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Abstract

Background Dysphagia is a common symptom during the trajectory of ALS, and it can significantly impact on the quality
of life and prognosis of patients. Nowadays, no specific tool for the screening of dysphagia in ALS is validated, and the
approach is heterogeneous across the Italian centres.

Objective To validate the DYALS (dysphagia in amyotrophic lateral sclerosis) questionnaire, adapting the DYMUS (dyspha-
gia in multiple sclerosis) questionnaire, for the assessment of dysphagia in ALS patients, in order to uniform the evaluations
across the Italian ALS network.

Methods We included 197 patients diagnosed with ALS following the El Escorial criteria, in sixteen Italian ALS centres
between 1st December 2019 and 1st July 2020. For each patient, we collected clinical and demographic data and obtained
ALSFRS-r score, ALSAQ-5 score, DYMUS score, and EAT-10 score.

Results Across the 197 patients, the ratio M/F was 113/84, and the median age was 64 years (IQR 56-72.5). Bulbar patients
were 20%, and spinal patients 80%. The median ALSFRSr total score of patients was 35 (IQR 28-39). DYALS score was
statistically higher in bulbar ALS than in spinal ALS (median=6, IQR 4.5-9 vs median=1, IQR 0-5, z=6.253, p <0.0001).
DYALS questionnaire showed a high internal consistency (Cronbach’s alpha=0.88). There was a statistically significant
correlation between DYALS and EAT-10 (rtho=0.90, p <0.0001).

Conclusions DYALS scale is reliable, manageable, and easily usable for the screening of dysphagia in ALS. It can be shared
with all the Italian ALS centres in order to collect uniform data for therapeutic strategies and clinical trials.

Key words Dysphagia - ALS - Screening

Introduction

Dysphagia is a common symptom in patients with amyo-
trophic lateral sclerosis (ALS), and it can early arise in bul-
bar onset or more frequently during the trajectory of the
disease [1, 2]. In the end-of-life, more than 80% of ALS
patients complain dysphagia [3]. However, patients often
tend to underestimate dysphagia in the first phases, and car-
egivers rarely report it during the follow-up visits result-
ing in a delayed identification [4]. Conversely, the onset of
swallowing disturbances should be promptly recognized in
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order to recommend further specific investigations and iden-
tify potential therapeutic approaches minimizing the risk of
malnutrition and aspiration [5]. Furthermore, dysphagia
can impact on the quality of life resulting in a further psy-
chological burden [6, 7], in particular modifying the social
behaviour of patients [8] and interfering negatively with the
adherence to the oral therapy [9]. Few instruments are avail-
able in order to screen ALS patients for dysphagia [10-12],
and the approach is widely heterogeneous across the ALS
centres in Italy. Dysphagia in multiple sclerosis (DYMUS)
questionnaire has been created and subsequently validated in
a large cohort of Italian MS patients as a reliable, manage-
able, and easy-to-administer tool [13, 14].

The aim of the study is to validate the DYALS (dysphagia
in amyotrophic lateral sclerosis) questionnaire, adapting the
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DYMUS questionnaire, for the screening of dysphagia in
ALS patients, and to provide an adequate tool able to uni-
form the evaluations across the Italian ALS Centres.

Materials and methods
Patient enrolment and data collection

We enrolled patients diagnosed with ALS according to
El Escorial criteria [15] and consecutively followed up in
sixteen Italian ALS centres between 1st December 2019
and 1st July 2020. Other inclusion criteria were patients
aged > 18 years old and patients with ECAS (Edinburgh
Cognitive and Behavioural ALS Screen) [16] score > 97
(low grade of education) or > 108 (high grade of educa-
tion) for patients aged <60 years old, >89 (low grade of
education) or > 107 (high grade of education) for patients
aged > 60 years old. The exclusion criteria were patients
affected by other neurological pathologies causing dyspha-
gia; patients using non-invasive ventilation more than 20 h/
day or affected by other severe respiratory syndromes; and
patients with gastrostomy or tracheostomy.

For all the patients, we collected clinical and demo-
graphic data, and obtained ALSFRS-R score, ALSAQ-5
(Amyotrophic Lateral Sclerosis Assessment Question-
naire-5) score, DYMUS score, and EAT-10 score.

DYMUS

DYMUS is a 10-item questionnaire, in which every answer
is dichotomous (‘yes’ or ‘no’). The questionnaire was cre-
ated and validated in a large cohort of MS patients [13, 14],
demonstrating high internal consistency. Bergamaschi et al.
performed a factor analysis that showed the presence of two
subscales: ‘dysphagia for solids’ and ‘dysphagia for liquids’.
Both the subscales had high internal consistency [13]. In the
present study, we propose to confirm the consistency and
the reliability of the questionnaire in a different cohort of
neurological patients, affected by ALS, and to make exter-
nal validation using the gold-standard scales for dysphagia
(EAT-10, or ALSFRS-R). A single interviewer has been
selected for each centre and trained in the questionnaire’s
administration and database’s data entry.

Ethics approval

The study was approved by institutional ethic committee
(N° 20,190,089,507) of the coordinator centre IRCCS Mon-
dino Foundation) and then by ethic committees of the other
centres.
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Statistical analysis

The sample size required for validation of the question-
naire was determined on the basis of the ‘rule of thumb’
(n:p) [17]. This calculation provides for the ratio between
the number of subjects (1) and the number of variables or
items (p) that make up the questionnaire (specifically, the
DYMUS questionnaire consists of 10 items). According
to Everitt [18], in order to identify the number of subjects
to be recruited in the study, the results of this ratio (n:p)
must be at least 10. So to achieve a ratio of 10, at least 100
subjects were recruited (n:p, 100:10=10).

The analysis of the collected data was structured as
follows: (1) analysis of the questionnaire items through
the usual descriptive statistics; (2) analysis of construct
validity by means of exploratory factor analysis (EFA) for
binary items, based on a matrix of tetrachoric corre-
lation coefficients. The number of dimensions to be
extracted (corresponding to the latent factors) was deter-
mined according to Kaiser’s criterion (eigenvalues greater
than 1), Cattell’s criterion (scree plot), and Horn’s Par-
allel Analysis. Saturations of questionnaire items on the
extracted factors were determined after a Promax rotation,
and a score for each dimension was then built; (3) assess-
ment of the reliability of the questionnaire by means of
Cronbach’s alpha to analyse the internal consistency, tak-
ing the value 0.70 as the threshold; (4) external valida-
tion of the score obtained by specific analyses (Pearson
correlation coefficient, Student T test, ANOVA, and/or
corresponding Spearman’s rank correlation coefficient,
Mann—Whitney or Kruskal-Wallis test non-parametric
tests) with the gold standard scale used in clinical prac-
tice and the relationships with detected clinical variables;
(5) recode of the score in three levels of dysphagia sever-
ity (low, intermediate, high) through the use of quartiles
to verify the association with clinical characteristics
(Kruskal-Wallis test non-parametric tests, Pearson's chi-
square test or Fisher’s exact test if necessary). Normality
distribution for quantitative variables was assessed by the
Shapiro—Wilk Test. For all analyses, the statistical sig-
nificance was set at the level of <0.05. All analyses were
performed using Stata software v15.1 (StataCorp, College
Station, USA).

Results

A total of 197 ALS patients were recruited (M/F=113/84,
57.5% vs 42.5%), of which 35.6% definite, 32% probable,
14.9% probable lab-supported, and 17.5% possible follow-
ing the El Escorial criteria. The median age was 64 years
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Table 1 Factor loadings (N=197)

*Factor 1

Item

1. Difficulty swallowing solid food 0.898
2. Difficulty swallowing liquids 0.855
3. Globus sensation 0.798
4. Food sticking 0.734
5. Coughing after ingestion of solid food 0.845
6. Coughing after ingestion of liquids 0.815
7. Needs several swallowing actions to swallow solids 0.858
8. Cuts food into small pieces in order to swallow it 0.882
9. Takes many sips in order to drink 0.903
10. Weight loss 0.650

“Eigenvalue =6.85 with 68.5% of total variance explained

Parallel Analysis

Eigenvalues

Factor

—— Factor Analysis ———-—- Parallel Analysis

Fig. 1 Parallel analysis for the 10-items questionnaire DYMUS

(IQR 56-72.5), and the median diagnostic delay (time
from symptoms onset to diagnosis) was 1 year (IQR 0-2).
Patients characterized by bulbar onset were n =40 (20%),
and by spinal onset n =157 (80%). The median ALSFRS-R
total score of patients was 35 (IQR 28-39), and the bulbar
subscore was 11 (IQR 9-12). The DYMUS questionnaire
was administered to all ALS patients.

Study of dimensionality and reliability of DYALS
questionnaire

The analysis of construct validity by means of EFA with
Promax rotated matrix suggested the presence of a sin-
gle dimension. We found one eigenvalue greater than 1
(eigenvalue = 6.85) explaining 68.5% of the total variance
(Table 1). The graphic representation of the eigenvalues and
the parallel analysis confirmed this result (Fig. 1).

In addition, the DYMUS questionnaire showed a high
internal consistency in ALS cohort, given that the Cron-
bach’s alpha was 0.88. The percentages of positive responses
to the single questions, corresponding corrected item-total
correlations, and Cronbach’s alpha if item is deleted are
reported in Table 2. There are no items with a low frequency
of positive responses and inter-item correlation matrix range
was 0.444-0.716. Cronbach’s alpha would increase if item 3,
4, or 10 was deleted. These items were left in the question-
naire because of their clinical value.

Validity of DYALS questionnaire and relationships
with detected variables

The median score for DYALS was 2 (IQR 0-6). The exter-
nal validation of DYALS score was conducted through a
Spearman’s rank correlation analysis between DYALS and
EAT-10. The result of the analysis showed a strong cor-
relation between the two scales (rho=0.90, p <0.0001).
We also investigated possible relationships between the

Table2 DYMUS questionnaire submitted to 197 ALS patients: percentages of positive responses to the single questions, corresponding cor-
rected item-total correlations and Cronbach alpha if item is deleted

Frequency of positive Corrected item-total cor- Cronbach's alpha
responses relation if item is deleted

1. Difficulty swallowing solid food 30.0% ,695 ,866

2. Difficulty swallowing liquids 37.2% ,669 ,867

3. Globus sensation 18.0% 531 ,877

4. Food sticking 25.5% ,502 ,879

5. Coughing after ingestion of solid food 29.6% ,630 ,870

6. Coughing after ingestion of liquids 39.5% ,617 871

7. Needs several swallowing actions to swallow solids 32.0% ,645 ,869

8. Cuts food into small pieces in order to swallow it 46.2% ,680 ,866

9. Takes many sips in order to drink 45.5% ,716 ,864

10. Weight loss 37.0% 444 ,884
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DYALS score and other clinical scales and found statisti-
cally significant correlations between DYALS and ALSAQS
(rho=0.52, p<0.0001), and between DYALS and ALSFRS-
R (tho= -0.3652, p <0.0001).

DYALS score was statistically higher in bulbar ALS than
in spinal ALS (median=6, IQR 4.5-9 vs median=1, IQR
0-5,z=6.253, p<0.0001).

In addition, by dividing the distribution of DYALS score
into quartiles, it was possible to identify 3 levels of sever-
ity of dysphagia (<2 =1ow, 2-5 =intermediate, > 5 =high).
Given this classification, we found that about 59% (n=116)
of patients report an intermediate and high score value. Sta-
tistical differences were observed between bulbar and spi-
nal patients (x2=32.35, df =2, p <0.0001). Specifically,
patients with bulbar onset result to have a more severe dys-
phagia level than patients with spinal onset: low level 5 vs
50.32%, intermediate level 40 vs 37.57%, and high level 55
vs 19.11%, respectively. A statistical significance associa-
tion was also observed between severity of dysphagia and
El Escorial criteria for the diagnosis of ALS (x2=16.26,
df =6, p=0.012). There were no statistically significant dif-
ferences for sex and age (Table 3).

Discussion

Although early identification of dysphagia is pivotal in order
to minimize the related complications (i.e. malnutrition, risk
of aspiration, drugs manipulation) (1), a specific tool for
the screening of dysphagia in ALS patients is lacking, with
consequent heterogeneous approaches across different Ital-
ian ALS Centres.

With this study, we aim at validating the DYMUS
questionnaire, that in MS patients resulted to have high

internal consistency and reliability [13, 14], in an ALS
cohort (DYALS) to uniform the evaluation of dysphagia in
ALS Ttalian Centres. Even though the pathogenesis and the
mechanisms of swallowing disturbances in MS and ALS
patients are divergent [19-22], the clinical manifestations of
neurogenic dysphagia can be early intercepted by the same
questionnaire. Indeed, our results show that DYALS has very
high internal consistency, and reliability in ALS patients
with Cronbach’s alpha=0.88 but, unlike the DYMUS that
could be divided into two subscales (dysphagia for solids
and liquids), DYALS presented a single dimension.

In our cohort, more than half of the patients presented
intermediate or high grade of DYALS score (>2) confirm-
ing that dysphagia is a common symptom in ALS and it
can be diagnosed in every phase of the disease. As awaited,
bulbar patients demonstrated higher DYALS score (6 vs 1,
p <0.0001) and more frequently score >2 (95% vs 49.68%)
than spinal ones, but 95% of them was unexpected if com-
pared to the median ALSFRS-R bulbar score (n=11). Even
though we considered the bulbar items of ALSFRS-R (i.e.
142+ 3) instead of the isolated item 3 [10], this data sup-
port the higher sensibility of DYALS than the bulbar items
of ALSFRSr for the screening of dysphagia, and a DYALS
score of 2 could represent a cut-off for further diagnostic
exams. A major weakness of this study is the lack of recruit-
ment of patients with severe dysphagia, thus limiting the
diagnostic yield of this scale in the clinical and research
setting for this subgroup of patients.

We conducted the external validation through a Spear-
man’s rank correlation analysis between DYALS and EAT-
10 that has been validated as screening questionnaire for
patients with ALS [11] although not specifically for neu-
rogenic dysphagia. There were statistically significant cor-
relations between DYMUS, ALSAQS5, and ALSFRS-R

Table 3 Associations between levels of severity of dysphagia and characteristics (N=197)

Low Intermediate High p-value
N=381 (41.1%) N=64 (32.5%) N =52 (26.4%)
Sex, n (%)
Female 32 (38.1%) 25 (29.8%) 27 (32.1%) 0.288%%*
Male 49 (43.4%) 39 (34.5%) 25 (22.1%)
Age in years (median, IQR) 64.0 (54.0-71.0) 62.0 (55.5-73.0) 64.5 (59.0-72.5) 0.480*
Onset ALS, n(%)
Bulbar 2 (5%) 16 (40.0%) 22 (55.0%) <0.00071***
Spinal 79 (50.3%) 48 (30.6%) 30 (19.1%)
El Escorial criteria, n(%)
Definite ALS 17 (24.7%) 27 (39.1%) 25 (36.2%) 0.012%%:**
Possible ALS 17 (50.0%) 9 (26.5%) 8 (23.5%)
Probable ALS 29 (46.7%) 21 (33.8%) 12 (19.3%)
Probable ALS-Laboratory supported 18 (62.1%) 7 (24.1%) 4 (13.8%)

N (%) or median (IQR) are shown when appropriate; *Kruskal-Wallis test; **Pearson’s chi-square test or ***Fisher's exact test
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confirming that the more serious dysphagia is the higher
disability and the lower quality of life are. These results con-
firmed data of literature [23].

Although neuromuscular Disease Swallowing Status
Scale (NdSSS) has been already proposed as a generic scale
for dysphagia in patients with neuromuscular diseases [12],
it is not indicated for the screening of symptoms referred by
patients and does not take into account heterogeneity across
neuromuscular disorders.

In conclusion, we confirm that DYALS scale is reliable,
manageable, and easy to use in an outpatient setting. Further
step will be the validation of DYALS with the instrumental
evaluation (i.e. FEES). In the meantime, DYALS employ-
ment may help harmonization among Italian ALS centres
on evaluation and management of dysphagia and allow to
collect solid data for other studies and clinical trials.
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