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2Centre d’�Etudes Avanc�ees en M�edecine du Sommeil, Hôpital du Sacr�e-Cœur de Montr�eal, Montr�eal, Qu�ebec, Canada

3Department of Psychology, Universit�e du Qu�ebec �a Montr�eal, Montr�eal, Qu�ebec, Canada
4Neuroepidemiology Research Unit, Research Institute of the McGill University Health Centre, Montreal, Quebec, Canada

5Department of Psychiatry, Universit�e de Montr�eal, Montr�eal, Qu�ebec, Canada

ABSTRACT: Pathologic staging systems suggest
that autonomic dysfunction may be an early manifesta-
tion of Parkinson’s disease and dementia with Lewy
bodies. However, direct evidence is limited, and no
prospective studies have measured when autonomic
dysfunction starts before disease. Patients with idio-
pathic rapid eye movement (REM) sleep behavior disor-
der are at very high risk of developing neurodegenerative
synucleinopathy, providing an opportunity to directly
observe the development of autonomic dysfunction from
prodromal stages of neurodegeneration. Patients with id-
iopathic REM sleep behavior disorder were followed
annually in a prospective cohort that was established in
2004. Urinary, orthostatic, erectile, and constipation
symptoms and systolic blood pressure drop from lying to
standing were assessed annually. Patients who eventu-
ally developed defined synucleinopathy were compared
with age-matched controls. The evolution of autonomic
measures was assessed with regression analysis to
determine when markers first deviated from control val-
ues. Sensitivity and specificity of autonomic markers for

identification of prodromal disease were calculated. Of
91 patients, 32 developed disease. In prodromal stages,
there was substantial autonomic dysfunction observable
at least 5 years before diagnosis. On regression analysis,
autonomic dysfunction appeared to progress slowly over
prodromal periods. The estimated onset of autonomic
dysfunction ranged from 11 years to 20 years, and sys-
tolic drop (20.4 years) and constipation (15.3 years) had
the earliest estimates. Systolic drop, erectile dysfunction,
and constipation could identify disease up to 5 years
before diagnosis with sensitivity ranging from 50% to
90%. By directly observing development of neurodege-
nerative synucleinopathy, we confirmed that autonomic
dysfunction can occur early in neurodegenerative
synucleinopathy, even as long as 20 years before defined
disease. VC 2013 Movement Disorder Society
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Neurodegenerative synucleinopathies, including Par-
kinson’s disease (PD), dementia with Lewy bodies
(DLB), and multiple-system atrophy (MSA) are fre-
quently accompanied by autonomic dysfunction.
Prominent autonomic symptoms include constipation,
urinary frequency, urinary incontinence, erectile dys-
function, and orthostatic blood pressure drop. In
many patients, autonomic symptoms and signs appear
to have developed very early in the course of PD.1 In
fact, population-based cohort studies have suggested
that symptoms of constipation can precede the diagno-
sis of PD by as much as 20 years.2,3 However, to our
knowledge, a direct assessment of autonomic symp-
toms and signs in prodromal synucleinopathy has
never been performed, mainly because of the difficulty
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in identifying a high-risk population that can be pro-
spectively followed.

Rapid eye movement (REM) sleep behavior disorder
(RBD) is characterized by loss of the normal atonia of
REM sleep, such that patients appear to act out dream
content. Patients with idiopathic RBD are at very high
risk of developing a neurodegenerative synucleinop-
athy, and 40% to 65% convert to defined disease
within 10 years.4–6 This provides a rare opportunity
to directly test potential prodromal markers of disease
and to assess the evolution of prodromal symptoms
and signs. Numerous studies have documented auto-
nomic dysfunction in idiopathic RBD, with abnormal
cardiac beat-to-beat variability,7,8 metaiodobenzylgua-
nidine (MIBG) scintigraphy9, and orthostatic blood
pressure changes along with symptoms of constipa-
tion, urinary dysfunction, and erectile dysfunction.10,11

This suggests that autonomic dysfunction precedes
defined PD, DLB, and MSA. However, to date, direct
evidence of this has been unavailable.

Since 2004, we have been following a cohort of
patients with idiopathic RBD to assess the evolution
of neurodegenerative synucleinopathy. In this cohort,
we assessed an autonomic symptom checklist and
assessed systolic blood pressure changes from lying to
standing on an annual basis. During follow-up, 32
patients transitioned into a clear neurodegenerative
synucleinopathy. Therefore, we were able to assess the
evolution of autonomic symptoms and signs in these
patients during prodromal stages, focusing on the fol-
lowing questions: (1) How early do autonomic symp-
toms and signs emerge in prodromal disease? (2)
What is the frequency of autonomic symptoms and
signs in prodromal disease, and can they identify pro-
dromal disease with accuracy? (3) Can autonomic
symptoms and signs distinguish which patients with
idiopathic RBD are destined to develop neurodegener-
ative disease?

Patients and Methods

Patients with idiopathic RBD were diagnosed
according to the International Classification of Sleep
Disorders-II criteria as having REM sleep without
atonia by polysomnography and historical or video-
graphic evidence of dream enactment behavior.12

Patients gave written informed consent, and ethics
approval was obtained from the Sacre-Coeur ethics
board. All patients were free of parkinsonism and
dementia at onset based on a comprehensive neuro-
logic and neuropsychological evaluation. We matched
our patients according to age with a group of normal
controls who were examined with the same measures
as patients at a single time point.

Patients were then followed annually and, at each
visit, underwent a comprehensive evaluation for the

presence of dementia and parkinsonism.10,11,13 Parkin-
sonism was defined according to United Kingdom
Brain Bank criteria as the presence of bradykinesia in
association with 1 of the following: rest tremor, rigid-
ity, or postural instability.14 The presence of dementia
also was assessed with a standardized neuropsycholog-
ical battery15 and according to Movement Disorders
Society criteria for PD dementia.16

At baseline and at each follow-up visit, symptoms of
autonomic dysfunction were assessed with a structured
clinical interview in which orthostatic symptoms, uri-
nary dysfunction, constipation, and erectile dysfunc-
tion were graded on a 4-point scale based on the
Multiple System Atrophy rating scale.17 On that scale,
a score of 0 indicates no dysfunction, and a score of 4
indicates very severe impairment. Blood pressure was
measured manually in the supine position and after
standing for 1 minute, and the orthostatic systolic
blood pressure drop was calculated.

For each patient who developed a defined neurode-
generative disease, autonomic measures were plotted
backward in time, setting the year of diagnosis at
Year 0 and all previous years as Year 21, 22, etc. If
measures were missing between years (ie, from missed
appointments), then the average of the preceding and
following years was imputed for that year. For com-
parison, we analyzed the same autonomic measures in
controls and in patients with idiopathic RBD who, as
of their last visit, did not have parkinsonism or
dementia (ie, “still-idiopathic” RBD). To minimize dif-
ferences because of age, we used the last available
examination for each patient with still-idiopathic
RBD. Among the patients who developed disease,
regression analysis was used to estimate the slope of
progression over the prodromal period. Both linear
and exponential slopes were calculated; linear results
are presented in the figures, because they appeared to
best represent the progression pattern (see Fig. 1). To
estimate the time at which the results deviated from
normal, the value at Year 0 in the regression was sub-
tracted from the mean of normal control values—this
value was then divided by the slope of the regression
line to define the point of intersection with “normal”
values, similar to previously published methodology.18

Patient values also were compared with controls and
patients who had “still-idiopathic” RBD using logistic
regression analysis adjusting for age and sex. To calcu-
late the potential diagnostic utility of motor measures,
receiver operating characteristic curves were calculated
comparing control values with patient values at Year
0 and for the years before diagnosis. Sensitivity and
specificity were calculated for each value at defined
cutoffs (> 10 mm Hg and> 20 mm Hg for systolic
blood pressure;>0 for orthostatic symptoms, consti-
pation, and urinary symptoms; and>1 for erectile
dysfunction).
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Results

Ninety-one patients with idiopathic RBD were
included, including 73 who were seen on at least 1

subsequent annual follow-up examination. The average
follow-up duration (to August 2012, with disease con-
sidered as a terminal event) was 3.3 6 2.3 years. During
follow-up, 32 patients developed neurodegenerative

FIG. 1. Shown is the change in autonomic symptoms and signs in persons with idiopathic rapid eye movement (REM) sleep behavior disorder
(RBD) who eventually developed defined neurodegenerative disease. Year 0 is the time of disease diagnosis, and previous years are plotted as
Years 21 to 27. The dashed reference line refers to control values (note that controls were seen at 1 visit only), and the solid line represents the
linear regression of values in patients over the period of observation.
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disease, including 17 who developed parkinsonism
(1 of whom had probable MSA) and 15 who developed
dementia (all met possible DLB criteria, and 11 met
probable DLB criteria). Patients in the group that devel-
oped disease were older than the still-idiopathic group
and the control group (74.2 6 8.6 years vs. 66.5 6 10.2
years and 68.1 6 10.2 years, respectively); therefore, all
subsequent analyses were performed with logistic
regression adjusting for age and sex. Five patients were
diagnosed with disease at the second annual visit (ie,
Years 21 and 0 assessed), 7 were diagnosed at Year 3,
10 were diagnosed at Year 4, 2 were diagnosed at Year
5, 4 were diagnosed at Year 6, 1 was diagnosed at Year
7, 2 were diagnosed at Year 8, and 1 was diagnosed at
Year 9 (mean prodromal interval, 3.3 6 1.9 years;
range, 1–9 years).

Evolution of Autonomic Markers in
Prodromal Disease

The progression of autonomic symptoms and signs
in patients who developed defined neurodegenerative
disease is illustrated in Figure 1. According to disease
diagnosis, there were clear abnormalities of all auto-
nomic motor symptoms and signs relative to controls,
except for orthostatic symptoms (Table 1). Orthostatic
symptoms were less common in patients even in the
presence of a substantial orthostatic drop on objective
examination, and there were no significant differences

between patients and controls (P 5 0.13; for all other
markers, P<0.008). When tracing backward over the
prodromal periods, there was little change in most
markers over the prodromal period; for example, the
average annual change in systolic blood pressure drop
was only 1.06 points (Fig. 1, Table 2). The difference
in orthostatic blood pressure change between controls
and patients with disease was statistically significant
on logistic regression at least 5 years before disease
onset (statistical testing at longer intervals was under-
powered; eg there were 4 patients at Year 26). Linear
regression analysis estimated a prodromal interval of
approximately 20.4 years. The 90% confidence inter-
val (CI) was between 8.6 years and 85.3 years (ie,
95% CI of the minimal interval, 8.6 years). A similar
progression pattern was evident for urinary dysfunc-
tion, with statistically significant differences up to
Year 25 (0.50 6 0.39 years vs. 0.09 6 0.30 years in
controls; P 5 0.039) and an estimated prodromal
interval of 13.3 years (95% minimum, 5.9 years). Sim-
ilarly, constipation was demonstrably abnormal at
least 5 years before disease onset (1.13 6 0.083 years
vs. 0.16 6 1.41 years; P 5 002), with an estimated pro-
dromal interval of 15.3 years (95% minimum, 7.0
years). Erectile dysfunction was significantly abnormal
up to 5 years before disease (2.2 6 1.1 years vs.
0.45 6 0.79 years; P 5 0.005) with an estimated inter-
val of 11.2 years (95% minimum, 6.8 years).

TABLE 1. Autonomic symptoms and signs in patients who had idiopathic rapid eye movement sleep behavior (RBD)
without disease, patients who had RBD and developed defined neurodegenerative disease, and controlsa

Variable Controls, n 5 32

RBD “still-idiopathic,”

n 5 59 P

“RBD then disease”

at disease

diagnosis, n 5 32 P vs controls

P vs

disease-free

Age, y 68.16 10.2 66.56 10.2 0.48 74.26 8.6 0.012 0.005
Sex, % men 63 78 0.14 75 0.64 0.80
Systolic blood pressure
drop, mm Hg

3.26 8.1 10.26 13.8 0.012 23.86 3.3 < 0.001 0.002

Orthostatic symptoms 0.176 0.45 0.396 0.61 0.114 0.406 0.62 0.20 0.78
Urinary dysfunction 0.0866 0.32 0.256 0.47 0.29 0.846 1.00 0.011 0.003
Erectile dysfunction 0.456 1.02 (n5 20) 1.826 1.45 (n5 42) < 0.001 2.856 1.48 (n5 17) < 0.001 0.25
Constipation 0.1566 0.41 0.656 0.83 0.004 1.306 1.01 < 0.001 0.008

aAll statistical results are from logistic regression analysis adjusting for age and sex (age and sex were analyzed with the Student t test and the Fisher exact
test).

TABLE 2. Slopes and estimated prodromal intervals in patients who developed disease

Marker

Control

values, n 5 32

Year 0 intercept,

n 5 32 Slope (90% CI)

Estimated intersection point:

Years before diagnosis

[95% CI of minimum prodromal interval]

Systolic blood pressure drop, mm Hg 3.2 24.7 1.056 (20.24, 2.35) 20.4 [9.1]
Orthostatic symptoms 0.17 0.42 0.024 (0.02, 0.069) 10.4 [3.6]
Urinary dysfunction 0.086 0.75 0.050 (20.012, 0.11) 13.3 [5.9]
Erectile dysfunction 0.45 2.76 0.207 (0.076, 0.34) 11.2 [6.8]
Constipation 0.16 1.18 0.067 (0.012, 0.15) 15.3 [7.0]

CI, confidence interval.
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Estimates using exponential regression curves were
similar to those obtained using linear regression (sys-
tolic drop, 20.1 years; urinary, 13.8 years; constipa-
tion, 15.6 years; erectile, 11.5 years).

When comparing patients who had a diagnosis of
DLB with patients who had PD, there were no signifi-
cant differences in any autonomic variable (as previ-
ously described19). Estimated prodromal intervals also
were very similar between patients with PD and
patients with DLB; all point estimates were within 3
years of each other, and there were no significant dif-
ferences between groups (Supplemental Table 1).

Sensitivity and Specificity of Autonomic
Symptoms in Prodromal Intervals

Although there was overlap between patients and
controls, many autonomic measures nonetheless could
detect prodromal disease with reasonable sensitivity
and specificity (Table 3). Using the classic definition of
orthostatic hypotension (a drop�20 mm Hg), 66% of
patients had an abnormal drop at disease diagnosis
compared with 0% of controls. Sensitivity remained at
or above 60% up to 3 years before diagnosis (Year 23
sensitivity, 60%) but was lower in earlier years. Using
a less stringent cutoff of>10 mm Hg reduced

specificity (76%) but improved sensitivity (88% at
Year 21, 50% at Year 25). In the control group,
10.5% endorsed at least a score of 1 on the constipa-
tion index (ie, 89.5% specificity) compared with 70%
of patients at diagnosis. Sensitivity of constipation at
longer intervals was generally lower, ranging from
50% in Years 22 and 23 to 90% at Year 24. Seventy-
seven percent of patients endorsed erectile dysfunction
scores> 1 at diagnosis compared with only 8% of con-
trols (92% specificity). The sensitivity of erectile dys-
function remained between 63% and 71% up to 5
years before diagnosis. Neither urinary dysfunction nor
orthostatic symptoms demonstrated acceptable sensitiv-
ity for the detection of neurodegenerative disease even
at Year 0 (urinary, 50%; orthostatic, 36%).

Autonomic Variables in Patients With
“Still-Idiopathic” RBD

The assessment of patients who are still idiopathic is
somewhat difficult to interpret, because this is a heter-
ogeneous group (ie, some patients may be very close
to developing disease, some are very early in the dis-
ease course, and some may be free of any synucleinop-
athy). Nonetheless, among patients with idiopathic
RBD who had not yet converted to clear neurodege-
nerative disease (and including the 18 patients who
were seen only once), there were abnormalities on au-
tonomic markers that were intermediate between con-
trols and patients with disease (Fig. 2, Table 1). At
last observation, the mean systolic drop was
10.2 6 13.8 mm Hg (P vs controls 5 0.012). Statisti-
cally significant abnormalities compared with controls
also were present for constipation scores (0.65 6 0.83
vs. 0.16 6 0.41; P 5 0.004) and erectile dysfunction
scores (1.92 6 1.45 vs. 0.45 6 1.02; P< 0.001), but
urinary symptom scores and orthostatic scores were
not significantly different from controls. When com-
paring patients who were still disease-free with those
who developed disease, there were significant differen-
ces at disease diagnosis for systolic drop (P 5 0.002),
urinary symptoms (P 5 0.002), and constipation
(P 5 0.008) (Table 1). At longer prodromal intervals,
the differences were less clear. For example, when
only the initial baseline values were selected among
patients who had idiopathic RBD, patients who were
destined to develop disease had a higher baseline
blood pressure drop (17.4 6 16.0 mm Hg vs.
11.0 6 13.8 mm Hg), but these differences were not
significant (P 5 0.26). Tracing backward into prodro-
mal intervals, differences between patients who had
still-idiopathic RBD and patients who had disease
remained significant up to 3 years before disease diag-
nosis for systolic blood pressure drop (P 5 0.003) and
urinary dysfunction (P 5 0.005) and up to 4 years for
constipation (P 5 0.032 for Year 24; for Years 21
through 23. P values were nonsignificant). Note again

TABLE 3. Sensitivity and specificity of autonomic markers
at prodromal intervals

Marker AUC

Cutoff

(indicating

disease)

Sensitivity,

%

Specificity,

%

Systolic blood
pressure, mm Hg
Year 0, n5 32 0.904 10/20 86/66 76/100
Year 21, n5 32 0.900 10/20 88/63 76/100
Year 22, n5 27 0.819 10/20 77/54 76/100
Year 23, n5 20 0.792 10/20 70/60 76/100
Year 24, n5 10 0.756 10/20 60/30 76/100
Year 25, n5 8 0.833 10/20 50/50 76/100

Orthostatic symptoms
Year 0, n5 32 0.613 > 0 36 87

Urinary dysfunction
Year 0, n5 32 0.727 > 0 50 94

Erectile dysfunction
Year 0, n5 17 0.906 > 1 77 92
Year 21, n5 20 0.907 > 1 71 92
Year 22, n5 17 0.869 > 1 71 92
Year 23, n5 16 0.858 > 1 63 92
Year 24, n5 7 0.874 > 1 71 92
Year 25, n5 5 0.942 > 1 60 92

Constipation
Year 0, n5 32 0.817 > 0 70 89.5
Year 21, n5 32 0.750 > 0 58 89.5
Year 22, n5 27 0.707 > 0 50 89.5
Year 23, n5 20 0.715 > 0 50 89.5
Year 24, n51 0 0.907 > 0 90 89.5
Year 25, n5 8 0.832 > 0 75 89.5

AUC, area under the receiver operating characteristic curve.
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that statistical power to detect differences at longer
intervals was less because there were fewer observa-
tions at long prodromal intervals. When changes in
the still-idiopathic group were plotted prospectively,
there was only a slight change over time (Fig. 2), simi-
lar to what was observed in patients with defined
disease.

Discussion

In this study, we demonstrate that patients who de-
velop PD and DLB from idiopathic RBD have clear
abnormalities of autonomic function years before the
diagnosis of disease. The estimated prodromal interval
was approximately 10 to 20 years on regression

FIG. 2. Shown is the change in autonomic symptoms and signs in persons with idiopathic rapid eye movement (REM) sleep behavior disorder
(RBD) who have not yet developed defined neurodegenerative disease. Year 0 refers to the last evaluation, and previous years are plotted as Years
21 to 27. The dashed reference line refers to control values.
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analysis (and at least 5 years according to direct obser-
vation), and progression was relatively slow during
prodromal periods. Abnormalities of autonomic func-
tion are significantly worse in patients who have RBD
with defined synucleinopathy (even in prodromal peri-
ods) compared with patients who have “still-idi-
opathic” RBD, but the predictive value of autonomic
symptoms and signs for those with idiopathic RBD
may be limited by the long prodromal interval. In
comparisons with age-matched controls, markers can
clearly identify the patients who have prodromal dis-
ease. However, there is variability between patients,
such that no single marker can identify disease with
sensitivity and specificity both>80%.

Several studies and pathologic staging models have
suggested that autonomic dysfunction may be a very
early manifestation of PD and DLB. In the Braak
model of PD, the dorsal motor nucleus of the vagus
was affected in stage 1; and, in revisions of the model,
peripheral sympathetic structures were proposed to
start at the earliest time points.20,21 Pathologic studies
have identified a high prevalence of synuclein deposi-
tion in peripheral and spinal autonomic ganglia in in-
cidental Lewy body disease (iLBD).22,23 Patients with
iLBD may also have a higher prevalence of constipa-
tion.24 Studies of prediction of clinical PD are much
more limited; however, in the 2 studies that assessed
constipation before PD, the relation was present even
at very long disease intervals (ie,> 20 years).2,3 The
documentation of autonomic abnormalities in idio-
pathic RBD served as indirect evidence that autonomic
findings can be prodromal markers of PD and DLB, as
discussed above. However, until now, direct evidence
of this was lacking. The current study, in which we
directly measured prodromal intervals of up to 8 years
and estimated a prodromal interval as long as 20 years
on regression analysis, strongly supports the concept
of autonomic dysfunction as a very early manifesta-
tion of synucleinopathy. Of note, the prodromal auto-
nomic intervals estimated in this study were
considerably longer than the 4 to 8 year intervals that
we estimated for motor parkinsonism in the same
cohort,18 consistent with predictions from the Braak
staging system.21 Note also that predicted intervals of
constipation were not clearly longer than those of uri-
nary symptoms or orthostatic blood pressure changes;
although these intervals are imprecise and clinical
symptomatology does not necessarily reflect the degree
of neurodegeneration, this may represent some modest
evidence against models of pathogenesis that posit a
neurodegenerative process starting in the gut and only
later spreading to other autonomic areas.

Although comparisons with controls demonstrated ro-
bust differences, comparison with patients who still had
idiopathic RBD was less clear. This is similar to our
study assessing cardiac denervation in electrocardiogram

rhythm, in which autonomic denervation could not pre-
dict outcome among patients with idiopathic RBD de-
spite clear differences between RBD patients and
controls.8 This may imply that autonomic symptoms
and signs may not be useful for predicting the develop-
ment of disease within idiopathic RBD. This probably
reflects 2 major factors. The first, as mentioned above, is
the heterogeneity of the “still-idiopathic” group. If some
are within a year or 2 of developing disease, then they
may have abnormalities very similar to those observed in
patients with established disease. These patients would
be mixed in with patients at much earlier disease stages,
and perhaps with patients who had no underlying synu-
cleinopathy at all. The second factor is the very long pro-
dromal interval we observed. With prodromal intervals
as long as 20 years and with little progression during
prodromal periods, it is possible that, for most patients,
autonomic degeneration is already present by the time
RBD is diagnosed. This would imply that any differences
between “still-idiopathic” patients and patients with dis-
ease would be driven by a (perhaps small) proportion of
individuals who may not have associated synucleinop-
athy and, to a lesser extent, by those who are many years
from developing defined disease. Therefore, for the anal-
ysis of prodromal disease, we believe that a comparison
between patients with proven prodromal disease (ie, idi-
opathic RBD “converters”) and age-matched controls
would be the most informative.

Some limitations of our study should be noted. Our
analysis of autonomic dysfunction was limited only to
a questionnaire and a simple bedside clinical examina-
tion. Certainly it would be of considerable interest to
evaluate more sensitive and specific markers, particu-
larly for the prediction of outcome in patients with
idiopathic RBD. However, it may be difficult to prac-
tically perform these measures frequently over a pro-
spective period, which would preclude an assessment
of how markers evolve. Although our study was
unique in directly measuring disease during prodromal
intervals, the regression estimates for prodromal peri-
ods clearly are longer than we were able to measure
directly. Therefore, these longer estimates should be
considered imprecise. Calculations of sensitivity and
specificity of the autonomic variables should be con-
sidered as exploratory only, because they require vali-
dation in a separate cohort. Finally, we have
previously documented that RBD is highly correlated
with autonomic dysfunction in patients with estab-
lished PD.25–27 This implies that the results probably
are not optimally generalizable to patients without
associated RBD (many of whom may have no auto-
nomic symptoms at all). This may be an inevitable
limitation: to prospectively obtain 32 patients from
the general population who develop PD would require
following more than 15,000 individuals annually for
5 years.
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In conclusion, by directly measuring the evolution of
prodromal synucleinopathy in patients with RBD, we
have observed that autonomic symptoms and signs are
present in early stages of prodromal neurodegenera-
tion, beginning as long as 20 years before disease
diagnosis.
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