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����������
�������
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Abstract: Background: Huntington’s disease is a progressive neurodegenerative disorder that usually
manifests in adulthood and is inherited in an autosomal dominant manner. The main aim of the
study was to assess the psychometric properties of the 12-item WHO Disability Assessment Schedule
(WHODAS) 2.0 in studying the level of disability in people with Huntington’s disease. Method:
This is a cross-sectional study that covered 128 people with Huntington’s disease living in Poland.
We examined scale score reliability, internal consistency, convergent validity, and known-group
validity. The disability and quality of life of people with Huntington’s disease were also assessed.
Results: The scale score reliability of the entire tool for the research group was high. The Cronbach’s
α test result for the whole scale was 0.97. Cronbach’s α for individual domains ranged from 0.95
to 0.79. Time consistency for the overall result was 0.99 and for particular domains ranged from
0.91 to 0.99, which confirmed that the scale was consistent over time. All of the 12-item WHODAS
2.0 domains negatively correlated with all of the Huntington Quality of Life Instrument (H-QoL-I)
domains. All correlation coefficients were statistically significant at the level of p < 0.001. The
results obtained in the linear regression model showed that with each subsequent point of decrease
in BMI the level of disability increases by an average of 0.83 points on the 12-item WHODAS 2.0
scale. With each subsequent year of the disease, the level of disability increases by an average of
1.39 points. Conclusions: This is the first study assessing disability by means of the WHODAS 2.0
in the HD patient population in Poland, and it is also one of the few studies evaluating the validity
of the WHODAS 2.0 scale in assessing the disability of people with HD in accordance with the
recommendations of DSM-5 (R). We have confirmed that the 12-item WHODAS 2.0 is an effective
tool for assessing disability and changes in functioning among people with Huntington’s disease.

Keywords: ICF; disability; neuropsychological assessment

1. Introduction

Huntington’s disease (HD) is a progressive neurodegenerative disorder that usually
manifests in adulthood and is inherited in an autosomal dominant manner. The motor
symptoms of the disease include chorea, dyskinesia, and dystonia. Huntington’s disease
is accompanied by psychiatric disorders and cognitive impairment, usually preceded by
depression, anxiety, and sleep disorders [1].

The impairment of both motor and cognitive functions is a cause of disability in
patients with HD [2]. A progressive movement disorder is the main source of functional
disability in HD [3]. Cognitive impairment of patients with HD is primarily characterized
by executive dysfunction, but also affects learning, memory, and planning. Cognitive
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decline is characteristic [4]. Emotional manifestations of HD also have an extremely
negative impact on social and professional functioning. Most often they include apathy,
irritability, and depression [5].

Unfortunately, with the passage of time the disease progresses, bringing with it an
exacerbation of movement disorders, deteriorating cognitive functions and behavioral
difficulties, which lead to further disability and dependence [6]. People with HD become
completely dependent on other people over time [7].

Movement disorders in patients with HD significantly affect and differentiate their
level of functioning [2], as motor and cognitive performance deteriorate over time. The
decrease in functional performance significantly correlates with a decrease in quality of
life (QoL) [8]. Studying the functional state and level of disability as well as the quality
of life of patients with HD is recommended in order to assess the progress of the disease,
implement interventions, monitor the patient’s condition, and optimize care [6]. Addition-
ally, Power et al., in a review of the research, concluded that the impact of personal and
environmental factors on the activity and participation of people with HD were poorly
studied. The authors emphasized the great potential of the International Classification of
Functioning, Disability, and Health (ICF) to assess the activity and participation of people
with HD [9]. The assessment of a person’s functioning in the context of their health state
and environmental factors is possible using the ICF and tools based on it [10]. The WHO
Disability Assessment Schedule 2.0 (WHODAS 2.0) (assessing functioning and disability)
is one such tool. The questionnaire is based on ICF categories related to activities and
participation [11]. Downing et al. suggest that the WHODAS 2.0 can identify baseline and
longitudinal differences in HD and may be useful in the functional assessment of a patient
with HD as well as in clinical trials [12].

Due to the fact that the use of the WHODAS 2.0 to assess the disability of people with
HD has not yet been thoroughly investigated anywhere, and there are no such studies
conducted in Poland, the main objective of our work was to assess the psychometric
properties and usefulness of the 12-item WHODAS 2.0 for the assessment of the level of
functioning and disability of this group of patients. In addition, the disability and quality
of life of people with Huntington’s disease were assessed, and the impact of selected factors
on these parameters was analyzed.

2. Materials and Methods
2.1. Study Design and Participations

This is a cross-sectional study that covered people with Huntington’s disease living
in Poland. The study was conducted in the period from 2018 to 2019. Six centers belong-
ing to the European Huntington’s Disease Network (of which 3 agreed to conduct the
research) and the Polish Huntington’s Disease Association were invited to participate in
the study. Finally, the survey included 128 people diagnosed with Huntington’s disease.
Ultimately, 115 complete interviews were analyzed (9 people left the study during its
implementation, 4 questionnaires were incomplete, and the number of deficiencies could
not be supplemented using statistical methods).

2.2. Procedures

The study was conducted by the use of a direct interview carried out by healthcare
professionals properly trained in the use of the 12-item WHODAS 2.0. In the case of
patients in the advanced stage of the disease, they were accompanied by their caregivers.
Each patient qualified for the study was informed about its goals and gave their informed
consent to participate in the study. If the disease was significantly advanced (IV according
to the Total Functional Capacity Scale), the consent and the presence of the patient’s
caregiver were also required. The caregiver’s task was to help in interviewing the subject.
The following inclusion criteria were adopted: diagnosed Huntington’s disease, age over
18 years and informed consent to participate in the study.
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2.3. Ethics

In accordance with the Helsinki Declaration, study participants were informed about
the purpose and course of the study and they agreed to participate in it. Moreover, the
consent of the Bioethics Committee at the University of Rzeszow was obtained for the
implementation of this research (resolution annex No. 27/6/2017).

2.4. Outcome Measures

The research tools was the WHO Disability Assessment Schedule 2.0 (WHODAS 2.0
12-item version). Commonly used and validated instruments were selected as reference
tools: the Huntington Quality of Life Instrument (H-QoL-I) and the Total Functional Ca-
pacity (TFC). In addition, the following data regarding the subject patients were analyzed:
age, sex, place of residence, education, marital status, professional status, comorbid chronic
diseases, BMI, and adaptation of the home interior and the environment to the needs of
the subjects.

2.4.1. The 12-item WHODAS 2.0

The WHODAS 2.0 has been developed on the basis of a comprehensive set of categories
included in the International Classification of Functioning, Disability, and Health (ICF).
The questionnaire is used to measure functioning, activity and participation in everyday
life in the last 30 days. It measures the level of functional disability.

The 12-item version of WHODAS 2.0 contains two questions each from six areas of life:
Domain 1: Cognitive functions—understanding and communicating (questions 3

and 6)
Domain 2: Mobility—getting around (questions 1 and 7)
Domain 3: Self-care—taking care of hygiene, dressing, eating, and staying alone

(questions 8 and 9)
Domain 4: Getting along—interacting with other people (questions 10 and 11)
Domain 5: Life activity—domestic responsibilities, leisure time, work, and school

(questions 12 and 2)
Domain 6: Participation—joining in community activities, participation in social life

(questions 4 and 5).
Answers to the questions were classified according to a five-point scale indicating the

level of difficulty or problem: none (1 point), mild (2 points), moderate (3 points), severe
(4 points), and extreme or inability to perform (5 points). A simple method of calculating
the results was used [13]. The total score for global disability was therefore between 12
(no disability) and 60 (complete disability), with higher scores indicating a higher level
of disability. According to WHO guidelines, the severity of functional disability is based
on the calculated percentage as follows: none (0–4%), mild (5–24%), moderate (25–49%),
severe (50–95%), and complete (96–100) [14].

In addition, individual domain results were also calculated, adding the results of two
items in each domain [15].

When only one item from the 12 items of WHODAS 2.0 was missing, the missing
item was assigned the average of the remaining 11 items (there were 4 such instances
in the entire group). If more than one item was missing, no data was assigned and the
questionnaire was rejected (2 questionnaires were rejected for this reason) [14].

2.4.2. The Huntington Quality of Life Instrument (H-QoL-I)

The Huntington Quality of Life Instrument is a specific instrument for assessing the
quality of life of people with Huntington’s disease. It consists of 11 questions, which
are divided into 3 areas: motor functioning, psychological aspect, and social aspect. The
answers to the questions were ranked according to a Likert scale. The answer can be
chosen from 5 options depending on the frequency (very rarely or never, rarely, sometimes,
often, very often, or always) or intensity (not at all, a little, medium, a lot, extremely). The
calculations were carried out in accordance with the H-QoL-I User Guide. According to
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the rules, missing data from a given area were calculated as average responses to other
elements of the same area (there were 3 such instances in the entire group). If more than
one element was missing, the dimension result was considered missing and could not be
calculated (2 questionnaires were rejected for this reason). The results are presented on a
scale from 0 (representing the worst state) to 100 (the best state) [16,17].

2.4.3. The Total Functional Capacity (TFC)

The severity of Huntington’s disease was assessed using a standardized the Total
Functional Capacity (TFC) Scale. This scale is recommended by the Huntington’s Disease
Workgroup of Promoting Excellence in End-of-Life Care and is one of the most frequently
used measures in HD research [18]. The TFC determines the level of functioning by
means of 5 questions in the areas of work, finance, housework, daily activities, and care
requirements. Each question has three or four categories of answers (from 0 to either 2 or 3)
(e.g., “occupation: 0 = unable, 1 = marginal work only, 2 = reduced capacity for usual job,
3 = normal”). The TFC ranges from 0 (total dependence) to 13 (normal) [19].

2.5. Statistical Analysis

Obtained data were analyzed using the STATISTICA version 12 software. Initial
analyses of sociodemographic and health-related data were performed using descriptive
statistics. The normal distribution of variables was tested using the Shapiro–Wilk test.

The first part of the results was devoted to assessing the validity of the 12-item WHO-
DAS 2.0 regarding the disability assessment of people with Huntington’s disease by means
of a psychometric tool. With regard to scale score reliability, internal consistency reliability
was studied. Cronbach’s alpha was calculated, and as a critical cut-off value 0.70 was con-
sidered the minimum acceptable reliability [20]. Moreover, correlations between summary
results, domains and items were also calculated. The minimum level of correlation was
assumed to be a correlation of at least 0.6 (Klein’s criterion) [21]. A re-test was carried
out in a group of 20 people. The average time between two measurements was 5 days
(4–6 days). The reliability of the test-retest was analyzed using the Wilcoxon test (due to
the lack of normal distribution) and an interclass correlation coefficient (ICC) [22]. Floor
and ceiling effects were calculated by determining the percentage of participants who had
the lowest or highest possible results for individual items of the 12-item WHODAS 2.0.

Pearson correlations were used to assess convergent validity (when pairs of variables
were normally distributed) or Spearman correlations (when at least one variable was
not normal) in order to determine the relationship between the WHODAS 2.0 and the
H-QoL-I [23]. Correlations less than 0.3 were considered weak, 0.3–0.6 sufficient, and 0.6 or
more were regarded as good or very good evidence of convergent validity [24]. Based on
scientific research, it has been hypothesized that patients with a higher level of disability
have a lower quality of life [25]. We also conducted an analysis of the known-group validity.
In order to assess whether the questionnaire differentiates people with different health
status, we checked whether it differentiates the disability of people with different stages of
disease (Stage I–II and Stage III–IV). We hypothesized that patients with higher levels of
disease have higher levels of disability [26].

With reference to the second part of the results, we discussed the disability and quality
of life in the study group, and we implemented linear regression models to study which of
the selected sociodemographic variables have a significant impact on the level of disability
and quality of life of patients with Huntington’s disease, and to what extent. The quality of
the models was assessed using the coefficient of determination R2. The level of statistical
significance was assumed p < 0.05.

3. Results
3.1. Sociodemographic and Health-Related Data of the Study Group

Sociodemographic and general health characteristics are presented in Table 1. The
average age of the people surveyed was 45.59 years. Most of the subjects were women,
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people living in urban areas, living with a spouse or partner, with secondary education or
higher and not working because of their health status. The average duration of the disease
in the group since it was diagnosed was 6.74 years (SD 4.41). Most of the respondents were
diagnosed with at least one comorbid disease (77.39%). Most of the patients suffered from
depression diagnosed by a doctor (78.26%). Additionally, the most common coexisting
chronic diseases in the study group were hypertension (18.26%) and lumbar pain in the
L-S segment (23.48%) or in the C segment (13.04%).

Table 1. General sociodemographic characteristics of the studied population.

Sociodemographic Characteristics (n = 115) Number (n)/Mean Percentage (%)/SD

1. Age 45.59 13.27

2. Gender

female 62 53.91
male 53 46.09

3. Place of residence
urban 61 53.04
rural 54 46.96

4. Marital status
single 21 18.26

married or with a partner 78 67.83
divorced/separated 11 9.57

widow/widower 5 4.35

5. Education
junior secondary school or lower 8 6.96

vocational 29 25.22
secondary education 43 37.39

higher education 35 30.43

6. Professional status
Employed 21 18.26

Self-employed 16 13.91
Housewife 7 6.09

Retired 16 13.91
Professionally inactive because of health condition 45 39.13

Professionally inactive—other 10 8.70

7. Duration of the disease since its diagnosis (in years) 6.74 4.41

8. Comorbidities
0 26 22.61
1 40 34.78
2 24 20.87
3 12 10.43

4 or more 13 11.00

9. Depression diagnosed by a doctor
yes 90 78.26
no 25 21.74

10. BMI 23.16 3.31

11. Adapted interior of the house to the needs
Definitely yes 36 31.30

Rather yes 45 39.13
Rather no 24 20.87

Definitely no 10 8.70

12. Adaptation of the house environment to the needs
Definitely yes 27 23.48

Rather yes 37 32.17
Rather no 36 31.30

Definitely no 15 13.04

13. Stages of the disease
Stage I (TFC 11–13 points) 35 30.43
Stage II (TFC 7–10 points) 33 28.70
Stage III (TFC 3–6 points) 25 21.74

Stage IV or V (TFC 1–2; 0 points) 22 19.13
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Table 1. Cont.

Sociodemographic Characteristics (n = 115) Number (n)/Mean Percentage (%)/SD

14. 12-item WHODAS 2.0 total score (0–60) 36.54 15.45
Cognitive functions (0–10) 5.97 2.75

Mobility (0–10) 6.48 2.78
Self-care (0–10) 5.66 3.05

Getting along (0–10) 5.43 2.81
Life activities (0–10) 6.37 2.90

Participation in social life (0–10) 6.63 2.39

15. Quality of life total score 52.69 26.67
Motor functioning dimension 50.11 32.64

Psychology dimension 42.39 28.12
Socializing dimension 69.86 26.85

BMI, Body Mass Index; TFC, Total Functional Capacity; WHODAS 2.0, World Health Organization Disability Assessment Schedule 2.0.

A significant average level of disability measured by the WHODAS 2.0 was found
in the study group (Mean = 36.54; SD = 15.45). The biggest restrictions were found in the
following areas: participation in social life, mobility, and life activities. With reference to the
quality of life of the subjects measured by means of the H-QoL-I, it was at a medium level,
with the highest score in the social domain and the lowest one in the psychological area.

3.2. Scale Score Reliability
3.2.1. Internal Consistency Reliability

The scale score reliability of the entire 12-item WHODAS 2.0 for the research group
was high. The Cronbach’s α test result for the whole scale was 0.97. Cronbach’s α for
individual domains ranged from 0.95 to 0.79 (Table 2).

Table 2. Scale score reliability of the 12-item WHODAS 2.0.

12-item WHODAS
2.0

Study Population n = 115 Test–Retest n = 20

Mean (SD) Cronbach’s α Test Retest p-Value ICC

Total disability 36.54 (15.45) 0.966 38.55 (14.75) 39.20 (12.85) 0.230 a 0.99
Do1. Cognition 5.97 (2.75) 0.956 6.25 (2.75) 6.35 (2.54) 0.529 b 0.97
Do2. Mobility 6.48 (2.78) 0.956 7.00 (2.49) 7.20 (2.26) 0.441 b 0.92
Do3. Self-care 5.66 (3.05) 0.962 6.40 (2.68) 6.40 (2.14) 0.859 b 0.93
Do4. Getting along 5.43 (2.81) 0.965 5.40 (2.70) 5.55 (2.76) 0.311 b 0.99
Do5. Life activities 6.37 (2.90) 0.954 6.80 (2.86) 6.70 (2.66) 0.463 b 0.99
Do6. Participation 6.63 (2.39) 0.963 6.70 (2.23) 7.00 (1.84) 0.193 b 0.91

a Student’s t-test for dependent samples. b Wilcoxon test. WHODAS 2.0, World Health Organization Disability Assessment Schedule 2.0.

3.2.2. Correlation Matrix between Summary Result, Domains and Items

In order to assess the choice of domains, the correlation matrix between the summary
result of the Polish version of the 12-item WHODAS 2.0 and six domains was assessed. In
all cases, the correlation was very high or high. Particularly high correlations are visible
between the summary result and domains assessing life activities (r = 0.95), mobility
(r = 0.94), or cognition (r = 0.94) (Table S1). Very high, statistically significant correlations
were found between questions in a given domain and the overall result of WHODAS 2.0
(Table S2).

3.2.3. Test-Retest

When assessing the significance of changes at the level of the scale in the retest study
in relation to the test study, no significant differences were noted for any of the domains.
The reliability of the test–retest method was confirmed by the ICC. Time consistency for
the overall result was 0.99 and for particular domains ranged from 0.91 to 0.99, which
confirmed that the scale was consistent over time (Table 2).
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3.3. Floor and Ceiling Effects

The floor effect (an answer of “no problem”) value was from 6.96% (for item 5) to
32.17% (for item 11), while the ceiling effect (an answer of “extremely large” or “cannot
do”) was found from 11.30% (for item 11) to 31.30% (for item 12).

3.4. Validity
3.4.1. Convergent Validity

The convergent validity was tested by correlating the results obtained with the 12-
item WHODAS 2.0 test and the results of the H-QoL-I questionnaire. All of the 12-item
WHODAS 2.0 domains negatively correlated with all H-QoL-I domains, so the higher
the WHODAS 2.0 score (higher disability), the lower the H-QoL-I score (lower quality
of life). All correlation coefficients were statistically significant at the level of p < 0.001.
All correlations were higher than 0.6, which would indicate at least good convergence
(Table 3).

Table 3. The correlation of the 12-item WHODAS 2.0 and the H-QoL-I domains.

12-item
WHODAS
2.0 H-QoL-I

Total
Disability

Do1
Cognition

Do2
Mobility

Do3
Self-Care

Do4
Getting Along

Do5
Life Activities

Do6
Participation

Quality of
life total

score
−0.90 −0.83 −0.85 −0.83 −0.78 −0.87 −0.87

Motor
functioning
dimension

−0.89 −0.84 −0.86 −0.84 −0.75 −0.87 −0.84

Psychology
dimension −0.77 −0.71 −0.73 −0.75 −0.64 −0.73 −0.76

Socializing
dimension −0.79 −0.74 −0.77 −0.66 −0.76 −0.77 −0.76

All coefficients were statistically significant (p < 0.001). WHODAS 2.0, World Health Organization Disability Assessment Schedule; H-QoL-I,
Huntington Quality of Life Instrument 2.0.

3.4.2. Known-Group Validity

The Mann–Whitney test was used to assess the known-group validity of the 12-item
WHODAS 2.0 questionnaire using an external criterion. We found significant differences
between patients with different levels of disease advancement (Stage I–IV) in the levels
of disability measured by the WHODAS 2.0. We have confirmed the hypothesis we put
forward that adults with higher levels of advanced disease are characterized by a higher
level of disability. The WHODAS 2.0 results for subjects with less and more advanced
disease was significant (Table 4).

Table 4. Known-group validity of the 12-item WHODAS 2.0.

Groups n Mean SD Me p-Value

TFC
I and II 68 26.06 10.10 24.50

<0.001 c
III and IV 47 51.70 6.78 53.00

c Mann–Whitney test. TFC, Total Functional Capacity.

3.5. Linear Regression Model
3.5.1. Impact of Different Factors on Disability

The relationship between selected factors and the disability of people with HD is
shown in Table 5. With reference to the model assessing the impact of selected factors on
disability, R2 was 64.53%, which indicates an acceptable model fit. The results obtained in
the linear regression model show that with each subsequent point of decrease in BMI the
level of disability increases by an average of 0.83 points on the 12-item WHODAS 2.0 scale.
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With each subsequent year of the disease, the level of disability increases by an average
of 1.39 points. People with HD living in urban areas have, on average, 2.78 points higher
disability than those living in rural areas. On average, professionally inactive patients have
a higher disability level of 7.78 points than professionally active patients.

Table 5. Impact of factors related to the level of disability.

Selected Factors Disability

B (95 CI) p-Value

Gender (reference male) −1.21 −3.11 0.70 0.212
Age 0.01 −0.16 0.18 0.899

BMI (in points) −0.83 −1.45 −0.20 0.010
Duration of the disease (in years) 1.39 0.89 1.90 <0.001

Marital status (reference in a relationship) −0.17 −2.25 1.90 0.868
Place of residence (reference rural area) 2.78 0.78 4.77 0.007

Education (reference at least secondary education) 0.62 −1.46 2.71 0.555
Professional status (reference professionally active) 7.78 5.29 10.28 <0.001
Adaptation of interior of flat/house to the needs of

everyday functioning (reference fully adapted) 0.22 −2.29 2.72 0.864

Adaptation of residential environment to the needs of
everyday functioning (reference fully adapted) −0.64 −3.13 1.86 0.614

Number of comorbidities 0.01 −1.40 1.42 0.989
Depression (reference no) −0.69 −3.11 1.73 0.574

3.5.2. Impact of Different Factors on Quality of Life

The relationship between selected factors and the quality of life of people with HD is
shown in Table 6. With reference to the model assessing the impact of selected factors on
quality of life, R2 was 63.20%, which indicates an acceptable model fit. The results obtained
in the linear regression model indicate that with each subsequent point of decrease in BMI
the level of quality of life decreases by an average of 1.46 points on the H-QoL-I scale. With
each subsequent year of the disease, the quality of life rating decreases by an average of
2.76 points. People with HD living in urban areas have, on average, 4.05 points lower
quality of life than those living in rural areas. On average, professionally inactive patients
have a quality of life 9.70 points lower than professionally active subjects (Table 6).

Table 6. Impact of factors related to the level of QoL.

Selected Factors QoL

B (95 CI) p-Value

Gender (reference male) 3.84 0.49 7.19 0.025
Age 0.02 −0.27 0.32 0.875

BMI (in points) 1.46 0.36 2.56 0.010
Duration of the disease (in years) −2.87 −3.75 −1.98 <0.001

Marital status (reference in a relationship) 1.03 −2.62 4.68 0.576
Place of residence (reference rural area) −4.05 −7.56 −0.54 0.024

Education (reference at least secondary education) −2.18 −5.84 1.49 0.242
Professional status (reference professionally active) −9.70 −14.09 −5.31 <0.001
Adaptation of interior of flat/house to the needs of

everyday functioning (reference fully adapted) −1.36 −5.76 3.03 0.540

Adaptation of residential environment to the needs of
everyday functioning (reference fully adapted) 0.02 −4.36 4.39 0.994

Number of comorbidities −0.92 −3.40 1.56 0.463
Depression (reference no) 1.32 −2.94 5.58 0.539

QoL, Quality of Life; BMI, Body Mass Index.
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4. Discussion

In our study, we have assessed the disability and quality of life of people with Hunt-
ington’s disease in Poland and the impact of selected factors on their functioning and
quality of life. The 12-item WHODAS 2.0 questionnaire was used to assess disability. The
American Psychiatric Association DSM-5 recommends the WHODAS 2.0 in the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5 (R)) for use in neuropsychiatric dis-
orders. However, due to the fact that this questionnaire is not specific for Huntington’s
disease and has never been used with patients in Poland, before interpreting the results, its
psychometric properties for disability assessment were analyzed in this group of patients.
We confirmed the reliability and validity of WHODAS 2.0 for testing people with HD. We
noticed very good results of internal consistency reliability of this tool. The Cronbach’s α
test result for the whole scale was 0.97, while for individual domains it ranged from 0.95 to
0.79. We found very high correlations between individual domains and the overall result as
well as between individual questions and the overall score of the tool. Carlozzi et al., who
validated the 12-item WHODAS 2.0 questionnaire in a group of 447 patients with Hunt-
ington’s disease, also obtained a high value of Cronbach’s α (0.94) [27]. Other researchers
also confirmed the high internal consistency reliability of the 12-item WHODAS 2.0 in the
assessment of patients with other diseases. Younus et al. while examining patients with
Kashin–Beck disease obtained values of Cronbach’s α for individual domains in the range
from 0.70 to 0.91 [28]. Axelsson et al. found values for Cronbach’s α in the 0.83–0.92 range
in a study of patients with anxiety and stress disorders [29]. Schiavolin et al. obtained 0.88
for the value of Cronbach’s α when studying neurological patients [30].

With reference to our study, we confirmed the good repeatability of the 12-item
WHODAS 2.0 in the study of people with HD. In the retest study compared to the test
study, no significant differences were found in any of the analyzed domains. The ICC
value for the overall result was 0.99, and for individual domains from 0.91 to 0.99. Younus
et al. also confirmed the very good test–retest reliability of the 12-item WHODAS 2.0 [28],
likewise Moreira et al. (ICC 0.77) [31] and Marom et al. (ICC 0.88) [32].

Regarding our study, the floor effect value for individual questions was from 6.96% to
32.17%, while a ceiling effect was found from 11.30% to 31.30%. Carlozzi et al. in their study
showed a ceiling effect for 19.5% of participants, and they did not find any floor effects [27].
Differences in the results between our research and the ones presented by Carlozzi et al.
may be due to the fact that we assessed the ceiling and floor effect for each question, while
the aforementioned authors did so for the whole scale. Secondly, in our study the structure
of the group was evenly distributed in terms of disease stage (Stage I–IV); it included
people in the first stage of the disease as well as in the most severe stage.

In our study, the convergent validity was tested by correlating the results obtained with
the 12-item WHODAS 2.0 test and the results of the H-QoL-I questionnaire. All correlations
were negative, higher than 0.6 and were statistically significant (p < 0.001) which would
indicate at least good convergence. Good convergent validity of this tool has also been
confirmed by other authors. Carlozzi et al. found moderate significant correlations (−0.41
to −0.76) with other general measures of health-related quality of life (HRQoL) [27]. Tazaki
et al. noted significant correlations with the WHOQOL-BREF results (p < 0.001) [33].
Luciano et al. confirmed the consistency of the 12-item WHODAS 2.0 with the results of
the EuroQoL-5D (EQ-5D) questionnaire [34]. Schiavolin et al. found the convergence of
the 12-item WHODAS 2.0, obtaining moderate correlations with instruments for assessing
quality of life [30].

We confirmed that 12-item WHODAS 2.0 had satisfactory validity for people with
various levels of disease. We found significant differences (p < 0.001) between patients with
different levels of disease advancement (Stage I–IV) and the levels of disability measured
by the WHODAS 2.0. We have confirmed the hypothesis we put forward that adults
with higher levels of advanced disease are characterized by a higher level of disability.
Carlozzi et al. also noted significant differences in disability measured by the use of
WHODAS 2.0 in patients with milder and more severe forms of Huntington’s disease [27].
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The ability of the 12-item WHODAS 2.0 to differentiate between various health conditions
has also been confirmed by Schiavolin et al. [30].

In the group of examined patients with HD, we noticed a significant average level
of disability measured by the 12-item WHODAS 2.0 (Mean = 36.54; SD = 15.45). The
biggest restrictions occurred in participation in social life (Mean = 6.63; SD = 2.39), mobility
(Mean = 6.48; SD = 2.78), and life activities (Mean = 6.47; SD = 2.90). Downing et al. assessed
the disability of patients with HD by means of the 36-item WHODAS 2.0, similarly noting
a high level of disability in the studied groups. In longitudinal studies they also found
greater sensitivity of the WHODAS 2.0 than the TFC in recognizing functional changes
in patients as the disease progresses [12]. Moreover, the results obtained by Kim et al.
suggested that the 12-item WHODAS 2.0 can detect basic and longitudinal differences in
prodromal HD and may be useful in clinical trials regarding HD, more so than the 36-item
WHODAS 2.0 or the TFC [35].

Based on the applied linear regression model, we have selected factors that have
a special impact on the disability of patients with HD. We have found that with each
successive year of the disease the level of disability increases by an average of 1.39 points.
Bylsma et al. demonstrated that the duration of the disease was one of the best predictors
of functional disability measured by the use of the Huntington’s Disease Activities of Daily
Living (HD-ADL) scale [36]. In addition, we have also observed that with each subsequent
point of decrease in BMI the level of disability increases by an average of 0.83 points on the
12-item WHODAS 2.0 scale. Trejo et al. noted in patients with HD significant correlations
between the total score of motor disability and BMI and arm circumference [37]. Van der
Burg et al. found that lower BMI is associated with a higher rate of disease progression and
may be an important predictor of disease progression [38]. Adequate nutrition management
is very important in the prevention of low BMI and the significantly deteriorating functional
capacity associated with it [39,40]. In our study, people with HD living in urban areas had,
on average, 2.78 points higher disability than those living in rural areas. Perhaps this result
is associated with a greater level of physical activity of people living in Polish rural areas,
the possibility of free mobility and the need to perform various physical tasks in their
household. Wallace et al. found that a higher level of physical activity positively correlates
with lower cognitive and motor deficits, improving cognitive and daily functions and
probably also motor functions in people in the prodromal and early stages [41]. Trembath
et al. observed that an active lifestyle and environmental factors preventing passivity
contribute to the later onset of HD symptoms and can have a positive effect on the course
of the disease [42]. In the group of HD patients that we studied, the professionally inactive
patients had an average disability level of 7.78 points higher than the professionally active
ones. Beglinger et al. stated in their study that a decline in professional activity was
common in people with HD, with 65.1% reporting some loss of ability to perform typical
work, measured by means of the Unified Huntington’s Disease Rating Scale (UHDRS) and
the TFC [43]. Vaccarino et al. noticed that people with HD, especially at an early stage,
reported that they could continue to work professionally in their work environment if the
workplace could be adapted to their needs [44]. Identifying factors that may facilitate or
hinder the performance of work would thus increase the ability to modify the workplace,
which could enable people with pre-HD to maintain employment for as long as they want
and are able to work, and thus extend the time of self-reliance and independence [45].

In our study, the deepening of disability as the disease progressed was significantly
associated with a decrease in quality of life. An increase in functional impairment signifi-
cantly correlates with a decrease in QoL [8,46]. As for the group of people with HD studied
by us, the quality of life of the subjects measured by the H-QoL-I was at a medium level
(Mean = 52.69; SD = 26.67), with the highest component in the social domain (Mean = 69.86;
SD = 26.85) and the lowest in the psychological domain (Mean = 42.39; SD = 28.12). Dorey
et al., while examining quality of life using the H-QoL-I among 55 patients with HD,
reported a higher overall quality of life (66.37). As in our own study, they found the highest
quality of life in the social domain, but it was definitely higher than in our research (80.33).
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The lowest quality of life was found by Dorey et al. in the physical domain (56.96) and
comparable in the psychological domain (58.06) [25]. Generally, these ratings were higher
than in our study.

Based on the linear regression model used in our research, we have selected factors
that have a special impact on the quality of life of patients with HD. They are the same
as the factors determining disability in patients with HD. This is confirmed by the fact
that quality of life is closely related to physical and mental health [47]. Ho et al. while
examining the determinants of health-related quality of life stated that greater impairment
of the HRQoL was associated with higher levels of depressed mood and lower functional
capacity [48].

Similarly to the model examining the determinants of disability, we have found that
with each successive year of the disease, the assessment of quality of life decreases by an
average of 2.76 points. Emotional state is significantly related to the level of disability and
the pace of progression of functional disorders in the course of the disease. Worsening
emotional state and deterioration of physical condition reduce the social involvement of
people with HD [45]. We have also noticed that with each subsequent point of decrease in
BMI, quality of life decreases by an average of 1.46 points on the H-QoL-I scale. Since we
have proved that the decrease in BMI is closely related to the progression of the disease and
the progression of disability, this relationship seems to be obvious. People with HD living
in urban areas represented, on average, 4.05 points lower quality of life than those living in
rural areas. This is an interesting discovery. Our observations show that this may be related
to the more frequent isolation of people suffering from Huntington’s disease in urban areas
in a small living space and limited contact with the external environment, to a greater
extent than in the case of people living in rural areas, where there is a possibility of free
activity over the area of the entire homestead. The rural environment is also characterized
by less social variability than the urban environment. The quality of life and disability of
patients with HD has not thus far been compared with reference to the place where they live.
This indicates an interesting direction for future research. On average, the professionally
inactive patients had a quality of life 9.70 points lower than the professionally active ones.
As with the factors discussed above, professional activity and capability decrease as the
disease progresses. In addition, a relationship has been demonstrated between inactivity
and lower quality of life [45].

Support for the mental and physical health of people with HD, as well as effective
prevention and treatment of depression and anxiety, can be strategically targeted to help
people with HD to perform their tasks and continue to be independent for as long as
possible [45].

Limitations

The limitation of the research is the cross-sectional measurement of the study, which
excludes longitudinal observation of changes. Further studies should also be carried out
in a larger group of patients and it is necessary to take into account the impact of various
sociodemographic and environmental factors more specifically on disability and quality of
life in patients with HD.

5. Conclusions

This is the first study assessing disability by means of the WHODAS 2.0 in the HD
patient population in Poland, and it is also one of the few studies evaluating the validity of
the WHODAS 2.0 scale in assessing the disability of people with HD in accordance with
the recommendations of DSM-5 (R). We have confirmed that 12-item WHODAS 2.0 is an
effective tool for assessing disability and changes in functioning of people with Hunting-
ton’s disease. Our research is one of the few studies determining the impact of various
factors on the level of disability and quality of life of patients with HD. Although this issue
is extremely convoluted, owing to the complexity and changing nature of this disease, it is
very important due to the lack of causal treatment. Our work is an important contribution
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to future research in terms of analysis of the sociodemographic and environmental factors
affecting the level of disability and quality of life of people with Huntington’s disease.

Supplementary Materials: The following are available online at https://www.mdpi.com/2077-038
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review and editing, A.Ć.-S., B.S., M.K., J.L., A.K., A.W.-P. and A.W.-S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pandey, M.; Rajamma, U. Huntington’s disease: The coming of age. J. Genet. 2018, 97, 649–664. [CrossRef]
2. Ross, C.A.; Pantelyat, A.; Kogan, J.; Brandt, J. Determinants of functional disability in Huntington’s disease: Role of cognitive and

motor dysfunction. Mov. Disord. 2014, 29, 1351–1358. [CrossRef]
3. Rosenblatt, A.; Kumar, B.V.; Margolis, R.L.; Welsh, C.S.; Ross, C.A. Factors contributing to institutionalization in patients with

Huntington’s disease. Mov. Disord. 2011, 26, 1711–1716. [CrossRef] [PubMed]
4. Tabrizi, S.J.; Scahill, R.I.; Owen, G.; Durr, A.; Leavitt, B.R.; Roos, R.A.; Borowsky, B.; Landwehrmeyer, B.; Frost, C.; Johnson, H.; et al.

Predictors of phenotypic progression and disease onset in premanifest and early-stage Huntington’s disease in the TRACK-HD
study: Analysis of 36-month observational data. Lancet Neurol. 2013, 12, 637–649. [CrossRef]

5. Martinez-Horta, S.; Perez-Perez, J.; van Duijn, E.; Fernandez-Bobadilla, R.; Carceller, M.; Pagonabarraga, J.; Pascual-Sedano, B.;
Campolongo, A.; Ruiz-Idiago, J. Neuropsychiatric symptoms are very common in preman-ifest and early stage Huntington’s
disease. Parkinsonism Relat Disord. 2016, 25, 58–64. [CrossRef]

6. Winder, J.Y.; Achterberg, W.P.; Gardiner, S.L.; Roos, R.A. Longitudinal assessment of the Unified Huntington’s Disease Rating Scale
(UHDRS) and UHDRS–For Advanced Patients (UHDRS-FAP) in patients with late stage Huntington’s disease. Eur. J. Neurol. 2019,
26, 780–785. [CrossRef] [PubMed]

7. Roos, R.A. Huntington’s disease: A clinical review. Orphanet. J. Rare Dis. 2010, 5, 40. [CrossRef]
8. Zielonka, D.; Ren, M.; De Michele, G.; Roos, R.A.; Squitieri, F.; Bentivoglio, A.R.; Marcinkowski, J.T.; Landwehrmeyer, G.B. The

contribution of gender differences in motor, behavioral and cognitive features to functional capacity, independence and quality of
life in patients with Huntington’s disease. Park. Relat. Disord. 2018, 49, 42–47. [CrossRef] [PubMed]

9. Power, E.; Anderson, A.; Togher, L. Applying the WHO ICF framework to communication assessment and goal setting in
Huntington’s Disease: A case discussion. J. Commun. Disord. 2011, 44, 261–275. [CrossRef]

10. Kostanjsek, N. Use of The International Classification of Functioning, Disability and Health (ICF) as a conceptual framework and
common language for disability statistics and health information systems. BMC Public Health 2011, 11, S3. [CrossRef] [PubMed]

11. Üstün, T.B.; Kostanjsek, N.; Chatterji, S.; Rehm, J. Measuring Health and Disability: Manual for WHO Disability Assessment Schedule
(WHODAS 2.0); WHO: Geneva, Switzerland, 2001.

12. Downing, N.R.; Kim, J.-I.; Williams, J.K.; Long, J.D.; Mills, J.A.; Paulsen, J.S.; The PREDICT-HD Investigators and Coordinators of
the Huntington Study Group. WHODAS 2.0 in prodromal Huntington disease: Measures of functioning in neuropsychiatric
disease. Eur. J. Hum. Genet. 2014, 22, 958–963. [CrossRef] [PubMed]

13. WHO. International Classification of Functioning, Disability and Health (ICF); WHO: Geneva, Switzerland, 2001.
14. Üstün, T.B.; Chatterji, S.; Kostanjsek, N.; Rehm, J.; Kennedy, C.; Epping-Jordan, J.; Saxena, S.; Von Korff, M.; Pull, C. Developing

the World Health Organization Disability Assessment Schedule 2.0. Bull. World Health Organ. 2010, 88, 815–823. [CrossRef]
15. Andrews, G.; Kemp, A.; Sunderland, M.; Von Korff, M.; Ustun, T.B. Normative Data for the 12 Item WHO Disability Assessment

Schedule 2.0. PLoS ONE 2009, 4, e8343. [CrossRef] [PubMed]
16. Quality-of-Life Scales for Neurologic Diseases. Available online: https://www.medlink.com/scripts/mpdf/print_friendly.php?title=

quality-of-life_scales_for_neurologic_diseases&action=print&channel=public_content&entryid=16970 (accessed on 14 April 2020).
17. Clay, E.; Belhadj, A.; Squitieri, F.; Dorey, J.; Auquier, P.; Zielonka, D.; Trigo, P.; Toumi, M. Assessment Of The Huntington Quality

Of Life Instrument (H-QOL-I) Cross-Cultural Validity. Value Health 2014, 17, A567. [CrossRef]
18. Carlozzi, N.E.; Miciura, A.; Migliore, N.; Dayalu, P. Understanding the Outcomes Measures used in Huntington Disease

Pharmacological Trials: A Systematic Review. J. Huntingt. Dis. 2014, 3, 233–252. [CrossRef]
19. Huntington’s Disease and Palliative Care. Available online: https://www.promotingexcellence.org/huntingtons/monograph/

pe5670.html (accessed on 14 April 2020).
20. Nunnlly, J.; Bernestein, I. Psychometric Theory; Mackgrow Hill: New York, NY, USA, 1994; pp. 55–68.
21. Kline, P. A Handbook of Test Construction. Introduction to Psychometric Design; Methuen: London, UK, 1986; pp. 43–65.

https://www.mdpi.com/2077-0383/10/5/1053/s1
https://www.mdpi.com/2077-0383/10/5/1053/s1
http://doi.org/10.1007/s12041-018-0957-1
http://doi.org/10.1002/mds.26012
http://doi.org/10.1002/mds.23716
http://www.ncbi.nlm.nih.gov/pubmed/21538527
http://doi.org/10.1016/S1474-4422(13)70088-7
http://doi.org/10.1016/j.parkreldis.2016.02.008
http://doi.org/10.1111/ene.13889
http://www.ncbi.nlm.nih.gov/pubmed/30576046
http://doi.org/10.1186/1750-1172-5-40
http://doi.org/10.1016/j.parkreldis.2018.01.006
http://www.ncbi.nlm.nih.gov/pubmed/29326033
http://doi.org/10.1016/j.jcomdis.2010.12.004
http://doi.org/10.1186/1471-2458-11-S4-S3
http://www.ncbi.nlm.nih.gov/pubmed/21624189
http://doi.org/10.1038/ejhg.2013.275
http://www.ncbi.nlm.nih.gov/pubmed/24327189
http://doi.org/10.2471/blt.09.067231
http://doi.org/10.1371/journal.pone.0008343
http://www.ncbi.nlm.nih.gov/pubmed/20020047
https://www.medlink.com/scripts/mpdf/print_friendly.php?title=quality-of-life_scales_for_neurologic_diseases&action=print&channel=public_content&entryid=16970
https://www.medlink.com/scripts/mpdf/print_friendly.php?title=quality-of-life_scales_for_neurologic_diseases&action=print&channel=public_content&entryid=16970
http://doi.org/10.1016/j.jval.2014.08.1887
http://doi.org/10.3233/JHD-140115
https://www.promotingexcellence.org/huntingtons/monograph/pe5670.html
https://www.promotingexcellence.org/huntingtons/monograph/pe5670.html


J. Clin. Med. 2021, 10, 1053 13 of 14

22. Terwee, C.B.; Bot, S.D.; de Boer, M.R.; van der Windt, D.A.; Knol, D.L.; Dekker, J.; Bouter, L.M.; de Vet, H.C. Quality criteria were
proposed for measurement properties of health status questionnaires. J. Clin. Epidemiol. 2007, 60, 34–42. [CrossRef] [PubMed]

23. Carlozzi, N.E.; Boileau, N.R.; Chou, K.L.; Ready, R.E.; Cella, D.; McCormack, M.K.; Jennifer, A.M.; Praveen, D. HDQLIFE and
neuro-QoL physical function measures: Responsiveness in persons with huntington’s disease. Mov. Disord. 2020, 35, 326–336.
[CrossRef]

24. Campbell, D.T.; Fiske, D.W. Convergent and discriminant validation by the multitrait-multimethod matrix. Psychol. Bull. 1959,
56, 81–105. [CrossRef] [PubMed]

25. Dorey, J.; Clay, E.; Khemiri, A.; Belhadj, A.; Cubillo, P.T.; Toumi, M. The quality of life of Spanish patients with Huntington’s
disease measured with H-QoL-I and EQ-5D. J. Mark Access Health Policy 2016, 4, 27356. [CrossRef]

26. Winder, J.Y.; Achterberg, W.P.; Marinus, J.; Gardiner, S.L.; Roos, R.A. F58 Assessment scales for patients with advanced
huntington’s disease: Comparison of the UHDRS and UHDRS-FAP. Clin. Stud. 2018, 89, A60. [CrossRef]

27. Carlozzi, N.E.; Kratz, A.L.; Downing, N.R.; Goodnight, S.; Miner, J.A.; Migliore, N.; Paulsen, J.S. Validity of the 12-item World Health
Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) in individuals with Huntington disease (HD). Qual. Life Res. 2015,
24, 1963–1971. [CrossRef]

28. Younus, M.I.; Wang, D.-M.; Yu, F.-F.; Fang, H.; Guo, X. Reliability and validity of the 12-item WHODAS 2.0 in patients with
Kashin–Beck disease. Rheumatol. Int. 2017, 37, 1567–1573. [CrossRef] [PubMed]

29. Axelsson, E.; Lindsäter, E.; Ljótsson, B.; Andersson, E.; Hedman-Lagerlöf, E.; Garin, O.; Ferrer, M. The 12-item Self-Report World
Health Organization Disability Assessment Schedule (WHODAS) 2.0 Administered Via the Internet to Individuals With Anxiety
and Stress Disorders: A Psychometric Investigation Based on Data From Two Clinical Trials. JMIR Ment. Health 2017, 4, e58.
[CrossRef] [PubMed]

30. Schiavolin, S.; Ferroli, P.; Acerbi, F.; Brock, S.; Broggi, M.; Cusin, A.; Schiariti, M.; Visintini, S.; Quintas, R.; Leonardi, M.; et al.
Disability in Italian neurosurgical patients: Validity of the 12-item World Health Organization Disability Assessment Schedule.
Int. J. Rehabil. Res. 2014, 37, 267–270. [CrossRef] [PubMed]

31. Moreira, A.; Alvarelh~ao, J.; Silva, A.G.; Costa, R.; Queirós, A. Validation of a Portuguese version of WHODAS 2.0 —12 items in
people aged 55 or more. Rev. Saúde Públ. 2015, 33, 179–182.

32. Marom, B.S.; Carel, R.S.; Sharabi, M.; Ratzon, N.Z. Cross-cultural adaptation of the World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0) for Hebrew-speaking subjects with and without hand injury. Disabil. Rehabil. 2016,
39, 1–7. [CrossRef]

33. Tazaki, M.; Yamaguchi, T.; Yatsunami, M.; Nakane, Y. Measuring functional health among the elderly: Development of the
Japanese version of the World Health Organization Disability Assessment Schedule II. Int. J. Rehabil. Res. 2014, 37, 48–53.
[CrossRef]

34. Luciano, J.V.; Ayuso-Mateos, J.L.; Fernández, A.; Serrano-Blanco, A.; Roca, M.; Haro, J.M. Psychometric properties of the twelve
item World Health Organization Disability Assessment Schedule II (WHO-DAS II) in Spanish primary care patients with a first
major depressive episode. J. Affect. Disord. 2010, 121, 52–58. [CrossRef]

35. Kim, J.-I.; Long, J.D.; Mills, J.A.; Downing, N.; Williams, J.K.; Paulsen, J.S.; Cross, S.; PREDICT-HD Investigators and Coordinators
of the Huntington Study Group. Performance of the 12-item WHODAS 2.0 in prodromal Huntington disease. Eur. J. Hum. Genet.
2015, 23, 1584–1587. [CrossRef]

36. Bylsma, F.W.; Rothlind, J.; Hall, M.R.; Folstein, S.E.; Brandt, J. Assessment of adaptive functioning in huntington’s disease.
Mov. Disord. 1993, 8, 183–190. [CrossRef]

37. Trejo, A.; Tarrats, R.M.; Alonso, M.; Boll, M.-C.; Ochoa, A.; Velásquez, L. Assessment of the nutrition status of patients with
Huntington’s disease. Nutrition 2004, 20, 192–196. [CrossRef] [PubMed]

38. Van Der Burg, J.M.M.; Gardiner, S.L.; Ludolph, A.C.; Landwehrmeyer, G.B.; Roos, R.A.C.; Aziz, N.A. Body weight is a robust
predictor of clinical progression in Huntington disease. Ann. Neurol. 2017, 82, 479–483. [CrossRef]

39. Myers, R.; Sax, D.S.; Koroshetz, W.J.; Mastromauro, C.; Cupples, L.A.; Kiely, D.K.; Pettengill, F.K.; Bird, E.D. Factors Associated
with Slow Progression in Huntington’s Disease. Arch. Neurol. 1991, 48, 800–804. [CrossRef]

40. Brotherton, A.; Campos, L.; Rowell, A.; Zoia, V.; Simpson, S.A.; Rae, D. Nutritional management of individuals with Huntington’s
disease: Nutritional guidelines. Neurodegener. Dis. Manag. 2012, 2, 33–43. [CrossRef]

41. Wallace, M.; Downing, N.; Lourens, S.; Mills, J.; Kim, J.-I.; Long, J.; Paulsen, J.; PREDICT-HD Investigators and Coordinators
of the Huntington Study Group. Is There an Association of Physical Activity with Brain Volume, Behavior, and Day-to-day
Functioning? A Cross Sectional Design in Prodromal and Early Huntington Disease. PLoS Curr. 2016, 8, 8. [CrossRef]

42. Trembath, M.K.; Horton, Z.A.; Tippett, L.; Hogg, V.; Collins, V.R.; Churchyard, A.; Velakoulis, D.; Roxburgh, R.; Delatycki, M.B. A
retrospective study of the impact of lifestyle on age at onset of Huntington disease. Mov. Disord. 2010, 25, 1444–1450. [CrossRef]
[PubMed]

43. Beglinger, L.J.; O’Rourke, J.J.; Wang, C.; Langbehn, D.R.; Duff, K.; Paulsen, J.S. Earliest functional declines in Huntington disease.
Psychiatry Res. 2010, 178, 414–418. [CrossRef] [PubMed]

44. Vaccarino, A.L.; Sills, T.; Anderson, K.E.; Endicott, J.; Giuliano, J.; Guttman, M.; Ho, A.K.; Kupchak, P.; Paulsen, J.S.;
Warner, J.H.; et al. Assessment of Day-to-Day Functioning in Prodromal and Early Huntington Disease. PLoS Curr. 2011,
3, RRN1262. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jclinepi.2006.03.012
http://www.ncbi.nlm.nih.gov/pubmed/17161752
http://doi.org/10.1002/mds.27908
http://doi.org/10.1037/h0046016
http://www.ncbi.nlm.nih.gov/pubmed/13634291
http://doi.org/10.3402/jmahp.v4.27356
http://doi.org/10.1136/jnnp-2018-ehdn.159
http://doi.org/10.1007/s11136-015-0930-x
http://doi.org/10.1007/s00296-017-3723-4
http://www.ncbi.nlm.nih.gov/pubmed/28439626
http://doi.org/10.2196/mental.7497
http://www.ncbi.nlm.nih.gov/pubmed/29222080
http://doi.org/10.1097/MRR.0000000000000064
http://www.ncbi.nlm.nih.gov/pubmed/24802978
http://doi.org/10.1080/09638288.2016.1189606
http://doi.org/10.1097/MRR.0000000000000032
http://doi.org/10.1016/j.jad.2009.05.008
http://doi.org/10.1038/ejhg.2015.11
http://doi.org/10.1002/mds.870080212
http://doi.org/10.1016/j.nut.2003.10.007
http://www.ncbi.nlm.nih.gov/pubmed/14962685
http://doi.org/10.1002/ana.25007
http://doi.org/10.1001/archneur.1991.00530200036015
http://doi.org/10.2217/nmt.11.69
http://doi.org/10.1371/currents.hd.cba6ea74972cf8412a73ce52eb018c1e
http://doi.org/10.1002/mds.23108
http://www.ncbi.nlm.nih.gov/pubmed/20629137
http://doi.org/10.1016/j.psychres.2010.04.030
http://www.ncbi.nlm.nih.gov/pubmed/20471695
http://doi.org/10.1371/currents.RRN1262
http://www.ncbi.nlm.nih.gov/pubmed/21927718


J. Clin. Med. 2021, 10, 1053 14 of 14

45. Goh, A.M.; You, E.; Perin, S.; Clay, F.J.; Loi, S.; Chong, T.; Ames, D.; Lautenschlager, N.; Ellis, K. Predictors of Workplace Disability
in a Premanifest Huntington’s Disease Cohort. J. Neuropsychiatry Clin. Neurosci. 2018, 30, 115–121. [CrossRef]

46. Hawton, A.; Green, C.; Goodwin, E.; Harrower, T. Health state utility values (QALY weights) for Huntington’s disease: An
analysis of data from the European Huntington’s Disease Network (EHDN). Eur. J. Health Econ. 2019, 20, 1335–1347. [CrossRef]

47. Thorley, E.M.; Iyer, R.G.; Wicks, P.; Curran, C.; Gandhi, S.K.; Abler, V.; Anderson, K.E.; Carlozzi, N.E. Understanding How Chorea
Affects Health-Related Quality of Life in Huntington Disease: An Online Survey of Patients and Caregivers in the United States.
Patient Patient Cent. Outcomes Res. 2018, 11, 547–559. [CrossRef] [PubMed]

48. Ho, A.K.; Gilbert, A.S.; Mason, S.L.; Goodman, A.O.; Barker, R.A. Healthrelated quality of life in Huntington’s disease: Which
factors matter most? Mov. Disord. 2009, 24, 574–578. [CrossRef] [PubMed]

http://doi.org/10.1176/appi.neuropsych.17040086
http://doi.org/10.1007/s10198-019-01092-9
http://doi.org/10.1007/s40271-018-0312-x
http://www.ncbi.nlm.nih.gov/pubmed/29750428
http://doi.org/10.1002/mds.22412
http://www.ncbi.nlm.nih.gov/pubmed/19097181

	Introduction 
	Materials and Methods 
	Study Design and Participations 
	Procedures 
	Ethics 
	Outcome Measures 
	The 12-item WHODAS 2.0 
	The Huntington Quality of Life Instrument (H-QoL-I) 
	The Total Functional Capacity (TFC) 

	Statistical Analysis 

	Results 
	Sociodemographic and Health-Related Data of the Study Group 
	Scale Score Reliability 
	Internal Consistency Reliability 
	Correlation Matrix between Summary Result, Domains and Items 
	Test-Retest 

	Floor and Ceiling Effects 
	Validity 
	Convergent Validity 
	Known-Group Validity 

	Linear Regression Model 
	Impact of Different Factors on Disability 
	Impact of Different Factors on Quality of Life 


	Discussion 
	Conclusions 
	References

