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Huntington’s disease (HD) is a neurodegenerative disorder characterized by motor disturbances,
cognitive decline, and behaviour changes. A well-recognized feature of advanced HD is dysphagia,
which leads to malnutrition and aspiration pneumonia, the latter being the primary cause of death in
HD. Previous studies have underscored the importance of dysphagia in HD patients with moderate-to-
advanced stage disease, but it is unclear whether dysphagia affects patients already at an early stage
of disease and whether genetic or clinical factors can predict its severity. We performed fiberoptic
endoscopic evaluation of swallowing (FEES) in 61 patients with various stages of HD. Dysphagia

was found in 35% of early-stage, 94% of moderate-stage, and 100% of advanced-stage HD. Silent
aspiration was found in 7.7% of early-stage, 11.8% of moderate-stage, and 27.8% of advanced-stage
HD. A strong correlation was observed between disease progression and dysphagia severity: worse
dysphagia was associated with worsening of motor symptoms. Dysphagia severity as assessed by
FEES correlated with Huntington’s Disease Dysphagia Scale scores (a self-report questionnaire specific
for evaluating swallowing in HD). The present findings add to our understanding of dysphagia onset
and progression in HD. A better understanding of dysphagia onset and progression in HD may inform
guidelines for standard clinical care in dysphagia, its recognition, and management.

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder caused by a CAG expansion in
the IT-15 gene; its prevalence in the Caucasian population is 7-11 per 100,000 (OMIM#143100). HD is character-
ized by motor, cognitive, and behavioural symptoms that have their onset usually between age 30 and 50 years,
after which they slowly progress for 15-20 years until death. Most HD patients with moderate-to-advanced stages
complain of swallowing difficulties. Severe dysphagia often leads to aspiration pneumonia, the main cause of
death in HD'. The natural history of dysphagia in HD remains unclear.

Neuropathological changes in HD include prominent loss of striatal GABAergic neurons and progressive
involvement of the cerebral cortex, pallidum, thalamus, brainstem, and cerebellum?®. Such widespread neurode-
generation results in movement disorders. Besides chorea, the hallmark motor symptom in HD, other typical
motor disorders include dystonia, incoordination, Parkinsonism, and ideomotor apraxia. When these heteroge-
neous movement disorders involve the oropharyngeal musculature, swallowing difficulties ensue®.

Dysphagia in HD has been investigated by subjective and objective swallowing evaluation tests and described
in case reports and case series"*~°. The Huntington’s Disease Dysphagia Scale (HDDS), a self-report questionnaire
specifically designed to assess swallowing in HD, has demonstrated good construct. In patients with cognitive
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decline, however, it needs to be completed by carers who have a quite different perception of the patient’s swal-
lowing difficulties than the patients themselves’. This is why integrating subjective swallowing evaluation with
objective instrumental assessment is so important. In the largest study to date, dysphagia was objectively evalu-
ated by means of videofluoroscopic swallowing study (VESS) in a cohort of 35 HD patients with moderate-to-
advanced stage disease®. More recently, fiberoptic endoscopic evaluation of swallowing (FEES) was described in
small patient cohorts®’. The studies underscored the importance of dysphagia in HD patients with moderate-
to-advanced stage disease, but it remains unclear whether dysphagia affects patients at an early stage and when
penetration/aspiration is likely to occur in HD progression. Moreover, what is also unclear is whether genetic
or clinical factors can be used to predict the severity of dysphagia.

For this study, we used FEES to investigate dysphagia in a cohort of 61 HD patients with early-to-advanced
disease and in a control group of 31 healthy subjects.

Results

Dysphagia assessment in controls and HD patients. Dysphagia severity was evaluated by FEES
and graded according to the Dysphagia Outcome and Severity Scale (DOSS)'. The DOSS describes the overall
severity of dysphagia based on signs of dysphagia detected during instrumental evaluation of swallowing (i.e.,
penetration, aspiration, and pharyngeal residue) and the ability of the patient to manage such signs. The score
ranges from 7 to 1, with levels 7 and 6 indicating swallowing within functional limits, levels 5 to 3 indicating
the presence of dysphagia, and levels 2 to 1 indicating severe swallowing impairment. FEES was well tolerated
by all participants. As expected, DOSS scores were lower for the HD patients than the controls (HD 4.75+0.15
vs. controls 6.52+0.10; Mann-Whitney test, p<0.0001). To determine whether dysphagia was present in the
patients with early-stage HD, we stratified patients according to disease stage!! and reanalysed the DOSS scores.
Despite the small study sample, the DOSS score was lower for the HD patients in the early stage (n=26) than
for the controls (controls 6.52+0.10, early-stage HD 5.54+0.16, moderate-stage HD 4.53 +0.21, advanced-stage
HD 3.83 £0.28, Kruskal-Wallis and Dunn’s test, controls vs. early-stage HD p < 0.01; controls vs. moderate-stage
HD p<0.0001; controls vs. advanced-stage HD p<0.0001; early-stage vs. moderate-stage HD p <0.05; early-
stage- vs. advanced-stage HD p <0.001; Fig. 1a).

To better quantify the frequency of dysphagia at each HD stage, we analysed the number of patients with
normal swallowing (DOSS score 7-6 denotes dysphagia severity stage 0) versus those with dysfunctional swal-
lowing (DOSS score <5 denotes dysphagia severity stages 1-2). Dysphagia was present in 100% of advanced-
stage, 94% of moderate-stage, and 35% of early-stage HD patients (p <0.0001, df 3, chi-square 64.58; Fig. 1b).

To better characterize dysphagia and estimate the risk of severe complications such as aspiration pneumo-
nia, swallowing safety was assessed according to the Penetration-aspiration scale (PAS) score. Consistent with
previous results, the PAS scores for the HD patients were higher than for the controls and worsened with pro-
gressive disease stage (controls 1.26 +0.12, early-stage 2.58 £ 0.42, moderate-stage 4.24 + 0.47, advanced-stage
HD patients 5.44 + 0.58. Kruskal-Wallis and Dunn’s test, controls vs. early-stage p <0.05; controls vs. moderate-
stage p <0.0001; controls vs. advanced-stage HD patients p < 0.0001; early-stage vs. advanced-stage HD patients
p<0.001; Fig. 1c). Silent aspiration was found in 7.7% of patients with early-stage, 11.8% of those with moderate-
stage, and 27.8% of those with advanced-stage HD. Impaired swallowing safety was already present in early-stage
HD; the risk of lower airway invasion increased with disease progression (Fig. 1d).

Pharyngeal residue, defined as pharyngeal food residue not entirely cleared by a swallow, was associated with
the risk of malnutrition'2. We tested pharyngeal residue by means of the Yale Pharyngeal Residue Severity Rating
Scale. Pharyngeal residue was present in patients with early stage HD (Supplementary Fig. S1).

The correlation between the HDDS questionnaire” score and the DOSS level (Spearman, r=-0.30, p=0.024)
showed that objectively determined dysphagia severity correlates with subjective self-report of dysphagia by the
HD patients or their caregivers (Supplementary Fig. S2).

Correlations between dysphagia and HD features. We wanted to determine whether genetic or clini-
cal factors could be useful for predicting dysphagia severity. DOSS scores did not correlate with age and CAG
values (Spearman, p >0.05), however, they did correlate with duration of illness and disease burden®® (Spearman,
duration of illness r=-0.33, p=0.0102, disease burden r=-0.34, p=0.0007; Supplementary Figs. S3, S4). We
found a strong correlation between total functional capacity (TFC-UHDRS VI) and DOSS scores (Spearman,
r=0.58, p<0.0001; Supplementary Fig. S5). A positive correlation was also found between UHDRS Parts IV-V
and DOSS scores (Spearman, r=0.51, p=0.0001 for UHDRS IV and r=0.54, p <0.0001 for UHDRS V), indicat-
ing a correlation between disease progression and dysphagia severity.

Because dysphagia arises when motor disturbances involve the oropharyngeal musculature, we hypoth-
esized that dysphagia would worsen with worsening of motor symptoms. We found a strong negative correla-
tion between total motor score (TMS) and DOSS score (Spearman, r=—0.68, p <0.0001; Fig. 2a). Also, all the
UHDRS-TMS subitems, except maximal chorea, correlated with DOSS scores, suggesting that the heterogeneous
movement disorders that characterize HD may contribute to the development of dysphagia (Fig. 2b).

Moreover, we hypothesized that the TMS might provide enough sensitivity and specificity to distinguish
between HD patients with normal swallowing and those with dysfunctional swallowing. Using a cut-off of TMS
36.5, which maximizes sensitivity and specificity, we were able to correctly classify 15 out of 18 HD patients with
normal swallowing (DOSS score > 6) and 35 out of 43 of HD patients with dysfunctional swallowing (DOSS
score <5) (81% sensitivity and 83% specificity) (Fig. 2¢). Despite the small sample study, this result suggests that
a motor impairment with a TMS>36.5 could be predictive of dysphagia onset. Further studies in a larger cohort
of patients are desirable to confirm this cut-off value.
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Figure 1. Dysphagia parameters in controls (n=31) and HD patients (n=61): early (n=26), moderate (n=17),
and advanced HD (n=18). (a) Comparison of the Dysphagia Outcome and Severity Scale (DOSS) level in HD
patients and controls. DOSS levels were lower in early-moderate-advanced HD patients compared to controls
(mean = SEM of DOSS: controls 6.52 +0.10, early-stage 5.54 £0.16, moderate-stage 4.53 £0.21, advanced-
stage HD 3.83 +£0.28, Kruskal-Wallis and Dunnss test, *p <0.05; **p <0.01, **p <0.001, ***p <0.0001). (b)
Distribution of dysphagia frequency. Dysphagia was present in 35% of early-stage, 94% of moderate-stage,
and 100% of advanced-stage HD patients (p <0.0001, df 3, Chi-square 64.58). (c) Comparison of Penetration-
Aspiration Scale (PAS) scores. PAS scores were higher for HD patients than for controls (mean + SEM of PAS
scores: controls 1.26+0.12, early-stage 2.58 + 0.42, moderate-stage 4.24 +0.47, advanced-stage HD patients
5.44+0.58. Kruskal-Wallis and Dunn’ test, *p <0.05; **p <0.001, ****p <0.0001). (d) Pie chart showing the
percentage of silent aspiration, aspiration and penetration in HD patients.
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Figure 2. Correlations between dysphagia severity parameters and disease progression. (a) Correlation
between DOSS levels and the total motor score in HD patients. A negative correlation was found between the
two parameters. Spearman correlation coefficient r=-0.6781, p <0.0001. (b) Correlations between DOSS levels
and UHDRS I subitem scores. All parameters but maximal chorea correlated negatively with DOSS level. ¢
Receiver operating curve (ROC) of gain-of-function mutations and control mutations as a function of UHDRS
I total motor score (TMS). Based on a cut-off TMS of 36.5 that maximizes sensitivity and specificity, TMS
correctly classified 15 out of 18 HD patients as having normal swallowing (DOSS=6) and 35 out of 43 as having
dysfunctional swallowing DOSS <5 (81% sensitivity and 83% specificity). The area under the curve is 0.86 (95%
confidence interval =0.77 to 0.95).
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Discussion

Dysphagia severely reduces the quality of life of HD patients and their caregivers; it is associated with an increased
risk for aspiration pneumonia, the primary cause of death in HD. Accurate swallowing assessment is essential
for correct management of HD patients. FEES is a validated and widely used technique to assess the pharyngeal
phase of swallowing'*. FESS directly visualizes the anatomy of the pharynx and larynx. Although it does not
provide real-time information on the oral phase of swallowing, it could be equal or even more sensitive than
VFSS to identify tracheal aspiration and post-swallow residue'>!¢, which are closely correlated with increased
risk of aspiration pneumonia.

This is the first study based on FEES to describe swallowing alterations in a relevant percentage (35%) of HD
patients with early-stage disease. The objective demonstration of impaired swallowing in early HD stages is novel
among studies on dysphagia in HD and shares evidence with a previous study that reported, via questionnaire,
subjective swallowing difficulties very early in HD'”. We further demonstrated that dysphagia worsens with
disease progression and that dysphagia is frequent in patients with moderate- and advanced-stage HD. Analysis
of the rate of penetration/aspiration and post swallowing residue showed that 7% of early-stage HD patients in
this cohort displayed silent aspiration, which rose to 12% and 28% in those with moderate and advanced stage
disease, respectively.

These findings show that abnormal swallowing can be detected by FEES already in early-stage HD patients.
In this perspective, assessment with comprehensive subjective evaluation scales that can predict penetration
or aspiration in HD patients takes on increased importance. Based on responses to a recently developed HD
dysphagia-specific self-report questionnaire (HDDS)’, our data highlight a correlation between HDDS score and
DOSS level; this result confirms the validity of the HDDS for the subjective assessment of dysphagia severity. Fur-
ther studies involving larger cohorts are needed to strengthen the utility of the HDDS, or similar clinical evalu-
ation scales, to predict the onset of dysphagia and associated serious complications such as tracheal aspiration.

Swallowing is a highly integrated and complex sensorimotor process'® that relies on neuromuscular coordi-
nation, adequate strength, precision, timing, speed of reaction, and planning of motor movements'®. Dysphagia
may result from the impairment of various motor and sensory components. We speculate that dysphagia in HD
stems from three different mechanisms.

Our results show that HD patients display penetration/aspiration starting from an early-stage of disease.
Altered coordination can lead to penetration-aspiration because of inadequate timing of swallowing events
(poor oral control, delayed pharyngeal response, uncoordinated laryngeal closure). Penetration and aspiration
may also occur before swallowing due to poor oral control and delayed pharyngeal response, during swallowing
because of ineffective or uncoordinated protective mechanisms, or after swallowing secondary to pharyngeal
residue®. Such neuromuscular discoordination, also named oropharyngeal dyssynergia, may stem from basal
ganglia and cerebellar dysfunction? and may be the main pathophysiological mechanism underlying dysphagia
in HD patients®®. Poor coordination of the oropharyngeal muscles can also lead to the food pharyngeal residue’
observed in HD starting from the early stages of disease. Another pathophysiological mechanism potentially
underlying food pharyngeal residue is weakness of the oro-pharyngeal muscles. This can lead to ineffective
propulsion of the bolus during swallowing?"?2. Because mutant huntingtin is ubiquitously expressed in human
tissues including muscle cells?’, and because peripheral tissues of HD patients bear abnormalities related to the
expression of mutant huntingtin®, we speculate that the oro-pharyngeal muscles are primarily affected by mutant
huntingtin. Finally, the increased rate of silent aspiration in HD patients may result from sensory impairment®
of the epiglottis and posterior wall of the hypopharynx, as previously described in other neurodegenerative
conditions such as Parkinson’s disease**. However, it remains to be determined whether sensory component of
coughing is impaired in HD patients.

Summarizing, the pathophysiology of swallowing in HD probably reflects the complex pattern of neurode-
generation of the HD brain which, in addition to affecting the striatum, also involves areas of the cerebral cortex,
thalamus, pallidum, brainstem and cerebellum?. This is probably the reason why DOSS levels correlated with 14
out of 15 UHDRS Part I sub-items. The absence of a correlation between DOSS level and maximal chorea score
likely reflects the well-known reduction in chorea described in advanced stages of HD. Noteworthy, dysphagia
severity, as assessed by DOSS, strongly correlated with the TMS and a TMS > 36.5 predicted swallowing dys-
function (81% sensitivity and 83% specificity). Further studies in larger cohorts are warranted to substantiate
this finding.

Overall, our findings fill a knowledge gap by systematically examining dysphagia through various stages
of HD*. Our data suggest that monitoring swallowing in HD patients is warranted starting at an early stage of
disease and that instrumental assessment with the FEES can be performed together with bedside evaluation to
characterize progression of dysphagia.

Finally, the study contributes to the limited literature on swallowing impairment in movement disorders.
The hypothesis is emerging that swallowing impairment manifests in the initial phase of diseases and requires
prompt evaluation?.

Methods

Study population. The study sample was 61 HD patients (CAG > 39) evaluated by neurologists with exper-
tise in HD (A.C., C.M., and L.N.) and assessed according to the Unified Huntington’s Disease Rating Scale
(UHDRS)'. Based on UHDRS Part VI (Functional Capacity), HD was staged as early in 26 patients (score 13-7;
Shoulson-Fahn stage 1-2), moderate in 17 (score 6-4; Shoulson-Fahn stage 3), and advanced in 18 (score 3-0;
Shoulson-Fahn stage 4-5)"". Exclusion criteria were: use of enteral nutrition, history of head and neck cancer,
other neurological diseases, self-reported or documented dysphagia prior to HD diagnosis.
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For the control group, 31 age-matched healthy volunteers were recruited (Supplementary Fig. S6). Inclusion
criteria were: age > 20 years, no medical history of voice, swallowing, gastroenterological, respiratory, neurologic,
metabolic, hematologic or neoplastic disorders. All participants underwent evaluation by a phoniatrician and
completed a medical history questionnaire to screen for potential comorbidities. Demographic, genetic, and
clinical data are reported in Supplementary Table S1.

Instrumental assessment of swallowing. All participants underwent fiberoptic endoscopic examina-
tion of swallowing (FEES) to objectively assess dysphagia by an experienced phoniatrician. FEES was conducted
with liquids (3 trials x 5-10-20 cc of blue dyed water), semisolids (3 trials x 5-10-20 cc of pudding), and solids
(2 trials x half cracker). Each FEES was video-recorded, de-identified, and assessed by two independent speech
and language pathologists (SLPs) blinded to the patients’ clinical data. Inter-rater agreement calculated using the
linear weighted kappa coefficient was substantial. Dysphagia severity, swallowing safety, and swallowing efficacy
were rated with validated ordinal scales. Swallowing safety refers to the ability to transfer the bolus from the
mouth to the stomach without penetration or aspiration into the lower airways, which is associated with respira-
tory complications; swallowing efficacy refers to the ability to transfer the bolus from the mouth to the stomach
without post-swallow pharyngeal residue and is associated with nutritional complications?®*.

Dysphagia severity was assessed according to the Dysphagia Outcome and Severity Scale (DOSS)'. The seven
DOSS levels, from 7 (normal swallowing) to 1 (severe dysphagia), are based on signs of dysphagia, need for diet
modifications, and type of nutrition. Levels 7 and 6 correspond to swallowing within functional limits (dysphagia
severity stage 0), levels 5 to 3 to mild-moderate dysphagia requiring diet modifications (dysphagia severity stage
1), and levels 2 and 1 to severe dysphagia requiring tube feeding (dysphagia severity stage 2).

For the safety analysis, laryngeal penetration and aspiration were assessed according to the Penetration-aspi-
ration Scale (PAS)*. Scoring, from 1 (no penetration and aspiration) to 8 (silent aspiration), takes three variables
into account: penetration or aspiration, level of airway invasion, and ability to eject substances from airways.
The worst PAS score for each subject was entered in the statistical analyses. Pharyngeal residue, a measure of
swallowing efficacy, was rated according to the Yale Pharyngeal Residue Severity Rating Scale (YALE)*'. The scale
provides two scores based on the amount of post-swallow residue in the valleculae and the pyriform sinuses.
Scores range from 1 (no residue) to 5 (severe residue). The worst YALE score for each subject was entered in the
statistical analyses. Along with FEES, patient-reported dysphagia was investigated by asking the patients to fill
in the HDDS questionnaire. For HD patients unable to independently complete the HDDS, the questionnaire
was administered orally by a SLP or to the patient’s carer.

Statistical analysis. All data are presented as the mean + SEM. The D’Agostino and Pearson omnibus nor-
mality test was used to test data for normality and the Brown-Forsythe test and Bartlett’s test were used to verify
the assumption of homogeneity of group variance. If the criteria for normality and equal variance were satisfied,
the data were analyzed with analysis of variance (ANOVA) followed by Tukey or Dunnett’s multiple comparisons
test. Tukey test was used to compares every mean with every other mean and Dunnett’s test was used to compare
every mean to the control subject mean. If the criteria for normality and equal variance were not satisfied, the
data were analyzed using the Kruskal-Wallis test, followed by Dunn’s multiple comparisons test. Data distribu-
tion was analyzed using the Chi-Square test. Correlations were assessed using the Spearman test because the
considered variables were not normally distributed.

Ethics approval. The study was carried out according to the Declaration of Helsinki and approved by the
Institutional Review Board of the Luigi Sacco Hospital and the Ethics Committee of the Istituto Auxologico
Italiano IRCCS. Written, informed consent was obtained from all participants or their caregivers.

Received: 7 April 2020; Accepted: 27 August 2020
Published online: 17 September 2020

References
1. Heemskerk, A. W. & Roos, R. A. C. Aspiration pneumonia and death in Huntington’s disease. PLoS Curr. 4, RRN1293. https://doi.
org/10.1371/currents. RRN1293 (2012).
2. Riib, U. et al. Huntington’s disease (HD): the neuropathology of a multisystem neurodegenerative disorder of the human brain.
Brain Pathol. 26, 726-740 (2016).
3. Pizzorni, N,, Pirola, F, Ciammola, A. & Schindler, A. Management of dysphagia in Huntington’s disease: a descriptive review.
Neurol. Sci. 41, 1405-1417 (2020).
4. Heemskerk, A. W. & Roos, R. A. C. Dysphagia in Huntington’s disease: a review. Dysphagia 26, 62-66 (2011).
5. Lee, T. H,, Lee, J. S. & Kim, W. J. High resolution impedance manometric findings in dysphagia of huntington’s disease. World J.
Gastroenterol. 18, 1695-1699 (2012).
6. Alves, T. C.,, Cola, P. C,, dos Santos, R. R. D., Motonaga, S. M. & da Silva, R. G. Swallowing endoscopy findings in Huntington’s
disease: a case report. Codas 28, 486-488 (2016).
7. Heemskerk, A. W. et al. The Huntington’s disease dysphagia scale. Mov. Disord. 29, 1312-1316 (2014).
8. Kagel, M. C. & Leopold, N. A. Dysphagia in Huntington’s disease: a 16-year retrospective. Dysphagia 7, 106-114 (1992).
9. Manor, Y. et al. Dysphagia characteristics in Huntington’s disease patients: insights from the fiberoptic endoscopic evaluation of
swallowing and the swallowing disturbances questionnaire. CNS Spectr. 24, 413-418 (2018).
10. O’Neil, K. H., Purdy, M., Falk, J. & Gallo, L. The dysphagia outcome and severity scale. Dysphagia 14, 139-145 (1999).
11. Wild, E. J. & Tabrizi, S. J. Premanifest and early Huntington’s disease. In Huntington’s disease (ed. Bates, G.) 86-87 (Oxford Uni-
versity Press, Oxford, 2014).

SCIENTIFIC REPORTS |

(2020) 10:15242 | https://doi.org/10.1038/s41598-020-72250-w


https://doi.org/10.1371/currents.RRN1293
https://doi.org/10.1371/currents.RRN1293

www.nature.com/scientificreports/

12. Murray, J., Langmore, S. E., Ginsberg, S. & Dostie, A. The significance of accumulated oropharyngeal secretions and swallowing
frequency in predicting aspiration. Dysphagia 11, 99-103 (1996).

13. Penney, J. B, Vonsattel, . P., MacDonald, M. E., Gusella, J. F. & Myers, R. H. CAG repeat number governs the development rate of
pathology in Huntington’s disease. Ann. Neurol. 41, 689-692 (1997).

14. Langmore, S. E. History of fiberoptic endoscopic evaluation of swallowing for evaluation and management of pharyngeal dysphagia:
changes over the years. Dysphagia 32, 27-38 (2017).

15. Shapira-Galitz, Y., Shoffel-Havakuk, H., Halperin, D. & Lahav, Y. Correlation between pharyngeal residue and aspiration in fiber-
optic endoscopic evaluation of swallowing: an observational study. Arch. Phys. Med. Rehabil. 100, 488-494 (2019).

16. Pisegna, J. M. & Langmore, S. E. Parameters of instrumental swallowing evaluations: describing a diagnostic dilemma. Dysphagia
31, 462-472 (2016).

17. Aziz, N. A, Anguelova, G. V., Marinus, J., Van Dijk, J. G. & Roos, R. A. C. Autonomic symptoms in patients and pre-manifest
mutation carriers of Huntington’s disease. Eur. J. Neurol. 17, 1068-1074 (2010).

18. Miller, A. J. Neurophysiological basis of swallowing. Dysphagia 1, 91 (1986).

19. Ludlow, C. L. et al. Translating principles of neural plasticity into research on speech motor control recovery and rehabilitation.
J. Speech Lang. Hear. Res. 51, S240-258 (2008).

20. Matsuo, K. & Palmer, J. B. Anatomy and physiology of feeding and swallowing: normal and abnormal. Phys. Med. Rehabil. Clin.
N. Am. 19, 691-707 (2008).

21. Dejaeger, E., Pelemans, W., Ponette, E. & Joosten, E. Mechanisms involved in postdeglutition retention in the elderly. Dysphagia
12, 63-67 (1997).

22. Stokely, S. L., Peladeau-Pigeon, M., Leigh, C., Molfenter, S. M. & Steele, C. M. The relationship between pharyngeal constriction
and post-swallow residue. Dysphagia 30, 349-356 (2015).

23. Ciammola, A. et al. Increased apoptosis, huntingtin inclusions and altered differentiation in muscle cell cultures from Huntington’s
disease subjects. Cell Death Differ. 13, 2068-2078 (2006).

24. Sassone, J., Colciago, C., Cislaghi, G., Silani, V. & Ciammola, A. Huntington’s disease: the current state of research with peripheral
tissues. Exp. Neurol. 219, 385-397 (2009).

25. Ramsey, D., Smithard, D. & Kalra, L. Silent aspiration: what do we know?. Dysphagia 20, 218-225 (2005).

26. Rodrigues, B., Nébrega, A. C., Sampaio, M., Argolo, N. & Melo, A. Silent saliva aspiration in Parkinson’s disease. Mov. Disord. 26,
138-141 (2011).

27. Marano, M. et al. Excessive daytime sleepiness is associated to the development of swallowing impairment in a cohort of early
stage drug naive Parkinson’s disease patients. . Neurol. Sci. 410, 116626. https://doi.org/10.1016/j.jns.2019.116626 (2020).

28. Rofes, L. et al. Diagnosis and management of oropharyngeal dysphagia and its nutritional and respiratory complications in the
elderly. Gastroenterol. Res. Pract. 2011, 818979. https://doi.org/10.1155/2011/818979 (2011).

29. Oliveira, D. L. et al. Pharyngeal residue and aspiration and the relationship with clinical/nutritional status of patients with oro-
pharyngeal dysphagia submitted to videofluoroscopy. J. Nutr. Heal. Aging 21, 336-341 (2017).

30. Rosenbek, J. C., Robbins, J. A, Roecker, E. B., Coyle, . L. & Wood, J. L. A penetration-aspiration scale. Dysphagia 11, 93-98 (1996).

31. Neubauer, P. D., Rademaker, A. W. & Leder, S. B. The Yale pharyngeal residue severity rating scale: an anatomically defined and
image-based tool. Dysphagia 30, 521-528 (2015).

Acknowledgements

The authors wish to thank the patients and their families for participating in the study. ].S. was awarded Grants
from MJFF and the Italian Ministry of Health. A.C. was principal investigator of a Grant from the Telethon
Foundation. V.S. is in the Editorial Board of Amyotrophic Lateral Sclerosis, European Neurology, American
Journal of Neurodegenerative Diseases, Frontiers in Neurology; received compensation for consulting services
and/or speaking activities from AveXis, Cytokinetics, Italfarmaco, and Zambon; and receives or has received
research supports from the Italian Ministry of Health (Grant RF-201302355764), Fondazione Italiana di Ricerca
per la SLA - AriSLA (Grants Exomefals and Novals), Fondazione Regionale per la Ricerca Biomedica Regione
Lombardia (Project nr. 2015-0023), and E-RARE JTC 2018 (Project Repetomics).

Author contributions

Conception and design of the study A.S., N.P,, and A.C. Acquisition of data A.S., N.P,, L.N,, B.P, ES,, EP, L.L.,
M.S.-B., A.R,, C.M,, A.C,, and A.C. Analysis of data A.S., N.P, J.S., and A.C. Drafting the article A.S., N.P,, J.S.
and A.C. Revision for important intellectual content A.S., N.P, ].S., V.S., and A.C. All the authors have approved
the final manuscript version.

Funding
This Project was supported by intramural funding of the IRCCS Istituto Auxologico Italiano and Luigi Sacco
Hospital.

Competing interests
The authors declare no competing interests.

Additional information

Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-72250-w.
Correspondence and requests for materials should be addressed to A.S. or A.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2020) 10:15242 | https://doi.org/10.1038/s41598-020-72250-w


https://doi.org/10.1016/j.jns.2019.116626
https://doi.org/10.1155/2011/818979
https://doi.org/10.1038/s41598-020-72250-w
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS |  (2020)10:15242 | https://doi.org/10.1038/541598-020-72250-w


http://creativecommons.org/licenses/by/4.0/

	Fiberoptic endoscopic evaluation of swallowing in early-to-advanced stage Huntington’s disease
	Anchor 2
	Anchor 3
	Results
	Dysphagia assessment in controls and HD patients. 
	Correlations between dysphagia and HD features. 

	Discussion
	Methods
	Study population. 
	Instrumental assessment of swallowing. 
	Statistical analysis. 
	Ethics approval. 

	References
	Acknowledgements


