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Abstract
Objectives—To determine the prevalence
and nature of global cognitive dysfunction
and language deficits in an unselected
population based cohort of patients with
motor neuron disease (MND).
Methods——A battery of neuropsycho-
logical and language tests was adminis-
tered to patients presenting consecutively
over a 3 year period to a regional neurol-
ogy service with a new diagnosis of
sporadic motor neuron disease.
Results—The 18 patients could be divided
on the basis of their performance into
three groups: Three patients were de-
mented and had impaired language func-
tion (group 1); two non-demented patients
had an aphasic syndrome characterised
by word finding diYculties and anomia
(group 2). Major cognitive deficits were
therefore found in five of the 18 patients
(28%). The remaining 13 performed nor-
mally on the test battery apart from
decreased verbal fluency (group 3).
Conclusions—The prevalence of cognitive
impairment in MND in this population
based study of an unselected cohort was
higher than has been previously reported.
Language deficits, especially anomia, may
be relatively frequent in the MND popula-
tion. Aphasia in MND may be masked by
dysarthria and missed if not specifically
examined.
(J Neurol Neurosurg Psychiatry 1998;65:881–889)
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According to traditional teaching, cognitive
deficits do not occur in motor neuron disease
(MND; amyotrophic lateral sclerosis (ALS)).
The classic picture is one of progressive loss of
limb, bulbar, and respiratory muscle function
caused by the selective degeneration of upper
and lower motor neurons, sparing the rest of
the nervous system.1 Nevertheless, there is a
growing literature describing a small pro-
portion of patients with clinically indistinguish-
able MND with an overt dementia or aphasic
syndrome that may even precede the onset of
physical symptoms.2

Drawing attention to the association of
dementia and MND in the Japanese popula-
tion, Mitsuyama and Takamiya suggested that
this might constitute a discrete clinicopatho-
logical entity.3 Since then, an increasing
number of sporadic and familial cases of
dementia in the context of bulbar MND have
been described in Japan.4 5 Similar, although

predominantly sporadic, cases have subse-
quently been found in western countries.6–9

The most common pattern of cognitive
decline in MND is a progressive dementia of
the frontal lobe type.10 It is unclear whether this
MND-frontal lobe dementia syndrome consti-
tutes the extreme end of a range of disease or
alternatively whether it represents a separate
nosological entity. Whereas some early studies
which looked for intermediate degrees of
cognitive dysfunction in clinically non-
demented patients with MND found no
evidence of widespread impairment,11 others
reported poor performance in isolated tests of
memory or concentration.12 13 The emerging
picture is of consistent abnormalities on tests of
so-called “frontal executive” function, most
notably decreased verbal fluency, aVecting a
large proportion of non-demented patients with
MND. These findings have been taken to indi-
cate putative frontal lobe dysfunction, and there
has been some evidence to support this from
PET imaging studies.14–16 The prevalence of
these cognitive abnormalities is diYcult to
ascertain, given the almost complete absence of
prospective community based studies, but a
recent hospital outpatient based study has sug-
gested that up to a third of patients may be
impaired in two or more domains of cognition.17

In addition to the MND-frontal lobe demen-
tia syndrome, there are reports of a severe and
rapidly progressive aphasia which can occur in
the absence of major behavioural change.18 19

As with other cognitive deficits it is uncertain
whether these cases represent a distinct sub-
group as the prevalence of language impair-
ment in MND has not been systematically
studied.

The aims of our study were, therefore, to
examine the prevalence of global cognitive dys-
function and more specifically language deficits
in an unselected population based cohort of
patients with MND. Based on our previous
experience we expected to find a proportion of
cases with an aphasic syndrome and wanted, in
this study, to explore the question of whether
they represent one end of a continuum of lan-
guage deficits in MND or alternatively a
distinct subgroup. A subsidiary aim was to
explore the relation between bulbar dysfunc-
tion and aphasia in MND: because dysarthria
and muteness have been prominent in previous
cases with MND aphasia,18 19 we hypothesised
that aphasia might be overrepresented in
patients with bulbar MND.

Materials and methods
SUBJECTS

The study patients were recruited from the
Neurology Department of the Norfolk and
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Norwich Hospital. This is a district neurology
service run by three consultant neurologists
and two neurologists in training who see all
outpatient and inpatient referrals to the
specialty from east Norfolk and north SuVolk,
a catchment area of 750 000. Patients with
suspected MND are admitted as day cases for
investigation, including EMG in all cases, and
recorded in the database of departmental
activity (MINDEX).

The study commenced in August 1995.
Eleven patients with a new diagnosis of MND
made between January 1994 and July 1995
were identified from the departmental data-
base. Their inpatient and outpatient follow up
files were examined for concordance with El
Escorial research criteria for probable or
definite ALS.1 A further 14 patients with a
diagnosis of probable or definite ALS pre-
sented during the course of the study (August
1995 to December 1996) giving a total of 25
patients presenting between January 1994 and
December 1996. The medical records were
reviewed for potential causes of dementia (cer-
ebrovascular disease, alcohol intake, serious
head trauma, and significant medical condi-
tions) but these were absent in all cases; this
was later confirmed with the patients and their
carers. Potential subjects were sent a written
invitation to participate in the study together
with a consent form.

Four of the retrospectively identified patients
and three of the prospective group could not be
tested: three had died, two were mute and
paralysed, and two declined to be interviewed,
leaving 18 study patients (10 men and eight
women, mean age 67.3 (SD 11.3) years, range
44–81 years) whose clinical features are given
in table 1. Fourteen patients presented with
bulbar symptoms and four with limb symp-
toms. Five were mute at the time of testing.
Testing was performed by one investigator
(WR) mainly at the subjects’ homes. The study
was approved by the ethics committee of the
Norfolk and Norwich Hospital.

CONTROLS

The performance of patients with MND was
compared with that of 24 controls in the same
age range selected from the MRC Applied Psy-
chology Unit subject panel. There was no
significant diVerence between the patients with
MND and controls in terms of age (67.3 (SD
11.3) years v 69.7 (SD 7.8) years; NS) or edu-
cational level (9.8 (SD 1.3) years v 10.8 (SD
2.3) years; NS).

TESTS OF BULBAR FUNCTION

In the absence of a well validated scale of bul-
bar function a simple scoring system was used
to assess speech and swallowing, each on a
scale of 0 to 3. The two scores were combined
to give an overall “bulbar score” ranging from 0
to 6.

Dysarthria scores—0=normal speech; 1=slow
speech, but fully intelligible; 2=speech intelligi-
ble only with eVort; 3=unintelligible or mute

Dysphagia scores—0=normal swallowing;
1=unaided swallowing, but slow or with
occasional coughing or choking; 2=still taking
food by mouth but with significant coughing,
choking, or pauses between mouthfuls; 3=feed-
ing via gastrostomy or nasogastric tube.

NEUROPSYCHOLOGICAL TEST BATTERY

Mini mental state examination (MMSE)20

Although insensitive to frontal dysfunction, the
MMSE is used routinely both clinically and in
research. It is rapid to administer and gives a
single score out of 30, weighted in favour of
orientation. A score<24/30 is generally taken to
indicate dementia.

Dementia rating scale (DRS)21

The DRS is a more comprehensive cognitive
screening battery consisting of five subtests
(attention, initiation/perseveration, construc-
tion, conceptualisation, and memory) with a
total score of 144.

National adult reading test (NART)22

The NART was used to estimate premorbid
IQ.

Table 1 Basic demographic data and clinical features of patients with MND

Patient Age Sex
Education
(years)

Symptom
duration
(months)

Symptom
onset Limb UMN Limb LMN Bulbar UMN Bulbar LMN

Bulbar
score

1 48 M 10 5 L + + + 0
2 72 F 10 24 B + + + + 5 m
3 66 F 9 13 B + + + 5 m
4 75 M 9 18 B + + + + 3
5 64 M 13 7 B + + + + 2
6 52 M 10 20 B + + + 5 m
7 44 M 10 5 B + + + 6 m
8 75 F 9 13 B + + 4 m
9 62 M 11 3 L + + + 4

10 74 F 9 10 B + + + 4
11 70 F 9 13 B + + 3
12 54 F 13 17 L + + + 2
13 75 M 9 26 L + + + 2
14 65 M 9 12 B + + + 5
15 81 M 9 6 B + + + 2
16 81 F 9 11 B + + + 5
17 78 F 9 19 B + + + 5
18 75 M 10 14 B + + + 5

Disease duration = time from first symptoms to testing date.
Symptom onset: B = bulbar onset; L = limb-onset.
Examination findings: UMN = upper motor neuron signs; LMN = lower motor neuron signs; (+) = present; Bulbar score = dys-
phagia score (0–3) + dysarthria score (0–3) (see text); m=mute.
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Digit span
Forward and reverse span were assessed
according to standardised methods from the
Wechsler memory scale-revised.23

Verbal fluency test24

Two versions of the verbal fluency test were
used: (1) letter fluency in which subjects are
asked to produce as many novel words as pos-
sible, excluding proper names, within one
minute beginning with a given letter (F, A, and
S). (2) Category fluency in which subjects are
asked to generate words from given
categories—in this case four categories of living
things (animals, birds, water creatures, and
dogs) and four categories of manmade items
(household items, vehicles, musical instru-
ments, and boats), in accordance with Hodges’
semantic battery.25

Picture naming test
The 48 item naming test, also from Hodges’
semantic battery,25 consists of line drawings of
24 living and 24 manmade items matched for
frequency and protypicality. No cues are given.

Graded naming test26

The graded naming test is a more stringent
naming test consisting of 30 items of progres-
sively lower frequency (for example, kangaroo,
buoy, tutu).

Word-picture matching test
In this test from the semantic battery25 the sub-
ject is asked to point to successive items named
by the examiner. Each target is presented in a
new array consisting of eight pictures drawn
from the same category (for example, land
animals).

Pyramids and palm trees test: three picture
version27

In this non-verbally based test of associative
semantic knowledge the subject is presented
with 52 picture triads and asked to indicate
which of two possible alternatives (for example,
palm or fir tree) is associated with the target
(pyramid).

Test for the reception of grammar (TROG)28

The TROG was designed to assess syntactical
aspects of language in children using high
frequency vocabulary. The subject points to the
one picture out of four which corresponds to a
sentence read by the examiner. There is a total
of 80 trials which progress from simple (for
example, plural, gender) to more complex
grammatical structures (for example, embed-
ded clauses, reversible passive).

TESTS OF MOOD AND INFORMANT INTERVIEW

Hospital anxiety and depression scale (HADS)29

All subjects were asked to complete the HADS
at the end of the interview. Fourteen questions
assess the subjects’ reported mood over the
past week. Symptoms related to anxiety and
depression are scored up to a possible total of
21 for each.

Where possible a third party was interviewed
separately from the subject and then asked to
complete the following questionnaire:

Clinical dementia rating (CDR)30

Informants were asked to judge the subject’s
optimal performance in memory, orientation,
decision making, and activities of daily living
based on standardised descriptions, and using
a scale of 0, 0.5, 1.0, 2.0, and 3.0 points, corre-
sponding to normal, questionable, mild, mod-
erate, and severe impairment. A composite
score was then derived ranging from 0 or 0.5
(no or questionable dementia) to 3.0 (severe
dementia).

ANALYSES

It is recognised that due to small numbers the
power of this study is low, but it is based on the
maximum available data. These were analysed
both in terms of group and individual scores.
DiVerences in parametrically distributed vari-
ables between subject and control groups were
analysed using Student’s t test for unpaired
variables (age, education, NART, digit span,
verbal fluency, and graded naming test). Non-
parametrically distributed variables were ana-
lysed using the Mann-Whitney U test (MMSE,
DRS, picture naming, word-picture matching,
pyramids and palm trees test, TROG). Tests
were considered significant at the 5% level.
However, p values approaching significance
(below the 10% level) are also shown because
they may indicate an association that in a larger
study would reach the conventional 5% level of
significance.

Where relevant, the performance of indi-
viduals was compared against population
normative data using z scores. This is eVec-
tively a “cut-oV” method similar to that applied
in standard clinical practice, in which an
abnormal result is one falling 2 or more SD
below the control group mean (z>2). To
examine the relation between bulbar symptoms
and the presence of dementia and aphasia we
calculated Spearman rank correlation coeY-
cients comparing firstly the dysarthria score
and then the total bulbar score to performance
on MMSE, DRS, picture naming, and GNT.

Results
The full neuropsychological battery was ad-
ministered to all subjects who were able to
speak. Five mute patients were unable to have
their NART IQ and verbal fluency assessed.
Moreover, one of these (patient 3) was so
demented that she was unable to complete
even tests for which no verbal response was
required.

GENERAL CHARACTERISTICS

Overall the diVerences between mean group
performance of the patient cohort and controls
was small. There was a consistent and
significant reduction in verbal fluency and
reverse digit span in the patient group (table 2).
Small diVerences in group mean scores also
reached significance on the dementia rating
scale, pyramids and palm trees test, and
TROG. The diVerences in performance of the
patient group on the mini mental state
examination and graded naming test reached
significance at the p<0.1 level. There was no

Dementia and aphasia in motor neuron disease 883

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.65.6.881 on 1 D

ecem
ber 1998. D

ow
nloaded from

 

http://jnnp.bmj.com/


demonstrable diVerence between patients and
control subjects on NART IQ, forward digit
span, picture naming, and word-picture match-
ing.

The patients were divided for analysis
purposes into three subgroups (table 3). Five
patients (5/18, 28%) showed clear evidence of
language impairment. We have distinguished
those who were demented (3/18: group 1) from
those in whom language problems were the
only demonstrable cognitive abnormality (2/
18: group 2). One patient in group 1 (patient 3)
was too demented to complete the formal test
battery. The remainder (group 3) constituted
those patients (13/18) who performed within
normal limits on the full battery of general and
language tasks other than verbal fluency
(discussed below). Those with a borderline
abnormal score on just one component of the
language battery were included in group 3.

BULBAR SYMPTOMS

Thirteen subjects had bulbar onset disease but
at the time of testing virtually all had some
degree of bulbar involvement on objective
assessment (median bulbar score=4; range
0–6). Five subjects were mute at the time of
testing and were unable to execute those tasks
completely dependent on a verbal response
(NART and verbal fluency) but completed the
spoken components of other tasks with written
responses.

There was no significant correlation between
either the dysarthria score or the total bulbar
score and MMSE, DRS, picture naming, or
GNT (p values ranging from 0.293 to 0.876).

TESTS OF GENERAL COGNITIVE FUNCTION

Global dementia
Global cognitive function as judged by MMSE
showed some evidence of possible impairment

Table 2 Mean neuropsychological test scores in patients with MND and controls

Patients with MND Controls

p ValueMean SD n Mean SD n

Age (y) 67.3 11.3 18 69.7 7.8 24 NS
Education (y) 9.8 1.3 18 10.8 2.3 24 NS
NART I.Q. 106.5 8.6 13 109.9 6.2 24 NS
Digit span:

Forwards 6.4 1.1 17 6.8 1.0 24 NS
Reverse 3.8 1.0 17 4.8 1.2 24 p<0.05

Verbal fluency:
Letters 25.1 11.5 13 45.2 9.9 24 p<0.005
Categories 91.5 30.4 13 113.7 19.4 24 p<0.05

Graded naming test 18.6 6.9 17 22.5 4.3 24 p<0.1

Median Range n Median Range n p Value
MMSE 29 19–30 17 29.5 27–30 24 p<0.1
Dementia rating scale 139 100–144 17 141 135–144 24 p<0.05
Clinical dementia rating 0 0–2 18 — — — —
Picture naming 46 32–48 17 43.5 38–47 24 NS
Word-picture matching 48 44–48 17 48 44–48 24 NS
Pyramids and palm trees 50 44–52 17 52 46–52 24 p<0.05
TROG 78 59–80 17 80 73–80 24 p<0.05

n=Number of patients tested in each group; NART=national adult reading test; MMSE=mini mental state examination;
TROG=test for the reception of grammar; median scores and ranges are given for data that are not normally distributed.

Table 3 Individual neuropsychological test scores in patients with MND

Patient
Dysarthria
score

NART
IQ MMSE

Dementia
rating
scale

Clinical
dementia
rating

Digit span
forwards

Digit
span-
reverse

Verbal
fluency-
letters

Verbal
fluency-
categories

Picture
naming

Graded
naming
test

Word-
picture
matching

Pyramids
and palm
trees TROG

Group 1 MND with dementia and aphasia:
1 0 96 21* 107* 1 5 3 10* 35* 43* 10* 44* 48* 63*
2 3m NA 19* 100* 1 5 2* NA NA 32* 9* 45* 44* 59*
3 3m NA NA NA 2 NA NA NA NA NA† NA† NA NA NA

Group 2 MND with aphasia:
4 2 98 30 138 0 6 3 11* 64* 35* 7* 44* 48* 78
5 1 120 29 136 0 7 5 24* 89 32* 11* 48 51 74*

Group 3 MND without dementia or aphasia:
6 3m NA 28 139 0 6 3 NA NA 48 19 48 52 77
7 3m NA 29 140 0 7 4 NA NA 48 28 48 51 80
8 3m NA 30 137 0 6 4 NA NA 48 18 48 49 80
9 2 114 30 143 0 8 4 41 127 48 27 48 51 79
10 2 103 29 139 0 7 3 34 86 46 19 48 50 78
11 2 102 28 136 0 6 4 19* 83 46 18 48 49 80
12 1 122 29 144 0 7 5 23* 159 48 30 48 52 80
13 1 114 30 140 0.5 8 5 36 103 48 28 48 51 78
14 2 96 27 140 0 5 3 17* 68* 46 17 48 52 76
15 2 105 28 130 0 5 4 8* 79* 42* 20 47 49 75
16 2 103 27 140 0 8 6 29 89 48 21 48 48* 77
17 2 103 30 140 0 6 4 37 98 42* 14 47 52 78
18 2 108 26 137 0 6 3 37 109 47 20 48 48* 77
Max 3 130 30 144 3 48 30 48 52 80

*=Score outside normal range (z>2); max=maximum possible score on given test.
Dysarthria score: 0=normal speech; 1=slow speech but fully intelligible; 2=intelligible only with eVort; 3=unintelligible or mute (m);
NA=subject unable to perform test: mute patients were unable to perform the NART and verbal fluency tasks;
NA†=patient 3 too demented to complete full battery but showed severe naming deficits with written responses.
NART=national adult reading test; MMSE=mini mental state examination; TROG=test for the reception of grammar.
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(median score (range), patients with MND 29
(19–30) v controls 29.5 (27–30); 0.1>p>0.05).
The diVerence in performance in the DRS,
however, reached significance (median score
(range), patients with MND 139 (100–144) v
controls 141 (135–144); p<0.05). When
looked at individually, three patients (group 1)
were clearly demented on formal testing
(MMSE<24/30), witness interview
(CDR>0.5), or both; their clinical presentation
is detailed in the case histories below. In
summary, patient 1 presented with a change in
behaviour and personality consistent with a
frontal lobe dementia. Patients 2 and 3 had an
aphasic onset dementia, with initially good
preservation of personality and behaviour. All
three demented patients performed poorly on
tests of naming and comprehension.

Digit span
Mean group digit spans forward were not
significantly diVerent from controls (6.4 (SD
1.1) v 6.8 (SD 1.0); NS). Reverse digit span,
however, was significantly reduced in the
MND patient group (3.8 (SD 1.0) v 4.8 (SD
1.2), p<0.05).

Verbal fluency
Five patients were unable to perform this test
due to mutism. There was, however, a
significant diVerence between the remaining 13
patients and the control group on verbal
fluency (letter fluency 25.1 (SD 11.5) v 45.2
(SD 9.9), p<0.005; category fluency: 91.5 (SD
30.4) v 113.7 (SD 19.4), p<0.05). When ana-
lysed according to individual patients’ scores,
seven of the 13 patients able to perform the
tests showed impairment in letter fluency. Cat-
egory fluency was defective in four of these
patients but was never aVected in patients with
normal letter fluency. Four patients (11,12,14,
and 15) had reduced verbal fluency as the only
abnormal finding with otherwise normal per-
formance on general and language tests.

LANGUAGE TESTS

Significant language deficits were found in the
three demented patients (group 1) and two
non-demented patients (group 2). The de-
mented patients performed poorly in all
language tests, but particularly in tests of nam-
ing and syntactic comprehension (TROG).
The non-demented patients had a language
output disorder characterised by diYculties
with word finding and naming, with a tendency
to make category-coordinate semantic errors
or circumlocutions. Both performed well on
tests of non-verbal semantic knowledge and
grammar. Repetition, as judged by the regis-
tration component of the MMSE, was unaf-
fected with all test subjects repeating all three
items on immediate recall. A few otherwise
unaVected patients performed just outside the
normal range on single components of the lan-
guage battery and were included in the
non-demented, non-aphasic group (group 3).
We now describe the performance on each of
the tests.

Naming
The performance of patients was comparable
with controls on the picture naming (median
score (range), patients with MND 46 (32–48);
controls 43.5 (38–47); NS) but there was a
possible impairment on the graded naming test
(18.6 (SD 6.9) v 22.5 (SD 4.3), 0.1>p>0.05).
The five patients in groups 1 and 2 were clearly
distinguishable from the rest of the patient
population by the presence of word finding dif-
ficulties and anomia (patient 3 had no verbal
output but her written naming was very
impaired—see case histories below). DiYcul-
ties were encountered on both the easier
picture naming task and the more stringent
graded naming test. Errors tended to be
semantic rather than phonological (for exam-
ple, “cupboard” for “refrigerator”; “rabbit” for
“squirrel”), often preceded by a pause or an
attempt to describe the object (for example,
sledge: “...board for snow...skateboard.”) al-
though there was also a tendency to persevera-
tive responses in the demented patients. Patient
4 showed a degree of category specificity with
many more errors on living creatures (11/24)
than on manmade items (2/24); this pattern
was also present on the respective word-picture
matching subtests (see below). The remaining
13 patients (group 3) performed normally on
both naming tests.

Word-picture matching test
Of the four patients in groups 1 and 2 able to
complete this test, three had scores below the
normal range, although the level of impairment
was mild. Patient 4 had diYculties confined to
identifying living creatures (4/24 errors), scor-
ing well on manmade items (0/24 errors), mir-
roring a degree of category specificity seen in
his naming deficit (see above). All patients in
group 3 performed normally and the mean
performance of the patient group as a whole
was not significantly diVerent from controls
(median score (range), patients with MND 48
(44–48) v controls 48 (44–48); NS).

Pyramids and palm trees test
Low scores were seen in the two demented
patients able to complete the test and one of
the aphasic patients. The remaining 14 non-
demented patients able to complete the test
performed normally, but the diVerence in
mean performance was lower than controls and
this reached significance (median score
(range), patients with MND 50 (44–52) v con-
trols 52 (46–52); p<0.05).

TROG
Both of the demented patients (1 and 2) who
were able to complete this test had very low
scores (z=−8.3 and −10.4 respectively). One
aphasic patient (5) had a borderline low score
but the remainder of the patient population
performed normally. Once again, the difference
in performance between the patient and
control groups reached significance (median
score (range), patients with MND 78 (59–80)
v controls 80 (73–80); p<0.05).

Dementia and aphasia in motor neuron disease 885
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TESTS OF MOOD AND INFORMANT INTERVIEW

Hospital anxiety and depression score
All patients had low scores for both anxiety and
depression (mean scores=6.9 (SD 2.1) and 5.1
(SD 2.0) respectively) suggesting that aVective
states were unlikely to be influencing perform-
ance.

Clinical dementia rating and informant interview
Impaired performance on everyday cognitive
tasks and activities of daily life (CDR>0.5) was
reported in all three demented patients (group
1). This corroborated the MMSE scores in the
mild to moderate dementia range achieved by
the two members of the group who were suY-
ciently intact for formal testing. Carers did not
report abnormal cognition or behaviour in
patients in group 3 who performed normally
on tests other than verbal fluency. Normal
behaviour was also reported in the two aphasic
patients (group 2) although one of the inform-
ants volunteered and the other admitted on
direct questioning that their spouses had word
finding and naming diYculties.

Case histories
PATIENT 1

A 48 year old man presented with a 6 month
complaint of “slowed thinking” and sleep
disturbance. His wife reported vagueness at
work, lability of mood, and memory distur-
bance. He had been forced to stop using his car
after driving on the wrong side of the road.

On examination he had a rather facile aVect,
a mild spastic dysarthria, fasciculations in all
four limbs with brisk reflexes, and extensor
plantar responses.

Cognitive testing disclosed a mild dementia
(MMSE=21/30) with impairment on tests of
attention and concentration, abstract thinking,
memory, and language (DRS=107/144). Per-
formance was at the lower limit of normal in all
subtests of the semantic battery, but was
particularly impaired in verbal fluency
(FAS=10), naming (picture naming=43/48;
graded naming test=10/30), and syntactic
comprehension (TROG=63/72). Naming er-
rors consisted of semantic paraphasias, many of
his descriptions suggesting relative sparing of
semantic knowledge (for example, accordion:
“one you play . . . harpsichord”; bellows: “for
blowing . . . forge”).

PATIENT 2

A 72 year old woman began slurring her speech
2 years before presentation to a neurologist.
Over 6 months her speech became barely intel-
ligible although she continued to use complete
sentences. Over the next 6 months her verbal
output decreased further, initially to single
appropriate words and finally to mutism a year
after symptom onset. She communicated with
ease using pen and paper. Eighteen months
after onset she began to experience diYculties
with swallowing fluids and at the time of pres-
entation also had some problems with solids.

Examination showed a woman with a labile
aVect and a tendency to grin incongruously.
There was a mixed bulbar and pseudobulbar

palsy, widespread fasciculations in the upper
limbs, hyperreflexia in all four limbs, but flexor
plantar responses.

Cognitive testing disclosed a mild dementia
(MMSE=19/30; DRS 100/144), naming diY-
culties (picture naming=32/48; graded naming
test=9/30), and errors on tests of syntax
(TROG=59/72). Her anomia consisted pre-
dominantly of semantic paraphasias but there
were also extensive spelling errors and a
tendency to perseverative responses.

PATIENT 3

A 66 year old woman began to make semantic
paraphasic errors in spontaneous speech 1 year
before presentation. Over a 4 month period her
speech output reduced drastically to monosyl-
labic answers. Six months into the illness she
became mute, but was able to communicate
using her hands, and to answer questions on
the telephone by tapping the receiver to
indicate yes or no answers. Eight months after
onset she began to have diYculty swallowing
and stopped taking solids. Shortly afterwards
she started to make mistakes while cooking but
initially continued to live independently. Ad-
mission was precipitated after she had failed to
contact the family; she was found in the bath in
a state of evident self neglect.

Examination disclosed a mute woman, capa-
ble of producing only occasional incomprehen-
sible groans. The tongue was wasted and
fasciculating, the jaw jerk brisk with spontane-
ous clonus. There were fasciculations in all four
limbs with brisk reflexes and extensor plantar
responses. Pout, palmomental, and grasp
reflexes were elicited.

She was able to follow simple one step
instructions but failed with two stage com-
mands and was unable to cooperate with the
examination, which seemed to baZe her. Her
spontaneous written repertoire was limited to
her own name and a few simple words. She
only attempted to write the names of a few line
drawings and her responses were incorrect,
mis-spelt, and perseverative. She displayed uti-
lisation behaviour, repeatedly “emptying” an
empty glass.

PATIENT 4

A 75 year old man presented to the ear, nose,
and throat surgeons with bouts of coughing
after drinking and eating, trouble with singing,
and progressive slurring of speech over 6
months. A year later his speech and swallowing
had deteriorated with particular dysphagia for
thin liquids and he complained of diYculties
with using his left hand and of night cramps.
He also reported word finding diYculties such
that he had stopped public speaking. When
specifically asked, his wife admitted that he
would often hesitate in midsentence, often
substituting an incorrect word for one that he
was unable to recall.

Neurological review disclosed slow tongue
movements with occasional fasciculations,
some frontal release signs, but a normal jaw
jerk. Limb examination showed widespread
wasting and fasciculations, normal tone, but
hyperreflexia with extensor plantar responses.
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Performance on general cognitive tests was
normal but he showed impairment in verbal
fluency (FAS=11) and on the naming compo-
nents (picture naming=35/48; graded naming
test=7/30) of the language battery. He had par-
ticular diYculties with naming living creatures
(13/24 correct) compared with manmade items
(22/24). His performance was also below the
normal range on word-picture matching (44/
48), with errors confined to identifying living
creatures, and just outside normal limits on the
pyramids and palm trees test.

PATIENT 5

A 64 year old man presented with a 6 month
history of slurred speech, occasional dys-
phagia, and twitching and cramps in the lower
limb muscles. His wife had noticed the
occasional substitution of incorrect words in a
sentence although he continued to teach.

Examination showed a mild dysarthria with
slow tongue movements but no fasciculations.
There were extensive fasciculations in all four
limbs with brisk deep tendon reflexes and
extensor plantar responses.

General cognitive function was unimpaired
and decreased verbal fluency was confined to
letter fluency. His performance on the test for
the reception of grammar was just outside nor-
mal limits (74/80) and he was significantly
impaired in naming tasks (picture naming=32/
48; graded naming test=11/30) with a mixture
of semantic errors and “don’t know” re-
sponses.

Discussion
We have systematically tested language and
general cognition in 18 patients with a new
diagnosis of sporadic MND presenting con-
secutively over a 3 year period to a regional
neurology service. This unselected cohort con-
tains a surprisingly high number of subjects
(5/18, 28%) with a language disorder; three
(group 1) in the context of a dementing illness
and two (group 2) in whom aphasia was the
only demonstrable cognitive deficit. The re-
maining patients (13/18, 72%: group 3)
performed normally in the language tasks
although many had low scores on a test
sensitive to frontal executive dysfunction (ver-
bal fluency).

DEMENTIA AND MND

The association between overt dementia and
MND is now well recognised2–9 31 but has
always been considered to represent a rare
co-occurrence. Two large retrospective epide-
miological studies have reported the presence
of unspecified dementia in 4% and 6% of
patients with MND,32 33 whereas two smaller
prospective studies did not identify any de-
mented patients.12 14 Likewise, a large recent
study of 146 patients under follow up by a spe-
cialist MND outpatient service seemed not to
report any frankly demented patients despite
finding evidence of more subtle cognitive
impairment on neuropsychological assessment
in a third of cases.17

We were surprised to find such a high preva-
lence of overt dementia (3/18) in our MND

cohort. In addition, whereas the group as a
whole performed within normal limits on the
MMSE (median score (range), patients with
MND 29 (19–30) v controls 29.5 (27–30);
0.1>p>0.05). the magnitude of the diVerence
from controls on the DRS reached significance
(median score (range), patients with MND 139
(100–144) v controls 141 (135–144); p<0.05).
The geographical isolation of the region served
by one neurology department makes it unlikely
that subjects with MND were missed and the
population based nature of our study mini-
mised the risk of selection bias. We identified
25 patients with a new diagnosis of MND over
a 3 year period (January 1994 to December
1996) from a catchment area of about 750 000,
equivalent to an annual incidence rate of 1.1
per 100 000 population. This is similar to the
rates reported in previous epidemiological sur-
veys (2.0–2.2 per 100 000)34 35; some of the dif-
ference is explained by the application of
stricter El Escorial criteria which had not been
established at the time of the earlier studies. We
were able to test 18 of the 25 patients
identified. Even if the remaining seven patients
unavailable for testing were normal, then the
prevalence of significant dementia in this
population would be 3/25 (12%), which is
greater than previously reported. Finally, the
mean age of our group was 67.3 (SD 11.3)
years which is at the upper end of the normally
quoted range of onset of sporadic MND (55 to
65 years).36 This could potentially aVect the
incidence of dementia in this group, but none
of the patients presented with an amnestic syn-
drome, which would be more suggestive of
Alzheimer’s disease. The few patients involved
means that epidemiological conclusions should
be drawn with caution but our findings do sug-
gest that the problem may be underestimated
in clinical practice. The common assumption
that cognitive function is not impaired in
MND, which holds true for most patients, may
tempt physicians to underdiagnose the condi-
tion on the grounds that impaired patients will
“by definition” not have MND.

The pattern of cognitive loss in the three
demented patients (group 1) was broadly in
line with previous reports. One of the three
matched the MND frontal lobe dementia syn-
drome with behavioural change being a promi-
nent part of the presenting picture10 but was
unusual in having significant language deficits.
Two were more similar to the MND-rapidly
progressive aphasia syndrome which has only
been recognised more recently, with an early
loss of language in the context of bulbar onset
disease and relative preservation of other
cognitive abilities in the early stages.18 19

LANGUAGE IMPAIRMENT IN MND

No epidemiological data are available on the
prevalence of progressive aphasia in MND.18 19

In our study we have distinguished two types of
patients with aphasic MND. The first (three
patients in group 1) had a mixed aphasia-
dementia syndrome whereas the second (two
patients in group 2) had a pure aphasia. It is
possible that the “pure aphasia” we have shown
represents the first stages of an aphasic-
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dementing process rather than a mild and rela-
tively stable subclinical abnormality. This
could be considered in a follow up study.

The nature of the language impairment in
MND seems not to be uniform but impaired
naming and syntactic comprehension have
been noted regularly. We have found an anomia
in demented patients and, in addition, the
group tended to perform worse than controls
on the more stringent of the two naming tests,
the graded naming test (18.6 (SD 6.9) v 22.5
(SD 4.3); 0.1>p>0.05). Although not assessed
separately, all patients scored 3/3 on the repeti-
tion component of the MMSE. Of our three
demented patients (group 1) two were able to
undergo formal testing and demonstrated
impaired picture naming and syntax compre-
hension (TROG). Semantic knowledge as
judged by the word-picture matching and
pyramids and palm trees tests (tables 2 and 3)
was relatively spared although the scores were
low, the diVerence reaching significance on the
last test (median score (range), patients with
MND 50 (44–52) v controls 52 (46–52);
p<0.05). Interestingly, the deficit was similar in
patient 2, who presented with a fairly pure
aphasic type dementia, and in patient 1 who
displayed features more consistent with a fron-
tal lobe type dementia. The two patients also
diVered in bulbar involvement and muteness,
patient 2 being mute (bulbar score=5), but
patient 1 being asymptomatic with only mild
signs of a pseudobulbar palsy evident on exam-
ination (bulbar score=0). Although unable to
complete the formal language battery, the third
patient in this group (patient 3) had severe
comprehension diYculties limited to carrying
out simple one stage commands, made perse-
verative and spelling errors on writing, and was
mute. The two non-demented patients with
language impairment (group 2) showed cogni-
tive deficits aVecting language only, but over
and above the decreased verbal fluency dis-
cussed below. The pattern was of a predomi-
nant anomia (with poor performance on nam-
ing tests) but one patient was also mildly
impaired on tests of single word comprehen-
sion whereas the other was below the normal
range on the test of syntactic comprehension
(TROG).

MILDER FORMS OF COGNITIVE IMPAIRMENT IN

MND

There has been a divergence of opinion
between investigators about the presence and
nature of subclinical cognitive impairment in
patients with MND. One group has reported
completely normal cognitive function in MND
both on initial assessment and at subsequent
follow up.11 Several investigators have found
consistent subtle abnormalities largely con-
fined to impairment in tests of fluency and
concentration.12–16 These deficits have been
ascribed to mild frontal executive dysfunction
and a correlation with reduced blood flow to
the frontal lobes on PET has been
described.14–16

The deliberate bias towards language im-
pairment of our study limited the number of
tests specifically considering frontal lobe func-

tion. Nevertheless our finding of decreased
verbal fluency in the MND patient population
replicates the findings of other investigators
and was seen in demented and undemented
patients alike. The fact that both letter and cat-
egory based fluency were aVected suggests that
the deficit was one of executive function, of the
type seen in patients with frontal or subcortical
pathology rather than reflecting semantic
impairment which results in a disproportionate
reduction in category fluency.37

As with MND dementia, the frequency of
subtle cognitive deficits in the MND popula-
tion is diYcult to judge from the literature. We
have identified 5/18 (28%) patients with
dementia, or aphasia, or both. If the four
patients in group 3 with decreased verbal flu-
ency as the only cognitive deficit are included,
the number in our patient group with demon-
strably impaired cognition rises to 9/18 (50%).
Only two prospective neuropsychological
studies have previously been reported.12 14

Although both have found that the mean
patient group performance on tests of atten-
tion and concentration was significantly worse
than controls, only one quotes individual
patient performances with 8/14 (57%) pa-
tients failing the Wisconsin card sorting test.
The largest neuropsychological study to date
of 146 patients attending a dedicated MND
clinic has suggested that as many as 35% of
patients have significant impairment, perform-
ing at or below the 5th percentile on at least
two of eight neuropsychological measures.17

Unfortunately, this study was not prospective
and the selected nature of the group raises the
possibility that their performance may not be
representative of the MND population as a
whole; whereas the incidence of cognitive
decline was high, there were apparently no
formally demented patients.

Previous neuropsychological studies have
not reported prominent language deficits in
non-demented patients. This may be because
they have typically concentrated on tests of
frontal lobe dysfunction and memory. Mass-
man et al report 11.7% of their patients at or
below the 5th percentile on the Boston naming
test.17 All the same, our finding of two
non-demented patients with significant naming
problems on formal testing suggests that there
may be a subgroup of patients with MND with
aphasia who would be missed on cursory bed-
side cognitive assessments or even on more
detailed testing if language tests were not
specifically included.

BULBAR FUNCTION AND DEMENTIA IN MND

Many authors have commented on an associ-
ation between cognitive impairment and bulbar
disease in MND.18 19 31 A recent study specifi-
cally looking into this issue in patients attending
a specialist MND clinic found a significant
increase in cognitive dysfunction in patients
with a pseudobulbar palsy compared with those
without, although both groups were impaired.38

Formal statistical testing of our cohort failed
to show such a correlation although we recog-
nise that our sample is small. Two of the three
demented patients in group 1 and one of the
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aphasic patients in group 2 had significant bul-
bar dysfunction and broadly fitted the previ-
ously described picture of dementia/aphasia in
the context of bulbar onset disease. Two
patients with minimal bulbar involvement,
however, showed clear cut cognitive decline:
one with a moderately severe aphasic dementia
(patient 1), the other with aphasia only (patient
5). This shows that cognitive dysfunction is not
confined to patients with bulbar onset or severe
bulbar disease. Taken together these findings
would also suggest that cognitive decline is not
simply an indicator of disease severity.

The fact that two of the three demented
patients were also mute does raise the practical
question of whether cognitive and language
impairment may be missed in such patients.
Both carers and professionals tend to attribute
mutism to purely motor problems in MND
and usually fail to assess language adequately.
The recognition of additional language impair-
ment is clearly important for the appropriate
management of such patients.
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