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Abstract
Aim: Amyotrophic lateral sclerosis (ALS) is a chronic, neurodegenerative disease, which leads to development of malnutrition. The main purpose 
of this research was to analyze the impact of malnutrition on the course of the disease and long-term survival.

Material and methods: A retrospective analysis has been performed on 48 patients (22 F [45,83%] and 26 M [54,17%], the average age of 
patients: 66,2 [43-83]) in 2008-2014.The analysis of the initial state of nutrition was measured by body mass index (BMI), nutritional status 
according to NRS 2002, SGA and concentration of albumin in blood serum.

Patients were divided into two groups, depending on the state of nutrition: well-nourished and malnourished. The groups were created separately 
for each of these, which allowed an additional comparative analysis of techniques used for the assessment of nutritional status.

Results: Proper state of nutrition was interrelated with longer survival (SGA: 456 vs. 679 days, NRS: 312 vs. 659 vs. 835 days, BMI: respectively, 
411, 541, 631 days, results were statistically significant for NRS and BMI). Concentration of albumin was not a prognostic factor, but longer 
survival was observed when level of albumin was increased during nutritional therapy. 

Conclusions: The initial nutrition state and positive response to enteral feeding is associated with better survival among patients with ALS. For 
this reason, nutritional therapy should be introduced as soon as possible.
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Resumen
Objetivo: la esclerosis lateral amiotrófica (ELA) es una enfermedad crónica, neurodegenerativa que genera malnutrición. El objetivo principal de 
este estudio es analizar el impacto de la malnutrición en el curso de la enfermedad y la sobrevida a largo plazo. 

Materiales y métodos: se realizó un análisis retrospectivo de 48 pacientes (22 mujeres [45.83%] y 26 hombres [54.17%], con un promedio de 
edad de 66,2 [43-83]) del 2008 al 2014. El análisis del estado nutricional inicial se midió utilizando el índice de masa corporal (IMC), el estado 
nutricional de acuerdo al NRS 2002, la valoración global subjetiva (VGS) y la concentración sérica de albúmina. Los pacientes se dividieron en 
dos grupos, dependiendo del estado nutricional en el que se encontraban: bien nutridos o malnutridos. Los grupos se crearon por separado, lo 
que permitió un análisis comparativo adicional de las técnicas utilizadas para la evaluación del estado nutricional.

Resultados: un estado nutricional adecuado se relaciona con mayor sobreviva a largo plazo (456 vs. 679 días, NRS 312 vs. 659 vs. 835 días, 
IMC respectivamente: 41, 541, 631 días, resultados estadísticamente significativos para NRS e IMC). Las concentraciones de albúmina no fueron 
un factor pronóstico, pero se observó mayor sobrevida si las concentraciones de albúmina incrementaban durante el tratamiento nutricional.

Conclusiones: el estado nutricional inicial y la respuesta positiva a la alimentación enteral están asociados a mayor sobrevida en pacientes con 
ELA, razón por la cual, la terapia nutricional debe de iniciarse lo antes posible.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a neurological disease 
from the group of neurodegenerative disorders, under which the 
lower and upper motor nerves are damaged. The cause and eti-
ology of the disease are unknown, only in 5-10% of the cases 
inheritance has been proven, thereby creating a familiar form 
of disease (1). An incidence of 7/100 000 level in the general 
population makes the disease a major social health problem (2). 
The peak of incidence is located at the age of 64 (3). The average 
survival time is 2-3 years for the type of the bulbar beginning 
and 3-5 years for the type of the limb beginning, but one half of 
patients dies within 30 months after diagnosis (4). At the moment 
there is no possibility of causal treatment of this disease, which 
is why in recent years the emphasis has been put on coordinated 
specialized care. Due to the fact that dysphagia and eating disor-
ders are common symptoms of this disease, nutritional therapy is 
an essential part of multidisciplinary care. Unfortunately, the role 
of nutritional therapy is often neglected, and the dietary interven-
tion begins too late and it is carried out carelessly. Many authors 
emphasize in their works the importance of malnutrition and its 
correlation with neurological deficits in the course of ALS (5,6). 
The aim of the study was to answer the question of whether the 
initial nutritional state has an impact on survival of patients with 
ALS, and whether nutritional therapy can be an effective thera-
peutic intervention.

MATERIAL AND RESEARCH METHODS

A retrospective analysis was performed on a group of 48 
patients (22 F [45.83%], 26 M [54.17%], age average: 66.2 
[43-85]), of patients nutritionally treated because of ALS 
under home enteral nutrition conditions in the period from 
06.01.2008 to 06.01.2014. The average duration of treat-
ment was 594 days (median 511 days, range: 179-1891). 
Among the 48 patients there were 22 deaths (45.83%) and 
26 (54.17%) patients were artificially ventilated. All patients 
were fed intragastrically with industrial diets. In forty cases 
(83.4%) the access was a percutaneous endoscopic gastros-
tomy (PEG) in six (12.3%) a surgical gastrostomy, in two (4.1%) 
a nasogastric tube. Low-carbohydrate diets were dominating 
among the industrial diets (28 patients, out of which 6 of them 
received standard diet, 6 of them diabetic, 4 of them diets with 
soy protein and 12 of them fiber-rich diets), high-calorie diets 
were used in 20 patients. The average, daily supply of energy 
was 1580 kcal (range: 1200-2000). All patients had bulbar 
component of the disease (34 cases of bulbar form, 14 cases 
of mixed disease bulbar-limb). The exclusion criteria: nutritional 
therapy lasting less than 160 days. 

The analysis of nutritional status has been performed using 
body mass index (BMI), Nutritional Risk Screening 2002 (NRS 
2002), Subjective Global Assessment (SGA) and the concen-
tration of albumin in blood serum. The primary endpoint of the 
study was to answer the question whether the nutritional status 

influence the results of ALS treatment. The secondary endpoint 
was to determine the effect of nutritional therapy on long-term 
survival. All tests were performed during admission and after 
six months of treatment. Groups of patients were divided by:

–  SGA: group I - B + D grade (n = 30), group II - C grade (n = 18). 
No patient was properly nourished.

–  NRS 2002: group I - 3 points (n = 6), II - 4 points (n = 30), 
III - 5 or more (n = 12).

–  BMI: BMI < 17 kg/m2 (n = 12), II - 17.01-18.49 kg/m2 (n = 
8), III - 18.5-25 kg/m2 (n = 28)

–  Concentration of albumin: group I - below the normal range 
(< 35 g/L, n = 20) and group II - normal concentrations 
(> 35 g/L, n = 28).

STATISTICAL ANALYSIS

The evaluation of interdependence of initial nutritional status 
and survival of patients was conducted. For this purpose chi-
squared test (with the division of survival period into two groups, 
i.e. the survival period to 360 days and more) was used. The 
evaluation of the interdependence of initial nutritional status 
and survival of patients was done. For this purpose χ² test (chi-
squared test) was used, which is introduced in cases where 
there is a need to assess the independence of the two traits. This 
test can verify null hypothesis (H0) that two traits are independ-
ent of the alternative hypothesis (H1) telling that two traits are 
dependent.

The test of this hypothesis is statistics χ2 with right-sided critical 
area. Condition P (χ2 ≥ χ

α
2) = α determines it, where χ

α
2 is the 

critical value, which was read from the χ2 distribution table for a 
predetermined confidence level α. If χ2 ≥ χ

α
2 we reject H

0
 stating 

that considered traits are dependent. In the opposite case, we 
find that at a certain confidence level α there are no grounds to 
reject the null hypothesis H

0 
talking about traits independence. 

The calculation has been made with the division of patients into 
two groups: one for whom the period of survival was 360 days 
and the other with a longer survival time.

Knowing the χ2 statistics there is a possibility to determine 
ϕ-Yule coefficient, which assesses the strength of the relationship 
between the two traits.

ϕ = √(χ2/n)

This coefficient is equal to zero when tested traits are independ-
ent and their maximum value is 1 denoting a full correlation 
between the measured traits.

RESULTS

All planned analyses were performed for each patient. The 
results including the division on diagnostic tests can be found 
below.
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LONG-TERM SURVIVAL AND SGA (FIG. 1)

Group I: the average survival time was 679 days (range 179-
1891), median survival was 702 days.

Group II: the average survival time was 456 (range 159 -1084), 
median survival was 273 days. 

Results are shown in figure 1.
The value of the test χ2 (chi-squared): 1.1.

LONG-TERM SURVIVAL AND NRS (FIG. 2)

Group I: average survival time was 835 days (range 702-1075), 
median survival was 728 days.

Group II: average survival time was 659 days (range 159-
1891), median survival was 511 days.

Group III: average survival time was 312 days (range 179-580), 
median survival was 242 days. 

Results are shown in figure 2.
The value of the χ2 (chi-square) test: 7.18.

LONG-TERM SURVIVAL AND BMI (FIG. 3)

Group I: average time of survival was 411 days (range 159-
1048), median survival was 242 days.

Group II: average survival time was 541 days (range 179-
1069), median survival was 459 days.

Group III: average time of survival was 631 days (range 189-
1349), median survival was 607 days.

Results are shown in figure 3. 
The value of the χ2 (chi-square) test: 4.54.
The determined χ2 test values indicate that there is a correlation 

between NRS, BMI and survival (χ2 test calculation values are 
higher than the critical value, and thus we reject the null hypoth-
esis H

0
 about the independence of the studied traits).

LONG-TERM SURVIVAL AND THE INITIAL 
CONCENTRATION OF ALBUMIN IN BLOOD 
SERUM

Group I: average survival - 597 days, median survival - 392 
days [183-1091].

Group II: average survival - 592 days, median survival 573 days 
[159-1349].

In the next stage another analysis was performed to assess the 
effectiveness of nutritional therapy. Both groups of patients were 
divided into sub-groups.

Group I: Low baseline concentration of albumin.
A (n = 14) - low initial concentration of albumin but noticeable 

growth during treatment (average increase: 8,52g/L [range 2.1-
18.47]).

B (n = 6) - no increase or decrease of concentration during 
treatment.

Long-term survival: 
A: on average - 717 days, median survival - 511 days.
B: on average - 317 days, median survival - 189 days (183-580).
A similar analysis and division into subgroups were made in 

group II.
Figure 1. 

SGA and long-term survival.

Figure 2. 

NRS and long-term survival.

Figure 3. 

BMI and long-term survival.
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A (n = 18, improvement of albumin concentration an average of 
8,52g/l [2.1-18.47 range]). Results: average survival - 749 days, 
median survival - 734 days.

B (n = 10, decrease of albumin concentration an average of 
3.08 g/l [range 0.7-6.2 g/l]). 

Results (Fig. 4): average survival - 310 days, median survival 
- 210 days.

A separate analysis was performed in group III, comprised by 
IA and IIA subgroups, and in group IV, comprised by IB and IIB 
subgroups. Analysis of the combined sub-groups IA and IIA, which 
is the overall assessment of patients with normal concentration of 
albumin and patients who have succeeded to improve the index 
over the six months.

Group III consisted of 32 patients. In this group the average 
survival was 763 days with a median survival of 734 days.

In Group IV patients from IB and IIB groups, i.e. patients with low 
albumin concentration whose index did not improve in 6 months 
and patients with normal concentration of albumin which decreased 
after 6 months, were assessed. In this group, the average survival 
was 313 days, while the median survival amounted to 200 days.

During the χ2 (chi-squared) test for group III and IV empir-
ical values of the hypothesis χ2e (7.02 and 8.34 respectively) 
were obtained. They were higher than the theoretical values. This 
shows that at a significance level of 0.05 (i.e. with 95 % prob-
ability) the hypothesis of independence of these traits is needed 
to be rejected and therefore we can say that there is a correlation 
between these traits. The coefficients φ-Yule, for these two groups 
are respectively 0.38 and 0.41 (Fig. 5).

DISCUSSION

ALS is a chronic, incurable disease, during the course of which 
nutritional status disorders always appear. This is a result of increas-
ing muscle dysfunction associated with chewing and swallowing. In 
addition, weight loss is associated with the progressive decline of 
skeletal muscles. Nutritional support should be an important part 
of treatment for these patients, although it is usually ignored and 

in most cases introduced too late or not introduced at all. In the 
literature there are many works emphasizing the important role of 
medical nutrition therapy in ALS as a component of multidisciplinary 
care with rehabilitation and ventilation. Bali points out that this can 
have a significant positive impact on the course of the disease (7).

Malnutrition was found in all patients of described groups. This 
is consistent with literature data. Lehericey evidenced the preva-
lence of malnutrition and dehydration on the course of ALS prob-
ably against the secondary disorders to degeneration of neurons 
responsible for the act of swallowing, emphasizing the psycho-
logical and ethical aspects of nutritional therapy (8).

In assessing the duration of treatment of patients with ALS in the 
nutrition clinic it is necessary to remember that the median surviv-
al, counted from the date of diagnosis, is 30 months (4), average 
survival from the date of diagnosis ranges from 2.5 to 3 years. The 
diagnosis of ALS does not imply that patients begin a treatment in 
a nutrition clinic. Most patients are admitted to the nutrition clinic 
when every other method of nutritional treatment has failed.

It has to be noticed that a patient of a clinic should already have 
the inserted access to the digestive tract –otherwise it causes a 
delay in the start of nutritional therapy.

In the literature, there are many publications that state that the early 
inserting of PEG has a positive impact on the nutritional status and 
disease. Prior-Sanchez assures that faster implementation of PEG in 
patients with ALS is associated with increased survival (9). Similarly, 
Eisen A holds that progress in the treatment of ALS is mainly due to 
the use of the BiPAP and temporal usage of PEG (10).The survival 
median in ALS –900 days– compared with the results of patients 
from the groups with the best survival rates, in the light of the fact 
that patients are taken to nutritional clinics late, may evidence that 
results could be improved thanks to a faster introduction to nutritional 
therapy. This is confirmed by data from the literature. ST Ngo con-
firms that higher initial BMI and its maintenance are associated with 
an improvement of results (11). Desport thinks that malnutrition is 
considered as an independent predictor of worsening survival, also he 
shows that the use of enteral nutrition can improve the condition of the 
respiratory tract of patients with ALS (12). Furthermore, Lopez Gomez 
observed positive effects of early placement of patients in the enteral 

Figure 4. 

Long-term survival in group with normal initial albumin concentration (group II).

Figure 5. 

Long-term survival among groups III and IV.
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feeding protocol –these patients lived longer in comparison with those 
in which such protocol was not applied. In the group described above, 
we can see that patients who began treatment in a better clinical 
condition and those who had nutritional therapy lived longer. This is 
shown by each of the indicators under analysis.

CONCLUSIONS

1. Patients with ALS who are admitted to treatment in nutrition 
clinics are a heterogeneous group in terms of their initial nutrition-
al condition. Coefficients of variation reach values above 70%. For 
example, in both groups classified by the level of SGA coefficients 
of variation are 71% and 72% respectively, in 4 NRS level and I 
group BMI they amount up to 77%.

2. Patients with a better initial nutritional status, which is reflected 
in each of the indicators analyzed –SGA, NRS, BMI– live longer.

3. Basic values of albumin levels are not associated with aver-
age lifespan (χ2 = 0.95 level aφ = 0.14). The longest survival 
prognosticate patients with normal albumin levels, which manage 
to keep it as it is and patients with basic values of albumin below 
normal levels, where there is an increase in its concentration in 
the course of nutritional therapy. Patients with low basic level of 
albumin survive longer if they are able to modify it during the initial 
phase of nutritional therapy (highest value χ2 = 8.34 aφ = 0.41 
were obtained for the III and IV group).

In short, the initial nutritional status and positive response to 
enteral feeding is associated with better survival among patients 
with ALS.
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