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Abstract
The change in nutritional status is observed in patients with Motor Neuron Disease, in body composition. The electrical bio impedance method (BIA)
determines lean mass, fat mass and phase angle, by estimating total body water. ALSFRS-R is used to monitor the functionality and progression of the
disease.
Objective: To evaluate the composition with ALSFRS-R.
Methodology: Cross-sectional study in adult patients with conclusive diagnosis of MND. For the classification of nutritional status, BMI was used,
and for body composition analysis, measurements of lean mass, fat mass, total body water and phase angle. Results: patients, with 54.8% of males with
median age of 61.0 years. 77.4% presented the appendicular form of the disease. The median score of ALSFRS-R was 27 points, and the average BMI was
22.6 kg / m2. The phase angle had an average of 3.9 in women, and 4.1 in men. For statistical analysis, results with a probability of type I error lower than
5% (p <0.05 and p <0.001) were considered as statistically significant. The BMI and phase angle were correlated with the scale scores.
Conclusion: Nutritional status is directly related to disease progression, and depletion of body compartments influences the functionality of patients
with MND.
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Introduction

Methods

Motor neuron disease (MND) is a progressive, degenerative hyper
catabolic disease with involvement of the motor neurons of the cortex,
brain stem and spinal cord [1]. Due to the symptoms and the rapid
progression of the disease, depletion of nutritional status is observed.
Patients present a reduction in the lean mass inherent to disease
progression, and the increase in body fat may be positively associated
with disease progression [2].

A cross-sectional study carried out at the Neuromuscular Disease
Research Section of the Federal University of São Paulo, approved by
the Ethics and Research Committee of the University, under number
0606/2016, with authorization to participate, through a signed Free
and Informed Consent Form.

Electrical bio impedance is a tool used to analyze body composition,
and it is classified as a gold standard for evaluation in MND [3].The
interpretation of the phase angle, allows the measurement of the body
changes, and was proposed as an index of malnutrition, or prognostic
factor of survival in other diseases. The association of the evaluation
of the body composition with the functionality of these patients may
help in the treatment of the evolution of the MND / ALS [4].
Hence, the objective of this work is to evaluate the body
composition and to analyze the association of the nutritional state
with the functionality of patients with MND.
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The study was carried out from March to July 2016. Adult patients
with a defined diagnosis were included [5]. Patients who did not
tolerate being in the supine position for the examination were also
excluded from the study.
For the analysis of the body composition, the Bio impedance device
“BIODYNAMICS MODELO 450” was used, which provides clinical
data of Body Composition and Hydration, such as body fat, total body
water, lean mass and phase angle with precision of +/- 0.2 %.
The Amyotrophic Lateral Sclerosis Functional Rating Scale
(ALSFRS-R) was applied, analyzed in two ways: by total score, and by
domains (bulbar, appendicular and respiratory).
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Regarding statistical analysis, the categorical variables were
described in absolute value and relative frequency, whereas the
continuous variables were described through measures of central
tendency, dispersion and position.
Linear correlations between the anthropometric indicators
(BMI, body water, lean mass, fat mass and phase angle) and the
scores obtained in the ALSFRS-R functionality scale (total score and
in the domains) were plotted according to Pearson’s method. After
that, linear regression analyzes, the average to verify the extent (β)
of the correlation between these indicators and the scale score were
performed. The analyzes were performed with the aid of the statistical
package IBM SPSS version 20.0.Results with a probability of Type I
error of less than 5% were considered as statistically significant.

degree measured in the phase angle. However, for each liter of total
body water measured, there is an average increment of 0.42 (95%
CI 0.05 - 0.75) points in the scale, and for each BMI unit, an average
increase of approximately 0.95 (95% CI 0.31 - 1.58) points on the scale
can be inferred.
Table 1. Demographics of the study population

54, 8

Female

14

45, 2

61, 0 (22 – 80)

Elderly (≥ 60 years)

18

58, 1

Disease manifestation form
Appendicular

24

77, 4

Bulbar

7

22, 6

Time of onset of symptoms (months)
Average(min – max)

The mean time from onset of symptoms to the time of evaluation
was 32.4 months (8.4 - 86.4). The median ALSFRS-R score was 27.0
points (8–39). The respiratory domain had the highest median score,
followed by the appendicular and bulbar domains.

32, 4 (8, 4 - 86, 4)

ALSFRS-R, domains – average (min - max)

Regarding weight loss, 80.6% of the patients reported weight loss
from the onset of symptoms, of which 64% had a loss greater than 10%
of the previous weight. The median body mass index was 22.6 kg / m2
(11.8 – 34.6 kg/m2) and approximately 45% of the patients were in the
eutrophic range, according to the BMI classification.

Bulbar

9, 0 (0 - 12)

Appendicular

9, 0 (0 - 20)

Respiratory

10, 0 (4 - 12)

ALSFRS-R, total score – average (min - max)
Total

27 (8 - 39)

Body mass index (kg/m²) – average (min - max)
Male
Female

23, 0 (17, 6 – 32, 2)
22, 9 (11, 8 – 32, 4)

Fat mass– average (min - max)

Table 2 shows the correlation matrix between the anthropometric
indicators and the scale score in the three different domains, in
addition to the total score observed. In general, BMI and Phase Angle
were the best indicators correlated with the scale scores. The BMI
showed significant correlations (p <0.001), directly proportional, with
the score in the bulbar and respiratory domains, in addition to the
total score.
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17

Average (min – max)

More than two thirds of the patients (77.4%) presented the
appendicular form of the disease, and approximately 10% of the
patients presented familial origin.

The results of the linear regression (Figure 1) point to an average
increment of 5.63 (CI 95% 3.70 - 7.55) points in the scale at each

Male

Age in years

The sample consisted of 31 patients, 12 adults and 19 elderly. There
was prevalence of males and in a median age of 61 years, ranging from
22 to 80 years. Body composition was evaluated without distinction
of age.

The phase angle showed significant correlations of at least moderate
intensity (p <0.05), with the scores observed in the appendicular and
respiratory domains of the scale, besides the total score obtained. The
total body water measure also correlated positively with the bulbar
domains and the total score. On the other hand, the indicators of body
fat mass and lean mass did not show a significant correlation with the
scale scores.

%

Gender

Results

The bio impedance method identified 30.9% of fat mass, 67.6% of
lean mass and 30.4% of total body water in the studied sample. The
phase angle, measured using the bio impedance method, averaged 3.9
degrees in women and 4.1 degrees in men.

N

Subject

Male

29, 2 (13, 7 – 43, 3)

Female

34, 2 (19, 2 – 55, 2)

Lean mass –average (min - max)
Male

70, 7 (56, 7 – 86, 3)

Female

60, 6 (33, 7 – 74, 3)

Total body water (L) – average (min - max)
Male
Female

34, 9 (16 – 51, 4)
27, 6 (18, 4 -35, 4)

Phase angle (º) – average (min - max)
Male
Female

4, 1 (2, 8 – 6)
3, 9 (2, 4 – 6, 3)
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Figure 1. Body composition x functionality
Table 2. Matrix of correlations between anthropometric indicators and the scores obtained
on the ALSFRS-R scale.
ALSFRS-R
Subject

Bulbar

Appendicular

Respiratory

BMI (Kg/m2)

0, 555**

0, 169

0, 370**

0, 492**

Fat mass (%)

-0, 045

-0, 129

-0, 065

-0, 141

Lean mass (%)

-0, 024

0, 171

0, 014

0, 128

Body water (L)

0, 367**

0, 174

0, 335*

0, 402**

Phase angle (°)

0, 152

0, 659***

0, 516***

0, 744***

*P<0, 10
**P<0, 05
***P<0, 001
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Total

Discussion
The epidemiological and clinical characteristics observed in
patients with MND in this study are in agreement with the evidence
described in the literature [6]. Being a relatively rare disease, the sample
studied is sufficient to represent changes in the body composition of
patients with DNM [7]. Patients older than 60 years were considered
elderly, since, according to the World Health Organization, this is the
cut age for developing countries, in which Brazil fits in [8]. Variables
that were not nutritional factors were used to characterize the sample,
but were excluded from the analysis.
Most of the patients in this study, representing 75% of the sample,
presented the appendicular form as manifestation of the disease. It
can also be observed that, there was predominance of the sporadic
form on the familial one, which represented approximately 10% of the
patients, as described in the literature [9, 10].
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Studies have observed that patients with MND often present
marked weight loss from the onset of symptoms [11], and JAWAID
et al. described that weight loss is a negative prognostic factor for
patients with MND [12]. In this study, the majority of patients (80.6%)
reported weight loss from the onset of clinical symptoms, with 64%
of them presenting a marked loss greater than 10% of the previous
weight. This condition can be attributed to the characteristic picture
of dysphagia, decreased food intake, hyper metabolism and increased
energy expenditure [13]. It was observed that, in the present study,
dysphagia was present in 100% of the bulbar patients, and among
the patients with appendicitis, bulbar involvement was not recurrent.
However, it is suggested that the hyper catabolic state may begin
before the clinical manifestation of the disease [14].
BMI can be used as a predictor of progression and survival [14].
Some studies have described an association between the change in
BMI and the clinical course of the disease, and evidence that survival
is better in overweight patients compared to eutrophic or low-weight
patients [11, 14, 15]. Other studies have shown that changes in BMI in
the first two years after diagnosis correlate significantly with survival,
and with the rate of progression of motor symptoms [12]. This faces the
present study, where the BMI of the evaluated patients demonstrated
significant, directly proportional correlations with the full score of the
functionality scale. On the other hand, authors observed that there
was an increase in mortality in patients with a higher BMI (above 35),
and suggest that obesity may be related to a more rapid progression of
the disease with reasons not yet elucidated [13, 16].
Previous studies have observed that there is a decrease in body
weight, BMI, lean mass, phase angle, and an increase in fat mass
during the course of the disease, and that depletion of lean mass has a
negative impact on functionality and such thing is a prognostic factor
for the survival decrease [17–19]. Fat mass is associated with a better
outcome of the disease [20]. Authors suggest that increased LDL /
HDL cholesterol may be related to neuronal protection and increased
survival [15, 18]. Regarding body water, in this present study, the
measure of this variable was positively correlated with the bulbar
domains and the total score of the ALSFRS-R scale. Thus, for each liter
of total body water measured, there was an average increase of 0.42
(95% CI 0.05 to 0.75) in the scale.
This fact is in agreement with the literature, which attributes to
hydration as one of the most sensitive factors of malnutrition, and
that the phase angle can also be interpreted as an indicator of water
distribution between the extra and intra-cellular compartment, and that
the better the phase angle, the better the cell membrane integrity [20].
In patients with MND, there is a probable relationship between
phase angle and malnutrition, since the alteration of this indicator was
higher in malnourished patients than in eutrophic ones [4]. In a study
involving patients with MND and phase angle, the authors showed
that there was significant worsening of the phase angle in these, and
the same suggests that the phase angle could be used as a severity
index [3]. The literature also describes that BMI and phase angle are
independently associated with survival, and do not correlate with each
other. This fact was also observed in this present study.
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The reference value for healthy population of the phase angle is
approximately 6.5º +/- 1º for females, and 7.5º +/- 1, 1º for males [3].
In this study, the phase angle averaged 3, 9º in women, and 4, 1º in
men, as those found in the literature in patients with MND, where the
average phase angle for women was 3, 8º , and for men of 4, 5º [20].
Authors demonstrated that there was a decline of the ALSFRS-R
scale in the first 5 years of diagnosis of the evaluated patients [21]. The
same study also noted that the higher the rate of decline in ALSFRS-R,
the lower the survival. Considering that the literature assigns a gravity
index to the phase angle, it was observed that in this present study
there was a relation between the scale of functionality and the phase
angle. The phase angle presented significant correlations of at least
moderate intensity with the scores observed in the appendicular
and respiratory domains of the scale, in addition to the total score
obtained. There is agreement of the relationship between the phase
angle and the appendicular domain, considering that the caloric
restriction exacerbates the motor symptoms [18]. The results of the
linear regression point to an average increase of 5.63 (95% CI 3.70 7.55) points in the scale, to every degree measured in the phase angle.
However, as it is a cross-sectional study, it was not possible to evaluate
the association between phase angle, ALSFRS-R and survival.
Bio impedance is a simple and easy to apply method, but
the use in clinical practice to evaluate patients with MND may
present limitations and bias for some measures, since the corporal
distribution of these patients may behave differently, [20] once there
is a difference in the fat distribution, as well as hydration. Although
bio impedance monitors body composition more fractionally, body
weight assessment should be a priority, once it is from its variation
and monitoring that nutritional intervention is guided, and that BMI
at the time of diagnosis can be considered a factor prognosis [17]. It
is essential that the care invested be interdisciplinary to ensure the
optimization of the quality of life of these patients. Studies confirm
that patients who receive care from a multiprofessional team tend to
have better survival compared to those who are deprived of these care
[9]. All things considered, monitoring of nutritional status becomes
indispensable for a better course of the disease.

Final considerations
The nutritional status is directly related to disease progression, and
the depletion of the body compartments influences the functionality
of patients with MND. BMI is a prognostic indicator and should
be used as monitoring during the course of the disease. ALSFRS-R
provides data that allows monitoring the evolution of the disease
in a generalized way and by domains, allowing a more sensitive
and focused observation of the bulbar, motor and / or respiratory
alterations resulting from the disease, guiding the professional
conduct and treatment.
The evaluation of body composition provides information that
aggregates in the individualization of the nutritional therapy. The
phase angle is an excellent predictor of severity, and concomitant with
the application of ALSFRS-R, it is possible to notice that the alteration
of the body composition has a direct and negative impact on the
functionality of these patients.
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