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Background Several metabolic derangements associated with diabetes mellitus type 2
(DM) have been associated with a better outcome in amyotrophic lateral sclerosis
(ALS), including hyperlipidemia and obesity. Here, we tested the hypothesis that DM
would have a positive eﬀect on the motor and cognitive ﬁndings of ALS.
Methods: We compared data from ALS patients with pre-morbid DM (ALS-DM;
n = 175) versus without DM (ALS; n = 2196) with regard to the age of onset, rate of
motor progression, survival, and neuropsychological test performance.
Results: The age of onset was later for women, Caucasians and patients with bulbaronset ALS. However, we also found that after adjusting for gender, ethnicity and site
of onset, DM was associated with a 4-year later onset of ALS (ALS = 56.3,
ALS-DM = 60.3, P < 0.05).
Conclusion: Diabetes mellitus type 2 may delay the onset of motor symptoms in ALS.
These ﬁndings support other studies suggesting a relationship between the pathophysiology of ALS and metabolic derangements. Further investigations are needed to
ascertain whether manipulating metabolic parameters would improve outcomes in
ALS.

Introduction
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder leading to progressive paralysis and
death, often within 2–5 years of symptom onset [1].
More than half of patients with ALS also suﬀer from
some degree of cognitive impairment which in 15% is
severe enough to be classiﬁed as frontotemporal
dementia (FTD) [2].
In order to gain insights into the pathophysiology
underlying ALS, factors have been sought that inﬂuence the course of ALS. The age at onset, site of onset,
gender, ethnicity and apolipoprotein (ApoE) genotype
have been proposed to be important in this regard
[3–7]. Patients with a younger age at the onset of
symptoms (<45), men and patients with limb-onset
are known to have a longer survival [3]. A correlation
between plasma ApoE levels and survival has also
been observed [7]. With regard to age of onset,
patients with bulbar-onset and women have been
shown to have an early onset [4,5]. It generally
appears that factors associated with a later onset are
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also associated with a shorter survival and vice versa.
Apart from these factors, ethnicity and ApoE genotype have also been suggested to modify ALS, but the
supporting evidence is inconclusive [6,7].
Some metabolic derangements have also been observed in patients with ALS. Two-thirds of patients
develop a stable hypermetabolism during the course of
the disease [8,9]. Similarly, glucose intolerance and
insulin resistance have been linked to ALS [10,11].
Dupuis et al. [12] found an association between
dyslipidemia and the course of ALS: ALS patients with
a high LDL/HDL ratio at the time of diagnosis were
noticed to have a median survival 13 months longer
than ALS patients with a high HDL/LDL ratio. A
potential protective eﬀect of hyperlipidemia in ALS has
also been observed in some rodent studies: increasing
the lipid content in the diet of ALS animal models offered neuroprotection and extended survival [13,14].
We reasoned that the presence of diabetes mellitus type
2 (DM), which shares risk factors with dyslipidemia and
raises the LDL/HDL ratio, could also have a positive
eﬀect on the course of ALS.
The goal of this study was to investigate the
hypothesis that pre-morbid DM is associated with a
protective eﬀect on the motor and cognitive ﬁndings of
ALS. We investigated this hypothesis by comparing

733

734

A. Jawaid et al.

motor and cognitive disease variables between ALS
patients with and without pre-morbid DM whilst
adjusting for the possible confounding eﬀects of factors
proposed to be associated with altered disease variables
in ALS.

Methods
Study design and participants

The study involved a retrospective review of clinical
data. The Baylor College of Medicine (BCM) Vicki M.
Appel MDA/ALS clinic evaluated 2650 patients for
ALS between 1984 and 2007, which were entered prospectively into an ALS database. Patients were diagnosed with ALS after 1994 using the El Escorial criteria
for deﬁnite or probable ALS [15]. Patients seen prior to
1994 were diagnosed with ALS based on clinical ﬁndings and electromyography studies. The database was
searched for patients with sporadic ALS. Patients with
ambiguous past medical history, uncertain diagnosis of
motor neuron disease, familial ALS or diagnosis of
a motor neuron disease other than ALS were not
included in this study.
From a total of 2650 patients in our database, 2371
patients were included in the analysis: those with clinically probable or deﬁnite sporadic ALS and with
symptom onset after the age of 45 years. Exclusion
criteria are discussed in the Results section. This study
was approved by Baylor College of MedicineÕs Institutional Review Board.
Information about the disease characteristics [site of
onset, age of onset, survival, serial Appel ALS Scale
(AALSS) scores, family history and pre-morbid history
of DM] as well as demographic details (gender, age,
ethnicity and number of years of education) were
included for all patients in the ﬁnal analyzes.
Patients were labeled as having pre-morbid DM
(ALS-DM) if one or both of the following criteria were
fulﬁlled:
1) Laboratory investigation records revealed two fasting blood sugar values 126 mg/dl and higher or
two random blood sugar values 200 mg/dl and higher
at/before the time of ALS diagnosis.
2) Medication records showed use of Insulin and/or
Diabetic medications at/before the time of ALS diagnosis.
Procedures

The major outcome variables of the study were age of
onset, rate of disease progression and survival.
ÔAge of onsetÕ was deﬁned as the chronological age of
the patient at which he/she ﬁrst started to notice the

motor symptoms of ALS. This data was gathered
prospectively and approximated to the nearest year.
ÔRate of disease progressionÕ was calculated using
serial AALSS scores. The motor ﬁndings for all
patients with ALS were recorded at the time of diagnosis and at each follow-up visit, and the severity of
their symptoms was gauged using the AALSS. The
diﬀerence between the ﬁrst and the last available
AALSS scores for each individual patient divided
by the number of months that separated the two
evaluations determined the rate of motor disease
progression for each patient with ALS.
ÔSurvivalÕ was deﬁned as the time from the onset of
symptoms to death.
Based on the literature and our previous studies, we
hypothesized that that Ôage of onsetÕ in ALS could be
inﬂuenced by four potential disease-modifying factors:
gender, ethnicity, site of onset and history of DM,
whereas Ôrate of progressionÕ and ÔsurvivalÕ could be
inﬂuenced by ﬁve potential disease modifying factors:
age of onset, gender, ethnicity, site of onset and history
of DM. In order to ensure uniformity in the analysis,
we elected to exclude patients with symptom onset
before the age of 45 years. To ascertain the collective
and individual inﬂuence of the other potential diseasemodifying factors, we decided to study their impact on
the major disease variables through both univariate and
multivariate analysis.
Neuropsychological evaluation

All patients seen after the year 2000 (n = 453) underwent a comprehensive neuropsychological evaluation at
the time of ALS diagnosis. Measures administered included a modiﬁed (Satz-Mogel) version of the Wechsler
Adult Intelligence Scale Revised (WAIS-R); American
version of the National Adult Reading Test (AMNART); Stroop Color and Word Test; Verbal Series
Attention Test (VSAT); Logical Memory (LM I & II)
and Visual Reproduction (VR I & II) subtests from the
Wechsler Memory Scale–Revised (WMS-R); Symbol
Digit Modalities Test (Oral and Written), Rey Auditory
Verbal Learning Test (RAVLT), Rey-Osterrieth Complex Figure Test (Rey-O), lexical (FAS) and semantic
(animals) ﬂuency and Trail Making Test, Parts A& B
(Trails A; Trails B) [16–25]. Results of only non-verbal
and non-timed neuropsychological tests (Rey-O, LM I
& II, VR I & II) or tests in which motor control is
incorporated into the measure (VSAT-error, Stroop
interference, Trails B-A) were considered valid. This
was carried out because motor impairment in ALS may
falsely exaggerate deﬁcits on neuropsychological tests
that involve a motor component (for example writing
or speaking) [3].
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Statistical methods

The data was entered into SPSS version 16 (SPSS Inc,
Chicago, IL, USA) and validated through dual entry
prior to being analyzed. Associations between categorical variables were established through chi square
and FisherÕs exact calculations. Mann–Whitney U tests
were performed to analyze diﬀerences in age of onset,
rate of disease progression on AALSS and survival
across gender, ethnicity (Caucasian versus non-Caucasian), site of onset (bulbar versus limb) and diabetes
status (ALS versus ALS-DM). Diﬀerences in age of
onset, rate of disease progression and survival were
further explored through linear regression models to
adjust for the contribution of gender, site of onset,
ethnicity and history of pre-morbid diabetes. The
Bonferroni correction was applied to the resulting
P values to adjust for multiple comparisons. Mann–
Whitney U tests were performed to investigate whether
there were signiﬁcant diﬀerences between neuropsychological performance of ALS–DM and ALS groups.
Non-parametric tests were performed wherever possible
to ensure that the disparity between the large ALS
group and a relatively small ALS–DM group was
properly managed in the statistical analyzes.
For the outcome variables of age of onset, rate of
disease progression and survival, a small fraction of the
data was unavailable. Patients for whom data on more
than one major outcome variable was missing were
excluded from the analysis. As the neuropsychological
testing was not conducted prior to the year 2000, patients diagnosed before then were not included in the
analysis of neuropsychological performance.

Results
Demographics

A database of 2650 patients was searched for patients
with sporadic ALS. Of them, 2457 of them had sporadic
ALS. Those with familial ALS or another etiology for
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weakness were excluded. Then 37 were excluded because of missing data on more than one major outcome
variable. Of the remaining, 49 patients were excluded
because their symptom onset was before the age of
45 years. Thus, 2371 patients were enrolled.
ALS-DM and ALS groups did not diﬀer with regard
to gender, education, ethnicity, or site of onset
(Table 1). The ALS-DM group was found, however, to
have signiﬁcantly lower estimates of pre-morbid verbal
IQ (AMNART score). The mean AMNART scores for
both groups were classiﬁed within the average range.
Age of onset

The age of ALS onset was earlier for men, non-Caucasians and patients with limb-onset ALS (Table 2).
Age of onset for patients with ALS-DM was 4 years
later than for the ALS group (60.3 vs. 56.3, P < 0.05).
These associations were further explored through a
multiple linear regression model (Table 3). Results

Table 1 Demographics according to the presence or absence of
diabetes
Diabetes mellitus status

Gender
Female/Male (%)
Education (years)
Mean (SD)
Ethnicity (%)
Caucasian
Hispanic
African–American
Others
Site of onset
Bulbar/Limb (%)
AMNART Mean (SD)

Non-diabetic
(N = 2196)

Diabetic
(N = 175)

Whole sample
(N = 2371)

34.3/65.7

38.3/61.7

38/62

13.9 (3.24)

12.7 (2.95)

13.8 (3.23)

89.6
3.7
5.2
1.5

82.3
6.3
8.0
3.4

88.9
3.9
5.4
1.6

26.6/73.4
111 (10.7)*

28.2/71.8
104 (8.25)*

26.4/71.3
110.2 (10.7)

*Signiﬁcant between group difference (P < 0.05) on Mann–Whitney
U test.

Table 2 Comparison of disease variables between ALS patients with different gender, site of onset, ethnicity and diabetes status
Gender

Age of onset (years)
Rate of disease
progression
(AALSS/Month)
Survival (years)

Site of onset

Ethnicity

Diabetes Status

Male
(n = 1470)

Female
(n = 901)

Bulbar
(n = 626)

Limb
(n = 1745)

Caucasian
(n = 2108)

Non-caucasian
(n = 263)

Diabetic
(n = 175)

Non-diabetic
(n = 2196)

55.0 (13.6)*
3.46 (3.02)*

59.1 (12.4)*
2.89 (2.82)*

60.7 (12.4)*
3.30 (2.63)*

55.1 (13.3)*
3.01 (2.98)*

57.0 (13.2)*
3.08 (2.93)

52.9 (13.7)*
2.80 (2.45)

60.3 (10.7)*
3.58 (3.53)

56.3 (13.4)*
3.01 (2.83)

3.31 (2.34)

3.15 (2.72)

2.73 (1.85)*

3.47 (2.45)*

3.19 (2.23)

3.78 (3.01)

3.60 (2.58)

3.04 (2.29)

*Signiﬁcant within group difference on Mann–Whitney U test. (P < 0.02). AALSS, Appel ALS Scale.
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Multiple Linear Regression Model. Dependent variables = age of onset, rate of disease progression, survival; Independent variables = gender, type of onset, ethnicity, diabetes status; Reference category = male for gender, limb for
type of onset, non-Caucasian for ethnicity and diabetic for diabetes status. CI, Conﬁdence Interval; SD, Standard deviation; AALSS, Appel ALS Scale. *P < 0.02.

0.00 ()0.53, 0.58)
3.04 (2.29)
3.60 (2.58)
3.78 (3.01)
0.13 (0.29, 0.02)
3.47 (2.45)
3.15 (2.72)
3.31 (2.34)

0.01 ()0.25, 0.38)

2.73 (1.85)

3.19 (2.23)

0.07 (0.06, 1.10)

0.05 ()0.28, 1.43)
3.01 (2.83)
3.58 (3.53)
2.80 (2.45)
)0.04 ()0.79, 0.24)
3.01 (2.98)
2.89 (2.82)
3.46 (3.02)

)0.09 ()1.05, )0.07)

3.30 (2.63)

3.08 (2.93)

)0.03 ()1.05, 0.50)

0.09* (2.41, 6.40)
56.3 (13.4)
60.3 (10.7)
52.9 (13.7)
)0.17* ()6.06, )3.81)
55.1 (13.3)
59.1 (12.4)

Age of
onset (years)
Rate of
disease
progression
(AALSS/Month)
Survival (years)

55.0 (13.6)

)0.12* ()4.43, )2.27)

60.7 (12.4)

57.0 (13.2)

b (95%CI)
Female
(n = 901)
Male
(n = 1470)

b (95%CI)

b (95% CI)

NonCaucasian
(n = 263)
Caucasian
(n = 2108)
Limb
(n = 1745)
Bulbar
(n = 626)

Ethnicity
Site of onset
Gender

)0.10* ()5.91, )2.59)

NonDiabetic
(n = 2196)
Diabetic
(n = 175)

Diabetes Status

b (95%CI)
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Table 3 Multiple Linear Regression Model in patients with amyotrophic lateral sclerosis investigating the independence of gender, site of onset, ethnicity, and diabetic status on the age of onset, rate of
disease progression, and length of disease
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demonstrated independent associations between these
four factors and age at diagnosis.
Rate of progression

We then investigated the question of whether there is a
relationship between the four factors and the rate of
progression of the motor symptoms of ALS as measured by monthly change on the AALSS (Table 2).
The rate of progression was signiﬁcantly faster in men
(3.46 vs. 2.89, P < 0.05) and patients with bulbar
onset ALS (3.30 vs. 3.01, P < 0.05). Ethnicity was not
associated with a change in the rate of motor progression. There was a trend toward a diﬀerence in the
rate of disease progression between patients with ALS
and patients with ALS–DM (3.58 vs. 3.01), but it was
not statistically signiﬁcant (P = 0.09). In the multiple
linear regression model, we found no signiﬁcant
association between the rate of progression and any of
the four factors tested, including gender and site of
onset (Table 3).
Survival

Survival was signiﬁcantly shorter in patients with
bulbar-onset ALS in the bivariate analysis (2.73 vs.
3.47 years, P =< 0.05) (Table 2). However, in the
multiple linear regression analysis, we found no independent association between any of the four factors
(gender, site of onset, ethnicity, and DM status) and
survival (Table 3).
Table 4 Scaled and Z Scores on neuropsychological tests for nondiabetic (n = 429) versus diabetic (n = 24) patients with amyotrophic
lateral sclerosis
Neuropsychological
test

Non-diabetic
mean (SD)

Rey-O
VSAT-error
Stroop interference
FAS
Animals
LM I
LM II
VR I
VR II
Trails B-A

)1.43
)0.58
)0.47
)0.85
)0.35
0.02
0.12
)0.10
)0.21
)0.19

(1.56)
(1.44)
(1.16)
(1.02)
(1.18)
(1.07)
(1.01)
(1.13)
(1.15)
(1.33)

Diabetic
mean (SD)
)1.71
)0.99
)0.78
)1.24
)0.90
)0.63
)0.38
)0.49
)0.45
)0.51

(1.58)
(1.30)
(1.12)
(1.16)
(0.81)
(1.03)
(1.14)
(0.91)
(0.97)
(1.35)

P value
0.63
0.19
0.22
0.07
0.03
0.01
0.03
0.15
0.37
0.05

Rey-O (Rey-Osterrieth complex ﬁgure test).
VSAT-err, Verbal Series Attention Test-error; VSAT-time, Verbal
Series Attention Test-Time (VSAT).
Stroop interference (Stroop color and word test).
LM I, Logical Memory I; LM II, Logical Memory II, VR I, Visual
Reproduction I; VR II, Visual Reproduction II (WMS-R).
Trails B-A (Trails making test parts A & B).
The bold values signify P < 0.05.
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Neuropsychological test performance

We compared the neuropsychological test scores of the
429 patients with ALS to 24 patients with ALS–DM.
The ALS–DM group performed signiﬁcantly worse
than the ALS group on a number of motor adjusted
tests including animal ﬂuency (P = 0.03), LM I
(P = 0.01) and LM II (P = 0.03), and Trails B-A
(P = 0.05). Both groups performed within the average
range on LM I and II, although the DM group had
lower scores on these measures. In contrast to the
average performances of the ALS group, the ALS–DM
group performed within the low average range on animal ﬂuency and the borderline impaired range on Trails
B (Table 4). Both groups of patients with ALS showed
clinically signiﬁcant impairments on the same neuropsychological tests that we reported previously, such as
the Rey-O, FAS and VSAT-error. However, the scores
of the patients with ALS and ALS–DM did not diﬀer
signiﬁcantly.

Discussion
We found that there was a 4-year later onset of motor
symptoms of ALS in patients with pre-morbid DM
after controlling for other ALS disease modiﬁers,
including female gender, Caucasian ethnicity, and a
bulbar site of onset. In contrast, the cognitive ﬁndings
were either similar to non-diabetics or worse in
diabetics at the time of diagnosis of ALS.
The relationship between DM and ALS

Diabetes mellitus type 2 was associated with a signiﬁcantly later onset of ALS. ALS patients with pre-morbid DM also showed a non-signiﬁcant trend toward a
slower rate of motor progression and a slightly longer
survival. None of the previously identiﬁed modiﬁers of
the clinical features of ALS are ÔprotectiveÕ in the sense
that a later onset is still associated with shorter survival,
as is typical for ALS. Thus, the later onset for ALS
noted here in diabetics, coupled with no increase in the
rate of progression and no decrease in survival, is
remarkable. To the best of our knowledge, this may be
the second disease after hyperlipidemia shown to
modify ALS. Finding a relationship between the two
disorders is interesting in terms of both understanding
the pathophysiology underlying ALS and in terms of
therapeutics.
The design of this study does not allow us to distinguish between a cause-and-eﬀect association for DM
and ALS. Nonetheless, this study raises several interesting possible relationships between DM and ALS that
warrant further investigation.
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First, DM may, in fact, delay the onset of the motor
ﬁndings of ALS. Other related disorders are already
known to be associated with an altered course for ALS.
For example, Dupuis et al. [12] recently showed that
dyslipidemia may have a protective role in ALS. Low
pre-morbid body weight and caloric restriction have
been associated with an increased risk of developing
ALS [26,27]. By demonstrating a relationship between
DM and ALS, this study reinforces the hypothesis that
the pathophysiology underlying ALS includes a change
in cellular metabolism that may, in turn, be altered by
high serum lipids, body mass index (BMI), and/or DM.
Second, the association between DM and ALS could
be mediated by another factor. For example, dyslipidemia and obesity are frequent in DM, whereas a slim
body type is uncommon. Dyslipidemia has been shown
to have a protective role in ALS [12]. On the other
hand, a slim body type and athletic life-style have been
suggested as risk factors for ALS [1]. Hence, diabetics
could have a less malignant course of ALS because of
either the presence of a protective factor (dyslipidemia)
or absence of certain risk factors (slim body-type and
active life-style).
Third, DM may produce symptoms that make it
diﬃcult for the patients to recognize the initial symptoms of ALS. Fatigue and Ôlack of vigorÕ are common
symptoms in DM that might lead to overlooking
weakness as an initial symptom of ALS.
Fourth, ApoE genotype may independently inﬂuence
the risk of developing DM and the onset and progression of ALS. In a few small studies, patients with ALS
carrying one or more ApoE4 alleles were shown to have
an earlier age of onset. A later age of onset in patients
carrying the ApoE2 allele has also been observed [7].
Both ApoE2 and ApoE4 have been found to be over
expressed in diabetic and hyperlipidemic populations in
North America [28]. Consequently, ApoE genotype
may aﬀect the probability of contracting DM and
independently aﬀect the age of ALS onset.
Another observation that suggests a possible ÔprotectiveÕ eﬀect of DM in ALS was a low prevalence of
DM (7.4%) in our ALS cohort. National Institute of
Health estimates suggest a DM prevalence of 10.8% in
individuals aged 40–59 and 23% in individuals over
60 years in the US [29]. Future prospective trials, which
employ matched-control groups, will be required to
conﬁrm this observation.
Clearly, further research is necessary to ascertain the
relationship between ALS and DM, ApoE genotype,
dyslipidemia, caloric restriction, and BMI. Understanding these relationships more fully is important for
understanding the pathophysiology underlying ALS. In
addition, it could be particularly important from a
therapeutic point of view. For example, because DM is
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associated with a later age of onset of ALS, one could
test whether the exogenous production of hyperglycemia and/or hyperlipidemia slows the progression of
ALS.
Cognitive performance in diabetes and ALS

We found that pre-morbid DM was associated with
either similar or worse cognitive performance on neuropsychological tests at the time of ALS diagnosis. The
patients with ALS–DM performed worse on tests of
memory, semantic ﬂuency and executive function.
Additional investigation is required to ascertain the
relationship between DM and ALS-associated cognitive
deﬁcits.
In addition to some current cognitive function being
worse, we observed that patients with ALS–DM had
slightly lower AMNART scores, which is thought to
test for pre-morbid verbal IQ. The AMNART scores of
both groups are still within the normal range so that the
diﬀerences are unlikely to be clinically signiﬁcant.
However, they may indicate that ALS–DM patients
have slightly less cognitive reserve before the onset of
ALS, which may make them more vulnerable to the
cognitive changes that can occur with ALS.
It is unclear why diabetes would have a protective
eﬀect on the motor symptoms but not on the cognitive
symptoms of ALS. There are precedents for selective
vulnerability, and it may be that DM has greater aﬀects
on motor neurons than the frontotemporal neurons.
Some bench studies have shown that motor neurons
require more calories compared to other neurons. This
makes them more susceptible to caloric deﬁcits that
result from the hypermetabolism associated with ALS
[8,14]. One possibility is that patients with greater serum lipids or glucose (HLD and DM), or who consume
a higher calorie diet, may counter the eﬀects of caloric
restriction. Hence, their motor neurons are damaged to
a lesser degree. This could account for a later age of
onset and slower progression of the motor symptoms of
ALS. But, this hypothesis clearly requires further
investigation and is speculative at this time.
There are some caveats to this study. First, some data
is missing on the studied variables. Second, this study
was performed in a tertiary care clinical setting, and
hence our observations regarding ALS and DM may
not be applicable to the general ALS population. Third,
the presence of pre-morbid DM was established retrospectively at the time of database review. Electronic
records of medications and laboratory investigations
(as listed in the Methods sections) were used
for this purpose. Although this methodology has a
high speciﬁcity, it has a low sensitivity: patients with
borderline DM could be missed.

Fourth, it is possible that DM could have developed
after the onset of ALS, but before its diagnosis in some
patients. DM would then be co-morbid rather than
pre-morbid. Also, because glucose intolerance has previously been associated with ALS, a subset of such
patients might have actually developed glucose intolerance because of ALS. Fifth, we did not investigate the
eﬀects of DM on the risk of FTD: we tested for cognitive performance. The recently recommended consensus criterion for diagnosis of frontotemporal
syndromes in ALS was not applied at the time of
neuropsychological evaluation. Finally, we examined
the presence or absence of DM, but lack data regarding
glycemic control, medications, BMI and the life-style
of the diabetic patients. It would be important to prospectively study the relationship between these variables
and the motor and cognitive ﬁndings in ALS.

Conclusions
In this study, ALS onset was 4 years later in patients
with pre-morbid DM. These ﬁndings support the
hypothesis that metabolic perturbations may contribute
to the clinical course of ALS. Future studies might
quantify blood sugar, lipids, cholesterol, and lifestyle to
further clarify the relationships between these factors
and ALS.
The study design here does not distinguish between
an association versus a cause-and-eﬀect relationship for
DM and a later age at the time of ALS onset; hence,
one cannot yet use this data to recommend an increase
in the caloric or carbohydrate intake by patients with
ALS. However, the results of this study and several
others suggest that it may be appropriate to avoid
weight loss, caloric restriction, or agents that lower
serum cholesterol and triglycerides in patients with ALS
until the relationship between these variables and the
rate of progression for ALS is clariﬁed.
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