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Introduction

Amyotrophic lateral sclerosis (ALS) is caused by the pro-
gressive degeneration of bulbar and spinal motoneu-
rons and of the corticospinal tracts resulting in motor
deficits, bulbar palsy and finally respiratory insuffi-

ciency. Although selective vulnerability of motor neu-
rons is the pathogenic hallmark of the disease, it be-
comes increasingly evident that extramotor neuronal
degeneration may occur and contribute to the clinical
syndrome.

Evidence for extramotor neuronal degeneration
comes from several perspectives. (1) Clinical observa-

■ Abstract We performed a longi-
tudinal study of frontal and tempo-
ral lobe functions in patients with
amyotrophic lateral sclerosis (ALS)
and compared the evolution of
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cognitive performance with that of
motor deficits in patients with
spinal and bulbar-onset of the dis-
ease. Fifty two patients suffering
from sporadic ALS according to the
El Escorial criteria were examined;
37 patients had a spinal, 15 a bul-
bar onset of the disease. The data
profile included examinations at
entry (E1), every four months at
follow-up (E2, E3, E4) and after 18
months (E5), if possible. Neuropsy-
chological testing covered the do-
mains of executive functions,
memory and attentional control.
ALS patients showed executive dys-
functions that were most promi-
nently represented by deficits of
non-verbal and verbal fluency and
concept formation. Memory-re-
lated deficits were also present but
less expressed. The same held true
for phasic and tonic alertness and
divided attention. In contrast to
motor functions declining con-
comitantly with disease progres-
sion, cognitive deficits appeared in
early disease, were essentially pres-
ent at initial testing and did not
substantially decline on follow-up.

A subgroup analysis revealed that
bulbar-onset ALS patients per-
formed consistently poorer in
many cognitive tests than spinal-
onset ones with special reference to
verbal and non-verbal fluency and
interference control. This subgroup
difference persisted or even in-
creased throughout follow-up. We
conclude that there is a fronto-tem-
poral pattern of cognitive dysfunc-
tion in ALS expressing itself early
in the course of the disease and
mainly with bulbar forms. The cog-
nitive deficits do not progress in
synchrony with motor decline, but
distinctly more slowly. We suggest
that cognitive dysfunctions reflect
functional and possibly morpho-
logical deficits outside the primary
motor system that is specific for
the nature and evolution of the dis-
ease and might also give clues to
etiopathogenesis.

■ Key words amyotrophic lateral
sclerosis · motor neuron disease ·
neuropsychology · cognition ·
executive function · memory ·
frontal lobe · temporal lobe
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tions indicate that ALS may be accompanied by a
fronto-temporal dementia [23, 35] and that mental dys-
function may be coincident with motor decline or even
precede it [49]. (2) Neuropathological evidence suggests
that in demented and non-demented ALS patients de-
generation may occur outside the motor cortex –
mainly in cortical and subcortical regions of the pre-
frontal lobes and in the temporal and limbic areas [26,
39, 51, 52]. (3) MRI studies have shown that a subgroup
of ALS patients exhibits frontal atrophy, shrinkage of
the frontal white matter and widespread subcortical
frontotemporal gliosis [6, 25, 29]. (4) Functional imag-
ing has provided evidence of hypometabolism in de-
mented and non-demented ALS patients that is pre-
dominantly expressed in frontal areas and along the
limbic-thalamo-cortical pathways [2, 3, 28, 32]. Also
neuropsychological findings support the concept of ex-
tramotor pathology in ALS. A series of cross-sectional
studies have shown cognitive impairment in non-de-
mented ALS patients and delineated deficits that are
compatible with frontal-executive and temporal lobe
dysfunctions. Among executive functions, fluency
seems to be predominantly affected [1, 4, 5, 16, 32], but
this is also true for interference control [15, 33], re-
sponse inhibition [33], set shifting [15], concept forma-
tion and problem solving [16]. Likewise, verbal and
non-verbal memory deficits were found in non-de-
mented ALS patients [16, 37]. Since cross-sectional
studies predominate to date, little is known about the
onset and the evolution of cognitive functions in indi-
vidual ALS patients.

In this paper, we present a longitudinal investigation
of cognitive functions in 52 patients suffering from spo-
radic ALS. The aim of the study was three-fold: (1) to as-
sess a fronto-temporal profile of cognitive functions in
ALS patients, (2) to evaluate this in bulbar and spinal-
onset subgroups, (3) to monitor the beginning and evo-
lution of cognitive functions during disease progression
in relation to motor decline.

Methods

■ Study design

We performed a prospective follow-up investigation. The data profile
included examinations at entry (E1), every 4 months during follow-
up (E2, after 4 months; E3, after 8 months; E4, after 12 months) and, if
possible, a further examination after 18 months (E5).

■ Subjects

In total, 52 patients (37 males, 15 females) with a mean age (± SD) of
56.8 (±12.3) years entered the study. All of them were suffering from
sporadic ALS according to the El Escorial criteria [10]. 15 patients (9
males, 6 females) showed a bulbar-onset, 37 patients (28 males, 9 fe-
males) a spinal-onset of the disease. To check premorbid intelligence,
a multiple-choice vocabulary test (MWT-B) was assessed at study en-
try [31]. To screen for emotional well-being and influences of depres-
sion on neuropsychological testing, Beck’s depression inventory (BDI
[8]) was assessed in an adapted version [20] at study entry and regu-
larly during follow-up.Behavioral and clinical data at study entry (E1)
are summarized for the complete patient sample and of the spinal-on-
set and bulbar-onset subgroups in Table 1. All groups were very com-
parable with respect to age and premorbid intelligence.

■ Clinical assessment

The severity and progression of ALS were assessed by the Norris Scale
[21] and vital capacity (VC) measurements at study entry (E1) and
regularly during follow-up (E2–E5). As summarized in Table 1 for
study entry (E1), the complete patient sample and the bulbar- and
spinal-onset subgroups were well comparable concerning disease du-
ration, clinical severity (Norris), vital capacity (VC) and mood (BDI).
Statistical analysis did not show any significant differences.

■ Neuropsychological assessment

Neuropsychological assessment focused on cognitive domains con-
sidered to represent prefrontal (executive) functions and temporal
lobe (memory) functions as well as attentional control. The test pro-
file included the following individual tests.

Executive functions

Perceptual interference was assessed by the Colour Word Interference
Test (CWIT [46]) in a version adapted by Bäumler [7]. As in the orig-
inal version, this applies verbal (color words) and non-verbal mater-
ial (color dots) including a mismatch condition (word-color) to test
for interference processing. Assessment parameters were: reading
time (of color words, in seconds), naming time (of color dots, in sec-

complete patient sample spinal-onset bulbar-onset
(N = 52) (N = 37) (N = 15)

male/female ratio (patients) 37/15 28/9 9/6

age, in years (mean, ± SD) 57.92±11.51 56.72±11.43 60.80±11.56

MWT-B (IQ) (mean, ± SD) 109.15±16.51 110.00±16.94 108.89±16.03

ALS, duration in months (mean, ± SD) 27.17±17.68 28.46±18.69 24.00±15.00

Clinical stage (Norris, %) (mean, ± SD) 66.84±18.45 64.29±19.84 74.73±10.43

Vital capacity in % (mean, ± SD) 78.40±20.99 81.53±21.83 71.75±18.61

Beck Depression Inventory (mean, ± SD) 11.81±7.84 11.57±7.63 12.40±8.60

Table 1 Demographic, behavioral and clinical data
at study entry (E1)
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onds), interference time (in seconds) and error rate. Verbal fluency
was assessed by a modified Controlled Word Association Test
(COWAT) derived from Thurstone’s written version [48]. Naming
and/or writing of words beginning with the letter “S” measuring
formal-lexical fluency was required. Assessment parameters were:
the number of words (generated within a defined time-period of
3 minutes), error score and ratio errors/number of words generated.
Response time included a span of 3 minutes in order to reduce bias by
mechanical slowing of speech or writing. The test modality (oral or
written) was chosen with respect to the clinical deficits of the
patients. The equivalence of written and spoken modalities of the
COWAT concerning formal-lexical fluency had been ascertained
prior to study initiation by reviewing normative data [9, 22, 47].
Figural (design) fluency was assessed by the non-verbal 5-Point
Fluency Test (5-PFT [42]). This requires the generation of as many
unique geometrical designs as possible by interconnecting five dots
within a time period of 3 min. Assessment parameters were: number
of designs generated, error rate (repetitions, incomplete designs), and
ratio errors/number of designs. Concept formation, abstract reason-
ing and the ability to shift cognitive strategies were assessed by the
Wisconsin Card Sorting Test (WCST [19]).A PC-version with 64 cards
close to the design of Milner [34] was used. Assessment parameters
were: categories achieved, error score, perseverative error score.

Memory functions

The span of apprehension of verbal material was tested by the Digit
Span (DS, forward), a subtest of the Wechsler Adult Intelligence Scale
(WAIS [50]). Non-verbal recognition memory was assessed by the Re-
curring Figures Test (RFT [30]). The assessment parameter was error
score. The Auditory Verbal Learning Test (AVLT [43]) was used to as-
sess immediate and delayed free recall, learning achievement and de-
layed recognition memory of verbal material (words).Assessment pa-
rameters were: number of words recalled after the first (words at I)
and the 5th presentation (words at V), difference in performance be-
tween words at I and V (learning achievement), loss of items due to
an interference list after V (loss by interference), delayed free recall
(recall after 30 min), and recognition of previously presented words
interspersed in a list of fifty items given at the end of the testing ses-
sion (delayed recognition).

Attention control

Vigilance was assessed by the subtest “Alertness” of the TAP test bat-
tery [53]. Reaction times (RTs) were measured to test for the patients’
ability to improve RT performance after presentation of a warning
tone (phasic alertness) relative to RTs without a warning tone (tonic
alertness).Assessment parameters were RTs (in seconds) after imper-
ative stimuli with and without warning tones. Divided attention as an
index of parallel processing capacity was assessed in a dual-task par-
adigm taken from the TAP [53]. The task required the patients’ reac-
tion to sequences of simultaneously presented visual and auditory
cues. Assessment parameters were: reaction times (RTs) and number
of omissions (no reaction).

■ Data analysis

Data are given as mean and standard deviation (mean, SD) for the
continuous variables,respectively as relative and absolute frequencies
for discrete variables. The longitudinal analysis of test results repre-
sents comparisons across follow-up examinations E1-E4. It was done
for the complete patient sample and separately for the bulbar- and
spinal-onset patients by using the non-parametric exact Friedman-
test, a non-parametric two-way ANOVA with repeated measurements
[14, 44]. Because of disease-related drop-out over time, the longitudi-
nal analysis included only those individuals in whom data on all four
time points of assessment were available. This subgroup was com-
pared with the complete sample for checking representativity and

avoiding bias. No bias was found. Findings of the exact Friedman test
in the bulbar-onset subgroup were not considered representative ow-
ing to the small number of subjects entering analysis and are there-
fore not presented. Inter-group differences of bulbar- vs. spinal-onset
patients were evaluated using the non-parametric Mann-Whitney U-
test. Where appropriate, Pearson product moment and Spearman
rank order correlation coefficients were calculated. The significance
level was set to 5 %. Because of the exploratory manner of the analy-
sis, no adjustment for multiple testing was done. Findings at E5 were
not evaluated statistically due to the small number of subjects avail-
able. All analyses were done using SPSS (Version 10) except for the
Friedman-test (StatXact 3.0)

Results

■ Comparison of test results to normative data

To integrate our patients’ test performance into the nor-
mal spectrum of cognitive behavior we compared their
test results with normative data. The lower limit of nor-
mality was defined for each parameter as respective
mean minus one standard deviation (SD). The most
important deficits were evident in executive functions as
represented by word and design fluency and some
aspects of concept formation (total and perseverative
error scores in WCST). In these domains, all patients
groups, and most prominently the bulbar ones, per-
formed below the normal range. Concerning interfer-
ence control (CWIT), it was only the bulbar-onset sub-
group that performed at the limit or below normality.
Deficits in memory functions were less expressed. Nev-
ertheless, impaired memory performance was shown in
three subtests of the AVLT in all groups. The same was
true for phasic and tonic alertness (reaction times with
and without warning tones) and reaction times under
divided attention.

■ Longitudinal analysis of test results

Means of longitudinal test profiles at examinations E1,
E2, E3 and E4 are summarized for the complete patient
sample in Table 2a. The number of patients consecu-
tively dropped from 52 (E1) to 19 (E4).Drop-out was dis-
ease-related and caused by death or major physical
handicap. Results of the longitudinal statistical analysis
(exact Friedman test) are shown for the complete sam-
ple in Table 2b.

Clinical and behavioral parameters

In the complete patient sample,Norris and VC scores de-
creased significantly between E1 and E4 (p < 0.01 and
p < 0.002, respectively) indicating disease progression
(Table 2b). The same was true for VC scores in the
spinal-onset subgroup (p < 0.02). Norris scores also de-
clined in the spinal subgroup, but without statistical sig-
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nificance. In the bulbar-onset subgroup, longitudinal
test profiles (means) confirmed that both Norris and VC
scores declined distinctly between E1 and E4. For the
reasons indicated in Methods, effects in the bulbar sub-
group were not evaluated statistically. Emotional well-
being (mood) as indicated by the BDI score remained
remarkably stable during the whole observation period
in the complete patient sample and in both subgroups.
No statistically significant effect was detected.

Executive functions

In the complete patient sample, interference processing
as represented by CWIT2 (naming time) was signifi-
cantly prolonged (p < 0.004) between E 1 and E4. The
same was true for CWIT1 (reading time), but without
reaching statistical significance. All parameters assess-
ing word fluency (COWAT), design fluency (5-PFT) and
concept formation (WCST), and two parameters of the
CWIT (interference time, error score) did not signifi-
cantly change during the observation period (Table 2b).

Table 2 a: Means of longitudinal test profiles at study entry and follow-up examinations in the complete patient sample. b: Longitudinal statistical analysis (Friedman ex-
act)

2a: means at baseline and at follow-up 2b: Friedman-test

E1 (n = 52) E2 (n = 32) E3 (n = 24) E4 (n = 19) Number (n) E1-E4 (p)

Test mean SD mean SD mean SD mean SD

Clinical parameters and behavioral data
VC 94.5 9.2 87.5 3.5 79.5 9.2 80.0 2.8 10 0.01
Norris 74.9 11.6 72.1 6.0 64.0 9.7 61.6 9.8 10 0.002
BDI 10.8 7.0 9.0 7.1 11.2 7.1 10.3 6.9 12 n. s.

Executive functions
CWIT1 33.0 8.6 33.6 8.0 37.1 8.2 35.8 6.8 9 n. s.
CWIT2 43.9 6.7 44.1 6.6 48.1 6.5 47.5 9.1 9 0.004
CWIT3 87.1 16.7 84.7 13.3 80.5 14.6 82.2 14.3 9 n. s.
CWIT4 3.0 2.6 4.1 5.4 1.9 2.3 2.5 3.3 9 n. s.
COWAT 1 21.2 9.7 24.1 9.8 26.7 12.6 29.4 12.2 13 n. s.
COWAT2 2.7 3.1 1.5 1.6 2.2 2.3 2.8 2.9 13 n. s.
COWAT3 0.13 0.15 0.06 0.06 0.08 0.06 0.09 0.08 13 0.009
5-PFT1 24.6 8.4 24.9 7.2 25.9 12.3 26.6 11.1 8 n. s.
5-PFT2 3.0 3.1 2.1 2.0 1.9 2.6 2.5 3.6 8 0.01
5-PFT3 0.11 0.09 0.09 0.11 0.07 0.09 0.08 0.11 8 0.03
WCST1 2.0 1.5 2.0 1.1 2.7 1.0 2.7 1.4 6 n. s.
WCST2 22.3 9.2 23.7 7.0 16.8 9.11 19.5 9.1 6 n. s.
WCST3 21.0 12.8 17.0 1.6 15.4 13.4 9.6 9.1 6 n. s.

Memory functions
DS 5.5 0.7 5.6 1.0 5.8 1.0 5.8 1.1 13 0.009
RFT 27.0 8.2 25.1 9.9 27.7 14.0 25.9 8.7 12 n. s.
AVLT1 5.1 0.9 5.4 1.8 7.0 2.4 5.8 1.3 13 n. s.
AVLT2 11.9 1.6 10.9 1.9 12.5 2.4 11.3 1.9 13 n. s.
AVLT3 7.0 2.0 5.5 2.5 5.5 2.3 5.5 1.5 13 0.05
AVLT4 3.4 2.4 2.3 1.7 2.8 1.9 3.1 1.4 13 0.03
AVLT5 8.7 2.4 7.8 2.0 10.0 2.5 8.3 2.8 13 n. s.
AVLT6 45.9 1.9 45.0 3.8 46.8 4.3 45.0 4.3 13 n. s.

Attentional control
Alert.1 283 100 334 119 351 121 395 156 6 n. s.
Alert.2 294 115 311 110 325 114 385 153 6 0.03
DivAtt1 705 145 735 108 717 113 708 125 5 n. s.
DivAtt2 2.0 2.6 2.7 2.9 3.0 1.7 1.0 0 5 n. s.

Exact Friedman test; level of significance p < 0.05. VC Vital capacity; BDI Beck Depression Inventory; CWIT Colour Word Interference Test: 1 reading-time (sec), 2 naming-
time (sec), 3 interference-time (sec), 4 error score; COWAT Controlled Word Association Test: 1 number of words, 2 number of errors, 3 ratio number/errors; 5-PFT, 5-Point
Fluency Test: 1 number of designs (figures), 2 number of errors, 3 ratio number/errors; WCST Wisconsin Card Sorting Test: 1 number of categories, 2 number of errors, 3 num-
ber of perseverating errors; DS Digit span: number; RFT Recurring Figures Test of Kimura: number of errors; AVLT Auditory Verbal Learning Test: 1 words at I. presentation,
2 words at V. presentation, 3 learning achievement, 4 loss by interference, 5 recall after 30 min, 6 recognition; Alertness1 reaction time without warning tone (in ms), Alert-
ness2 reaction time with warning tone (in ms); Divided Attention, 1 reaction time (ms), 2 missing outs
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Means showed that their values did not decline along
with disease progression, but remained stable or even
improved (Table 2a). COWAT3 (ratio of errors/number
of generated words; p < 0.009), 5-PFT2 (error score;
p < 0.01) and 5-PFT3 (ratio of errors/generated designs;
p < 0.03) even improved significantly. For details of
Friedman test results refer to Table 2b. In the spinal-on-
set patient group, similar test results were obtained.
Only parameter CWIT2 deteriorated significantly
(p < 0.006). The other executive test parameters re-
mained stable or improved during follow-up. Significant
improvements were obtained with COWAT3 (p < 0.05),
5-PFT2 (p 0.05) and 5-PFT3 (p < 0.05). Longitudinal ef-
fects in the bulbar subgroup were not evaluated statisti-
cally. Mean values, however, indicated that executive
functions in bulbar patients did not improve but deteri-
orate or at best keep their level.

Memory functions

In the complete patients sample, one AVLT subtest
(AVLT3, learning achievement) showed a statistically
significant (p < 0.05) decline during follow-up. The
other memory-related parameters remained roughly
stable. This was true for the digit span (DS), non-verbal
recognition memory (RFT) and most parameters of the
AVLT (words recalled at I,words recalled at V,delayed re-
call, recognition). Parameter AVLT4 (loss by interfer-
ence) was the only one to improve significantly
(p < 0.03). For details of statistical analysis and means in
the complete patient sample refer to Table 2. In the
spinal-onset subgroup, very similar test results were ob-
tained. All memory-related parameters remained stable
or slightly improved during follow-up, and no statistical
significance was noted. Only AVLT4 (loss of interfer-
ence) significantly improved over time. In the bulbar-
onset subgroup, however, mean values of memory func-
tions clearly decreased over time. Longitudinal effects
were again not evaluated statistically.

Attention control

In the complete patient sample,tonic and phasic alertness
as expressed by reaction times without (Alertness 1) and
with warning tone (Alertness 2) deteriorated over time
(E1: 283ms and 294ms, E4: 395ms and 385ms, respec-
tively). However, significance for this effect was only
achieved with Alertness 2 (p < 0.03).No significant differ-
ence was obtained also for divided attention (Table 2b).
Also in the spinal-onset subgroup, attention parameters
deteriorated but without yielding a statistically signifi-
cant effect.Visual inspection of means in the limited num-
ber of bulbar-onset patients showed that their values were
markedly prolonged both for tonic and phasic alertness at
E4 compared with E1. On the other hand, their perfor-
mance in divided attention remained stable.

■ Subgroup analysis of test results in bulbar-onset vs.
spinal-onset patients

Statistical findings evaluating differences between bul-
bar- and spinal-onset patients are illustrated for each as-
sessment point E1 to E4 in Table 3.

Clinical and behavioral parameters

Norris score was comparable between bulbar- and
spinal-onset patients throughout the study, and no sig-
nificant inter-group differences were detected between
E1 and E4 (Table 3). Concerning VC, bulbar-onset pa-
tients had consistently lower values than the spinal-on-
set ones throughout the observation period. A signifi-
cant difference between subgroups emerged at E3 when
bulbar patients scored a significantly lower VC than the
spinal ones (Table 3). Mood (BDI) did not show any sig-
nificant inter-group differences during follow-up.

Executive functions

Word and design fluency performance in subgroups is
shown in Figs. 1 and 2. Word generation (COWAT, num-
ber) proved to be significantly reduced in the bulbar
compared with the spinal-onset patients already at
study entry (E1: p < 0.01; Fig. 1 and Table 3). Fig. 1 shows
that this inter-group difference increased during follow-
up leaving the bulbar group behind with significantly
poorer performance (E1: p < 0.01, E2: p < 0.005; E3:
p < 0.01, E4: p < 0.06, trend). A summary of statistical
data is given in Table 3. Design fluency performance in
subgroups is shown in Fig. 2. Again, bulbar-onset pa-
tients achieved worse at study entry (E1: p < 0.08,
Table 3), and the subgroup difference increased during
follow-up leaving the bulbar patients significantly be-
hind (E2: p < 0.01; E3: p < 0.03; E4: p < 0.08, trend).

Concerning CWIT3 (interference time), a significant
inter-group difference was provided in terms of a slower
performance of bulbar-onset patients at E1 (p < 0.01),E2
(p < 0.05) and E4 (p < 0.05). CWIT4 (error score) and the
parameters assessing concept formation and abstract
reasoning did not statistically discriminate between
subgroups.

Memory functions

Immediate recall as assessed by the Digit Span was
highly comparable between bulbar and spinal patients
and provided no statistically significant subgroup dif-
ference. A subgroup difference, however, was evident in
non-verbal recognition memory (RFT). At study entry
(E1), the RFT error score was significantly higher in bul-
bar-onset compared to spinal-onset patients (p < 0.03).
During follow-up,statistical analysis confirmed a signif-
icant group effect at E2 (p < 0.04) and a trend at E4
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(Table 3).Also concerning recognition memory and free
recall of verbal material (AVLT), bulbar-onset patients
performed more poorly in most subtests. Statistical
analysis, however, did not yield significant group differ-
ences. Only for the AVLT parameter “words at V. presen-
tation”,which indexes a learning factor,was a significant
subgroup difference seen at E1 (p < 0.01) and E2
(p < 0.02) in favor of the spinal group.

Attention control

Although reaction times (RT) were consistently slower
in bulbar-onset compared to the spinal-onset patients,
both RTs without warning tone (Alertness 1) and RTs
with warning tone (Alertness 2) did not significantly

differentiate between subgroups throughout the obser-
vation period. Likewise, divided attention performance
was not significantly different with respect to any of the
parameters. For details refer to Table 3.

Findings at examination 5 (E 5)

We were able to test six patients after a time period of 18
months. Because of their limited number, these data
were evaluated descriptively. In these six patients, the
clinical progression of the disease continued as indi-
cated by a further decline of the mean Norris scale – 48.8
at E5 compared with 58.5 at E4. Likewise, VC declined
sharply to 54 % at E5 compared with 66.6 at E4. In con-
trast, the BDI scored 12.3 and remained in the range

Table 3 Subgroup analysis of bulbar-onset versus spinal-onset patients at follow-up examinations (E1 – E4)

E 1 E2 E3 E4

N sp/b p N sp/b p N sp/b p N sp/b p

Clinical parameters and behavioral data
Norris 34/11 n. s. 20/9 n. s. 16/6 n. s. 12/7 n. s.
Vital capacity in % 17/8 n. s. 15/5 n. s. 4/3 0.03 3/3 n. s.
Beck’s Depression-Inventory (BDI) 37/15 n. s. 23/8 n. s. 16/8 n. s. 12/6 n. s.

Executive functions
CWIT1 – reading time in sec. 33/7 0.00 20/3 0.01 15/3 n. s. 11/4 0.06
CWIT2 – naming time in sec. 33/7 0.04 20/3 0.03 15/3 n. s. 11/4 n. s.
CWIT3 – interference time in sec. 33/7 0.01 20/3 0.05 15/3 n. s. 11/4 0.05
CWIT4 – error score 33/7 n. s. 22/9 n. s. 15/3 n. s. 11/4 n. s.
COWAT1 – number of words 36/15 0.01 22/9 0.00 16/7 0.01 12/7 0.06
COWAT2 – error score 36/15 0.00 22/9 0.04 16/7 0.00 12/7 n. s.
COWAT3 – number/errors 36/15 0.04 22/9 n. s. 16/7 n. s. 12/7 n. s.
5-PFT1 – number of designs 28/13 0.08 15/7 0.01 11/6 0.03 8/6 0.08
5-PFT2 – error score 28/13 n. s. 15/7 n. s. 11/6 n. s. 8/6 n. s.
5-PFT3 – number/errors 28/13 n. s. 15/7 n. s. 11/6 n. s. 8/6 n. s.
WCST1 – number of categories 30/11 0.05 14/6 n. s. 10/7 n. s. 9/4 n. s.
WCST2 – errors 30/11 0.09 14/6 n. s. 10/7 n. s. 9/4 n. s.
WCST3 – perseverating errors 31/11 n. s. 14/6 n. s. 10/7 n. s. 9/4 n. s.

Memory functions
Digit span – number 37/15 n. s. 23/9 0.05 16/6 n. s. 12/7 n. s.
Recurring Figures Test – error 37/15 0.03 23/9 0.04 16/7 n. s. 12/6 0.07
AVLT1 – words at I. pres. 36/15 0.05 22/9 n. s. 16/6 n. s. 12/6 n. s.
AVLT2 – words at V. pres. 36/15 0.01 22/9 0.02 16/6 n. s. 12/6 n. s.
AVLT3 – learning achievement 36/15 0.08 22/9 n. s. 16/6 n. s. 12/6 n. s.
AVLT4 – loss by interference 36/15 n. s. 22/9 n. s. 16/6 n. s. 12/6 n. s.
AVLT5 – recall after 30 min 36/15 n. s. 22/9 n. s. 16/6 n. s. 12/6 n. s.
AVLT6 – recognition 36/15 0.04 22/9 n. s. 16/6 n. s. 12/6 n. s.

Control Attention
Alertness without warning tone – RT(ms) 26/9 0.05 16/6 n. s. 11/6 n. s. 9/5 n. s.
Alertness with warning tone – RT (ms) 26/9 n. s. 16/6 n. s. 11/6 n. s. 9/5 n. s
Divided Attention – reaction time (ms) 26/7 n. s. 14/5 n. s. 11/6 0.07 9/5 n. s.
Divided Attention – missing outs 26/7 n. s. 14/5 n. s. 10/2 0.09 7/5 n. s.

N sp/b indicates the number of patients (N) in the spinal-onset (sp) versus bulbar-onset (b) subgroup
CWIT Colour Word Interference Test; WCST Wisconsin Card Sorting Test; AVLT Auditory Verbal Learning Test
Level of significance p < 0.05, trend p < 0.10
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found at E4 (10.2). All parameters assessing executive
functions clearly declined at E5 compared with E4.Word
fluency (mean number) scored 31.0 at E5 vs 26.0 at E4,
design fluency (mean number) 37.5 vs 39.0,CWIT (read-
ing time) 41.8 s vs 38.2 s, CWIT (naming time) 55.8 s vs
49.9 s, CWIT (interference time) 86.8 s vs 85.1, WCST
(categories) 3.0 vs 3.5, WCST (error score) 19.0 vs 15.5
and WCST (perseverating error score) 11.3 vs 9.0. Mem-
ory functions also showed a decline at E5 vs E4. Mean
number of Digit span was 5.8 vs 6.8. Verbal recognition
memory (RFT) scored 25.0 vs 23.8. Concerning the
AVLT, the parameters “words recalled at I” (6.4) and
learning achievement (4.6) particularly deteriorated at
E5 compared with E4, while other parameters, i.e. recall
after 30 min, remained stable over time. For alertness
and divided attention, no data could be collected since
the patients were not able to handle the computer any
more.

Discussion

We describe a fronto-temporal pattern of cognitive dys-
function early in the course of ALS which is mainly as-
sociated with bulbar forms. Verbal and non-verbal flu-
ency processing as well as concept formation were most
affected and the individual deficits spanned a contin-
uum from mild to severe impairment. Thus, we confirm
previous findings of predominant deficits of verbal and
non-verbal fluency as well as concept formation and
problem solving in non-demented ALS patients com-
pared with controls [2, 5, 17, 32, 33, 49]. We also provide
evidence that memory functions, although to a milder
degree, are affected by the neurodegenerative process of
ALS.Memory impairment has already been described in
previous ALS studies [11, 17, 24, 33], and it has been con-
firmed that these deficits are mostly mild in degree and
less pronounced than those of executive functions [1].
The question arises whether memory impairment in

Fig. 1 Longitudinal word fluency performance
(CWAT, number) in bulbar-onset compared with
spinal-onset patients. Note significantly better CWAT
scores in the spinal-onset subgroup

Fig. 2 Longitudinal design fluency performance (5-
PFT, number) in bulbar-onset compared with spinal-
onset patients. Performance scores are consistently
better in the spinal-onset subgroup
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ALS reflects neurodegeneration in the temporal lobe it-
self or may be a consequence of frontal lobe dysfunc-
tion. On the morphological level, neuropathological
studies [26, 39] and serial MRI [25] have provided some
evidence for primary pathology in the temporal lobes
and limbic system of non-demented ALS patients. How-
ever, the role of temporal pathology in ALS remains con-
troversial, since the reported alterations are non-spe-
cific, limited to subgroups and difficult to distinguish
from age-related changes. Moreover, it is widely ac-
cepted that the frontal lobes themselves play an impor-
tant role in memory processing [18, 40]. Consequently,
memory functions may be affected by primary pre-
frontal dysfunction, and vice versa, the degeneration of
the temporo-limbic areas may exert a secondary influ-
ence on frontal lobe functioning.

An innovative aspect of this study is its longitudinal
observation of cognitive functions in individual ALS pa-
tients. Cross-sectional studies cannot adequately ad-
dress the longitudinal aspect. From their indirect per-
spective, no consistent correlation has been reported in
ALS patients between duration and severity of the dis-
ease and their cognitive functions [16, 28]. Individual
follow-up in our patients now provides evidence that
their cognitive dysfunction occurs early in the course of
the disease. Moreover, no prominent deterioration
seems to occur with disease progression. Data for com-
parison are lacking since there is very limited experi-
ence with longitudinal neuropsychological testing in
ALS patients. In one study performed by Strong et al.,
follow-up neuropsychological testing was done in a sub-
group of ALS patients after a 6 month observation pe-
riod [45]. No major changes of cognitive functions were
found, and the patients’ performance even slightly im-
proved on about half of the test parameters while it
moderately declined on the other half. Our results sup-
port and extend these data. From our longitudinal per-
spective,we conclude that cognitive deficits appear early
in the course of ALS and that they may even precede im-
portant neuronal loss in the motor system. From that we
hypothesize that the pathomechanism of ALS may dif-
ferently affect cognitive and motor functions during its
evolution. This is not too speculative since we are clini-
cally focusing on a disease process in the motor system
in which deficits can be detected much more easily than
in the cognitive domain where careful neuropsycholog-
ical testing is needed to uncover subtle deficits. More-
over, cognitive functions, after the initial decline, seem
to remain relatively stable in contrast to motor decline.
However, our interpretation of longitudinal data is lim-
ited by the fact that learning effects due to repetitive test-
ing seem to interfere and mask progressive deficits in
patients. This may compensate – at least partially – for
the effect of disease progression. It is not possible to es-
timate the size of the learning effect since we have no ad-
equate control data. But also comparison with normal

controls would not essentially solve the problem since
repetition effects are known to express themselves dif-
ferentially in healthy subjects and cognitively deficient
persons [13]. Thus, normal and cognitively well-trained
subjects seem to obtain considerably more benefit from
test repetitions than cognitively deficient persons im-
plying a higher learning effect. This aspect remains
therefore unresolved. Nevertheless, the putative learn-
ing effect is clearly less pronounced in bulbar-onset pa-
tients and is most prominent for fluency functions.
From this we conclude that a lower learning capacity
may characterize the bulbar subgroup and be another
facet of their prefrontal dysfunction.

It is interesting to note that ALS patients with bul-
bar-onset of symptoms performed significantly more
poorly on a series of tests compared with those with
spinal-onset of the disease. This subgroup difference
was most pronounced for executive functions, in par-
ticular fluency processing, and independent of the pre-
sentation of verbal or non-verbal material. It also held
true for memory-related tasks, but to a minor degree.
Our group data indicate that the subgroup difference
was not explained by demographic or behavioral fac-
tors or differences in duration and severity of the dis-
ease. This holds also true for respiratory failure which
might affect cognitive function, above all speed perfor-
mance, concentration and test accuracy, in predomi-
nantly bulbar patients. However, levels and course of VC
scores over time argue against a significant influence of
respiratory failure on cognitive deficits in the two sub-
groups of the study. VC dropped from 81.5 (E1) to 69.0
(E4) in spinal patients and from 71.7 (E1) to 64.3 (E4)
in bulbar ones representing only a moderate and com-
parable decline in both groups. Moreover, cognitive
deficits were essentially present at study entry and did
not decline along with VC scores. Respiratory failure
therefore appears to exert no major influence on cogni-
tion in our study. Moreover there is no consistent evi-
dence for a differential subgroup influence. Likewise,
upper motor neuron involvement was comparable be-
tween subgroups. Consistent with our data, other stud-
ies found that reduced fluency was most prevalent in
patients with dysarthria and those with bulbar pre-
dominance [33], and that bulbar-onset patients were
more impaired in recognition memory tasks [45].
Moreover, a relationship between the degree of bulbar
involvement and cognitive impairment has been re-
ported [12]. Abrahams et al. [4] have shown that neu-
ropsychological deficits are more prominent in ALS pa-
tients with pseudobulbar palsy, although not exclusive
to this subgroup. And Portet et al. [41] have recently
found that up to 48 % of their bulbar-onset MND pa-
tients were cognitively impaired with their deficit indi-
cating a predominantly frontotemporal involvement. In
view of these data, the hypothesis has been put forward
that patients with bulbar palsy may be more suscepti-
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ble to develop a frontotemporal dementia than those
with predominantly corticospinal features [38].

It is not clear at present which underlying factors
might explain the cognitive deficits predominantly in
bulbar ALS patients. A hypothesis could be that the
topography of the motoneuron degeneration in bulbar
ALS patients results in more extensive disruption of
cognitive pathways due to widespread degeneration.
This might occur in the cortex where the fronto-corti-
cal representation area of bulbar structures is large and
close to prefrontal structures. Animal models of ALS
strongly suggest that the degeneration process is not
specifically directed against motor neurons but also
against other populations of neurons, especially in-
terneurons [36]. Interneuron pathology might therefore
contribute as a mediator to cognitive pathology in ALS.
“Hot spots” for adjacent neuronal degeneration may
also be the subcortex and brainstem, where extramotor
pathology, particularly in the mesencephalon and basal
ganglia, can result in functional disruption of ascend-
ing meso-limbic and meso-thalamo-cortical pathways
and thus secondary prefrontal dysfunction. Extramotor
brainstem pathology in ALS is suggested by the clinical
observation that the supranuclear meso-pontine oculo-
motor system becomes impaired in a considerable pro-

portion of patients in late disease [25]. Also neu-
ropathological studies indicate that there is pathology
outside the corticospinal tracts in the form of neuronal
degeneration of posterior root ganglia [27], extensive
gliosis and shrinkage in the frontal and temporal white
matter [26, 29] and progressive atrophy spreading from
frontal and temporal lobes to the thalamus and brain-
stem tegmentum [25]. From a functional point of view,
subcortical, brainstem and basal ganglia pathology may
deprive the frontal cortex of its afferents. Imaging data
confirm the functional importance of these subcortical
pathways. Thus, abnormal PET activation in the ante-
rior thalamus has been found to correlate significantly
with verbal fluency and picture recall performance [28].
This is also consistent with our previous finding of a
significant correlation between resting glucose metab-
olism in the right thalamus and performance on a ver-
bal fluency test in ALS patients [32]. Based on these
findings, one may postulate that subcortical neural
pathways connecting the mesiotemporal regions with
the prefrontal cortex become functionally disrupted in
ALS. All these data give further credit to the idea that
ALS is a multisystem disorder and that cognitive
deficits reflect cortical and subcortical pathology out-
side the motor system.
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