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ORIGINAL ARTICLE

A decrease in body mass index is associated with faster progression
of motor symptoms and shorter survival in ALS
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Abstract
Our objective was to test the hypothesis that changes in body mass index (BMI) are associated with changes in the clinical course of ALS. We examined the relationships between BMI at first clinical visit and changes in BMI up to a two-year
follow-up, and multiple clinical variables related to ALS: age of onset, rate of progression of motor symptoms, and survival.
Baseline BMI was classified according to the World Health Organization (WHO) criteria. Changes in BMI were classified
as a loss of 1 unit, no change, or a gain of 1 unit. Our results showed that baseline BMI was not associated with age
of onset, rate of progression or survival. In contrast, a loss of BMI 1 over two years was associated with significantly
shorter survival and a faster rate of progression. In a multiple regression model, these results were independent of gender,
site of onset, history of diabetes mellitus and apolipoprotein (ApoE) genotype. In summary, a change in BMI after ALS
diagnosis was significantly associated with rate of progression and survival. This raises the possibility that early changes in
BMI may identify patients likely to have a more malignant course of the disease. However, further research is needed to
clarify the relationship between BMI and ALS.
Key words: Nutrition, survival, mitochondria

Introduction
Several studies have explored the relationship
between a slim body-type, athletic lifestyle and the
risk of developing ALS, with conflicting results (1–7).
Scarmeas et al. (2002) reported that the odds of
having ALS were 2.21 times higher in chronically
slim subjects and 1.70 times higher in former university athletes than their complements. Furthermore, there was a 2.48-fold increased risk of
developing ALS for subjects whose premorbid BMI
was in the normal or underweight range compared
to those who were in the obese range, and a 6%
increased risk for each unit decline of body mass
index (BMI) was observed (5). Similar observations
were made by Abel and Chio et al., who noted a
higher incidence of ALS among professional athletes
(3,4). Loss of BMI has also been associated with a
shorter survival in ALS (8). In contrast, several

studies have not shown an association between
nutritional status, lifestyle and the risk of developing
ALS (6,7).
Several other studies suggest that low BMI might
be related to the pathophysiology of ALS, rather than
being a risk factor. For example, Desport et al.
(2005) demonstrated that two-thirds of ALS patients
develop hypermetabolism during the course of the
disease (9,10). Thus, weight loss could be a result of
a change in metabolism associated with ALS, rather
than being a risk factor.
In addition to hypermetabolism, other metabolic
disturbances have also been observed in ALS, including an altered high density lipoprotein (HDL)/low
density lipoprotein (LDL) ratio and glucose intolerance (11). Furthermore, two metabolic changes,
hyperlipidemia (HLD) and diabetes mellitus (DM),
have been suggested to have a ‘protective’ effect in
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ALS (11,12). HLD and DM are often associated
with heavier body weights; therefore it is unclear if
the body weight, lifestyle, or the metabolic changes
associated with these disorders are beneficial in ALS.
Weight loss, in contrast, appears to have negative consequences for the progression of ALS. Malnourished
ALS patients report a worse quality of life on validated scales, and the population has a 7.7-fold
increased yearly mortality (13). Weight loss is an
independent adverse prognostic factor for survival in
ALS, after taking into account additional negative
predictors including greater age, lower percent of
predicted forced vital capacity (%FVC), and a shorter
interval from symptom onset to diagnosis (8).
That body type, hypermetabolism, HLD, and
DM have been associated with an altered clinical
course for ALS suggests that BMI, a measure affected
in all these disorders, could be important for predicting the progression of ALS. We hypothesized that
baseline BMI would be an influential factor on age
of onset for ALS, rate of motor disease progression
and survival. In addition, we hypothesized that
change in BMI after the diagnosis of the disease
would be related to the rate of motor disease
progression and survival in ALS.
Methods
Study design and participants
The patient sample comprised 285 consecutive
patients with ALS recruited from the Baylor College
of Medicine (BCM) Vicki M. Appel MDA/ALS clinic
between 1999 and 2004. All patients were diagnosed
with ALS using the El Escorial criteria for definite or
probable ALS (14). 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. The Institutional Review Board of Baylor College of Medicine approved this study.
Clinical assessment
Baseline assessment included collection of information about disease characteristics (site of onset, age
of onset, family history, apolipoprotein genotype
(ApoE) and premorbid medical history) as well as
demographic details (gender, age and ethnicity). A
clinical examination was also performed at baseline
to determine the site severity of motor symptoms.
The examination was performed by two boardcertified neurologists unblinded to the study design.
The severity of motor impairment was gauged using
the Appel ALS score (AALSS). AALSS is a validated
measure of severity of motor impairment in ALS,
which consists of five subscores – bulbar, respiratory,
muscle strength, lower extremity and upper extremity function. The total Appel ALS score is 30 for
healthy subjects and 164 for those with maximal
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impairment (16). One study has suggested that the
examination-based AALSS provides a better estimate of disease severity in ALS compared to the
questionnaire-based ALS Functional Rating Scale
(ALSFRS, (17)). Follow-up assessments were performed routinely at three-month intervals. The mean
number of follow-up assessments for the cohort was
15.2  4.1. These assessments lead to collection of
information pertaining to patient survival and serial
AALSS.
BMI assessment
All patients underwent a weight and height assessment at the time of first and at each clinical visit
during the follow-up period. Standardized anthropometric measurements were used for weight and
height assessment performed by two trained clinical
nurses. The nurses were blinded to the fact that the
information will be utilized in this study. The measured parameters were used to determine BMI for
each patient using the formula: BMI  weight in
kilograms/height in meters2. The patient population
was then divided into six categories based on the
World Health Organization (WHO) BMI categories
for North America (15). The categories were:
Underweight (BMI 18.5), Normal (BMI 18.6–
24.9), Overweight (BMI 25.0–29.9), Obese Class I
(BMI 30.0–34.9), Obese Class II (BMI 35.0–39.9),
and Obese Class III (BMI 40). BMI values on
each clinic visit were analyzed to determine change
over the first two years of ALS diagnosis. Change
in BMI over this time period was used to classify
patients into one of three groups: patients with BMI
gain 1 unit, patients with stable BMI (a gain or
loss less than 1 unit), and patients with BMI
loss 1 unit.
Outcome variables
The primary outcome variables of the study were age
at onset, rate of disease progression and survival.
‘Age of onset’ was defined as the chronological age
of the patient at the time of ALS onset. These data
was gathered at the time of first clinical visit. ‘Rate
of disease progression’ 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 AALSS scores at the first and last
clinical visit (prior to recorded death) of each individual patient was divided by the number of months
that separated the two evaluations to determine the
rate of motor progression. ‘Survival’ was defined as
the number of years a patient with ALS survived
after onset. This information was entered into the
database as the patients died. By the end of fiscal
year 2008, survival data for most patients (n  251)
had become available.
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Our hypothesis was that baseline BMI or change
in BMI over a two-year period would be associated
with these outcome variables. Three factors are
known to modify the clinical disease course of ALS:
age at onset (before vs. after 45 years), gender, and
site of onset. A disease modifying role has been suggested for ApoE genotype and a history of DM
(12,18–21). We wished to control for these known/
postulated disease modifiers as we examined the
relationship between BMI and ALS. To do this, we
used multiple regression analysis to adjust for several
of these major disease modifying factors – gender,
site of onset, DM and ApoE. No adjustment was
made for age at onset (before vs. after 45 years)
because only four patients had an onset before 45
years of age and hence it was unlikely to be a contributory factor to our findings.
Statistical methods
The data were entered into SPSS version 16 (SPSS
Inc, Chicago, IL, USA) and validated through dual
entry prior to being analyzed. For the outcome variables of ‘age of onset’ and ‘survival’, a fraction of the
data was unavailable. Pair-wise deletion method was
used to treat missing data for these variables. Associations between categorical variables were established
through χ2 and Fisher’s exact calculations. Age at onset,
rate of motor disease progression and survival were
compared between ALS patients belonging to different
baseline BMI groups through a Kruskal-Wallis test.
Survival and rate of disease progression were also
compared among patients with varying degrees of
BMI change over the two-year period using a oneway ANOVA. Multiple linear regression models were
then built for survival and rate of disease progression
to adjust for possible confounding effects of gender,
site of onset, ApoE genotype and history of DM.
Finally, Spearman’s correlations were calculated
between the BMI change over the two-year period
post ALS diagnosis and survival and rate of disease
progression in ALS.
Results
Demographics and neurological assessment
We examined the clinical data of 285 patients with
sporadic ALS. Eleven patients were excluded from

the analysis because of insufficient clinical data as
they were lost to follow-up. Thus, 274 patients were
included in the final analyses.
The gender distribution in our cohort was 66%
males and 34% females. There was bulbar onset in
24% of patients and limb onset in 76% and the
majority (86.3%) was Caucasian. Other ethnicities
included African-Americans (8.8%), Hispanics
(2.5%), Asians (1.4%) and others (1.0%). Mean age
at ALS onset was 52.38  13.54 years. Mean AALSS
at diagnosis was 55.4 (range 36–90). Mean survival
was 4.59  2.75 years and the mean rate of progression was 2.64  2.17 AALSS/month.
In accordance with the previous studies, age of
onset was earlier in males (50.9  13.8 years vs.
55.6  12.3 years in females, p  0.01) and later in
diabetics (60.810.0 vs. 52.013.5 in non-diabetics,
p  0.01). A trend toward a shorter survival was
observed for bulbar-onset patients (4.08  1.70 vs.
4.89  3.04, p  0.09).
BMI at the time of diagnosis
At baseline, patients were divided according to BMI
using the WHO classification. Table I presents some
of the demographic and disease characteristic variables at time of diagnosis classified by BMI. BMI
groups did not differ with regard to ethnicity
(p  0.75), gender (p  0.11), site of onset (p  0.91),
or the distribution of ApoE genotype (p  0.11). A
history of DM was significantly more common among
overweight and obese patients (p  0.01). Patients
belonging to different BMI groups also did not differ
with regard to age of onset (p  0.41), rate of progression (p  0.13) or survival (p  0.23) (Table I).
BMI change over two years after ALS diagnosis
The pattern of changes in BMI did not vary between
patients according to gender (p  0.13), ethnicity
(p  0.39), ApoE genotype (p  0.95) or DM status
(p  0.06). There was an association between bulbar
site of onset and BMI loss 1 (p  0.01). Survival
and rate of disease progression were compared
between ALS patients with varying degrees of BMI
change over the two-year period post diagnosis.
Patients with BMI loss 1 had a significantly shorter
survival (p  0.02) and a faster rate of progression
(p  0.001; Tables II, III).

Table I. Disease characteristics between different BMI groups at baseline.
WHO BMI
classification
Age at onset
(years)∗
Rate of
progression
(AALSS/month)∗
Survival (years)∗
∗No

Underweight
(n  3)

Normal
(n  92)

Overweight
(n  114)

Obese classI
(n  45)

Obese class
II (n  14)

Obese class
III (n6)

61.611.1

53.614.3

52.214.3

49.912.0

52.914.2

56.7 14.6

1.661.23

2.642.50

2.66 2.36

2.691.87

2.051.74

2.981.70

3.591.44

4.47 2.75

4.823.09

4.322.59

4.281.19

4.321.40

significant between group difference on Kruskal-Wallis test.
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Table II. Comparison (ANOVA) of survival and the rate of motor disease progression between different BMI change groups.

Survival (years)
Rate of motor disease
progression (AALSS/month)

BMI loss 1
(n  131)

BMI stable
(n  88)

BMI gain 1
(n  57)

4.041.90
3.272.36

5.413.53
2.162.11

4.893.21
1.882.00

Multiple linear regression models were developed to adjust for possible confounding effects of
gender, site of onset, ApoE genotype and history of
DM on the relationship between changes in BMI
and survival or the rate of disease progression (Table
IV). Significant relationships were identified between
BMI and survival (p  0.001) and BMI and rate of
disease progression (p  0.001) (Table IV).
The relationship between survival and change in
BMI was further reinforced through finding a significant direct correlation between the two factors
(r  0.21, p  0.01). Similarly, a significant inverse correlation was found between change in BMI and rate
of motor disease progression (r  –0.36, p  0.001).
Discussion
This investigation found that changes in BMI over
the first two years after ALS diagnosis correlated significantly with survival and the rate of progression
of motor symptoms. However, the baseline BMI was
not associated with age at onset, rate of motor disease progression or survival.
On initial inspection, the association between
BMI change and rate of disease progression seems
to be stronger than the association between BMI
change and survival. The results in Table II indicate
that there is a significant difference in mean survival
of the different BMI groups. On post-hoc analysis
(Table III), a significant difference was observed
between BMI loss 1 and stable BMI (p  0.02).
However, the difference between BMI loss 1 and
BMI gain 1 was not significant (p  0.43). On the
other hand, the associations observed for ‘rate of disease progression’ remained significant after post-hoc
analysis (Table III). The reason for this is unclear;
however, one can speculate that while preventing
weight loss leads to an overall favorable outcome in
ALS, patients with a significant gain in BMI may
have a shorter survival because they are at greater

F

p-value

4.24
10.6

0.02
0.001

risk of other fatal conditions, e.g. stroke or coronary
artery disease.
Weight loss has been previously suggested to predict poor prognosis in ALS (8). Our study reinforces
this suggestion. The relationship between changes in
BMI and progression of ALS has largely remained
unclear. We explore several possible hypotheses that
associate BMI to risk or pathophysiology of ALS.
Weight loss may indicate a more rapid
neurodegenerative course in ALS
A plausible explanation for the observed association
between faster progression of ALS and decreases in
BMI is that more rapid neurodegeneration accelerates motor weakness, which leads to more severe
weight loss. There are at least two scenarios by which
this could occur. One possibility would be that
increasing dysphagia may lead to decrease in oral
intake and hence weight loss. In this scenario, more
rapid bulbar neurodegeneration would lead to an
early dysphagia and a greater weight loss. Therefore,
a decrease in BMI would be an indicator of bulbar
progression. In the current study we did observe a
significant association between bulbar onset and a
decrease in BMI over the two-year follow-up period.
However, the association between change in BMI
and the rate of disease progression was independent
of bulbar onset (Table IV); thus, bulbar onset does
not fully explain the decline in BMI. Another possibility is that loss of muscle mass in ALS could produce a decrease in BMI. In this scenario, more rapid
neurodegeneration would produce greater muscle
loss and hence greater decrease in BMI. However,
some evidence suggests that the loss of muscle mass
in ALS may be partially balanced by a compensatory
gain of fat body mass (22). Both scenarios predict
that weight maintenance in ALS patients would not
affect disease outcome since weight loss is a marker
of disease progression rather than a causal factor.

Table III. Multiple pair-wise comparison between change in BMI during the first two years post ALS diagnosis and survival and rate of
motor disease progression∗.
BMI change group

BMI change group

Survival (years)

BMI loss 1

Rate of progression
(AALSS/month)

BMI loss 1

BMI
BMI
BMI
BMI

∗Post-hoc

analysis with Bonferroni correction.

stable
gain 1
stable
gain 1

Mean difference
1.36
0.85
1.10
1.38

p-value

95% CI

0.02
0.43
0.001
0.001

2.52, 0.20
2.23, 0.54
0.37, 1.84
0.53, 2.22
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Table IV. Multivariate association between candidate factors and rate of motor disease progression and post-diagnosis survival in ALS.
Rate of motor disease progression (AALS/month)
Regression coefficient
Gender
DM
ApoE genotype
Site of onset
BMI change

0.02
0.07
0.09
0.01
0.25

Survival (years)

95% CI

p-value

Regression coefficient

95% CI

p-value

0.53, 0.73
2.40, 0.74
0.19, 1.03
0.63, 0.75
0.03, 1.00

0.76
0.30
0.18
0.86
0.001

0.16
0.10
0.04
0.01
0.26

0.01, 1.91
0.93, 3.49
1.14, 0.70
1.08, 0.94
1.31, 0.03

0.05
0.25
0.64
0.89
0.001

Multiple Linear Regression Model.
Reference Category: Female for gender, ive history of DM for DM.
ApoE4 for ApoE genotype, limb onset for site of onset, BMI loss 1 for BMI change.
CI  confidence interval.

Hypermetabolism may lead to faster neurodegeneration
in ALS
A growing body of evidence suggests that patients
with ALS are ‘hypermetabolic’ (9,10). Desport et al.
(2005) reported that 62% of ALS patients develop
a steady state of hypermetabolism early in the course
of the disease characterized by an increase in REE
(9). Multiple explanations have been proposed for
this state of hypermetabolism. First, there is evidence
suggesting mitochondrial changes in ALS. Consequently, reduced efficiency of mitochondrial production of ATPs may result in a compensatory
hypermetabolism. Secondly, mitochondrial dysfunction could also lead to an altered homeostasis of
reactive oxygen species, which would result in an
altered cellular pH (23). Alternatively, another theory suggests that hypermetabolism in ALS is a late
and unsteady phenomenon (22).
Regardless of when or how hypermetabolism
occurs in ALS, it could result in motor neurons
acquiring insufficient calories or lead to greater production of toxic metabolic by-products. Motor neurons are known to have greater metabolic requirements
and hence are highly vulnerable to caloric restriction
(24). In this scenario, the development of hypermetabolism (especially when not compensated by
caloric supplementation or greater fat stores) may
lead to swifter motor neuron loss. This possibility has
an important therapeutic implication predicting that
increasing caloric intake and preventing weight loss
would reduce motor neuron loss.
There is some indirect evidence supporting this
hypothesis. Diabetes mellitus and hyperlipidemia
appear to have a ‘protective’ effect in ALS (11,12).
These findings suggest that patients with higher
serum lipids or glucose or who consume a higher
caloric diet may be able to counter the effects of
hypermetabolism. Hence, their motor neurons may
be damaged to a lesser degree by the hypermetabolism of ALS.This hypothesis would appear to account
for the later age at diagnosis for ALS in DM, the
longer survival for patients with HLD or BMI gains
1, and the slower rate of motor disease progression
when BMI gains are 1. Therapeutically, it would be
very important to confirm whether hypermetabolism

leads to a faster disease progression in ALS. Future
studies should also employ indirect calorimetric
measurements for estimation of REE in ALS as
weight loss may not be a constant predictor of hypermetabolism.
Decreases in BMI may compromise ALS patients
through a compromise of immunity
Another possibility is that weight loss leads to a
shorter survival in ALS through mechanisms that are
unrelated to the pathophysiology underlying the disorder. For example, weight loss may compromise the
immune system, thereby leading to a greater frequency of infections, such as pneumonia, that may
lead to death (25).While infections might account
for shorter survival, however, it is not apparent how
they would account for increases in the rate of motor
progression.
Therapeutic implications
Our results reveal that survival in ALS patients with
stable BMI is 16 months longer than that of patients
with BMI loss 1 (Table II). This survival benefit is
greater than the survival benefit observed for riluzole
(26). A similar observation was made by Dupuis
et al. (2008) regarding the protective effect of hyperlipidemia (11). Survival benefit of a high-calorie diet
and ketogenic diet has also been observed in animal
models of ALS (27,28). If the association between
prevention of weight loss and better clinical outcomes in ALS is reinforced by further studies, it will
have massive implications on the management of this
disease.
There are several caveats to this study, however,
that need to be critically considered before drawing
conclusions regarding weight maintenance. First,
this study was performed in a tertiary care clinical
setting, and hence our observations regarding ALS
and BMI may not be applicable to the general ALS
population. Certain features of our cohort are slightly
different from other reported registries. For example,
the mean survival in our cohort (4.5 years) is slightly
longer. Also, the male: female ratio is 2:1. These
factors are critical to consider when generalizing the
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results of this study. Secondly, we lacked quantitative
data regarding serum lipid values and specific lipid
agents. We do know, however, that apart from a few
cases (n  32) where it was contraindicated, refused
or not tolerated, almost all the patients were on riluzole. Another important limitation is that the disease
duration prior to first clinical visit is not included as
an independent variable in the study. Some studies
suggest diagnostic delay or time from onset to diagnosis as important prognostic factors in ALS (29,30).
It was challenging to determine the time from onset
to diagnoses in all the patients, as some of them had
already been diagnosed elsewhere.We tried to address
this issue by measuring Appel ALS score (AALSS)
in all patients at the time of first clinical visit. The
mean AALSS was 55 (range 36–90), which suggests
‘early disease’ in most of these patients. However,
not including ‘disease duration prior to first clinical
visit’ is an important limitation of this study.
In the future, it will be important to investigate
the effects of changes in BMI on the clinical course
of ALS through a prospective clinical trial addressing
the factors noted above. An association between
BMI and respiratory function should also be investigated as it is a very important prognostic factor in
ALS. However, even though this association requires
further exploration, it seems prudent to suggest to
patients with ALS that they maintain their weight
until any cause-and-effect relationship between
weight loss and worse clinical outcome is clarified.
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