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A B S T R A C T

Introduction: Malnutrition is a leading cause of death for persons living with X-linked dystonia-parkinsonism 
(XDP), a degenerative disease endemic to the Philippines. Difficulty swallowing has been linked to malnutri
tion in other populations; however, knowledge of this relationship is limited in XDP. As such, the purpose of this 
study was to determine the association between dysphagia and malnutrition in this population.
Method(s): 21 individuals with XDP, 26 controls, and 18 genetic carriers were included in the final data analysis. 
Spearman’s rank order correlation coefficient was used to determine an association between baseline EAT-10 
total scores and 12-month malnutrition status, and multiple linear regression to evaluate the predictive ability 
of the EAT-10. A baseline EAT-10 score cut-off point predicting 12-month malnutrition status was estimated.
Results: For the XDP group, the baseline EAT-10 total scores had a significant negative correlation (r = -0.68, p <
0.001) with and was a significant predictor (p = 0.001) of 12-month BMI. A baseline EAT-10 total score of ≥ 4 
predicted malnutrition twelve months after administration (sensitivity = 0.93; specificity = 1; AUC = 0.95).
Discussion: Dysphagia, as measured using the EAT-10, was associated with BMI in the XDP population. Addi
tionally, an EAT-10 total score ≥ 4 could predict malnutrition in twelve months after test administration. With 
these findings, healthcare providers could identify patients with XDP at high risk for malnutrition earlier and 
provide intervention sooner.

1. Introduction

X-linked dystonia-parkinsonism (XDP), a rare degenerative disease 
endemic to the Philippines, is characterized by signs of either or both 
dystonia and parkinsonism, including bradykinesia and rigidity [1]. 
Approximately 94 % of persons with XDP [2] have significant difficulties 
with swallowing impairments (dysphagia) stemming from dystonic 
oropharyngeal motor movement [3] or aerodigestive dysfunction [4]. 
On the resource-limited island of Panay, diagnosing and treating 
dysphagia in patients with XDP is challenging due to the lack of access to 

instrumental and clinical swallowing evaluations [5].
Malnutrition, defined as a body mass index (BMI) of less than 18.4 

kg/m2, is a leading cause of death in the XDP population [4] and is 
associated with other poor outcomes including prolonged recovery from 
illness, increased hospitalization, reduced mobility, depression, and 
decreased quality of life [6]. Despite the significant impact that 
malnutrition has on patient health outcomes and quality of life, under
standing of malnutrition in XDP is limited and risk factors for the 
development of malnutrition are unknown.

Dysphagia is a significant risk factor for malnutrition in Parkinson’s 
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disease [7], and has been reported in oromandibular dystonia [8]. 
However, its impact on nutritional status in XDP is not well understood. 
In the absence of instrumental and clinical swallowing assessments, a 
patient-reported outcome measure of dysphagia called the Eating 
Assessment Tool 10 (EAT-10) could be a sensitive measure of swallow
ing severity in XDP [5,9]. Although a patient-reported tool, the EAT-10 
has demonstrated high accuracy in identifying individuals with aspira
tion and other swallowing impairments in degenerative diseases such as 
amyotrophic lateral sclerosis [10,11]. The goal of this study was to 
determine (1) the association between dysphagia and malnutrition in 
XDP and (2) the predictive ability of the EAT-10 for malnutrition in 
individuals with confirmed TAF1 SVA repeat expansion mutation 
causing XDP. Understanding the relationship between dysphagia and 
malnutrition and identifying those at risk may improve targeted nutri
tional management for those with XDP.

2. Methods

2.1. Participants

This study was approved by the Institutional Review Boards at Jose 
Reyes Hospital (Manila, Philippines) and Mass General Brigham 
Healthcare (Boston, Massachusetts). All participants provided written 
informed consent to share de-identified data with the Dystonia Partners 
Research Bank hosted by Mass General Brigham Healthcare.

Initially, a total of 142 potential participants were included in the 
data set. All of them had undergone a standardized examination by a 
bilingual neurologist. They did not have a concurrent medical illness, 
deep brain stimulation, or cognitive dysfunction as determined by the 
neurologist. Participants were assigned to the XDP, carrier, or control 
groups based on the presence of the genetic mutation in the X-chro
mosome and neurologic symptoms (dystonia, parkinsonism, or 
dystonia-parkinsonism). Thus, individuals in the XDP group had the 
TAF1 SVA repeat expansion mutation and neurologic symptoms; those 
in the carrier group had the mutation, but no neurologic symptoms; and 
the control group had neither the mutation nor neurologic symptoms. To 
be included in the final data analysis, participants needed to have 
complete weight, height, and EAT-10 data at both baseline and twelve- 
month timepoints.

2.2. Assessment

The Eating Assessment Tool-10 (EAT-10) is a well-established 
dysphagia patient-reported outcome measure that has been translated 
into various Western (e.g., French, Swedish, and Dutch) and Eastern (e. 
g., Hindi, Arabic, and Chinese) languages. It is a 10-item patient- 
reported ordinal scale, with each item ranked from 0 to 4 [12]. For all 
items, a score of 0 indicated no perceived impairment, while a 4 indi
cated perceived severe impairment. A total score ranging from 0 to 40 
can be derived by adding all of the individual items.

2.3. Data collection

The EAT-10 was adapted into the participants’ native language 
(Hiligaynon or Aklanon) and administered by trained community ad
vocates. This allowed participants to complete the assessment regardless 
of their literacy skills. Once completed, the assessment was securely 
transferred from the Philippines to Boston for analysis.

2.4. Statistical analyses

2.4.1. Aim 1
Spearman’s rank order correlation coefficient was used to evaluate 

the relationship between the baseline EAT-10 total scores derived from 
an ordinal scale and twelve-month BMI. Prior to the correlation analysis, 
we screened for normality using the Shapiro-Wilk test. Spearman’s rank 

order correlations with a p-value of less than 0.05 were deemed statis
tically significant.

2.4.2. Aim 2
Multiple regression analysis was used to determine if baseline EAT- 

10 total scores could predict twelve-month BMI. The time from diag
nosis to baseline data collection was used as a covariate in the analysis. 
We hypothesized that individuals who have had XDP for a longer period 
of time were more likely to have a lower future BMI given that the 
disease is progressive. Prior to analysis, regression diagnostics were 
conducted to assess (1) linearity of the relationships between the 
dependent variable (BMI) and independent variables (EAT-10 baseline 
total scores and disease duration); (2) independence of the observations; 
(3) normality and homoscedasticity of the residuals; (4) outliers; and (5) 
multicollinearity. Additionally, a baseline EAT-10 total score cut-off 
point identifying individuals at high risk for developing malnutrition 
twelve months after evaluation was calculated using a Receiver Oper
ating Characteristic (ROC) curve, which included sensitivity, specificity, 
and area under the curve (AUC).

3. Results

A total of 65 participants who met the inclusion criteria were 
included in the final data analysis. Demographic information for the 
included participants is shown in Table 1.

3.1. Aim 1

Only the XDP group had a significant, moderately strong inverse 
relationship between the baseline EAT-10 total scores and BMI at twelve 
months (p < 0.001, r = -0.68). Neither the carrier (p = 0.91) nor the 
control (p = 0.13) groups had significant correlations. These results are 
listed in Table 1 and graphically represented in Fig. 1.

3.2. Aim 2

In the XDP group, the predictors explained 21.23 % of the variance 
(R2 = 0.43, F(2,18) = 6.88, p = 0.006). Baseline EAT-10 total scores (β 
= -0.15, p = 0.005) significantly predicted BMI at 12 months. Disease 
duration was not statistically significant. When controlling for disease 
duration, every 1 unit increase in the EAT-10 baseline total scores 
resulted in a 0.15-unit decrease in 12-month BMI. The resulting 
regression equation was BMI12 months = 21.24 + (− 0.15*EAT-10total
baseline). When the same multiple regression models were specified for 
the carrier and control groups, neither disease duration nor baseline 
EAT-10 total scores were significant predictors of 12-month BMI. Given 
that neither the carrier nor the control group had disease symptoms, it 
was not possible to assess disease duration as a predictor for 12-month 
BMI. The estimated baseline EAT-10 total score cut-off point for deter
mining malnutrition in 12 months was 4, with a sensitivity of 0.93, a 
specificity of 1, and an AUC of 0.95.

4. Discussion

4.1. Dysphagia is associated with malnutrition in the XDP population

The findings provide evidence of a proportional relationship be
tween dysphagia and malnutrition for people living with XDP: the worse 
their swallowing impairment (as indexed by EAT-10 scores), the lower 
their BMI. Over 50 % of individuals with XDP met the criteria for 
malnutrition (BMI of less than 18.4 kg/m2) over the course of the study.

While the findings link dysphagia and malnutrition in this popula
tion, the cause of malnutrition is likely multifactorial and not exclusive 
to dysphagia [13]. For example, neuropsychiatric symptoms present in 
XDP, such as depression and anxiety, have been found to contribute to 
decreased food intake and weight loss in elderly populations. 
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Additionally, symptoms in parkinsonism, such as bradykinesia and ri
gidity, and oromandibular dystonia, such as involuntary and repetitive 
muscle contractions of the tongue, lips, jaw, and pharynx, may increase 
energy expenditure and difficulty self-feeding in individuals with XDP, 
resulting in increased caloric need and decreased caloric intake. This 
impact of dystonia severity on weight loss appears to be supported by 
our study where we found a strong, significant inverse relationship be
tween 12-month BMI and baseline BFMDRS Disability subscale scores.

4.2. The EAT-10 predicts future malnutrition

While malnutrition is likely multifactorial, EAT-10 total scores were 
found to be predictive of malnutrition while disease duration was not, 
indicating that dysphagia may be a primary driver of malnutrition in the 
XDP population. Despite having a variable disease course with mixed 
symptomology, XDP is progressive, and individuals are likely to 

experience worsening symptoms over time. XDP phases that are dysto
nia or parkinsonism dominant occur typically at the time of disease 
onset, then often transition into more mixed phenotypes that include 
both dystonia-parkinsonism features over time [1,3].

Clinically, the results suggest that regardless of the length of their 
disease, a patient’s nutritional status may be predicted one year after 
EAT-10 administration. Our findings need to be interpreted cautiously, 
however, as all of the participants had mixed dystonia-parkinsonism 
symptoms at the time of data collection and were at least one-year 
post-symptom onset; it is possible that disease duration could be a sig
nificant predictor if the participants had been in the early stages of the 
disease when only one dominant phenotype was present. Regardless, 
this work has important clinical implications, as it provides a method of 
identifying those at risk for malnutrition in this high-risk population in a 
resource-limited setting.

4.3. Future Directions

Although this study has the potential to assist healthcare providers in 
identifying and tracking individuals with XDP who are at risk for 
malnutrition, there are some limitations. First, many physiological, 
nutritional, and psychological data related to malnutrition could not be 
collected in our participants who live in the Philippines. This data 
included instrumental and clinical assessments of swallowing confirm
ing the presence or severity of dysphagia, amount of calorie intake, 
depressive symptoms, body distribution of fat, and energy expenditure. 
This was due to the lack of equipment and trained personnel to collect 
such data in the resource-limited environment of the Philippines. Given 
such limitations, our goal with this study was to use a patient-reported 
outcome measure, the EAT-10, which has previously demonstrated 
high accuracy in detecting aspiration and other swallowing difficulties 
detectable during instrumental evaluations. Though challenging, it is 
our hope that future studies can collect this data from individuals with 
XDP.

Secondly, the data was limited to baseline and 12-month timepoints. 
Because XDP is a progressive disease, data collected at other time points, 
such as six or eighteen months, may yield different cut-off points than 
the 12-month timepoint. Despite the challenges of collecting data in the 
Philippines on a consistent basis, 6- and 18-month time points should be 
collected in future studies to better assess changes in swallowing func
tion over time.

Third, the cognitive function of our participants was not assessed at 
the time of data collection. Because the EAT-10 relies on patient self- 
report, the presence of cognitive impairment may have skewed the re
sults. Studies have reported the presence of attentional and executive 
function deficits in the XDP population [14]. Thus, it is possible that the 
participants in this study also had signs of cognitive impairment.

Finally, we did not account for the potential impact of botulinum 
toxin injections (Botox) on swallowing in our analysis. Botox injections 
have been used in the XDP population to alleviate pain from oro
mandibular dystonia [2]; however, they may negatively impact swal
lowing function [15]. In our participants with XDP, injection sites 
included the external nuchal muscles, unilateral sternocleidomastoid 
muscle, bilateral splenius muscles, and the superior unilateral elevator 
muscle, depending on the nature of their cervical dystonia. While none 
of our participants reported changes in their swallowing function 
following injections, it is possible that botulinum toxin injections may 
have impacted dysphagia.

5. Conclusion

To our knowledge, this work is the first to explore the relationship 
between a patient-reported swallowing outcome measure and malnu
trition in the XDP population. The analyses have yielded clinically 
meaningful results that may enable healthcare providers to anticipate 
future malnutrition and provide timely and appropriate intervention. 

Table 1 
Clinical data of all participants.

Participant 
Distribution

n(%) Onset 
n(%)

Baseline 
n(%)

12 
Month 
n(%)

XDP 21(32) ​ ​ ​
Dystonia ​ 18(86) 0(0) 1(5)
Parkinsonism ​ 3(14) 0(0) 0(0)
Dystonia- 

parkinsonism
​ 0(0) 20(95) 20(95)

Unknown ​ 0(0) 1(5) 0(0)
Carrier 18 (28) ​ ​ ​
Control 26 (40) ​ ​ ​

Demographic 
Data

XDP Carrier Control

Male n(%) 21(100) 0(0) 13(50)
Baseline Age 

M(SD; range)
43.86 
(10.45; 25–64)

41.83 
(16.80; 19–70)

38.77 
(13.64; 20–75)

12-Month Age 
M(SD; range)

44.81 
(10.35; 26–64)

42.83 
(16.80; 20–71)

39.73 
(13.64; 21–76)

Baseline XDP 
Duration 
M(SD; range)

3.43 
(2.01; 0–7)

Not applicable Not applicable

12-Month XDP 
Duration 
M(SD; range)

4.43 
(2.01; 1–8)

Not applicable Not applicable

Clinical Data
Baseline EAT-10 

Total 
M(SD; range)

14.14 
(13.83; 0–34)

0.33 
(1.19; 0–5)

0.04 
(0.20; 0–1)

12-Month EAT-10 
Total 
M(SD; range)

18.05 
(13.81; 0–40)

0.06 
(0.24; 0–1)

0.19 
(0.80; 0–4)

Baseline BMI 
M(SD; range)

19.90 
(3.56; 
14.47–27.07)

24.30 
(4.12; 
16.75–31.02)

25.56 
(4.68; 17.51–33.68)

12-Month BMI 
M(SD; range)

18.41 
(3.35; 
14.09–25.68)

23.67 
(3.66; 
16.72–28.93)

24.77 
(4.38; 16.81–32.79)

EAT-10 and BMI r − 0.68 − 0.03 − 0.31
Correlation p-value <0.001** 0.91 0.13

Malnutrition XDP Carrier Control
Baseline, n(%) 9(43) 2(11) 3(12)
12-Month, n(%) 14(67) 2(11) 3(12)

Botox XDP Carrier Control
Received injection, 

n(%)
11(52) 0(0) 0(0)

r = 0.1-.3 = weak correlation; 0.4-.6 = moderate correlation; 0.7-.9 = strong 
correlation
* = p < 0.05.; ** = p < 0.001.
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The findings suggest that the EAT-10 may be a useful assessment that 
can accurately predict malnutrition in the XDP population. Additionally, 
it can be administered at any point during the patient’s disease process 
to predict their nutritional status a year after the evaluation, which is 
useful for tracking dysphagia and malnutrition risk in a degenerative 
disease. Future research verifying this work with instrumental or clinical 
swallowing evaluations, examining the ability of the EAT-10 or other 
patient-reported outcome measures to predict malnutrition at shorter or 
more extended timepoints, and extending this work to include more 
singular XDP phenotypes earlier in the disease process will strengthen 
the clinical utility of the findings and help improve clinical care for 
persons living with XDP.
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