Quality of Life Research (2022) 31:3241-3252
https://doi.org/10.1007/s11136-022-03187-y

=

Check for
updates

Predictors of health-related quality of life in Parkinson'’s disease:
the impact of overlap between health-related quality of life
and clinical measures

Itsasne Sanchez-Luengos'® - Olaia Lucas-Jiménez' ® - Natalia Ojeda’'® - Javier Pefia’
Juan Carlos Gémez-Esteban®(® - Maria Angeles Gomez-Beldarrain® - Raquel Vazquez-Picén3 - Nerea Foncea-Beti3 -
Naroa Ibarretxe-Bilbao'

Accepted: 28 June 2022 / Published online: 16 July 2022
© The Author(s) 2022

Abstract

Purpose This study aimed to determine predictors of health-related quality of life (HRQoL) in Parkinson's disease (PD)
and to explore their predictive value before and after controlling overlapping items between HRQoL and clinical variables.
Methods One hundred and eight PD patients underwent motor, anxiety, depression, apathy, fatigue, and neurocognition
assessment. HRQoL was assessed by the Parkinson’s Disease Questionnaire-39 (PDQ-39). In order to determine predictors of
HRQoL in PD, stepwise multiple regression analyses were performed in two ways: before and after removing the emotional
well-being dimension from PDQ-39 to control the overlap between depression and anxiety, and HRQoL.

Results HRQoL total index was predicted by anxiety, fatigue, motor symptoms, and depression, explaining 26.9%, 7.2%,
2.8%, and 1.9% of the variance. However, after removing overlapping items, HRQoL total index was predicted by fatigue
(16.5%), anxiety (6.1%), motor symptoms (3.9%), and neurocognition (2.5%), but not depression. Regarding HRQoL dimen-
sions, mobility and activities of daily living were predicted by fatigue (19.7% and 5%) and UPDRS-III (4% and 10.2%);
emotional well-being by fatigue (7.9%); social support by anxiety (12.2%) and UPDRS-III (8.6%); communication by
neurocognition (5.3%) and UPDRS-III (3.4%); cognition by anxiety (10.6%) and bodily discomfort by anxiety (23%) and
fatigue (4.1%).

Conclusion These findings showed the importance of identifying and controlling overlapping items of HRQoL and clinical
measures to perform an accurate interpretation. HRQoL dimensions showed different predictors before and after controlling
the overlap. Based on these results fatigue, anxiety, motor symptoms, and neurocognition, but not depression are the main
predictors of HRQoL in PD patients.
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Plain English summary

Parkinson’s disease is characterized by motor and non-
motor symptoms that affect quality of life of Parkinson's
disease patients. Health-Related Quality of Life of Parkin-
son's disease patients has been increasingly studied. Most
studies are focused on the assessment of overall Health-
Related Quality of Life by Parkinson’s Disease Question-
naire-39. Studies analyze the impact of motor and clini-
cal symptoms, while cognition has not been thoroughly
investigated. However, most studies in Parkinson's disease
have not considered the possible overlap between clini-
cal and quality of life measures. Additionally, few studies
have investigated dimensions of the questionnaire. This
study analyzed the influence of motor and non-motor
symptoms on Health-Related Quality of Life in Parkin-
son's disease patients before and after controlling for the
overlap between Health-Related Quality of life items
and clinical variables. Our results suggest that overall
Health-Related Quality of life was influenced by anxiety,
fatigue, motor symptoms, and depression, being anxiety
the predominant predictor. After controlling overlapping
items, results showed that fatigue predominated over anxi-
ety, motor symptoms, and depression. In fact, depression
was no longer a predictor and neurocognition emerged
as a predictor. Regarding dimensions, fatigue and motor
symptoms, influenced mobility and activities of daily liv-
ing dimensions. Fatigue influenced emotional well-being
dimension. Anxiety and motor symptoms influenced social
support dimension. Neurocognition and motor symptoms
influenced communication dimension. Anxiety influenced
cognition dimension, while bodily discomfort dimen-
sion was affected by anxiety and fatigue. These findings
highlight the importance of identifying and controlling
overlapping items of Health-Related Quality of life and
clinical measures to perform an accurate interpretation of
the results.

Introduction

Assessment of patients’ quality of life has become an
important outcome indicator in Parkinson’s disease (PD)
[1]. PD patients show an impaired quality of life [2], not
only due to the motor symptoms, but also several non-
motor symptoms such as sensory abnormalities, sleep dis-
orders, autonomic disturbances, cognitive impairment, and
some neuropsychiatric aspects, like anxiety, depression,
apathy, and fatigue [3, 4].

Quality of life includes both an individual's percep-
tion of themselves in the cultural context and the value
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systems, and the relationship to their goals, expectations,
norms, and concerns [5]. Specifically, health-related qual-
ity of life (HRQoL) [2] is defined as the patient's life sat-
isfaction, perception, and self-evaluation of the effects of
a disease and their experience with it, being the physical
and psychological dimensions, functional capacity, and
social interactions the most relevant aspects [2, 6]. The
way to assess HRQoL differs among studies and although
there are several scales to measure this concept, Parkin-
son’s Disease Questionnaire-39 (PDQ-39) is the most
commonly used instrument for HRQoL assessment in PD
[2]. Most of the studies only analyze the overall HRQoL,
while PDQ-39 was designed to assess different aspects of
the functioning and well-being of people affected by PD
[7]. This questionnaire is divided into eight dimensions:
mobility, activities of daily living (ADL), emotional well-
being, stigma, social support, cognition, communication,
and bodily discomfort [7, 8]. Each of these dimensions
offers the possibility of analyzing specific aspects that
influence the HRQoL of PD patients [7, 8].

On the other hand, cognitive dysfunction is a non-motor
symptom of PD that has an impact on the quality of life of
PD patients [1]. Cognitive impairment is observed in 40%
of people with PD during the course of the disease [9]. The
most common deficits in PD involve visuospatial abilities,
verbal memory, and frontal executive domains [10]. The
risk of progression of cognitive impairment to dementia
has a functional impact on the ADL and HRQoL of people
with PD [6, 11, 12]. The high association between cogni-
tive impairment and difficulties in ADL persists with dis-
ease progression [12] and 83% of PD patients with cognitive
impairment develop dementia after 10-20 years [11].

Anxiety, depression, apathy, and fatigue are other char-
acteristic non-motor symptoms that can affect the quality of
life of PD patients [13-16]. Neuropsychiatric problems are
present in more than 77% of people with PD [17]. Specifi-
cally, meta-analyses showed that the average prevalence rate
of anxiety disorders in PD patients was 31% [18], depres-
sive symptoms were found in 22.9% [19], apathy in 40%
[16], and fatigue in 50% [14]. Although research generally
focuses on depressive symptoms, anxiety is a very common
symptom in PD [18] and both have been reported to affect
the quality of life of people with PD [15, 20, 21].

A systematic review showed that HRQoL of PD patients
has been increasingly explored through diverse studies
investigating the predictors of the overall HRQoL in PD
[22]. It is essential to identify the most important predictors
of HRQoL in PD patients in order to set treatment priorities
and reduce the effects of the functional and emotional con-
sequences of PD [22]. However, it should be considered that
measures of depression and quality of life are concepts with
overlapping items [23-26], because emotional distress is a
construct that is present in most quality of life questionnaires
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[23, 24], including specific items assessing psychopathology
[24, 25], such as depressive [23, 25] and anxiety symptoms.
As suggested by Hays and Fayers [23], most of the articles
published to date in different pathologies have included
measures of depression and HRQoL without considering the
empirical and conceptual overlap between the two variables
[23]. Therefore, not taking into account the overlap between
these measures may result in tautological inferences about
the influence of depression on HRQoL, since, if a large pro-
portion of the items overlap, it is logical that quality of life
would be significantly associated with measures of psycho-
pathology [23, 24]. Recognition of the overlap between these
variables is crucial to interpret associations and avoid incor-
rect causal inference [23], so it is recommended to control
for the presence of psychopathological items in quality of
life measures [24].

Conversely, predictors of HRQoL dimensions have not
been studied as much as predictors of overall HRQoL [13,
17, 27-31]. Moreover, cognition has not been studied as
often as the clinical and motor variables of the disease.
Despite some studies having analyzed cognition as a pre-
dictor of overall HRQoL [6, 21, 28-30, 32-35], few of
them have examined cognition as a predictor of the spe-
cific dimensions of HRQoL [28-30]. Most of these studies
have analyzed cognition with cognitive functioning screen-
ing tests, however, further research is needed to analyze the
impact of cognition on overall HRQoL and its dimensions
using a comprehensive neuropsychological assessment.

Therefore, the main goal of this study was to simultane-
ously analyze the predictive value of a wide spectrum of
variables such as anxiety, depression, apathy, fatigue, cog-
nition, and motor symptoms that impact HRQoL and its
dimensions. The second aim of this study was to observe
the predictive value of these variables after identifying and
controlling the overlap between HRQoL items and clinical
measures.

Methods
Participants

One hundred and fifteen PD patients participated in the
study between December 2016 and February 2020. Par-
ticipants were recruited via: (1) the neurologists from the
Hospital of Galdakao and the Cruces University Hospital
involved in the study, who recruited outpatients regularly
attending appointments at the hospital; and (2) ASPARBI
and ASOPARA Parkinson's Associations, where informa-
tive talks were organized and patients who were members
of the associations were recruited. Written informed consent
was obtained from all subjects after receiving an explana-
tion of the study. This study was conducted according to the

guidelines of Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) [36].

The diagnosis of PD based on the diagnostic criteria of
the UK PD Society Brain Bank was made by a movement
disorder specialist [37]. Other inclusion criteria were as fol-
lows: (1) age >45 and (2) either male or female. The exclu-
sion criteria were as follows: (1) diagnosis of dementia as
defined by DSM-IV-TR [38] and the Movement Disorders
Society (MDS) specific clinical criteria for PD demen-
tia [39], and (2) diagnosis of other major neurological or
psychiatric disorders. All patients received their pharma-
cological treatment and all evaluations were done in the on
medication state. Of the 115 participants, four participants
were excluded as a result of other diagnoses (three for atypi-
cal Parkinsonism disorders and one for Alzheimer's disease)
and three participants dropped out of the study. Finally, the
sample was composed of 108 participants.

Demographic, cognitive reserve, and PD-related
features assessment

Demographic information, such as age, sex, years of edu-
cation, and Cognitive Reserve Questionnaire [40] were
included. Levodopa Equivalent Daily Dose (LEDD) [41] and
years of disease duration were registered. Estimation of the
stage and course of the disease was assessed by the Hoehn
and Yahr stage Scale (H&Y) [42]. According to MDS level
I criteria [43], mild cognitive impairment (MCI) was clas-
sified using Montreal cognitive assessment (MoCA) scores,
adjusted for age and years of education based on the norma-
tive data for the Spanish population [44]. The prevalence in
the sample was 56.5%.

Outcome measure

HRQoL was assessed with the Spanish version of PDQ-
39 [8]. This questionnaire is divided in eight dimensions:
mobility (10 items, 0-40), ADL (6 items, 0-24), emotional
well-being (6 items, 0-24), stigma (4 items, 0—16), social
support (3 items, 0-12), cognition (4 items, 0-16), com-
munication (3 items, 0—12), and bodily discomfort (3 items,
0-12). The scores for each dimension were calculated by the
sum of the raw scores of each item divided by the maximum
possible score of each dimension and multiplied by 100 [45].
The PDQ-39 summary index (HRQoL total index) was cal-
culated by the sum of the scores of the 8 dimensions and
divided by the number of dimensions [45]. Scores ranged
from O (no problem) to 100 (maximum level of problems),
showing that the higher the score, the lower the HRQoL
[45]. An overlap between the items of depression and anxi-
ety measures of the Hospital Anxiety and Depression Scale
(HADS) and the emotional well-being dimension items of
the PDQ-39 was found (Table 1), so a new HRQoL total
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Table 1 Items excluded from PDQ-39 due to the similarity with the
HADS scale

PDQ-39 questionnaire: emotional well-being dimension

17. Felt depressed

18. Felt isolated and lonely

19. Felt weepy or tearful

20. Felt angry or bitter

21. Felt anxious

22. Felt worried about the future

PDQ-39 Parkinson’s Disease Questionnaire-39

index was created without the overlapping items of the emo-
tional well-being dimension.

Potential determining variables
Motor symptoms assessment

Motor symptoms were assessed by the Unified Parkinson's
Disease Rating Scale (UPDRS-III) [46].

Anxiety, depression, apathy, and fatigue assessment

Anxiety and depression were measured with the Spanish
version of HADS [47], divided into two subscales: seven
items of anxiety and seven items of depression. Apathy
scores were evaluated with the Spanish version of Lille
Apathy Rating Scale (LARS) [48] composed of 33 items.
Physical and mental fatigue scores were assessed using the
9-item self-administered Fatigue Severity Scale (FSS) [49].

Neuropsychological assessment

Participants performed an extensive neuropsychological
battery in which different cognitive functions were evalu-
ated. Due to the use of multiple measures to assess differ-
ent cognitive domains, a neurocognition composite score
was created including attention and working memory (Dig-
its forward and backward subtest from the Wechsler Adult
Intelligence Scale-III [50]), verbal memory (Hopkins Ver-
bal Learning Test-Revised, long-term recall and learning
[51]), visual memory (Brief Visual Memory Test-Revised,
long-term recall and learning [52]), semantic (Calibrated
Ideational Fluency Assessment-Animals category [53])
and phonemic fluency (MoCA language category-fluency
subtest [54]), executive functions (UD interference test,
Words-Colors and interference [55]), visuoconstructive
abilities (Clock Drawing Test, order and copy [56]), cogni-
tive flexibility (Modified Wisconsin Card Sorting Test, cat-
egories, and perseverative errors [57]), and processing speed
(Salthouse Letter Comparison Test [58] and Trail Making
Test-A [59]). All cognitive measures were converted into
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z scores, and the sign of some measures was adjusted so
that higher scores indicated higher cognitive performance.
The neurocognition composite score showed a satisfactory
internal consistency (a=0.87).

Statistical analysis

The Kolmogorov—Smirnov test was performed to test nor-
mality of data. Missing values were imputed using multiple
imputation with the Expectation—-Maximization (EM) algo-
rithm. The percentage of missing values was 0.047%.

Spearman’s rho test correlation was used. Firstly, the cor-
relation of HRQoL total index (before and after overlapping
items) and its dimensions, with demographic (age and sex),
cognitive reserve and LEDD was assessed. These variables
were used to adjust the regression models in step 1 as covari-
ates only in the cases that significantly correlated with the
HRQoL total index (before and after overlapping items) and
the different HRQoL dimensions. The H&Y scale and years
of disease duration in PD patients were not included in the
model as they were considered global measures of PD sever-
ity [60]. Secondly, the relationship of HRQoL total index
(before and after overlapping items) and its dimensions,
with the potential determining variables (UPDRS-III, anxi-
ety, depression, apathy, fatigue, and neurocognition com-
posite) was assessed. Due to the overlap of items between
the emotional well-being dimension and HADS scale, the
correlation between the anxiety and depression scores with
the emotional well-being dimension was not considered.

Stepwise Multiple Regression analyses were conducted
including those variables that correlated significantly in the
previous correlation test with the HRQoL total index (before
and after overlapping items) and HRQoL dimensions.
Regression analyses were adjusted in step 1 (enter method)
by covariates showing significant correlations. In step 2 (for-
ward method) motor symptoms, anxiety, depression, apa-
thy, fatigue, and neurocognition scores were included in the
models. The statistical analyses were carried out using IBM
SPSS statistics v27.

Results

Demographic, cognitive reserve, PD-related features,
HRQoL, anxiety, depression, apathy, fatigue, and neurocog-
nition scores of the sample are provided in Table 2.

Correlation analyses of HRQoL and its dimensions

Cognitive reserve was correlated with HRQoL total
index (before and after overlapping items), mobility, and
emotional well-being dimensions; LEDD variable with
HRQoL total index after removing overlapping items,
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Table 2 Demographic characteristics, cognitive reserve, PD-related
features, HRQoL, anxiety, depression, apathy, fatigue, and neurocog-
nition composite score of the study sample (n=108)

Mean/n SD/% 95% CI

Age (years) 70.15 794  68.63 to 71.66
Sex (male) 75 69.4%

Years of education 10.81 4.45 9.97 to 11.66
Cognitive reserve 11.15 397 10.39to0 11.91
Hoehn & Yahr

Stage 1.0 20 18.5%

Stage 1.5 14 13%

Stage 2.0 41 38%

Stage 2.5 6 5.6%

Stage 3.0 25 23.1%

Stage 4.0 2 1.9%

Years of disease duration 6.35 4.94 5411t07.29
LEDD 600.73  412.63 522.02 to 679.44
UDPRS 11T 20.61 11.80 18.36 t0 22.86

HRQoL total index (PDQ-39  20.75  10.88 18.68 to 22.83
summary index)®

Mobility* 2324 20.56 19.32t027.16
ADL? 2126 1851 17.73t024.79
Emotional well-being® 28.55 23.18 24.13t032.97
Stigma® 9.66 1493 6.81to12.51
Social support® 8.02 1498 5.17 to 10.88
Cognition* 25.75 16.98  22.51 to 28.99
Communication® 13.66 15.85 10.63 to 16.68
Bodily discomfort® 35.88  25.84 30.95t040.80
HADS-A 6.16 446  5.31t07.01
Scores > 8 40 37%
HADS-D 4.84 365 4.15t05.54
Scores > 8 24 22.2%
LARS —23.38 6.55 —24.63t0—22.13
Scores > — 14 9 8.3%
FSS 30.57 15.72  27.58 to 33.57
Scores > 36 43 39.8%
Neurocognition composite —0.00 0.67 —0.13t00.13
score?

SD standard deviation, CI confidence interval, H&Y Hoehn and Yahr
stage Scale, LEDD Levodopa Equivalent Daily Dose, UPDRS 11l The
Unified Parkinson's Disease Rating Scale-motor part, HRQoL Health-
Related Quality of Life, ADL Activities of Daily Living, HADS-A
Hospital Anxiety and Depression Scale-Anxiety scores, HADS-D
Hospital Anxiety and Depression Scale-Depression scores, LARS
Lille Apathy Rating Scale, FSS Fatigue Severity Scale

#Scores from 0 to 100

bAverage in z-scores

mobility, and communication dimensions; age with mobil-
ity dimension and sex with HRQoL total index, emotional
well-being, and bodily discomfort dimensions. The cor-
relation coefficients showed weak associations. Conse-
quently, cognitive reserve, LEDD, age and sex variables

Table 3 Spearman's rho correlation analyses between HRQoL and demographic characteristics, cognitive reserve and LEDD of the study sample

Bodily discomfort

Communication

Stigma Social support Cognition

Emotional

ADL

Mobility

HRQoL with-
out overlap

HRQoL total index

Criterion variable

well-being

0.03

0.11
-0.10
- 0.15

0.15
0.12
—0.08
—-0.03

- 0.04

- 0.09

0.09

0.05
0.00
—-0.16

0.25*
0.14
—0.29*

0.12
0.15
—0.26*

0.14

Age

0.24*
-0.13

0.06

-0.11

0.10
-0.02

0.27*
—0.22%

0.21%*
—0.29*

Sex

Cognitive reserve

LEDD

0.13

0.28%

0.07

0.08

0.03

0.05

0.22°%

0.19%

0.15

HRQoL health-related quality of life, ADL activities of daily living, LEDD Levodopa Equivalent Daily Dose

*p <0.05
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Table 5 Stepwise multiple
regression analyses of HRQoL

total index, HRQoL dimensions,
anxiety, depression, apathy and

fatigue scores, neurocognition
composite score and motor
symptoms of the study sample

Criterion variable F R* (%) R?change (%) p t P Predictors
HRQoL total index before and after removing emotional well-being dimension
Model 1* 17.77 513
HRQoL total index 26.9 032 346 0.001 HADS-A
7.2 024  3.09 0.003 FSS
2.8 0.17 235 0.021 UPDRS-III
1.9 0.18 1.99 0.050 HADS-D
Model 2° 1242 425
HRQoL total index with- 16.5 0.33 3.84 0.000 FSS
out emotional well-being 6.1 025 2.86 0.005 HADS-A
dimension 3.9 020 246 0015 UPDRS III
2.5 —0.20 —2.10 0.038 Neurocognition
HRQoL dimensions
Model 3¢ 11.83 36.7
Mobility 19.7 0.41 5.09 0.000 FSS
4.0 0.21 2.54 0.013 UPDRS III
Model 4 9.37 15.1
ADL 10.2 0.27 295 0.004 UPDRS III
5.0 0.23 248 0.015 FSS
Model 5¢ 9.71 219
Emotional well-being 7.9 0.28 3.24 0.002 FSS
Model 6 13.80 20.8
Social support 12.2 0.39 4.44 0.000 HADS-A
8.6 —0.30 —3.38 0.001 UPDRS II
Model 7 12.51 10.6
Cognition 10.6 0.33 3.54 0.001 HADS-A
Model 8° 726 173
Communication 5.3 —0.23 -2.54 0.013 Neurocognition
34 0.19  2.08 0.040 UPDRS II
Model 9* 17.76 33.9
Bodily discomfort 23.0 0.41 4.74 0.000 HADS-A
4.1 022 255 0.012 FSS

HRQoL Health-Related Quality of Life, ADL Activities of Daily Living, UPDRS III The Unified Parkin-
son's Disease Rating Scale-motor part, HADS-A Hospital Anxiety and Depression Scale-Anxiety scores,
HADS-D Hospital Anxiety and Depression Scale-Depression scores, FSS Fatigue Severity Scale

4Adjusted by cognitive reserve and sex [Significant in model 1 in cognitive reserve (f=— 0.16; p=0.047)];
®Adjusted by cognitive reserve and Levodopa Equivalent Daily Dose (LEDD)

°Adjusted by cognitive reserve, age and LEDD [Significant in model 3 in cognitive reserve (f#=— 0.26;
p=0.003)]

dAdjusted by cognitive reserve [Significant in model 5 (f=— 0.21; p=0.024)] and sex [Significant in
model 5 (§=0.24; p=0.013)]

¢Adjusted by LEDD [Significant in model 7 (=0.26; p=0.006)]
fAdjusted by sex [Significant in model 8 (8=0.18; p=0.032)]

variables after considering the overlapping items between
HRQoL and clinical measures.

This study has identified several characteristics associ-
ated with a worse HRQoL in PD patients. Higher scores for
anxiety, fatigue, motor symptoms, and depression were the
factors that predicted a worse HRQoL, with anxiety being
the main predictor. The variance in the predictive value of
depression scores was lower than in the other studies, with

anxiety, fatigue, and motor symptoms predominating over
depression scores. Most studies showed that depression was
the main predictor of HRQoL [22], and it may be due to the
absence of anxiety and depression variables joined in the
same regression model [21]. Additionally, the high associa-
tion between depressive symptoms and quality of life may
be due to the overlap between the emotional items of the
quality of life measures and depressive symptomatology
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[25], so these results should be interpreted with caution.
Therefore, in our study, an additional analysis was per-
formed in which the emotional well-being dimension items
of the HRQoL total index were removed to consider this
overlap. Interestingly, our results showed that after taking
into account the overlap, fatigue predominated over anxiety
and motor symptoms; but depression was no longer a predic-
tor of HRQoL total index. Most studies have not considered
the overlap between clinical and HRQoL measures in their
analyses and it may be the main reason why depression has
been considered as the main predictor of HRQoL. Future
studies should contemplate the overlap between clinical and
HRQoL measures to perform more accurate interpretations.
Controlling the overlapping, fatigue was the main predictor
of HRQoL total index. Fatigue is recognized as one of the
most disabling symptoms of PD [61], present in 50% of PD
patients [14], however, it has not been such a studied pre-
dictor as anxiety and depression. In four of the five studies
reviewed in a systematic review, fatigue was a strong pre-
dictor of HRQoL [22], demonstrating that it emerges in the
early stages of PD and persists throughout the course of the
disease, negatively impacting their HRQoL [14]. Addition-
ally, in our study, neurocognition emerged as a predictor
of HRQoL total index when controlling the overlap. The
majority of the studies analyzed cognition with cognitive
functioning screening tests [21, 28, 29, 32-35]. In contrast,
in our study, participants performed an extensive neuropsy-
chological battery comprised of a wide variety of cognitive
tests, revealing that neurocognition composite score pre-
dicted HRQoL. To the authors” knowledge, only four stud-
ies found cognition as a predictor of HRQoL total index [6,
29, 30, 33]. Two of these studies analyzed cognition with
cognitive functioning screening tests [29, 33], while the
two other studies assessed cognition by specific cognitive
measures, showing that working memory [30], verbal flu-
ency [30], visual attention/memory [6], visuospatial [6], and
executive functioning [6] were predictors of HRQoL. As far
as the authors are aware, this is the first study investigating
predictors of HRQoL in PD patients in which the possible
overlap between HRQoL and clinical outcomes was ana-
lyzed. Furthermore, it should be emphasized that the meth-
odology used and the results obtained in this study could be
extrapolated to other pathologies.

Regarding the specific HRQoL dimensions, mobility and
ADL dimensions were predicted by fatigue and UPDRS-
III. Similar to our results, other studies found that reduced
activity and motor symptoms were associated with mobil-
ity [27] and ADL dimension [27, 28, 31], while physical
fatigue was also a predictor of mobility dimension [62].
Consistent with previous studies [27], our findings showed
that fatigue was also a predictor of emotional well-being
dimension. Other research suggest that longer disease dura-
tion [27], UPDRS total score [27], working memory and
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verbal fluency [30] were also a predictors of this dimension.
Finally, fatigue along with anxiety scores, were predictors of
the bodily discomfort dimension. Other studies found that
fatigue, UPDRS and female sex [27], anxiety [13, 17, 28],
depression and hallucinations [17], and motor fluctuations
[28] were predictors of this dimension. However, although
in our study depression scores were included in the bod-
ily discomfort model, anxiety and fatigue scores showed a
higher association with this dimension, predominating over
depression scores. In line with other studies [17, 28], social
support dimension was predicted by anxiety scores and
UPDRS-III. Additionally, anxiety scores also predicted the
cognition dimension. PDQ-39 items of the cognition dimen-
sion assess concentration problems, the sensation of hav-
ing a bad memory and hallucinations or nightmares, which
generate feelings of anxiety or nervousness in PD patients.
Even though we expected to find neurocognition as a pre-
dictor of this dimension, it did not happen. This may be
due to the fact that the sensations of concentration problems
and memory impairment approach a similar interpretation
of cognition; while hallucinations or nightmares are more
related to anxiety. In fact, one study suggests that the dimen-
sion of cognition in PDQ-39 has a stronger relationship with
mood states rather than with neurocognitive domains [63].
Interestingly, neurocognition was found as a predictor of
communication dimension, in addition to motor symptomes.
The range of communication impairment is very variable in
PD (from a lack of problems to inaudible and unintelligible
speech) [64]. Indeed, acoustic speech deficits, use of action
verbs and pausing have been shown to be more associated
with motor impairment and linguistic deficits with cognitive
impairment [64].

Concerning stigma, no significant associations were
found, so they could not be included in the model. In con-
trast, other studies showed that anxiety [13, 28], reduced
activity and motivation [27], and depression [31] predicted
the stigma dimension in PD. Low scores on the stigma
dimension may explain the lack of association with the rest
of the variables. Furthermore, as Tu and colleagues noted
[31], understanding stigma requires a broader considera-
tion from a more social context, and not only focusing on
motor and non-motor symptoms. Regarding the rest of the
variables, our results did not show a significant association
between apathy scores and HRQoL or any of its dimensions.
However, other studies revealed an association of apathy
with poorer HRQoL [17, 60] and with an increased self-
rating of cognition and communication difficulties [17].

Recognition and treatment of motor and non-motor
symptoms in the early stages of the disease may improve
the HRQoL of PD patients. Considering that PD is a physi-
cally and psychologically debilitating disorder, health care
professionals should adopt a holistic approach to PD reha-
bilitation [65]. Treatment objectives vary among individuals,
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highlighting the need for personalized intervention; so, a
variety of non-pharmacological therapies should also be
taken into account [66], such as, mindfulness yoga [65],
psychological interventions [67], spiritual resilience [68],
physical therapy [69], cognitive training [70], and speech
therapies [71]. These therapies could be included in the
clinical manage of PD patients.

It should be noted that the results of our study were based
on cross-sectional data, limiting the ability to observe the
impact of motor and non-motor symptoms on HRQoL in
the disease course. For future research, longitudinal analyses
would be needed to determine if the predictive symptom
intervention could affect HRQoL. In fact, a recent longitu-
dinal study examining predictors of HRQoL impairment in
PD patients showed that, after a 2-year follow-up, age, sex,
mood, and non-motor impairment were associated with clin-
ically significant HRQoL impairment in PD patients [72].
On the other hand, the HRQoL evaluated using PDQ-39
does not allow to contrast the results with other patholo-
gies, since the PDQ-39 is a specific PD scale. In this study,
PD patients did not have a long disease duration and were
mildly to moderately affected, without major impairments
in their HRQoL, so it could be interesting to analyze the
predictors of HRQoL and its dimensions in more advanced
stages of the disease. Additionally, the low sample size
limits generalization, so it would be interesting to conduct
future studies with larger sample sizes. In fact, our study
was carried out in a Spanish population and there are stud-
ies using PDQ-8, which is an abbreviated scale of PDQ-39,
suggesting that geographic location has an effect on the non-
motor symptoms affecting HRQoL [73]. Specifically, mood
and sleep were the major predictors in European patients,
whereas, non-motor symptoms were not significant predic-
tors of HRQoL in Indian and Japanese patients [73] and in
Chinese population anxiety, depression, motor symptoms,
and marital status were the main predictors of HRQoL [74].

In conclusion, our results showed that anxiety, fatigue,
motor symptoms, and depression were the main predictors
of HRQoL total index in PD patients, whereas, after remov-
ing emotional well-being overlapping items, fatigue, anxiety,
motor symptoms, and neurocognition were the predictors of
HRQoL total index. These findings indicate the importance
of identifying and controlling the overlap of items between
HRQoL measures and clinical variables in order to perform
an accurate interpretation of the results. Our results and
methodology would be extrapolated to other pathologies.
Additionally, results showed the impact of fatigue, anxiety,
motor symptoms, and neurocognition scores in HRQoL
dimensions in PD patients. Consequently, results suggest
the importance of the appropriate assessment of HRQoL
and its specific dimensions, because predictors are different
for each dimension of HRQoL. Recognition and manage-
ment of motor and non-motor symptoms in the early stages

of the disease are essential, as these features have a greater
impact on the HRQoL of people with PD. Therefore, inter-
vention on fatigue, anxiety, motor symptoms, and cognitive
processes may be a crucial target to improving HRQoL in
PD patients.
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