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Abstract

Objective: To assess the performance of known survival predictors and evaluate their stratification
capability in patients with amyotrophic lateral sclerosis (ALS).
Patients and Methods: We analyzed demographic and clinical variables collected at the Mayo Clinic,
Florida ALS center during the first clinical visit of 1442 (100%) patients with ALS.
Results: Our cohort had a median (interquartile range [IQR]) age at diagnosis of 64.8 (57-72) years; 1350
(92%) were non-Hispanic White; and 771 (53.5%) were male. The median (IQR) diagnostic delay was
10.1 (6-18) months, body mass index was 25.4 (23-49), and forced vital capacity was 72% (52%-87%).
Approximately 12% of patients tested carried a pathologic C9orf72 hexanucleotide repeat expansion.
Median (IQR) ALS functional rating scale-revised score was 35 (29-40) and ALS cognitive behavioral
screen score was 15 (12-17). The median (IQR) survival after diagnosis was 17.2 (9-31) months, and
survival from symptom onset was 30 (20-48) months. We found that older age decreased forced vital
capacity, and fast-progressing ALS functional rating scale-revised scores significantly (P<.0001) influence
survival curves and associated hazard risk.
Conclusion: Although results obtained from our cohort are consistent with other reports (eg, men with
spinal onset experience a longer survival than women with bulbar onset), they remind us of the
complexity of the disease’s natural history and the limited prognostic power of the most common clinical
predictors.
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A myotrophic lateral sclerosis (ALS) is a
fatal and clinically heterogeneous
neurodegenerative disorder defined

by upper and lower motor neuron degenera-
tion. It is the most common adult-onset motor
neuron disease1,2 with an estimated preva-
lence of 9.9/100,000 in the United States.3 It
has been suggested that from 1990 to 2017,
the estimated national incidence and preva-
lence of motor neuron diseases have increased
by 86.8% and 50.4%, respectively.4 However,
this increase in prevalence is not supported by
direct and more careful measures, and it is un-
clear whether motor neuron diseases have
become more common5 or clinical diagnosis
has improved.6 Of note, considerable
geographic variation in prevalence has been
Mayo Clin Proc Inn Qual Out n October 2024
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reported across the United States3,4 and
worldwide.7,8 The cause of the variation is
not clear. Some clusters of autosomal domi-
nant familial forms of ALS may be explained
by a founder effect,9,10 but other clusters,
including genetically unexplained sporadic
ALS, are still puzzling. Many environmental
factors may be associated with ALS,11 but it
is still unknown whether regional exposure
to certain toxic entities contributes to the vari-
ation in prevalence observed. As such, center-
based studies are important to understand
better how time- and location-associated risk
factors influence disease incidence and preva-
lence12,13 by generating information that may
help uncover critical contributors to ALS path-
ogenesis, develop personalized patient
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AMYOTROPHIC LATERAL SCLEROSIS EPIDEMIOLOGY
management approaches, and reduce misdiag-
nosis and delayed therapeutic interven-
tions.14,15 Here, we report the clinical history
of patients with ALS seen at Mayo Clinic in
Jacksonville, Florida, from October 2003 to
October 2019 and evaluate the survival esti-
mate performance and stratification capability
of known disease predictors using data
retrieved from our large clinical ALS cohort.

PATIENTS AND METHODS

Study Participants
A total of 1442 patients with ALS aged 21
years or older at the time of diagnosis were
included in our study (Mayo Clinic Institu-
tional Review Board protocol # 07-005711
and 1246-03). Patients were seen at the
Mayo Clinic, Florida ALS center from October
1, 2003, to October 12, 2019, and were diag-
nosed with possible, probable, or definite ALS
using the revised El Escorial criteria.16 Patients
diagnosed with primary lateral sclerosis were
excluded from the analysis.

Data Collection and Clinical Predictor
Variables
All variables included in this study were
collected at the time of the initial ALS clinic
visit (first visit). Notably, all patients sched-
uled in the ALS clinic had already been given
an ALS diagnosis, so this visit may not repre-
sent their first health care consultation for
ALS symptoms. We retrieved clinically avail-
able information for sex, age, self-reported eth-
noracial group, site of disease onset, body
mass index (BMI) (calculated as the weight
in kilograms divided by the height in meters
squared), forced vital capacity (FVC) percent-
age, ALS functional rating scale-revised
(ALSFRS-R) score, ALS cognitive behavioral
screen (ALS-CBS) score, time to diagnosis
(diagnostic delay), and presence of a patho-
logic C9orf72 hexanucleotide repeat expan-
sion. Patients without a confirmed date of
death were excluded from the study. The
date of ALS onset was determined based on
patients’ self-report of initial muscle weakness.
Diagnostic delay was recorded as the time be-
tween muscle weakness onset and ALS diag-
nosis. We calculated survival using the date
Mayo Clin Proc Inn Qual Out n October 2024;8(5):482-492 n https:
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of diagnosis and date of death (in months).
The date of death was confirmed by querying
publicly available databases. For patients who
received invasive ventilatory support (n¼43),
the date of death was replaced by the date of
tracheostomy or laryngectomy.

We placed the following variables into
range categories: age (<50, 50-59, 60-69,
70-79, and �80 years), BMI (<18.5,
18.5-24.9, 25.0-29.9, and �30.0), and FVC
percentage of predicted lung capacity (<50,
50-79, and �80). We divided the ALSFRS-R
categories into 4 groups (<33, 33-39, 40-43,
and �44).17 Progression rate (DFS) was calcu-
lated using the equation,DFS¼ (48- ALSFRS-R
at “time of diagnosis”)/ duration, where time of
diagnosis is recorded as the first visit, and dura-
tion is recorded as diagnostic delay (months),18

and then compared with a modified arbitrary
range cutoff (<0.5, 0.5-0.9, 1.0-2.0, and
>2.0).18,19 For the CBS assessment, patients
scoring less than 15 were classified as having
possible cognitive impairment, although pa-
tients scoring between 15 and 20 were classi-
fied as having preserved cognitive abilities.20,21
Statistical Analyses
Statistical analyses was performed using RStu-
dio, version 4.2.2 (Posit software) and Graph-
Pad Prism 9, version 9.4.0 (GraphPad
software) with a significance level set at 5%.
A Fisher exact test was used to compare case
distribution by sex and site of onset. To eval-
uate group effects, we used analysis of variance
and the Tukey test for parametric quantitative
variables and Kruskal-Wallis and Dunn tests
for non-parametric quantitative variables. Re-
sults are expressed in median and respective
interquartile range (IQR). Uniform manifold
approximation and projection were generated
for data visualization. Pearson and Spearman
r correlation coefficients were used for correla-
tion analysis of predictors, defaulting to the
exclusion of missing data. Kaplan-Meyer
curves and log-rank tests were generated for
survival analysis, defaulting exclusion of
missing data. A univariate Cox regression anal-
ysis evaluated individual factors related to pa-
tient survival (hazard ratio), and a multivariate
Cox regression analysis identified independent
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prognostic factors accounting for covariates in
clinical outcomes. Patients were categorized as
slow progressors (DFS <1) or fast progressors
(DFS �1). P values of .05 or lower were
considered statistically significant. To avoid
biased outputs,22,23 no data imputation meth-
odology was used. We performed a compre-
hensive medical records chart review to fill
in missing data.
RESULTS

Demographic and Clinical Characteristics
Our study cohort consisted of 1442 patients
with ALS who were deceased (n¼1399) or un-
derwent tracheostomy (n¼43) between
October 1, 2003, and October 12, 2019, rep-
resenting a prepandemic cohort. Missing clin-
ical data were as follows: 28% for BMI, 36%
for FVC, 66% for ALS-CBS, and 44% for
ALSFRS-R. The study cohort was predomi-
nantly non-Hispanic White (92%), with Black,
Hispanic, and other ethnoracial groups repre-
senting 6%, 2%, and 0.4% of the cohort,
respectively (Table 1). There was a slight
male predominance (53.5%), and men were
about 2 years younger (median age) at date
of diagnosis, first visit, and death when
compared with women (Table 1). Patients
with bulbar onset were older than those with
TABLE 1. Demographics and Clinical Characteristics

Category No. (%)
Age at first v
median (IQR

Overall 1442 (100.0) 64.8 (57-7

Sex/site of onset
Female
Bulbar 252 (17.5) 66.7 (61-7
Spinal 419 (29.1) 64.4 (56-7
Total 671 (46.5) 65.6 (58-7

Male
Bulbar 183 (12.7) 65.8 (59-7
Spinal 588 (40.8) 62.9 (54-7
Total 771 (53.5) 63.7 (55-7

Ethnoracial
Non-Hispanic White 1,327 (92.0) 65.1 (57-7
African American 80 (5.5) 59.8 (51-6
Hispanic 28 (1.9) 61.8 (59-6
Asian 5 (0.3) 64.2 (54-7
Other 2 (0.1) 66.7 (49-8

Abbreviation: IQR, interquartile range.
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spinal onset (66.4 years vs 63.6 years;
P<.0001). The male-to-female ratio was nearly
2:1 in patients diagnosed before 50 years old
and 1:1 in patients diagnosed after 70 years
old. Bulbar onset disease comprised approxi-
mately 30% of our total cohort and was
more frequent in women. The spinal to bulbar
onset ratio was 1.7:1 in women vs 3.2:1 in
men. Genetic testing as part of a research pro-
gram was offered after 2008 (N¼1249) and
was accepted by 644 patients (52%), with 76
(11.8%) found to carry a pathologic C9orf72
hexanucleotide repeat expansion (C9 carriers).
C9 carriers were younger than noncarriers at
the time of first visit (median [IQR] age,
59.4 [55-66] vs 64.2 [56-71]) with increased
cognitive impairment (median¼13.5;
P¼.014), lower ALSFRS-R score (median¼33,
P¼.030), and a shorter disease duration
(median¼27.3, P¼.035) when compared
with the subset of the cohort of noncarriers.

Across our cohort, the median (IQR) diag-
nostic delay was 10 (6-18) months. Patients
with bulbar onset were diagnosed on average
2.7 months earlier than patients with spinal
onset disease (8.9 months vs 11.6 months;
P<.0001). Patients were first seen at the clinic
at a median (IQR) of 12.5 (8.0-22.0) months
after initial onset, and for 838 (58%) patients,
the first visit occurred within 12 months of
isit,
), y

Age at disease onset,
median (IQR), y

Median age at death,
median (IQR), y

2) 63.4 (56-70) 66.6 (59-73)

4) 65.6 (60-73) 68.9 (63-75)
2) 63.2 (55-70) 66.0 (58-70)
2) 64.5 (57-71) 67.8 (60-74)

2) 65.1 (57-71) 67.8 (61-73)
1) 61.5 (53-69) 64.8 (57-69)
1) 62.3 (54-70) 65.6 (57-73)

2) 63.2 (55-70) 66.3 (58-73)
8) 67.6 (62-74) 71.8 (66-80)
7) 70.9 (63-80) 73.4 (65-82)
2) 67.0 (59-73) 68.4 (62-74)
4) 70.8 (68-74) 70.8 (68-74)
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TABLE 2. Survival Based on Clinical Characteristics at First Visit (N¼1442)

Category No. (%)
Survival from diagnosis,
median (95% CI), mo P value

Sex 5.7e-3
Female 671 (46.5) 18.33 (16.97-20.03)
Male 771 (53.5) 16.27 (15.23-17.27)

Ethnoracial 4.1e-2
Non-Hispanic White 1327 (93.6) 17.0 (8.9-30.8)
African American 80 (5.5) 21.3 (10.4-35.0)
Hispanic 28 (1.9) 12.6 (10.1-21.9)
Other 7 (0.4) 15.7 (5.1-51.3)

Age range, y <1e-4
<50 178 (12.3) 30.84 (26.17-35.67)
50-59 309 (21.4) 22.70 (19.87-25.13)
60-69 511 (35.4) 16.77 (15.67-18.50)
70-79 350 (24.3) 12.53 (10.93-13.33)
�80 94 (6.5) 8.42 (6.83-12.57)

Site of onset/sex <1e-4
Bulbar

Female 252 (17.5) 15.64 (13.33-17.03)

AMYOTROPHIC LATERAL SCLEROSIS EPIDEMIOLOGY
symptom onset. During the course of the dis-
ease, 351 patients (24.3%) were recorded to
use noninvasive ventilation, 43 (3.0%)
received invasive ventilation, and 204
(14.1%) had undergone gastrostomy tube
placement. Of 931 patients with recorded
FVC at first visit, 576 (61.9%) already pre-
sented different levels of impaired ventilatory
function (FVC <80%). Of patients with a
recorded BMI, 557 (53.9%) were overweight
(BMI �25), with 198 (19.1%) within the
range of morbid obesity (BMI �30) (Table 2).

In our cohort, 496 patients (34.4%) un-
derwent cognitive screening at the time of
their first visit. Of these patients, 232
(46.8%) scored within the impaired range
(ALS-CBS score �15). The ALSFRS-R scores
reported that most patients had some degree
of functional impairment (score <44), with
nearly 42% scoring below 33 (Table 2).24
Male 183 (12.7) 16.30 (13.60-18.43)
Total 435 (30.2) 15.87 (14.43-17.03)

Spinal
Female 419 (29.1) 16.83 (15.50-18.50)
Male 588 (40.8) 19.75 (17.37-22.17)
Total 1,007 (69.8) 18.00 (16.93-19.77)

Diagnostic delay, mo <1e-4
<6.0 335 (23.2) 15.97 (14.40-16.97)
6.0-11.9 503 (34.9) 16.77 (15.37-17.70)
12.0-18.0 245 (17.0) 17.03 (15.53-19.67)
>18.0 359 (24.9) 22.03 (19.33-25.20)

Disease duration, mo <1e-4
<12 122 (8.5) 3.89 (3.43-4.30)
12-24 392 (27.2) 10.05 (9.27-10.50)
24-60 682 (47.3) 22.37 (21.17-23.70)
>60 246 (17.1) 56.05 (53.17-59.03)

BMI 2.4e-3
<18.5 54 (5.2) 10.17 (5.43-14.00)
18.5-24.9 423 (40.9) 16.47 (14.40-17.60)
25.0-29.9 359 (34.7) 17.77 (15.90-17.60)
�30.0 198 (19.2) 17.82 (16.13-21.60)
Missing 408 (28.3) 18.73 (17.23-21.50)

FVC% <1e-4
>80 355 (38.1) 22.43 (20.10-24.30)
50-80 392 (42.1) 14.64 (13.10-16.47)
<50 184 (19.8) 11.14 (8.53-13.40)
Missing 511 (35.4) 18.43 (16.73-20.03)

C9orf72 status 7.3e-3
Carriers 76 (11.8) 16.95 (12.47-20.57)
Noncarriers 568 (88.2) 19.89 (18.00-21.97)
Missing 798 (55.3) 15.97 (14.77-16.93)

Continued on next page
Survival Analyses
Median (IQR) survival from diagnosis was 17
(9-31) months and disease duration was 30
(20-48) months. Survival from diagnosis was
used to examine the effects of clinical charac-
teristics on survival. Survival curves (Figure)
reported significant differences in stratified
predictors (Table 2). Median survival
decreased with increasing age at diagnosis,
with a median survival of 30.8 months in
younger patients less than 50 years old at diag-
nosis vs 8.4 months in patients 80 years or
older at diagnosis (P<.0001). Median survival
was also shorter in women with bulbar onset
(P<.0001) and longer in men with spinal
onset (P<.0001). A FVC of less than 50%
was associated with 11.3 months shorter sur-
vival (P<.0001) when compared with higher
FVC. Median survival in the African American
subcohort reported a similar curve pattern
with a longer median survival of about 4.3
years. However, the size of the cohort is insuf-
ficient for a robust comparison. Increasing
diagnostic delay and BMI were associated
with longer survival. A low ALS-CBS score
(�15) was associated with decreased survival
by 2.5 months. A smaller DFS (<1.0) repre-
sents a slow disease progression history and
holds lower hazard risk (1.0-1.43), correlating
Mayo Clin Proc Inn Qual Out n October 2024;8(5):482-492 n https://doi.org/10.1016/j.mayocpiqo.2024.07.008
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TABLE 2. Continued

Category No. (%)
Survival from diagnosis,
median (95% CI), mo P value

ALS-CBS 2.3e-3
>15 264 (53.2) 18.50 (16.93-21.83)
�15 232 (46.8) 15.97 (13.10-18.13)
Missing 946 (65.6) 17.23 (16.13-18.43)

ALSFRS-R 4e-4
>44 71 (5.5) 23.85 (19.60-33.87)
40-44 135 (15.4) 23.23 (19.67-27.43)
33-39 299 (37.9) 18.13 (16.83-20.37)
<33 299 (41.9) 15.23 (12.97-17.40)
Missing 638 (44.2) 16.2 (15.13-17.27)

DFS <1e-4
<0.5 145 (18.0) 28.4 (22.53-33.83)
0.5-0.9 207 (25.8) 21.6 (19.23-24.40)
1.0-1.9 231 (28.7) 16.93 (15.23-19.30)
�2.0 221 (27.5) 13.1 (11.53-15.67)
Missing 638 (44.2) 16.2 (15.13-17.27)

Abbreviations: ALS-CBS, Amyotrophic Lateral Sclerosis Cognitive Behavioral Screen scores;
ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating ScaleeRevised; BMI, body mass index;
C9orf72, hexanucleotide repeat expansion mutation; DFS, progression rate; FVC%, forced vital
capacity percentage.
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with a longer median survival rate (r¼�0.16;
P<.0001) observed in 44% of the cohort. Pa-
tients with a family history of ALS represented
5.3% of the total cohort and they had a 3-
month shorter median survival (17 months;
IQR, 10-25; P¼.0073) (Figure and Tables 2
and 3). The FVC and age at first visit were
the only predictors with visible clustering pat-
terns in uniform manifold approximation and
projection analysis (Supplemental Figure 1,
available online at http://www.mcpiqojournal.
org). The ALSFRS-R and FVC were signifi-
cantly correlated (r¼0.45; P<.0001). Nearly
all predictors were significantly correlated
with survival, with the strongest being age at
first visit and FVC (Supplemental Figure 2,
available online at http://www.mcpiqojournal.
org). In the C9 carriers, survival was about 3
months shorter (median¼ 17.0 months,
P¼.026) when compared with the subset of
the cohort of noncarriers.

Hazard Risk Analyses
Hazard risk was analyzed with Cox regression
first using univariate methodology followed by
multivariate methodology (Table 3). The
multivariate model was constructed by
removing diagnostic delay and ALSFRS-R
Mayo Clin Proc Inn Qual Out n October 2024
because these variables were accounted for in
DFS, which would represent a biased analysis
if combined in the model. DFS has been sug-
gested to better predict survival compared
with ALSFRS-R and diagnostic delay.17,18

Overall, survival hazard risk regression
univariate models reported significantly
increased risks at first visit with increased
age, female sex, bulbar onset, decreased FVC,
lower ALS-CBS and ALSFRS-R scores, and
faster disease progression. The highest hazard
ratios were observed in older patients (2.52
for 70-79 years and 2.85 for �80 years) and
faster disease progression (1.84 for DFS 1.0-
1.9 and 2.14 for DFS �2.0). Of note, hazard
risk was also increased 1.34-fold and 1.81-
fold in patients with an FVC of 50% to 80%
and less than 50%, respectively. Longer diag-
nostic delay was found to decrease hazard
risk, a finding that is most likely showing
the association between slower disease pro-
gression and longer diagnostic delay
(P<.0001) (Table 3).

Five risk predictors remained significant
after multivariate analysis and may be consid-
ered independent risk factors for ALS: age at
first visit, BMI, FVC percentage, ALS-CBS
score, and DFS. Patients with age at first visit
of 60 to 69 or 70 to 79 years had a 1.89-
fold (P¼.0031) or 3.12-fold (P<.0001)
increased risk, respectively, although those
with BMI of 25 to 30 had a 0.72-fold
decreased risk (P¼.0123). Patients with FVC
of 50% to 80% had a 1.40-fold increased
risk (P¼.0077), and those with ALS-CBS
scores less than 15 had a 1.34-fold increased
risk (P¼.014). Patients with DFS of 1.0 to
2.0 had a 1.7-fold increased risk (P¼.0034),
and those with DFS of 2.0 or faster had a
1.6-fold increased risk (P¼.0107) (Table 3).

DISCUSSION
Our study included patients with ALS, primar-
ily from northeast Florida and southern Geor-
gia, who were evaluated at a single tertiary care
center, which is one of the largest cohorts to
date, comparable to the Midwest study from
2021.13 Our study mirrors previous observa-
tions from other single and regional centers
and population-based studies. The median
survival from diagnosis in our cohort was 17
months, which is consistent with other
contemporary large US and European
;8(5):482-492 n https://doi.org/10.1016/j.mayocpiqo.2024.07.008
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FIGURE. Kaplan-Meier survival curves. Probability of survival of (A) age at first visit (P<1e-4); (B) site of onset (P<1e-4); (C) forced
vital capacity (P<1e-4); (D) Functional rating scale-revised (P¼4e-4); (E) diagnostic delaydmonths (P<1e-4); and (F) progression rate
(P<1e-4). DFS indicates progression rate.

AMYOTROPHIC LATERAL SCLEROSIS EPIDEMIOLOGY
series,12,13 despite ethnoracial, intracontinen-
tal and intercontinental genetic variability.25,26

In our series, only 2.9% of patients were alive
10 years after diagnosis, although long
Mayo Clin Proc Inn Qual Out n October 2024;8(5):482-492 n https:
www.mcpiqojournal.org
survivors have been reported to represent up
to 20% in some US series, and between 5%-
10% in European series.8,27 The reason for
differences in the frequency of long-term
//doi.org/10.1016/j.mayocpiqo.2024.07.008 487
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TABLE 3. Survival Hazard Risk of Predictors at First Visit (N¼1442)

Category No.

Univariate model Multivariate model

HR (95% CI) P HR (95% CI) Pe

Sex
Male 771     

    
1.00     

    
1.00

Female 671 1.16 (1.05-1.29) 4.4e-3 1.085 (0.86-1.36) ns

Age at first visit, y
<50 178     

    
    
    
    

1.00     
    
    
    
    

1.00
50-59 309 1.49 (1.23-1.80) <1e-4 1.29 (0.83-2.06) ns
60-69 511 1.87 (1.57-2.22) <1e-4 1.89 (1.26-2.94) 3.1e-3
70-79 350 2.52 (2.10-3.03) <1e-4 3.12 (2.00-4.99) <1e-4
�80 94 2.85 (2.21-3.66) <1e-4 1.71 (0.88-3.21) ns

Site of onset
Spinal 1007     

    
1.00     

    
1.00

Bulbar 435 1.28 (1.15-1.44) <1e-4 1.043 (0.82-1.34) Ns

C9orf72 status
Noncarriers 568     

    
1.00     

    
1.00

Carriers 76 1.38 (1.08-1.75) 8.9e-3 1.271 (0.90-1.77) Ns

Diagnostic delay, mo
<6.0 335     

    
    
    

1.00
6.0-11.9 503 0.88 (0.76-1.01) ns
12.0-18.0 245 0.84 (0.71-0.99) 3.7e-2
>18.0 359 0.64 (0.55-0.75) <1e-4

BMI
<18.5 54     

    
    
    

1.31 (0.98-1.73) ns     
    
    
    

0.72 (0.41-1.19) Ns
18.5-24.9 423 1.00 1.00
25.0-29.9 359 0.85 (0.73-0.97) 2.1e-2 0.72 (0.55-0.93) 1.2e-2
�30.0 198 0.82 (0.69-0.97) 2.4e-2 0.76 (0.56-1.05) Ns

FVC%
>80 355     

    
    

1.00     
    
    

1.00
50-80 392 1.34 (1.16-1.54) <1e-4 1.40 (1.09-1.80) 7.7e-3
<50 184 1.81 (1.51-2.16) <1e-4 1.31 (0.91-1.88) Ns

ALS-CBS
>15 264     

    
1.00     

    
1.00

�15 232 1.33 (1.11-1.59) 1.7e-3 1.34 (1.07-1.69) 1.4e-2

ALSFRS-R
�44 44     

    
    
    

1.00
40-43 124 1.24 (0.89-1.77) ns
33-39 299 1.49 (1.10-2.08) 1.4e-2
<33 337 1.74 (1.28-2.41) 6e-4

DFS
<0.5 145     

    
    
    

1.00     
    
    
    

1.00
0.5-0.9 207 1.43 (1.16-1.78) 1.1e-3 1.09 (0.77-1.56) ns
1.0-1.9 231 1.84 (1.49-2.28) <1e-4 1.70 (1.20-2.44) 3.4e-3
�2.0 221 2.14 (1.73-2.65) <1e-4 1.63 (1.12-2.39) 1.1e-2

Abbreviations: ALS-CBS, amyotrophic lateral sclerosis cognitive behavioral screen scores; ALSFRS-R, amyotrophic lateral sclerosis
functional rating scale-revised; BMI, body mass index; C9orf72, hexanucleotide repeat expansion; DFS, progression rate; FVC%, forced vital
capacity percentage; HR, hazard ratio; ns, not significant.
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survivors among series is unclear. Still, they
could be explained by a variety of contributing
factors such as differences in diagnostic accu-
racy, sample size, and regional or single-
center patient populations. Other studies
have indicated that age at onset, disease dura-
tion, and survival rates do not vary signifi-
cantly among ethnoracial groups.13 Although
our data hinted at distinctions within the Afri-
can American subset, the cohort’s size might
not accurately support this observation. Ge-
netic testing including C9orf72 carriership
was conducted on a research basis, stretching
back to 2008, identified a prevalence of 6%
of the whole and 11.8% of the tested ALS
cases, comparable with previous reports of a
prevalence of 5-10%.28 As genetic panels
advance and enhance our understanding of
ALS pathogenesis, it is important to integrate
clinical data with findings from genetically
characterized groups.29 Older age at first visit,
lower FVC percentage, and lower ALS-CBS
scores emerged as the strongest independent
factors of increased risk. Consistent with other
series, bulbar onset disease reported a higher
prevalence in women and portended a 3-
month shorter median survival than spinal
onset. Nevertheless, after adjustment with
other factors, neither bulbar onset nor sex
had independent prognostic significance for
survival. This observation could be explained
by the older age at diagnosis in female and
bulbar onset patients, suggesting that the sur-
vival difference may be explained by advanced
age. This finding is similar to those of the large
Georgia single-center series by Traxinger
et al12 but differ from a population-based
report by Yamakawa et al.13 These discrep-
ancies can be attributed to variations in
defining the region of onset across different se-
ries or to differences in the quality of care for
patients not evaluated at an ALS center.

Previous studies have also shown that BMI
of 30.0 to 35.0 is a protective factor and that
BMI less than 18.5 increases survival haz-
ard.30,31 The relationship between BMI and
ALS disease progression is still not fully under-
stood. The BMI may reflect regional cohort
biases,13 or perhaps a one-time BMI measure
at first visit does not capture preceding weight
changes.

Diagnostic delay continues to be problem-
atic for patients with ALS, even for a well-
Mayo Clin Proc Inn Qual Out n October 2024;8(5):482-492 n https:
www.mcpiqojournal.org
resourced population with easy access to
tertiary medical centers.15 We observed a me-
dian delay of 10.2 months between the re-
ported onset of muscle weakness and
diagnosis. This is similar to other United States
and international series published over the past
few decades.12-14,32-35 From a national epide-
miologic perspective, our results suggest that
although an estimated 30,000 patients in the
United States have ALS,3 another 10,000 are
awaiting an ALS diagnosis. All health care sys-
tem factors, such as misdiagnosis, delay in
seeing a neurologist, and unnecessary proced-
ures, influence the time to diagnosis, and pa-
tients experiencing a slower disease
progression are usually diagnosed later.

As our findings and other studies suggest,
clinical predictors, individually and collec-
tively, have limited usefulness in creating indi-
vidual prognostication models.27,35 Models
combining clinical and molecular biomarkers
have greater potential to improve prognostic
accuracy.35,36 Recently, a study using a
transcriptome-based disease stratification sys-
tem identified correlations with age of symp-
tom onset, age of death, and site of onset.37

Although these results support a molecular
subtype-related clinical heterogeneity, more
studies are needed to understand how data
may be used in the clinical setting and for pa-
tient stratification and efficacy monitoring in
ALS clinical trials.38

The ALSFRS-R is a widely used patient-
reported outcome measure in medical settings
and clinical trials.39-41 Our study confirms that
using only 1 ALSFRS-R measure (at first visit)
has some prognostic value; however, using the
rate of change of ALSFRS-R scores to define
slow and fast progressors may improve prog-
nostication.42,43 When controlling for other
factors, DFS contributes significantly to our
model of hazard risk, suggesting that DFS at
first visit reliably improves survival prediction
compared with a single ALSFRS-R assessment.
The rate of neurodegeneration or accumula-
tion of disability measured by the ALSFRS-R
score declines throughout the course of the
disease as FVC declines.44,45 In fact, we
observed a correlation between these 2
predictors (Supplemental Figure 2); however,
FVC displayed a better role in population
stratification compared with all other predic-
tors, including ALSFRS-R (Supplemental
//doi.org/10.1016/j.mayocpiqo.2024.07.008 489
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Figure 1). Therefore, the combination of FVC
and DFS may improve survival and risk esti-
mates, particularly if also associated with age
and ALS-CBS score at first visit. Currently,
these measures and molecular markers in use
cannot strongly support disease diagnosis,
prognosis, or drug efficacy monitoring.
Evolving new antisense nucleotide therapies
have reported this.38 The importance of early
diagnosis and intervention, as well as the
monitoring of disease progression and drug ef-
ficacy, cannot be overstated. Timely identifica-
tion and management of ALS can significantly
impact clinical outcomes and enhance pa-
tients’ quality of life. Furthermore, ongoing
monitoring is crucial for assessing disease pro-
gression and the effectiveness of interventions,
particularly in clinical trials.

Limitations
This study is not representative of global ethno-
racial and socioeconomic diversity, as patients
in our cohort were predominantly non-
Hispanic Whites. The large number of missing
data represents a limitation in the analysis. The
data from the 408 patient with a complete data
set is shown in the Supplemental Table, there
are no large differences between the 2 data
sets. As this was a center-based study, ascertain-
ment biases are present. Data were collected
during routine clinical care at the first visit.
Clinical referrals imply a selection bias that
may limit data generalization to regional popu-
lations, particularly due to a large number of
slow-progressing patients (eg, our male spinal
onset group). Still, detailed center-based studies
are highly relevant and clinically important, as
they provide insights into the epidemiology of
ALS and advise on using specific prognostic
factors not only for individuals but also at the
population level.8,35

CONCLUSION
Our population-based research affirms estab-
lished prognostic factors in ALS, reinforcing
prior findings. Surprisingly, clinical outcomes
in ALS appear consistent across diverse
geographical groups, emphasizing the
enduring importance of epidemiologic
research. Notably, ALS clinical outcomes are
intricately linked to various demographic and
clinical factors. Younger men, especially those
with spinal onset, experience slower disease
Mayo Clin Proc Inn Qual Out n October 2024
progression. These findings recapitulate recur-
ring patterns in ALS natural progression and
underscoring the challenge of accurate disease
diagnosis and risk prediction in the absence of
reliable clinical and molecular biomarkers.
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