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Abstract

Background: There is no clear time point for the onset of depression and anxiety in
Parkinson’s disease (PD), and their atypical physical symptoms often overlap with other
nonmotor symptoms. Autonomic dysfunction usually appears earlier than motor symp-
toms, seriously impairing activities of daily living (ADL), even quality of life. Whether
autonomic dysfunction can affect depression and anxiety in PD patients through ADL
is still unclear.

Methods: We conducted three progressive autoregressive mediation models to eval-
uate whether ADL may mediate the association between autonomic symptom bur-
den, where the mediation chain with autonomic function as an independent variable,
ADL as a mediating variable, and anxiety and depression as dependent variables. The
ADL of PD patients were measured by the Scales for Outcomes in Parkinson’s disease-
Autonomic (SCOPA-AUT) and Modified Schwab and England ADL scale, respectively,
and the status of depression and anxiety were measured by the Geriatric Depression
Scale (GDS) and State-Trait Anxiety Inventory (STAI).

Results: There were 338 PD patients, including 220 males and 118 females. Demo-
graphic information, including age, gender, and education level, were not correlated
with the depression and anxiety. Model Ill had the smallest AIC (AIC = 12,669.89),
and the cross-lagged relations were not statistically significant, so we selected Model
Il as the optimal model. In Model I, longitudinal autoregressive mediated effect and
longitudinal mediated effect of autonomic dysfunction affecting anxiety and depres-
sion through ADL were not statistically significant, suggesting longitudinal changes
of autonomic dysfunction were independent of anxiety and depression through ADL.
Contemporaneous mediated effects of autonomic dysfunction affecting anxiety and
depression through ADL were statistically significant, suggesting contemporaneous

autonomic dysfunction may contribute to anxiety and depression through ADL.
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1 | INTRODUCTION

Parkinson’s disease (PD) is the most common movement disorder and
represents the second most common neurological disorder, with its
incidence and prevalence on the rise steadily with age (GBD 2015
Disease and Injury Incidence and Prevalence Collaborators, 2016 ).
PD affects one to two people per 1000 at any one time, especially the
elderly, causing a lot of burden to patients and their families, as well as
to the entire society (Whetten-Goldstein et al., 1997). It has been esti-
mated that nearly 9 million people worldwide will suffer from PD by
2030 (Dorsey et al., 2007). The average life expectancy after diagnosis
of PDis 7-15 years (Golbe & Leyton, 2018). So far, there are no disease-
modifying treatments, which can stop or delay the disease process or
mortality. The main motor symptoms of PD patients are collectively
referred to as “parkinsonism,” including bradykinesia, cogwheel rigid-
ity, resting tremor, a slow shuffling gait, and imbalance (Pringsheim
et al,, 2013 ). Although PD is dominated by motor symptoms, a broad
array of nonmotor symptoms (NMS) are probably overshadowed by
more striking and frequent motor symptoms of PD (Sveinbjornsdottir,
2016), and it took to appreciate and measure the impact of NMS on PD
till the 21st century (Martinez-Martin et al., 2011). It is now evident
that NMS not only occur across all motor stages of PD but also in pre-
motor stages (Gallagher et al., 2010), such as autonomic dysfunction
like constipation and urinary urgency, psychological symptoms like
depression and anxiety, causing patients more trouble and earlier than
their motor issues (Weintraub & Burn, 2011).

Depressive disorders are the most common condition among
neuropsychiatric symptoms (Maiti et al., 2017), with a prevalence
ranging from 40% to 50% (Marsh & Laura, 2013). Due to the overlap
of PD depressive symptoms and nonmotor symptoms and the lack
of clear criteria to evaluate and diagnose depression in PD patients,
there is often insufficient intervention or delay (Blonder & Slevin,
2011). In addition to inherent emotional distress, depressive disorders
have a negative impact on quality of life, cognition and function of PD
patients. Unfortunately, depression is underrecognized and under-
treated in clinical practice (Ravina et al., 2007). Studies have shown
that depressive disorders can develop at any stage of the PD, predating
the onset of motor symptoms by 4-6 years (Global Parkinson’s Disease
Survey (GPDS) Steering Committee, 2002). Anxiety is often comorbid
with depression and also can occur independently (Kristine et al.,
2012). Menza and colleagues reported that 92% of PD diagnosed with
anxiety had depression, and 67% of PD patients with depression had

anxiety (Menza et al,, 1993). Anxiety and depression have become
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Conclusions: Targeted prevention and intervention measures for autonomic dysfunc-
tion and ADL should be taken to preserve and improve self-perceived life satisfaction

in the clinical practice and preventive health care of PD.
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determinants of poorer quality of life, worse functional status and
cognitive function of PD patients (Duncan et al., 2014). However, neu-
rologists pay much attention to the impact of depression on patients
(Pontone et al., 2011), but ignore anxiety (Chen & Marsh, 2014).

Autonomic dysfunction is present in virtually all PD patients from
mild to life-threatening (Abbott et al., 2003), with prevalence ranging
from 14% to 80% (Berganzo et al., 2012). The natural history of
autonomic nervous dysfunction in PD is still poorly unclear, such as
swallowing, sleep disorders, cardiovascular dysregulation, and sexual
dysfunction (Kaye et al., 2006). Gastrointestinal dysfunction causes
impaired pharmacodynamics and deterioration of motor function, and
urinary retention from bladder abnormalities causes septicemia and
death (Palma & Kaufmann, 2018). Especially, orthostatic hypoten-
sion is present in some 50% of PD patients and results in increased
debilitation and more frequent syncope, falls and fractures in the later
stages of PD (Zesiewicz et al., 2003). These autonomic dysfunction
symptoms in PD patients (Tomic et al., 2017) often appear earlier than
motor symptoms, seriously impairing the quality of life (Merola et al.,
2017; Midiller et al., 2013). Aristide Merola proposed that worsening
of autonomic dysfunction symptoms was associated with impairments
in the activities of daily living (ADL), even after adjusting for disease
duration, cognitive impairment, and motor severity (Merola et al,,
2017). Miriam Sklerov reported longitudinal changes in autonomic
dysfunction directly or indirectly affected ADL in early PD through the
effect on depressive symptoms (Sklerov et al., 2020). Both subjective
and objective measures of autonomic dysfunction in PD appear to
have a negative impact on ADL (Merola et al., 2016; Sklerov et al.,
2020). The impact of autonomic nervous dysfunction on ADL needs to
be further investigated.

Due to the insidious onset of PD, there is no clear time point for
the onset of depression, anxiety and autonomic dysfunction, and their
atypical physical symptoms often overlap with other comorbide NMS.
Inadequate health care and resources and side effects of dopaminergic
medication make these assessments in PD patients often complex
(Gallagher & Schrag, 2012). Mediation analysis, widely applied in psy-
chological and behavioral research, provides an effective way to reveal
the “black box” of underlying processes (Dodhia, 2005; Lorenzo et al.,
2013). Most efforts of mediation have been based on cross-sectional
data, ignoring any consideration of time sequence (Shrout & Bolger,
2002). Maxwell pointed out that cross-sectional mediation analysis
typically generated substantially biased estimates of longitudinal
mediated effects, and implied the existence of a substantial indirect

effect (Maxwell et al., 2011). However, the relationship between
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depression, anxiety and autonomic dysfunction in PD patients may
vary with the development of the disease. Longitudinal mediation
analysis can explore a more complete possible interaction mechanism,
allowing researchers to investigate how the process develops over
time (Shrout, 2011).

In this study, we hypothesized that anxiety and depression were
affected by autonomic dysfunction through ADL of PD patients. With
this aim, we used longitudinal mediation analysis to explore the impact
and relationship between depression, anxiety and autonomic dysfunc-
tion, to provide suggestions for alleviating and preventing the depres-

sion and anxiety of PD.

2 | MATERIALS AND METHODS

2.1 | Participants
The data for this study were from the Parkinson’s Progression Mark-
ers Initiative (PPMI), an observational, international, multicenter study
designed to establish a longitudinal biomarker—defined early PD
cohort, to improve understanding of the etiology and course of PD
(Simuni et al., 2018). For the PPMI study, written informed consent
was obtained for all participants and the study protocol was approved
by the institutional review board at each participating center, before
protocol-specific procedures were performed. The dataset was down-
loaded on July 2, 2018, including 338 PD patients who were followed
for three years with an interval of one year. Please refer to the website
(www.ppmi-info.org) for detailed study design, inclusion and exclusion
criteria, standard protocols, registration, and consent procedures.
General information included gender, age, educational level, fam-
ily history, and disease duration. The Geriatric Depression Scale (GDS)
(Ertan et al., 2005), the State-Trait Anxiety Inventory (STAI), and Scales
for Outcomes in Parkinson’s disease-Autonomic (SCOPA-AUT) (Visser
et al., 2004) were used to assess depression, anxiety, and autonomic
symptom burden of PD patients, respectively. STAIl included the STAI
state subscale (S-anxiety) and STAI trait subscale (T-anxiety) (Newham
et al,, 2012). The Modified Schwab & England ADL Scale (S & E ADL)
was used to assess the disability in ADL and severity of dyskine-
sias, with higher scores indicating better function (Eusebi et al., 2018;
Marek et al., 2018).

2.2 | Statistical analysis

An autoregressive mediation model was performed to evaluate
whether ADL may mediate the association between autonomic symp-
tom burden, as measured by the SCOPA-AUT, and depression and anx-
iety, as measured by the GDS and STAI. The autoregressive media-
tion model included two parts: path analysis and mediation analysis.
Path analysis was used to reflect the stability of clinical measurements
during follow-ups. For mediated effect analysis, due to the difference
between p-value point estimation and Cl test estimation, there may

be conflicting situations where p > 0.05 but CI did not contain zero.

p-Value point estimation was based on the Sobel test, while CI test
estimation was derived from the bias-corrected bootstrap test (Fritz
& Mackinnon, 2007). At present, researchers believed that the statis-
tical power of Cl was greater, so we adopted Cl to test the statisti-
cal significance of the mediation. Statistical significance was obtained
whenever the 95% Cl fell outside the value of zero. As an exploratory
study, Akaike information criterion (AIC) and Bayesian information cri-
terion (BIC) provided an attractive basis for model selection. We used
SPSS25.0 to perform basic statistical description of demographic infor-
mation at baseline and clinical assessments of follow-ups, and explored
associations between clinical assessments by Spearman correlation
coefficients. We used Mplus software to build a longitudinal mediation

model. p Values of less than 0.05 were considered significant.

3 | RESULTS

3.1 | Demographic and clinical measurements

There were 338 PD patients, including 220 males and 118 females.
The age range of patients was 33.5-84.9 years. The age interval of
onset and disease duration was 25.4-83.0 years and 0.4-37.0 months,
respectively. Demographic information at baseline and correlations
with depression and anxiety of the first year are summarized in
Table S1. Since demographic information, such as age, gender, and
education level, were not correlated with depression and anxiety,
so they were not included in the subsequent longitudinal mediation
models. Repeated measurements of depression, anxiety, autonomic
dysfunction and ADL in the three follow-ups and their correlations are
shown in Tables S2 and S3, respectively. Autonomic nerve function and
ADL of PD patients declined as the disease progressed, and the degree
of depression and anxiety increased. The three repeated measure-
ments of depression, anxiety, autonomic dysfunction and ADL were
correlated with each other, especially ADL was negatively correlated
with anxiety, depression and autonomic dysfunction. So, independent
simple mediation analyses at three times may lead to biased estimates
of mediated effects.

3.2 | Autoregressive mediation Model |

3.2.1 | Path analysis of Model |

Depression and anxiety were used as dependent variables for
path analysis (Table 1). The path graph can be seen in Figure 1(l).
As shown in Table 1, the path coefficients s4, s,, and s3 of anxi-
ety (STAly— STAl,, STAl, —» STAl3), depression (GDSq— GDS,,
GDS, — GDS3), ADL (ADL; — ADL,, ADL, — ADL3) and autonomic
dysfunction (SCOPA; — SCOPA,, SCOPA, - SCOPA;) during three
repeated measurements, were statistically significant, indicating that
clinical measurements were stable during the follow-up period. On the
path SCOPA — STAl3, the path coefficients of the dependent variable

anxiety STAIl, and the independent variable autonomic dysfunction
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TABLE 1 Pathand mediation analysis of autoregressive mediation Model | (3(95% Cl))
Path effect Mediated effect
SCOPA1 — SCOPA2 0.766(0.712,0.808)*** Autonomic dysfunction — Anxiety
SCOPA2 — SCOPA3 0.774(0.720,0.819)*** asby —0.003 (—0.026,0.018)
SCOPA1 — ADL2 —0.159(-0.243,-0.063)** asb, 0.014(0.002,0.039)
ADL1 — ADL2 0.549 (0.454,0.634)*** aib; 0.027 (0.005,0.067)
SCOPA2 — ADL3 —0.085(-0.170,—0.003)* Total indirect effect 0.039(0.005,0.091)
ADL2 — ADL3 0.600 (0.503,0.688)*** AlC 12,689.929
ADL1 — STAI2 0.011(—0.063,0.081) BIC 12,793.151
SCOPA1 — STAI2 0.056 (—0.022,0.147) Autonomic dysfunction — Depression
STAI1 — STAI2 0.715(0.626,0.785)*** aibq —0.006 (—0.053,0.036)
ADL2 — STAI3 —0.115(-0.212,—0.025)* asb, 0.028 (0.004,0.078)
SCOPA2 — STAI3 0.026 (—0.051,0.099) aqb, 0.055(0.010,0.134)
STAI2 — STAI3 0.734(0.649,0.799)** Total indirect effect 0.077 (0.010,0.183)
ADL1 — GDS2 0.011(-0.170,0.227) AIC 13,627.064
SCOPA1 — GDS2 0.056 (—0.075,0.405) BIC 13,730.286
GDS1 — GDS2 0.715(0.608,0.805)***
ADL2 — GDS3 —0.115(-0.480,—0.055)*
SCOPA2 — GDS3 0.026 (—0.137,0.287)
GDS2 — GDS3 0.734(0.666,0.827)**

Abbreviations: ADL, activities of daily living; SE, standard error; AIC, Akaike information criterion; BIC, Bayesian information criterion; GDS, Geriatric
Depression Scale; SCOPA-AUT, Scales for Outcomes in Parkinson'’s disease-Autonomic; STAI, State-Trait Anxiety Inventory.

*p <.05;
**p<.01;
***p <.001.

SCOPA, (c’1 = 0.056, p = 0.194) and the mediator ADL4 (bq = 0.011,
p =0.772) were not statistically significant. The path SCOPA, — STAI,
was statistically insignificant (c’2 = 0.026, p = 0.497). Similarly, on the
path SCOPA, — GDSg3, the path coefficients of the dependent variable
depression GDS, and the independent variable autonomic dysfunction
SCOPA, (c’1 = 0.056, p = 0.194) and the mediator ADL4 (bq = 0.011,
p = 0.772) were not statistically significant. The path SCOPA, — GDS3
was statistically insignificant (c’2 =0.026,p=0.497).

3.2.2 | Mediation analysis of Model |

The mediated effect results of autoregressive Model | are shown
in Table 1, where AIC values of mediation chains SCOPA; — STAI3
and SCOPA; — GDS3 were 12,689.929 and 13,627.064, respectively.
On the mediation chains of autonomic dysfunction affecting anxiety
through ADL during three years of follow-ups, mediated effect abq
was insignificant. The p-values of the longitudinal autoregressive medi-
ated effect a,b, and the longitudinal mediated effect a1b, were both
greater than 0.05, but the Bootstrap 95% confidence interval (Cl) did
not contain 0. Due to the greater power of the Bootstrap bias correc-
tion than the Sobel test, it was considered that a, b, and a1 b, were both
significant. Similarly, the total indirect effect was significant, indicat-
ing that autonomic dysfunction during the follow-up affected ADL and

then affected anxiety. Similar to the above-mentioned mediation chain,
the mediated effects a,b,, a1b, and total indirect effect of autonomic
dysfunction on depression through ADL were statistically significant.
It showed that the autonomic dysfunction of PD patients would affect

depression by affecting ADL during the follow-up process.

3.3 | Autoregressive mediation Model Il

3.3.1 | Path analysis of Model I

Figure 1(I1) shows the path graph of autoregressive mediation Model
I, adding a3, b3, a4, and b4 contemporaneous paths in the same period
based on autoregressive Model |, to test contemporaneous mediated
effects azbs and azbs. As shown in Table 2, the path analysis results of
Model Il are different from Model I.

On the mediation chains of autonomic dysfunction affecting anx-
iety through ADL, path ADL; — STAIl, (b= 0.090, p = 0.029) was
significant, but the mediated effect a;b; of path SCOPA; — ADL,
(aq = —0.017, p = 0.841) and path SCOPA, — STAIl; (c/2 = 0.006,
p = 0.880) remained insignificant. At the same time, the newly added
paths were all significant, including SCOPA, - ADL, (az= —0.187,
p = 0.031), SCOPA3; - ADLj (a4 = —0.158, p = 0.034), ADL, — STAI,
(b= —0.146, p = 0.002), ADL3z — STAIl; (b= —0.228, p < 0.001),
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suggesting that contemporaneous mediated effects azbs and aszb, of
autonomic dysfunction affecting anxiety through ADL were signifi-
cant. Similarly, the path ADL; — GDS, (b4 = 0.090, p = 0.029) became
significant and the path coefficient was equal to ADL; — STAI,. The
path ADL, —» GDS3 (b, = 0.018, p = 0.706) lost statistical signifi-
cance, and the path SCOPA, — GDS3 (c’2 = 0.006, p = 0.880) was still
not significant. The newly added paths were all significant, including
ADL, — GDS, (b3 = —0.146, p = 0.003), ADLz — GDS3 (bs = —0.228,
p < 0.001), suggesting that contemporaneous mediated effects azbs
and a4b,4 of autonomic dysfunction affecting depression through ADL

were significant.

3.3.2 | Mediation analysis of Model Il

As shown in Table 2, where AIC values of mediation chains
SCOPA; — STAl; and SCOPA; - GDS; were 12,677.427 and
13,614.562, respectively. On the mediation chains of autonomic dys-
function affecting anxiety through ADL, longitudinal autoregressive
mediated effect a;b4 (p = 0.085, 95%Cl (-0.033, 0.026)) and a,b,
(p =0.862, 95%Cl (—0.006, 0.023)) were not significant. The contem-
poraneous mediated effects azbs, azb, and total indirect effect were
all significant. Mediation chain of depression were similar to anxiety,
where longitudinal autoregressive mediated effects a1b, (p = 0.853,
95%Cl (—-0.066, 0.051)) and asb, (p = 0.862, 95%Cl (—-0.012, 0.045))

were not significant, and mediated effects azbs, a4b4 and total indirect

effect were significant.

3.4 | Autoregressive mediation Model Ill

3.4.1 | Path analysis of Model Ill

Figure 1(I1) shows the path graph of autoregressive mediation Model
I1l. Compared with Model Il, the independent variable model added the
dependent variables at the previous time point; the mediator model
added the dependent variables at the previous time point; dependent
variable model added the independent variables at the same time
point. Model Il can judge whether the cross-lagged relations existed,
that is, whether d4, d,, and d3 were significant. It can be seen from
Table 3 that path coefficients between repeated measurements of
each clinical evaluation on the mediation chain were still significant.
Identical to results of Model Il, paths SCOPA; — ADL, (a4 = —0.011,
p =0.895), SCOPA; — ADL; (a, = 0.047, p = 0.496), SCOPA1 — STAI,
(c’1 = -0.084, p = 0.149), SCOPA, — STAIl,; (c’2 = -0.065, p = 0.271),
ADL, » STAl; (b3= 0.015, p = 0.748) remained insignificant.
Similar to anxiety as dependent variable, paths SCOPA; — GDS,
(c’1 =-0.084, p = 0.149), SCOPA,— GDS; (c’2 = —0.065,
p = 0.271), ADL, - GDS3 (b3 = 0.015, p = 0.748) remained insignif-

icant. In addition, the newly added paths were not significant,
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TABLE 2 Path and mediation analysis of autoregressive mediation Model |l

Path effect
SCOPA1 — SCOPA2
SCOPA2 — SCOPA3
SCOPA1 — ADL2
ADL1 — ADL2
SCOPA2 — ADL2
SCOPA2 - ADL3
ADL2 — ADL3
SCOPA3 — ADL3
ADL1 — STAI2
SCOPA1 — STAI2
STAI1 - STAI2
ADL2 — STAI2
ADL2 — STAI3
SCOPA2 — STAI3
STAI2 - STAI3
ADL3 — STAI3
ADL1 — GDS2
SCOPA1 — GDS2
STAI1 — STAI2
ADL2 — STAI2
ADL2 — STAI3
SCOPA2 — STAI3
STAI2 — STAI3
ADL3 — STAI3
ADL1 — GDS2
SCOPA1 - GDS2
GDS1 — GDS2
ADL2 — GDS2
ADL2 — GDS3
SCOPA2 - GDS3
GDS2 - GDS3
ADL3 — GDS3

0.766(0.712,0.808)***
0.774(0.720,0.819)***
—0.017 (-0.178,0.146)
0.546 (0.453,0.631)***
—-0.187(-0.355,-0.017)*
0.038(—0.092,0.179)
0.596(0.500,0.685)***
—0.158(-0.312,—0.018)*
0.09(0.005,0.168)*

0.038 (—0.039,0.127)
0.708 (0.618,0.78)***
—0.146 (-0.242,—0.051)**
0.018(—0.079,0.107)
0.006 (—0.070,0.077)
0.725(0.637,0.792)***
—0.228(-0.332,—0.135)"**
0.09 (0.005,0.168)*
0.038(—0.039,0.127)
0.708 (0.618,0.78)"**
—0.146 (—0.242,-0.051)**
0.018(—0.079,0.107)
0.006 (—0.070,0.077)
0.725(0.637,0.792)***
—0.228(-0.332,-0.135)"**
0.09(0.005,0.168)*

0.038 (—0.039,0.127)
0.708 (0.618,0.78)***
—0.146 (-0.242,—0.051)**
0.018(—0.079,0.107)
0.006 (—0.170,0.077)
0.725(0.637,0.792)***
—0.228(-0.332,—0.135)"**

Mediated effect

Autonomic dysfunction — Anxiety
aby

azb,

azbs

asby

aib,

Total indirect effect

AIC

BIC

Autonomic dysfunction — Depression
aibq

a,b,

asbs

azby

aib,

Total indirect effect

AIC

BIC

—0.003 (-0.033,0.026)
0.001 (—0.006,0.023)
0.038 (0.003,0.106)
0.048 (0.009,0.114)
0.000 (—0.020,0.010)
0.084(0.015,0.184)
12,677.427
12,784.472

—0.005 (-0.066,0.051)
0.002 (—0.012,0.045)
0.077(0.007,0.213)
0.096 (0.015,0.227)
—0.001(-0.039,0.019)
0.169 (0.030,0.367)
13,614.562
13,721.607

Abbreviations: ADL, activities of daily living; SE, standard error; AIC, Akaike information criterion; BIC, Bayesian information criterion; GDS, Geriatric

Depression Scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s disease-Autonomic; STAI, State-Trait Anxiety Inventory.

*p <.05;
**p<.01;
***p <.001.

indicating the absence of the cross-lagged relations newly included in

Model IIl.

3.4.2 | Mediation analysis of Model 11|

As shown in Table 4, where AIC values of mediation chains
SCOPA; — STAl3 and SCOPA;— GDS3; were 12,669.894 and

13,607.029, respectively. On the mediation chains of autonomic dys-

function affecting anxiety through ADL, contemporaneous mediated
effects (azhbz = 0.032, 95%Cl (0.003, 0.091); asbs= 0.046, 95%CI
(0.008, 0.108) and total indirect effect = 0.078, 95%CI (0.015, 0.172))
were all significant. Similarly, on the mediation chains of autonomic

dysfunction affecting depression through ADL, contemporaneous
mediated effects (azbz = 0.065, 95%Cl (0.005, 0.182); azbs = 0.092,
95%Cl (0.016, 0.215) and total indirect effect = 0.156, 95%CI (0.030,
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TABLE 3 Path analysis of autoregressive mediation Model Il1

SCOPA1 — STAI3 SCOPA1 — GDS3

Path B(95%Cl) Path B(95% Cl)

SCOPA1 — SCOPA2 0.744(0.687,0.791)*** ADL1 — SCOPA2 —0.020(-0.071,0.024)
ADL1 — SCOPA2 —0.020 (-0.071,0.024) GDS1 — SCOPA2 0.054 (-0.001,0.109)
STAI1 — SCOPA2 0.054 (—0.001,0.109) ADL2 — SCOPA3 —0.022(-0.079,0.025)
SCOPA2 — SCOPA3 0.747 (0.679,0.803)*** GDS2 — SCOPA3 0.049 (-0.001,0.099)
ADL2 — SCOPA3 —0.022(-0.079,0.025) GDS1 — ADL2 —0.028 (—0.094,0.04)
STAI2 - SCOPA3 0.049 (—0.001,0.099) GDS2 — ADL3 —0.028 (-0.091,0.039)
SCOPA1 — ADL2 —0.011(-0.170,0.152) SCOPA1 — GDS2 —0.084(-0.194,0.032)
SCOPA2 — ADL2 —0.180 (-0.352,—0.014)* SCOPA2 — GDS2 0.171(0.054,0.286)**
ADL1 - ADL2 0.543(0.449,0.629)*** ADL1 — GDS2 0.082(-0.002,0.161)*
STAI1 - ADL2 —0.028 (—0.094,0.04) ADL2 — GDS2 —-0.127 (-0.219,—0.037)**
SCOPA2 — ADL3 0.047 (—0.085,0.189) GDS1 — GDS2 0.693(0.599,0.767)***
SCOPA3 — ADL3 —0.158 (-0.310,—0.018)* SCOPA2 — GDS3 —0.065 (-0.186,0.048)
ADL2 — ADL3 0.590(0.497,0.679)*** SCOPA3 — GDS3 0.094 (-0.015,0.217)
STAI2 — ADL3 —0.028 (-0.091,0.039) ADL2 — GDS3 0.015(-0.079,0.102)
SCOPA1 — STAI2 —0.084(—0.194,0.032) ADL3 — GDS3 —0.216(-0.318,-0.127)***
SCOPA2 — STAI2 0.171(0.054,0.286)** GDS2 — GDS3 0.716 (0.628,0.786)***

ADL1 — STAI2 0.082(—0.002,0.161)*
ADL2 — STAI2 —0.127 (-0.219,—0.037)**
STAI1 — STAI2 0.693(0.599,0.767)***
SCOPA2 — STAI3 —0.065 (—0.186,0.048)
SCOPA3 — STAI3 0.094 (—0.015,0.217)
ADL2 — STAI3 0.015(—0.079,0.102)
ADL3 — STAI3 —0.216 (-0.318,-0.127)***
STAI2 — STAI3 0.716(0.628,0.786)***

Abbreviations: ADL, activities of daily living; GDS, Geriatric Depression Scale; SCOPA-AUT, scales for outcomes in Parkinson’s disease-autonomic; SE, stan-

dard error; STAI, State-Trait Anxiety Inventory.
*p < .05;

**p <.01;

***p <.001.

0.344)) were all significant. It proved that autonomic dysfunction of
PD patients in this study did affect anxiety and depression through
ADL. Other mediated effects on these two mediation chains were not

significant.

4 | DISCUSSION

At present, PD cannot be cured, mainly to improve spiritual life
and life quality. Therefore, it is necessary to effectively prevent
depression and anxiety in PD patients (Schrag & Taddei, 2017). In
this study, autonomic dysfunction, ADL, depression and anxiety were
included in the longitudinal mediation analysis to explore their inter-
action mechanism in the course of PD, and provided a theory basis
for the prevention and treatment of anxiety and depression in PD
patients.

4.1 | Demographic factors about anxiety and
depression

Some studies argued anxiety and depression were associated with dif-
ferent demographic factors. Negre-Pages found female PD patients
under 62 were more likely to experience depression and anxiety,
with more severe Parkinsonism and comorbidities (Négre-Pages et al.,
2010). It may be because female PD patients have less social support
and greater psychological pressure (Pavon et al., 2010). Cui’s work
found that disease duration and education level were correlated to the
anxiety and depression of PD patients (Cui et al., 2017). However, some
studies pointed out that there was no correlation between the gen-
der, age, education level and anxiety and depression of PD patients
(Hongyang, 2017; Lijuan et al., 2009). Due to differences in scales of
anxiety and depression, and the composition of patients, there was no
evidence of correlations between demographic factors and anxiety and
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TABLE 4 Mediation analysis of autoregressive mediation Model Ill

Autonomic

dysfunction — Anxiety B(95% Cl)

asby —0.002 (~0.031,0.024)
azb, 0.001 (—0.006,0.022)
asbs 0.032(0.003,0.091)
asb, 0.046(0.008,0.108)
a;b, 0.000(~0.018,0.011)
Total indirect effect 0.078(0.015,0.172)*
AIC 12,669.894

BIC 12,796.055

CUIET AL.
Autonomic
dysfunction — Depression B(95% Cl)
aby —0.003 (~0.062,0.048)
as by 0.002 (—0.013,0.044)
azbs 0.065 (0.005,0.182)
asb, 0.092(0.016,0.215)
aqb, —0.001(—0.035,0.021)
Total indirect effect 0.156 (0.030,0.344)*
AIC 13,607.029
BIC 13,733.190

Note: Depression and anxiety were dependent variables, respectively. And GDS in the path diagram can be replaced by STAI. The number after each variable

represented the follow-up time.

Abbreviations: ADL, activities of daily living; SE, standard error; AIC, Akaike information criterion; BIC, Bayesian information criterion; GDS, Geriatric
Depression Scale; SCOPA-AUT, Scales for Outcomes in Parkinson'’s disease-Autonomic; STAI, State-Trait Anxiety Inventory..

*p <.05;
**p<.01;
***p <.001.

depression of PD patients in our study. Further researches are needed
to understand these findings.

4.2 | Autoregressive mediation model
For the mediation chain with anxiety and depression as dependent vari-
ables in the autoregressive mediation Model |, longitudinal autoregres-
sive mediated effect and total mediated effect were both significant,
indicating that autonomic dysfunction of PD affected ADL and then
affected anxiety and depression. Compared with Model |, after adding
contemporaneous clinical measurements of Model I, newly added path
coefficients of path analysis were all significant, indicating contempo-
raneous mediated effects of autonomic dysfunction can affect anxi-
ety and depression through ADL. However, mediated effect analysis
found autoregressive mediated effect lost significance, and contempo-
raneous mediated effect and total indirect effect were significant. In
summary, the interaction mechanism of autonomic dysfunction affect-
ing anxiety and depression through ADL was somewhat different from
Model I. Due to lower AIC and BIC values of Model Il than Model |,
it was believed that Model Il is more realistic (Burnham & Anderson,
2004). Mackinnon pointed out that cross-lagged relations cannot be
observed in the cross-sectional study, and it is more reasonable to con-
sider them in the mediation analysis (Mackinnon, 2008). Compared
with Model Il in this study, cross-lagged relations added in Model Ill
were not significant, indicating that there were no cross-lagged rela-
tions or not reaching a significant level. In addition, the AIC of Model
Il was the smallest, but BIC was higher than Model Il. Therefore, it
was believed that Model Il of three autoregressive mediation models
involved in this study performed better.

Previous studies have found that autonomic dysfunction existed
at the initial diagnosis of PD, and it gradually worsened with disease
progression (Verbaan et al., 2007). Autonomic dysfunction has previ-

ously been implicated in depression of PD patients (Sagna et al., 2014).
Moreover, PD patients often have symptoms of anxiety and depres-
sion at the same time. Depression and anxiety in PD can occur at
any stage of disease including pre-motor phase in the same patient,
probably because these two symptoms share a common pathophysi-
ological mechanism (Dissanayaka et al., 2010). To sum up, this study
confirmed the hypothesis proposed in the introduction: the auto-
nomic dysfunction of PD patients would affect anxiety and depression
through ADL, and interaction mechanism between them existed cer-
tain difference with disease progression. This finding indicated that
anxiety and depression should not be treated independently of auto-
nomic symptoms in PD patients.

There were still some shortcomings in this study. First, some
important clinical markers were not included, such as the cognitive
function, cerebrospinal fluid and neroimaging. Second, there may be
heterogeneity in PD patients, and different studies should be given for
different types of populations. In future studies, more clinical markers,
such as motor severity, measured by MDS-Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS Il and 1V), levodopa equivalent dose and
intake of antidepressive drugs, should be included as much as possible
to improve the mediation chain, and perform longitudinal mediation
analysis after potential category analysis of PD patients, to deepen the
understanding of the anxiety and depression mechanism.

This study found that autonomic dysfunction of PD patients had lon-
gitudinal mediated effect on the occurrence and aggravation of anxi-
ety and depression through ADL. Targeted prevention and intervention
measures for autonomic dysfunction and ADL should be taken to pre-
serve and improve self-perceived life satisfaction of PD patients in the
clinical practice and preventive health care of PD.
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