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Summary

Background As novel therapeutic interventions are being developed and tested in the amyotrophic lateral sclerosis
(ALS) population, there is a need to better understand the symptoms and issues that have the greatest impact on the
lives of individuals with ALS. We aimed to determine the frequency and relative importance of symptoms experi-
enced by adults in a national ALS sample and to identify factors that are associated with the greatest disease burden in
this population.

Methods We conducted 15 qualitative interviews of individuals with varied ALS phenotypes and analyzed 732 quotes
regarding the symptomatic disease burden of ALS between August 2018 and March 2019. We subsequently
conducted a national, cross-sectional study of 497 participants with ALS and ALS variants through the Centers for
Disease Control and Prevention’s (CDC) National ALS Registry between July 2019 and December 2019.
Participants reported on the prevalence and relative importance of 189 symptomatic questions representing
17 symptomatic themes that were previously identified through qualitative interviews. Analysis was performed to
determine how age, sex, education, employment, time since onset of symptoms, location of symptom onset,
feeding tube status, breathing status and speech status relate to symptom and symptomatic theme prevalence.

Findings Symptomatic themes with the highest prevalence in our sample were an inability to do activities (93.8%),
fatigue (92.6%), problems with hands or fingers (87.7%), limitations with mobility or walking (86.7%), and a
decreased performance in social situations (85.7%). Participants identified inability to do activities and limitations
with mobility or walking as having the greatest overall effect on their lives.

Interpretation Individuals with ALS experience a variety of symptoms that affect their lives. The prevalence and
importance of these symptoms differ among the ALS population. The most prevalent and important symptoms offer
potential targets for improvements in future therapeutic interventions.
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Research in context

Evidence before this study

Amyotrophic lateral sclerosis (ALS) is the most common adult
motor neuron disease. Prior studies have attempted to
explore patient-reported disease burden in this population;
however, these studies have largely been limited in magnitude
and geographical distribution. We searched PubMed for
articles from inception to May 2022, using a combination of
the following search terms: “amyotrophic lateral sclerosis,”
“patient-reported,” “disease burden,” “symptoms.” We
identified one article aimed at determining which symptoms
were most problematic for patients with ALS and how the
severity changed over time. This retrospective study analyzed
data from a randomized, double-blind, placebo-controlled
trial of ceftriaxone in ALS with 82 participants. A second
study with 65 participants with sporadic ALS from
Southwestern China evaluated pain from perspectives of ALS
patients through three questionnaires: numerical pain rating
scale (NRS), Brief Pain Inventory (BPI), and Douleur
Neuropathique-4 (DN4). Still another study has utilized 40
participants to evaluate the association between three
patient-reported outcome measures (PROMs) in ALS—
PROMIS-10, NeuroQol-fatigue, and ALSFRS-R. Collectively,
prior research has identified and highlighted that there is a
high level of disease burden in ALS. However, the

Introduction
Amyotrophic lateral sclerosis (ALS) is a progressive,
heterogeneous neurodegenerative disorder character-
ized by the degeneration of both upper and lower motor
neurons, as well as associated frontotemporal spectrum
dysfunction.'” Patients experience progressive muscular
atrophy and weakness, typically leading to respiratory
failure and death within three to five years.’ ALS is the
most common motor neuron disease in adults. In the
United States, the incidence is approximately 1-2.6
cases per 100,000 people annually.” As of 2016, ALS was
estimated to have an age-adjusted prevalence rate of 5.2
per 100,000 people.®

In preparation for future clinical trials and other
therapeutic development efforts, it is important to have
a clear understanding of the symptoms and issues that
have the greatest effect on individuals with ALS.
Changes in the symptoms that matter most to in-
dividuals with ALS may serve as a benchmark by which
to judge the efficacy of future experimental therapeutics.
Additionally, in the clinical setting, it is important to
have a clear understanding of what symptoms are most
common and important from the ALS patient’s point of
view in order to facilitate the management and care of
patients.

quantification and comparison of all of the most important
symptoms that occur in this condition has been limited.

Added value of this study

To our knowledge, this is the largest study to systematically
assess the multifactorial patient-reported disease burden in
ALS while simultaneously evaluating the effects of
demographic features on ALS symptomatic themes through a
partnership with the Centers for Disease Control and
Prevention’s (CDC) National ALS Registry.

Implications of all the available evidence

Results from our large, national cross-sectional study further
defines the multifactorial clinical phenotype of patients with
ALS using extensive patient input. This research and the data
it has generated has implications for future therapeutic trials
and the clinical care of patients with ALS. The ALS clinical and
research communities can now review the relative importance
and prevalence of numerous symptoms in ALS and utilize this
data to identify undertreated areas of disease burden and
potential targets for future therapeutic interventions in this
population. In addition, this data provides an insight into
which subpopulations experience the greatest disease burden
and how disease burden changes based on patients’
demographic information and functional performance.

Here, we use patient interviews and partner with the
Centers for Disease Control and Prevention’s (CDC)
National ALS Registry to conduct a large, national cross-
sectional survey to determine the prevalence and relative
importance of symptoms and symptomatic themes in
the ALS population.

Methods

Study participants

Eligible participants in this study included those aged 18
years or older with a diagnosis of motor neuron disease.
Participants in phase 1 were those who had participated
in the Phenotype Genotype Biomarker Study
(NCT02327845) of the Clinical Research in ALS and
related disorders for Therapeutic Development
(CReATe) Consortium or were patients cared for at the
University of Rochester ALS subspecialty clinic. All
participants in phase 2 were registered and consenting
members of the CDC’s National ALS Registry.

Study design

Phase 1: semi-structured qualitative interviews

We conducted interviews with participants with ALS by
phone or in person. Using open-ended questions, we
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asked participants to identify the symptoms of ALS that
have the greatest impact on their lives (Supplemental
Interview Guide). All but one interviews were audio-
recorded, transcribed, coded, and analyzed with a qual-
itative framework technique, triangulation, and an
investigator consensus approach. One in-person inter-
view was conducted with a non-verbal ALS participant
who wrote responses on a white-board.

Reoccurring similar quotes among the interviewees
were used to identify potentially relevant symptoms.
Symptoms were then categorized into symptomatic
themes, concepts representing a group of common
symptoms. Each theme was categorized into a broader
category of physical, mental, social or ALS disease-
specific components of health, in accordance with the
World Health Organization’s framework of health
(Fig. 1). All interviews were conducted between August
2018 and March 2019.

Phase 2: national cross-sectional study of motor neuron
disease patients

We conducted an online cross-sectional study of those
with ALS and ALS variants to identify those symptoms
and symptomatic themes with the greatest importance
to this population. Participants were recruited through
the CDC’s National ALS Registry. This registry requires
members to have a diagnosis of ALS. Members of the
registry who met our inclusion criteria were emailed a
recruitment letter and a link to our survey on REDCap, a
Health Insurance Portability and Accountability Act-
compliant electronic data capture system. After click-
ing the link, potential participants were asked to read an

Phase 1: Qualitative ALS Patient Interviews

information letter prior to beginning the survey. Par-
ticipants were given the opportunity to complete the
survey online, on paper, or over the phone. Participants
then proceeded to a brief demographics questionnaire
prior to accessing the main survey. Participants were
asked not to complete the survey more than once. This
was a survey for individuals with ALS and ALS variants,
not caregivers.

Our cross-sectional survey included questions based
on the symptoms and symptomatic themes previously
identified by individuals with ALS in phase 1 as having a
potentially high level of importance. Additional ques-
tions pertaining to potential symptoms of importance
identified in other neurologic populations were included
in the survey.“"' Question selection was determined
with a consensus approach involving our research team,
investigator members of the CReATe Consortium, and
the CDC. In total, the survey sought information
regarding 189 symptomatic questions representing 17
symptomatic themes. For each symptomatic question,
the survey inquired, “How much does the following
impact your life now?” Participants were provided with a
6-point Likert-type scale ranging from one to six. Likert
scale options included the following: (1) I do not expe-
rience this; (2) I experience this but it does not affect my
life; (3) It affects my life a little; (4) It affects my life
moderately; (5) It affects my life very much; and, (6) It
affects my life severely. Participants were given the op-
tion not to answer any question. At the end of the sur-
vey, participants were asked to list and rate the severity
of any symptoms of importance not otherwise included
in the survey. Participant data were included in the

Phase 2: Cross-sectional validation study

Domains Symptomatic Themes —
»( Limitations with Mobility or Walking (85, 23) )
Physical V e i M Prevalence of
————»{ Proximal Upper Extremity Weakness (31, 12) )
I Health - < themes and
(172, 56) > Lower Extremity Weakness (29, 10) /) symitf;ns in
—( Hand Weakness (26, 11) )
—» Emotional Issues (91, 36) »
e IREEl i Impaired Body Image (35, 16)
(137, 59) P JATECEN2,
—» Cognitive Issues (11, 7) Relative
importance of
Social Health ——* Social Role Limitations (92, 23) —»  themes and
symptoms in
) . (148,39) ("  Social Role Dissatisfaction (56, 16) Cross-sectional
/ ALS \ Direct R Mt ) study:
/ Patient \ ALS Ly WIliERS ([ 44) [ 189 symptoms,
\Interviews, Quotes ——»  Swallowing and Eating Issues (52, 23) 17 symptomatic
themes
\N=15 / (762, 303) —
— ————  Speech and Communication (38, 18)
fielotel530) Relationships of
Additional ——» Pain (29, 14) frequency and
ALS importance of
——» Sleep and Daytime Sleepiness (22, 10) ALS themes
Symptoms = _,. and symptoms
(306, 149) ——» Bowel Function (15, 12) to patient age,
5 5 sex, duration of
> Respiratory Function (15, 7) symptoms,
— Bladder Function (15, 9) celbeztsil, it
employment
— Spasticity (7, 3)
— Fasciculations (4, 3)

Under phase 1, (no. of quotes, no. of symptoms) are shown for each category (e.g., study participants

provided 172 quotes representing 56 symptoms relating to physical health).

Fig. 1: Overview of study design.
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analysis from those who responded to at least one de-
mographic question and one symptom question.

Our REDCap survey was active from July 2019 to
December 2019. This methodology has previously been
used and described in studies of other neurologic dis-
ease populations.®"!

Statistical analysis

We determined the prevalence of each symptom and
symptomatic theme in our sample. We determined the
average life impact (the relative importance) scores by
calculating the mean of all scores of participants who
experienced the symptom or symptomatic theme. The
average life impact metric had a range of zero to four
and was determined by assigning a numerical value to
each participant response, as follows: I experience this
but it does not affect my life = 0; It affects my life a
little = 1; It affects my life moderately = 2; It affects my
life very much = 3; It affects my life severely = 4.
Additionally, a population impact score was calculated
for each symptom and symptomatic theme by multi-
plying the percentage of participants with the symptom
or theme (prevalence) by its average life impact score.
The population impact score had a range of 0-4, with a
value of 4 representing a symptom that affects all in-
dividuals with ALS at the highest level.

Responses were categorized based on the following
demographic categories: (1) Sex (male, female); (2) Age
(<63.3 years, >63.3 years); (3) Education level (4-year
college and above, less than 4-year college); (4)
Employment status (employed, unable to work); (5)
Time since first signs of weakness ( < 34 months, >34
months); (6) Location of symptom onset (limb onset,
bulbar onset); (7) Speech status (able to talk clearly with
no changes in speech, unable to talk clearly without
changes in speech); (8) Feeding tube use (yes, no); and,
(9) Breathing status (breathe without assistive ventila-
tion, breathe with assistive ventilation). Group catego-
rization was predetermined for each non-numerical
category (sex, education level, employment status, loca-
tion of symptom onset, speech status, feeding tube
status, and breathing status). Numerical categories were
split at the mean value (age, time since first signs of
weakness). Additionally, we performed subgroup anal-
ysis between type of ALS: ALS, progressive muscular
atrophy (PMA), primary lateral sclerosis (PLS), and ALS
with frontotemporal dementia.

We obtained descriptive statistics for the prevalence
and life impact of each symptomatic theme for the
entire sample and for each subgroup. We then used
Fisher exact tests to compare the prevalence of each
theme across the different subgroup. In order to correct
for multiple comparisons, the Benjamini-Hochberg
procedure was used with a false discovery rate of 0.05
and 204 test statistics. As outlined by this method, the
204 p values are sorted from smallest to largest and the

largest value of i such that p(i) < 0.05 i/204 is deter-
mined. The null hypotheses associated with the p values
p(1), ..., p(i) are rejected, resulting in i discoveries.

Ethics statement

All study activities were approved by the University of
Rochester Institutional Review Board (STUDY0003775)
and qualified for exemption due to research holding out no
more than minimal risk to participants. As per the exempt
status of this study, participants were not required to
provide a written informed consent. As directed by the
University of Rochester Institutional Review Board, all
interview participants (phase 1 participants) and cross-
sectional study participants (phase 2 participants)
received and reviewed a detailed information letter prior to
their involvement in this research. The detailed informa-
tion letter disclosed the following information: description
of research study, participation is voluntary, activities
involved in the research, and the name and contact in-
formation of the study team and the IRB.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the report, or decision to publish. All authors had
access to the data and approved the final manuscript for
submission.

Results

Phase 1: semi-structured qualitative interviews
We conducted interviews with 14 participants with ALS
by phone and 1 participant with ALS in person. Length of
interviews were typically between 30 and 45 minutes.
Through these qualitative interviews of 15 individuals
with ALS, symptom saturation was met, few new con-
cepts were mentioned, and we obtained 732 direct
quotes. Participants identified 303 symptoms of potential
importance to the larger ALS population. Of these iden-
tified symptoms, 189 symptomatic questions across 17
symptomatic themes were selected to be included in a
survey sent to participants in phase 2 of the study (Fig. 1).

Phase 2: national cross-sectional study of motor
neuron disease participants

The CDC’s National ALS Registry sent out recruitment
email notifications on July 22, 2019 and October 24,
2019 to 11,373 and 11,836 participants, respectively.
Four-hundred and ninety-seven participants from 44
U.S. states completed the demographics section and at
least one question in the main survey. Demographic
data for the sample are summarized in Table 1. Out of
these 497 respondents, 447 respondents completed the
last survey question. Supplemental Table S1 shows the
number of responses for each survey question.
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No. of participants
Sex
Male
Female
Other
Age
Race
American Indian/Alaska Native
Asian
Native Hawaiian/Pacific Islander
Black/African American
White
Other
Omitted
Ethnicity, Hispanic/Latino
Employment status
Employed for wages
Self-employed
Out of work; not currently looking for work
Homemaker
Retired
Unable to work
Level of education
Grade school
High school
Technical degree
College
Master’s or doctorate
Months since diagnosis
Months since first noticing weakness

Location(s) of symptom onset (participants could respond to
more than one location)

In the leg or lower extremity
In the arm or upper extremity
With swallowing (e.g. coughing, choking when swallowing)
With talking (e.g. slurred speech)
With breathing (e.g. shortness of breath)
Other
Type of motor neuron disease
ALS
ALS with Frontotemporal Dementia
Kennedy's disease (SBMA)
Primary lateral sclerosis (PLS)
Progressive muscular atrophy (PMA)
Other
Unknown
Omitted
Ambulation status
Independent without assistance
Primarily use a cane or crutches
Primarily use a walker
Primarily use a wheelchair or motorized scooter
Feeding tube status for nutrition or hydration
Yes
No

N (%)

Mean (SD), Range

N (%)

N (%)

N (%)

N (%)

Mean (SD), Range
Mean (SD), Range

N (%)

N (%)

N (%)

497

309 (62.2)

187 (37.6)

1(02)

63.3 (9.6), 32 - 87

0)

8)

0)

9 (1.8)
475 (95.6)
7 (1.4)

2 (0.4)

15 (3)

o ~ O
o

(
(
(

56 (11.3)
18 (3.6)
4(0.8)
1(0.2)
254 (51.1)
164 (33.0)

2 (0.4)

81 (16.3)

44 (8.9)

220 (44.3)

150 (30.2)

36.1 (47.1), 0 - 368
51.6 (54.2), 3 - 384

230
155
28
98
17
13

434 (87.3)
10 (2.0)
3(0.6)

27 (5.4)
16 (3.2)
1(0.2)
4(0.8)

2 (0.4)

158 (31.8)
61 (12.3)
89 (17.7)
190 (38.2)

100 (20.1)
397 (79.9)

(Table 1 continues on next page)
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(Continued from previous page)
Breathing status

Breathe without need for any assisted ventilation N (%)
Non-invasive ventilation (Bipap) for <16 h in a 24 h day
Non-invasive ventilation (Bipap) for >16 h in a 24 h day
Tracheostomy and a ventilator attached to it

Speech status
Talk clearly and no changes in speech N (%)
Some speech changes

Impaired speech, people occasionally ask to repeat words or
phrases

Impaired speech that is often not understood by others
Unable to communicate verbally
No. of blood relatives with ALS or Frontotemporal Dementia
diagnosis
None N (%)
1+
2+
Genetic test positive for mutation associated with ALS
Yes N (%)
No
No genetic testing done
States represented
Alabama N (%)
Arizona
Arkansas
California
Colorado
Connecticut
Florida
Georgia
Hawaii
Idaho
llinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
Ohio
Oklahoma

312 (62.8)
139 (28.0)
37 (7.4)
9 (1.8)

174 (35.0)
113 (22.7)
79 (15.9)

69 (13.9)
62 (12.5)

47 (9.5)
232 (46.7)
218 (43.9)

(Table 1 continues on next page)
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(Continued from previous page)
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Virginia
Washington
Wisconsin

Wyoming

11 (2.2)
18 (3.6)
1(0.2)
11 (2.2)
3(0.6)
8 (1.6)
30 (6.0)
4(08)
14 (2.8)
16 (3.2)
14 (2.8)
1(0.2)

Table 1: Demographic information.

Prevalence of symptomatic themes and symptoms
Of the 17 symptomatic themes, 16 had a prevalence
of greater than 50% and nine had a prevalence of
greater than 75% in the national cross-sectional sam-
ple (Table 2). The symptomatic themes occurring with
the highest prevalence were inability to do activities,
fatigue, problems with hands or fingers, and limita-
tions with mobility or walking (Table 2). Of the 189
symptomatic questions (excluding the symptomatic
themes), participants identified the following as hav-
ing the highest prevalence: impaired endurance
(96.1%), fatigue after physical activity (95.6%), the
need for extra recovery time after activities (94.5%),
the need for increased time to complete an activity
(94.4%), and muscle weakness (94.1%). A listing of all
189 symptoms and their relative prevalence is avail-
able from Supplemental Table S1.

Average life impact of symptomatic themes and
symptoms

Fig. 2 shows the average life impact of the symptomatic
themes as compared with their prevalence. The symp-
tomatic themes with the greatest effect on participants’
lives (highest average life impact scores) were: an
inability to do activities, limitations with mobility or
walking, problems with hands or fingers, and fatigue
(Fig. 2). Of the 189 symptomatic questions (excluding
the symptomatic themes), those that had the greatest
effect on the lives of participants with ALS were: diffi-
culty running (2.90), difficulty walking long distances
(2.83), difficulty getting up from the ground (2.82), dif-
ficulty playing sports (2.73), difficulty moving quickly
(2.65), difficulty walking up hills or inclines (2.62), and
difficulty going upstairs (2.62). A listing of all 189
symptoms and their relative average life impact score is
available from Supplemental Table S1.

www.thelancet.com Vol 55 January, 2023

Population impact scores

The symptomatic themes with the greatest population
impact scores (0—4) were: an inability to do activities
(2.42), limitations with mobility or walking (2.19), fa-
tigue (1.94), problems with hands or fingers (1.93), and
decreased performance in social situations (1.7). The
symptomatic questions, excluding the symptomatic
themes, with the greatest population impact scores
were: difficulty running (2.71), difficulty getting up from
the floor or ground (2.63), difficulty walking long dis-
tances (2.56), difficulty playing sports (2.51), impaired
endurance (2.45), and difficulty moving quickly (2.41). A
listing of all 189 symptoms and their relative population
impact score is available in Supplemental Table S1.

Subgroup analysis in prevalence of symptomatic
themes
There were differences in the prevalence of numerous
symptomatic themes based on subgroup analysis. Eight
of the 17 symptomatic themes were less prevalent
among employed individuals relative to unemployed
individuals (Table 2). The largest difference in preva-
lence was seen in the theme focused on choking or
swallowing issues, with employed individuals having a
prevalence of 32.9% compared to unemployed in-
dividuals having a prevalence of 69.4% (p < 0.0001).
Breathing status was associated with differences in
the prevalence of nine of the 17 symptomatic themes,
with those requiring assistive ventilation reporting
greater prevalence of all symptomatic themes compared
to those not requiring assistive ventilation (Table 2).
Speech status was associated with differences in the
prevalence of eight symptomatic themes, including
decreased performance in social situations (p < 0.0001),
decreased satisfaction in social situations (p < 0.0001),
emotional issues (p = 0.0008), impaired sleep or daytime
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A: Theme Full sample Employment status Education level Sex Age

Prevalence, % Prevalence, % Prevalence, % Prevalence, % Prevalence, %

All participants ~ Employed ~ Unable p-value College +  HS, technical,  p-value Male Female  p-value Age <633  Age >63.3  p-value

(N = 497) to work below
Problems with your hands or fingers 87.7 77.03 89.6 0.0061* 86.49 9134 0.16 90.94 82.35 0.007* 88.41 87.02 0.68
Problems with your shoulders or arms 79.9 72.97 81.09 0.12 78.11 85.04 0.10 83.17 74.33 0.02 82.40 77.48 0.18
Inability to do activities 93.8 90.54 94.33 0.20 93.24 95.28 0.53 9579 9037 0.02 93.56 93.89 1
Hip, thigh, or knee weakness 80.1 68.92 82.03 0.0118* 78.65 84.25 0.20 79.94 80.75 0.91 81.97 78.24 031
Limitations with your mobility or walking 86.7 77.03 88.42 0.01 85.68 89.76 0.29 85.11 89.84 0.17 85.84 87.40 0.69
Decreased performance in social situations ~ 85.7 63.51 89.55 <0.0001*  84.51 88.98 0.24 85.99  85.03 0.79 83.69 87.36 0.25
Decreased satisfaction in social situations 81.9 67.57 84.36 0.0016* 81.03 84.25 0.50 81.17 83.42 0.55 81.97 81.61 1
Difficulty thinking 27.7 20.55 28.92 0.16 24.86 35.71 0.02 29.47 24.86 0.30 30.70 25.10 0.19
Emotional issues 68.6 71.62 68.1 0.59 67.03 73.23 0.22 66.34 72.73 0.16 75.11 62.55 0.0035*
Impaired body image 69.6 56.76 718 0.01 69.11 70.87 0.74 67.53 73.26 0.19 72.10 67.05 0.24
Fatigue 92.6 89.19 93.14 0.23 91.89 94.49 0.43 91.59 94.12 0.38 93.13 91.98 0.73
Impaired sleep or daytime sleepiness 77.9 73.38 77.78 1 75.95 83.46 0.08 74.76 82.89 0.03 82.40 73.66 0.02
Pain 55.8 41.89 58.23 0.0109* 52.17 66.40 0.0066* 55.70 55.68 1 58.01 53.85 0.36
Gastrointestinal issues 52.7 43.24 54.33 0.10 52.34 53.54 0.84 52.94 52.46 0.93 51.32 53.64 0.65
Breathing difficulties 58.4 36.99 62.14 <0.0001* 59.29 55.91 0.53 55.70 63.24 0.11 55.22 61.30 0.20
Choking or swallowing issues 64.0 32.88 69.36 <0.0001* 62.67 67.72 0.34 59.61 70.97 0.0119* 59.91 67.31 0.09
Communication difficulties 63.0 42.47 66.59 0.0001* 61.48 67.46 0.24 60.13 67.57 0.10 61.14 64.37 0.51
B: Theme Breathing status Speech status Time since first signs of Feeding tube for Location of symptom

weakness (months) nutrition or onset

hydration status

SaPIUY I

Prevalence, % Prevalence, % Prevalence, % Prevalence, % Prevalence, %

Breathe with  Breathe p-value Able to talk Others  p-value <34 >34 p-value No Yes p-value Limb  Bulbar  p-value

assistive without clearly with no months  months onset  onset

ventilation assistive changes in speech

ventilation

Problems with your hands or fingers 92.97 84.62 0.0068* 85.63 88.85 0.32 82.68 92.98 0.0006* 88.92 83.00 0.12 91.80 73.15 <0.0001*
Problems with your shoulders or arms 87.57 75.32 0.0011*  81.03 79.26 0.73 73.62 86.78 0.0003* 79.35 82.00 0.68 8413 64.81 <0.0001*
Inability to do activities 96.76 91.99 0.04 95.98 92.57 0.17 92.13 95.45 0.14 94.46 91.00 0.24 98.15 7778 <0.0001*
Hip, thigh, or knee weakness 84.32 77.56 0.08 84.48 77.71 0.08 73.23 87.19 0.0001* 80.60 78.00 0.58 86.24 5926 <0.0001*
Limitations with your mobility or walking  91.35 83.97 0.02 87.36 86.38 0.89 83.46 90.08 0.03 86.40 88.00 0.74 91.80 7037  <0.0001*
Decreased performance in social situations  93.44 81.09 0.0001*  72.99 92.52  <0.0001* 80.16 91.32 0.0005* 83.08 95.96 0.0006* 83.82 90.65 0.09
Decreased satisfaction in social situations ~ 90.22 76.92 0.0002*  68.97 88.82 <0.0001* 77.87 85.95 0.02 7879 94.00 0.0002* 80.11 87.04 0.12
Difficulty thinking 29.05 26.86 0.60 21.05 31.23 0.02 25.60 29.96 0.31 2774 2737 1 30.29 19.23 0.03
Emotional issues 71.04 67.2 0.42 58.96 73.83 0.0008*  66.80 70.83 0.38 66.08 78.79 0.02 69.15  65.42 0.48
Impaired body image 78.26 64.42 0.0012*  65.52 7174 015 6126 7851  <0.0001* 6818 7500 0.22 72.68 59.26 0.009*
Fatigue 96.22 90.38 0.02 89.66 94.12 0.08 93.70 91.32 0.39 91.69 96.00 0.20 92.06 93.52 0.84
Impaired sleep or daytime sleepiness 83.24 74.68 0.03 70.69 8173 0.0064*  77.95 77.69 1 75.82 86.00 0.03 7725 81.48 0.43
Pain 58.24 54.34 0.45 49.71 59.06 0.06 48.21 63.90 0.0005* 5570 56.12 1 58.93 44.86 0.0111*
Gastrointestinal issues 67.76 43.65 <0.0001* 42.11 58.31 0.0006*  49.00 56.67 0.10 48.85 68.04 0.0009* 52.80 51.92 0.91
Breathing difficulties 89.73 39.61 <0.0001* 35.88 7028 <0.0001* 52.96 64.02 0.01 5191 84.00 <0.0001* 5321 7593 <0.0001*
Choking or swallowing issues 78.26 55.48 <0.0001*  22.81 85.76  <0.0001*  60.08 68.33 0.06 5570 96.97 <0.0001* 5520 93.52 <0.0001*
Communication difficulties 75.14 55.70 <0.0001* 11.18 90.37 <0.0001* 60.32 65.69 0.23 5510 94.00 <0.0001* 53.62 9537 <0.0001*

The p-values are from Fisher exact tests comparing responses among the subgroups. *Significant p-value <0.05 after Benjamini-Hochberg procedure was applied.

Table 2: Prevalence of symptomatic themes by demographic categories.
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Fig. 2: Prevalence and average impact of symptomatic themes.

sleepiness (p = 0.0064), gastrointestinal issues
(p = 0.0006), breathing difficulties (p < 0.0001), choking
or swallowing issues (p < 0.0001), and communication
difficulties (p < 0.0001) (Table 2). These eight symp-
tomatic themes were more prevalent in individuals
experiencing difficulty speaking and/or changes in
speech experienced relative to individuals experiencing
no changes in speech.

Use of a feeding tube for nutrition or hydration was
associated with six symptomatic themes, including
decreased performance in social situations (p = 0.0006),
decreased satisfaction in social situations (p = 0.0002),
gastrointestinal issues (p = 0.0009), breathing diffi-
culties (p < 0.0001), choking or swallowing issues
(p < 0.0001), and communication difficulties
(p < 0.0001) (Table 2). These six symptomatic themes
were all more prevalent in individuals requiring a
feeding tube for nutrition and/or hydration relative to
individuals who didn’t require a feeding tube.

Six of the 17 symptomatic themes were more
prevalent in individuals with above the mean values
of amount of time since noticing first signs of
weakness compared to those with values below the
mean (Table 2). The largest difference in prevalence
was seen in impaired body image, with individuals
experiencing a longer time since first signs of
weakness having a prevalence of 78.5% compared to
those with a more recent experience of first signs of
weakness having a prevalence of 61.3% (p < 0.0001).
The second largest difference in prevalence was seen
in pain, with individuals with a longer time since
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first signs of weakness having a prevalence of 63.9%
compared to those with a more recent experience of
first signs of weakness having a prevalence of 48.2%
(p = 0.0005).

Seven of the 17 symptomatic themes were more
prevalent in those with limb symptom onset relative to
those with bulbar onset (Table 2). These symptomatic
themes included problems with hands or fingers
(p < 0.0001), problems with shoulders or arms
(p < 0.0001), inability to do activities (p < 0.0001), hip,
thigh or knee weakness (p < 0.0001), limitations with
mobility (p < 0.0001), impaired body image (p = 0.009),
and pain (p = 0.0111). Three of the 17 symptomatic
themes were more prevalent in those with bulbar
symptom onset compared to those with limb onset,
including breathing difficulties (p < 0.0001), choking or
swallowing issues (p < 0.0001), and communication
difficulties (p < 0.0001). The largest difference in prev-
alence was seen in communication difficulties, where
individuals with bulbar onset had a prevalence of 95.4%
and those with limb onset had a prevalence of 53.6%
(p < 0.0001).

In examining differences between ALS type, most
participants reported diagnoses of ALS (n = 434), with
the remaining participant diagnoses consisting of ALS
with frontotemporal dementia (n = 10), primary lateral
sclerosis (n = 27), progressive muscular atrophy (n = 16),
Kennedy’s disease (n = 3), other (n = 1), and unknown
(n = 4). In Table 3, we examine the difference between
ALS type. No differences between groups were found to
be statistically significant.
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Theme Prevalence, % p-value
ALS(n=434) PIS(n=27) PMA(n=16)  ALS with ALSvs. PLS  ALSvs.PMA  ALS vs. ALS with
frontotemporal frontotemporal
dementia (n = 10) dementia

Problems with your hands or fingers 89.17 85.19 75.00 60 0.52 0.10 0.02
Problems with your shoulders or arms 8157 77.78 62.50 50 0.61 0.10 0.03
Inability to do activities 93.78 100 100 70 0.39 0.61 0.02

Hip, thigh, or knee weakness 80.88 85.19 81.25 50 0.80 1 0.03
Limitations with your mobility or walking 86.87 100 81.25 70 0.04 0.46 0.14
Decreased performance in social situations 85.65 92.59 75.00 80 0.40 0.27 0.64
Decreased satisfaction in social situations 81.99 88.89 75.00 70 0.45 0.51 0.40
Difficulty thinking 25.76 38.46 40.00 60 0.17 0.24 0.03
Emotional issues 67.67 80.77 66.67 80 0.20 1 0.51
Impaired body image 69.05 7037 93.75 70 1 0.05 1
Fatigue 93.09 92.59 81.25 90 0.71 0.10 0.52
Impaired sleep or daytime sleepiness 78.11 77.78 81.25 60 1 1 0.24
Pain 54.88 70.37 43.75 60 0.16 0.45 1
Gastrointestinal issues 52.46 55.56 37.50 70 0.84 0.31 0.35
Breathing difficulties 59.77 48.15 43.75 40 0.31 0.21 0.33
Choking or swallowing issues 64.27 70.37 43.75 60 0.68 0.11 0.75
Communication difficulties 62.70 77.78 50.00 60 0.15 0.31 1

The p-values are from Fisher exact tests comparing responses among the subgroups.

Table 3: Prevalence of symptomatic themes by ALS type.
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Discussion

This research represents one of the largest studies
evaluating patient-reported disease burden in ALS. Our
study describes the many symptoms and symptomatic
themes that generate disease burden in individuals
with ALS. These symptoms have a variable prevalence
and relative importance in this population. In this study,
we demonstrate that individuals with ALS are signifi-
cantly impacted by symptoms representing physical,
emotional, and social health.

Here, we document results from one of the largest
national ALS studies designed to identify the phenotypic
profile and relative importance of individual symptoms
in a sample of individuals with ALS. Our study provides
researchers with necessary and extensive baseline data
to help plan future therapeutic trials focused on the is-
sues that matter most to individuals with ALS. Inter-
estingly, many of the symptomatic themes that were
identified by participants as having a high importance
would not be measured by commonly used ALS
outcome measures such as the ALSFRS-R.*> Concepts
such as fatigue, emotional and social health, impaired
sleep and daytime sleepiness, and pain are all important
to ALS patients and would be worth monitoring during
future interventional studies.

We found that many symptomatic themes have a
high prevalence in the ALS population. An inability to
do activities, fatigue, problems with hands or fingers,
and limitations with mobility or walking were some of
the most prevalent symptomatic themes in this sample
of individuals with ALS. We found that the most

prevalent symptomatic theme, the inability to do activ-
ities, was also the symptomatic theme with the greatest
population impact.

Results from subgroup analysis provide insight into
how symptom prevalence differs depending on patient
characteristics. The demographic features associated
with the most widespread variation in symptomatic
theme prevalence were related to participant breathing
status and location of symptom onset. As expected,
those requiring assisted ventilation to breathe had a
higher prevalence in the majority of symptomatic
themes, with nine of the 17 themes significantly varying
based on breathing status. Not surprisingly, for those
with bulbar onset, individuals had a higher prevalence
of symptoms associated with breathing difficulties,
choking or swallowing issues, and communication dif-
ficulties. For those with limb onset, individuals had a
higher prevalence of symptoms in themes associated
with limb strength (i.e., problems with hands or fingers,
problems with shoulders or arms, inability to do activ-
ities, hip, thigh or knee weakness, limitations with
mobility or walking, and impaired body image).
Employment status displayed variation in disease
burden, with eight symptomatic themes varying in
prevalence. This suggests, perhaps unsurprisingly, that
those with a greater disease burden are less likely to
have employment. This also may be a marker of early
versus late disease status. Similarly, impaired speech
and requiring a feeding tube were associated with a
greater prevalence in eight and six of the 17 symptom-
atic themes respectively.
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Given the varying clinical courses between different
ALS types (e.g., ALS relative to PLS), it is reasonable to
expect differences in prevalence of symptoms across
ALS types. While differences between ALS type (ALS vs.
PLS, ALS vs. PMA, and ALS vs. ALS with fronto-
temporal dementia) were not found to be statistically
significant in our study, we did find differences in
magnitudes of symptom prevalence across ALS types.
For example, we found a difference in the prevalence of
difficulty thinking between ALS (25.76%) and ALS with
frontotemporal dementia (60%). We also found a dif-
ference in prevalence of pain between ALS (54.88%) and
PLS (70.37%). We suspect that these differences did not
have a significant p value in part due to the small sample
size of each of these subgroups.

We acknowledge that our sample may not be repre-
sentative of the entire population of individuals with
ALS. Participants for the cross-sectional study were
required to be members of the CDC’s National ALS
Registry. It is likely that those without access to the
internet because of socioeconomic factors were under-
represented in our sample. Individuals with ALS who
were too sick to participate and those not interested in
clinical research were likely not included in our sample.
This study was limited to the United States, and,
therefore, results must be interpreted in this context.
Lastly, this registry includes several ALS variants (e.g.
PMA, PLS, ALS with frontotemporal dementia), which
have distinct phenotypical presentations.

Of note, three participants reported that they had
Kennedy’s disease (Spinal Bulbar Muscular Atrophy)
during our cross-sectional study. All three participants
would have been required to report that they have ALS
to join the registry. As Kennedy’s disease can often be
misdiagnosed as ALS initially, we suspect that these
participants were initially misdiagnosed with ALS prior
to their diagnosis of Kennedy’s disease. Given our pre-
determined protocol, their responses were retained in
our analysis.

This research took extensive steps to identify the
most important and common symptoms in ALS. Fifteen
individuals were initially interviewed to identify poten-
tial symptoms of importance. Although this is a rela-
tively small number, concept saturation was reached
during these the last of these interviews and participants
in our cross-sectional study were given the opportunity
to identify symptoms otherwise not identified during
the initial interviews. As we have seen in other neuro-
logical conditions, we believe that this methodology is
sufficient to identify the major symptoms associated
with ALS.*"

Many registry members who were sent an email with
a link to our survey did not respond. Although the
survey was first sent to 11,373 and then to 11,836 reg-
istry members, it’s likely that many of those members
were no longer active registry members. Registry
members may have passed away, may have progressed
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too far in their disease to answer survey questions, or had
a change of email address. For others, the length of the
survey may have been prohibitive. While 497 participants
completed the demographics section and answered at
least one question, only 447 participants responded to the
last survey question. This drop from 497 to 447 partici-
pant responses suggests a 10% attrition rate. Missing
responses appear to have occurred non-randomly, with
more missing responses later in the survey. This sug-
gests that the high volume of questions in the survey may
have led some participants to become fatigued with the
survey length and not answer questions later in the sur-
vey. Furthermore, it was not possible to track the number
of times participants self-enrolled due to the anonymous
nature of the online survey. Participants may have
completed the survey more than once, despite being
asked to complete the survey only once.

Patient Reported Impact of Symptoms in Amyo-
trophic Lateral Sclerosis (PRISM-ALS) adds to the
available knowledge regarding the multifactorial symp-
tomatic burden that individuals with ALS experience.
Similar to other PRISM studies, this study shows that,
despite some overlap, the specific symptoms and impact
of symptoms vary based on the specific neuromuscular
disease population.”'' In addition to the many
commonly recognized symptoms regarding physical
dysfunction, participants identified a high prevalence of
issues in other areas including impaired sleep or day-
time sleepiness, gastrointestinal issues, and difficulty
thinking. These particular issues are typically less
focused on by treating physicians yet represent areas of
potential therapeutic interventions. An understanding
of the prevalence and relative impact of these symptoms
and symptomatic themes is beneficial for those caring
for this population. This understanding is also impor-
tant for the planning and implementation of future ALS
therapeutic trials that seek to reduce the symptomatic
burden in this population and the development, valida-
tion, and selection of clinical trial outcome measures
that are capable of measuring what is most important to
patients with ALS.
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