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Purpose. Autonomic dysfunction is a common nonmotor feature and early manifestation of Parkinsons disease (PD). Autonomic
dysfunction in PD is associated with a worse prognosis. We sought to characterize autonomic dysfunction and identify associated
factors in patients with early PD. Methods. An observational, cross-sectional, descriptive, and analytical study was conducted to
evaluate patients with early PD from the Parkinsons Progression Markers Initiative. We utilized the Scales for Outcomes in
Parkinsons Disease-Autonomic dysfunction questionnaire to determine the prevalence and frequencies of autonomic symp-
tomatology. The cohort was grouped into high and low dysautonomic scores. A regression model identified variables that
independently explained dysautonomic scores in our early PD cohort. Results. 414 PD patients had a mean age of 61.1 (SD 9.7)
years at diagnosis and mean disease duration of 6.7 (SD 6.6) months. Among all patients, 43.7% (181/414) had high dysautonomic
scores. Urinary and gastrointestinal symptoms were the most prevalent and frequently reported dysautonomic symptoms.
Patients with fatigue (beta=4.28, p<0.001), probable rapid eye movement sleep behavior disorder (beta=2.71, p<0.001),
excessive daytime sleepiness (beta=1.88, p = 0.039), impulsivity and compulsivity (beta=2.42, p <0.001), and increasing age
(beta=1.05, p<0.001) were more likely to have high dysautonomic scores. Conclusion. Lower urinary tract and gastrointestinal
symptoms are prevalent and frequent in early PD patients. Fatigue, sleep disorders, impulsivity and compulsivity, and age are
predictors of autonomic dysfunction. Autonomic symptoms predominated in this group of early PD patients in the disease course
and were associated with more severe disease.

1. Introduction

Autonomic dysfunction in patients with Parkinson’s disease
(PD) was initially reported in the clinical description of PD
by James Parkinson in his essay on shaking palsy in 1817 [1].
Research on autonomic dysfunction in patients with PD has
increased in the last 30 years [2], and autonomic dysfunction

is a well-recognized nonmotor feature of PD caused by
peripheral and central autonomic Lewy body accumulation,
affecting approximately 40% to 85% of patients during the
course of the disease [3, 4]. Autonomic dysfunction may be
one of the earliest prodromal manifestations of PD, oc-
curring years or even decades before the appearance of
typical motor symptoms [5].
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Autonomic dysfunction in PD is typically associated
with negative outcomes and has been reported to be cor-
related with more severe disease [6]. Patients with PD and
autonomic dysfunction can experience more hospitaliza-
tions, emergency room visits, and telephone calls and e--
mails to physicians, higher health-related costs, and shorter
survival [7]. Studies assessing autonomic dysfunction in PD
have focused mainly on cardiovascular symptoms, and lit-
erature on patients with early PD is scarce. Identification of
these patients with early PD is crucial for developing
therapeutic strategies to prevent complications. Some vali-
dated questionnaires and clinical rating scales are useful for
easily detecting and characterizing autonomic symptoms in
clinical practice [8]. The Scales for Outcomes in Parkinson’s
Disease-Autonomic dysfunction (SCOPA-AUT) is a clinical
questionnaire that assesses the presence and frequency of
autonomic symptoms in patients with PD [9]. Since people
without PD can also present with autonomic symptoms and
higher SCOPA-AUT scores are more frequently associated
with neurodegenerative synucleinopathies [10], dichoto-
mizing outcome scores into high and low scores is necessary
to help discriminate between symptoms related to PD and
symptoms that are not related to PD. Thus, we sought to
characterize autonomic dysfunction and identify associated
factors in patients with early PD.

In this article, we describe an observational study of
patients who were recently diagnosed with PD and un-
derwent evaluation with a clinical autonomic scale and in
which we compared demographic and clinical variables in
patients with high and low autonomic dysfunction scores.

2. Methods

We designed an observational, cross-sectional, descriptive,
and analytical study to identify factors associated with the
presence and frequency of autonomic dysfunction in pa-
tients with early PD. The data were obtained from the
Parkinson’s Progression Markers Initiative (PPMI), an in-
ternational observational clinical study that evaluated pa-
tients with early PD and controls using advanced imaging,
biologic sampling, and clinical and behavioral assessments
to identify biomarkers of PD progression [11]. To be eligible
for PPMI, patients had to be diagnosed less than two years
before enrollment. Of the total 424 patients with de novo
early PD who enrolled, 414 patients were included in our
study. The remaining 10 patients were excluded due to
missing data.

The demographic data obtained from the dataset were
age, gender, education level, ethnicity, race, and family
history. The following clinical variables were documented:
age at symptom onset, age at diagnosis, disease duration,
side of symptom onset, Hoehn and Yahr (HY) scale score,
Schwab and England Activities of Daily Living (S&E) scale
score, and the Movement Disorder Society-Sponsored Re-
vision of the Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) score. To evaluate autonomic dysfunction as
the outcome variable in the studied cohort, we utilized the
SCOPA-AUT questionnaire [9]. The SCOPA-AUT
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questionnaire is a self-reported questionnaire that evaluates
the presence and frequency of dysautonomic symptoms and
includes 7 items for gastrointestinal function, 6 items for
urinary function, 3 items for cardiovascular function, 4 items
for thermoregulatory function, 1 item for pupillomotor
function, and 4 items for sexual function (2 for men and 2 for
women). Items are scored on a Likert-type scale ranging
from 0 (never) to 3 (often). The maximum score is 69, with
higher scores indicating more frequent symptoms. We
analyzed the questionnaire in two ways. First, we sought for
the prevalence of symptoms, for which a score of 0 indicated
symptoms were not present and scores from 1 to 3 indicated
symptoms were present. Second, we determined the fre-
quency of symptoms, for which a score of 0 indicated there
were never symptoms, a score of 1 indicated there were
sometimes symptoms, a score of 2 indicated there were
regular symptoms, and a score of 3 indicated there were
often symptoms. To assure that dysautonomic symptoms
were most likely related to PD and not to aging, the SCOPA-
AUT scores were divided into two categories. Previous
studies have utilized cutoft scores between 9 and 13.1 based
on their own criteria [12, 13]. We arbitrarily selected a cutoft
of 10 based on the mean (SD) of the total SCOPA-AUT score
of the control patients, who reported a score of 5.8 (3.7).
We therefore divided the PD cohort into patients with a
SCOPA-AUT score of <10 and those with a score of >10.

To evaluate for other nonmotor symptoms, we used the
following scales documented in the dataset with PPMI’s
recommended cutoff scores: the Montreal Cognitive As-
sessment (MoCA) cutoft of <26, University of Pennsylvania
Smell Identification Test (UPSIT) cutoff of <19, Geriatric
Depression Scale (GDS) cutoff of >5, State-Trait Anxiety
Inventory (STAI) cutoff of >41, REM Sleep Behavior Dis-
order Screening Questionnaire (RBDSQ) cutoft of >6, and
Epworth Sleepiness Scale (ESS) cutoft of >10. The Ques-
tionnaire for Impulsive-Compulsive Disorders in Parkin-
son’s Disease—Rating Scale (QUIP-RS) results were
reported as positive if any impulsive or compulsive symp-
toms were reported by the patient. The symptoms of apathy
and fatigue were documented utilizing the MDS-UPDRS
items 1.5 and 1.13, respectively. A cutoff score of >2 was
chosen to indicate the presence of symptoms.

The mean and standard deviation were used for con-
tinuous variables, and frequencies and percentages were
used for categorical variables. The distribution of continuous
variables was verified using the Kolmogorov-Smirnov test.
We employed a chi-squared test to determine associations
between independent categorical variables and categorical
outcome variables. Student’s t-test was utilized to determine
associations between continuous independent variables and
categorical outcome variables. Odds ratios (OR) and
Cohen’s d effect size were calculated to determine the
strength of association between variables. We used a
backward Wald stepwise elimination to construct a multiple
logistic regression model to identify variables that inde-
pendently explained the SCOPA-AUT scores in our cohort.
Only the significantly associated variables from univariate
analyses were included. Multicollinearity between variables
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TaBLE 1: Comparison of prevalence and frequency of autonomic symptoms between the high and low SCOPA-AUT groups of patients

with PD.
Prevalence of autonomic symptoms Frequency of autonomic symptoms
High Low Total High Low
Domains Total, ~ SCOPA-  SCOPA- 95% _41"1 SCOPA- SCOPA- 95%
n=414  AUT Aaur b OR Clof "~ AUT (210), AUT (<10), vall)ue d CIof
(%) (210), (<10), OR SD) n=18l, n=233, d
n=181 (%) n=233(%) mean (SD) mean (SD)
Urinar 392 180 (99.4) 212 (91.0) <0001 17.8 X 4230) 62(31) 2607 <0001 14 3
Y (94.7) : : : © 1339 W S o : W
. . 310 5.8 to 1.3 to
Gastrointestinal (74.9) 171 (94.5) 139 (59.7) <0.001 11.6 23.0 2.1 (2.1) 3.5(2.2) 1.1 (1.2) <0.001 14 17
Thermoregulatory (52;%) 144 (79.6) 92 (39.5) <0.001 6.0 3‘98;0 1.2 (14) 1.9 (1.6) 0.6 (0.9) <0.001 1.0 0'19;0
192 3.2 to 0.7 to
Sexual (46.4) 122 (67.4) 70 (30.0) <0.001 4.8 73 1.1 (1.6) 1.8 (1.8) 0.6 (1.0) <0.001 0.8 11
Pupillomotor (31:11) 98 (541) 43 (185) <0001 52 4 [° 04(07) 0707 02(05 <0001 070 %
Cardiovascular MO g7 sl 53(27) <0001 31 1 0508 07(0) 0305 <0001 06 i
(33.8) 4.8 0.8
403 1.1 to 2.1 to
Total (97.3) 181 (100) 0 (0) 0.003 18.8 320.6 9.5(6.2) 149 (5.3) 54 (2.3) <0.001 2.3 26

SCOPA-AUT: Scales for Outcomes in Parkinson’s Disease-Autonomic dysfunction; PD: Parkinson’s disease; OR: odds ratio; CI: confidence interval; SD:

standard deviation.

was tested with a variance inflation factor. We selected the
model with less deviance. The IBM Statistical Package for the
Social Sciences version 25 was used for the analysis.

3. Results

The cohort of 414 PD patients had a mean age of 61.1 (SD
9.7) years at diagnosis and mean disease duration of 6.7 (SD
6.6) months. Table 1 describes and compares the prevalence
and frequencies of SCOPA-AUT domains between high and
low SCOPA-AUT score groups. In the total PD cohort,
urinary symptoms were the most prevalent and frequent
symptoms, followed by gastrointestinal, thermoregulatory,
sexual, pupillomotor, and cardiovascular symptoms. A
SCOPA-AUT score of >10 was observed in 43.7% (181/414)
of the PD cohort. When comparing high and low SCOPA-
AUT score groups, urinary and gastrointestinal symptoms
remain as the most prevalent and frequent symptoms in
both groups. Patients with gastrointestinal and urinary
symptoms were 11.6 and 17.8 times more likely to report a
SCOPA-AUT score of >10 than patients without these
symptoms, respectively. In addition, individuals with
SCOPA-AUT scores >10 experienced more frequent gas-
trointestinal and urinary symptoms than individuals with
SCOPA-AUT scores <10. The effect size for both analyses
exceeded Cohen’s convention for a large effect (d=.80), as
shown in Table 1.

We separately analyzed each domain of the SCOPA-
AUT questionnaire. The most common symptoms reported
by the total cohort were the need to strain when passing
stools in the gastrointestinal domain, nocturia in the urinary
domain, symptoms of orthostatic hypotension in the car-
diovascular domain, cold intolerance in the thermoregula-
tory domain, problems having or maintaining an erection in

men and anorgasmia in women in the sexual dysfunction
domain, and photophobia in the only pupillomotor domain.
The high and low SCOPA-AUT score groups experienced
the same three most common symptoms: frequent urina-
tion, nocturia, and straining when passing stools. Figures 1
and 2 show the prevalence and frequencies of SCOPA-AUT
domains between high and low SCOPA-AUT score groups.

An independent samples t-test was conducted to com-
pare the demographic and clinical variables between the
SCOPA-AUT score groups (Table 2). There were significant
differences between the high and low SCOPA-AUT score
groups for mean scores of age (63.7 SD=8.8 vs. 60.0
SD=10.1 years, d=0.39, p<0.001), age at symptom onset
(61.5 SD=9.0 vs. 58.1 SD=10.5 years, d=0.35, p<0.001),
age at diagnosis (63.1 SD=8.8 vs. 59.5 SD=10.1 years,
d=0.38, p<0.001), MDS-UPDRS part I score (7.7 SD =4.4
vs. 4.0 SD=2.9, d=0.99, p<0.001), MDS-UPDRS part II
score (7.7 SD=4.5 vs. 45 SD=3.3, d=0.82, p<0.001),
MDS-UPDRS part III score (22.4 SD =8.7 vs. 19.8 SD =8.8,
d=0.30, p=0.003), total MDS-UPDRS score (37.8
SD=13.4 vs. 282 SD=11.3 d=0.77, p<0.001), and S&E
scale score (92.5 SD=5.9 vs. 93.7 SD=5.8, d=0.21,
p = 0.037). These results suggest that the age and severity of
disease based on clinical measures may affect the SCOPA-
AUT scores.

A chi-squared test of independence was performed to
examine the associations of demographic and clinical var-
iables between the SCOPA-AUT score groups (Table 2).
Significant associations were observed in the UPSIT (40.9%
vs. 30.0%, OR=1.61, p =0.022), GDS (20.4% vs. 9.0%,
OR=2.58, p<0.001), RBDSQ (37.6% vs. 15.9%, OR=3.17,
p<0.001), ESS (22.7% vs. 10.3%, OR=2.54, p =0.001),
QUIP-RS (28.7% vs. 14.7%, OR=2.35, p<0.001), apathy
(5.0% vs. 0.9%, OR =6.02, p = 0.013), and fatigue (19.3% vs.
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FIGURE 2: Frequency of reported SCOPA-AUT items in our PD cohort. SCOPA-AUT: Scales for Outcomes in Parkinson’s Disease-

Autonomic dysfunction; PD: Parkinson’s disease.

4.7%, OR=4.82, p<0.001) with the SCOPA-AUT score
groups. These results suggest that nonmotor symptoms, such
as hyposmia, depression, anxiety, sleep disorders, impul-
sivity and compulsivity, apathy, and fatigue, may affect
SCOPA-AUT scores.

Two logistic regression models were constructed to
identify variables that independently predict a SCOPA-AUT

score of >10. The first model included all significantly as-
sociated variables obtained from the previous univariate
analyses (Table 3). Patients with probable REM behavior
sleep disorder (pbRBD) were 1.86 times more likely to have a
SCOPA-AUT score of >10 than patients without pbRBD.
Increasing age, MDS-UPDRS part I and II scores, and S&E
scale scores were associated with an increased likelihood of a
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TaBLE 2: Comparison of demographic and clinical characteristics between the low and high SCOPA-AUT score groups of patients with

early PD.
Variable Total, High SCOPA-AUT Low SCOPA-AUT (<10), pvalue dor 95% CI of d or
n=414 (210), n=181 n=233 OR OR

Age, years (SD) 61.6 (9.7) 63.7 (8.8) 60.0 (10.1) <0.001 039 019 to 0.58
Male, n (%) 274 (66.2) 116 (64.1) 158 (67.8) 0427 085  0.56 to 1.28
Education, years (SD) 15.6 (3.0) 15.7 (3.0) 15.5 (3.0) 0598  0.07 —-0.13 to 0.26
Hispanic/Latino, n (%) 9 (2.2) 5(2.8) 4 (1.7) 0.473 1.63 0.43 to 6.15
White race, 1 (%) 383 (92.5) 164 (90.6) 219 (94.0) 0198 062  0.30 to 1.29
Family history, n (%) 103 (24.9) 44 (24.4) 59 (25.3) 0838 095 0.6l to 1.50
Age at symptom onset, years (SD) 59.7 (10.0) 61.5 (9.0) 58.1 (10.5) 0.001 0.35 0.15 to 0.54
Age at diagnosis, years (SD) 61.1 (9.7) 63.1 (8.8) 59.5 (10.1) <0.001  0.38 0.18 to 0.57
Disease duration, months (SD) 6.7 (6.6) 7.2 (6.8) 6.3 (6.4) 0.186 0.14  —0.06 to 0.33
Right side at onset, n (%) 227 (54.8) 106 (58.6) 121 (51.9) 0.179 1.31 0.88 to 1.94
MDS-UPDRS part I, mean (SD) 5.6 (4.1) 7.7 (4.4) 4.0 (2.9) <0.001  0.99 0.81 to 1.22
MDS-UPDRS part II, mean (SD) 5.9 (4.2) 7.7 (4.5) 4.5 (3.3) <0.001 0.81 0.62 to 1.03
Xgig}?}zs part I “off meds,” ), g g 224 (8.7) 19.8 (8.8) 0.003 030  0.10 to 0.49
MDS-UPDRS total, mean (SD) 32.4 (13.1) 37.8 (13.4) 28.2 (11.3) <0.001 077  0.58 to 0.98
Rigidity, mean (SD) 3.8 (2.6) 4.0 (2.7) 3.6 (2.6) 0.120 0.15 —0.04 to 0.35
Tremor score, mean (SD) 44 (3.2) 4.5 (3.2) 4.2 (3.1) 0.363 0.10 —0.10 to 0.29
TD subtype, n (%) 294 (71.2) 128 (70.7) 166 (71.6) 0.853 0.96 0.63 to 1.47
HY scale, mean (SD) 1.6 (0.5) 1.6 (0.5) 1.5 (0.5) 0.132 0.20 0.01 to 0.39
S&E scale, mean (SD) 93.1 (5.9) 92.5 (5.9) 93.7 (5.8) 0037 021 —0.40 to —0.01
MoCA <26, n (%) 91 (22.1) 42 (23.2) 49 (21.3) 0.645 1.12 0.70 to 1.78
UPSIT <19, 1 (%) 144 (34.8) 74 (40.9) 70 (30.0) 0022 161  1.07 to 2.42
GDS >5, n (%) 58 (14.0) 37 (20.4) 21 (9.0) 0.001 258  1.45 to 4.59
STAI >41, n (%) 93 (22.5) 48 (26.5) 45 (19.4) 0087 150  0.94 to 2.40
RBDSQ >6, n (%) 105 (25.4) 68 (37.6) 37 (15.9) <0.001 317  2.00 to 5.03
ESS >10, 7 (%) 65 (15.7) 41 (22.7) 24 (10.3) 0001 254  1.47 to 4.39
QUIP-RS any, n (%) 86 (20.8) 52 (28.7) 34 (14.7) <0.001 235  1.44to 3.82
MDS-UPDRS item 1.5 apathy score  , 7 9 (5.0) 2 (0.9) 0013 602 1.28 to 28221
>2, n (%)

MDS-UPDRS item 1.13 fatigue 46 (11.1) 35 (19.3) 11 (47) <0001 482 237 t09.79

score >2, n (%)

SCOPA-AUT: Scales for Outcomes in Parkinson’s Disease-Autonomic dysfunction; PD: Parkinson’s disease; OR: odds ratio; CI: confidence interval; SD:
standard deviation; MDS-UPDRS: Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale; TD: tremor-dominant;
HY: Hoehn and Yahr; S&E: Schwab and England Activities of Daily Living scale; MoCA: Montreal Cognitive Assessment; UPSIT: University of Pennsylvania
Smell Identification Test; GDS: Geriatric Depression Scale; STAI: State-Trait Anxiety Inventory—State; RBDSQ: REM Sleep Behavior Screening Ques-
tionnaire; ESS: Epworth Sleepiness Scale; QUIP-RS: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease—Rating Scale.

SCOPA-AUT score of >10. For the second model, the se-
lection of the variables was based on the observation that
some of the independent variables evaluating nonmotor
symptoms were indirectly evaluated by the MDS-UPDRS
(Table 4). Thus, to avoid overlapping of variables, we re-
moved the MDS-UPDRS part I, part II, and total scores.
Patients with fatigue (f=4.28, p <0.001), pbRBD (f=2.71,
P <0.001), positive QUIP-RS result (8 =2.42, p <0.001), and
ESS (f=1.88, p = 0.039) were more likely to have a SCOPA-
AUT score of >10. Increasing age was also associated with
an increased likelihood of a SCOPA-AUT score of >10. The
results of this second model suggest that age and nonmotor
symptoms, such as sleep disorders, fatigue, and impulsivity
and compulsivity, best predicted SCOPA-AUT of >10 scores
in our cohort.

4. Discussion

We designed a cross-sectional comparative study to describe
dysautonomic symptoms and identify factors associated
with autonomic dysfunction in patients with early PD. A
proportion of 97% of patients reported the presence of
dysautonomic symptoms, with almost 44% reporting a
SCOPA-AUT score of >10. Urinary symptoms were the
most common and frequent dysautonomic symptoms, fol-
lowed by gastrointestinal symptoms. In addition, patients
with early PD and urinary and gastrointestinal symptoms
were highly likely to report high SCOPA-AUT scores. The
most common symptoms in the cohort were frequent uri-
nation, nocturia, and straining when passing stools. Age,
clinical measures of severity, and several nonmotor
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TaBLE 3: Regression model predicting a SCOPA-AUT score of >10 in patients with early PD.

Variable Coeflicient (f3) SE Exp (B) 95% CI of Exp () p value
Intercept -10.01 2.40 — — —
pbRBD 0.62 0.28 1.86 1.08 to 3.21 0.025
MDS-UPDRS part I score 0.25 0.04 1.29 1.19 to 1.40 <0.001
MDS-UPDRS part II score 0.13 0.04 1.14 1.06 to 1.22 <0.001
Current age 0.04 0.01 1.04 1.02 to 1.07 0.001
S&E scale score 0.05 0.02 1.05 1.01 to 1.10 0.020

SCOPA-AUT: Scales for Outcomes in Parkinson’s Disease-Autonomic dysfunction; CI: confidence interval; PD: Parkinson’s disease; pbRBD: probable REM
Sleep Behavior Disorder; MDS-UPDRS: Movement Disorders Society-Unified Parkinson’s Disease Rating Scale; S&E: Schwab and England Activities of Daily
Living scale; SE: standard error. The regression model was statistically significant (p < 0.001), explained 37.0% of the variance in SCOPA-AUT scores of >10,

and correctly classified 75.8% of cases.

TaBLE 4: Regression model predicting a SCOPA-AUT score of >10 in patients with early PD (not including MDS-UPDRS parts I, II, and

total).

Variable Coeflicient () SE Exp (B) 95% CI of Exp () p value
Intercept —4.22 0.79 — — —
Fatigue 1.45 0.39 4.28 2.01 to 9.10 <0.001
pbRBD 1.00 0.25 2.71 1.65 to 4.45 <0.001
QUIP-RS 0.88 0.40 2.42 1.41 to 4.14 0.001
ESS 0.63 0.31 1.88 1.03 to 3.44 0.039
Current age 0.05 0.01 1.05 1.02 to 1.07 <0.001
MDS-UPDRS part III 0.02 0.01 1.02 1.00 to 1.05 0.062

SCOPA-AUT: Scales for Outcomes in Parkinson’s Disease-Autonomic dysfunction; PD: Parkinson’s disease; CI: confidence interval; ppbRBD: probable REM
Sleep Behavior Disorder; QUIP-RS: Questionnaire for Disorders in Parkinson’s Disease—Rating Scale; ESS: Epworth Sleepiness Scale; MDS-UPDRS:
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; SE: standard error. The regression model was statistically significant (p <0.001),
explained 23.4% of the variance in SCOPA-AUT scores of >10, and correctly classified 70.2% of cases.

symptoms were significantly associated with SCOPA-AUT
scores. The factors that independently predicted high
SCOPA-AUT scores in patients with early PD included
fatigue, pbRBD, daytime sleepiness, impulsivity and com-
pulsivity, and age.

Autonomic dysfunction is common in early PD. How-
ever, studies in patients with early PD are scarce, and the
majority of studies that have investigated dysautonomias
have focused on gastrointestinal and cardiovascular symp-
toms. Most studies report gastrointestinal symptoms as the
most common dysautonomia, and it is well known that
constipation typically presents before the onset of motor
symptoms [14, 15]. Urinary symptoms were more prevalent
and frequent in our cohort. This finding is in line with the
findings of a previous study [16]. We theorize that urinary
symptoms are also part of the dysautonomic premotor stage
of PD [17]. We observed that straining when passing stools
was more commonly reported than constipation and that
frequency and nocturia were the most common lower
urinary tract symptoms. In addition, our results suggest
dyssynergic defecation may be more common than slow
transit constipation in PD. The simultaneous presence of
lower urinary tract symptoms and lower gastrointestinal
symptoms can be explained by the accumulation of Lewy
bodies in the nucleus intermediolateralis of the sacral cord
and in the motor neurons of the Onufrowicz nucleus early in
the disease, as previously reported [18], and proposed as a
pathophysiological hypothesis for the development of PD
[19]. Further studies aiming to better recognize urinary and
gastrointestinal symptoms in early PD may provide an
important pathophysiological understanding of the disease.

The factors associated with autonomic dysfunction in
our cohort of patients with early PD are in line with those of
previous studies, suggesting age, disease severity, and other
nonmotor symptoms may affect autonomic dysfunction
[12, 20-26] [13, 23, 27]. Our study is the first to report an
association between impulsivity and compulsivity and ap-
athy with autonomic dysfunction in patients with early PD.

The factors that significantly predicted high dysauto-
nomic scores, including age, fatigue, sleep disorders, and
impulsivity and compulsivity, are similar to previously re-
ported factors in two studies of patients with early PD
[24, 28]. These results suggest our findings can be applied to
different populations and are consistent in patients with
early PD. The present study included PD patients with the
shortest disease duration to date examining autonomic
dysfunction in PD. Our findings add to previous findings in
the literature suggesting a close association between rapid
eye movement sleep behavior disorder (RBD) and auto-
nomic dysfunction in patients with early PD in which RBD
has been linked to neurodegeneration [29-31]. However,
one study reported no association between these variables
[32]. More information is required to understand the
pathophysiology of fatigue in PD [33]. Our results suggest
that a group of patients with PD will present with lower
urinary tract symptoms and lower gastrointestinal dysau-
tonomias early in the course of the disease, in addition to
fatigue and sleep disorders, and these symptoms will
progress with more functional disabilities. This subtype has
been previously suggested [6, 16]. Our findings confirm data
from previous studies that patients with autonomic dys-
function will develop a more severe PD motor subtype. The
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other group of patients (i.e., those not showing early au-
tonomic dysfunction) might have another type of nonmotor
presentation worthy of studying. We suggest future research
studies should focus on better understanding the role of
urinary symptoms in premotor stages of the disease.
Some limitations should be considered before inter-
preting our results. Selection bias was inherently part of our
study, since some of the patients in the cohort may progress
to multiple system atrophy in subsequent years. Information
bias, either recall or reporting, was also part of the study
design since scales were used to evaluate outcomes. Strati-
fication of some variables and the use of a multivariate model
in the analysis helped reduce the risk of confounding bias.

5. Conclusion

Autonomic dysfunction is common in patients with early
PD. Lower urinary tract and gastrointestinal symptoms were
the most prevalent and frequent dysautonomic symptoms in
our cohort. Autonomic symptoms predominated in a group
of PD patients early in the disease course and were associated
with more severe motor and nonmotor disease. Fatigue,
pbRBD, daytime sleepiness, impulsivity and compulsivity,
and age independently predicted autonomic dysfunction in
early PD.
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