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Research Neurology® Clinical Practice

Progression and effect of
cognitive-behavioral changes in
patients with amyotrophic lateral
sclerosis
Meredith Bock, MD; Y.-Nhy Duong, BA; Anthony Kim, MD, MAS; Isabel Allen, PhD; Jennifer Murphy, PhD;
Catherine Lomen-Hoerth, MD, PhD

Abstract
Background: To prospectively evaluate the pro-
gression of cognitive-behavioral function in amyo-
trophic lateral sclerosis (ALS) and examine the
association of cognitive-behavioral deficits with
disease progression, patient quality of life (QOL),
and caregiver burden. Methods: We evaluated
cognitive-behavioral function using the Amyotrophic
Lateral Sclerosis Cognitive Behavioral Screen at en-
rollment and after 7 months in a cohort of patients
with ALS. Paired t tests were used to evaluate the
change in the 2 assessments. Linear regression and
Kruskal-Wallis tests were applied to investigate how
initial cognitive or behavioral status related to outcomes. Results: The mean test-retest in-
terval was 6.8 months (SD 1.6). Cognitive status of the study population (n5 49) overall did
not change over the study period (p 5 0.06) despite progression of motor weakness (p ,

0.001), though small subsets of the sample demonstrate cognitive change. Patients initially
classified as behaviorally normal showed increased behavioral problems over time (t 5 22.8,
p 5 0.009). Decline in cognitive (b 5 21.3, p 5 0.03) and behavioral (b 5 20.76, p 5 0.002)
status predicted increasing caregiver burden. Behavioral abnormalities predicted decline in
forced vital capacity and ALS Functional Rating Scale–Revised score (p 5 0.008, 0.012) in
the study population and patient QOL in the most severely affected group (t 5 4.3, p 5

0.003). Conclusions: Cognitive-behavioral change is a key aspect of disease heterogeneity
in ALS. Executive function in ALS overall remains stable over 7 months as detected by an
administered screening tool. However, patients may develop caregiver-reported behavioral
symptoms in that time period. Screening for caregiver-reported symptoms has a particular
utility in predicting future clinical decline, increased caregiver burden, and worsening patient
QOL. Neurol Clin Pract 2017;7:488–498
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I
nrecent years, there has been greater appreciation for the cognitive and behavioral man-
ifestations of diseases traditionally associated with motor weakness. Amyotrophic lateral
sclerosis (ALS), Parkinson disease, and multiple sclerosis are now considered multisystem
disorders with important neuropsychological symptoms.1 For ALS, there is evidence for

a clinicopathologic continuum with frontotemporal dementia (FTD).2–4 Up to half of
patients with ALS exhibit deficits in executive function.5

Investigations of the progression of cognitive-behavioral deficits in patients with ALS have
been limited to small numbers of patients who undergo a full neuropsychological battery.6,7

There have not been rigorous evaluations of the progression of cognitive-behavioral changes
as detected by a neuropsychological screening tool, which may be more practical for routine
use. Though cognitive-behavioral deficits are a harbinger of clinical decline8 and screening is
currently recommended in patients with ALS,9 a better understanding of the progression and
effects of cognitive-behavioral changes is needed to inform recommendations for optimal
screening intervals, the timing of medical interventions, and the design of supportive
interventions.

The aims of this study are twofold. We prospectively evaluate the progression of cognitive
and behavioral function in a clinically diverse population of patients with ALS using a validated
neuropsychological screening tool and we examine the association of cognitive-behavioral def-
icits with disease progression, patient quality of life (QOL), and caregiver burden.

METHODS

Study design and participants
This prospective cohort study involved 2 assessments over the course of 7 months. All patients
who attended an appointment between July 2014 and January 2015 at the University of
California, San Francisco (UCSF) ALS Center or 2 affiliated satellite clinics were screened for
eligibility. A diagnosis of definite, probable, or possible ALS by the El Escorial criteria10 and
English language fluency were required for study enrollment. Patients were excluded if they
carried a premorbid diagnosis of non-FTD dementia or a comorbid neurologic diagnosis,
received a new ALS diagnosis on the day of enrollment, or lacked a caregiver who had known
the patient prior to symptom onset. At the enrollment appointment, patients underwent
a cognitive screening assessment and completed a survey with measures of QOL, depression,
and pseudobulbar affect. In addition, caregivers completed a behavioral assessment of the
patient and a survey regarding their level of burden. All measures were repeated 7 months later.

Data collection tools
Cognitive function was evaluated using the Amyotrophic Lateral Sclerosis Cognitive-Behavioral
Screen (ALS CBS), a screening tool designed for the ALS population that minimizes unintended
measurement effects due to motor weakness (appendix e-1 at Neurology.org/cp).11 The total score
is calculated from 4 subtests in initiation and retrieval, concentration, attention, and tracking/
monitoring. Using prespecified normative cutoffs, patients were divided into 3 categories based
on their total score (maximum 20): normal, ALS-cognitive impairment (ALS-Ci), or possible
FTD-level impairment.11 Patients also completed a verbal fluency test (C-words), which was
used as an internal validation of study measures.12 Patients completing the follow-up assessment
were given the option to take the validated telephone version of the ALS CBS.13

Patient behavior was assessed with the caregiver survey component of the ALS CBS, which
queries caregivers about signs of apathy, disinhibition, difficulty problem-solving, and language
difficulties in the patient. Using prespecified normative cutoffs, patients were divided into 3
categories based on their total score (maximum 45): normal, behavioral impairment (ALS-
Bi), or possible FTD-level impairment.11

The ALS Functional Rating Scale–Revised (ALSFRS-R) was used to quantify disease se-
verity.14 Pseudobulbar affect (Center for Neurologic Study Lability Scale) and depressive
symptoms (Geriatric Depression Scale [GDS]) were both measured as potential confounders of
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cognition.15,16 The McGill Quality of Life Single-Item Scale (MQOL-SIS),17 a single self-report
item that correlates with more extensive QOL measures in the ALS population,18,19 was used to
rate patient QOL. Caregiver strain, isolation, disappointment, emotional involvement, and
environment were evaluated by administering the 22-item Caregiver Burden Scale.20

Statistical analyses
Descriptive statistics were calculated for all variables using means and SDs for continuous varia-
bles, medians and interquartile ranges for continuous variables with skewed distributions, and
counts and percentages for categorical data. Pearson correlation coefficients and analysis of var-
iance tests were used to internally validate study measurements across sites and evaluators. Paired t
tests were used to evaluate changes between the first and second assessment for selected variables
of interest. Linear regression was used to investigate whether change in outcomes of interest
varied by initial cognitive or behavioral category. To investigate predictors of cognitive and
behavioral decline, multiple regression was used with a prespecified set of covariates considered
to be potential confounders of cognitive-behavioral status (educational level, age, sex, ALSFRS-
R score, anatomic region of onset, forced vital capacity [FVC], and GDS score). Kruskal-Wallis
tests were used to compare variation of clinical variables across cognitive and behavioral groups.
All statistical analyses were conducted using Stata/SE 13.1 (StataCorp, College Park, TX).

Standard protocol approvals, registration, and patient consents
This study was approved by the UCSF Committee on Human Research. Informed consent was
obtained from all participating patients and caregivers.

RESULTS

Study population
Baseline characteristics of the study population have previously been reported.21 Of 141 con-
secutive eligible patients, 86 (61%) participated. No differences in mean age (t 5 20.6, p 5
0.55) or FVC (t 5 20.7, p 5 0.50) were noted between eligible participants and nonparti-
cipants. Of the 86 patients initially enrolled, one was subsequently excluded due to a revised
diagnosis, 19 died by the end of the study period, and 1 underwent mechanical ventilation.
Five patients were lost to follow-up and 11 declined the follow-up assessment. The follow-up
rate was 57% (49/86) in the overall sample and 74% (49/66) in the cohort that survived the
study period. Of the 49 patients who repeated the cognitive testing, 6 had caregivers who could
not be located or declined to complete the follow-up behavioral questionnaire.

The mean follow-up period was 6.8 months (SD 1.6). Ten of 49 patients opted to use the
telephone version of the ALS CBS for their second assessment. Using a Wilcoxon-Mann-
Whitney test, no difference was found in ALS CBS cognitive subscore between patients
who completed in-person and telephone follow-up (z 5 20.2, p 5 0.9). Additional character-
istics of the study population are displayed in table 1.

Change in cognition over time
Figure 1 shows cognitive decline over time. The median change in ALS CBS cognitive
subscore was 0 in the overall study sample over time (t 5 1.9, p 5 0.06). When stratified
by baseline cognitive category, only the ALS-Ci group had a significant change in cognitive
function over time. This group showed a median improvement in ALS CBS cognitive sub-
score of 1.0 point (t 5 3.0, p 5 0.007). Compared to the ALS-Ci group, patients who were

Behavioral status had a more variable
trajectory depending on the initial level of
abnormality.
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initially categorized as normal declined by a median of 1.0 point on the ALS CBS cognitive
subscore (b 5 1.6, p 5 0.004). Fifteen percent (5/34) of patients initially categorized as
normal were subsequently classified as cognitively impaired (ALS-Ci). Two out of the 49

Table 1 Baseline characteristics of the analysis cohort (n 5 49)

Characteristic Value

Age, y 64.8 (11.1)

Education, y 16.2 (3.1)

Symptom duration, mo 62.1 (63.7)

Male, n (%) 28 (57)

Region of onset, n (%)

Arm 16 (32.7)

Leg 21 (42.9)

Trunk 5 (10.2)

Bulbar 7 (14.2)

Use of riluzole, n (%) 30 (61.2)

Values are mean (SD) unless otherwise noted.

Figure 1 Change in Amyotrophic Lateral Sclerosis Cognitive Behavioral Screen (ALS CBS) cognitive subscore over time

(A) Normal. (B) Cognitive impairment. (C) Frontotemporal dementia (FTD). Change in ALS CBS cognitive subscore from initial to follow-up assessment strat-
ified by cognitive category at baseline. Changes for individual participants are shownwith gray lines and the average change for the group is shown as a red
line. Dotted lines indicate normative cutoffs between cognitive categories (ALS CBS cognitive score $17 is normal, 11–16 is cognitive impairment, and
#10 is FTD range). *Change is significant (p , 0.05).
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patients exhibited a decline in ALS CBS cognitive subscore greater than 1 SD from the mean.
No patients exhibited a decline in cognitive subscore greater than 2 SDs from the mean.

There were no identifiable patient characteristics (including FVC, age, education, depressive
symptoms, disease stage, disease duration, or region of onset) that predicted cognitive change.

Change in behavior over time
Figure 2 shows the progression of behavioral deficits over time. In the overall study pop-
ulation, the ALS CBS behavioral subscore showed a median decline of 1.0 point over time
(t 5 21.6, p 5 0.1). Patients initially classified as behaviorally normal worsened in behav-
ioral status by 2.0 points over time (t 5 22.8, p 5 0.009). There was no significant change
in the behavioral status of patients in the ALS-Bi or FTD groups, which showed a more
variable course. When regressing the total change in CBS behavioral score over initial be-
havioral category, the difference in behavioral change was not different between groups (p 5
0.3, 0.1). Of the 31 patients initially categorized as behaviorally normal, 5 (16%) scored in
the behaviorally impaired range at follow-up. Behavioral subscores for 10 patients (20%)
declined more than 1 SD during the study period. Seven out of these 10 patients were
initially classified as behaviorally normal.

When considering predictors of change in behavior, longer disease duration was associated
with an improvement in CBS behavioral score (b 5 0.03, p 5 0.046). There was no

Figure 2 Change in Amyotrophic Lateral Sclerosis Cognitive Behavioral Screen (ALS CBS) behavioral subscore over time

(A) Normal. (B) Behavioral impairment. (C) Frontotemporal dementia (FTD). Change in ALS CBS behavioral subscore from initial to follow-up assessment
stratified by behavioral category at baseline. Changes for individual participants are shown with gray lines and the average change for the group is shown
as a red line. Dotted lines indicate normative cutoffs between cognitive categories (CBS behavioral score$37 is normal, 33–36 is behavioral impairment,
and #32 is FTD range). *Change is significant (p , 0.05).
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association between age, educational level, region of onset, FVC, depressive symptoms, or
disease stage and change in behavioral function.

Change in disease stage over time
Disease stage as measured by ALSFRS-R (t 5 25.8, p , 0.001) and FVC (t 5 23.8, p 5
0.001) declined over the course of the study period.

Using the Kruskal-Wallis test, there was no difference found in disease severity over time as
measured by change of ALSFRS-R or FVC (p 5 0.6, 0.3) when comparing patients initially
classified as cognitively normal compared to those with any level of impairment at baseline.
Change in FVC (p 5 0.008) and ALSFRS-R score (p 5 0.012) differed between initial
behavioral groups. For patients with behavioral impairment (an initial ALS CBS behavioral
subscore less than 37), the average decrease in FVC was 22.2% compared to a decrease of
6.8% in the behaviorally normal group.

Change in QOL over time
Figure 3 shows the change in QOL over time stratified by baseline cognitive and behavioral
subgroups. Patient QOL did not change over time in the overall study population (t 5
20.85, p 5 0.4) or in any subcategory of baseline cognitive impairment. When consid-
ering behavioral subcategories, QOL declined in patients who initially met criteria for
FTD-level behavioral deficits (t 5 24.3, p 5 0.003). Change in QOL was associated with
initial ALS CBS behavioral subscore in univariate analysis (b 5 0.09, p 5 0.02), which
remained robust after controlling for education, age, sex, region of onset, ALSFRS-R,
FVC, and depressive symptoms (b 5 0.12, p 5 0.009). Worsening apathy (b 5 2.0,
p 5 0.001) and irritability (b 5 1.3, p 5 0.001) correlated with decreased patient QOL at
the second assessment.

Change in caregiver burden over time
There was an overall increase in caregiver burden as measured by the Caregiver Burden Scale
(t 5 0.01, p 5 0.01). When considering baseline subcategories, the burden of caregivers of
patients initially categorized as cognitively normal (t 5 2.9, p 5 0.012) or behaviorally
normal (t 5 2.6, p 5 0.019) increased over time. For patients with moderate or severe
cognitive or behavioral impairment at baseline, caregiver burden did not significantly change.
Worsening in behavioral symptoms was associated with increase in caregiver burden over time
in univariate analysis (b 5 20.76, p 5 0.002).

Figure 3 Change in patient quality of life (QOL) over time

(A) Change in QOL by cognitive category. (B) Change in QOL by behavior category. Change in patient QOL as measured by the McGill Quality of Life Single-
Item Score over time stratified by initial cognitive and behavioral category among 46 patients with amyotrophic lateral sclerosis. FTD 5 frontotemporal
dementia.
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Initial ALS CBS cognitive subscore was not associated with change in caregiver burden in uni-
variate or multivariate analyses (p5 0.2, 0.3). Change in ALS CBS cognitive subscore over time
was associated with change in caregiver burden in univariate analysis (b 5 21.3, p 5 0.03).

See tables 2 and 3 for more detail about the mean change in ALSFRS-R, MQOL-SIS, and
caregiver burden over time.

DISCUSSION
We prospectively evaluated the use of a neuropsychological screening tool in a typical ALS
cohort and found that cognition as detected by the ALS CBS remained stable in the setting
of major declines in motor weakness over the study period. Behavioral status had a more vari-
able trajectory depending on the initial level of abnormality. Patients initially classified as be-
haviorally normal significantly declined between assessments. Patients with moderate or severe
behavioral impairment at baseline showed slight improvement overall, but with noticeable in-
dividual variability.

Other studies investigating cognitive change over time in patients with ALS have yielded
inconsistent results. Most studies did not find a change in cognition in patients with ALS over
similar time periods, with the exception of deterioration in word generation7,22,23 or a visuo-
constructive task.6 However, several of these studies were performed in restricted samples, did
not use neuropsychological assessments specifically validated for this patient population or
behavioral assessments, or did not measure patient- or caregiver-reported outcomes of par-
ticular interest in this terminal disease.

This study extends our current understanding by applying a practical cognitive screening
tool to a clinically diverse study population and by incorporating a measure of behavioral def-
icits that can be prominent in this patient population. Though routine cognitive-behavioral
screening in this population is recommended,9 the ideal screening interval is unknown. Based
on our results, a time interval of 7 months does not capture an appreciable decline in
cognitive status for most patients. This lack of change (and improvement noted in the
cognitively impaired group) could be attributable to a learning effect, regression to the mean,
or lack of notable progression of frontotemporal degeneration during that interval. Though
15% of patients who were initially normal met criteria for cognitive impairment at the second
assessment, only 2 patients changed more than 1 SD from the mean and no patients changed

Table 2 Comparisons of mean change in ALSFRS-R, MQOL-SIS, and caregiver burden over time stratified by initial
Amyotrophic Lateral Sclerosis Cognitive-Behavioral Screen cognitive subscore category among 49 patients with
ALS

Normal (n 5 21) ALS-Ci (n 5 23) ALS-FTD (n 5 5)

Baseline Change Baseline Change Baseline Change

ALSFRS-R 35.7 (8.5) 24.7 (5.6) 31.2 (11.9) 23.7 (3.9) 32.4 (14.2) 25.4 (8.6)

MQOL-SIS 7.4 (2.4) 20.2 (2.6) 6.8 (2.0) 20.3 (2.0) 8.9 (1.0) 20.3 (2.1)

CGBS 35.1 (12.7) 5.3 (7.0) 43.3 (14.8) 4.4 (10.6) 42.8 (10.5) 22.7 (7.1)

Abbreviations: ALS 5 amyotrophic lateral sclerosis; ALS-Ci 5 amyotrophic lateral sclerosis with cognitive impairment; ALSFRS-R 5

ALS Functional Rating Scale–Revised; CGBS 5 Caregiver Burden Scale; FTD 5 frontotemporal dementia; MQOL-SIS 5 McGill
Quality of Life Single-Item Scale.
Values are mean (SD).

Based on our results, a time interval of 7
months does not capture an appreciable
decline in cognitive status for most patients.
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more than 2 SDs from the mean. It is reasonable to consider a baseline cognitive screen and
repeat screening based on clinically apparent changes. Patients initially categorized as behav-
iorally normal may benefit from routine rescreening in 7 months since significant change in
behavioral abnormalities may develop in that time period and behavioral function is highly
predictive of several outcomes of interest. Identifying at-risk patients is particularly valuable as
they may be appropriate candidates for interventions that have shown promise in preliminary
studies.24–26

In this study, a significant relationship was found between initial behavioral symptoms and
change in FVC and ALSFRS-R score over the study period. Frontotemporal involvement is
a negative prognostic indicator, either as a marker of disease subtype27 or a cause of treatment
noncompliance.8 This study highlights the need for clinician awareness of executive dysfunc-
tion as a harbinger of clinical decline and the utility of caregiver report as a quick method to
ascertain clinically meaningful executive dysfunction.

This study adds to previous literature by evaluating the effect of cognitive-behavioral
changes on the psychosocial well-being of patients and caregivers. Previous studies suggest over-
all patient QOL remains stable over time and can be related to individual patient characteris-
tics, ability to communicate, and social support.28–31 This study evaluates the change of patient
QOL in ALS in the context of both objectively measured cognitive changes and caregiver-
reported behavioral abnormalities. In our study, cognitive change was not associated with
change of patient QOL in the overall study population. However, patients with the most
severe behavioral deficits had a significant QOL decline over the course of the study period
and change in QOL was significantly predicted by initial behavioral symptoms (particularly
apathy and irritability). Given the protective influence of social factors on patient QOL
identified by past studies,32 behavioral symptoms and compromised social cognition may
strain relationships and adversely affect patient well-being.

Behavioral symptoms were strongly associated with caregiver burden at enrollment21 and
change in behavior predicted change in caregiver burden over time. An association between
neuropsychiatric symptoms and caregiver burden over time has been shown in studies of
patients with FTD33–35 and cross-sectional studies of patients with ALS.36,37 We extend this
finding to a longitudinally assessed cohort of caregivers confronting a range of cognitive-
behavioral impairment.

Interestingly, burden increased for caregivers of patients initially categorized as normal but
remained stable for those taking care of patients with moderate or severe behavioral impair-
ment. Caregivers may have a stable level of burden over time with established behavioral deficits
or there may be a floor effect of these particular measurements. The needs of caregivers are
understudied,38 though initial studies are investigating interventions to improve coping of
those caring for patients with FTD.39

Table 3 Comparisons of mean change in ALSFRS-R, MQOL-SIS, and caregiver burden over time stratified by initial
Amyotrophic Lateral Sclerosis Cognitive-Behavioral Screen behavioral subscore category among 43 patients

Variable

Normal (n 5 31) ALS-Bi (n 5 4) ALS-FTD (n 5 8)

Baseline Change Baseline Change Baseline Change

ALSFRS-R 33.5 (11.8) 23.9 (4.3) 39 (6.4) 25.0 (4.5) 32.8 (6.2) 26.6 (6.6)

MQOL-SIS 7.3 (2.1) 20.1 (2.3) 8.0 (1.8) 0 (1.4) 7.3 (2.5) 22.0 (1.3)

CGBS 35.2 (11.7) 5 (9.0) 39.3 (7.5) 20.67 (3.2) 51.6 (13.5) 5.1 (11.1)

Abbreviations: ALS 5 amyotrophic lateral sclerosis; ALS-Ci 5 amyotrophic lateral sclerosis with cognitive impairment; ALSFRS-R 5

ALS Functional Rating Scale–Revised; CGBS 5 Caregiver Burden Scale; FTD 5 frontotemporal dementia; MQOL-SIS 5 McGill
Quality of Life Single-Item Scale.
Values are mean (SD).
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Caregiver-administered surveys are useful in identifying initial behavioral abnormalities and
their early changes, but these tools may have limited utility in tracking behavior over longer peri-
ods of time. Several patients in this study showed unexpected improvement in behavioral symp-
toms. This may reflect an actual improvement as a result of medical interventions or increased
social support. Alternatively, behavioral symptoms may fluctuate or progress from more disrup-
tive behavioral symptoms (such as disinhibition) to less disruptive ones (such as apathy) that are
not as easily captured by caregiver survey. The correlation between longer disease duration and an
improvement in CBS behavioral subscore suggests that caregivers may become acclimated to
changes over time or develop better behavioral management strategies. Other tools used to track
frontally mediated behavioral symptoms are also limited in detecting progression over time.40

The analysis of the subset of patients who improved in this study was limited by sample size
and further study is needed. Until the tracking of behavioral symptoms is optimized in ALS, it
is important for clinicians to be aware of this plateau effect of most screening measures.

Regarding limitations to this study, it is important to note that the ALS CBS is a neuropsy-
chological screen rather than a diagnostic tool. However, our aim was to evaluate the progres-
sion of cognitive-behavioral deficits over time using a practical and validated screening tool
since this can inform clinical trial design and may be more easily applied in clinical settings.
Study participants were drawn from an academic center and satellite clinics and therefore
may not be representative of the entire ALS population. Only one patient required artificial
respiration during the study period. There is the possibility of ceiling and floor effects on
the caregiver survey component of the ALS CBS, but even considering this limitation we found
that this measure was strongly predictive of burden for all caregivers and patient QOL in the
most impaired groups. Because the identification of a caregiver was required for study enroll-
ment, the sample may exclude patients with lesser social support, an important determinant of
QOL. Finally, the MQOL-SIS is a single item assessment, though it correlates with longer
measures in this patient population18,19 and we intentionally chose a tool that would measure
global QOL. This measure still displayed informative associations with cognitive-behavioral
status that future studies can investigate with more nuance.

Cognitive-behavioral changes are a key aspect of disease heterogeneity in ALS. Furthering
our understanding of the trajectory and effects of cognitive-behavioral change is critical to in-
form our understanding of disease pathogenesis, optimize stratification for clinical trials, and
guide the timing of medical or supportive interventions. Using this brief and feasible screening
tool, we found that cognition in ALS overall remains stable over a course of 7 months, whereas
patients may develop behavioral symptoms in that time period. Behavioral symptoms have par-
ticular utility in predicting clinical decline, increased caregiver burden at all time points studied,
and decreased patient QOL over time for those with the highest levels of impairment.
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