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Intelligence quotient profile in myotonic
dystrophy, intergenerational deficit, and
correlation with CTG amplification

Peter Turnpenny, Caroline Clark, Kevin Kelly

Abstract
An abbreviated Weschler Adult Intelli-
gence Scale Revised (WAIS-R) was used
to assess verbal and arithmetical cogni-
tive performance in 55 subjects with
myotonic dystrophy (DM), covering all
grades of disease severity, and 31 controls
at 50% risk of inheriting DM. Scaled
scores from the assessment were con-
verted into an intelligence quotient (IQ)
estimation on each person. Significant IQ
differences were found between: (1) all 55
DM subjects (mean 902, SD 16-1) and 31
controls (102-6, SD 9 4), with no sex dif-
ferences in either group; (2) 15 affected
parents (99 3, SD 12-2) and their affected
children (88-1, SD 17-2), where signific-
ance was dependent on parental sex being
female; and (3) 15 pairs of affected sibs
(89-6, SD 13-2) and their normal sibs
(1002, SD 7 6). IQ steadily declined as (1)
the age of onset of signs and symptoms
decreased, and (2) the CTG expansion
size increased. The correlation appeared
to be more linear with age of onset. The
correlation of IQ difference and CTG
expansion difference in both the DM par-
ent-child pairs and normal sib-affected
sib pairs was poor, indicating that CTG
expansion is not a reliable predictor ofIQ
either in individual persons or families.
Further analysis of cognitive function in
DM is required to clarify specific deficits
characteristic of this patient group.
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Since the cloning of the myotonic dystrophy
(DM) gene,'-3 and the discovery that an un-

stable CTG trinucleotide repeat sequence is
present in those with the phenotype, it has
been shown convincingly that the size of this
triplet amplification is broadly correlated with
disease severity according to age of onset of
symptoms.47 It remains very difficult in an

individual person, however, to predict the
severity of the phenotype from the size of the
CTG amplification except, possibly, at the
extremities of the range of expansion observed.
Amplification which is barely detectable by
Southern blot analysis is associated with a mild
or asymptomatic phenotype while large ampli-
fications of 3 kb or greater are usually associ-
ated with a severe phenotype. Between these
extremes of amplification disease severity is
very variable. As yet, the question of whether
or not individual clinical features of DM are

well correlated with the molecular findings has
not been addressed.
DM subjects are well known for their men-

tal apathy, lack of motivation, and poor con-
centration. The earliest descriptions of DM
were accompanied by observations of altered
and disturbed mental affect.8'0 These patients
were variously described as having "peculiari-
ties of temperament",8 "intellectual enfeeble-
ment",9 or "imbecility'.10 Several detailed
neuropsychological studies in DM, attempting
to assess cognitive function qualitatively and
quantitatively, have been undertaken in recent
years."l-'7 Mean intelligence quotient (IQ)
scores in a total of 162 DM subjects ranged
from 84.516 to 96-4,"3 with an overall mean of
91 6 (table 1). All studies used either the
Weschler Adult Intelligence Scale (WAIS), or
the WAIS-Revised (WAIS-R) to estimate IQ,
and a variety of other scales were used either to
verify cognitive deficit or to assess personality
(table 1). Four of these studies were unaccom-
panied by controls'2-'5 and no study selected
DM subjects across the full spectrum of the
disease with all categories of clinical severity
represented. No study has assessed intergener-
ational IQ deficit despite the well recognised
"anticipation" in this disease. This is poten-
tially important in genetic counselling for DM
families, especially those for whom prenatal
diagnosis is an option, where the diagnosis is
dependent on the finding of an expanded CTG
insertion.
The purposes of this study, therefore, were:

(1) to establish an IQ profile ofDM across the
whole spectrum of disease severity; (2) to cor-
relate IQ with both disease severity and CTG
amplification; (3) to study anticipation of IQ
and relate this to molecular findings; and (4) to
study IQ differences between affected and
unaffected sibs, and relate this to molecular
findings.

Methods
SUBJECTS
DM patients
Recruitment for the study aimed at all known
affected DM patients aged 16 to 75 years,
across all degrees of clinical severity, in north
east Scotland. Some available affected family
members outside this region were also re-
cruited. Retrospective and continuing as-
certainment ofDM cases has generated a pre-
valence figure of 1:7610 (13 1 per 100 000) for
Grampian region at 1 January 1990 (72 cases,
34 males, 38 females, 26 families; population
547 940). The 55 DM patients entered into the
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Table 1 Review of recent studies in which IQ and cognitive function have been assessed in myotonic dystrophy
subjects

Reference DM cases Controls IQ scale Other scale(s)

No IQ (SD) No IQ (SD)

11 17 95-1 (108) 25 112 ( (98) WAIS Halstead-Reitan SMT
12 29 90 3 - - WAIS Shipley-Hartford MMPI
13 16 96-4 - - WAIS-R Halstead-Reitan WMS
14 18 95 4 (19-6) - - WAIS/WAIS-R WMS, BVR
15 8 85-6 (14-2) - - WAIS-R WMS, TMT, F-A-S, STROOP
16 37 84-5 (134) 20 106-3 (10-7) WAIS-R MMSE
17 37 94-2 (17-8) 37 103-4 (7 3) WAIS REY'S, RPM, BVR
Total 162 91-6 (Overall average of mean values)

WAIS-(R): Weschler Adult Intelligence Scale-(Revised); SMT: Story Memory Test; MMPI: Minnesota Multiphasic Persona-
lity Inventory; WMS: Weschler Memory Scale; BVR: Benton Visual Retention Test; TMT: Trail Making Test; MMSE: Mini-
Mental State Examination; RPM: Raven's Progressive Matrices. In all tables, No= number of subjects or pairs.

study (27 males, 28 females, aged 16 to 74
years) therefore represent a homogeneous
group relatively free of ascertainment bias.
Diagnostic status was established clinically or
by pedigree position or both in most subjects.
In a small number diagnosis was determined
by mutation analysis using pGB2.63 and PCR.
Assignment of clinical severity status followed
the system of Koch et al.'8
(A) Mild, asymptomatic or minor muscular

problems with onset > 40 years, with or
without lens changes or presenile catar-
acts.

(B) Adult, "classical" DM with myotonia
and muscular weakness and wasting in
the usual distribution, age of onset 21 to
40 years.

(C) Early adult, typical features of the dis-
ease but age of onset 11 to 20 years.

(D) Childhood, unusually early manifestation
of signs and symptoms, aged 1 to 10
years, but without obvious signs during
infancy.

(E) Congenital, severe manifestations of the
disease in the neonatal period or infancy,
with hypotonia, facial diplegia, respira-
tory distress owing to muscular weak-
ness, feeding difficulties, and sometimes
talipes.

Controls
There were thirty-one subjects, all at 50%
pedigree risk of DM. The purpose of selecting
this group was to minimise confounders owing
to socioeconomic background and parental
upbringing. They were well matched for age
(table 2) but not for sex ratio (21 males, 10
females). Negative DM status was established
clinically and by mutation analysis using
pGB2.63 and PCR.

Table 2 Overall IQ profile of 55 myotonic dystrophy subjects and 31 controls at
50% risk

Subjects No IQ Age

Mean SD Range Mean SD Range

DM cases
Total 55 90 2 16 1 53-120 40 1 15 6 16-74
Male 27 89-5 17-0 56-120 36-7 13-8 16-67
Female 28 90 8 14 6 53-113 43-4 16 7 16-74

Controls
Total 31 102 6 9-4 91-129 38-3 14-1 18-69
Male 21 103-9 8-6 92-129 37 4 13 8 18-58
Female 10 99 7 10-7 91-123 40 2 16-6 23-69

Unpaired t test between the IQ of 55 DM subjects and the 31 controls: p= 0-000.

IQ ASSESSMENT
Assessments were undertaken by one inter-
viewer (PT) using an abbreviated WAIS-R,
suitable for adults aged 16 to 75 years. This
consisted of vocabulary and arithmetic sub-
sets.
The vocabulary subset used 35 words and

subjects were asked to give the meaning of
each in turn. Responses were scored 2, 1, or 0,
depending on accuracy, and five consecutive
zero scores brought this part of the assessment
to an end. The score achieved was converted
into a "Scaled Score" according to age.
The arithmetic subset consisted of 14 ques-

tions to be answered without aids. Responses
had to be completed within a specified time
and four consecutive wrong answers brought
this part of the assessment to an end. The score
achieved was converted into a "Scaled Score"
according to age. Combined Scaled Scores
were converted into an IQ estimation by
means of an equation devised by Crawford et
all9 (Department of Psychology, University of
Aberdeen) in the following way.

(1) A full length WAIS-R was administered to
a healthy adult population sample
(n = 200) representative in terms of age,
sex, and social class.

(2) Multiple regression analysis on this sample
was used to build equations which pro-
duced full length IQ from the vocabulary
and arithmetic subsets. As IQs are
adjusted for age, age graded scaled scores
for the two subsets were used as predic-
tors.

MUTATION ANALYSIS
DNA was extracted from 20 ml of blood by
standard techniques. Patient DNA was
digested with a fourfold excess of EcoRI and
run overnight on 0-9% agarose gels at 30 V.
The digested DNA was blotted onto Hybond
N + using 0-4 mol/l NaOH in an LKB Vacu-
gene blotter. Filters were prehybridised over-
night at 65°C in a Techne hybridisation oven.
The prehybridisation solution was as de-
scribed by the manufacturer for Hybond N+
and 10 gl of sheared human DNA (5 mg/ml)
was added to 20 ml prehybridisation solution.
The probe GB2.63 was labelled by random
priming and hybridised to the filters for 16 to
24 hours. The filters were washed at 65°C in
(1) 2 x SSC, (2) 2 x SSC, 0-1% SDS, and (3)
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0.1 x SSC for 10 minutes each wash. Auto-
radiography was for 24 to 48 hours at - 70°C.
PCR analysis used primers 101 and 10220
flanking the trinucleotide repeat. Approxim-
ately 20 ng of genomic DNA was amplified in
the presence of a32PdCTP under similar con-
ditions to those described by Brook et al.20 One
tenth ofPCR product was run on 8% denatur-
ing polyacrylamide gels for two to three hours
at 2000 V. M13 DNA sequence was used as
size standard. After electrophoresis the gels
were dried and autoradiography carried out
overnight at room temperature.
Assignment ofDM patients to an "E" cat-

egory according to the size of their CTG
expansion followed the system ofHunter et aF:

EO, no detectable expansion on Southern blot
analysis.
El, 0 to 1-5 kb expansion on Southern blot
analysis.
E2, 1-5 to 30 kb expansion on Southern blot
analysis.
E3, 3 0 to 4X5 kb expansion on Southern blot
analysis.
E4, > 4.5 kb expansion on Southern blot ana-
lysis.

STATISTICAL ANALYSIS
The IQs of the total patient group were com-
pared with those of controls by unpaired t test.
The IQ distributions (fig 1) took the numbers
of subjects in each division of 10 IQ points
(50-59, 60-69, etc) and used the computer
program "Cricket Graph" (Cricket Software)
to construct the curves. IQ was correlated with
disease severity according to age of onset and
with CTG expansion size. IQs of the affected
parent-child pairs and the normal sib-affected
sib pairs were compared by paired t test. In the

* DM patients

? . Controls

.0

case of the affected parent-child pairs the ana-
lysis comprised both the total group plus a
separation of the pairs according to the sex of
the affected parent. In families where an affec-
ted parent had more than one affected child,
the average IQ of the affected children was
calculated and used as one arm of the pair.
Similarly, in large sibships, the average IQ of
unaffected and affected sibs was calculated, as
appropriate, to construct a "pair".

Results
ALL SUBJECTS
These results are presented in tables 2 to 4 and
figs 1 to 3. The mean IQ deficit between
controls and affected subjects was > 12 points,
a highly significant difference. There was no
significant sex difference in IQ for either the
affected subjects or controls. The distribution
of IQ in the affected group is compared with
controls in fig 1, where the modal values of the
two distributions are closer than the means.
When sorted according to clinical category by
the criteria indicated in Methods (table 3), the
mean IQs for the affected groups followed a
near linear relationship with age of onset of
symptoms (fig 2, coefficient of correlation
0.971). When sorted according to their CTG
"E" (expansion) category (table 4), the corre-
lation of IQ means with the degree of expan-
sion was less linear (fig 3, coefficient of correla-
tion 0-923).

AFFECTED PARENT V AFFECTED CHILD PAIRS
The mean intergenerational IQ deficit in 15
parent-child pairs was > 11 points, p =0-02
(table 5). The range, however, was very wide,
from 37 to -23 points, and showed a very
poor correlation when plotted against the
CTG,expansion difference for each pair (fig 4).
Analysis of the pairs according to sex of the
affected parent showed that there was no signi-
ficant intergenerational IQ difference where
the affected parent was male (n= 16), but there
was a significant IQ deficit of 17 points,
p = 0-025, where the affected parent was female
(n= 9, table 6).

Table 3 IQ of 55 DM subjects, clinical category
according to age of onset of symptoms (see text for
details)

Clinical category No Mean IQ SD Range

A 13 98-9 10-4 83-116
B 28 93-3 11-0 76-116
C 7 88-1 10-5 71-120
D 3 71-3 6-4 64-76
E 4 57-5 5-2 53-65

Table 4 IQ of 55 DM subjects by "E" category CTG
expansion (for "E" category details see text)

CTG expansion
category No Mean IQ SD Range

E0 10 96-1 9-9 81-110
El 19 102-3 10-9 83-120
E2 16 86-2 10-1 71-111
E3 9 68-1 11-0 53-83
E4 1 64-0 - -
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Figure 1 Distribution of intelligence quotient in 55 DM patients and 31 controls.

302



Intelligence quotient profile in myotonic dystrophy, intergenerational deficit, and correlation with CTG amplification

4O T
35.
30

25-

20

15*
10lo

.

.
.

_

U

U

2 3

E D C B

Figure 2 IQ profile of 55 DM subjects sorted according to clinical severity (mean
values, 1 SD) for each group. X axis: clinical category by age of onset of symptoms
(see text for details). Y axis: IQ assessment. Coefficient of correlation of the means:
0 971.
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function of the myotonin-protein kinase gene
product is elucidated and related to neuro-
physiology and neuropathology. Present
knowledge, to which this study contributes, is
limited to descriptive analysis.

In this study one test of cognitive function,
the abbreviated WAIS-R, was used by one
observer in either the genetic clinic or the
subjects' home in order to minimise variables
associated with IQ measurement. The distri-
bution of results in the control group (fig 1)
suggests this was a reliable, reproducible
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Figure 3 IQ profile of 55 DM subjects sorted according to CTG expansion size
(mean values, 1 SD) for each group. X axis: CTG expansion, "E" category system
(see text for details). Y axis: IQ assessment. Coefficient of correlation of the means:
0-923.

NORMAL SIB V AFFECTED SIB PAIRS
The mean IQ deficit between normal and
affected sibs in 15 pairs was > 10 points,
p = 0-007 (table 7). Again, the range was very
wide, from 25 to -28 points. Correlation with
the CTG expansion difference for each pair
(fig 5) was closer than for the parent-child
pairs (fig 4) but distorted by one value where
the affected sib had a 1 kb expansion and
significant muscular symptoms at the age of
24. Compared with his normal brother of 20
years, however, his IQ was 28 points higher.

Discussion
Progress in understanding the cognitive deficit
in DM will begin to be possible only when the

Table 5 IQ difference between 15 myotonic dystrophy
parent-child pairs

Subjects No Mean IQ SD Range

DM parent 15 99 3 12 2 78-116
DM child 15 88-1 17 2 65-120

Paired t test for intergenerational IQ deficit: p = 0-02.

Table 6 IQ difference between 15 myotonic dystrophy
parent-child pairs by sex of the affected parent

Subjects No Mean IQ SD Range

Male DM parent 6 98-2 14 5 78-116
DM child 6 95-5 18 8 74-120

Paired t test for intergenerational IQ deficit: p = 0-4

Female DM
parent 9 1001 11 3 83-113
DM child 9 83 1 15 1 65-106

Paired t test for intergenerational IQ deficit: p = 0-025

Table 7 IQ difference between 15 normal sib-myotonic
dystrophy sib pairs

Subjects No Mean IQ SD Range

Normal sib 15 100 2 7-6 92-116
DM sib 15 89-6 13 2 71-120

Paired t test for normal-affected intersib IQ deficit: p = 0 007
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Figure 5 For 15 normal sib-affected DM sib pairs: the
IQ difference (Y axis) plotted against the CTG
expansion difference in kilobases (X axis).
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method. In DM the assessment of clinical
status by categories according to age of onset is
imprecise since many patients are vague about
when they were first aware of symptoms.
Nevertheless it is possible to recognise broad
categories of disease severity according to age
of onset and the system of Koch et al18 was
followed. Previous studies have shown a wide
spread of IQ measurement in DM (table 1),
ranging from 84.516 to 96 4,'3 but the subjects
of each study were selected and not represent-
ative of the full spectrum of disease severity.
Nevertheless, the overall average IQ from
these studies, 91 6 from a total of 162 subjects
(table 1), is very close to our own mean of 90 2
from 55 subjects.
A large proportion of DM patients have an

IQ in the normal range (fig 1) but many of
these have cognitive difficulties which are con-
cealed by the methodology of this study. In
particular, many patients with a normal IQ
admit to concentration problems and mental
lethargy. For example, a newly diagnosed 16
year old female in our study, with an IQ of
104, admitted to concentration difficulties
compared with her school peers, and academic
reports consistently stated that she was per-
forming below her potential. Studies which
examined cognitive function in more detail
have highlighted specific difficulties with at-
tention and concentration,"' 14 abstraction and
new concept formation," 12 and visuospatial
tasks.'2142'22 In three studies a significant pro-
portion had depression.'41623 There was no
evidence for deterioration of cognitive func-
tion with time,'22' as suggested by Maas and
Paterson in 1937,9 but a properly controlled
longitudinal study has not been performed.
This study shows a reduction in IQ with the

earlier onset of the disease (fig 2), contrasting
the finding of Colombo et al.'6 Others have
failed to find a relationship between muscular
symptoms and signs and the degree of cogni-
tive impairment in DM." 2123 This may have
been partially because of sample size. It is
possible, however, that widely varying pat-
terns of somatic mosaicism for the CTG
amplification account for such variation in
phenotype. Indeed, in this study our examina-
tion of the CTG amplification in peripheral
lymphocytes may not truly reflect genetic
events in the tissue of interest, the central
nervous system (CNS). Despite this possibil-
ity we have shown that there is a broad correla-
tion of IQ with CTG expansion size (fig 3)
across the full spectrum of disease severity. We
have also shown a significant intergenerational
IQ deficit (table 5) in 15 affected parent-child
pairs. However, when analysed by the sex of
the affected parent (table 6), only when the
mutated gene was transmitted by females was
the intergenerational IQ deficit significant. In
this analysis the numbers were small, there
being nine female and only six male, parents.
Despite the small numbers these results pro-
vide further evidence that in general the dis-
ease in offspring is less severe when the father
is the transmitting parent, consistent with the
evidence that there is greater instability of the
CTG repeat through female transmission.24

The observed intergenerational IQ deficit is
most unlikely to be because of inadequate
nurture since a significant difference was
found between normal sibs at 50% risk and
their affected sibs (table 7). These findings
may prove useful in genetic counselling but
caution is advised with respect to the useful-
ness of molecular studies in the prediction of
intellectual performance in a person. Our re-
sults show a poor correlation between IQ and
CTG expansion size differences for affected
parents and their affected children (fig 4), a
potentially important point when counselling
for prenatal diagnosis. The correlation of IQ
and CTG expansion size differences was much
closer for the normal sib-affected sib pairs (fig
5) but it is clear from all analyses that intellec-
tual performance cannot be reliably predicted
from molecular findings, except, possibly, in
the case of large CTG expansions of 3 kb or
greater.

Further descriptive analysis includes mag-
netic resonance imaging (MRI) of the brain
and EEG studies. MRI has shown increased
subcortical white matter changes in a periven-
tricular distribution bearing similarity to find-
ings in demyelinating disorders.2225 In addi-
tion, temporal lobe abnormalities,23 cerebral
atrophy,23 and ventricular dilatation2526 have
been described. Patients with severe cognitive
deficit tend to have the most striking abnor-
malities on cerebral imaging. Similarly, abnor-
malities of the EEG in DM, slow background
and a wave activity, are most evident in sub-
jects with severe cognitive impairment27-29 and,
although not adequately explained, it is likely
this represents cell membrane dysfunction in
the CNS. The decrease in glucose uptake by
the brain, described by Fiorelli et al,30 may also
be a consequence of cell membrane abnormal-
ities rather than a primary fall in cerebral
metabolic rate or secondary to cortical at-
rophy. In DM, however, there is generalised
glucose intolerance and insulin resistance,31
which makes the interpretation of this finding
complex.

In the assessment of cognitive function in
DM subjects a simple IQ measurement has
limited value. For the general welfare of these
patients further study should focus on specific
deficits in performance with a view to design-
ing the most appropriate aids and means of
support that will enable this group to function
optimally in society.
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Board. Louise Blackmore gave invaluable advice on psycho-
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