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A B S T R A C T   

Background: The role of subthreshold depression (subD) in Parkinson's Disease (PD) is not clear. The present 
study aimed to compare the quality of life (QoL) in PD patients with subD vs patients with no depressive disorder 
(nonD). Factors related to subD were identified. 
Material and methods: PD patients and controls recruited from the COPPADIS cohort were included. SubD was 
defined as Judd criteria. The 39-item Parkinson's disease Questionnaire (PDQ-39) and the EUROHIS-QOL 8-item 
index (EUROHIS-QOL8) were used to assess QoL. 
Results: The frequency of depressive symptoms was higher in PD patients (n = 694) than in controls (n = 207) 
(p  <  0.0001): major depression, 16.1% vs 7.8%; minor depression, 16.7% vs 7.3%; subD, 17.4% vs 5.8%. Both 
health-related QoL (PDQ-39; 18.1  ±  12.8 vs 11.6  ±  10; p  <  0.0001) and global QoL (EUROHIS-QOL8; 
3.7  ±  0.5 vs 4  ±  0.5; p  <  0.0001) were significantly worse in subD (n = 120) than nonD (n = 348) PD pa-
tients. Non-motor Symptoms Scale (NMSS) total score was higher in subD patients (45.9  ±  32 vs 
29.1  ±  25.8;p  <  0.0001). Non-motor symptoms burden (NMSS;OR = 1.019;95%CI 1.011–1.028; 
p  <  0.0001), neuropsychiatric symptoms (NPI; OR = 1.091; 95%CI 1.045–1.139; p  <  0.0001), impulse con-
trol behaviors (QUIP-RS; OR = 1.035; 95%CI 1.007–1063; p = 0.013), quality of sleep (PDSS; OR = 0.991; 
95%CI 0.983–0.999; p = 0.042), and fatigue (VAFS-physical; OR = 1.185; 95%CI 1.086–1.293; p  <  0.0001; 
VAFS-mental; OR = 1.164; 95%CI 1.058–1.280; p = 0.0001) were related to subD after adjustment to age, 
disease duration, daily equivalent levodopa dose, motor status (UPDRS-III), and living alone. 
Conclusions: SubD is a frequent problem in patients with PD and is more prevalent in these patients than in 
controls. QoL is worse and non-motor symptoms burden is greater in subD PD patients.   

1. Introduction 

Depression has been strongly associated with Parkinson's disease 
(PD) as previous studies estimate the prevalence rate to be between 
2.7% to 90% [1]. A systematic review found the weighted prevalence of 
major depressive disorder to be 17% of PD patients, that of minor de-
pression to be 22%, and dysthymia 13% [2]. Patients considered to 
have subsyndromal or subthreshold depression (subD) are those who do 
not meet criteria for major depression, minor depression, or dysthymic 
disorder but present at least 2 current depressive symptoms daily for at 
least 2 weeks continuously or for most hours of the day [3]. The pre-
valence of subD in PD patients ranges from 8% to 28.8% [4]. However, 
few studies have addressed subD in PD [4–8], and these have incon-
sistent results with regard to demographic and clinical correlation. 
Although depression is a key determinant of a reduced quality of life 
(QoL) in PD [9] and has also been associated with sleep disturbances, 
fatigue, decreased functional ability, and impairment of activities of 
daily living [10], the impact of subD in PD patients is unclear. 

The present study aimed to compare QoL in PD patients with subD 
to PD patients without subD or other depressive disorders (nonD). 
Moreover, we compared subD prevalence in the PD group to prevalence 
in a control group and analyzed factors associated with subD in PD 
patients. 

2. Methods 

PD patients and controls recruited from 35 centers of Spain from the 
COPPADIS cohort [11] were included in this study. Methodology about 
COPPADIS-2015 study can be consulted in https://bmcneurol. 
biomedcentral.com/articles/10.1186/s12883-016-0548-9 [12]. 

Beck Depression Inventory II (BDI-II) [13] was used to assess mood. 
With regard to mood status, participants from the COPPADIS-2015 
study were classified to have major depression, minor depression, subD, 
or nonD [12]. Specifically, regarding to items 1, 4, 5, 9, 13, 15, 16, 17, 
and 18 of the BDI-II, depression was defined: major depression, ≥ 5 
symptoms with the presence of item 1 (feeling of sadness) and/or item 4 
(anhedonia) (DSM-IV criteria); minor depression, from 2 to 4 symptoms 
with the presence of item 1 and/or item 4 (DSM-IV criteria); 

subthreshold depression, from 2 to 4 symptoms without the presence of 
item 1 and item 4 (Judd criteria) [14,15] (Table 1.SM). Non-depression 
was considered when no criteria for major, minor, or subthreshold 
depression were observed. 

Three different instruments were used to assess QoL: 1) the 39-item 
Parkinson's disease Questionnaire (PDQ-39) [16]; 2) a rating of global 
perceived QoL (PQ-10) on a scale from 0 (worst) to 10 (best) [17]; and 
3) the EUROHIS-QOL 8-item index (EUROHIS-QOL8) [18]. The PDQ-39 
is a PD-specific questionnaire that assesses the patient's health-related 
quality of life (HRQoL). There are 39 items grouped into 8 domains: (1) 
Mobility (items 1 to 10); (2) Activities of daily living (items 11 to 16); 
(3) Emotional well-being (items 17 to 22); (4) Stigma (items 23 to 26); 
(5) Social support (items 27 to 29); (6) Cognition (items 30 to 33); (7) 
Communication (items 34 to 36); and (8) Pain and discomfort (items 37 
to 39). For each item, the score ranges from 0 (never) to 4 (always). The 
symptoms refer to the 4 weeks before assessment. Domain total scores 
are expressed as a percentage of the corresponding maximum possible 
score. A Summary Index is obtained as an average of the domain scores 
(PDQ-39SI). The EUROHIS-QOL8 is an 8-item global QoL questionnaire 
(quality of life, health status, energy, autonomy for activities of daily 
living, self-esteem, social relationships, economic capacity, and habitat) 
derived from the WHOQOL-BREF. For each item, the score ranges from 
0 (not at all) to 5 (completely). The total score is expressed as the mean 
of the individual scores. A higher score indicates a better QoL. 

2.1. Data analysis 

Data were processed using SPSS 20.0 for Windows. Patients and 
controls with major and minor depression were excluded for comparing 
the impact of subD on QoL vs nonD. For comparisons between patients 
and/or controls with subD and nonD, the Student's t-test, Mann- 
Whitney U test, Chi-square test, or Fisher test, as appropriate, were used 
(distribution of values and scores was verified by one-sample 
Kolmogorov-Smirnov test). A NMSS total score  >  40 and  >  70 was 
defined as severe and very severe non-motor symptoms burden, re-
spectively [19]. Binary regression model was used for determining in 
what grade different variables were related to subD (subD as dependent 
variable). The p-value was considered significant when it was < 0.05. 
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2.2. Standard protocol approvals, registrations, and patient consents 

For this study, we received approval from the appropriate local and 
national ethical standards committee. Written informed consents from 
all participants in this study were obtained before the start of the study. 
COPPADIS-2015 was classified by the AEMPS (Agencia Española del 
Medicamento y Productos Sanitarios) as a Post-authorization Prospective 
Follow-up study with the code COH-PAK-2014-01. 

2.3. Data availability 

The protocol and the statistical analysis plan are available on re-
quest. De-identified participant data are not available for legal and 
ethical reasons. 

3. Results 

The frequency of depressive symptoms was higher in PD patients 
(n = 694) from the COPPADIS cohort than in controls (n = 207) 
(p  <  0.0001): major depression, 16.1% vs 7.8%; minor depression, 
16.7% vs 7.3%; subD, 17.4% vs 5.8% [11]. After excluding participants 
with major and minor depression, 120 out of 468 patients (25.6%) 
presented subD vs 348 patients (74.4%) with nonD. 

Table 1 shows the clinical characteristics of subD PD patients 
compared to nonD PD patients. The score on UPDRS-IV (Unified Par-
kinson's Disease Rating Scale – part IV), NMSS (Non-Motor Symptoms 
Scale), BDI-II, NPI (Neuropsychiatric Inventory), QUIP-RS (Ques-
tionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease- 
Rating Scale), and VAFS (Visual Analogue Fatigue Scale) was sig-
nificantly higher in PD patients with subD whereas on PDSS (Parkin-
son's Disease Sleep Scale) and ADLS (Schwab and England Activities of 
daily living Scale) was significantly lower. NMSS total score was also 
higher in patients with subD compared to those with nonD even after 
excluding domain 3 (emotional well-being) (Table 1). When subD PD 
patients, nonD PD patients, subD controls, and nonD controls were 
compared regarding non-motor symptoms burden, sleep, and cognition, 
PD patients with subD presented a greater non-motor symptoms burden 
and worse quality of sleep and cognitive function (Table 2.SM and  
Fig. 1). Non-motor symptoms burden was greater and quality of sleep 
was worse not only in subD PD patients vs controls but also in nonD PD 
patients vs controls (Table 2.SM). However, when specific items from 
the PDSS were analyzed, significant differences were observed in many 
of them between PD patients and controls but not between PD patients 
with subD and without. 

With regard to QoL, both HRQoL and global QoL were significantly 
worse in subD PD patients than in nonD PD patients (Table 2 and  
Fig. 2). Scores on all domains of PDQ-39SI except domains 4 (stigma) 
and 5 (social support) were significantly higher in PD patients with 
subD. Similarly, scores across all domains of EUROHIS-QOL8 were 
lower in PD patients with subD except domains 1 (quality of life), 7 
(economic capacity), and 8 (habitat) (Table 2). When controls were 
considered, both HRQoL and global QoL was not only worse in subD PD 
patients compared to controls but also in nonD PD patients compared to 
controls (Fig. 2). Even when all controls of the COPPADIS cohort 
(n = 207; major depression, n = 16; minor depression, n = 15; subD, 
n = 22; nonD, n = 154) were considered, QoL was not only sig-
nificantly worse in PD patients with subD (PDQ-39SI, PQ-10 and 
EUROHIS-QOL8, p  <  0.0001) but also in PD patients with nonD (PDQ- 
39SI and EUROHIS-QOL8, p  <  0.0001; PQ-10, p = 0.004) compared to 
the control group as well. 

Non-motor symptoms burden (NMSS; OR = 1.019; 95%CI 
1.011–1.028; p  <  0.0001), neuropsychiatric symptoms (NPI; 
OR = 1.091; 95%CI 1.045–1.139; p  <  0.0001), impulse control be-
haviors (QUIP-RS; OR = 1.035; 95%CI 1.007–1063; p = 0.013), quality 
of sleep (PDSS; OR = 0.991; 95%CI 0.983–0.999; p = 0.042), and 

fatigue (VAFS-physical; OR = 1.185; 95%CI 1.086–1.293; p  <  0.0001; 
VAFS-mental; OR = 1.164; 95%CI 1.058–1.280; p = 0.0001) were as-
sociated with subD after adjustment to age, disease duration, daily 
equivalent levodopa dose, motor status (UPDRS-III), and living alone 
(Table 3.SM). The relationship between subD and non-motor symptoms 
burden remained consistent even after excluding domain 3 (emotional 
well-being) from the NMSS total score (OR = 1.022; 95%CI 
1.012–1.032; p  <  0.0001). Specifically, to have a severe or very severe 
non-motor symptoms burden (NMSS > 40) multiplied by 2.5 the 
probability of presenting subD, after adjustment to previously com-
mented covariates. Finally, a worse HRQoL and global QoL were as-
sociated with subD as well (Table 3.SM), even after adjustment to non- 
motor symptoms burden (NMSS) added to the other covariates: PDQ- 

Table 1 
Clinical characteristics in PD patients with subD vs those with nonD (n = 468).       

nonD 
(n = 348) 

subD 
(n = 120) 

p  

Age 
Males 
Disease duration (years) 
Motor phenotype 

Tremoric dominant 
PIGD 
Indeterminate 

Hoehn & Yahr 
Stage 1 
Stage 2 
Stage 3 
Stages 4–5 

UPDRS-III 
UPDRS-IV 
Motor fluctuations 
Dyskinesia 
FOG-Q 
Falls 
PD-CRS 

Cognitive impairment  
(PD-CRS ≤ 84) 
NMSS 
NMSS without domain 3 
(emotional well-being) 
BDI-II 
NPI 
QUIP-RS 
PDSS 
VAS-PAIN 

Patients with pain 
VASF − physical 
VASF – mental 
ADLS 

Patients with functional 
dependency 
L-dopa eq. daily dose (mg) 
Total number of pills/day 
Total number of non- 
antiparkinsonian drugs/day 
Use of antidepresive agent 
Use of dopamine agonist 

62.2  ±  9.2 
65.5 
5.7  ±  4.4 
49.1 
33.2 
17.7 
1.9  ±  0.5 
26.2 
68.4 
4.4 
1 
21.7  ±  10.5 
1.6  ±  2.1 
29.4 
15 
3  ±  4.3 
7 
94.1  ±  15.5 
22.4 
29.1  ±  25.8 
25.9  ±  21.5 
4.6  ±  4.2 
2.9  ±  5.1 
3.2  ±  7 
121  ±  26.2 
2.1  ±  2.8 
48.3 
2.1  ±  2.4 
1.4  ±  2.1 
91  ±  9.3 
22.4 
533  ±  404.4 
6.9  ±  4 
2.2  ±  2.2 
14.9 
74.4 

62.5  ±  8.8 
62.5 
5  ±  4.4 
47.1 
42 
10.9 
2  ±  0.6 
24.4 
66.1 
7.8 
1.7 
21.9  ±  11.1 
2.1  ±  2.3 
35.8 
16.7 
3.5  ±  3.1 
11.1 
91.8  ±  16.7 
28.2 
45.9  ±  32 
40  ±  27.6 
8.8  ±  5.1 
5.6  ±  6.5 
5.8  ±  9.2 
114.3  ±  23 
2.3  ±  2.7 
55.8 
3.3  ±  2.6 
2.2  ±  2.5 
88.9  ±  9 
28.2 
577  ±  570.8 
7.3  ±  4 
2.7  ±  2.3 
24.2 
68.3 

0.812 
0.312 
0.169 
0.204 
0.171 
0.512 
0.948 
0.005 
0.116 
0.384 
0.154 
0.112 
0.266 
0.126  
< 0.0001  
< 0.0001  
< 0.0001  
< 0.0001 
0.002  
< 0.0001 
0.288 
0.093  
< 0.0001  
< 0.0001 
0.015 
0.126 
0.142 
0.444 
0.016 
0.018 
0.124 

Chi-squared, Mann-Whitney-Wilcoxon and/or t-Student test were applied (only 
PD-CRS Total Score and Fronto-Subcortical had normal distribution). The re-
sults represent percentages or mean  ±  SD. Data about H&Y and UPDRS-III are 
during the OFF state (first thing in the morning without taking medication in 
the previous 12 h). 
ADLS, Schwab and England Activities of daily living Scale); BDI, Beck 
Depression Inventory-II; NMSS, Non-Motor Symptoms Scale; NPI, 
Neuropsychiatric Inventory; PD, Parkinson's disease; PD-CRS, Parkinson's 
Disease Cognitive Rating Scale; PDSS, Parkinson's Disease Sleep Scale; PIGD, 
Postural Inestability Gait Dificulty; QUIP-RS, Questionnaire for Impulsive- 
Compulsive Disorders in Parkinson's Disease-Rating Scale; UPDRS, Unified 
Parkinson's Disease Rating Scale; VAFS, Visual Analog Fatigue Scale; VAS-Pain, 
Visual Analog Scale-Pain.  
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39SI, OR = 1.028; 95%CI 1.003–1.054; p = 0.029; EUROHIS-QOL8, 
OR = 0.457; 95%CI 0.269–0.777; p = 0.004. 

4. Discussion 

This study found that subD is a frequent problem in patients with PD 
and is more prevalent in these patients than in controls. Also, both 
HRQoL and global QoL is significantly worse in PD patients with subD 
compared to PD patients with nonD. Moreover, different non-motor 
symptoms such as sleep problems, neuropsychiatric symptoms, and 
fatigue as well as a greater non-motor symptoms burden as a whole 
were associated with subD in PD patients. All this suggests that detec-
tion of subD in PD could be an important factor in clinical practice. 

The prevalence of subD in our cohort (17%) is slightly lower than 
observed in previous studies. Ehrt et al. [7] identified subD in 116 of 
538 PD patients (21%), Reiff et al. [5] in 28 of 110 (25%), Santagelo 
et al. [4] in 30 of 115 (26%), and Nation et al. [6] in 32 of 107 (29%). 
However, Starkstein et al. [8] only identified subD in 8% of a con-
secutive series of 173 PD patients. Heterogeneity between the studies 

could explain the differences since some studies included patients with 
dementia [7], nondemented patients but with moderate to severe PD 
[6], or even different criteria for defining subD [6]. Our study is along 
with Starkstein study [8] in which patients with less disease duration 
were included and the prevalence of other types of depressive symp-
toms were in line with previous reports [1,20]. Importantly, this study 
is not only the largest study analyzing subD in PD but also the only 
study in which a control group was included. SubD was three times 
more frequent in patients than in controls. 

Regarding the principal aim of this study, QoL was observed to be 
worse in PD patients with subD compared to PD patients with nonD. 
Only one study (n = 81) compared QoL in PD patients with subD vs 
those with nonD [5] in which a worse HRQoL was observed in subD 
patients. As in our study, PDQ-39 was used and similar results in total 
PDQ-39SI score were observed in both groups. The subD PD patients 
scored significantly higher on the PDQ-39 subscores “mobility,” 
“emotional well-being,” stigma,” “cognition,” and “communication” 
[5]. However, in our study (n = 468), the score was significantly higher 
in all subscores except “stigma” and “social support.” Moreover, for the 
first time, we investigated the relationship between subD and global 
QoL as HRQoL, which was worse in subD patients after adjustment to 
other covariates. On the other hand, Reiff et al. [5] observed that 
HRQoL was better in subD PD patients than PD patients with depres-
sion. Previously, we described in the COPPADIS cohort a relationship 
between the severity of mood disorder (major depression vs minor 
depression vs subD vs nonD) and the perception of QoL. We found that 
greater severity of symptoms correlated to a poorer QoL [21]. Although 
it is known that mood is an important factor affecting QoL in PD pa-
tients, explaining between the 28% (PDQ-39) and 44% (EUROHIS- 
QOL8) of the variance in the COPPADIS cohort [21], other factors, such 
as non-motor symptoms burden and gait problems, are important too, 
[21–23]. This could explain why HRQoL and global QoL were worse in 
PD patients with nonD vs controls in the present study, even when subD 
controls were considered. 

In this study, we compared subD to nonD PD patients not only 
concerning QoL but also to several other motor and non-motor symp-
toms. Again, there is a lack of knowledge about this topic and our study 
is the most complete and largest concerning this association. Santangelo 
et el. [4] did not find differences in objective cognitive measures 
(MOCA [Montreal Cognitive Assessment] and PD-CQ [Parkinson's Dis-
ease Cognitive Questionnaire]) in 30 subD patients compared to 36 
with nonD whereas subD patients did report more cognitive complaints 
than nonD patients. We observed the same for objective overall cog-
nition, fronto-subcortical, and posterior cortical functions (PD-CRS). 
However, as in Santangelo study, cognitive complaints were more fre-
quent in subD patients (NMSS – attention/memory and PDQ-39 – 

Fig. 1. Mean value of different NMSS domains in nonD controls (n = 154), in nonD PD patients (n = 348), in subD controls (n = 22) and in subD PD patients 
(n = 120). B. Mean value of different items from the PDSS in the same four groups as A. NMSS, Non-Motor Symptoms Scale; PDSS, Parkinson's disease Sleep Scale. 

Table 2 
HRQoL and global perceived QoL in PD patients with subD vs those with nonD 
(n = 468).       

nonD 
(n = 348) 

subD 
(n = 120) 

p  

PDQ-39SI 
Mobility 
Activities of daily living 
Emotional well-being 
Stigma 
Social support 
Cognition 
Communication 
Pain and discomfort 

PQ-10 
EUROHIS-QOL8 

Quality of life 
Health status 
Energy 
Autonomy for activities of daily 

Living 
Self-esteem 
Social relationships 
Economic capacity 
Habitat 

11.6  ±  10 
10.8  ±  15.3 
13.7  ±  16.3 
12.2  ±  13.4 
10.4  ±  16.1 
5.3  ±  13.4 
13.4  ±  14.2 
7.4  ±  11.7 
18.9  ±  18.9 
7.8  ±  1.3 
4  ±  0.5 
4  ±  3.9 
3.4  ±  0.8 
4  ±  0.7 
3.9  ±  0.8 
4.1  ±  0.6 
4.3  ±  0.6 
4  ±  0.7 
4.4  ±  0.6 

18.1  ±  12.8 
17.2  ±  18.4 
20.5  ±  19.5 
20.6  ±  16.8 
14  ±  19 
7.6  ±  15.6 
21.8  ±  19 
11.7  ±  16.2 
28.7  ±  23.4 
7.5  ±  1.4 
3.7  ±  0.5 
3.9  ±  4 
3.1  ±  0.8 
3.7  ±  0.7 
3.5  ±  0.8 
3.8  ±  0.8 
4  ±  0.7 
3.9  ±  0.7 
4.2  ±  0.7  

< 0.0001  
< 0.0001  
< 0.0001  
< 0.0001 
0.150 
0.066  
< 0.0001 
0.04  
< 0.0001 
0.051  
< 0.0001 
0.098 
0.001  
< 0.0001  
< 0.0001  
< 0.0001  
< 0.0001 
0.115 
0.014 

Mann-Whitney-Wilcoxon test were applied. The results represent mean  ±  SD. 
EUROHIS-QOL8, EUROHIS-QOL 8-item index; PDQ-39SI, 39-item Parkinson's 
disease Questionnaire Summary Index.  
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cognition). Other studies observed similar results when Mattis De-
mentia Rating Scale [5] and MMSE [6,8] were used. These findings 
suggest that cognitive complaints reflect the effect that negative mood 
has on the subjective perception of cognitive impairment in PD, but 
these complaints do not necessarily associate with actual cognitive 
disorders. The five year follow-up of the COPPADIS cohort [12] will 
analyze if subD patients could develop cognitive impairment because 
cognitive complaints might predict a future cognitive deterioration 
[24,25]. As in previous studies, we did not find motor status differences 
between subD and nonD patients [4–8]; however, the difference be-
tween both groups in non-motor symptoms is very interesting. Fatigue, 
sleep problems, neuropsychiatric symptoms, and non-motor symptoms 
burden as a whole, were significantly related to subD. All domains score 
of NMSS, except gastrointestinal and urinary symptoms, were sig-
nificantly higher in subD patients compared to nonD patients. Also, 
more than the double the number of subD patients presented a severe or 
very severe non-motor symptoms burden compared to nonD patients. 
This has not been previously investigated in subD PD patients. An im-
portant question is if this is a cause or a consequence of bad mood. 
Experiencing more non-motor symptoms could affect mood but also be 
related to mood disturbance due to specific brain areas affected. This 
point of view has been further supported by evidence that depression is 
associated with more extensive neuropathology within the substantia 
nigra itself [26], more severe motor and non-motor symptoms [27], and 
a more malignant course [28]. This suggests that somatic symptoms 
may continue to be important features of depressive mood in PD, al-
though they are a direct result of the same underlying pathophysiolo-
gical process. However, it has previously been suggested that mood can 
influence the patient's perception of the symptoms analyzed, in turn 
causing the results assessed in subjective questionnaires could not re-
flect the real status of the patient [29], as seen through cognition 
complaints. In the COPPADIS cohort, in line with this, a higher NMSS 
total score to higher degree of depression was observed in PD patients 
[30]. However, scores observed in non-motor symptoms scales in-
dicating a greater affectation in subD controls supports the hypothesis 
that mood could influence, at least in part, the perception of non-motor 
symptoms, since presumably there would not be pathological brain 
involvement that explain them in this group. In previous studies, age 
and sex influence non-motor symptoms in controls [31], but the influ-
ence of mood is unclear. Clinical-pathological studies which evaluate 
the correlation between scores on different scales to assess non-motor 

symptoms and pathological findings are required. 
It has been argued that the subtle mood symptoms thought to 

characterize subD represent prodromal manifestations of an imminent 
mood disorder or residual symptoms of a waning depressive episode 
[32]. In contrast with a previous study, the fact that our data show 
differences in the use of antidepressants between groups could suggest 
that subD is merely major depression partially resolved with pharma-
cotherapy, but longitudinal follow-up is necessary. 

The present study has some limitations. For some variables, the 
information was not collected in all cases. All scales or questionnaires 
used to assess motor and NMS are validated except PQ-10. This is a very 
simple question about GQoL from 0 to 10 used in previous studies that 
takes very little time and provides information similar to the EUROHIS- 
QOL8 total score [17,21]. As it has been commented, the influence of 
mood on the patient's perception of the symptoms affecting the results 
of the questionnaires can't be ruled out. On the other hand, although 
mood is included in NMSS (NMSS-domain 3), when mood was excluded 
from the NMS burden ([NMSS total score] – [NMSS-domain 3]), results 
were similar. Dysthymic disorder (Table.1.SM) and mood fluctuations 
were not considered. Our sample is not fully representative of the PD 
population due to inclusion and exclusion criteria (i.e., age limit, no 
dementia, no severe comorbidities, no second line therapies, etc.) 
which subsequently entails a bias toward early PD. Finally, this is a 
cross-sectional study, but the aim of the COPPADIS-2015 study [17] is 
to follow-up the cohort for 5 years and to analyze predictors of changes 
in QoL and mood. 

In conclusion, the present study shows that subD is frequent in PD 
patients. Also, this study demonstrates that subD patients present a 
worse QoL and are more affected by different non-motor symptoms 
than patients with no depressive symptoms. The origin of this re-
lationship should be analyzed with specific studies. 

Funding sources 

www.curemoselparkinson.org 

Financial disclosures 

Santos-García D. has received honoraria for educational presenta-
tions and/or advice service by Abbvie, UCB Pharma, Lundbeck, KRKA, 
Zambon, Bial, and Teva. 

Fig. 2. PDQ-39SI, PQ-10 and EUROHIS-QOL8 in nonD controls (n = 154), in nonD PD patients (n = 348), in subD controls (n = 22) and in subD PD patients 
(n = 120); a, comparison between all groups; b, comparison between PD patients and controls; c, comparison between nonD patients and nonD controls; d, com-
parison between subD PD patients and subD controls; e, comparison between nonD PD patients and subD controls; f, comparison between subD PD patients and 
controls (with and without subD); g, comparison between nonD PD patients and controls (with and without subD). Extreme outliers (*) are data points that are more 
extreme than Q1–3 * IQR or Q3 + 3 * IQR. Mild outliers (O) are data points that are more extreme than than Q1–1.5 * IQR or Q3 + 1.5 * IQR, but are not extreme 
outliers. 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

5

http://www.curemoselparkinson.org


de Deus Fonticoba T. has received honoraria for educational pre-
sentations and advice service by Abbvie. 

Suárez Castro E.: None. 
Aneiros Díaz A.: None. 
Cores Bartolomé C.: None. 
Feal Panceiras M. J.: None. 
Paz González J. M. has received honoraria for educational pre-

sentations and/or advice service by UCB Pharma, Lundbeck, KRKA, and 
Zambon. 

García Moreno J. has received honoraria for educational presenta-
tions and advice service by Abbvie, Ital-Pharma, Lundbeck, Merz, 
KRKA, UCB, Pharma, Zambon, Bial, and Teva. 

Blázquez Estrada M. has received honoraria for educational pre-
sentations and advice service by Abbvie, Abbott, UCB Pharma, 
Allergan, Zambon, Bial, and Qualigen. 

Jesús S. has received honoraria from AbbVie, Bial, Merz, UCB, and 
Zambon. She holds the competitive contract “Juan Rodés” supported by 
the Instituto de Salud Carlos III. Also, she has received grants from the 
Spanish Ministry of Economy and Competitiveness (PI18/01898) as 
well as the Consejería de Salud de la Junta de Andalucía (PI-0459- 
2018). 

Mir P. has received honoraria from AbbVie, Abbott, Allergan, Bial, 
Merz, UCB, and Zambon. He has received grants from the Spanish 
Ministry of Economy and Competitiveness [PI16/01575] co-founded by 
ISCIII (Subdirección General de Evaluación y Fomento de la 
Investigación). He also received grants from Fondo Europeo de 
Desarrollo Regional (FEDER), the Consejería de Economía, Innovación, 
Ciencia y Empleo de la Junta de Andalucía [CVI-02526, CTS-7685], the 
Consejería de Salud y Bienestar Social de la Junta de Andalucía [PI- 
0437-2012, PI-0471-2013], the Sociedad Andaluza de Neurología, the 
Jacques and Gloria Gossweiler Foundation, the Fundación Alicia 
Koplowitz, and the Fundación Mutua Madrileña. 

Aguilar M.: UCB and Schwabe with assistance to a Congress; 
Nutricia with assistance to a Congress and payment of lecture. 

Planellas LL. has received travel bursaries grant from Abbvie. 
García Caldentey J. has received honoraria for educational pre-

sentations and advice service by Qualigen, Nutricia, Abbvie, 
Italfarmaco, UCB Pharma, Lundbeck, Zambon, Bial, and Teva. 

Caballol N. has received honoraria from Bial, Italfármaco, Qualigen, 
Zambon, UCB, Teva, and KRKA as well as sponsorship from Zambon, 
TEVA and Abbvie for attending medical conferences. 

Legarda I. has received honoraria for educational presentations and 
advice service by Abbvie, UCB Pharma, Zambon, Bial, and Teva. 

Cabo López I. has received honoraria for educational presentations 
and advice service by Abbvie, Zambon, and Bial. 

López Manzanares L.: Compensated advisory services, consulting, 
research grant support, or speaker honoraria: AbbVie, Acorda, Bial, 
Intec Pharma, Italfarmaco, Pfizer, Roche, Teva, UCB, and Zambon. 

Ávila Rivera M. A. has received honoraria from Zambon, UCB 
Pharma, Qualigen, Bial, and Teva, and sponsorship from Zambon and 
Teva for attending conferences. 

Catalán M. J.: None. 
López Díaz L. M. has received honoraria from UCB, Lundbeck, and 

KRKA. 
Borrué C.: None. 
Vela L. has received honoraria for educational presentations and 

advice service by Abbvie, UCB Pharma, Lundbeck, KRKA, Zambon, Bial, 
and Teva. 

Cubo E.: Travel grants: Abbvie, Allergan, Boston; Lecturing honor-
aria: Abbvie, International Parkinson's disease Movement Disorder 
Society. 

Martínez Castrillo J. C. has received research support from 
Lundbeck, Italfarmaco, Allergan, Zambon, Merz and Abbvie, and 
speaking honoraria from AbbVie, Bial, Italfarmaco, Lundbeck, Krka, 
TEVA, UCB, Zambon, Allergan, Ipsen, and Merz. 

Sánchez Alonso P. has received honoraria for educational pre-
sentations and advice service by Abbvie, UCB Pharma, Lundbeck, 
KRKA, Zambon, Bial, and Teva. 

Alonso Losada M. G. has received honoraria for educational pre-
sentations and advice service by Zambon and Bial. 

López Ariztegui N. has received honoraria for educational pre-
sentations and advice service by Abbvie, Italfarmaco, Zambon, and Bial. 

Gastón I. has received research support from Abbvie and Zambon 
and has served as a consultant for Abbvie, Exelts, and Zambon. 

Pascual-Sedano B. has received honoraria for educational services 
from Abbvie and UCB Pharma and travel grants from Medtronic for 
attending conferences. 

Seijo M. has received honoraria for educational services from KRKA, 
UCB, Zambon, and Bial as well as travel grants from Daiichi and Roche. 

Ruíz Martínez J. has received honoraria for educational presenta-
tions, attending medical conferences, and advice service by Abbvie, 
UCB Pharma, Zambon, Italfarmaco, Bial, and Teva. 

Valero C. has received honoraria for educational services from 
Zambon, Abbvie, and UCB. 

Kurtis M. has received honoraria for educational presentations for 
Teva as well as an unrestricted grant from Bial. 

González Ardura J. has received honoraria for speaking from 
Italofarma, Krka, Genzyme, UCB, Esteve, Psyma iberica marketing re-
search SL and Ferrer as well as a course grant from Teva and a travel 
grant from Merck. 

Prieto Jurczynska C.: None. 
Martinez-Martin P: has received honoraria from Editorial Viguera 

for lecturing in courses, International Parkinson's and Movement 
Disorder Society (IPMDS) for management of the Program on Rating 
Scales, Air Liquide, Abbvie, and HM Hospitales de Madrid for advice in 
clinic-epidemiological studies. License fee payments for the King's 
Parkinson's Disease Pain scale. Financial support by the IPMDS for at-
tending the IPMDS International Congress 2018. Grant for Research: 
IPMDS, for development and validation of the MDS-NMS. 

Declaration of Competing Interest 

None. 

Acknowledgements 

We would like to thank all patients, caregivers and all persons, 
companies or institutions collaborating in this project. Especially many 
thanks to Fundación Curemos el Parkinson (https:// 
curemoselparkinson.org/) and Alphabioresearch (http:// 
alphabioresearch.com/).   

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jns.2020.117109. 

Appendix B. Appendix 1 

Authors' Roles: 
Santos-García D.: conception, organization, and execution of the project; statistical analysis; writing of the first draft of the manuscript; re-

cruitment and/or evaluation of participants. 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

6

https://curemoselparkinson.org/
https://curemoselparkinson.org/
http://alphabioresearch.com/
http://alphabioresearch.com/
https://doi.org/10.1016/j.jns.2020.117109


de Deus Fonticoba T.: review and critique; recruitment and/or evaluation of participants. 
Suárez Castro E.: review and critique. 
Aneiros Díaz A.: review and critique. 
Cores Bartolomé C.: review and critique. 
Feal Panceiras M. J.: review and critique. 
Paz González J. M.: review and critique. 
Valdés Aymerich L.: review and critique. 
García Moreno J.: review and critique; recruitment and/or evaluation of participants. 
Blázquez Estrada M.: review and critique; recruitment and/or evaluation of participants. 
Jesús S.: review and critique; recruitment and/or evaluation of participants. 
Mir P.: review and critique; recruitment and/or evaluation of participants. 
Aguilar M.: review and critique; recruitment and/or evaluation of participants. 
Planellas LL.: review and critique; recruitment and/or evaluation of participants. 
García Caldentey J.: review and critique; recruitment and/or evaluation of participants. 
Caballol N.: review and critique; recruitment and/or evaluation of participants. 
Legarda I.: review and critique; recruitment and/or evaluation of participants. 
Cabo López I.: review and critique; recruitment and/or evaluation of participants. 
López Manzanares L.: review and critique; recruitment and/or evaluation of participants. 
Ávila Rivera M. A.: review and critique; recruitment and/or evaluation of participants. 
Catalán M. J.: review and critique; recruitment and/or evaluation of participants. 
López Díaz L. M.: review and critique; recruitment and/or evaluation of participants. 
Borrué C.: review and critique; recruitment and/or evaluation of participants. 
Álvarez Sauco M.: review and critique; recruitment and/or evaluation of participants. 
Vela L.: review and critique; recruitment and/or evaluation of participants. 
Cubo E.: review and critique; recruitment and/or evaluation of participants. 
Martínez Castrillo J. C.: review and critique; recruitment and/or evaluation of participants. 
Sánchez Alonso P.: review and critique; recruitment and/or evaluation of participants. 
Alonso Losada M. G.: review and critique; recruitment and/or evaluation of participants. 
López Ariztegui N.: review and critique; recruitment and/or evaluation of participants. 
Gastón I.: review and critique; recruitment and/or evaluation of participants. 
Pascual-Sedano B.: review and critique; recruitment and/or evaluation of participants. 
Seijo M.: review and critique; recruitment and/or evaluation of participants. 
Ruíz Martínez J.: review and critique; recruitment and/or evaluation of participants. 
Valero C.: review and critique; recruitment and/or evaluation of participants. 
Kurtis M.: review and critique; recruitment and/or evaluation of participants. 
González Ardura J.: review and critique; recruitment and/or evaluation of participants. 
Prieto Jurczynska C.: review and critique; recruitment and/or evaluation of participants. 
Martinez-Martin P.: review and critique; overall supervision. 

Appendix C. Appendix 2 

Collaborators (COPPADIS STUDY GROUP): 
Adarmes Astrid D, Almeria M, Alonso Cánovas A, Alonso Frech F, Arnáiz S, Arribas S, Ascunce Vidondo A, Bernardo Lambrich N, Bejr-Kasem H, 

Botí M, Cabello González C, Cámara Lorenzo A, Carrillo F, Carrillo Padilla FJ, Casas E, Clavero P, Cortina Fernández A, Cots Foraster A, Crespo 
Cuevas A, de Fábregues-Boixar O, Díez-Fairen M, Erro E, Escalante S, Estelrich Peyret E, Fernández Guillán N, Gámez P, Gallego M, García Campos C, 
Gómez Garre MP, González Aloy J, González-Aramburu I, González García B, González Palmás MJ, González Toledo GR, Golpe Díaz A, Grau Solá M, 
Guardia G, Hernández Vara J, Horta-Barba A, Infante J, Kulisevsky J, Labandeira C, Labrador MA, Lacruz F, Lage Castro M, López Manzanares L, 
López Seoane B, Macías Y, Mata M, Martí Andres G, Martí MJ, McAfee D, Meitín MT, Menéndez González M, Méndez del Barrio C, Miranda Santiago 
J, Morales Casado MI, Moreno Diéguez A, Nogueira V, Novo Amado A, Novo Ponte S, Ordás C, Pagonabarraga J, Pareés I, Pastor P, Pérez Fuertes A, 
Pérez Noguera R, Prats MA, Puente V, Pueyo Morlans M, Redondo Rafales N, Rodríguez Méndez L, Rodríguez Pérez AB, Roldán F, Ruíz De Arcos M, 
Sánchez-Carpintero M, Sánchez Díez G, Sánchez Rodríguez A, Santacruz P, Segundo Rodríguez JC, Serarols A, Sierra Peña M, Solano Vila B, Tartari 
JP, Valero C, Vargas L, Vázquez Gómez R, Vela L, Villanueva C, Vives B, Villar MD. 

Appendix D. Appendix 3 

COPPADIS STUDY GROUP: 
Adarmes AD, Almeria M, Alonso Losada MG, Alonso Cánovas A, Alonso Frech F, Álvarez I, Álvarez Sauco M, Aneiros Díaz A, Arnáiz S, Arribas S, 

Ascunce Vidondo A, Aguilar M, Ávila MA, Bernardo Lambrich N, Bejr-Kasem H, Blázquez Estrada M, Botí M, Borrue C, Buongiorno MT, Cabello 
González C, Cabo López I, Caballol N, Cámara Lorenzo A, Carrillo F, Carrillo Padilla FJ, Casas E, Catalán MJ, Clavero P, Cortina Fernández A, Cots 
Foraster A, Crespo Cuevas A, Cubo E, de Deus Fonticoba T, de Fábregues-Boixar O, Díez-Fairen M, Erro E, Escalante S, Estelrich Peyret E, Fernández 
Guillán N, Gámez P, Gallego M, García Caldentey J, García Campos C, García Moreno JM, Gastón I, Gómez Garre MP, González Aloy J, González- 
Aramburu I, González Ardura J, González García B, González Mayordomo V, González Palmás MJ, González Toledo GR, Golpe Díaz A, Grau Solá M, 
Guardia G, Hernández Vara J, Horta-Barba A, Infante J, Jesús S, Kulisevsky J, Kurtis M, Labandeira C, Labrador MA, Lacruz F, Lage Castro M, 
Legarda I, López Ariztegui N, López Díaz LM, López Manzanares L, López Seoane B, Macías Y, Mata M, Martí Andres G, Martí MJ, Martínez Castrillo 
JC, Martinez-Martin P, McAfee D, Meitín MT, Menéndez González M, Méndez del Barrio C, Mir P, Miranda Santiago J, Morales Casado MI, Moreno 
Diéguez A, Nogueira V, Novo Amado A, Novo Ponte S, Ordás C, Pagonabarraga J, Pareés I, Pascual-Sedano B, Pastor P, Pérez Fuertes A, Pérez 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

7



Noguera R, Planellas L, Prats MA, Prieto Jurczynska C, Puente V, Pueyo Morlans M, Redondo Rafales N, Rodríguez Méndez L, Rodríguez Pérez AB, 
Roldán F, Ruíz De Arcos M, Ruíz Martínez J, Sánchez Alonso P, Sánchez-Carpintero M, Sánchez Díez G, Sánchez Rodríguez A, Santacruz P, Santos 
García D, Segundo Rodríguez JC, Seijo M, Serarols A, Sierra Peña M, Solano Vila B, Suárez Castro E, Tartari JP, Valero C, Vargas L, Vázquez Gómez R, 
Vela L, Villanueva C, Vives B, Villar MD.     

Name (Last Name, First 
Name) 

Location Role Contribution  

Astrid Adarmes, Daniela Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

Almeria, Marta Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Neuropsychologist; evaluation of 
participants 

Alonso Losada, Maria G-
ema 

Hospital Álvaro Cunqueiro, Complejo Hospitalario Universitario de Vigo 
(CHUVI), Vigo, Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Alonso Cánovas, Araceli Hospital Universitario Ramón y Cajal, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Alonso Frech, Fernando Hospital Universitario Clínico San Carlos, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Aneiros Díaz, Ángel Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Álvarez, Ignacio Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Álvarez Sauco, María Hospital General Universitario de Elche, Elche, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Arnáiz, Sandra Complejo Asistencial Universitario de Burgos, Burgos, Spain Site investigator Evaluation of participants and/or 
data management 

Arribas, Sonia Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Neuropsychologist; evaluation of 
participants 

Ascunce Vidondo, Aranc-
ha 

Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator Evaluation of participants and/or 
data management 

Aguilar, Miquel Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Ávila Rivera, Maria Asu-
nción 

Consorci Sanitari Integral, Hospital General de L'Hospitalet, L'Hospitalet de 
Llobregat, Barcelona, Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Bernardo Lambrich, Noe-
mí 

Hospital de Tortosa Verge de la Cinta (HTVC), Tortosa, Tarragona, Spain Site investigator Evaluation of participants and/or 
data management 

Bejr-Kasem, Helena Hospital de Sant Pau, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Blázquez Estrada, Marta Hospital Universitario Central de Asturias, Oviedo, Spain Site investigator Evaluation of participants and/or 
data management 

Botí González, Maria Án-
geles 

Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Neuropsychologist; evaluation of 
participants 

Borrué, Carmen Hospital Infanta Sofía, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Buongiorno, Maria Tere-
sa 

Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Nurse study coordinator 

Cabello González, Caroli-
na 

Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator Scheduling of evaluations 

Cabo López, Iria Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 
Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Caballol, Nuria Consorci Sanitari Integral, Hospital Moisés Broggi, Sant Joan Despí, 
Barcelona, Spain. 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Cámara Lorenzo, Ana Hospital Clínic de Barcelona, Barcelona, Spain Site investigator Nurse study coordinator 
Carrillo, Fátima Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Evaluation of participants and/or 

data management 
Carrillo Padilla, Francis-

co José 
Hospital Universitario de Canarias, San Cristóbal de la Laguna, Santa Cruz 
de Tenerife, Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Casas, Elena Complejo Asistencial Universitario de Burgos, Burgos, Spain Site investigator Evaluation of participants and/or 
data management 

Catalán, Maria José Hospital Universitario Clínico San Carlos, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Clavero, Pedro Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator Evaluation of participants and/or 
data management 

Cortina Fernández, A Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Coordination of blood extractions 

Cots Foraster, Anna Institut d'Assistència Sanitària (IAS) - Instituí Cátala de la Salud. Girona, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Crespo Cuevas, Ane Hospital del Mar, Barcelona, Spain. Site investigator Evaluation of participants and/or 
data management 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

8



Cubo, Esther Complejo Asistencial Universitario de Burgos, Burgos, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

De Deus Fonticoba, Tere-
sa 

Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Nurse study coordinator 
Evaluation of participants and/or 
data management 

De Fábregues-Boixar, Or-
iol 

Hospital Universitario Vall d'Hebron, Barcelona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Díez Fairen, M Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Erro, Elena Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator Evaluation of participants and/or 
data management 

Escalante, Sonia Hospital de Tortosa Verge de la Cinta (HTVC), Tortosa, Tarragona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Estelrich Peyret, Elena Institut d'Assistència Sanitària (IAS) - Instituí Cátala de la Salud. Girona, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Fernández Guillán, Noel-
ia 

Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Neuroimaging studies 

Gámez, Pedro Complejo Asistencial Universitario de Burgos, Burgos, Spain Site investigator Evaluation of participants and/or 
data management 

Gallego, Mercedes Hospital La Princesa, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

García Caldentey, Juan Centro Neurológico Oms 42, Palma de Mallorca, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

García Campos, Cristina Hospital Universitario Virgen Macarena, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

García Moreno, Jose Ma-
nuel 

Hospital Universitario Virgen Macarena, Sevilla, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Gastón, Itziar Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Gómez Garre, María del 
Pilar 

Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Genetic studies coordination 

González Aloy, Javier Institut d'Assistència Sanitària (IAS) - Instituí Cátala de la Salud. Girona, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

González Aramburu, Isa-
bel 

Hospital Universitario Marqués de Valdecilla, Santander, Spain Site investigator Evaluation of participants and/or 
data management 

González Ardura, Jessica Hospital Universitario Lucus Augusti (HULA), Lugo, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

González García, Beatriz Hospital La Princesa, Madrid, Spain Site investigator Nurse study coordinator 
González Mayordomo, 

Víctor 
Hospital Clínico San Carlos, Madrid, Spain Site investigator Evaluation of participants and/or 

data management 
González Palmás, Maria 

Josefa 
Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

González Toledo, Gabriel 
Ricardo 

Hospital Universitario de Canarias, San Cristóbal de la Laguna, Santa Cruz 
de Tenerife, Spain 

Site investigator Evaluation of participants and/or 
data management 

Golpe Díaz, Ana Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Laboratory analysis coordination 

Grau Solá, Mireia Consorci Sanitari Integral, Hospital Moisés Broggi, Sant Joan Despí, 
Barcelona, Spain 

Site investigator Evaluation of participants and/or 
data management 

Guardia, Gemma Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Hernández Vara, Jorge Hospital Universitario Vall d'Hebron, Barcelona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Horta Barba, Andrea Hospital de Sant Pau, Barcelona, Spain Site investigator Neuropsychologist; evaluation of 
participants 

Infante, Jon Hospital Universitario Marqués de Valdecilla, Santander, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Jesús, Silvia Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

Kulisevsky, Jaime Hospital de Sant Pau, Barcelona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Kurtis, Mónica Hospital Ruber Internacional, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Labandeira, Carmen Hospital Álvaro Cunqueiro, Complejo Hospitalario Universitario de Vigo 
(CHUVI), Vigo, Spain 

Site investigator Evaluation of participants and/or 
data management 

Labrador Espinosa, Mig-
uel Ángel 

Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Neuroimaging data analysis 

Lacruz, Francisco Complejo Hospitalario de Navarra, Pamplona, Spain Site investigator Evaluation of participants and/or 
data management 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

9



Lage Castro, Melva Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Legarda, Inés Hospital Universitario Son Espases, Palma de Mallorca, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

López Ariztegui, N Complejo Hospitalario de Toledo, Toledo, Spain Site investigator/PI Evaluation of participants and/or 
data management 

López Díaz, Luis Manuel Hospital Da Costa de Burela, Lugo, Spain Site investigator Evaluation of participants and/or 
data management 

López Manzanares, Lydia Hospital La Princesa, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

López Seoane, Balbino Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Neuroimaging studies 

Macías, Yolanda Fundación Hospital de Alcorcón, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Mata, Marina Hospital Infanta Sofía, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Martí Andres, Gloria Hospital Universitario Vall d'Hebron, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Martí, Maria José Hospital Clínic de Barcelona, Barcelona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Martínez Castrillo, Juan 
Carlos 

Hospital Universitario Ramón y Cajal, Madrid, Spain Site investigator /PI Coordination at the center 
Evaluation of participants and/or 
data management 

Martinez-Martin, Pablo Centro Nacional de Epidemiología y CIBERNED, Instituto de Salud Carlos 
III. Madrid 

Collaborator in statistical and 
methods analysis 

Methods and statistical reviewer 

McAfee, Darrian University of Pennsylvania, Philadelphia Collaborator in english style English style reviewer 
Meitín, Maria Teresa Hospital Da Costa de Burela, Lugo, Spain Site investigator Evaluation of participants and/or 

data management 
Menéndez González, Ma-

nuel 
Hospital Universitario Central de Asturias, Oviedo, Spain Site investigator/PI Coordination at the center 

Evaluation of participants and/or 
data management 

Méndez del Barrio, Carl-
ota 

Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

Mir, Pablo Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Miranda Santiago, Javier Complejo Asistencial Universitario de Burgos, Burgos, Spain Site investigator Evaluation of participants and/or 
data management 

Morales Casado, Maria I-
sabel 

Complejo Hospitalario de Toledo, Toledo, Spain. Site investigator Evaluation of participants and/or 
data management 

Moreno Diéguez, Antonio Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Neuroimaging studies 

Nogueira, Víctor Hospital Da Costa de Burela, Lugo, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Novo Amado, Alba Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Neuroimaging studies 

Novo Ponte, Sabela Hospital Universitario Puerta de Hierro, Madrid, Spain. Site investigator Evaluation of participants and/or 
data management 

Ordás, Carlos Hospital Rey Juan Carlos, Madrid, Spain, Madrid, Spain. Site Investigator Evaluation of participants and/or 
data management 

Pagonabarraga, Javier Hospital de Sant Pau, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Isabel Pareés Hospital Ruber Internacional, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Pascual-Sedano, Berta Hospital de Sant Pau, Barcelona, Spain Site Investigator Evaluation of participants and/or 
data management 

Pastor, Pau Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Pérez Fuertes, Aída Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Blood analysis 

Pérez Noguera, Rafael Hospital Universitario Virgen Macarena, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

Planellas, Lluís Hospital Clínic de Barcelona, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Prats, Marian Ángeles Institut d'Assistència Sanitària (IAS) - Instituí Cátala de la Salud. Girona, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Prieto Jurczynska, Cristi-
na 

Hospital Rey Juan Carlos, Madrid, Spain, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Puente, Víctor Hospital del Mar, Barcelona, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Pueyo Morlans, Mercedes Hospital Universitario de Canarias, San Cristóbal de la Laguna, Santa Cruz 
de Tenerife, Spain 

Site investigator Evaluation of participants and/or 
data management 

Redondo, Nuria Hospital La Princesa, Madrid, Spain Site Investigator Evaluation of participants and/or 
data management 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

10



Rodríguez Méndez, Luisa Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Blood analysis 

Rodríguez Pérez, Amparo 
Belén 

Hospital General Universitario de Elche, Elche, Spain Site investigator Evaluation of participants and/or 
data management 

Roldán, Florinda Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Neuroimaging studies 
Ruíz de Arcos, María Hospital Universitario Virgen Macarena, Sevilla, Spain. Site investigator Evaluation of participants and/or 

data management 
Ruíz Martínez, Javier Hospital Universitario Donostia, San Sebastián, Spain Site investigator Evaluation of participants and/or 

data management 
Sánchez Alonso, Pilar Hospital Universitario Puerta de Hierro, Madrid, Spain Site investigator Evaluation of participants and/or 

data management 
Sánchez-Carpintero, Ma-

carena 
Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Neuroimaging studies 

Sánchez Díez, Gema Hospital Universitario Ramón y Cajal, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Sánchez Rodríguez, Ant-
onio 

Hospital Universitario Marqués de Valdecilla, Santander, Spain Site investigator Evaluation of participants and/or 
data management 

Santacruz, Pilar Hospital Clínic de Barcelona, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Santos García, Diego CHUAC, Complejo Hospitalario Universitario de A Coruña Coordinator of the Project Coordination of the COPPADIS-2015 
Segundo Rodríguez, José 

Clemente 
Complejo Hospitalario de Toledo, Toledo, Spain Site investigator Evaluation of participants and/or 

data management 
Seijo, Manuel Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 

Spain 
Site investigator/PI Coordination at the center 

Evaluation of participants and/or 
data management 

Serarols, Agustí Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Sierra, María Hospital Universitario Marqués de Valdecilla, Santander, Spain Site investigator Evaluation of participants and/or 
data management 

Solano, Berta Institut d'Assistència Sanitària (IAS) - Instituí Cátala de la Salud. Girona, 
Spain 

Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Suárez Castro, Ester Complejo Hospitalario Universitario de Ferrol (CHUF), Ferrol, A Coruña, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Tartari, Juan Pablo Hospital Universitari Mutua de Terrassa, Terrassa, Barcelona, Spain Site investigator Evaluation of participants and/or 
data management 

Valero, Caridad Hospital Arnau de Vilanova, Valencia, Spain Site investigator Evaluation of participants and/or 
data management 

Vargas, Laura Hospital Universitario Virgen del Rocío, Sevilla, Spain Site investigator Evaluation of participants and/or 
data management 

Vázquez Gómez, Ricardo Complejo Hospitalario Universitario de Pontevedra (CHOP), Pontevedra, 
Spain 

Site investigator Evaluation of participants and/or 
data management 

Vela, Lydia Fundación Hospital de Alcorcón, Madrid, Spain Site investigator/PI Coordination at the center 
Evaluation of participants and/or 
data management 

Villanueva, Clara Hospital Universitario Clínico San Carlos, Madrid, Spain Site investigator Evaluation of participants and/or 
data management 

Vives, Bárbara Hospital Universitario Son Espases, Palma de Mallorca, Spain Site investigator Evaluation of participants and/or 
data management 

Villar, Maria Dolores Hospital Universitario de Canarias, San Cristóbal de la Laguna, Santa Cruz 
de Tenerife, Spain 

Site investigator Evaluation of participants and/or 
data management  

References 

[1] J.S. Reijnders, U. Ehrt, W.E. Weber, D. Aarsland, A.F. Leenjens, A systematic review 
of prevalence studies of depression in Parkinson's disease, Mov. Disord. 23 (2008) 
183–189. 

[2] L.C. Tan, Mood disorders in Parkinson's disease, Parkinsonism Relat. Disord. 18 
(Suppl. 1) (2012) S74–S76. 

[3] L.L. Judd, M.H. Rapaport, M.P. Paulus, J.L. Brown, Subsyndromal symptomatic 
depression: a new mood disorder? J. Clin. Psychiatry 55 (Suppl) (1994) 18–28. 

[4] G. Santangelo, C. Vitale, L. Trojano, et al., Subthreshold depression and subjective 
cognitive complaints in Parkinson's disease, Eur. J. Neurol. 21 (2014) 541–544. 

[5] J. Reiff, N. Schmidt, B. Riebe, et al., Subthreshold depression in Parkinson's disease, 
Mov. Disord. 26 (2011) 1741–1744. 

[6] D.A. Nation, H.L. Katzen, S. Papapetropoulos, B.K. Scanlon, B.E. Levin, 
Subthreshold depression in Parkinson's disease, Int. J. Geriatr. Psychiatry 24 (2009) 
937–943. 

[7] U. Ehrt, K. Brønnick, P.P. De Deyn, et al., Subthreshold depression in patients with 
Parkinson's disease and dementia _ clinical and demographic correlates, Int. J. 
Geriatr. Psychiatry 22 (2007) 980–985. 

[8] S.E. Starkstein, M. Merello, R. Jorge, et al., A validation study of depressive syn-
dromes in Parkinson's disease, Mov. Disord. 23 (2008) 538–546. 

[9] A. Schrag, Quality of life and depression in Parkinson's disease, J. Neurol. Sci. 248 
(2006) 151–157. 

[10] S. Holroyd, L.J. Currie, G.F. Wooten, Depression is associated with impairment of 
ADL, non motor function in Parkinson's disease, Neurology 64 (2005) 2134–2135. 

[11] D. Santos García, S. Jesús, M. Aguilar, et al., COPPADIS Study Group. COPPADIS- 
2015 (COhort of Patient's with PArkinson's DIsease in Spain, 2015): an ongoing 

global Parkinson's disease Project about disease progression with more than 1,000 
subjects included. Results from the baseline evaluation, Eur. J. Neurol. 26 (2019) 
1399–1407 (epub ahead of print). 

[12] D. Santos-García, P. Mir, E. Cubo, et al., COPPADIS study group. COPPADIS-2015 
(COhort of patients with PArkinson's DIsease in Spain, 2015), a global–clinical 
evaluations, serum biomarkers, genetic studies and neuroimaging–prospective, 
multicenter, non-interventional, long-term study on Parkinson's disease progres-
sion, BMC Neurol. 16 (2016) 26. 

[13] A.T. Beck, R.A. Steer, G.K. Brown, Beck Depression Inventory-Second Edition. 
Manual, The Psychological Corporation, San Antonio, 1996. 

[14] American Psychiatric Association, Diagnostic and Statical Manual of Mental 
Disorders, Fourth ed., American Psychiatric Association, Washington, DC, 1994. 

[15] L.L. Judd, M.H. Rapaport, M.P. Paulus, J.L. Brown, Subsyndromal symptomatic 
depression: a new mood disorder? J.Clin. Psychiatry 55 (Suppl) (1994) 18–28. 

[16] C. Jenkinson, R. Fitzpatrick, V. Peto, R. Greenhall, N. Hyman, The Parkinson's 
disease questionnaire (PDQ-39): development and validation of a Parkinson's dis-
ease summary index score, Age Ageing 26 (1997) 353–357. 

[17] D. Santos García, R. de la Fuente-Fernández, Impact of non-motor symptoms on 
health-related and perceived quality of life in Parkinson's disease, J. Neurol. Sci. 
332 (2013) 136–140. 

[18] N.S. Da Rocha, M.J. Power, D.M. Bushnell, M.P. Fleck, The EUROHIS-QOL 8-item 
index: comparative psychometric properties to its parent WHOQOL-BREF, Value 
Health 15 (2012) 449–457. 

[19] K. Ray Chaudhuri, J.M. Rojo, A.H. Schapira, et al., A proposal for a comprehensive 
grading of Parkinson's disease severity combining motor and non-motor assess-
ments: meeting an unmet need, PLoS One 8 (2) (2013) e57221. 

[20] S.E. Starkstein, S. Brockman, Management of depression in Parkinson's disease: a 
systematic review, Mov. Disord. Clin. Pract. 4 (2017) 470–477. 

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

11

http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0005
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0005
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0005
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0010
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0010
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0015
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0015
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0020
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0020
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0025
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0025
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0030
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0030
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0030
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0035
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0035
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0035
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0040
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0040
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0045
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0045
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0050
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0050
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0055
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0055
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0055
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0055
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0055
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0060
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0060
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0060
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0060
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0060
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0065
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0065
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0070
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0070
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0075
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0075
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0080
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0080
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0080
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0085
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0085
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0085
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0090
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0090
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0090
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0095
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0095
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0095
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0100
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0100


[21] D. Santos García, T. de Deus Fonticoba, C. Borrué, et al., COPPADIS Study Group. 
Non-motor symptoms burden, mood, and gait problems are the most significant 
factors contributing to a poor quality of life in non-demented Parkinson's disease 
patients: results from the COPPADIS Study Cohort, Parkinsonism Relat. Disord. 66 
(2019) 151–157 (epub ahead of print). 

[22] P. Martinez-Martin, C. Rodriguez-Blazquez, M.M. Kurtis, K.R. Chaudhuri, NMSS 
validation group. The impact of non-motor symptoms on health-related quality of 
life of patients with Parkinson's disease, Mov. Disord. 26 (2011) 399–406. 

[23] P. Martinez-Martin, M.M. Kurtis, Health-related quality of life as an outcome 
variable in Parkinson's disease, Ther. Adv. Neurol. Disord. 5 (2012) 105–117. 

[24] C. Jonker, M.I. Geerlings, B. Schmand, Are memory complaints predictive for de-
mentia? A review of clinical and population based studies, Int. J. Geriatr. Psychiatry 
15 (2000) 983–991. 

[25] R. Purri, L. Brennan, J. Rick, et al., Subjective cognitive complaint in Parkinson's 
disease patients with normal cognition: canary in the coal mine? Mov. Disord. 
(2020), https://doi.org/10.1002/mds.28115 (Online ahead of print). 

[26] P.G. Frisina, V. Haroutunian, L.S. Libow, The neuropathological basis for depression 
in Parkinson's disease, Parkinsonism Relat. Disord. 15 (2009) 144–148. 

[27] J.S. Reijnders, U. Ehrt, R. Lousberg, et al., The association between motor subtypes 

and psychopathology in Parkinson's disease, Parkinsonism Relat. Disord. 15 (2009) 
379–382. 

[28] B. Post, M.P. Merkus, R.J. de Haan, Speelman JD. CARPA Study Group, Prognostic 
factors for the progression of Parkinson's disease: a systematic review, Mov. Disord. 
22 (2007) 1839–1851. 

[29] D. Santos-García, T. de Deus Fonticoba, E. Suárez Castro, et al., on behalf of 
COPPADIS Study Group. Non-motor symptom burden is strongly correlated to 
motor complications in patients with Parkinson's disease, Eur. J. Neurol. 27 (2020) 
1210–1223 (epub ahead of print). 

[30] M. Aguilar, P. Pastor, M. Almeria, et al., Coppadis. Depression (BDI-II) in 
Parkinson's disease: prevalence, types, and variables associated to major, minor and 
subclinical depression in COPPADIS cohort [abstract], Mov. Disord. 33 (Suppl. 2) 
(2018). 

[31] Y. Forsell, A three-year follow-up of major depression, dysthymia, minor depression 
and subsyndromal depression: results from a population-based study, Depress. 
Anxiety 24 (2007) 62–65. 

[32] S. Krishnan, G. Sarma, S. Sarma, A. Kishore, Do nonmotor symptoms in Parkinson's 
disease differ from normal aging? Mov. Disord. 26 (2011) 2110–2113.  

D. Santos-García, et al.   Journal of the Neurological Sciences 418 (2020) 117109

12

http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0105
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0105
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0105
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0105
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0105
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0110
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0110
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0110
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0115
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0115
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0120
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0120
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0120
https://doi.org/10.1002/mds.28115
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0130
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0130
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0135
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0135
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0135
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0140
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0140
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0140
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0145
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0145
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0145
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0145
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0150
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0150
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0150
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0150
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0155
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0155
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0155
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0160
http://refhub.elsevier.com/S0022-510X(20)30446-9/rf0160

	Quality of life and non-motor symptoms in Parkinson's disease patients with subthreshold depression
	1 Introduction
	2 Methods
	2.1 Data analysis
	2.2 Standard protocol approvals, registrations, and patient consents
	2.3 Data availability

	3 Results
	4 Discussion
	Funding sources
	Financial disclosures
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	Appendix B Appendix 1
	Appendix C Appendix 2
	Appendix D Appendix 3
	References




