgM of 2-214 and 2-261 respectively,
similar to the control means.

DISCUSSION

The main object of this survey was to determine the
usefulness of certain tests in the detection of symp-
tomless heterozygotes for the gene for dystrophia
myotonica. Among those with symptoms of the
disease no single test gave consistently abnormal

results, although electromyography and slit-lamp
examination were the most frequently abnormal in
the early stages. Among those who had no neuro-
logical complaints six new cases of dystrophia
myotonica were detected by clinical examination.
Among those relatives with no abnormal neuro-
logical signs there were two, nos. 102 and 107, who
from their pedigrees were undoubtedly hetero-
zygotes, as they each had a sib and child affected.
These two men, aged 49 and 61 years, had myotonic
discharge on electromyography and characteristic
peripheral lenticular opacities.

These two tests have also revealed abnormalities
in other clinically normal first degree relatives.
Electromyography detected myotonia in two further
relatives in whom it was not clinically apparent, but
in these two there was already slit-lamp evidence
of dystrophia myotonica. Slit-lamp examination
seemed more useful than electromyography, since,
as well as recognizing the four cases just mentioned,
three other heteiozygotes, aged 26, 30, and 68, were
detected. These three were without other mani-
festation of the disease, but the lenticular findings
were unequivocal. We consider that the finding of
cataract alone in a first degree relative of a patient
with dystrophia myotonica probably indicates a

heterozygote. The probability of an elderly relative
having another type of cataract is about 0 5 %, and
less if young (Sorsby, 1962). The significance of the
'equivocal' findings on electromyography (increased
insertion activity without myotonia) and on slit-
lamp examination (white dot opacities only) remains
uncertain.
The skull radiological changes in the relatives in

this series are not considered specific, and probably
the changes described in dystrophia myotonica
occur late in the disease. These negative findings
agree with those of Isherwood and Mawdsley (1967).
It also appears likely that the conduction defects in
cardiac muscle, first described by Evans (1944),
occur late in the disease. There were five neurologic-
ally normal relatives who had an abnormality of the
PR interval (atrial fibrillation, or a prolongation

ILE 6
IMMIJNOGLOBULIN LEVELS AND OTHER PARAMETERS IN NEUROLOGICALLY NORMAL FIRST DEGREE RELATIVES

Mean level Mean level
of IgG of IgM

No abnormality on EMG, slit-lamp and ECG (14)* 2-182 2 162
Myotonic discharge or increased insertional activity on EMG (7) 2-136 2-144
Typical or atypical opacities on slit-lamp examination (14) 2-199 2-175
Arrhythmia, or PR interval > 0-17 sec, or QRS interval > 0-12 sec (15) 2-240 2-117
Controls (23) 2-202 2-202

The number of cases is given in parentheses.
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over 0 20 sec) and only one, aged 71, with a pro-
longed QRS interval. It may be that the lengthening
of the PR interval in these few relatives is significant,
and overall the mean length of the PR interval is a
little longer (0-17 sec) than expected (0-16 sec) for
a similar age group (Savilahti, 1946). However, the
numbers are small and, moreover, there is no
significant association. of abnormal electromyo-
graphic or slit-lamp changes with either a long or a
short PR interval.

Insulin levels in the patients studied did not show
the high fasting levels as described by Huff et al.
(1967). However, the variance in the estimation in
our patients was much greater than in Huff's series
and may have been related to the non-standard
conditions existing in patients' homes. Huff and
Lebovitz (1968, a, b) suggest that the insulin
response to stimulation by glucose, tolbutamide, or
glucagon would be the preferred method of investi-
gation and they also mention that insulin levels
tend to fall during fasting in patients with overt
muscle disease.
Immunoglobulin levels show much variability in

patients and controls so that though the means differ
significantly in respect of IgG and IgM there is much
overlap. This is illustrated in Figs. 1 and 2. The
distribution of levels of IgG and IgM in the 89 first
degree relatives tested lies between the 'control' and
'index patient' distributions, with an intermediate
mean. This is what would be expected from a group
containing heterozygotes. The proportion of hetero-
zygotes expected among the relatives would lie
between 50% (45 individuals) if no patients were
affected by fresh mutations, and about 44% (40
individuals) if a quarter of the index patients were
affected by fresh mutations. In fact 19 of the relatives
had clinically demonstrable myotonia and their IgG
and IgM levels were expectedly similar to those of
the index patients. However, since the remainder
still had a mean IgG level significantly below that
of the controls there is little doubt that immuno-
globulin change may precede clinical manifestation.
However, as mentioned earlier, there is little cor-
relation between individual levels of immuno-
globulins in relatives without clinically demonstrable
myotonia and the results of special investigations.
This is analogous to the finding in the patients that
there is little correlation between severity of the
disease and immunoglobulin levels (see Table 5).
The IgG and IgM levels therefore are of value in

detecting individual heterozygotes, but this value is
limited, because of the large scatter. Comparison of
patients with a larger, comparably selected control
series might increase this discrimination. Our data
suggest, however, that an individual with an
unusually low level of IgG-say, 1 standard devi-

ations below the control mean-has a high relative
probability of being a heterozygote, and an individual
with a level as high as the mean for controls and with
normal results of other investigations has a low
relative probability of being a heterozygote.
The levels of IgG and IgM and IgG and IgA are

significantly correlated in controls and clinically
unaffected relatives, but there is no such significant
correlation in patients. Similarly, there is no cor-
relation between the immunoglobulin levels and
clinical manifestation in the patients or between
immunoglobulin levels and duration-of illness. This
implies that the mutant gene concerned acts in-
dependently on clinical manifestation and immuno-
globulin levels.
The demonstration of a significant deficiency of

IgM in these patients, as well as of IgG, with a
similar trend for IgA, does not support the hypoth-
esis that there is a specific abnormality of IgG
catabolism in this disease (Wochner et al., 1966).
Their data on immunoglobulin concentration are
consistent with ours, showing an insignificant trend
for the value to fall below the mean of the control
population. In their smaller series, however, the
difference between patients and controls (not further
defined) for IgM and IgA did not appear to be sig-
nificant, most of the values for IgA falling between
the mean value for the controls and one standard
deviation below the mean. Their metabolic studies,
on a still smaller number of patients, on IgA and
IgM were also not clearly abnormal. Since IgG
has an exceptionally long half life, abnormal
reduction of this is easier to demonstrate, than is
that of IgA and IgM. Serum concentration of IgA
and IgM, though an indirect measure of an abnormal
mechanism, might be more discriminating for these
immunoglobulins and larger numbers should per-
haps be studied. Little is known of the factors
controlling immunoglobulin catabolism but the
apparent specificity of the defect in dystrophia
myotonica (Wochner et al., 1966) has been taken
as a further piece of evidence for an independent
class-specific catabolic mechanism. Our data suggest
that this is insecurely based.

GENETICS The pedigrees are entirely compatible
with dominant inheritance in a condition showing
great variability in severity and age of onset. Using
the methods described in this survey, we have
detected the disease for the first time in 13 hitherto
symptomless relatives, three of whom come from
families where the index case, being isolated, had
previously been considered to be an example of a
fresh mutation. Although the families were not fully
studied, we have sufficient information available for
35 families and we find that in 26 families there is
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Controls (23)

-I' S.D. +11 S.D.

I Mean (2. 20)

n A I I-R ni

Clinically Normal First Degree Rel,atives (70)

_ Mean (2 .12)

Total -First Degree Relatives (89)

7 Mean (2.07)

* I

_./*I* I*R7

Index Patients (2(6)
Mean (1.094)

I I 2.5
2.0 2. 5

I .

3.0

FIG. 1. Distribution oflog values of IgG. Key to Figs. I and 2. 0I Controls, or rela-
tives who were normal both clinically and on EMG and slit-lamp examination.
M Relatives who were clinically normal but did not undergo EMG and slit-lamp
examination. Z Equivocal EMG or slit-lamp results. 0 Slit-lamp ± EMG evi-
dence of dystrophia myotonica. * Clinically affected.

an affected parent or sib, and only nine where there
are no affected relatives other than children. This
gives the proportion of index cases who could
possibly be affected by a fresh mutation as one
quarter, which is lower than the estimates of Lynas
(1956) and Klein (1958). However, this proportion
of one quarter may still be too high. Thomasen
(1948) in his study of 21 families, containing 101
patients, found that in all cases where both parents
could be examined, one parent was always affected.

The age of onset of index cases in our series is
shown in Fig. 3 and is similar to the distribution in
Lynas's and Klein's series, except for the presence
in this series of cases with onset in infancy, drawn
from The Hospital for Sick Children. There were
no cases with onset in infancy in Lynas's and Klein's
series which were collected before 1960. It is interest-
ing that the mean age of onset of the 19 secondary
cases (only five of whom were children of index
cases) in this series is considerably lower (17 0 years)
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Controls (23)

-1 S.D. +12 S.D.
I

Mea.n (2.20) I

_nlI I I I I I

I

I I

Clinically Normal First Degree Relatives (69)

Mean (2. 16)

I MIR

Index Patients (26) I

Mean (2.07)

4I I
2.

2. 5
I

3.0

than the age of onset of index cases (27 3 years).
This illustrates two points: the earlier diagnosis that
occurs when a relative is already known to suffer
from the disease; and the fact that a single observer,
studying a selected family instead of a population,
will detect, in the younger generations, only the
early onset cases of the disease, and will miss, in
these generations, the late onset cases. These two
facts account in part for the supposed 'anticipation'
seen in pedigrees of dystrophia myotonica. A third
reason is that early onset cases do not become
parents. This problem of anticipation has been
discussed by Penrose(1948). Penrose(1948) and Lynas
(1956) found low parent-child correlation (0 32)

with regard to age of onset and high sib-sib cor-
relation (066) also contributing to this artefact of
anticipation. However, in this study, we have found
a lower sib-sib correlation of 0-5, and believe even
this to be too high and due to early recognition of
the disease in five sibships.
The average family size of patients in this series

was 1-7 and for their unaffected sibs 2-2; this was
due to infertility and not, as Klein and Thomasen
found, to failure to marry, as, over the age of 40
years, 20 out of 25 patients and 55 of 68 sibs were
married.
As regards genetic counselling in this condition,

the risk of the disease in an offspring of a patient is
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Mean 31.2 yrs.

Mean 28.1 yrs.

Il

Lynas, 1956
55 cases

Klein, 1958
98 index cases

Mean 27.3 yrs. Present series
44 index cases

0-4 5-9 10-14 15-19 20-24 25-29 30-3435-39 40-44 45-49 50-54 55-59 60-64 65-69

Age distribution in years

FIG. 3. Distribution of ages of onset in dystrophia myotonica.

1 in 2. If the individual at risk is still normal clinically
at the age of 30, the likelihood of he or she being a

heterozygote is reduced by about a half and the
likelihood decreases further as the individual
becomes older without manifestation. With sibs of
patients, the genetic risk is 1 in 2 if a parent is
clinically affected, but again may be reduced by the
extent to which the sib has passed through the
period of risk. With sibs too, if parents are normal,
the patient may have been affected by a fresh
mutation and the risk may be reduced according to
the age of the parents.

In relation to genetic counselling, typical lenticular
and electromyographic changes may detect as yet
neurologically normal heterozygotes; typical lenticu-

lar changes by themselves probably detect hetero-
zygotes; low IgG levels may be of value but only by
giving a relative probability of being a heterozygote;
the length of the PR interval on electrocardiography
perhaps needs further study with adequate controls;
and further studies will be necessary to assess the
discriminatory capacity of these tests. Follow-up of
these families will help to determine the extent to
which the distribution of age of onset is antedated
by such special investigations, but lenticular changes
have been noted to precede neurological disease by
six years (Klein, 1958). We do not think that by
special investigations we have detected all the
heterozygotes presumed to be present in the group
of neurologically normal first degree relatives.

a}
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Hospital, under the supervision of Dr. J. W. Bull; the
serum insulin estimations were carried out by members

REFERENCES

Bundey, S. E. (1968). Insulin levels in myotonic dystrophy.
New Engl. J. Med., 279, 718-719.

Caughey, J. E., and Myrianthopoulos, N. C. (1963)
Dystrophia Myotonica and Related Disorders. Thomas,
Springfield.

Di Chiro, G., and Caughey, J. E. (1960). Skull changes in
eighteen cases of dystrophia myotonica. Acta Radiol.,
54, 22-28.

Evans, W. (1944). The heart in myotonia atrophica. Brit.
Heart J., 6, 41-47.

Grant, D. B. (1967). Fasting serum insulin levels in child-
hood. Arch. Dis. Childh., 42, 375-378.

Huff, T. A., Horton, E. S., and Lebovitz, H. E. (1967).
Abnormal insulin secretion in myotonic dystrophy.
New Engl. J. Med., 277, 837-841.

Huff, T. A., and Lebovitz, H. E. (1968a). Dynamics of insulin
secretion in myotonic dystrophy. J. clin. Endocrinol.,
28, 992-998.

Huff, T. A., and Lebovitz, H. E. (1968b). New Engi. J. Med.,
279, 719.

Isherwood, I., and Mawdsley, C. (1967). Some radiological
changes in dystrophia myotonica. In 2nd International
Congress of Neurogenetics and Neuro Ophthalmology.
p. 20. Excerpta Medica (International Congress
Series, No. 154).

Klein, D. (1958). La dystrophie myotonique (Steinert) et la
myotonie congenitale (Thomsen) en Suisse. J. Genet.
hum. (Amsterdam), 7, Suppl.

of the Chemical Pathology Department of the Hospital
for Sick Children. We should also like to thank Professor
R. W. Gilliatt and Dr. J. Wilson for their helpful advice
in the preparation of this paper. We are very grateful to
the consultants of The National Hospital and of The
Hospital for Sick Children for allowing us to study
patients under their care. The detailed pedigrees of the
families studied can be found in the Biological Data
Collection of the General Library of the British Museum
(Natural History), Cromwell Road, London, S.W.7,
or by application to S. B. S.B. is much indebted to The
National Fund for Crippling Diseases for a grant.

Lynas, M. A. (1956). Dystrophia myotonica with special
reference to Northern Ireland. Ann. hum. Genet., 21,
318-338.

Mancini, G., Carbonara, A. O., and Heremans, J. F. (1965).
Immunochemical quantitation of antigens by single
radial immunodiffusion. Immunochemistry, 2, 235-254.

Penrose, L. S. (1948). The problem of anticipation in pedi-
grees of dystrophia myotonica. Ann. Eugen. (Lond.),
14, 125-132.

Savilahti, M. (1946). On the normal and the pathological
PQ time of the electrocardiogram. Acta. med. scand.,
123, 252-268.

Sorsby, A. (1962). Cataract: some statistical and genetic
aspects. Exp. Eye Res., 1, 296-299.

Spillane, J. D. (1951). The heart in myotonia atrophica.
Brit. Heart J., 13, 343-347.

Thomasen, E. (1948). Myotonia. Thomsen's Disease
(Myotonia Congenita), Paramyotonia, and Dystrophia
Myotonica. Universforlager, Aarhus: Danmark.

Vanier, T. M. (1960). Dystrophia myotonica in childhood.
Brit. med. J., 2, 1284-1288.

Vogt, A. (1921). Die Cataract bei myotonischer Dystrophie.
Schweiz. med. Wschr., 2, 699-674.

Wochner, R. D., Drews, G., Strober, W., and Waldmann,
T. A. (1966). Accelerated breakdown of immuno-
globulin G (IgG) in myotonic dystrophy: A hereditary
error of immunoglobulin catabolism. J. clin. Invest.,
45, 321-329.

Zinneman, H. H., and Rotstein, J. (1956). A study of gamma
globulins in dystrophia myotonica. J. lab. clin. Med.,
47, 907-916.

(Appendices 1-4 are printed overleaf)

289

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.33.3.279 on 1 June 1970. D
ow

nloaded from
 

http://jnnp.bmj.com/


290 Sarah Bundey, C. 0. Carter, and J. F. Soothill

APPENDIX 1
INDEX PATIENTS AND SECONDARY CASES

Survey Hospital Clinical assessment Results of special investigations+
no. no.

Sex Age or Length Muscular Mental Slit-lamp Skull ECG Immunoglobulins
age at of weakness* changes* exam.* x-ray Fasting
death history insulin
(yr) (yr) PR QRS IgG IgA IgM (,u u/ml.)

interval interval
(sec) (sec)

Living index patients (39)
1+ + 275386 M 12 11
2+ + A35987 F 15 2
3 A20696 F 16 5
4++ 251484 F 17 17
5 91324 M 19 9
6++ 256062 M 20 16
7++ 224847 F 22 22
8 A37644 F 28 1
9 A10194 F 31 7
10++ G1029 M 31 18
11+ A10121 M 32 4
12 42744 M 35 21
13+ A27493 M 35 5
14 A22138 M 39 7
15 85582 M 41 15
16+ A14285 F 42 10
17 A20999 M 43 ?
18 87278 M 43 20
19+ 35099 M 45 27
20 73599 M 46 12
21 91620 F 48 18
22 64984 M 49 15
23 36871 F 49 24
24 74306 M 49 12
25+ 54527 F 49 14
26 78079 F 50 8
27+ 52477 M 50 29
28+ A25340 F 51 7
29+ 84897 F 51 10
30 85936 M 52 30
31 92171 M 53 30
32 A25282 F 54 25
33 18850 F 57 47
34 13595 F 58 20
35 A20931 F 59 ?
36 80106 M 60 45
37 A24113 F 63 6
38 10960 F 66 33
39 A32103 F 71 12

Index patients who have died (7)
40 A7301 F 35 15
41 73531 M 37 21
42 79036 M 43 11
43 52616 M 55 2
44 A22186 M 55 3
45 74911 M 58 7
46 77846 F 61 17

4 4 n (1 1) n
2 1 60 84 240 18 0
3 3 60 48 60
4 4 s.s. (8) Normal
4 4 0-12 0-12 56 120 68
4 4 n(1l) 0-14 0-08
4 4 52 160 64 19 5
2 1 88 70 176 17-5
3 ? c.o. (26) s.s.; I.s. 0-20 0-06
3 4 c.o. (30) 0-16 0-18
2 1 c.o. (28) n 40 260 140
2 2 n (20) g.t.; s.s.; I.s. 60 60 232
2 2 c.o.(31) n 0-26 0-16
2 2 c.o. (36) 152 44 328
4 3 c (41) h.f.; s.s. AF 010 72 64 40
5 1 c.o. (37) h.f.;s.s.;l.s. 0-20 0-12 148 88 124 12-5
3 1 c.o. (39) s.s. AF 0-14 112 152 200
3 2 c (33) 160 76 72 1.0
5 3 n (29) h.f. 92 192 20
3 2 c.o. (42) h.f. 24 42 160 7-5
4 2 c (40) g.t.; s.s. RBBB
4 2 c (34) n (42) 0-24 0-14 148 128 232
4 1 c (33) g.t. 88 100 92
3 2 c.o. (38) 108 208 76
4 2 128 168 156
1 1 c (40)
5 2 c.o.(32) n 0-20 010 48 116 80
4 3 0-28 0-14 168 120 244 7-5
4 3 n(46) 0-16 004
5 1 c.o. (46) 0-20 0-12 156 172 48
2 1 n (45) h.f. 112 152 220 20-5
4 1 c.o. (51) n (42) 0-22 0 12 96 100 120
4 2 g.t. (43) 108 88 432
2 1 n (53) h.f.; s.s.; I.s. 136 108 140
4 3 c (55)
2 1 c (50)
4 2 c (60) s.s. 0-20 0-16 16 0
5 2 c (65) 76 144 76
4 1 n (69) 0-12 005

- - c.o. (30) n
- - c (36) n (26)

- - n (55) n
- - n (55) n

- - a.o. (54) h.f.

AF 0-32
0-16 0-08
AF 0-14
AF 0-03
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APPENDIX 1 (continued)

Survey Relationship Clinical assess.mnent Results of special investigations
no. to index

patient Sex Age or Length Muscular Mental Slit-lamp Skull ECG Immunoglobulins Fasting
age at of weakness* changes* exam.* x-ray* % insulin
death history (O u/ml.)
(yr) (yr) PR QRS IgG IgA IgM

interval interval
(sec) (sec)

Secondary cases, already known to medical attendants.
47 Daughter of 9 F 1 I 11 3 4 c.o. (11)
48 Daughter of 9 F 12 12 3 4 n (12)
49 Niece of 46

Daughter of 65 F 18 13 3 3
50 Halfbrother of 1

Son of 56 M 18 15 3 3
51 Brother of 7 M 21 21 2 4 54 172 64 13-5
52 Brother of 4 M 22 14 4 4
53 Brother of 7 M 24 ? 2 4 37 72 120 33-0
54 Son of 23 M 26 21 3 4 48 34 112
55 Son of 36 M 38 20 3 2
56 Sisterof 12

Mother of I F 40 18 2 2
57 Sister of 32 F 42 4 3 1 c.o. (39) n 0-22 0-08
58 Mother of 6 F 42 24 2 1 c (42) 96 164 92
59 Cousin of 8 M 43 27 2 1 68 60 120
60 Brother of 102

Uncle of 3 & 5 M 43 24 2 1 168 200 100
61 Cousin of 38 M 44 ? 4 3 84 92 52
62 Motherof2 &68 F 46 25 2 2 104 168 280 13-0
63 Sister of 30 F 46 10 2 1 c.o. (46) g.t.; s. 0-20 0-12 52 48 160
64 Cousin of 38 M 50 20 4 3 c (50) 36 148 144
65 Sister of 46 F 53 29 3 2 112 152 240
66 Mother of 7 F 54 ? 2 3 60 152 28 250
67 Sister of 31 F 56 27 3 1 92 124 220

Secondary cases, not known previously, who admitted to neurological symptoms on questioning.

68 Sister of 2 F 20 2 2 3 88 36 280 21-5
69 Daughter of 31 F 23 1 1 2 112 120 52
70 Cousin of 14 M 29 4 2 2 108 256 168
71 Sister of 32 F 39 ? 2 1 40 48 52

Secondary cases, who denied neurological symptoms.
72 Sisterof 10 F 41 0 1 1 c.o. (41) h.f. 0 10 0-20 88 92 80
73 Mother of 14 F 66 0 2 1 c.o. (66) 88 40 168

? = not possible to assess. + = family not included in survey. + + = case from The Hospi tal for Sick Children. *key to grades, see section
on Methods. AF = atrial fibrillation. RBBB = right bundle branch block.
tTheslit-lamp examination, radiograph of the skull, x-ray, and ECG of the index patients we e performed at the time of first referral to hospital,
and the age at which these tests were done is given in parentheses after the results of slit-laml examination. The immunoglobulin and insulin
levels were performed during the present study.
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APPENDIX 2
FIRST DEGREE RELATIVES WHO ARE NEUROLOGICALLY NORMAL, AND UPON WHOM INVESTIGATIONS HAVE BEEN

PERFORMED

Survey Relationship to Sex Age EMGt Slit-lamp Skull x-rayt Electrocardiogram Immunoglobulin % Fasting
no. index patient (yr) examinationt insulin

PR QRS IgG IgA IgM (j4 u/ml.)
interval interval
(sec) (sec)

Relatives with an affected parent, or with two affected sibs, or with two affected children.
74 Niece of 46

Daughter of 65
75 Sister of 6
76 Son of 42
77 Niece of 46

Daughter of 65
78 Son of 24
79 Son of 20
80 Daughter of 30
81 Son of 44
82 Son of 31
83 Daughter of 31
84 Son of 43
85 Daughter of 30
86 Son of 43
87 Daughter of 46
88 Brother of 8
89 Cousin of 8
90 Daughter of 36
91 Son of 36
92 Daughter of 43
93 Sister of 10
94 Brother of 15
95 Sister of 12 & 56
96 Daughter of 46
97 Sister of 10
98 Sister of 32
99 Daughter of 39
100 Sister of 31
101 Son of 39
102* Father of 3 & 5

Brother of 60
103 Brother of 32
104 Brother of 38
105 Sister of 22
106 Brother of 37

Cousin of 107
107* Father of 8

Uncle of 59
108 Sister of 46
109 Sister of 46
110 Sister of 73

Aunt of 14

F 13 n$
F 17 n
M 17 n

152 80 148
n n 0 20 0-08 120 92 104
n n 100 88 100

F 20 nj
M 20 n n n 0-18 0-08 328 140 144
M 20 n n n 0-16 0-08 136 68 440
F 21 i.i.a. a.o. n 0-18 010 188 60 52
M 21 n n s.s. 0-16 0-06
M 24 n n n 0-16 010 152 100 92
F 25 n n n 0-16 0 04 240 132 116
M 26 n c.o. n 0-12 010 108 108 84
F 28 n n g.t.; s.s. 0-20 0 10 108 68 220
M 30 n c.o. n 0-16 0-06
F 31 n n n 0-16 0-06 100 208 160
M 31 n n n 0-12 0-08 120 120 68
F 34 n n n 0-20 0 04 152 320 52
F 34 n n h.f. 0-14 010 300 232 136
M 34 n n n 0-16 010 88 56 124
F 36 n n n 112 92 180
F 38 n n n 0-22 0-06 76 64 24
M 38 n a.o. n 0-24 0-08 200 68 140
F 38 n n n 0-12 0-08 136 52 132
F 40 i.i.a. n n 0-18 0-08 128 140 >400
F 43 n n n 0-16 0-08 128 68 32
F 44 n n n 0-22 0 04 284 200 276
F 46 n n n 0-16 0-08 172 184 368
F 47 n n h.f. 0-12 010 200 266 520
M 48 n a.o. n 0-16 0-12 124 180 108

M 49 my c.o. n 0-18 010 200 176 200
M 52 n n ls. 0-22 0-08
M 55 n n n 0-20 0-08
F 55 my c n AF 0-08 180 200 156

M 61 i.i.a n n 0-12 0-08 52 48 44

M 61 my c.o. n 0-20 0-06 184 168 120
F 66 n$ 180 144 300
F 67 nt 152 180 212

F 69 a.o. 120 84 240
Relatives without an affected parent or two affected sibs, or two affected children.

111 Brother of 18 M 40 n n

112 Brotherof 35 M 41 n a.o.
113 Sisterof 18 F 45 n n

114 Sister of 44 F 54 n n
115 Mother of 40 F 61 my c.o.

116 Sister of 34 F 68 n c.o.

117 Father of 17 M 71 n a.o.
118 Mother of 17 F 71 n a.o.
119 Brother of 43 M 74 c

n 0-16 0-12 264 152 220
n 016 0-12 104 80 252
n 0-14 0-08 180 240 152
n 0 16 0 04 80 96 80
n 108 160 296

0-20 0-06 284 320 240
n 0-14 0-20 216 76 48
n 0-20 010 148 268 400

152 132 140

*These two relatives each had a sib and a child affected. tEMG examination performed in 1964 by Dr. W. D. Fletcher and Dr. M. d'A Crawfurd.
tFor key, see section on Methods. AF atrial fibrillation.
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APPENDIX 3
IMMUNOGLOBULIN RESULTS IN OTHER RELATIVES WHO
ARE CLINICALLY NORMAL BUT WHO HAVE NOT BEEN

FURTHER INVESTIGATED

Sex Relationship to Age IgG IgA IgM
index patient

Relatives with an affected parent, or two affected sibs, or two affected
children.
M Son of 23 11 112 52 100
F Daughter of 23 20 220 360 208
M Half brother of 1 20 200 70 >400

M \ Son of 56
M Son of 20 21 204 124 280
F Daughter of 26 22 80 48 132
M Son of 20 23 124 92 220
F Sister of 70 32 92 232 100
F Daughter of 33 34 64 116
F Sister of 40 36 216 140 180
M Son of 43 38 148 152 284
M Cousin of 38 48 152 312 64
F Sister of 46 48 96 120 148
F Sister of 60 & 102 53 96 100 240
M Brother of 73 56 240 192 268
F Cousin of 38 64 128 200 132
F Sister of 46 65 84 120 228
M Brother of 34 67 72 36 52
F Mother of 32 78 84 100 156

Relatives without an affected parent, or two affected sibs, or two
affected children.

F Sister of 36
M Brother of 26
F Sister of 26
M Brother of 43
F Sister of 26
F Sister of 21
F Sister of 43
M Brother of 35
F Sister of 26
M Brother of 43
F Mother of 35

APPENDIX 4
CONTROLS (SPOUSES)

Sex Age IgG IgA IgM Fasting
insulin

(AIami.)

F 20 300 168 300 27-5
F 21 160 80 372
M 23 108 112 116
F 27 112 152 128 11 0
F 27 124 100 80
F 37 216 140 124 10 0
F 38 160 88 240
F 40 216 104 272
M 40 400 264 332 7 5
F 41 168 108 200
F 46 100 72 328 20-0
F 47 228 208 108
M 50 140 180 128
F 50 184 128 176 6-5
M 53 96 48 60
M 56 64 72 124
M 58 84 40 252
F 60 208 184 136 37 0
F 60 300 268 400
M 65 152 232 54
M 66 216 172 200
M 66 120 160 64
M 68 168 220 112

43 104 168 116

46 80 108 124

55 80 272 >400

56 84 176 128

59 88 124 124

59 108 108 236

60 80 152 52

62 128 32 212

66 92 84 84

75 96 156 68

80 64 36 52

*This relative had a fasting insulin level of 13-5 uu/ml.
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