
Repeated cognitive assessments show stable function over time in
patients with ALS
Öijerstedt, L.; Foucher, J.; Lovik, A.; Yazdani, S.; Juto, A.; Kläppe, U.; ... ; Ingre, C.

Citation
Öijerstedt, L., Foucher, J., Lovik, A., Yazdani, S., Juto, A., Kläppe, U., … Ingre, C. (2024).
Repeated cognitive assessments show stable function over time in patients with ALS.
Journal Of Neurology, 271, 5267-5274. doi:10.1007/s00415-024-12479-x
 
Version: Publisher's Version
License: Creative Commons CC BY 4.0 license
Downloaded from: https://hdl.handle.net/1887/4092504
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/4092504


Vol.:(0123456789)

Journal of Neurology (2024) 271:5267–5274 
https://doi.org/10.1007/s00415-024-12479-x

ORIGINAL COMMUNICATION

Repeated cognitive assessments show stable function over time 
in patients with ALS

Linn Öijerstedt1,2   · Juliette Foucher1,2 · Anikó Lovik3,4 · Solmaz Yazdani1 · Alexander Juto1,2 · Ulf Kläppe1,2 · 
Fang Fang3 · Caroline Ingre1,2

Received: 8 March 2024 / Revised: 24 May 2024 / Accepted: 26 May 2024 / Published online: 9 June 2024 
© The Author(s) 2024

Abstract
Background  Amyotrophic lateral sclerosis (ALS) is a multisystem disorder with not only motor symptoms but also extra-
motor features including cognitive impairment. The most common cognitive profile observed in patients with ALS includes 
deficits in executive function, language, and social cognition. However, longitudinal studies on cognitive changes over time 
in ALS are sparse. We aimed to investigate the presence and nature of cognitive impairment at the time of ALS diagnosis 
and its association with survival as well as explore longitudinal cognitive change.
Method  Patients (n = 216) were recruited at the Karolinska University Hospital in Stockholm, Sweden. Follow-up visits 
(n = 307 in total) were performed every 6 months. Cognitive impairment was assessed using the Edinburgh Cognitive and 
Behavioural ALS Screen (ECAS) and/or Montreal Cognitive Assessment (MoCA).
Results  Cognitive impairment was observed in 38% of the patients at the time of ALS diagnosis, and the majority of these 
patients had deficits in executive function and/or language. Patients with cognitive impairment at the time of diagnosis had 
a more rapid decline in ALSFRS-R at 12- and 18-months follow-up, and a shorter survival. Cognitive function was stable 
during the first 2 years after diagnosis, and did not follow the trajectories of decline in motor functions.
Conclusion  Cognitive impairment in ALS was associated with a faster decline of motor functions, and shorter survival. 
However, cognitive function did not deteriorate over time. Cognitive assessment is essential for the patients and caregivers 
to understand the phenotypic expression of ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disease affecting upper and lower motor 
neurons. ALS is conceptualised as a multisystem disorder 
including not only motor symptoms but also extra-motor fea-
tures where both cognitive and behavioural impairments are 

recognised as part of the condition. Approximately 15% of 
patients with ALS have concomitant frontotemporal demen-
tia (FTD), but some degree of cognitive or behavioural 
impairments are present in more than half of patients with 
ALS, even if criteria for dementia are not fulfilled [1–3]. 
With support from genetic and neuropathological studies 
showing common causative mutations and aggregating pro-
teins, ALS and FTD are considered part of the same disease 
spectrum [4]. Patients with ALS most commonly exhibit 
a cognitive profile characterised by deficits in executive 
function, language and social cognition [5–7]. The Edin-
burgh Cognitive and Behavioural ALS Screen (ECAS) is a 
well-established screening instrument for cognitive function 
in ALS and has recently been validated in Swedish [8, 9]. 
However, previous studies are based on cross-sectional data, 
and longitudinal reports on ECAS performance over time 
are lacking [5]. Moreover, patients with ALS and cognitive 
impairment have shorter survival compared to cognitively 
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intact patients. However, whether cognitive impairment is 
associated to disease severity and progression has not been 
investigated [5].

The aim of this study was to investigate the presence 
and severity of cognitive impairment in ALS at the time 
of diagnosis and to explore if such impairment was associ-
ated with shorter survival, and longitudinal decline in motor 
symptoms, in a cohort of incident patients with ALS from 
Sweden. In addition, we aimed to describe the development 
of cognitive function over time since ALS diagnosis. We 
hypothesised that cognitive impairment would be present in 
a significant proportion of patients and associated to prog-
nostic factors. Furthermore, we hypothesised that cognitive 
function would deteriorate over time in patients with cogni-
tive impairment at the time of diagnosis.

Materials and methods

Cohort and data collection

Patients with newly diagnosed ALS were recruited at the 
ALS Clinical Research Center of the Karolinska University 
Hospital in Stockholm, Sweden, since 2015. Cognitive data 
were collected at the time of ALS diagnosis or shortly there-
after (median 5 weeks after diagnosis, henceforward referred 
to as baseline visit), and longitudinally every 6 months using 
the validated Swedish version of ECAS and/or Montreal 
Cognitive Assessment (MoCA) [8–10]. Functional disabil-
ity was evaluated using the ALS Functional Rating Scale-
Revised (ALSFRS-R) [11]. Disease progression rates were 
defined as the difference in ALSFRS-R scores between 
two visits (baseline or follow-up), divided by the months 
between the two time points. The highest overall progres-
sion rate was -3 points per month (i.e. this patient lost 18 
points between follow-ups) and the median was 0 (i.e., stable 
cognitive function). In the present study, we included 216 
patients diagnosed during 2015–2021 with available meas-
urements on ECAS and/or MoCA. In the majority of patients 
(n = 182), a potential genetic cause of ALS was investigated 
by screening a panel of genetic variations recognised in neu-
rodegenerative diseases [12].

In total, amongst the 216 patients included in the study, 
we performed 307 follow-up visits (median number of visits 
2, maximum 8). A written informed consent to participate in 
research was obtained from each participant (or close rela-
tive if patient consent were not possible due to severe cogni-
tive impairment). The study was reviewed and approved by 
the Swedish Ethical Review Authority.

Cognitive data

ECAS includes cognitive assessments of ALS-specific 
tasks including language (naming, comprehension, spell-
ing), verbal fluency (fluency letter S and T) and executive 
function (reverse digit span, alternation, sentence com-
pletion, social cognition), and ALS non-specific tasks: 
memory (immediate recall, delayed recall score, delayed 
recognition) and visuospatial function (dot counting, cube 
counting, number location). Composite scores were calcu-
lated for each domain (language, verbal fluency, executive 
function, memory, and visuospatial function). Composite 
scores were calculated as the sum of the individual test 
constituting the composite, and the data were scaled to 
account for the different number of tests included in each 
composite.

Cognitive impairment was defined as an ECAS total 
score of 107 or below [8]. When ECAS data were missing 
(38% at baseline), cognitive impairment was defined as 
MoCA total score of 25 or below or fulfilling diagnostic 
criteria for dementia [13].

Statistical analysis

All data pre-processing, analysis and illustrations were 
performed in R Studio version 4.3.1. P values below 0.05 
were considered statistically significant. Assumptions 
were assessed visually by residual plots (independence 
and equal variance) and normal probability plots (normal-
ity). Differences in age and ECAS total scores between 
patients with and without cognitive impairment were 
assessed by a two-sample t test. ALSFRS-R, progression 
rate and MoCA scores were not normally distributed and 
differences between groups were, thus, compared using the 
Wilcoxon rank sum test. Pearson’s Chi-squared test was 
used to investigate differences in the distributions of sex, 
site of onset and genetic mutation.

Baseline cluster analysis

An exploratory cluster analysis was performed on patients 
with complete data on ECAS composite scores at baseline 
(n = 134) using the K means clustering method [14]. The 
maximum number of clusters to consider was set to 25. 
Based on the scree plot (https://​en.​wikip​edia.​org/​wiki/​
Scree_​plot) and on visual inspection of principal compo-
nent analysis bi-plots, seven clusters were chosen as the 
optimal number.

https://en.wikipedia.org/wiki/Scree_plot
https://en.wikipedia.org/wiki/Scree_plot
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Survival analysis

Survival after ALS diagnosis was evaluated using 
Kaplan–Meier plots and Cox proportional hazard models 
comparing patients with and without cognitive impair-
ment. Survival time was defined as the time from diag-
nosis to death or invasive ventilation, whichever came 
first. Patients alive at end of follow-up (September 2021) 
were censored. The model was adjusted for age, sex, site 
of onset, mutation status and ALSFRS-R score. These 
approaches were similarly applied in the exploratory 
analysis comparing the survival of patients in the differ-
ent cognitive clusters.

Longitudinal analysis

A linear mixed-effects model (with random intercept) was 
applied to examine potential differences in longitudinal tra-
jectories of ECAS and ALSFRS-R scores between patients 
with and without cognitive impairment at baseline. Due to 
drop-out in the follow-up, mostly because of disease sever-
ity, we chose to limit the analysis from baseline to follow-
up at 24 months (in total 216 baseline and 264 follow-up 
visits, Supplementary Fig. 1). Model selection was based 
upon clinical relevance and Bayesian information criterion 
(BIC), where lower BIC was preferred. A stepwise backward 
selection was performed for the fixed effects using R pack-
age lmerTest v3.1–3. Age, sex, months from baseline (0, 6, 

12, 18 or 24 months), and cognitive impairment at baseline 
were included as fixed effects in the final model. In addition, 
an interaction term between months from baseline (time) and 
cognitive impairment at baseline was included to investigate 
whether the trajectories of ECAS and/or ALSFRS-R score 
were different over time depending on cognitive status at 
baseline. Patient identifier was included as random effect to 
account for within-subject correlations.

Results

Cognitive impairment at baseline

At the time of ALS diagnosis (baseline), 38% patients had 
cognitive impairment including 8% that fulfilled criteria for 
FTD (Table 1). The mean age was higher amongst patients 
with cognitive impairment compared to those with normal 
cognitive function (N = 216, mean difference 3.4 years, 
P = 2.2e-02). There was a higher proportion of bulbar onset 
in patients with cognitive impairment than those with normal 
cognition (X2[2, N = 212] = 4.2, P = 4.0e-02). Patients with 
cognitive impairment more often had an causative mutation, 
mainly driven by individuals with FTD carrying a C9orf72 
repeat expansion within this group (X2[2, N = 182] = 9.4, 
P = 2.2e-03). The median ALSFRS-R score was slightly 
lower in patients with cognitive impairment compared 
to those with normal cognition (39 and 41, respectively, 

Table 1   Characteristics of the patients included in the study by presence of cognitive impairment at the time of diagnosis

a  Two-sample t test
b  Pearson’s Chi-square test. Site of onset: bulbar vs. spinal onset (FTD was excluded). Genetics: non-carriers vs. mutation carriers (unknown was 
excluded)
c  Wilcoxon rank sum test

Characteristics No cognitive impair-
ment (N = 133)

Cognitive impairment 
(N = 83)

Total (N = 216) Test statistic p value

Age, mean years (SD) 63.9 (11.4) 67.3 (9.2) 65.2 (10.7) −2.3 0.02a

Sex, F (%) 64 (48.1) 34 (41.0) 98 (45.4) 0.8 0.4b

Site of onset, N 4.2 0.04b

 Bulbar (%) 33 (24.8) 31 (37.3) 64 (29.6)
 Spinal (%) 100 (75.2) 48 (57.9) 148 (68.5)
 FTD (%) 0 4 (4.8) 4 (1.9)

Genetics, N 9.4  < 0.01b

 Non carriers (%) 105 (79.0) 49 (59.0) 154 (71.3)
 Mutation carriers (%) 10 (7.5) 18 (21.7) 28 (13.0)
 Unknown (%) 18 (13.5) 16 (19.3) 34 (15.7)

ALSFRS-R score, median (IQR) 41 (7) 39 (8) 40 (8) 6118.5 0.02c

Progression rate, median (IQR) 0.71 (0.7) 0.88 (1.3) 0.76 (0.8) 1015 0.2c

ECAS total score, mean (SD) 117.6 (5.3) 97.1 (14.2) 109.0 (14.2) 11.4  < 0.001a

ALS-specific, mean (SD) 88.5 (5.0) 74.6 (11.5) 82.8 (10.8) 7.2  < 0.001a

MoCA total score, median (IQR) 28 (2) 25 (4) 27 (3) 8537  < 0.001c
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P = 2.4e-02), but the progression rate was similar between 
the groups. Naturally, since cognitive impairment was 
defined based on cognitive tests, the median MoCA total 
score and mean ECAS scores (total, ALS-specific and non-
specific) were all different between these two groups.

The cluster analysis identified three main cognitive clus-
ters at baseline (Supplementary Figs. 2 and 3). Cluster 1 
(23%) included patients with impairment primarily in execu-
tive function and language. Cluster 2 (10%) included patients 
with impairment in verbal fluency whereas patients in Clus-
ter 3 (10%) presented a more general cognitive impairment 
but with spared verbal fluency. The remaining clusters com-
prised patients with normal cognitive function (reference, 
51%), patients with impairment in social cognition (Cluster 
4), and two clusters including only three patients (Clusters 5 
and 6). There was no difference regarding patient character-
istics between the clusters, including age, sex, site of onset, 
genetic cause and ALSFRS-R score at baseline. However, 
patients in Cluster 3 had the shortest survival (median sur-
vival time 41.2 weeks compared to 65.7 and 72.4 weeks in 
Clusters 2 and 1, respectively) (Supplementary Fig. 4).

Cognitive function and survival

Cognitive impairment at baseline was associated with a 
shorter survival (Fig. 1A) and a higher risk of death dur-
ing follow-up, after multivariable adjustment (hazard ratio 
1.79, 95% CI 1.22–2.63, P = 2.9e-03) (Fig. 1B). The median 
survival time in patients with cognitive impairment was 
65.7 weeks, compared to 94.6 weeks in patients without 
cognitive impairment (dotted lines in Fig. 1A). A higher 
age, but not sex, was associated with shorter survival (hazard 
ratio 1.32, 95% CI 1.06–1.65; per 10 years, P = 1.3e-02 and 
hazard ratio 1.1, 95% CI 0.78–1.57, comparing female to 
male, P = 5.8e-01, respectively). In addition, patients with 
bulbar onset had shorter survival (hazard ratio 1.83, 95% CI 
1.25–2.68, P = 1.9e-03). The presence of a causative muta-
tion was not associated with risk of death.

Longitudinal cognitive function

Overall, ECAS scores did not decrease considerably during 
the first 2 years of follow-up (Fig. 2A), in clear contrast to 
the persistently declining ALSFRS-R scores (Fig. 2B). The 
majority (80%) of patients with normal cognition at baseline 
remained cognitively intact along the disease course. Hav-
ing cognitive impairment at baseline was associated with a 
more rapid decline in ALSFRS-R score at 12- and 18-month 
follow-up (Fig. 2B). Estimates and P values for the statistical 
tests are shown in Supplementary Table 1.

To investigate potential bias in the longitudinal analysis due 
to informative dropouts, we conducted a sensitivity analysis 
including patients with four or more visits (i.e. follow-up for 

at least 18 months, N = 44). The trajectories of both ECAS and 
ALSFRS-R scores were similar to the ones seen in the main 
analysis (Supplementary Fig. 5A and B). In addition, there 
were no statistically significant differences in follow-up rates 
between patients with and without cognitive impairment at 
baseline, indicating comparable rates of continued participa-
tion regardless of cognitive status.

Similar patterns of stable cognitive performance over time 
were seen when investigating ALS-specific, non-specific and 
domain-specific ECAS scores (Supplementary Figs. 6 and 7).

Fig. 1   Cognitive impairment and ALS survival. Dotted 
lines = median survival. CI = confidence interval. C9orf72 = chromo-
some open reading frame 72. A Kaplan–Meier plot showing ALS sur-
vival by cognitive status. B Hazard ratios and 95% confidence inter-
vals of death in relation to patient characteristics derived from Cox 
proportional hazard models
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Discussion

To evaluate cognitive function over time in patients with 
ALS, we performed ECAS assessments in a large popula-
tion of newly diagnosed patients with ALS from Sweden, 
including follow-up evaluations every 6 months. We found 
that 38% of the patients had cognitive impairment early on in 
the disease. Similar to previous results, the majority of these 
patients had deficits in executive function and/or the differ-
ent language domains, which are the domains constituting 
the ALS-specific scores in ECAS [15, 16].

Interestingly, cognitive function was stable over time, 
and did not follow the trajectories of declining motor func-
tions by time since ALS diagnosis. Earlier studies have 
demonstrated that patients with ALS and normal cogni-
tion at disease onset are unlikely to develop cognitive 
impairment during the disease [17, 18]. However, here 
we show that the cognitive function is stable during the 
first 2 years after diagnosis also in patients with cognitive 
impairment at the time of diagnosis, conversely to what 
we first anticipated. Whether cognitive function would 
continue to be stable beyond 2 years after diagnosis (pri-
marily amongst patients with slow progressing ALS), or 
if cognitive function would deteriorate albeit at a slower 
rate than motor functions and thus not captured during our 
follow-up, remains to be established. Some studies support 
the former, arguing that cognitive impairment in ALS is 
a distinct phenotype, and not necessarily a consequence 
of disease progression [19]. However, longitudinal stud-
ies on deterioration of specific cognitive domains have 

shown contradictory results [19]. Some reports suggest 
a decline in executive function and language over time in 
patients with ALS [18, 20], whilst others found no pro-
gressive deterioration in these domains [21–23]. It should 
be noted that our results are at group level and individual 
variability was observed. In this cohort, demographic 
and clinical characteristics (age, sex distribution, disease 
severity, site of onset and presence of a genetic mutation) 
were similar between patients with an ECAS progression 
rate above vs below 0.25 points/months (data not shown). 
Going forward, other factors potentially contributing to an 
increased susceptibility to develop cognitive impairment 
in ALS should be explored as well as associations to anxi-
ety, depression, behavioural symptoms and fluid biomarker 
levels amongst other things.

In our study, both ALS-specific (including executive 
function and language) and non-specific functions remained 
stable over time. The domain-specific scores did not show 
significant temporal trends during the follow-up either. Con-
sequently, we did not observe a statistically important prac-
tice effect amongst patients with ALS regardless of cognitive 
status. Practice effect is the improvement in neuropsycho-
logical test scores typically found when a person is adminis-
tered the same tests repeatedly. A lack of practice effect has 
previously been found in several neurodegenerative diseases 
including ALS [24, 25]. In addition, loss of practice effect 
is implicated as a potential biomarker in preclinical FTD 
due to C9orf72 repeat expansions [26]. Whether the stable 
ECAS performance over time presented in our study is due 
to the absence of a practice effect, or an actual cognitive 

Fig. 2   Cognitive and motor functions over time in patients with and 
without cognitive impairment at the time of diagnosis. Linear mixed 
effect models adjusted for age and sex. Point = mean value at each 
time point. Error bars = mean minus standard error. Asterisks = sta-

tistically significant different trajectories of ALSFRS-R between 
patients with and without cognitive impairment. A ECAS total 
scores. B ALSFRS-R scores
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deterioration masked by practice effect, is not possible to 
distinguish with the current study design.

Even if cognitive function is not declining as ALS pro-
gresses, our results imply that cognitive impairment at the 
time of diagnosis is associated with a more rapid decline 
of motor functions. As expected, ALSFRS-R deteriorated 
over time in all patients. However, the gradient was steeper 
in those with cognitive impairment at baseline. In addition, 
cognitive impairment was associated with a shorter survival 
in ALS. Patients with normal cognition had a median sur-
vival of around 8 months longer than patients with cognitive 
impairment. Patients with a general cognitive impairment 
profile but with spared verbal fluency (Cluster 3) appeared 
to have the shortest survival.

The strength of this study is the large patient material 
including a complete and long follow-up. To our knowl-
edge, this is the first study investigating repeated ECAS 
assessments. On the other hand, this could be considered 
a limitation as the sensitivity to detect longitudinal cogni-
tive change might be limited which would explain the lack 
of deterioration in our cohort. We also acknowledge other 
limitations. In longitudinal studies of ALS, there is a risk 
of selection bias as patients with better prognosis are more 
likely to contribute repeated assessments. In an attempt to 
explore the potential impact of such bias, we performed a 
sensitivity analysis including only patients with at least four 
ECAS assessments, showing the same results as in the main 
analysis. Also, drop-out rates were similar between patients 
with and without cognitive impairment. However, we do not 
know whether the non-participating patients would be more 
likely to have cognitive impairment. Finally, both ECAS and 
MoCA are screening tools and may have limited ability to 
detect subtle cognitive impairment, especially in certain 
domains [9, 27]. On the other hand, extensive neuropsycho-
logical assessments in very vulnerable populations such as 
patients with ALS require particular consideration, and less 
burdensome tools to evaluate cognitive function other than 
conventional testing are needed. Investigating the potential 
of repeated ECAS is, therefore, important. Due to the limita-
tions of ECAS when studying specific cognitive domains, 
the cluster analysis is exploratory and should be interpreted 
as such. In addition, K means clustering is sensitive to outli-
ers, and the algorithm prefers clusters of more or less equal 
sizes. To evaluate the stability of the clustering results, we 
repeated the algorithm ten times with different seeds, gener-
ating similar results each time (data not shown).

In summary, cognitive impairment is a frequent and 
early event in ALS, with a suggested negative impact on 
disease progression and survival. Cognitive function seems 
to remain stable over time for both patients with and with-
out cognitive impairment at diagnosis. However, we do 
not know the mechanisms underlying why certain patients 
develop cognitive impairment whilst others have spared 

cognitive function. Cognitive and behavioural symptoms, 
rather than physical disabilities, are reported by caregivers as 
the most difficult to handle in ALS [28]. We, therefore, advo-
cate for a systematic monitoring of cognitive function to be 
able to provide proper information of cognitive symptoms, 
prognostication, estimated functional decline and adequate 
personalised support to patients and their families.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​024-​12479-x.
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