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Abstract: Parkinson’s disease is a chronic, progressive, and disabling neurodegenerative disease
which evolves until the end of life and triggers different mood and organic alterations that influence
health-related quality of life. The objective of our study was to identify the factors that negatively
impact the quality of life of patients with Parkinson’s disease and construct a predictive model of
health-related quality of life in these patients. Methods: An analytical, prospective observational
study was carried out, including Parkinson’s patients at different stages in the Albacete Health Area.
The sample consisted of 155 patients (T0) who were followed up at one (T1) and two years (T2).
The instruments used were a purpose-designed data collection questionnaire and the “Parkinson’s
Disease Questionnaire” (PDQ-39), with a global index where a higher score indicates a worse quality
of life. A multivariate analysis was performed by multiple linear regression at T0. Next, the model’s
predictive capacity was evaluated at T1 and T2 using the area under the ROC curve (AUROC).
Results: Predictive factors were: sex, living in a residence, using a cane, using a wheelchair, having a
Parkinson’s stage of HY > 2, having Alzheimer’s disease or a major neurocognitive disorder, having
more than five non-motor symptoms, polypharmacy, and disability greater than 66%. This model
showed good predictive capacity at one year and two years of follow-up, with an AUROC of 0.89 (95%
CI: 0.83-0.94) and 0.83 (95% CI: 0.76-0.89), respectively. Conclusions: A predictive model constructed
with nine variables showed a good discriminative capacity to predict the quality of life of patients
with Parkinson’s disease at one and two years of follow-up.

Keywords: Parkinson’s disease; quality of life; PDQ-39; model predictive

1. Introduction

Parkinson disease (PD) is a progressive, chronic, and disabling neurodegenerative dis-
ease with important mood disturbances and resulting changes in lifestyle. Hospital clinical
records indicate a worldwide prevalence of between 100 and 300 cases per 100,000 inhabi-
tants [1,2]. In terms of pathology, PD is defined by the progressive loss of dopaminergic
neurons in the substantia nigra and the presence of inclusions called Lewy bodies. No
biological markers exist for its diagnosis; therefore, a diagnosis of PD is clinical and estab-
lished from the clinical history and examination of the patient. However, there are several
markers associated with cognitive impairment in PD, including clinical, neuropathological,
genetic, and neuroimaging markers [3]. Cognitive impairment is an important aspect of
PD to consider as it has a severe negative effect on health and health-related quality of
life (HRQoL).
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From a clinical point of view, two large groups of disorders are distinguished in
PD. The first group refers to motor symptoms (MS), such as tremors, poor or slow move-
ments (akinesia), increased muscle tone or rigidity, and abnormal involuntary movements
(dyskinesias). The combination of tremor, rigidity, akinesia-bradykinesia (absent-slow
movements, especially of complex voluntary movements), and impairment of postural
reflexes is referred to as “parkinsonian syndrome”. In particular, slow movements and
rigidity limit normal function, and this stiffness is responsible for muscle pain in these
patients. However, the most serious motor problem is akinesia, with varying degrees of
movement and changes in position [3,4]. The second group of disorders refers to non-
motor symptoms (NMS), including autonomic dysfunction (constipation, hyperhidrosis),
sensory dysfunction (paresthesia, pain), and psychological disorders (depression, major
neurocognitive disorder) [4]. Mood and cognitive disorders affect 80.6% of patients with
PD and have a severe negative effect on perceived HRQoL [4-6] and their caregivers [7].
NMS are common in late-stage PD and generally have a greater impact on HRQoL in PD
than MS. NMS associated with a decline in HRQoL include disrupted sleep architecture,
constipation, hyposmia, anxiety, depression, fatigue, chronic pain, impaired speech, and
difficulty swallowing [3,7]. Depression is the neuropsychiatric disorder that has shown the
greatest negative influence on HRQoL in these patients [5,6,8]. Moreover, these symptoms
are directly associated with HRQoL, regardless of the severity of the MS. The variables
considered prognostic are depressive symptoms, insomnia, and a low degree of indepen-
dence in relation to the severity of the disease. Furthermore, around half of patients with
PD report a lack of energy related to depressive symptoms [9,10].

The Hoehn and Yahr (HY) stages are used to classify the evolution and progression
of PD and are based on changes in motor symptoms, identifying five stages from least to
greatest involvement [11].

At this time, there is no curative treatment for PD, so therapies focus on improving
symptoms, delaying motor complications, and prolonging patients” autonomy for as long
as possible. Pharmacological, surgical, or rehabilitative treatment can be used, and all
these can be combined. Levodopa and other dopamine agonist drugs are used among the
pharmacological treatments [12].

Chronic diseases affect all aspects of an individual’s life and generally encompass
various elements that influence wellbeing and satisfaction with life. Hence, HRQoL is
understood as the perception and evaluation by the patients themselves of the impact on
their lives caused by their disease and its consequences. This includes physical, mental, and
social aspects related to the state of health and care, in addition to the global perceptions
about health and other personal constructs [13,14].

PD has a considerable impact on HRQoL, which has been measured using a variety
of instruments. The instrument most used in the different studies is the PDQ-39 [15].
This questionnaire was developed exclusively for patients with Parkinson’s disease (PD)
and it evaluates 39 parameters in eight groups of issues: mobility, activities of daily
living, emotional wellbeing, stigma of the disease (stigma), back in the next, cognitive,
communication, and bodily discomfort. The number of evaluated parameters in each group
is from 3 to 10. The respondent has to choose one of five possible answers [3]. PD influences
all aspects of a person’s life, including wellbeing and satisfaction with life. In the absence of
a cure, one of the main objectives of care is to improve or maintain the HRQoL of a patient
with PD as it is negatively affected in these patients by multiple factors and is related to
various clinical variables, as well as illness duration. A longer duration of PD supposes a
lower HRQoL. PD results in a series of changes due to stress and related to MS (difficulty
in movement and slowness, among others), as well as to NMS (constipation, dysphagia,
fatigue, pain, sleep disorders, and sexual dysfunction, among others), mood disorders
(depression and anxiety), disability (difficulty in personal hygiene, falls, communication),
and social dysfunction. Each of these factors, and the presence of several simultaneously,
has a cumulative effect on decreasing HRQoL [16].



Int. |. Environ. Res. Public Health 2022, 19, 672 30f13

Evaluating the HRQoL in patients with PD is essential, considering the multiple
variables that affect it, along with the complications and adverse effects of treatment, all of
which increase the difficulty of assessing the clinical picture. The PDQ-39 questionnaire
examines HRQoL, taking into account the subjective opinion of the individual patient and
the different factors that may affect them, including physical, functional, psychological, and
social factors [15,16]. Currently, few studies have constructed predictive models of HRQoL
in patients with PD; most factors that predict the evolution of HRQoL include baseline
disease and sociodemographic characteristics, and these factors are difficult to modify [17].
The improvement of depression and postural instability influence the quality of life of
patients with PD; therefore, focusing on controlling some of the influencing variables should
be the most important objective in improving HRQoL [3]. Depressive symptoms have been
identified as the most important determinants in all predictive models. Nonetheless, a
complete understanding of HRQoL, its determining factors, and their interrelationships
will allow the development of intervention strategies in these patients in order to improve
their HRQoL [18-21]. Furthermore, evaluating the evolution of HRQoL in patients with
PD over the years will provide valuable information.

The objective of our study was to identify the factors that have a negative association
with the quality of life of patients with Parkinson’s disease and to construct a predictive
model of HRQoL in these patients.

2. Materials and Methods
2.1. Population and Study Design

An analytic, prospective observational study was carried out on patients diagnosed
with PD and seen at the Movement Disorder Unit (UTM, abbreviation for the Movement
Disorder Unit in Spanish) of the Neurology service for the Albacete Integrated Management
Area (GAl, abbreviation for the Albacete Integrated Management Area in Spanish). All
patients with PD seen at the UTM and who agreed to participate in this study were included.
Patients who did not have an adequate comprehension level of Spanish were excluded.

The estimated sample size was calculated based on an estimated PD prevalence in the
general population of 187 cases per 100,000 inhabitants [22] and the 2015 population of the
Albacete Health Area (414,892 inhabitants), giving an estimated 776 persons diagnosed
with PD. If the mean score and standard deviation of HRQoL were similar to that obtained
in the study by Rahman (mean = 32.4; SD = 16.3) [23], then for a 95% confidence level and a
precision of £2.5, the estimated sample size was 135 subjects (EpiDat v3.1. Epidemiology
Service of the Direccion Xeral de Satide Publica, Santiago de Compostela, Spain).

This sample size was increased by 15% to account for possible non-responders, giving
a final sample size of 155 subjects. From January 2015 to December 2016, participants
were selected consecutively until the estimated sample size was met. From the moment of
inclusion, subjects were followed for two years with repeated HRQoL measurements: at
baseline (T0), one year (T1), and at two years (T2).

With regard to the inclusion criteria, all patients diagnosed with Parkinson’s disease
were included in the movement disorder unit (UTM) consultation until the sample was
completed, and they gave their consent to participate once they were admitted and we had
explained the purpose of this study. Patients diagnosed with Parkinson’s with cognitive
impairment reflected in the medical history and who could not be contacted, either directly
or via their main caregiver, by mail or telephone, were excluded.

2.2. Study Variables

The sociodemographic and disease-related variables recorded were: age, sex, marital
status, living situation, employment status, education level. The clinical variables used
were the categorized HY stages (3—4 vs. 1-2), duration of PD (measured from the date of
diagnosis to the date of inclusion in the study), deep brain stimulation (DBS; yes vs. no),
polypharmacy (categorized as consumption of up to 4 vs. >4 drugs), major neurocognitive
disorder, number of motor symptoms (categorized as >3 symptoms vs. <3 symptoms), and
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number of non-motor symptoms (categorized as >5 symptoms vs. <5 symptoms). In addi-
tion, socio-sanitary variables were collected such as whether they had a caregiver, degree
of disability (according to the scales approved by Royal Decree 1971/1999 of December
23, Procedure for the recognition, declaration, and qualification of the degree of disability
https:/ /www.boe.es/eli/es/rd/1999/12/23/1971/con) (accessed on 26 November 2021),
or benefits from the care system for dependency, mortality, and disability (categorized as
>66% vs. <66%). The dependent variable was HRQoL.

2.3. Measuring Instruments

Data collection questionnaire: Purpose-designed.

The “Parkinson’s Disease Questionnaire” (PDQ-39) [15] was used to measure HRQoL
and contains 39 items covering 8 dimensions. The dimensions are mobility, activities of
daily living (ADL), emotional wellbeing, social support, stigma, communication, cognitive
state, and pain. Each item has five options (from 0 = never to 4 = always or unable to do so).
The results were calculated as a percentage—the scores of the items for each dimension
were added, multiplied by 100, and divided by the maximum dimension score. A higher
score indicates a worse HRQoL. A global index can be obtained by calculating the mean of
the scores for each dimension (PDQ summary index, PDQ-39 SI), which summarizes the
result of the scale. This questionnaire has been used previously in clinical trials in which
the variations in the different dimensions have been congruent with the clinical evaluations
made using the usual scales for PD, indicating an adequate sensitivity to change in the
clinical features of the patients. The requirements of this questionnaire included the need
to complete it through a personal interview the first time at recruitment or baseline [15].

2.4. Study Procedures

First, a pilot of the data collection phase was carried out with ten patients to assess
the validity of the purpose-made questionnaire for data collection in the present study.
An information sheet was prepared on the study’s objectives, and written consent was
re-quested for patients who wished to participate in the study. Then, data collection was
carried out at the UTM once voluntary informed consent was obtained, interviewing the
patients or main caregivers and consulting the medical records. The questionnaires were
repeated at one and two years by telephone interview or by sending it by post.

2.5. Statistical Analysis

Data were analyzed using IBM SPSS v.24 (IBM, Armonk, NY, USA) and STATA15
(StataCorp., College Station, TX, USA). A descriptive statistical analysis of each variable
was performed, calculating absolute and relative frequencies for the qualitative variables,
and mean and standard deviation (SD) for the quantitative variables. The Kolmogorov—-
Smirnov and Levene tests were used to check the fit of the empirical data to a normal
distribution and the homoscedasticity of the distributions. Next, the 95% confidence
intervals (CI) were calculated. To determine the relationship between the different factors
and HRQoL, the mean difference (MD) of scores was calculated by linear regression. Later,
the adjusted mean difference (aMD) was calculated by multiple linear regression in the
TO cohort. The automatic backward and forward stepwise procedure was used for the
multivariate analysis. Using Lemeshow’s statistical criteria, associations with p-values of
<0.25 in the bivariate analysis with HRQoL were chosen for inclusion in the multivariate
linear regression model [24,25]. The predictive model was created on the TO cohort, and,
later, its predictive capacity on T1 and T2 was evaluated. We used values above the 75th
percentile of the PDQ-39 value distribution as a cut-off point, around 40 points at the three
time points (TO, T1, and T2) (Figure 1). Finally, the areas under the ROC curve (AUROC)
for the TO, T1, and T2 cohorts were estimated for the predictive model constructed. In
order to assess the prediction qualitatively, we used Swets’s criteria: range 0.5-0.6 (bad),
0.6-0.7 (poor), 0.7-0.8 (satisfactory), 0.8-0.9 (good), and 0.9-1.0 (excellent) [26].
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Figure 1. PDQ-39 scores at baseline (T0), 12 months (T1), and 24 months (T3).

2.6. Ethical Aspects

This study was conducted in accordance with the principles of the Declaration of
Helsinki regarding studies involving human subjects and in line with Law 14/2007 for
biomedical research. Furthermore, the principles of confidentiality and anonymity in the
treatment of data and presentation of results were respected following Regulation (EU)
2016/679 of the European Parliament and of the Council, 27 April 2016, on the protection
of natural persons with regard to the processing of personal data and on the free movement
of such data. This study was approved by the Clinical Research Ethics Committee for the
Albacete Health Area (Report 03/11) and the Clinical Research Commission of the GAI of
Albacete. The authors declare no conflict of interests.

3. Results

A final 155 subjects were included with valid data: at one year (T1), 148 subjects were
followed up, and at two years (12), 141 subjects were followed up. All losses were due to
death. All descriptive sociodemographic data refer to baseline characteristics (T0) and are
presented in Table 1. Figure 1 shows the scores obtained at the three time points (T0, T1,
and T2).

The patients included in this study had mean duration of PD of 9.71 years (SD = 6.46),
95% CI 8.68-10.73. Twenty-nine patients (18.8%) had been diagnosed with PD before the
age of 50 years.

The mean MS present among the patients was 2.77 (SD = 1.26, 95% CI 2.57-2.97). The
mean number of NMS was 4.47 (SD = 2.24, 95% CI 4.12-4.83), and the mean number of MS
and NMS present at the same time was 7.25 (SD = 3.09, 95% CI 6.76-7.74).

Next, a bivariate analysis was carried out using linear regression between the potential
factors associated with quality of life in persons with PD in the initial assessment. A
statistically significant relationship was observed for all the variables studied (p < 0.05)
except for sex and the use of surgical intervention for neurostimulation (Table 2).
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Table 1. Sociodemographic and clinical characteristics of the study sample.

Variable TO % (n)
Mean age (SD) 69.51 (8.63)
95% CI 68.14-70.88
Sex
Male 59.4 (92)
Female 40.6 (63)
Living situation
With family 85.8 (133)
Lives alone 9.7 (15)
Nursing home 45 (7)
Civil status
Married 75.5 (117)
Widowed 16.1 (25)
Divorced 1.9 (3)
Employment situation
Retired 73.5 (114)
Homemaker 19.4 (30)
Actively employed 5.2 (8)
Education
No education 0.6 (1)
Primary level 82.6 (128)
Secondary level 12.3 (19)
University level 45 (7)
Disease duration
< 5years 29% (45)
6 to 10 years 36.1% (56)
11 to 15 years 18.8% (29)
16 years and older 15.8% (25)

SD, standard deviation, CI, confidence interval.

Table 2. Factors associated with quality of life in persons with Parkinson’s disease. Bivariate and
multivariate analysis by linear regression.

Quality of Life Scores

0 *ok
Mean (SD) aMD 95% CI

Variable MD 95% CI *

Age (per one year) 0.36 (0.07, 0.66)
Education level

No education 50.26 (NC) Ref.

Primary level 28.89 (16.23) —21.37 (—53.62, —10.88,)
Secondary level 21.68 (13.58) —28.58 (—57.85,0.70,)
University level 14.07 (10.74) —36.19 (—64.27, —8.11)
Sex
Female 28.27 (14.82) Ref. Ref.
Male 26.93 (17.06) —1.35(—6.57, 3.88) —3.35 (—6.56, —0.46)
Lives in nursing home
No 26.60 (15.81) Ref. Ref.
Yes 45.91 (12.56) 19.30 (7.31, 31.30) 9.05 (1.07, 17.04)
Uses walking stick
No 24.74 (15.52) Ref. Ref.
Yes 34.39 (15.79) 9.66 (4.16, 15.14) 3.88 (0.09, 7.66)
Uses crutches
No 26.47 (16.02) Ref.
Yes 39.50 (12.91) 13.03 (3.64, 22.42)
Uses a walker
No 26.26 (16.12) Ref.
Yes 38.83 (11.65) 12.58 (4.11, 21.04)




Int. |. Environ. Res. Public Health 2022, 19, 672

Table 2. Cont.

Variable Quality of Life Scores MD 95% CI * aMD 95% CI **
Mean (SD)
Uses a wheelchair
No 26.17 (15.77) Ref. Ref.
Yes 44.54 (10.81) 18.36 (8.79, 27.94) 7.46 (0.57, 14.34)
Has a caregiver
No 22.00 (13.22) Ref.
Yes 35.69 (16.73) 13.70 (8.92, 18.47)
Years of Parkinson disease progress 0.91 (0.54, 1.28)

HY Stage
1-2 20.17 (11.97) Ref. Ref.
3-5 42.37 (13.06) 22.20 (18.03, 26.37) 10.32 (5.82, 14.81)

Surgery for neurostimulation

No 26.31 (16.34) Ref.
Yes 31.99 (14.78) 5.68 (—0.61, 11.97)

Has Alzheimer’s disease or major
neurocognitive disorder

No
Yes

More than two motor symptoms
No
Yes

More than five non-motor symptoms
No
Yes
Polypharmacy (>=4 medicines)
No
Yes
Disability >66%

No
Yes

26.21 (15.31)
51.53 (13.85)

23.41 (16.00)
36.02 (12.89)

19.61 (13.92)
35.45 (14.29)

23.11 (14.13)
33.69 (16.91)

23.35 (14.62)
39.75 (14.28)

Ref.
25.33 (13.66, 36.99)

Ref.
12.62 (7.50, 17.73)

Ref.
15.84 (11.36, 20.32)

Ref.
10.58 (5.64, 15.52)

Ref.
16.39 (11.07, 21.70)

Ref.
14.16 (6.27, 22.05)

Ref.
8.26 (4.72,11.81)

Ref.
6.38 (3.03, 9.74)

Ref.
7.50 (3.35, 11.65)

MD: Mean difference; aMD: Adjusted mean difference by multivariate analysis; * Linear regression; ** Multiple
linear regression. Statistically significant associations are indicated in bold.

Next, we performed a multivariate analysis of all the factors with a p-value <0.25 for
an association with quality of life in the bivariate analysis. After performing a backward
and forward stepwise analysis, the predictive model was constructed with nine predictors.
The predictive factors were: sex, living in a residence, using a cane, using a wheelchair,
having a Parkinson’s stage of HY >2, having Alzheimer’s disease or a major neurocognitive
disorder, having more than five NMS, polypharmacy, and a disability greater than 66%
(Table 2).

The adjusted R-square of this model was 0.622, and the AUROC was 0.94 (95% CI:
0.89-0.97) for a cut-off of >40 points for quality of life using the PDQ-39 (Figure 2).

Next, the predictive capacity of this model was evaluated at one and two years of
follow-up, finding an AUROC of 0.89 (95% CI: 0.83-0.94) and 0.83 (95% CI: 0.76-0.89),
respectively (Figures 3 and 4). Both in the initial patient evaluation and the follow-up
evaluations at one and two years, the AUROC values were good according to Swet’s
qualitative criteria [24].
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Figure 2. Predictive capacity for the cut-off point >40 points for the PDQ-39 questionnaire (area under
the ROC curve (AUROC)). Figure legend. AUROC to determine the predictive ability of the model in
the validation cohort, representing the sensitivity on the y-axis and specificity on the x-axis.

Sensitivity
0.50 0.75 1.00

0.25

0.00

T T

0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.8923

Figure 3. Predictive capacity for the cut-off point >40 points for the PDQ-39 questionnaire at one
year. Figure legend. AUROC to determine the predictive ability of the model in the validation cohort,
representing the sensitivity on the y-axis and specificity on the x-axis.

Finally, we designed a calculator to estimate the HRQoL score based on the identified
predictor variables. Our model predicts the global HRQoL score based on the presence
or absence of these factors. For example, a female patient with HY stage III-IV, disability
>66%, polypharmacy >4 drugs, has a diagnosis of a major neurocognitive disorder, more
than five NMS, uses a wheelchair, and does not live in a residence would have an HRQoL
score of 58.4 points (Figure 5).
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0.50 0.75 1.00
1 1 1

Sensitivity

0.25
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0.00

T

T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.8333

Figure 4. Predictive capacity for the cut-off point >40 points for the PDQ-39 questionnaire at two
years. Figure legend. AUROC to determine the predictive ability of the model in the validation
cohort, representing the sensitivity on the y-axis and specificity on the x-axis.

Calculator to stimate the HRQoL based on the identified predictor variables

Male
HY Stage IlI_IV
Disability >66%

Polyphamacy (>=4 medicines)
Has Alzheimer disease or dementia

Uses walking stick
Uses a wheelchair

Lives in a residence

More than five non-motor symptoms

Dichotomous variables: Yes (1) / No (0)
0

Quality of Life scores PDQ-39 58,4 Score

0
1
1
1
0
1
0
1

Figure 5. Quality of life scores PDQ-39. Automatic calculator.

4. Discussion

In the present study, we aimed to identify the factors that negatively correlated with
the quality of life of patients with Parkinson’s disease and construct a predictive model of
HRQoL in these patients. Notably, both psychological and physical activity interventions
that patients can perform should be taken into account. Cholewa et al., 2016, advised that
remaining active at work and physical therapy helped reduce symptoms and improve
patients” HRQoL [25]. Oguh et al., 2014, also noted the importance of regular physical
exercise to improve HRQoL in patients with PD, as well as to lower the caregiver burden
and have less cognitive impairment one year later [27]. In addition, Simpson et al., 2014,
indicated that physical and mental rehabilitation could be beneficial for the HRQoL of
patients with PD if it is well-planned [28]. However, our study found no statistically
significant relationship with global HRQoL for patients who underwent physical therapy,
occupational therapy, speech therapy, psychological therapy, cycling, or physical-aerobic
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maintenance activities. This lack of findings was likely due to the small number of PD
patients who perform these activities. The activity of choice of the patients in our study
was going for a walk, and this activity was related to a better HRQoL: results consistent
with those found by Luciana Scalzo et al., 2012 [29]. Likewise, in the study by Duncan et al.,
2011, the importance of ensuring mobility was affirmed, especially as it is a determining
factor in predictive models of HRQoL [30].

Ueno et al., 2020, concluded that the treatment of MS and, more importantly, NMS
could contribute to improving HRQoL in patients with PD [31]. The number of MS has
a statistically significant relationship with worse HRQoL, except for tremor. We also
observed a significant statistical relationship for NMS, with more NMS associated with
worse HRQoL. The studies by Erro et al., 2016, and Prakash et al., 2016, indicated that
the total load of NMS predicted a higher score in the global HRQoL, and its influence on
HRQOoL scores was greater than the influence of MS; sleep and mood had a very significant
impact in particular [32,33]. In our study, patients received pharmacological treatment to
alleviate the effect of MS and NMS. Moreover, patients with polypharmacy (more than four
drugs) were observed to have statistically significant worse HRQoL. Moreover, the study
by Martinez-Fernandez et al., 2016, observed that drug therapy had adverse effects such as
headaches, nausea, dry mouth, constipation, drowsiness, fatigue, dizziness, nightmares,
hypotension, and motor fluctuations [34].

Major neurocognitive disorder was also associated with worse overall HRQoL in the
results of our study. Similarly, Schiavolin et al., 2017 [8], stated that psychosocial difficulties
and cognitive and motor impairment were the most important predictors that influence a
lower HRQoL. In contrast, family relationships and social relationships were found to have
a very positive influence.

Another important factor is the HY stage in which the patients are found. Strupp et al.,
2018, found that patients who have a stage >2 have worse HRQoL and advised physical
exercise to avoid impairment of functional mobility [35]: results that are in line with ours.
This study shows how HRQoL in these patients showed different scores, depending on the
clinical evolution of the disease and different social and individual factors. Determining
the factors that help predict the evolution of the patients’ HRQoL assists in formulating
preventive or therapeutic interventions for these factors to control or modulate their ap-
pearance. In the case of non-modifiable factors, supportive care for patients and their
families could be added. Concerning a worse HRQoL in women, these findings indicate
that interventions directed specifically to women should be developed. The influence
of NMS on global HRQoL should also be highlighted—many NMS are preventable or
treatable with nursing interventions within the framework of the multidisciplinary team.
Thus, providing a path of action to improve the HRQoL of PD patients with nursing care
through action on NMS. Specifically, interventions to prevent or treat constipation, urinary
incontinence, or dysphagia, as well as educational interventions and training programs
aimed at both patients and caregivers, can be carried out independently by nurses in the
community setting or other settings.

In the context of a society with a large number of older people and with a sizable
number affected by PD, an effort should be made to develop health policies that affect and
improve HRQoL as it is an aspect that generates financial costs and causes suffering for
patients and their families.

Among the limitations of the present study, the sociodemographic and social health
variables have been obtained by the testimony of the subjects in the sample, so there could
be some memory bias or the concealment of sensitive data.

Additionally, it is possible that the recruitment system through face-to-face assistance
to consultations in this unit reduced the inclusion in the study of patients in the more
advanced stages, since having worse mobility conditions would make it more difficult
for them to travel until the hospital consultation. For this reason, the number of patients
captured in the most advanced stage of HY was very small, which limits the generalization
of the results in this subgroup of patients. Another important limitation of our study is that
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it would be necessary to carry out an external validation in a different population to deter-
mine the predictive capacity. In this sense, it would be very interesting for other researchers
to try to reproduce our study to know the extrapolation capacity of our predictive model.

However, as a strength, we highlight that this study is the first to develop a tool
to predict quality of life based on relatively easy variables to obtain. Furthermore, the
prediction results were excellent in the elaboration cohort, with an AUROC curve of >0.9.
The predictive capacity at one year and two years, although slightly reduced, had AUROCs
above 0.8.

5. Conclusions

Advanced HY stages, polypharmacy, being older, being a woman, being institu-
tionalized, using a cane or a wheelchair, having more than five NMS, having a major
neurocognitive disorder, and having a recognized disability percentage of >66% were
correlated with a worse overall HRQoL in patients with PD. The predictive calculator will
allow professionals to predict HRQoL in each PD patient and add supportive interventions
to prevent or treat related factors.

Author Contributions: Conceptualization and methodology, E.C.-P. and M.P.C.-].; software, M.P.C.-].
and M.C.R.-G.; validation, A.H.-M. and M.M.-A ; formal analysis, A.H.-M. and M.P.C.-].; investigation,
E.C.-P. and M.P.C.-]; resources, V.D.-U. and M.M.-A.; writing—original draft preparation, E.C.-P. and
M.M.-A.; writing—review and editing, V.D.-U. and M.M.-A ; visualization, M.M.-A.; supervision,
A H.-M. and M.P.C.-].; project administration, V.D.-U. and M.M.-A. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the principles
of the Declaration of Helsinki with regards to studies involving human subjects and also in line
with Law 14/2007 for biomedical research. The principles of confidentiality and anonymity in the
treatment of the data and presentation of the results were respected at all times, in line with legislation
(EU) 2016/679 of the European Parliament and Council on 27 April 2016, concerning the protection
of natural persons in terms to the processing of personal data and free movement of such data. This
study was approved by the Clinical Research Ethics Committee (CEIC) for the Albacete Health Area
(Report 03/11) and the Clinical Research Commission of the GAI of Albacete.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The data sets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors wish to thank Ingrid de Ruiter for the translation of the initial
manuscript draft. The authors also want to thank all patients for their generous collaboration in
this study.

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

1. Monchi, O.; Hanganu, A.; Bellec, P. Markers of cognitive decline in PD: The case for heterogeneity. Park. Relat. Disord. 2016, 24,

8-14. [CrossRef]

2. Dorsey, E.R,; Elbaz, A. Global, regional, and national burden of Parkinson’s disease, 1990-2016: A systematic analysis for the
Global Burden of Disease Study. Lancet Neurol. 2018, 17, 939-953. [CrossRef]

3. Tu, X.-J; Hwang, W.-].; Ma, H.-I; Chang, L.H.; Hsu, S.-P. Determinants of generic and specific health-related quality of life in
patients with Parkinson’s disease. PLoS ONE 2017, 12, €0178896. [CrossRef]

4. Benito-Leon, ]. Epidemiologia de la enfermedad de Parkinson en Espafia y su contextualizacion mundial. Rev. Neurol. 2018, 66,

125-134. [CrossRef]

5. Duncan Gordon, W.; Khoo Tien, K.; Yarnall Alison, J.; O’Brien, ].T.; ColemanShirley, Y.; Brooks, D.]J.; Barker, R.A.; Burn, D.J.
Health-Related Quality of Life in Early Parkinson’s Disease: The Impact of Nonmotor Symptoms. Mov. Disord. 2014, 29, 195-202.

[CrossRef]


http://doi.org/10.1016/j.parkreldis.2016.01.002
http://doi.org/10.1016/S1474-4422(18)30295-3
http://doi.org/10.1371/journal.pone.0178896
http://doi.org/10.33588/rn.6604.2017440
http://doi.org/10.1002/mds.25664

Int. |. Environ. Res. Public Health 2022, 19, 672 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

Gomez-Esteban, ].C.; Tijero, B.; Somme, ].H.; Ciordia, R.; Berganzo, K.; Rouco, I.; Bustos, J.L.; Valle, M.A.; Lezcano, E.; Zarranz, ] .J.
Impact of psychiatric symptoms and sleep disorders on the quality of life of patients with Parkinson’s disease. J. Neurol. 2011,
258,494-499. [CrossRef]

Lubomski, M.; Davis, R.L.; Sue, C.M. Health-Related Quality of Life for Parkinson’s Disease Patients and Their Caregivers. J. Mov.
Disord. 2021, 14, 42-52. [CrossRef] [PubMed]

Schiavolin, S.; Raggi, A.; Quintas, R.M.; Cerniauskaite, M.; Giovannetti, A.M.; Covelli, V.; Romito, L.; Elia, A.E.; Carella, F;
Soliveri, P; et al. Psychosocial difficulties in patients with Parkinson’s disease. Int. J. Rehabil. Res. 2017, 40, 112-118. [CrossRef]
[PubMed]

Benito-Leon, J.; Cubo, E.; Coronell, C.; ANIMO Study Group. Impact of apathy on health-related quality of life in recently
diagnosed Parkinson’s disease: The ANIMO study. Mov. Disord. 2011, 27, 211-218. [CrossRef] [PubMed]

Yamanishi, T.; Tachibana, H.; Oguru, M.; Matsui, K.; Toda, K.; Okuda, B.; Oka, N. Anxiety and Depression in Patients with
Parkinson’s Disease. Intern. Med. 2013, 52, 539-545. [CrossRef]

Hoehn, M.; Yahr, M. Parkinsonism: Onset, progression and mortality. Neurology 1967, 17, 427-442. [CrossRef]

Alonso Canovas, A.; Luquin Piudo, R.; Garcia Ruiz-Espiga, P.; Burguera, J.; Campos Arillo, V.; Castro, A.; Linazaso, ].; Lopez del
Valh, L.; Velai, L.; Martinez-Castrillo, J.C. Agonistas dopaminérgicos en la enfermedad de Parkinson. Neurologia 2014, 29, 230-241.
[CrossRef]

Martinez-Martin, P. What is quality of life and how do we measure it? Relevance to Parkinson’s disease and movement disorders.
Mov. Disord. 2017, 32, 382-392. [CrossRef]

Balestrino, R.; Martinez-Martin, P. Reprint of Neuropsychiatric symptoms, behavioural disorders, and quality of life in Parkinson’s
disease. J. Neurol. Sci. 2017, 374, 3-8. [CrossRef]

Martinez-Martin, P.; Payo, B.F.; The Grupo Centro for Study of Movement Disorders. Quality of life in Parkinson’s disease:
Validation study of the PDQ-39 Spanish version. J. Neurol. 1998, 245 (Suppl. 1), S34-538. [CrossRef]

Navarta-Sanchez, M.V.; Senosiain Garcia, ].M.; Riverol, M.; Ursiia Sesma, M.E.; Diaz de Cerio Ayesa, S.; Anaut Bravo, S.; Caparrds
Civera, N.; Portillo, M.C. Factors influencing psychosocial adjustment and quality of life in Parkinson patients and informal
caregivers. Qual. Life Res. 2016, 25, 1959-1968. [CrossRef] [PubMed]

Margolius, A.; Cubillos, F.; He, Y.; Wu, S.; Schmidt, P.; Simuni, T.; NPF QII Investigators. Predictors of clinically meaningful
change in PDQ-39 in Parkinson’s disease. Park. Relat. Disord. 2018, 56, 93-97. [CrossRef]

Kadastik-Eerme, L.; Rosenthal, M.; Paju, T.; Muldmaa, M.; Taba, P. Health-related quality of life in Parkinson’s disease: A
cross-sectional study focusing on non-motor symptoms. Heal. Qual. Life Outcomes 2015, 13, 83. [CrossRef] [PubMed]

Pachana, N.A ; Egan, S.J.; Laidlaw, K.; Dissanayaka, N.; Byrne, G.J.; Brockman, S.; Marsh, R.; Starkstei, S. Problemas clinicos en el
tratamiento de la ansiedad y la depresion en adultos mayores con enfermedad de Parkinson. MovDisord 2013, 28, 1930-1934.
Wu, P.L.; Lee, M.; Huang, T.T. Efectividad de la actividad fisica en pacientes con depresion y enfermedad de Parkinson: Una
revision sistematica. PLoS ONE 2017, 12, e0181515.

Kuhlman, G.D.; Flanigan, J.L.; Sperling, S.A.; Barrett, M.]. Predictors of health-related quality of life in Parkinson’s disease.
Parkinsonism RelatDisord. 2019, 65, 86-90. [CrossRef]

Garcia-Ramos, R.; Lopez-Valdes, E.; Ballesteros, L.; Jesus, S.; Mir, P. Informe de la Fundacién del Cerebro sobre el impacto social
de la enfermedad de Parkinson en Espafia. Neurologia 2016, 31, 401-413. [CrossRef] [PubMed]

Rahman, S.; Hall, J.; Griffin, A ; Jahanshahi, M. Quality of life in Parkinson’s disease: The relative importance of the symptoms.
Mov. Disord. 2008, 23, 1428-1434. [CrossRef] [PubMed]

Hosmer, D.W.,, Jr.; Lemeshow, S.; Sturdivant, R.X. Model-Building Strategies and Methods for Logistic Regression; John Wiley & Sons,
Ltd.: Hoboken, NJ, USA, 2013; pp. 89-151.

Cholewa, ]J.; Gorzkowska, A.; Kunicki, M.; Stanula, A.; Cholewa, J. Continuation of full time employment as an inhibiting factor
in Parkinson’s disease symptoms. Work 2016, 54, 569-575. [CrossRef]

Swets, ].A. Measuring the accuracy of diagnostic systems. Science 1988, 240, 1285-1293. [CrossRef] [PubMed]

Oguh, O.; Eisenstein, A.; Kwasny, M.; Simuni, T. Back to the basics: Regular exercise matters in Parkinson’s disease: Results from
the National Parkinson Foundation QII Registry study. Park. Relat. Disord. 2014, 20, 1221-1225. [CrossRef] [PubMed]

Simpson, J.; Lekwuwa, G.; Crawford, T. Predictors of quality of life in people with Parkinson’s disease: Evidence for both domain
specific and general relationships. Disabil. Rehabil. 2014, 36, 1964-1970. [CrossRef]

Luciana-Scalzo, P.; Reis-Flores, C.; Ribia-Marques, J.; de Oliveira Robini, S.; Lucio-Tixeira, A. Impacto de los cambios en el
equilibrio y la capacidad para caminar sobre la calidad de vida en pacientes con enfermedad de Parkinson. Arq. Neuro-Psiquiatr.
2012, 70, 119-124.

Duncan, R.P; Earhart, G.M. Measuring participation in individuals with Parkinson disease: Relationships with disease severity,
quality of life, and mobility. Disabil. Rehabil. 2011, 33, 1440-1446. [CrossRef] [PubMed]

Ueno, T,; Kon, T.; Haga, R.; Nishijima, H.; Arai, A.; Tomiyama, M. Assessing the relationship between non-motor symptoms and
health-related quality of life in Parkinson’s disease: A retrospective observational cohort study. Neurol. Sci. 2020, 41, 2867-2873.
[CrossRef]

Erro, R.; Picillo, M.; Vitale, C.; Amboni, M.; Moccia, M.; Santangelo, G.; Pellecchia, M.T.; Barone, P. The non-motor side of the
honeymoon period of Parkinson’s disease and its relationship with quality of life: A 4-year longitudinal study. Eur. J. Neurol.
2016, 23, 1673-1679. [CrossRef] [PubMed]


http://doi.org/10.1007/s00415-010-5786-y
http://doi.org/10.14802/jmd.20079
http://www.ncbi.nlm.nih.gov/pubmed/33423435
http://doi.org/10.1097/MRR.0000000000000216
http://www.ncbi.nlm.nih.gov/pubmed/28125436
http://doi.org/10.1002/mds.23872
http://www.ncbi.nlm.nih.gov/pubmed/21780179
http://doi.org/10.2169/internalmedicine.52.8617
http://doi.org/10.1212/WNL.17.5.427
http://doi.org/10.1016/j.nrl.2011.04.012
http://doi.org/10.1002/mds.26885
http://doi.org/10.1016/j.jns.2017.01.026
http://doi.org/10.1007/PL00007737
http://doi.org/10.1007/s11136-015-1220-3
http://www.ncbi.nlm.nih.gov/pubmed/26742928
http://doi.org/10.1016/j.parkreldis.2018.06.034
http://doi.org/10.1186/s12955-015-0281-x
http://www.ncbi.nlm.nih.gov/pubmed/26088201
http://doi.org/10.1016/j.parkreldis.2019.05.009
http://doi.org/10.1016/j.nrl.2013.04.008
http://www.ncbi.nlm.nih.gov/pubmed/23816428
http://doi.org/10.1002/mds.21667
http://www.ncbi.nlm.nih.gov/pubmed/18543333
http://doi.org/10.3233/WOR-162305
http://doi.org/10.1126/science.3287615
http://www.ncbi.nlm.nih.gov/pubmed/3287615
http://doi.org/10.1016/j.parkreldis.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/25258329
http://doi.org/10.3109/09638288.2014.883442
http://doi.org/10.3109/09638288.2010.533245
http://www.ncbi.nlm.nih.gov/pubmed/21091047
http://doi.org/10.1007/s10072-020-04406-5
http://doi.org/10.1111/ene.13106
http://www.ncbi.nlm.nih.gov/pubmed/27435448

Int. |. Environ. Res. Public Health 2022, 19, 672 13 of 13

33.

34.

35.

Prakash, K.M.; Nadkarni, N.V.; Lye, W.; Yong, M.; Tan, E. The impact of non-motor symptoms on the quality of life of Parkinson’s
disease patients: A longitudinal study. Eur. J. Neurol. 2016, 23, 854-860. [CrossRef] [PubMed]

Martinez-Fernandez, R.; Gasca-salas, C.; Sanchez-Ferro, A.; Obeso, J. Actualizacion de la Enfermedad de Parkinson. Parkinson’s
Dis. Rev. 2016, 27, 363-379. [CrossRef]

Strupp, J.; Kunde, A.; Galushko, M.; Voltz, R.; Golla, H. Severely Affected by Parkinson Disease: The Patient’s View and
Implications for Palliative Care. Am. . Hosp. Palliat. Med. 2018, 35, 579-585. [CrossRef]


http://doi.org/10.1111/ene.12950
http://www.ncbi.nlm.nih.gov/pubmed/26806538
http://doi.org/10.1016/j.rmclc.2016.06.010
http://doi.org/10.1177/1049909117722006

	Introduction 
	Materials and Methods 
	Population and Study Design 
	Study Variables 
	Measuring Instruments 
	Study Procedures 
	Statistical Analysis 
	Ethical Aspects 

	Results 
	Discussion 
	Conclusions 
	References

