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Background: Cognitive impairment is increasingly
recognized in patients with amyotrophic lateral sclero-
sis (ALS). Clinical and pathologic features overlap in
frontotemporal lobar dementia and ALS. Demograph-
ics, respiratory status, bulbar site of onset, and disease
severity are potential risk factors for cognitive impair-
ment in ALS.

Objectives: To further delineate the frequency, na-
ture, and implications of cognitive impairment in ALS
and to assess previously identified risk factors.

Design: Case-control and retrospective cohort study.
Setting: Academic referral center.

Participants: Forty consecutive patients with ALS
underwent baseline neurologic and neuropsychologic
examinations. Cognitive test performance was
compared in patients with ALS and matched controls.
An exploratory analysis of the relationship between
cognitive performance and ALS survival was per-
formed.

Main Outcome Measures: Neuropsychologic test per-
formance, ALS severity, and survival.

Results: Twelve patients (30%) showed evidence of cog-
nitive impairment, including 9 (23%) who met the
neuropsychologic criteria for dementia. No statistically
significant differences were found between demented
and nondemented ALS groups regarding demographics,
family history, site of onset, bulbar dysfunction, or ALS
severity. Only 1 patient with dementia had bulbar-onset
disease. An association was observed between increasing
ALS severity and declining verbal fluency performance.
Demented patients with ALS showed predominant impair-
mentin free recall, executive function, and naming, with
relative preservation of attention, psychomotor speed, and
visuospatial function. No association was observed between
cognition and survival, controlling for ALS severity.

Conclusions: Nearly a third of the patients with ALS
showed evidence of cognitive impairment in a pattern con-
sistent with frontotemporal lobar dementia. Cognitive per-
formance was not related to site of onset or survival.
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LTHOUGH AMYOTROPHIC
lateral sclerosis (ALS) is a
relentlessly progressive dis-
order of the upper and
lower motor neurons,' in-
creasing recognition of cognitive impair-
ment suggests that ALS is a multisystem
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frontal atrophy and hypometabolism in the
frontotemporal regions and the anterior
cingulate gyrus.*>#112 The neuropatho-
logic correlate of cognitive impairment
in ALS is frontal and temporal lobar
atrophy, with neuronal loss, superficial lin-
ear spongiosis, and ubiquitinated tau-
negative and synuclein-negative intraneu-
ronal inclusions.>">'® Other evidence
linking FTLD and ALS includes clinical
and pathologic findings of motor neuron
disease in some patients with FTLD,'"!®
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neurodegenerative disorder.” Results of
neuropsychologic studies®® have sug-
gested that the predominant cognitive defi-
cits in patients with ALS involve execu-
tive function and free recall, with relative
sparing of recognition memory, suggest-
ing frontal lobe dysfunction. Cognitive im-
pairment in ALS may appear along a clini-
cal continuum, ranging from mild
impairment to frontotemporal lobar de-
mentia (FTLD)." In ALS patients with cog-
nitive impairment, imaging studies show

motor neuron disease—type inclusions at
autopsy in demented patients without
clinical motor neuron disease," and fa-
milial syndromes, including FTLD and
amyotrophy.?*#

For editorial comment
see page 319
The prevalence of cognitive impairment

in ALS is unknown. Estimates were origi-
nally 2% to 5%,”** but they vary up to 35%
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to 52%.°* However, small sample size, selection bias, di-
verse definitions of cognitive impairment, and differing test
batteries make estimates unreliable. Although older age, male
sex, low education, family history, low forced vital capac-
ity, pseudobulbar palsy, bulbar site of onset, and increas-
ing disease severity may be risk factors for dementia in
ALS,*» these associations have not been consistently rep-
licated. Some studies suggest that patients with bulbar on-
setare disproportionately represented in the cognitively im-
paired group”?® and that patients with bulbar onset may
experience more profound neuropsychologic deterioration,”
but the largest study”® to date did not confirm these asso-
ciations. The relationship between cognitive impairment
and survival in ALS has not been well studied.

We attempted to elucidate the frequency, nature, and
implications of cognitive impairment in 40 patients with
ALS seen in a neuromuscular clinic. We addressed 3 main
questions: (1) Do patients with ALS perform differently
on neuropsychologic tests than controls of similar age,
sex, and education? (2) Do patients with ALS exhibit evi-
dence of cognitive impairment when given a neuropsy-
chologic test battery? (3) Is there an association be-
tween cognitive impairment and previously identified
cognitive risk factors in ALS? We also performed an ex-
ploratory survival analysis to investigate the potential effect
of cognitive impairment on ALS survival.

- EEETEEESS

SETTING AND PARTICIPANTS

Between August 1, 1991, and August 31, 1992, 40 patients with
classic ALS were consecutively recruited from neurologists’ pri-
vate offices and the Eleanor and Lou Gehrig MDA/ALS Research
Center at the Neurological Institute, Columbia University. In-
clusion criteria were a history and neurologic examination find-
ings consistent with motor neuron disease in a patient older than
18 years, supplemented by confirmatory electromyographic find-
ings. We excluded individuals with sensory abnormalities, re-
sults of nerve conduction studies suggestive of neuropathy, and
serious concomitant conditions, including stroke, depression, and
other psychiatric disease. Patients with a family history of neu-
rodegenerative disease were eligible for inclusion.

All the participants were English speaking. Informed con-
sent was obtained from all the patients, and institutional review
board approval was obtained for the protocol. Controls were from
a continuous series of English-speaking patients referred to the
Memory Disorders Center at the New York State Psychiatric In-
stitute New York, between January 1, 1992, and June 30, 2003,
and underwent standardized evaluations leading to a consensus
diagnosis per Columbia University’s Alzheimer Disease Re-
search Center protocol. Controls were matched 2:1 to patients
with ALS for age, sex, and education via stratified random sam-
pling. Controls with concomitant conditions that may affect test
performance (eg, stroke, depression, and other psychiatric dis-
ease) or who were reclassified as impaired on follow-up testing
were excluded before sampling.

DATA COLLECTION

Participants underwent a baseline semistructured clinical in-
terview, a formal neurologic examination, neuropsychologic test-
ing, and a functional rating scale evaluation. All the informa-
tion was collected in a standardized manner and entered into

a database at the time of clinical evaluation. For purposes of
survival analysis, vital status information was obtained in Janu-
ary 2004 from public records (Social Security Death Index) and
medical records.

DIAGNOSTIC EVALUATIONS

Clinical interview included inquiry into the approximate date
and location of symptom onset, the nature of the first symptom,
clinical features, and medical and family history. Clinical and labo-
ratory evaluations were performed by neuromuscular disease spe-
cialists. Each patient underwent an ALS functional assessment
as outlined by Appel et al*’ using a scale shown to reliably mea-
sure deterioration of motor systems as ALS progresses and to pre-
dict survival time.*® The subscale scores (bulbar, respiratory,
muscle strength, upper extremity function, and lower extrem-
ity function) generate a total score ranging from 30 to 164. Pa-
tients with scores of 52 or lower have minimal or mild disabil-
ity, whereas those with scores of 135 or greater are typically
quadriplegic and bedridden, requiring respiratory support and
gastrostomy. Data were obtained before validation of the ALS
Functional Rating Scale,” now widely in use.
Neuropsychologic testing was performed within 2 months
of the clinical interview and neurologic examination in all cases.
All the patients were given the Columbia University—modified
version of the Mini-Mental State Examination (mMMSE)>?? and
formal neuropsychologic testing. The test battery consisted of
measures selected to assess cognitive functions that are typi-
cally affected in dementia, and it effectively distinguishes be-
tween normal aging and dementia.>>** The evaluation in-
cluded measures of learning and memory,>>° executive
function,’”*® attention and psychomotor speed,*' lan-
guage,*** and visuospatial ability.>** Criterion scores were de-
termined based on a review of the performance of 172 patients
from the Memory Disorders Center and controls as previously
described® and validated.** Briefly, criterion scores were es-
tablished by inspection of mean scores and variability be-
tween demented and nondemented groups, and the score that
best separated the 2 groups was chosen as the criterion score.
Impaired performance on each test was defined as performing
below the criterion score as determined by this method.

DIAGNOSTIC PROCEDURE

The diagnosis of ALS was made at the time of clinical evalua-
tion by experienced neuromuscular specialists conforming to
El Escorial criteria.** Cognitive diagnosis was made retrospec-
tively in January 2004 on the basis of neuropsychologic test per-
formance by a consensus panel of neurologists (G.A.R., N.S.,
and K.M.) and a neuropsychologist (Y.S.). Because no mea-
sure of functional limitation due to cognitive impairment was
available (thus precluding a Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition,* diagnosis of dementia,
which requires impairment in social or occupational function-
ing), we operationally defined dementia on the basis of neu-
ropsychologic testing, as has been described previously.* This
approach has previously been shown to reliably correlate with
a physician diagnosis of dementia, especially in a well-
educated sample such as the study group.**** The neuropsy-
chologic paradigm considers memory impairment to be the key
defining feature of dementia and defines memory impairment
as impairment in 2 of 3 memory domains (short- and long-
term verbal memory and short-term nonverbal memory). A di-
agnosis of dementia was given to individuals who exhibited
memory dysfunction and impaired performance in at least 2
additional domains (executive functioning, attention, lan-
guage, or visuospatial ability). Individuals categorized as mildly
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impaired exhibited impaired neuropsychologic test perfor-
mance insufficient for a diagnosis of dementia, defined as scor-
ing below criterion levels on 2 or more individual tests. All pri-
mary analyses were performed using these definitions of
cognitive status. Herein, use of the term cognitive impairment
refers to cognitive function meeting the previously mentioned
criteria for either mild impairment or dementia.

Given concerns regarding the potential effect of bulbar or
respiratory impairment on neuropsychologic test perfor-
mance in the ALS population,®* we performed additional ex-
ploratory univariate analyses in which patients were subclas-
sified as having probable or possible dementia. Particular
attention was given to Appel scale measures of bulbar, respi-
ratory, and motor dysfunction when performing this subclas-
sification. Patients subclassified as having probable dementia
conformed to the previously mentioned criteria and exhibited
neuropsychologic test performance deficits out of proportion
to their apparent ALS severity. Patients subclassified as having
possible dementia met the previously mentioned criteria and
either (1) showed less substantial, but still impaired, perfor-
mance in memory or other domains or (2) exhibited sufficient
severity of bulbar or respiratory dysfunction (as measured us-
ing the Appel swallowing, speech, and respiratory subscales)
to possibly contribute to impaired test performance. This ap-
proach has not been validated and is purely exploratory.

DATA ANALYSIS

All analyses were performed using statistical software (SPSS ver-
sion 11.0; SPSS Inc, Chicago, I1). Univariate analyses were per-
formed using Pearson x?, Fisher exact, and 2-tailed ¢ tests as
appropriate. Bonferroni correction for multiple comparisons was
applied to all univariate analyses. All univariate analyses in-
volving dementia status were repeated using the conservative
case definition of probable dementia only.

Demographic and Clinical Data

Demographic, natural history, and clinical data were com-
pared between ALS groups defined by cognitive status. Neu-
ropsychologic testing performance was compared between
groups of patients with ALS defined by the presence or ab-
sence of subjective memory difficulties and emotional lability
(dichotomous variables extracted from clinical interview).

Neuropsychologic Test Performance
in Patients With ALS vs Controls

Mean neuropsychologic test performance was compared in the
ALS and control groups. Similar analyses were performed com-
paring the performance of the ALS demented (probable + pos-
sible), probable dementia, and cognitively intact groups with
that of controls. To verify the adequacy of the control group,
performance of the matched controls was compared with our
institutional control data*' (derived from the same Alzheimer
Disease Research Center population described previously herein
[mean age, 67.9 years; mean education, 15.1 years]).

ALS Severity and Cognitive Status

Neurologic examination findings (treated as dichotomous vari-
ables) and functional rating scale scores were compared be-
tween ALS groups defined by cognitive status. Neuropsycho-
logic test performance was also compared between groups of
patients with ALS defined by the presence or absence of bulbar
(dysarthria and dysphagia) and respiratory dysfunction. Simple

linear regression models were used to determine the relation-
ship between Appel scale scores and cognitive test perfor-
mance. Multivariate linear regression analysis was used to fur-
ther evaluate the association between Appel scale total score and
letter fluency performance, with age, education, and years symp-
tomatic at testing as covariates. The observed association was fur-
ther investigated by adding Appel speech scores to the multi-
variate model with attention to collinearity diagnostics.

Relationship Among Cognition,
ALS Severity, and Survival

We defined disease onset as the date of the first ALS symptom
as determined by clinical interview. For univariate analyses, com-
parisons were made between groups defined by dementia sta-
tus. Kaplan-Meier survival curves were constructed to com-
pare total survival time (defined as time from symptom onset
to death) among the nondemented, mildly impaired, and de-
mented groups. Multivariate survival analyses using Cox pro-
portional hazards models used duration of illness from neuro-
psychologic evaluation to death (for those 37 patients who died)
or to last follow-up (for 1 survivor) as the time-dependent vari-
able. All Cox models included age, sex, education, and dura-
tion of illness at testing as covariates. To investigate the rela-
tionship of cognition and survival, a cognitive indicator variable
was included in the Cox models. In 1 of these analyses, a sum-
mary variable consisting of the sum of z scores for represen-
tative test performance for each cognitive domain was used. z-
Transformations were performed using Columbia University’s
normative data for this test battery.*! To investigate the rela-
tionship between ALS severity and survival, Appel scale scores
were included as the predictor variable in separate Cox mod-
els. Finally, to investigate the relationship between cognition
and survival controlling for ALS severity, a cognitive variable
was included in a Cox model with an Appel scale score and
age, sex, education, and duration of illness at testing as covar-
iates. Because the natural history of cognitive decline in ALS is
not fully established, all survival analyses were repeated treat-
ing total disease duration as the time-dependent variable, with
and without treating the cognitive or motor predictor vari-
ables as time-dependent covariates. These analyses did not in-
clude disease duration from symptom onset to testing as a co-
variate. One patient diagnosed as having ALS (cognitively normal
at baseline) was last known to be alive 1 month before analy-
ses and was considered to be alive in the Cox models. All the
survival analyses were repeated without this patient to ac-
count for the possibility of clinical misdiagnosis.

— T

DEMOGRAPHIC AND CLINICAL DATA

The ALS and control groups were similar in age (58.8 vs
63.0 years; P=.08), education (14.4 vs 14.4 years; P=.99),
and sex (65% vs 65% male; P>.99). Twelve patients (30%)
in the ALS sample showed evidence of cognitive impair-
ment on neuropsychologic testing, of whom 9 (23%) met
the criteria for dementia (Table 1). Of the 9 demented
patients, 5 were subclassified as probable and 4 as pos-
sible. Of the 4 possible cases, 3 were so classified owing
to evidence of bulbar or respiratory impairment. No sig-
nificant differences were found between the demented
(probable + possible) and nondemented (cognitively
intact + mildly impaired) groups regarding age, sex, edu-
cation, site of onset (limb vs bulbar), emotional lability,
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Table 1. Characteristics of 40 Patients With ALS
Who Underwent Cognitive Evaluation
No Dementia
(Cognitively Dementia
Intact + Mildly  (Possible +

Impaired) Probable) P

(n=31) (n=9) Value*
Age, mean, y 57.7 62.4 .33
Sex, M/F, No. 20/11 6/3 62
Education, mean, y 14.7 134 .32
mMMSE score, 498 (39-57)f 41.3(19-49F .001§

mean (range)
Site of onset 5 Bulbar, 1 Bulbar, .59
26 limb 8 limb
Emotional lability, No. (%) 13 (42) 5 (56) .36
Subjective memory loss, 3(10) 3(33) A2
No. (%)

FHx of dementia, No. (%) 1(3) 0 .78
FHx of PD, No. (%) 1(3) 0 .78
FHx of ALS, No. (%) 0 0 NA

Abbreviations: ALS, amyotrophic lateral sclerosis; FHx, family history;
mMMSE, modified Mini-Mental State Examination; NA, not applicable;
PD, Parkinson disease.

*Corrected for multiple comparisons using the Bonferroni method (for
o = .05, the corrected significance level is .05/10 = .005).

tCorresponds to a Folstein MMSE mean score of 26.1 (range, 21-30).

tCorresponds to a Folstein MMSE mean score of 21.9 (range, 11-26).

§Statistically significant difference at P<.005.

subjective memory loss, or family history. Baseline
mMMSE scores were significantly lower in the de-
mented group (P=.001). Only 1 of the 9 demented pa-
tients had bulbar-onset ALS. Of the 5 other bulbar-
onset cases, 4 were cognitively normal and 1 was mildly
impaired. Repeated analyses using the more conserva-
tive case definition (probable dementia only) revealed
similar results. Patients with ALS and subjective memory
difficulties performed worse on the mMMSE (P=.001),
Selective Reminding Test recognition (P<<.001), Ben-
ton Visual Retention Test recognition (P=.001), and nam-
ing (P<<.001). Differences on the Identities and Oddi-
ties test (P=.02) did not survive correction for multiple
comparisons. Emotional lability was not associated with
overall performance on the mMMSE or other neuropsy-
chologic tests.

NEUROPSYCHOLOGIC TEST PERFORMANCE
IN PATIENTS WITH ALS VS CONTROLS

Comparison of mean test performance of all patients with
ALS (unimpaired and cognitively impaired) with that of
controls revealed similar performance in most domains
(Table 2). As a group, patients with ALS performed bet-
ter than controls on the repetition task (P<<.001) and made
fewer omissions than controls on 1 of the 2 cancellation
tasks (P=.002). Despite similar age, sex, and educa-
tional attainment, the nondemented patients with ALS
performed better than controls on several measures of
memory, executive function, attention, and language. Ad-
equacy of the control group was verified by comparison
with Columbia University’s normative data, with the only
deviation from the normative data being borderline bet-

ter performance among the (younger) matched control
group on the Selective Reminding Test (P=.003). Com-
parison of the performance of ALS patients without de-
mentia with this normative data revealed similar results
as in the case-control analysis.

As expected (given that memory impairment was speci-
fied as a requirement for a dementia diagnosis), both groups
of ALS patients with dementia (probable + possible and
probable only) performed worse than matched controls on
the Selective Reminding Test (P<<.001 and P=.001, respec-
tively). The pattern of memory impairment was that of
poorer free recall than recognition memory. Outside of the
memory domain, the performance of ALS patients with de-
mentia was most impaired in executive function (letter flu-
ency, category fluency, and Identities and Oddities task)
and naming, although differences did not survive correc-
tion for multiple comparisons. Language comprehension
was preserved, and the demented group performed better
than controls on the repetition task (P<<.001). This latter
difference was not seen after possible cases were ex-
cluded. Attention, processing speed, and visuospatial func-
tion were relatively preserved in patients with ALS.

ALS SEVERITY AND COGNITIVE STATUS

The ALS patients with and without dementia did not dif-
fer significantly in the presence or degree of bulbar, res-
piratory, or other motor dysfunction (Table 3). Analy-
sis considering only participants with probable dementia
compared with nondemented patients also did not show
differences on these measures.

Bulbar and respiratory dysfunction did not seem to
affect test performance. In simple linear regression analy-
ses, no association between performance on the Appel
swallowing, speech, or respiratory subscale and neuro-
psychologic test performance was observed. Appel scale
total score was not associated with mMMSE, category flu-
ency, verbal memory, or nonverbal memory. However,
controlling for age, education, and duration of illness,
increasing Appel scale total scores showed borderline as-
sociation with declining letter fluency performance
(b=-0.06355; t=-2.037; P=.05). This indicates a 1.5-
point decline in mean letter fluency performance for each
25-point increase in Appel scale total score. This asso-
ciation remained when additionally controlling for Appel
speech scale score (for Appel scale total score:
b=-0.06980; t=-2.048; P=.049).

COGNITIVE STATUS, ALS SEVERITY,
AND SURVIVAL

Survival data were available for 38 (95%) of 40 patients
with ALS, including all the patients with cognitive im-
pairment. Two patients were lost to follow-up after the base-
line assessment and were excluded from survival analy-
ses. Median survival for the cohort was 3.8 years (mean,
5.0 years; range, 1.5-14.1 years). Median survival time from
neuropsychologic evaluation was 2.3 years (mean, 3.4 years;
range, 0.3-12.4 years). Demented patients did not differ
from nondemented patients in overall survival, disease du-
ration at testing, or survival from the date of testing (Figure
and Table 4 and Table 5). Cognition showed no asso-
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Table 2. Scores on a Core Battery of Neuropsychologic Tests by Clinical Group*

ALS Group
[ ] P Value$
Dementia T ]
No Mildly ' ! Control No Probable
Dementia Impaired Possible Probable All Group Dementia Dementia Dementia
(n =28) (n=3) (n=4) (n=5) (N = 40) (n=80)t vsControls vs Controls vs Controls
Memory
SRT total 54 2 (40-67)  38.7 (31-45) 36 0(32-43) 29.5(24-35) 49 0 (24-67) 46 2 (13-65) <.001 <.001 .001
SRT recall .7 (6-12) 4.3 (0-8) .0 (1-6) 4.3 (3-6) .5(0-12) 0(0-12) <.001 .01 .06
SRT recognition 12 0 (11-12)  10.3(8-12) 11 7 (11-12)  10.5(7-12) 11 7 (7-12) 11 6 (8-12) <.001 448 A4
BVRT recognition .3 (7-10) 7.0 (5-8) .3 (6-10) 7.4 (4-10) .8 (4-10) .5 (4-10) .003 16 10
Executive function
Letter fluency 14.2 (6-22) .0 (6-10) 6 (3-15) 8.6 (4-12) 12.8 (3-22)  13.6 (1-23) .56 .03 .07
Category fluency 22.0 (14-30) 12 5 (11-14) 14 9(12-20) 12.1(7-15) 19.60 (7-30)  17.8 (6-35) .001 .046 .054
Identities/Oddities 152 (12-16)  14.0 (13-16)  14.5(12-16) 13.8 (11-16) 14.9 (11-16) 15.1 (11-16) .62 .03 .03
Similarities 19.9 (8-25) 13.0 (12-14) 157 (12-22) 153 (12-17) 18.6(8-25)  17.1(2-25) .02 A7 .54
Attention and
psychomotor speed
CT shape time 51.6 (33-107) 71.3 (53-101) 55 5(40-79) 66.5 (46-101) 55.2 (33-107) 59 2 (28-226) 1 .88 .65
CT shape omit 3.2(0-9) 3.7 (2-6) 3 (3-6) 4.8 (2-10) 3.5(0-10) 7 (0-17) .08 .87 >.99
CT TMX time 62.1 (38-103) 94.3 (71-139) 69 0(37-95) 825 (58-109) 67.7 (37-139) 68 7 (26-225) .29 158 .37
CT TMX omit 0.2 (0-2) 0 .5 (0-4) 0.5 (0-1) 0.4 (0-4)§ .2 (0-9) <.001 .80 46
Language
Naming 14.8 (12-15) 15.0] 14.8 (14-15) 11.2 (9-13) 14.4 (9-15)  14.3 (10-15) .009 .09 .03
Repetition 8.01 8.01 8.01 8.01 8.01 7.6 (3-8) <.001 <.001 .38
Comprehension 5.7 (4-6) 5.3 (5-6) 5.8 (5-6) 5.5 (5-6) 5.7 (4-6) 5.5 (0-6) 33 75 .98
Visuospatial
BVRT matching 9.6 (8-10) 9.3 (8-10) 9.8 (9-10) 8.6 (5-10) 9.5 (5-10) 9.4 (5-10) 138 .50 15
Rosen 3.7 (2-5) 3.7 (3-4) 3.0 (2-5) 3.0 (2-4) 3.5 (2-5) 3.5(0-5) .28 21 .34

Abbreviations: ALS, amyotrophic lateral sclerosis; BVRT, Benton Visual Retention Test; CT, Cancellation Test; SRT, Selective Reminding Test; TMX, forms of CT.

*Data are given as group mean (range).
TRandomly selected controls matched for age, education, and sex.

FCorrected for multiple comparisons using the Bonferroni method (for « = .05, the corrected significance level is .05/17 = .003).

§P=.002 vs controls.
IAll subjects achieved the same test score.
11P<.001 vs controls.

ciation with survival in multivariate analyses, with and with-
out controlling for motor dysfunction. The Appel scale
speech, respiratory, and total scores were not associated
with survival. Poorer performance on the swallowing sub-
scale was marginally associated with decreased survival
(hazard ratio, 1.1;95% confidence interval, 1.0-1.3; P=.02).
Analyses using total disease duration as the time-
dependent variable, with and without treating the cogni-
tive and motor predictor variables as time-dependent co-
variates, revealed similar results, as did those excluding
the living patient (data not shown).

B covont [

According to these data, many patients with ALS exhibit
cognitive impairment (with or without dementia) as de-
fined by neuropsychologic criteria. We did not observe sig-
nificant differences in several possible ALS cognitive risk
factors®** between demented and nondemented groups.
Although the present study is one of the largest to date, our
failure to demonstrate previously observed associations
should be interpreted with caution, especially for compari-
sons between the demented and nondemented ALS groups.
We estimate that our study had 80% power to detect a 25-
point difference in Appel scale total score and 80% power

to detect a 3-year difference in mean survival between the
demented and nondemented ALS groups. Sample size is
less of a concern regarding comparisons between patients
with ALS and controls. Our study had 99% power to de-
tect a 5-point difference in mean letter fluency test perfor-
mance between the ALS and control groups and 80% power
to detect a 2.7-point difference.

Our data do not support previous studies of special
susceptibility of bulbar-onset ALS for dementia.
Although the sample size was small, only 1 bulbar-
onset case was found in the demented group. Selection
bias may have played a role in the inconsistent results
across studies regarding bulbar-onset disease and
dementia. Our attempt at consecutive enrollment
should be less susceptible to systematic bias than previ-
ous studies that used convenience samples®** or that
exclusively evaluated bulbar-onset patients.”® A study™*
of consecutive patients with ALS referred to a regional
neurology service included a disproportionate number
of bulbar-onset cases (78%) for unclear reasons,
although only 2 of those 14 bulbar-onset cases were
diagnosed as having dementia. Although patients with
bulbar onset were not overrepresented in our sample,
selection bias may have played a role in this study as
well. We do not have data on the patients with ALS

(REPRINTED) ARCH NEUROL/VOL 63, MAR 2006

349

WWW.ARCHNEUROL.COM

Downloaded from www.archneurol.com at Columbia University, on March 13, 2006
©2006 American Medical Association. All rights reserved.


http://www.archneurol.com

Table 3. Comparison of Motor and Functional Status
Between Nondemented and Demented ALS Groups

No Dementia
(Healthy + Dementia
Mildly (Possible +
Impaired) Probable) P
Sign/Score (n=31) (n=9) Value
Dysphagia, No. (%) 7(23) 4 (44) 19
Dysarthria, No. (%) 11 (35) 4 (44) 45
Respiratory involvement, 5(16) 1(11) .59
No. (%)
Masticatory weakness, 6(19) 3(33) .32
No. (%)
Facial weakness or 14 (45) 5 (56) 43
fasciculations, No. (%)
Abnormal volitional palate 5(16) 2(22) .50
movement, No. (%)
Abnormal reflex palate 7(23) 2(22) .68
movement, No. (%)
Tongue atrophy, No. (%) 15 (48) 4 (44) .57
EMG c/w MND, No. (%) 29 (94) 9 (100) .60
Appel scale score,
mean (range)*
Swallowing 4.2(3-9) 7.0 (3-15) 14
Speech 45 (3-9) 6.0 (3-15) .32
Bulbar 8.6 (6-18) 13.0 (6-30) 40
Respiratory 12.4 (6-24) 12.7 (6-24) 91
Muscle strength 15.0 (6-32) 18.1 (11-32) 19
Lower extremity function  16.9 (6-29) 17.9 (10-24) .65
Upper extremity function  16.9 (6-33) 15.0 (7-33) .62
Total 68.3 (37-110) 76.7 (41-115) .32

Abbreviations: ALS, amyotrophic lateral sclerosis; EMG c¢/w MND,
electromyographic findings consistent with motor neuron disease.
*Data are from the ALS Rating Scale (Appel et al®®); scores increase with

increasing disability.
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Figure. Kaplan-Meier survival curves by cognitive status.

who were not included in this study, and the Eleanor
and Lou Gehrig MDA/ALS Research Center typically

evaluates 300 new patients with ALS per year.

Table 4. Cognition, ALS Severity, and Survival
in the Study Cohort: Univariate Analyses
No
Dementia Dementia P
(n = 29) (n=9) Value
Survival period, median
[mean] (range), y
Overall 3.7[5.3] 3.9[4.2] 43
(1.5-14.1) (1.6-8.7)
Before neuropsychologic 1.4[1.7] 1.2 [1.6] .83
testing (0.6-4.8) (0.6-3.0)
After neuropsychologic 2.3 [3.6] 2.2 [2.6] 44
testing (0.4-12.4) (0.3-7.9)
Abbreviation: ALS, amyotrophic lateral sclerosis.
Table 5. Cognition, ALS Severity, and Survival
in the Study Cohort: Multivariate Analyses*
Hazard Ratio
Predictor Variable (95% CI) P Value
Cognition and Survival
Dementia status 0.7 (0.3-1.5) .32
mMMSE 1.0 (0.9-1.1) .75
Letter fluency 1.0 (0.9-1.1) .89
Category fluency 1.0 (0.9-1.0) 44
Naming 0.9 (0.7-1.1) .28
SRT total 1.0 (0.9-1.0) .58
BVRT recognition 0.9 (0.6-1.2) 40
Overall performancet 0.9 (0.9-1.0) 23
ALS Severity and Survival
Swallowing 1.1 (1.0-1.3) .02
Speech 1.1 (1.0-1.2) 19
Respiratory 1.0 (1.0-1.1) .23
Total score 1.0 (0.9-1.0) 12
Cognition, ALS Severity,§ and Survival
Dementia status 0.7 (0.3-1.7) A8
mMMSE 1.0 (0.9-1.0) .84
Letter fluency 1.0 (0.9-1.1) .86
Category fluency 1.0 (0.9-1.0) 42
Naming 0.8 (0.7-1.1) .28
SRT total 1.0 (0.9-1.0) .82
BVRT recognition 0.9 (0.6-1.2) .36
Overall performancet 1.0 (0.9-1.1) .35

Abbreviations: ALS, amyotrophic lateral sclerosis; BVRT, Benton Visual
Retention Test; Cl, confidence interval; mMMSE, modified Mini-Mental State
Examination; SRT, Selective Reminding Test.

*Cox proportional hazards models controlling for age, sex, education, and
duration of illness at testing.

tUsing summary variable as described in the “Methods” section of the text.

FStatistically significant at P<.05.

§Data shown are for analyses using the Appel scale®® total score as the
severity indicator. Analyses using the Appel swallowing subscore revealed
similar results.

The largest neuropsychologic study® evaluating cogni-
tive impairment in sporadic ALS used a convenience sample
of 146 patients from a teaching hospital and neuromuscu-
lar clinic. Patients underwent a similar neuropsychologic
test battery and the Appel rating scale and had similar age,
education, and Appel scale total scores. More than 35% of
patients with ALS in their sample showed significant im-
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pairment on neuropsychologic testing, with predominant
difficulty in abstraction, word generation, and free recall.
Other studies™**20-284550 haye shown impairment in these
tasks, most consistently with letter fluency. Similar to Mass-
man et al,” we found relative preservation of recognition
memory, but other researchers have found impaired per-
formance.?”#*>° Naming impairment has been reported as
present®®* or absent® in other studies. As in the present
study, verbal recognition memory, psychomotor speed, and
visuospatial functioning were preserved in their group. Simi-
lar to our findings, the study by Massman et al found no
differences between cognitively impaired and unimpaired
groups in age, sex, duration of symptoms, site of onset, or
presence of respiratory dysfunction. We did not find the
increased frequency of dysarthria or the increased ALS se-
verity seen in their cognitively impaired group. We did ob-
serve an association between increasing ALS severity and
declining verbal fluency that was not attributable to in-
creasing severity of dysarthria. Contrary to our findings,
patients with ALS as a group in that study performed poorly
across the neuropsychologic test battery. Apparent group
differences in test performance between the 2 studies could
be the result of selection bias or methodological differ-
ences: our comparison with an age-, education-, and sex-
matched control group and their reliance on test-specific
normative data. Sampling variation may have played a role
in our study because ALS patients without dementia per-
formed superior to controls on several neuropsychologic
tests despite the matching procedure.

Decreased performance on neuropsychologic tests in
ALS could result from the effects of oral motor dysfunc-
tion on the performance of time-dependent tests, such
as letter and category fluency.®* Comparison of bulbar
and respiratory status between demented and nonde-
mented ALS groups did not reveal significant differ-
ences. Independent of dementia status, bulbar and res-
piratory dysfunction did not show an association with
verbal fluency or other neuropsychologic test perfor-
mance in this study. Given that we administered these
tests without modification to accommodate motor dys-
function, we attempted to account for bulbar and respi-
ratory dysfunction by subclassifying demented patients,
and we performed additional statistical analyses using a
more conservative case definition that excluded de-
mented patients with bulbar dysfunction. These analy-
ses also showed no associations. Although a reasonable
concern when performing cognitive testing in this popu-
lation, a similar lack of effect of bulbar dysfunction on
fluency and other neuropsychologic tasks has been noted
by other researchers.”*

The neuropsychologic testing in this study was per-
formed before widespread knowledge of the overlap be-
tween motor neuron disease and FTLD existed. The test
battery was not designed to be particularly sensitive to
dysfunction of the frontal executive system. We did not
systematically assess patients for symptoms or signs of
behavioral dysfunction (other than emotional lability),
and we did not incorporate these features into the diag-
nostic impression. We used a classification system that
considers memory impairment as the core feature of a
dementia diagnosis. Although this approach may be less
sensitive to the pattern of deficits seen in FTLD, the value

in this approach is 2-fold: avoidance of overdiagnosis bias
and confirmation that a proportion of patients with ALS
given a standard test battery warrant a conventional neu-
ropsychologic diagnosis of dementia. Limitations of our
approach include retrospective assignment of diagnosis
based on operationalized neuropsychologic criteria, with-
out a measure of the impairment in social functioning
required for a clinical diagnosis of dementia. This may
have lead to overdiagnosis of dementia. Conversely, our
lack of a behavioral inventory and additional frontal/
executive tasks likely resulted in decreased diagnostic sen-
sitivity. The exclusion of patients with known psychiat-
ric disease may have lead to underascertainment of cases
with the behavioral changes of FTLD. Despite these limi-
tations, our patients with ALS exhibited deficits typical
of FTLD: predominant impairment of free recall, execu-
tive function, and naming. Given the clinical overlap be-
tween FTLD and ALS, using neuropsychologic test bat-
teries, behavioral inventories, and diagnostic criteria
designed for the identification of FTLD may reveal an even
greater burden of cognitive impairment in the ALS popu-
lation. One study® using this approach found that nearly
all the patients with ALS and diminished verbal fluency
on screening who had neuropsychologic testing met the
research diagnostic criteria for FTLD. However, only ap-
proximately 15% of our patients with ALS showed im-
paired verbal fluency according to the criteria of that study.

The possible association between cognition and sur-
vival in ALS has not been well studied. Clinical trials of
ALS have tended not to include cognitive assessments and
have excluded potential patients with signs of demen-
tia. One observational study found a 10-month shorter
median survival among demented vs nondemented pa-
tients with ALS that did not reach statistical signifi-
cance.”® Although our study was exploratory in this re-
gard and underpowered to detect a survival difference
of less than 3 years between demented and nonde-
mented groups, our data do not suggest a difference in
median survival. Larger prospective studies with inter-
val cognitive assessments would more fully address the
possibility of differential survival. We did not address the
impact of impaired cognition on end-of-life decision mak-
ing or use of life-prolonging measures in this study.

In conclusion, using a conventional test battery, 30%
of a consecutive series of patients with ALS demon-
strated cognitive impairment, and nearly a quarter quali-
fied for a neuropsychologic diagnosis of dementia. Free
recall, executive function, and naming were most im-
paired in ALS patients with dementia, consistent with the
pattern seen in FTLD. Increasing ALS severity showed
an association with declining verbal fluency, not ac-
counted for by dysarthria. Cognitive test performance was
not associated with site of onset or survival. The use of
test batteries, behavioral inventories, and diagnostic cri-
teria specific to FTLD may reveal an even greater bur-
den of cognitive dysfunction in the ALS population.
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