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Abstract.

Background: Although many studies have analyzed what factors contribute to caregiver burden in Parkinson’s disease (PD),
there is currently no knowledge about how the status of the caregiver could impact the patient.

Objective: The aim of this study was to analyze how the change in the caregiver’s status influences PD patients.

Methods: PD patients and their caregivers who were recruited from January/2016 to November/2017 from 35 centers
in Spain from the COPPADIS cohort were included in the study (V0). They were evaluated again at 2-year follow-up
(V2). Caregivers completed the Zarit Caregiver Burden Inventory (ZCBI), Caregiver Strain Index (CSI), Beck Depres-
sion Inventory-II (BDI-II), and EUROHIS-QOL 8-item index (EUROHIS-QOLS) at VO and V2. Multivariate models were
used to analyze the impact of the change from VO to V2 (A) on the caregiver’s status over the change in the patient’s
status.

Results: ABDI-II and AEUROHIS-QOLS in the caregiver predicted ABDI-II (B=0.32; p<0.0001; R>=0.71) and
AEUROHIS-QOLS8 (B=0.39; p<0.0001; R2=0.68) in the patient, respectively. Variables related to the caregiver were
not associated with changes in the patient’s health-related QoL (APDQ-39 [39-item Parkinson’s disease Questionnaire]) or
autonomy for activities of daily-living (AADLS [Schwab & England Activities of Daily Living Scale]).

Conclusion: The change in the caregiver’s mood and global QoL was associated with the change in the patient’s mood and
global QoL, respectively, independently of other variables of the disease influencing both patient’s aspects. Based on this
finding, it could be of great importance to detect depression in the principal caregiver of a patient and act on it as earlier as
possible.

Keywords: Caregiver, longitudinal, mood, Parkinson’s disease, quality of life
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurode-
generative disorder causing motor and non-motor
symptoms (NMS) that result in loss of patient auton-
omy for activities of daily-living (ADL) and quality
of life (QoL) [1]. Given that symptoms progres-
sion with longer disease duration leads to a loss of
independence, the majority of patients have a prin-
cipal caregiver responsible for care throughout the
course of the disease. However, PD symptoms impact
not only the patient but on the principal caregiver
too and can cause stress, burden, depression, and
a worse QoL [2]. Persistent caregiver burden may
lead to strain, an enduring change in the caregiver’s
sense of well-being that predisposes to burnout [3].
Symptoms associated with caregiver burden have
been identified in different studies, such as cognitive
impairment, apathy, irritability, sleep disorders, falls,
disability, and more advanced stage disease, among
others [2—15]. Still, there is no knowledge about how
the status of the caregiver impacts on the patient.
This is an important association because an over-
worked caregiver might take worse care of the patient
or have behavior changes (e.g., depression, irritabil-
ity, etc.) that could negatively influence the patient
directly, establishing a vicious cycle; the worse the
patient’s condition, the worse the caregiver’s con-
dition, and vice versa. In this context, it would be
especially useful to analyze how the longitudinally
changes experienced by the caregiver can impact on
the PD patient.

Recently, we published the largest (N=192) and
longest (2-year follow-up) prospective study in which
predictors of a change in burden, strain, mood, and
QoL in the principal caregiver of PD patients were
identified [16]. Mood changes in the patient were
the main factors affecting mood in the caregiver
and mood changes in the caregiver was identified
as the main factor impacting on strain, burden and
QoL of the caregiver. We hypothesized that changes
in the status of the caregiver might influence the
patient (Fig. 1). Under this approach, the aim of the
present study was to analyze if a change in mood
(BDI-II [Beck Depression Inventory-II]), burden
(ZCBI [Zarit Caregiver Burden Inventory]), strain
(CSI [Caregiver Strain Index]), and/or global QoL
(EUROHIS-QOLS [EUROHIS-QOL 8-item index])
of the principal caregiver of a patient with PD after
a 2-year follow-up was associated with changes in
the patient’s mood (BDI-II), autonomy for ADL
(ADLS [Schwab & England Activities of Daily

Living Scale]), health-related QoL (PDQ-39 [39-
item Parkinson’s disease Questionnaire], and global
QoL (EUROHIS-QOLS), independently to other PD
related factors. In other words, the goal was to deter-
mine if a worse status of the caregiver impacts on
the patient. More importantly, this would justify the
necessity to identify and treat overworked caregivers
as soon as possible, as has been previously suggested

[3].

MATERIALS AND METHODS

PD patients and their caregivers, who were
recruited from 35 centers in Spain from the COP-
PADIS cohort [17] from January 2016 to November
2017 and evaluated again at 2-year follow-up,
were included in the study. Methodology about
COPPADIS-2015 study can be consulted at https://
bmcneurol.biomedcentral.com/articles/10.1186/s128
83-016-0548-9 [18]. This is a multi-center, obser-
vational, longitudinal-prospective, 5-year follow-up
study designed to analyze disease progression in a
Spanish population of PD patients. All the patients
included were diagnosed according to UK PD Brain
Bank criteria [19]. The principal caregiver [20] of
the patient was included if the patient had a caregiver
who voluntarily agreed to participate and sign an
informed consent. Patients had to have retained the
same primary caregiver at both time points to be
included in this analysis.

PD patient assessment

In PD subjects, information on sociodemographic
aspects, factors related to PD, comorbidity, and treat-
ment was collected at baseline (visit VO) and at
2 years£ 1 month (visit V2). VO and V2 evalu-
ations included motor assessment (Hoenh & Yahr
[H&Y], Unified Parkinson’s Disease Rating Scale
[UPDRS] part III and part IV, Freezing of Gait
Questionnaire [FOGQ]), NMS (Non-Motor Symp-
toms Scale [NMSS], Parkinson’s Disease Sleep
Scale [PDSS], Visual Analog Scale-Pain [VAS-Pain],
Visual Analog Fatigue Scale [VAFS]), cognition
(PD-CRS), mood and neuropsychiatric symptoms
(BDI-II, Neuropsychiatric Inventory [NPI], Ques-
tionnaire for Impulsive-Compulsive Disorders in
Parkinson’s Disease-Rating Scale [QUIP-RS]), dis-
ability (ADLS), and health-related (PDQ-39) and
global QoL (EUROHIS-QOLS) [18]. In all the
scales/questionnaires a higher score indicates a more


https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-016-0548-9
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-016-0548-9
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-016-0548-9
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Fig. 1. Hypothesis proposed in this study. Regarding previous data published from the COPPADIS cohort [16], patient’s mood is the main
factor influencing caregiver’s mood and caregiver’s mood the main factor influencing caregiver’s burden, strain and QoL. The question
(question mark) is if the change in the long-term of these caregiver’s variables can impact over the change in patient’s variables (mood, QoL
and autonomy for ADL). ADL, activities of daily living; ADLS, Schwab & England Activities of Daily Living Scale; CSI, Caregiver Strain
Index; EUROHIS-QOLS, EUROHIS-QOL 8-item index; PD, Parkinson’s disease; PDQ-39, 39-item Parkinson’s disease Questionnaire;

QoL, quality of life; ZCBI, Zarit Caregiver Burden Inventory.

severe affectation apart from PD-CRS, PDSS, ADLS,
and EUROHIS-QOLS, which were the opposite. In
patients with motor fluctuations, the motor assess-
ment was made during the OFF state (without
medication in the last 12 hours) and during the ON
state. The assessment was only performed without
medication in patients without motor fluctuations.

Caregiver assessment

In caregivers, sociodemographic data were col-
lected at baseline [16]. Four aspects were analyzed in
the caregiver at VO and at V2: mood (BDI-II); burden
(ZCBI); strain (CSI); and global QoL (EUROHIS-
QOLS). ZCBI [21] contains 22 items that rate the
impact of the disease on the caregiver’s physical,
emotional, and socioeconomic status. Responses are
scored on a scale from O (never) to 4 (nearly always).
The maximum total score, indicative of the highest
burden, is 88. CSI [22] is a 13-item questionnaire
designed to assess the level of stress experienced by
caregivers. There are two possible responses for each

item: “yes” or “no”. The total score is the result of
adding all positive responses (from 0, no stress, to
13, maximum level of stress). Mood was assessed
with the BDI-II [23]. This is a self-administered,
21 item instrument. It has been designed to assess
the severity of depression symptoms in adults and
adolescents with a minimum age of 13 years. The
evaluated subject must choose one of four alterna-
tives (ordered from lesser to greater severity), in each
item, that best describes his/her status over the previ-
ous two weeks. The score ranges from 0 (minimum)
to 63 (maximum). Higher scores will reflect, a priori,
a worse mood. Finally, global QoL was measured
with the EUROHIS-QOLS [24]. This is an 8-item
QoL questionnaire (QoL, health status, energy, auton-
omy in activities of daily living [ADL], self-esteem,
social relationships, economic capacity, and habitat)
derived from the WHOQOL-100 and the WHOQOL-
BREEF. 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 higher QoL.
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Correlation between the change in the stage of the principal caregiver (mood, burden, strain and QoL) and the change in the stage of the
patient (mood, autonomy for ADL, and QoL) from baseline visit (V0) to 2-year follow-up visit (V2)

AV2-V0 BDLIL CSL EUROSHIS-QOLS:
BDLIL N. A 0.42 (p <0.0001) 0.39 (p<0.0001) -0.35 (p <0.0001)
ZCBI, 0.42 (p<0.0001) 0.55 (p<0.0001) ~0.34 (p<0.0001)
CSI, 0.39 (p<0.0001) 0.55 (p <0.0001) N. A. ~0.31 (p<0.0001)
EUROHIS-QOLS, -0.35 (p<0.0001) -0.34 (p<0.0001) -0.31 (p<0.0001) N. A.

BDI, 0.39 (p<0.0001) 0.19 (p=0.007) 0.18 (p=0.010) ~0.23 (p=0.001)
ADLS, -0.08 (p=0.271) -0.18 (p=0.012) -0.14 (p=0.042) 0.09 (p=0.184)
PDQ-39, 0.15 (p=0.037) 0.13 (p=0.065) 0.10 (p=0.163) 0.02 (p=0.740)
EUROHIS-QOLS, ~0.08 (p=0.231) -0.03 (p=0.629) -0.10 (p=0.156) 0.39 (p <0.0001)

Spearman correlation coefficient was applied (r and p value are shown). ADLS, Schwab & England Activities of Daily Living Scale; BDI-II,
Beck Depression Inventory-1I; CSI, Caregiver Strain Index; PDQ-39, the ZCBI, Zarit Caregiver Burden Inventory; QoL, quality of life. C in
subscript, caregiver (i.e., BDI-IIc, change from VO to V2 in the BDI-II score, etc.); P in subscript, patient.

Data analysis

Data were processed using SPSS 20.0 for Win-
dows. Only PD patients and their caregivers (the same
caregiver after the 2-year follow-up) from the COP-
PADIS cohort with data of the BDI-II, ZCBI, CSI, and
EUROHIS-QOLS collected at both visits, VO and V2,
were included in the analysis [16].

With the aim to know the influence of the change
from VO to V2 of caregiver’s variables over the
change in mood, QoL, and autonomy for ADL in the
PD patient, linear regression models were conducted.
The change in each variable from the patient and the
caregiver was calculated as the difference between
the value at V2 and at VO (i.e., A BDI-II=BDI-IIy,
— BDI-Ilyg). In all the models, the four caregiver’s
variables were included (ABDI-II; AZCBI; ACSI;
AEUROHIS-QOLS). Four models were defined as
having an aspect of the patient to analyze as a
dependent variable: 1) Model 1, change in mood
(ABDI-II); 2) Model 2, change in health-related
QoL (APDQ-39); 3) Model 3, change in global QoL
(AEUROHIS-QOLS); 4) Model 4, change in auton-
omy for ADL (AADLS). Covariates from the patient
included in the models were the change from VO to
V2 (A)in LEDD [25], UPDRS-III-OFF, UPDRS-1V,
FOGQ, PD-CRS, NMSS, BDI-II (except in Model 1
for being the dependent variable), PDSS, QUIP-RS,
NPI, VAS-PAIN, VAFS, ADLS (except in Model 4
for being the dependent variable), PDQ-39 (except
in Model 2 for being the dependent variable), and
EUROHIS-QOLS8 (except in Model 3 for being the
dependent variable). Each model was adjusted to the
value of the dependent variable at baseline too. Tol-
erance and variance inflation factor (VIF) were used
to detect multicollinearity. Multicollinearity was con-
sidered problematic when tolerance was less than 0.2
and, simultaneously, the value of VIF was 10 and

above. Spearman’s or Pearson’s correlation coeffi-
cient were also used as appropriate (distribution for
variables was verified by a one-sample Kolmogorov-
Smirnov test). Correlations were considered weak
for coefficient values <0.29, moderate for values
between 0.30 and 0.59, and strong for values >0.60.
The p-value was considered significant (highly sig-
nificant) when it was <0.001.

Standard protocol approvals, registrations, and
patient consents

For this study, we received approval from the
Comité de Etica de la Investigacién Clinica de
Galicia from Spain (2014/534; 02/DEC/2014). Writ-
ten informed consents from all participants in this
study were obtained. COPPADIS-2015 was classified
by the AEMPS (Agencia Espanola del Medica-
mentoy Productos Sanitarios) as a Post-authorization
Prospective Follow-up study with the code COH-
PAK-2014-01.

Data availability

The protocol and the statistical analysis plan are
available on request. Deidentified participant data are
not available for legal and ethical reasons.

RESULTS

The study included one hundred and ninety-two
PD patients (63.96 & 8.74 years old; 63% males) and
their principal caregiver. The mean age of the care-
givers was 58.82 £ 11.71 years old, and 69.3% were
females. Clinical and sociodemographic details of
patients and caregivers have been recently published
[16] and are shown in Supplementary Table 1.
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Table 2
Effect of changes in the caregiver over the change in mood in PD patients from the COPPADIS
cohort after 2-year follow-up (N=192)

Univariate analysis Multivariate analysis

B 95% CI p B 95% C1 )2

Caregiver

A BDI-II 0.42 0.40-0.77 <0.0001 0.32 0.27 - 0.67 <0.0001

A ZCBI 0.19 0.05-0.28 0.006 0.10 —-0.02-0.22 0.125

A CSI 0.14 0.03-1.33 0.039 -0.03 —-0.89-0.50 0.576

A EUROHIS-QOLS8 -0.21 -7.97—1.67 0.003 0.20 1.74-8.13 0.003
Patient

A EUROHIS-QOLS8 0.22 0.07-0.40 0.006 —-0.56 -9.34—5.95 <0.0001

BDI-II at baseline 0.19 —-0.14—0.01 0.035 -0.36 -0.64—0.32 <0.0001

Dependent variable: change in the PD patient from VO to V2 (A) in the BDI-II total score. 3 standardized coefficient
and 95% IC are shown. ?, univariate analysis; b, multivariate analysis (Durbin-Watson test=2.11; RZ= 0.71). Only
significant variables (p <0.01) from the patient in the multivariate analysis are shown. Covariates from the patient
included were the change from VO to V2 (A) in LEDD, UPDRS-III-OFF, UPDRS-1V, FOGQ, PD-CRS, NMSS,
PDSS, QUIP-RS, NPI, VAS-PAIN, VAFS, ADLS, PDQ-39SI, EUROHIS-QOLS, and the score on the BDI-II
at baseline. ADLS, Schwab & England Activities of Daily Living Scale; BDI-II, Beck Depression Inventory-II;
CSI, Caregiver Strain Index; FOGQ, Freezing Of Gait Questionnaire; LEDD, levodopa equivalent daily dose;
Non-Motor Symptoms Scale; NPI, Neuropsychiatric Inventory; PD-CRS, Parkinson’s Disease Cognitive Rating
Scale; PDQ-39, the 39-item Parkinson’s disease Questionnaire Summary Index; PDSS, Parkinson’s Disease Sleep
Scale; QUIP-RS, Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease-Rating Scale; UPDRS,
Unified Parkinson’s Disease Rating Scale; VAS, Visual Analogue Scale; ZCBI, Zarit Caregiver Burden Inventory.

A significant moderate correlation was observed
between the four caregiver’s variables (p <0.0001 in
all analyses): ABDI-II and AZCBI, r=0.42; ABDI-
IT and ACSI, r=0.39; ABDI-II and AEUROHIS-
QOLS8, r=-0.35; AZCBI and ACSI, r=0.55;
AZCBI and AEUROHIS-QOLS, r=-0.34; ACSI
and AEUROHIS-QOLS, r=-0.31. Regarding PD-
related variables, the strongest correlation was
observed for the change from VO to V2 in mood
(ABDI-II) in the patient and the caregiver (r=0.39;
p<0.0001) and in the global QoL (AEUROSHIS-
QOLS) in the patient and the caregiver (r=0.39;
p<0.0001) (Table 1).

The change in the caregiver from VO to V2 in mood
was associated with the change in the patient from
VO to V2 in mood (ABDI-II) after the adjustment to
covariates (Model 1; R%2=0.7 1): 3=0.32; p<0.0001
(Table 2). The other factor associated with ABDI-Ilin
the patient was the change in global QoL in the patient
(B=-0.56;p <0.0001). No caregiver’s variables were
associated with the change in the patient from VO
to V2 in his/her health-related QoL (Table 3A), as
the change in the patient from VO to V2 in the
NMSS total score the factor significantly associ-
ated with APDQ-39 (B =0.29; p <0.0001) (Model 2;
R2=0.51). However, regarding the patient’s change
in global QoL, the change in the caregiver from VO to
V2 in the global QoL was identified as an associated
factor (8 =0.39; p <0.0001) together with the change
in the own caregiver in mood (3 =0.55; p<0.0001)

(Model 3; R2 =0.68; Table 3B). Finally, and again,
no caregiver’s variables were associated with the
change in the patient from VO to V2 in the auton-
omy for ADL, being the change in the own patient
in the health-related QoL the factor associated with
AADLS (B =-0.42; p <0.0001) (Model 4; R? =0.33;
Table 4). Figure 2 shows the influence of caregiver’s
variables (ABDI-II; AZCBI; ACSI; AEUROHIS-
QOLS) over patient’s variables (ABDI-II; APDQ-39;
AEUROHIS-QOLS; AADLS) and the associations
between patient’s variables. In all models, tolerance
was less than 0.2 for all variables included.

DISCUSSION

Unlike previously published studies [2-15] that
analyze which factors of PD influence the status
of the principal caregiver, the present study ana-
lyzes whether the progressive changes in the status
of the caregiver have repercussions on the status of
the patient. We found that the change in the care-
giver’s mood predicted the change in the patient’s
mood independently of other variables of the dis-
ease influencing the patient’s mood. We also found
an association between the change in the global QoL.
in both the patient and the caregiver. This finding is
novel and agrees with the idea of the vicious cycle of
illness. Depressive symptoms in the patient impact
the caregiver’s mood, and depressive symptoms in



D. Santos-Garcia et al. / Caregiver and Patient, the Vicious Cycle of Illness

Table 3
Effect of changes in the caregiver over the change in health-related and global QoL in PD patients from
the COPPADIS cohort after 2-year follow-up (N =192)

Univariate analysis Multivariate analysis
B 95% C1 p B 95% C1 J2
A) A PDQ-39S1
Caregiver
A BDI-I 0.19 0.10-0.62 0.006 0.16 0.01-0.54 0.047
A ZCBI 0.28 0.16-0.46 <0.0001 0.03 -0.13-0.20 0.671
A CSI 0.20 0.41-2.15 0.004 0.04 -0.72-1.20 0.818
A EUROHIS-QOLS8 0.01 —3.89-4.64 0.863 0.13 -0.33-7.74 0.072
Patient
A UPDRS-III 0.41 0.37-0.73 <0.0001 0.20 0.06-0.43 0.008
A NMSS 0.57 0.16-0.25 <0.0001 0.29 0.05-0.15 <0.0001
A ADLS -0.48 -0.62—0.36 <0.0001 -0.25 -0.39—0.10 0.001
PDQ-39 at baseline -0.20 -0.32—0.05 0.005 -0.20  -0.29—0.06 0.002
B) EUROSHIS-QOLS8
Caregiver
A BDI-II -0.14  -0.029—0.001 0.039 0.24 0.01-0.04 0.001
A ZCBI -0.04  -0.011-0.006 0.530 0.02 -0.00-0.01 0.679
A CSI -0.09  -0.078-0.016 0.201 -0.03  -0.06-0.03 0.604
A EUROHIS-QOLS8 0.41 0.454-0.878 <0.0001 0.39 0.49-0.89 <0.0001
Patient
A BDI-I -0.63 -0.053—0.037 <0.0001 -0.55 -0.03—0.66  <0.0001

EUROHIS-QOLS at baseline ~ 0.39 0.024-0.049 <0.0001 -0.37 -0.65—0.36  <0.0001

Dependent variable: change in the PD patient from VO to V2 (A) in the PDQ-39 (A) and EROHIS-QOLS (B). B
standardized coefficient and 95% IC are shown. ?, univariate analysis; b multivariate analysis: A) Durbin-Watson
test =2.07; R? =0.51; B) Durbin-Watson test = 2.02; R? = 0.68. Only significant variables (p < 0.01) from the patient
in the multivariate analysis are shown. Covariates from the patient included were the change from VO to V2 (A) in
LEDD, UPDRS-III-OFF, UPDRS-1V, FOGQ, PD-CRS, NMSS, PDSS, QUIP-RS, NPI, VAS-PAIN, VAFS, ADLS,
and the score on the PDQ-39SI (A) and EUROHIS-QOLS (B) at baseline. ADLS, Schwab & England Activi-
ties of Daily Living Scale; BDI-II, Beck Depression Inventory-II; CSI, Caregiver Strain Index; FOGQ, Freezing
Of Gait Questionnaire; LEDD, levodopa equivalent daily dose; Non-Motor Symptoms Scale; NPI, Neuropsychi-
atric Inventory; PD-CRS, Parkinson’s Disease Cognitive Rating Scale; PDQ-39, the 39-item Parkinson’s disease
Questionnaire Summary Index; PDSS, Parkinson’s Disease Sleep Scale; QUIP-RS, Questionnaire for Impulsive-
Compulsive Disorders in Parkinson’s Disease-Rating Scale; UPDRS, Unified Parkinson’s Disease Rating Scale;
VAS, Visual Analogue Scale; ZCBI, Zarit Caregiver Burden Inventory.

Table 4
Effect of changes in the caregiver over the change in autonomy for ADL in PD patients from the COPPADIS
cohort after 2-year follow-up (N =192)

Univariate analysis Multivariate analysis
B 95% CI p B 95% CI p

Caregiver

A BDI-II -0.05 -0.35-0.16 0.465 0.25 0.07-0.81 0.018

A ZCBI -0.23 -0.40—0.10 0.001 —0.14 —-0.38-0.04 0.112

A CSI -0.18 -1.99—0.28 0.009 -0.05 -1.55-0.79 0.526

A EUROHIS-QOLS 0.05 —2.60-5.72 0.461 0.06 -3.62-7.61 0.484
Patient

A FOGQ -0.38 -1.55—0.75 <0.0001 -0.25 -1.28—0.33 0.001

A PDQ39SI —0.48 —-0.59—0.34 <0.0001 —0.42 —-0.62—0.24 <0.0001

Dependent variable: change in the PD patient from VO to V2 (A) in the ADLS score. 3 standardized coefficient and
95% IC are shown. 2, univariate analysis; b multivariate analysis (Durbin-Watson test = 1.956; R2 =0.33). Only
significant variables (p <0.01) from the patient in the multivariate analysis are shown. Covariates from the patient
included were the change from VO to V2 (A) in LEDD, UPDRS-III-OFF, UPDRS-IV, FOGQ, PD-CRS, NMSS,
PDSS, QUIP-RS, NPI, VAS-PAIN, VAFS, ADLS, PDQ-39SI, EUROHIS-QOLS, and the score on the ADLS
at baseline. ADLS, Schwab & England Activities of Daily Living Scale; BDI-II, Beck Depression Inventory-II;
CSI, Caregiver Strain Index; FOGQ, Freezing Of Gait Questionnaire; LEDD, levodopa equivalent daily dose;
Non-Motor Symptoms Scale; NPI, Neuropsychiatric Inventory; PD-CRS, Parkinson’s Disease Cognitive Rating
Scale; PDQ-39, the 39-item Parkinson’s disease Questionnaire Summary Index; PDSS, Parkinson’s Disease Sleep
Scale; QUIP-RS, Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease-Rating Scale; UPDRS,
Unified Parkinson’s Disease Rating Scale; VAS, Visual Analogue Scale; ZCBI, Zarit Caregiver Burden Inventory.
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Fig. 2. The associations between the change from baseline visit (VO0) to 2-year follow-up visit (V2) in caregiver’s and patient’s variables are
shown. The change in caregiver’s mood influences the change in patient’s mood (ABDI-II; in bright green) whereas the change in caregiver’s
global QoL is associated to the change in patient’s global QoL (AEUROHIS-QOLS; in bright yellow). Moreover, the change in patient’s
mood influences the change in patient’s global QoL whereas the change in patient’s global QoL and health-related QoL is associated with
the change in patient’s mood and autonomy for ADL, respectively (red arrows). ADL, activities of daily living; ADLS, Schwab & England
Activities of Daily Living Scale; CSI, Caregiver Strain Index; EUROHIS-QOLS, EUROHIS-QOL 8-item index; PD, Parkinson’s disease;
PDQ-39, 39-item Parkinson’s disease Questionnaire; QoL, quality of life; ZCBI, Zarit Caregiver Burden Inventory.

the caregiver have a negative impact on the patient’s
mood as well. This could justify the necessity of early
identification and proper management of depression
and burden in the principal caregiver of a PD patient
[2, 26].

Caregiving may have rewarding consequences,
such as strengthening emotional ties, improving self-
esteem, generating altruism, and making financial
savings [27]. However, caring for ill family members,
especially with a chronic degenerative disease in the
long-term, can have negative impacts on caregivers’
mental health [28]. Caregiving burden, in terms of
physical strain, has been found to predict caregivers’
health [29]. On the other hand, mental health, in
terms of depression, could predict burden [30]. In
fact, depression is one of the most common negative
effects of caregiving [31], being major depression
detected in this cohort in 13% and 15.1% of the
caregivers at baseline and after the 2-year follow-
up, respectively [16]. In this context, an important
question arises: does the worsening of the caregiver’s

condition worsen the care of the patient and sec-
ondarily perpetuate the problem since both factors
feed off each other? Surprisingly, in PD and other
pathologies including cancer, the literature focuses
on identifying the causes of caregiver overload and
the consequences on the caregiver but not on the
patient [32, 33]. Even though there is literature about
therapies aimed to treat caregiver burden, again the
benefits for the caregiver are analyzed but not the
positive consequences that they could have on the
patient [2, 34, 35]. This is important because one of
the consequences of caregiver burden is a reduction
in care provision and in the quality of care provided
[36]. A study by Given et al. [37] claims that the
quality of care is reduced when a caregiver expe-
riences burden, and it may be manifested due to a
decreased coping ability and lack of emotional sup-
port for the care-recipient. Our study analyzes for the
first time how short-term deterioration in the status
of the caregiver can negatively influence the patient.
It also detects that the worsening of the caregiver’s
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mood is a key factor that impacts on the patient’s
mood after adjusting for the changes experienced in
many other variables of the patient’s disease. Impor-
tantly, the model provided about 70% of the variance
of the principal variable (patient’s mood change).
This is a critical point given that the change in the
patient’s mood is the most influential factor in the
caregiver’s mood, and this, at the same time, gener-
ates overload, stress, and a worse QoL in the caregiver
him/herself [16], which is associated with a worse
QoL of the patient. However, the status of the care-
giver did not influence the patient’s health-related
QoL, which is more conditioned (PDQ-39) by the
symptoms of the disease [38, 39], especially NMS
as it has been found in the model. We also failed to
demonstrate the impact of caregiver status on patient
autonomy. Our findings are novel, and the next step
should be to demonstrate if treating caregiver burden
and depression can improve not only the status of the
caregiver but also the patient indirectly as well. Dif-
ferent strategies could be tested, such as education
and psychotherapy [40], rehabilitation [41], or mul-
tidisciplinary interventions [42]. Again, treatment of
patient’s symptoms to improve the caregiver’s status
has been analyzed [43] but the opposite has not.

Our study has some limitations, some of them pre-
viously reported in a recent publication [16], such
as a loss to follow-up of nearly 30% of the subjects
(patient and his/her caregiver) with respect to the
baseline sample and the fact that caregiver’s treatment
or other possible interventions were not collected. In
the models, the relationship between some variables
changed the sign after adjusting for the covariates,
such as the relation between ABDI-II in the patient
(dependent variable) and AEUROHIS-QOLS in the
caregiver in Model 1 (from negative to positive) and
AEUROHIS-QOLS in the patient (dependent vari-
able) and ABDI-II in the caregiver in Model 3 (from
negative to positive), contrary to expectation. This
could be explained by the effect of including many
covariates and the influence of altogether over the
dependent variable. However, in all models the R2
was high, collinearity was excluded, and only results
with very high significance (p <0.001) were consid-
ered valid.

In conclusion, this is the first time that the change
in the caregiver’s status demonstrated an influence on
the change in patient’s status. So, depressive symp-
toms in the patient affect the caregiver but also vice
versa. Moreover, the change in the caregiver’s global
QoL seems to predict the change in the patient’s
global QoL. With the aim to stop the vicious circle of

illness in PD, detection of depression and burden in
the principal caregiver of the patient is important and
should be acted on as earlier as possible. In addition,
more studies to replicate these findings and test this
hypothesis are needed.
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