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Neuropsychological Deficits and Sleep in
Myotonic Dystrophy

R. Broughton, D. Stuss*, M. Kates, J. Roberts and W. Dunham

ABSTRACT: Eight patients with myotonic dystrophy underwent comprehensive neuropsychological testing and
overnight polysomnography to assess whether the waking cognitive impairment might be attributable to sleep structure
abnormalities or to sleep-related respiratory problems. Patients showed substantial neuropsychological deficits, frag-
mented nocturnal sleep and, in half the patients, sleep apnea and/or hypopnea both mainly of central type. There was no
statistically significant correlation between the degree of daytime cognitive deficit and the degree of sleep fragmenta-
tion or of respiratory problems at night. It was concluded that the neuropsychological deficit in mytonic dystrophy can-
not be attributed to a secondary effect of nocturnal sleep apnea or sleep disruption but probably represents a direct
effect of CNS lesions.

RESUME: Déficit neuropsychologique et sommeil dans la dystrophie myotonique Huit malades atteints de dys-
trophie myotonique ont été étudiés au moyen d’une batterie de tests neuropsychologiques et de la polysomnographie
nocturne pour déterminer si le déficit cognitif qui existait pouvait étre attribué a une détérioration de la structure du
sommeil ou & des difficultés respiratoires au cours du sommeil. On a démontré chez les malades des problémes neu-
ropsychologiques significatifs de méme qu’un sommeil nocturne trés fragmenté et, dans la moitié des cas, des apnées
et/ou des hypopnées du sommeil, surtout de type central. Il n’existait aucune relation significative entre le degré du
déficit cognitif et le degré de la fragmentation du sommeil ou des difficultés respiratoires nocturnes. Nous concluons
que le déficit neuropsychologique dans la dystrophie myotonique n’est pas un effet secondaire de la perturbation du
sommeil ou de I’apnée nocturne, mais qu’il est probablement une conséquence directe de 1ésions du systéme nerveux

central.

Can.J. Neurol Sci. 1990, 17:410-415

Mpytonic distrophy is a genetic muscular disorder believed to
be inherited as an autosomal dominant trait. As well as the mus-
cular involvement with myotonia (slowness of relaxing contract-
ed skeletal muscle) the condition has been known to be associat-
ed with a variety of thalamic and other CNS lesions,
neuroendocrine dysfunction, skeletal abnormalities, cardiac
problems, testicular atrophy and frontal baldness. In the last few
years patients have been found to show varying degrees of neuro-
psychological deficit.!.23

Diagnostic polysomnograms in myotonic dystrophy have
shown various degrees of sleep disturbance and sleep-related
respiratory problems which might be the basis of the neuropsy-
chological deficit. To date 35 patients have been reported.
Coccagna et al45 described 6 patients, 2 of whom had signifi-
cant amounts of central sleep apnea or hypopnea with excessive
daytime sleepiness and also exhibited sleep onset REM periods
(SOREMPs). Goldenberg and collaborators,8.7 on the other
hand, recorded 15 patients with 11 having sleep apnea which
most frequently (in over 50%) was of obstructive type. Of 6
subjects reported by Guilleminault and colleagues,8.9 2 had
sleep apnea of both obstructive and central types which was
associated with daytime sleepiness. Finally, Cirignotta et all0

more recently reported 8 further patients, 6 of whom had sleep
apnea or hypopnea which in all cases was central in origin.

In none of these studies has cognitive function been assessed.
This is surprising in that neuropsychological deficits have been
well documented in a number of sleep disorders and especially
in apneic patients without myotonic dystrophy. Heavy snoring
males, a group known to have a high incidence of obstructive
sleep apnea (O.S.A.), have been shown to have neuropsycholog-
ical deficits compared to controls.!!.12 Patients with O.S.A.
whose respiratory indices have been documented during sleep
exhibit a global neuropsychological deficit!3.14 which has been
correlated with degree of hypoxemia.!4 Others have found the
degree of sleep fragmentation to be a greater predictor of cogni-
tive problems in O.S.A. patients.!5 O.S.A. patients also have
been documented to have both decreased performance on a driv-
ing simulator!é and deteriorated mood,!7 both of which
improved on nasal continuous positive airway pressure (N-
CPAP). In another study, however, surgical treatment for O.S.A.
did not improve mood or cognitive abilities.!® The current study
was undertaken in order to determine whether the level of day-
time neuropsychological function in myotonic dystrophy patients
would correlate with the degree of nocturnal sleep disruption
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and/or of sleep-related breathing problems. If so, intervention to
improve night sleep quality or sleep-related respiratory difficul-
ties might be expected to improve the cognitive problems from
which these patients suffer.

METHODS

Subjects

Eight patients (5 male, 3 female) aged 15-55 years (mean
35.6, S.D. 14.4) participated in the study. Their duration of ill-
ness ranged from 1-45 years (mean 17.9, S.D. 14.1). The severi-
ty of illness was classified based upon intensity and location of
motor weakness following a modified version of the system of
Bundy!8 into grade 1 (severe facial and severe limb signs),
grade 2 (severe facial and mild limb signs), grade 3 (mild facial
and moderate limb signs) and grade 4 (mild facial and mild dis-
tal signs). Two subjects (nos. 2, 5) were grade 1, 4 subjects (nos.
1, 3, 4, 8) were grade 2, | subject (no. 3) was grade 3, and |
subject (no. 6) was grade 4. None of the patients was receiving
active CNS medication at the time of the study. All underwent
overnight polysomnography and a comprehensive neuro-
psychological examination.

Polysomnography

Overnight polysomnography included EEG (Fp2-Al, C4-Al,
02-Al, Fpl-A2, C3-A2, O1-A2), right and left electro-oculo-
gram (outer canthus to contralateral earlobe), submental EMG,
upper airway air exchange (by thermocouple) from the right and
left nostrils and mouth, chest and abdominal respiration (by
Respitrace), right and left anterior tibialis EMGs and, in 4
patients, continuous transcutaneous pO, monitoring (Nova-
metrix model 818 apparatus) the accuracy of which was con-
trolled by blood gas determinations. Sleep stages were visually
scored by Rechtschaffen-Kales criteria.!®

The sleep structure variables (N = 23) were: total sleep peri-
od (TSP) from sleep onset to morning awakening (min.); total
sleep time (TST) with and without stage | (min.); sleep period
efficiency with and without stage 1 (%); amount (min.) and per-
cent of TSP in wakefulness after sleep onset (WASQO), stages |,
2, 3, 4 and REM sleep; numbers of REM periods, awakenings
lasting over 1 minute and arousals (with alpha or EEG desyn-
chronization) lasting 10 seconds or more; and latencies (min.) to
sleep onset, SWS (initial stage 3) and REM sleep.

The numbers of central, mixed or obstructive apneas as well
as of hypopneas >10 sec in duration were scored. During
obstructive apneas total upper airway flow (thermocouple)
ceased with continuation of respiratory effort and frequent para-
doxical breathing between chest and abdomen (Respitrace). In
central apneas both upper airway airflow and respiratory effort
ceased. Mixed apneas were defined as a succession of central
and obstructive patterns within the same apneic event. In hypop-
neas upper airway flow was transitorily reduced by more than
50% from immediately preceding baseline levels. In obstructive
hypopnea respiratory effort continued, whereas in central
hypopneas it was similarly reduced by more than 50%. The cri-
teria are those in Guilleminault.20 The respiratory variables
(N = 8) included: number > 10 sec in duration of central, mixed
and obstructive apneas, number of hypopneas, apnea index (no.
apneas/hr. of sleep), apnea + hypopnea index (no. apneas +
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hypopneas/hr. of sleep), total apnea + hypopnea time (min.), and
duration (min.) of hypoxemia with pO, < 60 mm Hg.

Neuropsychological Testing

An extended neuropsychological test battery was adminis-
tered in the original study reported elsewhere.3 The tests in the
present project were selected to provide a sampling of pertinent
functions such as overall intelligence, memory, different aspects
of attention, speed of information processing and verbal flucncy.
Neuropsychological tests were administered by trained neu-
ropsychologists (DS, MK) and included the Wechsler Adult
Intelligence Scale — Revised (WAIS-R);2! the Trail Making
Test;22 the Stroop test;23 the F-A-S test of word list generation?
and the Wechsler Memory Scale.25 To minimize fatigue in these
handicapped patients, testing was normally completed in two
sessions with 2-3 days between sessions. Each session lasted 2-3
hours and had adequate rest pauses.

The WAIS-R is a general test battery with a number of sub-
tests sampling multiple psychological functions. A prorated full
scale 1Q excluding the subtests of Comprehension, Picture
Completion, Picture Arrangement and Digit Symbol was the
dependent measure used.

The Digit Span is a subtest of the WAIS-R which comprises
two subtests, Digit Forwards and Digit Backwards. Dependent
measures were number of digits correctly answered forwards
and backwards, and total number.

The Trail Making Test (TMT) is a visuo-motor tracking task
requiring the subject to join as rapidly as possible by pen ran-
domly located numbers in numerical sequence (part A) or in
alternate numerical-alphabetical sequence (part B). The time in
seconds required to complete each section A and B and total
time were the dependent measures.

The Stroop test is a test of attention, concentration, and read-
ing fluency. Subjects are presented with a card containing rows
of three colour words (e.g., red, green, blue) printed in black and
white, a card with colour patches (no words) arranged similarly
to the “word” card, and then a combined word-colour interfer-
ence card. With the first card the subject is requested to read the
words row by row as rapidly as possible. With the second card
the subject is asked to name the colours as quickly as possible.
With the third (interference) card the subject is told that the
three colour words will be presented in a different colour than the
named colour and is requested to give the actual colour rather
than the named colour as rapidly as possible. Dependent measures
were the time in seconds to complete each of the three cards.

The F-A-S test is one of language ability and speech produc-
tion. The subject is asked to produce words beginning with the
letter “F”, excluding names of people or places, for a duration of
60 seconds. This is repeated for the letters “A” and “S”. The
dependent measure is the total production of words across the
three letters.

The Wechsler Memory Scale is a comprehensive memory
test consisting of 7 subtests involving orientation, mental con-
trol, memory of stories, associate learning and other functions.
The dependent measures analyzed included a mental control
score and the derived Memory Quotient.

Statistics

In order to determine whether the neuropsychological capa-
bilities could be secondary to sleep structure abnormalitics or to
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respiratory problems in sleep, each performance variable was
correlated with each sleep variable by bivariate Pearson produce
moment correlations.2® A total of 434 correlations were per-
formed.

RESULTS

Sleep

Nocturnal sleep structure results are summarized in Tables 1
and 2. It can be seen that myotonic dystrophy patients are very

variable in their sleep architecture. As a group they showed
overall long sleep latencies, high amounts of wakefulness after
sleep onset, low sleep efficiencies, low amounts of stage 2 and
REM sleep, reduced numbers of REM periods, and relatively
normal amounts of SWS.

Their respiratory measures (Table 3) were also highly vari-
able. Three patients had an apnea index over 10; and 4 had an
apnea + hypopnea index over 20. Essentially all of the sleep-
related respiratory events were of central type, only patient 3

Table 1: Nocturnal Sleep Structure in Myotonic Dystrophy

TST TST Eff’y. Eff’y. Sleep SWS REM Wakes
TSP +St 1 =St1 +St 1 =St 1 lat. lat. lat. REMPs 1> min. Arousals
Patient Sex Age Dur’n. (min.) (min.) (min.) (%) (%) (min.) (min.) (min.) (no.) (no.) (no.)
| M 15 1 582.3 530.3 475.7 91.1 81.7 15.7 5.3 202.3 3 3 15
2 M 26 11 448.0 174.0 163.5 38.8 36.5 72.0 5.5 236.0 2 4 24
3 M 30 15 435.2 345.2 249.3 86.6 62.6 36.5 14.5 187.2 2 5 164
4 M 40 31 446.3 351.7 236.0 78.8 529 36.3 9.7 140.7 4 4 9
5 M 55 45 4393 3137 240.0 714 54.6 58.0 18.3 113.7 2 ) 0
6 F 23 8 478.5 369.0 328.0 77.0 68.4 16.0 1.0 97.0 2 3 2
7 F 44 20 358.0 260.0 226.7 72.6 63.3 26.7 33 246.3 1 4 0
8 F 52 12 355.0 135.5 80.0 38.2 22.5 68.0 6.5 0 0 2 145
X 35.6 17.9 443.0 309.9 250.0 68.4 59.7 41.4 9.4 1529 2.0 4.0 45
SD 14.4 14.1 71.5 123.3 116.0 19.4 17.2 22.3 54 823 1.2 1.0 68

TSP = total sleep period; TST + St | = total sleep time including stage 1 (drowsiness); TST — St 1 = total sleep time without stage 1; Eff"y. = sleep efficiency;
lat. = latency; REMPs = REM sleep periods; wakes = awakenings after sleep onset; arousals = EEG signs of arousal.

Table 2: Nocturna! Sleep Structure in Myotonic Distrophy (continued)

WASO Stage 1 Stage 2 Stage 3 Stage 4 REM
Patient (min.) (%) (min.) (%) (min.) (%) (min.) (%) (min.) (%) (min.) (%)
1 36.3 6.4 54.7 9.6 2177 384 66.7 1.8 104.0 18.4 87.3 15.4
2 202.0 539 10.5 2.8 385 102 19.5 5.2 68.5 18.2 37.0 9.8
3 53.5 13.4 95.5 239 1628 40.8 5.0 1.3 39.0 9.8 43.0 10.8
4 583 14.2 115.7 28.2 99.7 243 29.3 7.2 67.7 16.5 393 9.6
S 67.7 17.7 73.9 19.3 161.0 422 14.7 38 25.0 6.6 393 10.3
6 94.5 204 41.0 8.8 183.5 396 355 7.7 87.0 18.8 22.0 4.7
7 71.3 215 333 10.1 1157 349 40.7 12.3 61.0 18.4 9.3 2.8
8 1515 528 55.5 19.3 10.0 35 1.5 0.5 68.5 239 0 0
X 91.9 25.0 60.0 15.2 1236 292 26.6 6.2 65.1 16.3 34.6 79
SD 56.6 18.0 34.1 8.7 719 150 21.3 44 249 55 26.4 5.0
WASO = wakefulness after sleep onset
Table 3: Respiratory Variables During Nocturnal Sleep in Myotonic Dystrophy
Apneas Apnea Ap. + Hyp. Ap. + Hyp. Hypoxem.
Cent. Mixed Obs. Hypop. Index Index Dur’n. pO2 60
Patient (no.) (no.) (no.) (no.) (/hr.) (/br.) {min.) (min.)
1 34 0 0 164 9.5 28.1 60.0 9.0
2 21 0 0 72 7.2 32.1 25.0 NR
3 250 7 10 153 46.4 73.0 131.5 361.0
4 16 0 0 16 2.7 5.5 7.8 NR
5 3 0 0 S 0.6 1.5 1.7 81.0
6 12 0 0 22 2.0 5.5 8.8 5.0
7 0 0 0 0 0 0 0 NR
8 199 0 0 115 88.1 139.0 81.9 NR
X 73 1.0 1.0 68.0 19.6 35.6 395 114.0
SD 98 25 35 67.7 31.6 48.4 47.6 168.3

Cent. = central apnea, obs. = obstructive apnea, Hypop. = hypopneas, Ap. + Hyp. = apnea plus hypopnea, NR = not recorded. All patients had exclusively cen-
tral hypopneas except patient 3 who had 141 central and 12 obstructive hypopneas.
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showing a small proportion of obstructive events. More than 30
minutes of significant hypoxemia (pO, < 60 mm Hg) was pre-
sent in 2 of the 4 patients monitored by transcutaneous oxime-
try. In all 4 blood gas levels confirmed accuracy of the transcu-
taneous monitor.

Sleep histogram examples are shown of a patient (no. 3) with
marked apnea and hypopnea mainly of central type (Figure 1)

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

and of a patient (no. 5) with substantial sleep fragmentation but
little respiratory difficulty in sleep (Figure 2).

Neuropsychological Tests

The results of the neuropsychological testing for the 14 vari-
ables derived from the tests are summarized in Table 4. Again,
considerable intersubject variability is evident. An IQ score on

Table 4: Neuropsychological Test Results in Patients with Myotonic Distrophy

Digit Span Trail Making Test Stroop Test
WAIS Tot. FWD BWD A B A+B Word Colour Inter WMS
Patient 1Q Impair., (no.) (no.) (no.) (sec.) (sec.) (sec.) (sec.) (sec.) (sec.) FAS MQ MC
1 102 No 21 7 7 36 66 102 65 79 125 22 118 7
2 69 Yes 6 4 2 Si 365 416 70 79 140 20 64 2
3 76 Yes 10 S 3 47 65 112 61 80 152 41 87 6
4 74 Yes 3 3 2 263 565 828 —_ 125 179 10 66 0
5 107 No 14 6 4 40 92 132 55 72 179 47 122 7
6 80 Yes 9 5 3 24 67 91 56 66 120 41 90 6
7 97 No 14 7 5 40 75 115 49 55 119 47 126 7
8 80 Yes 12 4 5 72 284 356 114 98 220 22 100 7
X 85.6 —_ 11.1 5.1 39 716 1974  269.0 67.1 818 1542 31.2 96.6 5.2
SD 14.2 — 5.5 1.4 1.7 786 1884  258.7 21.4 21.4 359 14.3 24.2 2.7

IQ = Intelligence Quotient on the WAIS-R; Tot. = total raw score; FWD and BW

Digit Span; A, B and A + B are the test scores on the Trail Making Test; Inter. =

Memory Quotient; MC = mental control measure.

D = longest span recalled correctly in forwards and backwards order on the
= interference; FAS = F-A-§ test; WMS = Wechsler Memory Scale; MQ =

Age: 3@
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Figure 1 — Sleep histogram of a 30-year-old male myotonic dystrophy patien

t with fragmented sleep and marked sleep apnea and hypopnea, mainly

central in type. (Each vertical line in the respiratory measures indicates presence of 1 or more apneas of hypopneas during that I minute epogue.)
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Figure 2 — Sleep histogram of a 55-year-old male myotonic dystrophy patient showing substantial sleep fragmentation unassociated with significant

amounts of sleep-related respiratory problems.

the WAIS-R of less than 80 was chosen as the criterion for sig-
nificant cognitive impairment. This indicated that 5 subjects
were impaired and 3 were not.

Correlations

Of the 434 Pearson product moment correlations tested only
2 were significant at p < .01. The number of words on the
Stroop test correlated positively with the apnea index (r = .87,
p = <.005) and apnea + hypopnea index (r = .91, p = <.002).
These correlations would suggest higher performance on this
single measure with greater sleep-related respiratory difficulties.
However, at a 1% confidence level at least 4 of the 434 correla-
tions would be expected to be significant by chance. It is there-
fore apparent no significance can be attributed to the two corre-
lations found. Because of sample size, no attempt was made to
control for possible effects of age and eduction.

DISCUSSION

Sleep structure in myotonic dystrophy patients was found to
be disrupted and abnormal. It was characterized by sleep frag-
mentation, short REM latencies and reduced REM amounts.
These results largely confirmed those of others who have report-
ed mostly low sleep efficiencies, high amounts of wakefulness
after sleep onset, normal amounts of SWS and occasional sleep
onset REM periods.4.5.6.8

Respiratory problems in sleep were mainly central in type.
These findings support those of the Bologna group.45.10 Others
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have reported a predominance of obstructive over central sleep-
related respiratory events.6.7.8.9 It is therefore evident that both
main types of respiratory problems can occur in myotonic dys-
trophy. The obstructive events may in fact also be neural in ori-
gin, due to inadequate CNS control of upper airway muscle
tone.8 Unlike for obstructive sleep apneic patients without
myotonic dystrophy, there was no strong correlation between
degree of sleep disruption and the magnitude of respiratory
problems in sleep. It is possible that CNS lesions, as well as
muscular or respiratory causes, might be involved in the cre-
ation of their sleep fragmentation. Thalamic lesions have been
shown to cause organic insomnia;27 and cytoplasmic eosino-
philic infiltrations have been documented in this subcortical area
in myotonic dystrophy.28 Two of our patients had severe noctur-
nal hypoxemia, which has also been described for myotonic dys-
trophy patients by Coccagna et al4 and Guilleminault et al.8

The neuropsychological deficits found in this study support
the cognitive difficulties described by others using similar
tests.!-23 Myotonic dystrophy patients as a group certainly per-
form normal-average. Yet, we found a wide range of cognitive
abilities similar to the high interindividual variability in sleep
and nocturnal respiratory measures.

This is the first study to compare neuropsychological status
with sleep variables in patients with myotonic dystrophy. Our
major hypothesis that daytime cognitive function would reflect
the degree of night sleep disturbance and/or of nocturnal respi-
ratory problems was disconfirmed by the results. The 5 patients
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with significant cognitive deficit by WAIS-R were not necessar-
ily those with greatest sleep disturbance or breathing problems
in sleep. This result indicates that the sleep and cognitive diffi-
culties in myotonic dystrophy are probably independent features
of the disease. Perhaps each is related to lesions and/or dysfunc-
tion in different brain areas which vary from patient to patient.
Because of this independence, treatment of sleep quality or of
sleep-related respiratory problems would not be anticipated to
lead to significant improvement in neuropsychological function
in this patient group, although this remains to be directly tested.
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