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Autonomic nervous system dysfunction in
Parkinson's disease: relationships with age,

medication, duration, and severity

J Gert van Dijk, Joost Haan, Koos Zwinderman, Berry Kremer, Bob J van Hilten,
Raymund A C Roos

Abstract
Heart rate variability at rest, during deep
breathing, or standing up and with the
Valsalva manoeuvre did not differ signi-
ficantly between 67 patients with idio-
pathic Parkinson's disease (PD) and 31
healthy age matched controls. Blood
pressure (BP) responses to standing up
and sustained handgrip revealed dimin-
ished autonomic function in the PD
group. In a preliminary analysis of the
PD group older age, anti-Parkinson
medication and higher Hoehn and Yahr
(HY) stages were each associated with
poor autonomic responsiveness. Disease
duration was only related to the systolic
BP fall on standing up. Multiple stepwise
regression analysis showed that older age
explained most of the variance of heart
rate variability (up to 36%), and the only
significant PD related factor was the use

of medication, which explained less than
7%. The HY stage accounted for 12-7% of
the variance in the standing up BP test,
and the use of medication explained
10*6% of the variance of the systolic BP
change in the sustained hand grip test.
The unmedicated PD subgroup (n = 33),
who had mild disease of short duration,
showed no evidence of autonomic dys-
function. Cardiovascular autonomic dys-
fimction in PD is mild, mainly affects
blood pressure responses, and occurs

only in advanced cases.
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It has been established that patients with
Parkinson's disease (PD) frequently have
autonomic nervous system dysfunction.'-19
Although methods and results vary between
studies, there is strong evidence that
parasympathetic as well as sympathetic func-
tion may be impaired in PD. Table 1 sum-

marises findings of earlier reports on

autonomic function in PD, which included
control data. Evidence of parasympathetic
dysfunction include heart rate (HR) changes
after standing up,14 1819 after forced
breathing,9 101214 and after the Valsalva
manoeuvre."311141518 Abnormal sympathetic
function tests included abnormal blood pres-
sure (BP) response to standing Up,6 815 1819
and to sustained handgrip.9 121419
The cause of autonomic dysfunction in PD

may be PD related damage to areas known to
be involved in autonomic regulation. Lewy
bodies, sometimes associated with neuronal
loss, can be found in preganglionic structures
of the sympathetic as well as the parasympa-
thetic nervous system: the spinal intermedio-
lateral horns,20 21 the vagal dorsal motor
nucleUS,20 22 23 and the Edinger-Westphal
nucleus.'4 Postganglionic sympathetic neu-
rons in the pre and paravertebral ganglia
often contain Lewy bodies.6202' Lewy bodies
are commonly found in central structures
involved in autonomic regulation, such as the

Table 1 Autonomic function in Parkinson's disease

Parasympathetic tests Sympathetic tests

Number HR HR HR after BPfall after BP after
of variability during standing HR after standingl sustained

Reference patients rest DB up valsalva tilting handgrip Remarks

5 20 NP NP NP NP abnormal NP -

9 20 NP abnormal normal normal normal abnormal 1
10 14 normal abnormal NP normal NP NP -

1 1 31 NP NP NP abnormal normal NP 2
12 22 normal abnormal normal normal normal abnormal 3
14 30 normal abnormal abnormal abnormal normal systolic 4

normal;
diastolic
abnormal

15 24 see remark NP NP abnormal see remark NP 5
19 26 normal normal abnormal normal abnormal abnormal 6
18 20 abnormal NP abnormal abnormal abnormal NP 7

Reports were selected in which both a patient and a control group had been investigated. Only data on the most commonly used
autonomic tests (HR variation at rest, during deep breathing, following standing up, during a Valsalva manoeuvre, and blood
pressure changes following standing up and during sustained handgrip) are presented. Reference = number of citation in present
paper, PD = Parkinson's disease, HR = heart rate, BP = blood pressure, NP = not performed, DB = hyperventilation/deep
breathing.
Remarks concerning the separate investigations are: 1 = no effect L-dopa; 2 = no difference on off; 3 = no effect L-dopa; 4 = no
effect L-dopa, no effect of severity, effect of duration on HR after HV; 5 = HR variability normal in recent onset PD, abnormal in
advanced PD. BP after standing normal in recent PD, abnormal in advanced PD. BP after standing enhanced by L-dopa; 6 = PD
investigated as control group for progressive supranuclear palsy; 7 = effect L-dopa on HR, no effect L-dopa on BP, effect of
severity and duration on HR.
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locus coeruleus, the raphe nuclei, the
parabrachial area, various other pontine and
mesencephalic structures, and the hypothala-
mus.20 22 23 26 27 28

Many investigators have tried to relate the
severity of autonomic dysfunction to clinical
aspects of PD. Relationships between auto-
nomic disturbances and disease duration, dis-
ease severity, and the use of medication have
been investigated, but results have been vari-
able (table 1). The diversity of the conclu-
sions can probably be attributed to relatively
small study samples, the largest series com-
prising 31 patients. Inclusion of patients with
Shy-Drager syndrome might have confused
the issue of autonomic abnormalities in idio-
pathic PD. An additional problem may lie in
the probable mutual interrelations of these
variables and the effect of age, making it diffi-
cult to unravel their effects on autonomic
function.
We studied autonomic function in 67 PD

patients to establish which clinical variables
are related to autonomic dysfunction in PD
and to which degree, taking into account
such confounding effects.

Subjects and methods
PATIENTS AND CONTROLS
Over a 4 year period, autonomic function was
studied in 90 outpatients with idiopathic PD.
Patients with cardiac arrhythmia (n = 8),
hypertension (systolic pressures over 180 mm
Hg or diastolic pressures over 90 mm Hg; n =
2) and patients taking medication known to
influence autonomic nervous function (except
for anti-Parkinson drugs) were excluded (n =
17). None of the patients had reported auto-
nomic complaints, and no patients in this
period were suspected of having Shy-Drager
syndrome. Owing to combinations of these
factors, 23 patients were excluded; thus 67
PD patients were studied (39 men, 28
women, mean age [SD]: 64-8 [11-1] years,
range 41-86 years). Mean duration of PD
was 3-38 years (SD: 3-60 years, range 0-5-22
years). Clinical severity was scored according
to the Hoehn and Yahr (HY) scale: 7 patients
were at stage I, 28 at stage II, 21 at stage III,
10 at stage IV, and 1 at stage V. Medications
were used alone or in combination: levodopa
was used by 22 patients (for a mean of 48-6
[47-2] months), amantadine by 17,
bromocriptine by 5, and anticholinergics by 3
patients. A total of 34 patients were receiving
medication; the remaining 33 patients did not
use any anti-Parkinson medication. Patients
answered a questionnaire on autonomic
symptoms.

Thirty one age-matched controls were
selected from a database of healthy subjects,29
and studied with the same battery of tests.
Age of the controls (mean 65 1 [13.5] years,
range 42-90) did not differ from that of PD
patients (two sided t test, p = 0-91). PD
patients were studied before, during, and
after the period in which the controls were
tested. The study was approved by the hospi-

tal's medical ethics committee, and the sub-
jects gave informed consent.

AUTONOMIC TESTS
Autonomic nervous function was investigated
as previously described.'929-31 Four mainly
parasympathetic tests were applied; HR varia-
tion at rest, during forced breathing at 6-8
breaths per minute, following active standing
up (modified 30:15 ratio), and during a
Valsalva manoeuvre. ECG R-R intervals were
measured by computer, converted to frequen-
cies, and the difference (beats/min) between
the maximum and the minimum frequencies
during each test was noted. Differences rather
than ratios were chosen to describe heart rate
changes, because differences are less subject
to influences of the resting heart rate.29 Two
mainly sympathetic tests were applied: the BP
response to actively standing up was quanti-
fied as the largest drop in systolic and dias-
tolic pressure (mm Hg) 1 or 2 minutes after
standing up. The largest increases in systolic
and diastolic pressure during a 5 minute
period of sustained hand grip (or until the
subjects gave up) at 30% of maximum volun-
tary force were also noted. The mean HR at
rest was noted, as were baseline BPs.

STATISTICAL ANALYSIS
The two sided t test (allowing for unequal
variances), analysis of variance, or X2 tests
were applied to investigate differences.
Multivariate analysis of covariance was used
to study differences in relationships with age
between PD patients and controls. Bivariate
regression and stepwise forward multiple
regression techniques were applied to analyse
the dependence of autonomic tests on clinical
variables. Results of linear regression are pre-
sented with p values as well as with the per-
centage of variance explained by a
relationship, expressed as the squared correla-
tion coefficient multiplied by 100 (100R2). A
p = 0-05 significance threshold was applied
for all tests. Analyses were performed using
the statistical packages NCSS (Kaysville,
UT) and SPSS (Chicago, IL).
The analysis was performed at different

levels. First of all, results of the eight auto-
nomic function variables (four HR tests and
both diastolic and systolic pressures of the
two BP tests) were compared between the
PD and control groups. Secondly, the influ-
ences of age and of the three PD related vari-
ables (that is, duration of disease, use of
anti-Parkinson medication, and disease sever-
ity (HY) on autonomic function were investi-
gated in the PD group. Thirdly, an attempt
was made to disentangle the effects of these
variables on autonomic function, but before
this, the interrelations between these variables
were assessed. For all eight autonomic vari-
ables, two physiological variables (age and
either baseline BP or HR) and the three PD
related variables were selected for possible
inclusion in a stepwise forward regression
analysis. Baseline HR or BP was included
because these variables can influence auto-
nomic responsiveness.29 Systolic BP was
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Table 2 Comparison ofParkinson patients and controls

PD patients Controls
(n = 67) (n = 31) p Value

age (years) 64-8 (11 1) 65-1 (13-5) 0-913
systolicBP (mmHg) 135-1 (18-1) 135-4 (14-7) 0 937
diastolic BP (mm Hg) 84-6 (11-6) 82-0 (6-5) 0-162
heart rate (beats/min) 77 9 (12-3) 81-0 (14 4) 0-318
Heart rate tests (beats/min):

atrest 11-1 (8-2) 14-0 (13-3) 0-324
deep breathing 13-9 (9-0) 15-5 (10-8) 0-485
standingup 8-7 (8-9) 12-2 (10-2) 0-122
Valsalva 22-5 (21-4) 25-8 (14-9) 0 430

BP tests (mm Hg):
syst fall, standing up 13 7 (16-7) 6-4 (9 7) 0.008
diast fall, standing up 5-2 (9 7) 0-0 (5 0) 0.001
syst rise, sust grip 20-6 (15-1) 32-6 (20 4) 0.005
diast rise, sust grip 16-6 (16-0) 27-0 (17-8) 0-008

All variables are expressed as mean (SD). p values refer to two sided t tests with allowances for
unequal variances. p values < 0-05: bold type, p < 0-01: bold and underlined. 'Syst' = systolic,
'diast' = diastolic, 'sust' = sustained hand grip.

included when systolic changes were studied,
and diastolic BP was included when diastolic
changes were studied.

Results
DIFFERENCES BETWEEN PD AND CONTROL
SUBJECTS
Characteristics of the PD and control groups
are summarised in table 2. Age, resting HRs,
and resting BPs did not differ between the
groups. HR appeared less responsive in the
PD group, but the difference was not signifi-
cant in any of the HR tests. The BP tests
showed highly significant differences between
the groups, PD patients again performing
worse than controls. The questionnaire
revealed that 62% ofPD patients experienced
dizziness on rising with a frequency of seven
[12] times per week. Neither fainting nor
other autonomic complaints were observed.

AGE, CLINICAL VARIABLES, AND AUTONOMIC
FUNCTION
Baseline HR and BPs were not significantly
influenced by any of the PD related variables.
In contrast, HR tests showed a decrease with
age in both groups (table 3). Although the
decrease with age appeared to be more pro-
nounced in PD patients than in normal sub-
jects, the difference in relationships with age
was only significant for the standing up test
(p = 0002). In both groups, age exerted a
moderate influence on the BP fall on stand-
ing, while the BP rise on sustained handgrip
was significantly related to age in both

groups. Relationships with age did not differ
significantly between the groups in any of the
BP tests.
To study the effect of the HY stage, stages

I and II were combined, and the patient in
stage V was grouped with stage IV, resulting
in stages I/II, III, and IV/V. An increasing HY
stage had a consistently detrimental effect on

autonomic function, which reached signifi-
cance for three of the four HR tests and for
the BP fall on standing (table 4, figure 1).
The only autonomic variable with which

disease duration showed any significant corre-

lation was the systolic BP fall on standing up

(p = 0016, 10OR2 = 9-2%); lOOR2 reached a

maximum of only 5 0% for the other vari-
ables.
The effects of anti-Parkinson medication

were assessed by comparing the medicated
with the unmedicated group. Significant dif-
ferences were found for two HR tests (stand-
ing up and Valsalva) and for systolic as well
as diastolic BPs in both BP tests (fig 2). In all
comparisons, including the non-significant
ones, the use of anti-Parkinson medication
was related to poorer autonomic responsive-
ness. The effects of levodopa (22 users and
45 non-users) and amantadine (17 users and
50 non-users) were assessed separately, after
showing that there was no correlation in the
use of these drugs (X2 test, p = 0O8). Results
for both drugs were similar to those obtained
for all medications combined, except for a

difference between the effects of these two
drugs in the Valsalva test: levodopa users

showed a decreased responsiveness compared
with non-users. In contrast, results of this test
did not differ between amantadine users and
non users.

DISENTANGLING THE EFFECTS OF CLINICAL

VARIABLES

Interrelations between age and the three PD
related variables were assessed (with linear
regression or X2 tests) to bring to light any

potentially confounding effects on the above
mentioned relationships. Of the six possible
bivariate relationships, four proved to be sig-
nificant. As expected, older patients were in
higher HY stages (p = 0 001, lOOR2 = 16%);
disease duration was longer in those using
anti-Parkinson medication (p = 0-001, 1OOR2
= 16%), and in those with higher HY stages
(p = 0O003, lOOR2 = 13%). Patients using

Table 3 Effects of age

Controls PD patients

a b p 1OOR2 a b p 1OOR2

Heart rate (beats/min):
resting -0 39 40-8 0-076 13 -0 24 26-8 0'012 10
deep breathing -0 14 25-4 0 434 3 -0-41 40 3 0 000 24
standing up 0-12 4-0 0 495 2 -0-43 36-8 0 000 27
Valsalva -0-64 69-2 0-007 27 -1 11 939 0.000 31

BP tests (mm Hg):
syst fall, standing up 0 25 -9-6 0-064 12 0 22 -0 3 0-244 2
diast fall, standing up 0 09 -6-0 0-179 6 0-20 -7 9 0-056 6
syst rise, sust grip -0 74 80-8 0'005 24 -0 31 40 6 0-066 5
diast rise, sust grip -0 14 36-3 0-562 1 -0 68 60-7 0 000 23

Relationships of autonomic variables and age (in years) were assessed using bivariate linear regression. The variables a and b refer
to the formula of the line of best fit y = ax + b. 'p' Refers to the significance of the relationship within each group, expressed as
in Table 2. "IOOR2' describes the percentage of variance of an autonomic variable which is explained by age. Abbreviations as in
Table 2.
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Table 4 Effects of the Hoehn and Yahr (HY7 stage on auwnomic vanables

HYIIII HYIII HYIVIV
n =35 n = 21 n=11 pvalue

Heart rate (beats/min):
resting 13-0 (9-9) 9-8 (5 5) 7-5 (4-5) 0-14
deep breathing 16-4 (10-2) 12-3 (6 6) 8-0 (5 0) 0-03
standingup 11-4 (9-9) 7-7 (7 2) 2-1 (2 8) 0-01
Valsalva 27-4 (19-6) 23-1 (25-2) 5-2 (4 8) 0-02

BP tests (mm Hg):
syst fall, standing up 9-6 (12-4) 14-0 (17-8) 25-8 (21-5) 0-02
diast fall, standing up 2-5 (7 9) 7-2 (9 9) 9-2 (12-7) 0 07
syst rise, sust grip 24-0 (14-8) 19-7 (15-7) 12-0 (12-3) 0-08
diast rise, sust grip 21-1 (19-4) 12-9 (11-2) 10-6 (5-2) 0-08

HY stage I was grouped with II, and IV with V. Mean value (SD) are given for the three result-
ing stages; p values (expressed as in Table 2) refer to ANOVA. Abbreviations as in Table 2.

medication were in higher HY stages (p =
0 01). Although the age-medication relation-
ship proved to be non-significant, the mean
age of non-medicated patients was lower than
that of medicated patients (63-3 [11-4] and
66-2 [10.9] respectively). This pattern of
interrelations with, on the one hand, young,
unmedicated patients with moderately severe
PD of short duration, and on the other hand,
medicated patients with more severe PD of

30
A

1/11

III

'.,-1
N

Deep
breathing

Standing
up

Valsalva

longer duration, means that these variables
can have strong confounding effects.
The results of the stepwise regression

analysis are shown in table 5. Most of the
variance of HR tests was explained by age,
which consistently affected all four HR tests.
Baseline HR reached significance once
(standing up test). The use of medication was
the only specific PD related variable to
emerge as a significant factor, but this only
explained a modest degree of variance, and
held only for the standing up and Valsalva
HR tests. None of the PD related factors had
a significant effect on HR changes at rest or
during deep breathing.
A smaller degree of overall variance could

be explained for the BP tests than for the HR
tests. Two factors emerged as significant
influences on the diastolic rise in the sus-
tained handgrip test: age and baseline BP.
The systolic rise in the same test was only
influenced by use of medication. In the stand-
ing up test, HY stage influenced both systolic
and diastolic BP changes.

Although the use of anti-Parkinson med-
ication was considered to be a PD related
variable, the relation is iatrogenic rather than
pathophysiological in nature. In view of the
importance of medication for autonomic
function, the unmedicated PD group was
compared with the control group. Age did
not differ significantly between the unmed-
icated PD (63-3 [11-4] years) and the control
(65-1 [13-5] years) groups. None of the auto-
nomic tests showed significant differences
between these groups. A tendency towards
significance (p = 0 08) was found for the fall
in diastolic BP on standing. Within this
unmedicated PD group, relationships with
age and baseline HRs or BPs were similar to
those for the entire PD group. However, no
convincing correlations with clinical severity
or disease duration could be found.
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Figure 1 Autonomic function and clinical severity. Results of heart rate tests (A) and
blood pressure tests (B) for three Hoehn and Yahr (HY) (stages I and II, and IV, and V
were combined). Bars indicate SEM. Diminished autonomic reactivity is apparent as
lower HR changes and as a lower BP rise in the sustained hand grip tests, and as a larger
BPfall in the standing up BP test. Lowered responsiveness is related to higher HY stages.

Discussion
PD patients consistently showed a diminished
autonomic responsiveness compared with
healthy controls, although the comparisons
reached statistical significance only for BP
tests. The evidence of diminished sympa-
thetic (BP) and parasympathetic (HR) activ-
ity in PD demonstrated by this study is in
accordance with previous findings (table 1).
Our work extends earlier studies consider-

ably by offering the ability to analyse the
effects of clinical variables of PD in more

detail. When the influence of each of these
variables on autonomic function was studied
without taking any of the other variables into
account, we found a detrimental effect of age,
use of anti-Parkinson medication, and clinical
severity. Disease duration proved to be of lit-
tle importance. These results confirm some

earlier reports, but not all (table 1), probably
because of the small number of patients in
these reports (less than half of the number in
the present study).

Although these bivariate relationships seem

straightforward, their explanation is compli-
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Table S Forward stepwise regression analysis

Step 1 Step 2 Step 3 Total
Test Var 10OR2 B SE Var 10OR2 B SE Var 10OR2 B SE 1001R?

Heart rate tests:
resting age 29-5 -033 0 07 - 29-5
deepbreathing age 24-6 -0-42 0 10 - - - - - - - - 24-6
standingup age 25-9 -040 009 HR 6-8 -0 19 0-08 med 5-6 4-46 2-05 38-3
Valsalva age 36-0 -0 93 0 19 med 6-5 9-82 4-10 - - - - 42-5

Test Step 1 Step 2 Total
Var 1OOR2 B SE Var 10OR2 B SE IOOR2

Blood pressure tests:
Standing up
syst fall HY 12-7 7 30 2-46 - - - 12-7
diast fall HY 9 7 3 79 1-48 - - - 9-7
sust grip
syst rise med 10-6 9 93 3-76 - - - - 10-6
diast rise age 24-0 -0-79 0-17 BP 5-7 -0 34 0-15 29-7

Three PD related variables (use of anti-Parkinson medication (med), Hoehn and Yahr stage (HY) and duration of disease) were considered for inclusion in the
regression model. The physiological variables age and the baseline heart rate (HR) were considered for heart rate tests, and the baseline blood pressure (BP) for
BP tests (diastolic baselines for diastolic changes; similar for systolic values). Variables (var) are presented in the order of selection (step) and thus of the signifi-
cance of their relationship with the autonomic variable. Presented are squared part correlation coefficients multiplied by 100 (1OOR2); these represent the percent-
age of the total variance of the autonomic variable which is additionally explained by inclusion of the variable. "B" is the regression coefficient, and SE the
corresponding standard error. 'Total' represents the percentage of variance explained by the selected combination of variables. Abbreviations as in Table 2.

o Controls
O Unmedicated PD
* Medicated PD

At rest Deep
breathing

Standing
up

35-

30

25

I
E 20
E

, 15

m

10

5

Syst.

Valsalva

Syst.

Standing up Sustained hand c

Figure 2 Autonomic function and anti-Parkinson medication. Heart rate (A) an
pressure (B) results in PD patients, divided according to the use of anti-Parkinson
medication, which leads to impaired autonomic responsiveness.

cated by the strong interrelations between
age, clinical severity, use of medication, and
disease duration. For instance, it is well
known that most autonomic functions
decrease with age. There was a significant
relationship between age and the HY stage;
should the diminished autonomic reactivity
found for higher HY stages be attributed to
age, or to progressive damage caused by PD
itself?

Stepwise forward regression was used in an
attempt to disentangle such effects. Clinical
severity, duration of disease, and the use of
medication were selected as potentially rele-
vant PD related variables. To these were
added age as well as a baseline autonomic
variable (either heart rate or BP), as earlier
findings had indicated.29

Only modest portions of the variance of
autonomic tests could be explained by the
PD related variables. For HR tests, age
explained the majority or even all of the
accountable amount of variance. When the
effects of physiological (age and baseline HR)
and iatrogenic (medication) variables were
taken into account, no effects of the specific
PD variables (HY and duration) could be
ascertained for HR tests. The same reasoning
applies to the sustained handgrip BP test.
However, for the standing up BP test, the HY
stage did have a significant effect, although

'91 this was limited in magnitude, reaching a
maximum of 12-7% of explained variance.
The relatively large size of the unmedicated

PD group enabled one to study autonomic
function with one less confounding variable.
No significant differences were found
between unmedicated PD patients and con-
trols. Within this group, autonomic tests were
not related to clinical variables-that is, dis-
ease duration or clinical severity. There was
no statistically convincing evidence that auto-
nomic dysfunction occurred in unmedicated

Diast. PD. But PD in this group might not be seri-
ous enough to result in a noticeable degree of

Jrip autonomic damage: PD in the unmedicated
d blood PD group proved to be of low severity (21

patients in HY stage 1/2, 12 in stage II, and 1
in stage IV/V; difference with medicated PD
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group: p = 0 01), and short duration (2-0
[1 9] years, compared with 4-8 [4-3] years of
the medicated PD group: p = 0-002). The
results of this study suggest that autonomic
dysfunction is limited to the BP response to
standing up, that this is restricted to more
severe PD, and even then remains modest in
severity. As such, our findings strengthen
Bannister's conclusion regarding the paucity
of cardiovascular autonomic dysfunction in
PD32 with detailed evidence.
The evaluation of cardiovascular auto-

nomic dysfunction in PD is easily con-
founded by interrelated variables, the most
important being age and the use of anti-
Parkinson medication. A failure to compen-
sate for such factors may lead to the
erroneous conclusion that the frequently
occurring disturbance of autonomic tests in
PD is entirely due to PD, whereas PD itself
appears to cause only modest damage to the
antonomic nervous system.
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