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ABSTRACT

Background:

There are no studies of autonomic function comgadizheimer’s disease (AD),
Vascular dementia (VAD), Dementia with Lewy Bodid3LB) and Parkinson’s
disease dementia (PDD).

Aims:

To assess cardiovascular autonomic function in BQAtients, 30 VAD, 30 DLB, 40
PDD and 38 elderly controls by Ewing’s battery eftamomic function tests and
power spectral analysis of heart rate variabilifyp determine the prevalence of
orthostatic hypotension and autonomic neuropathyeswing’s classification.
Results:

There were significant differences in severity oérdiovascular autonomic
dysfunction between the four types of dementia. P& DLB had considerable
dysfunction. VAD showed limited evidence of autonordysfunction, and in AD,
apart from orthostatic hypotension, autonomic fioms were relatively unimpaired.
PDD showed consistent impairment of both parasyhgiat and sympathetic
function tests in comparison with controls (all p&@1), and AD (all p<0-03). DLB
showed impairment of parasympathetic function @@#0.05) and one of the
sympathetic tests in comparison with controls @sthsis; p=0-02). PDD had
significantly more impairment than DLB in some andmic parameters (Valsalva
ratio—p=0-024, and response to isometric exercE@-902). VAD patients showed
impairment in two parasympathetic tests (orthostgs+0.02, Valsalva ratio p=0.08)
and one sympathetic test (orthostasis; p=0.04)s& mesults were in contrast to AD
patients who only showed impairment in one symgatheesponse (orthostasis;

p=0.004).



The prevalence of orthostatic hypotension and aunton neuropathies was higher in

all dementias than in controls (all p<0.05).

Conclusion:
Autonomic dysfunction occurs in all common dementiait is especially prominent

in PDD with important treatment implications.



INTRODUCTION

Patients with autonomic failure experience disappostural dizziness, syncope, falls,
constipation and incontinence.[1] There is a need identify symptomatic
dysautonomia in dementia in order to ensure ap@a@pmanagement and reduce risk
of falls, which is particularly important as false a significant cause of increased
morbidity, institutionalisation and mortality indgke individuals.[2]

There are no previous prospective studies of amanéunction comparing the most
common dementia subtypes in the elderly; Alzheimatisease (AD), Vascular
dementia (VAD), Dementia with Lewy Bodies (DLB) arfélarkinson’s disease
dementia (PDD). A generalised deficit in cholinerfyinction would be expected to
lead to autonomic dysfunction and the common deiaiitave all been associated
with underactivity of the cholinergic nervous syste[3] The Braak staging of
Parkinson’s disease[4] emphasises early involveraktite brainstem, including the
dorsal vagal nucleus, and autonomic failure isadui® of Parkinson’s disease.[5]

The only previous studies using standard bedsideal autonomic tests have mainly
included patients with AD only,[6-10] although twwave included patients with
multi—infarct dementia or Binswanger’'s encephalbpaf11,12] and there is one
retrospective report of clinical autonomic dysfuoctin DLB patients.[13] Studies
using bedside tests do require a level of coomerdiy the subject which may not be
possible in dementia. These data can be enhancadelagurements of heart rate
variability,[14] which requires less cooperationrfr the subject than other autonomic
function tests and is suitable for use in patienth dementia.[15]

We examined autonomic function using a combinatodnstandardized bedside
clinical testing and heart rate variability techueg, in an unselected series of patients

with a range of dementia subtypes, diagnosed aicgptd well validated diagnostic



criteria, in comparison with appropriately matcheldlerly controls. Given the
evidence of the retrospective study of DLB patieatsd evidence regarding
autonomic dysfunction in Parkinson’s disease (FID)fve hypothesised that
autonomic dysfunction would be more severely imgzhin DLB and PDD than in
AD, and that the most severe impairment would l@sgmt in PDD due to the length

of illness and severity of neurodegenerative diseas

METHODS

Participant recruitment and inclusion criteria

Consecutive patients were recruited from Neurolo@yd Age Psychiatry and
Geriatric Medical Services within the Northern Regiof the United Kingdom. All
participants were over 65 years of age. AD patiergsthe NINCDS ADRDA criteria
for Alzheimer’s disease[16] and Vascular DemenAD) patients met the NINDS
AIREN criteria for Vascular Dementia.[17] DLB patits met consensus criteria for
Dementia with Lewy bodies.[18] Parkinson’s diseash dementia patients (PDD)
met both UKPDS Brain bank criteria[19] and DLB census criteria, with motor
disorder preceding dementia by at least 12 momMthsage matched healthy control
group was recruited by local advertisement. Theysteceived ethical approval from
the Joint Ethics Committee of Newcastle and Norynekide Health Authority, the
University of Newcastle upon Tyne and the Univgrsit Northumbria at Newcastle.
Participants gave consent in accordance with tlredadsion of Helsinki, with the
involvement of caregivers and next of kin as désdiin detail in our previous
studies in dementia.[20]

Exclusion criteria



Participants were excluded if they were in atribtiflation or had other arrhythmias.
Controls were excluded if they had any evidenceenhentia or Parkinson’s disease.
Clinical Assessment

All patients received a full medical assessmertluging physical examination and
12 lead electrocardiogram. Significant medical esusf dementia were excluded
during diagnostic investigations. Duration of detreendrug history and history of
hypertension or diabetes mellitus were recordedgn@ioe function was assessed
using the cognitive subsection of the Cambridgentimation for Mental disorders in
the elderly (CAMCOG) [21]. All assessments tookcglan the morning; participants
were asked to take their usual medications inclydiopaminergic agents, and to
refrain from drinking caffeinated drinks or smokiog the morning on the assessment.
Extra—pyramidal signs were evaluated using the metisection of the Unified
Parkinson’s disease rating scale (UPDRS),[22] afileng the usual dose of levodopa,
if applicable.

Clinical Autonomic Function Tests

Clinical autonomic function tests were carried aatording to Ewing’s battery.[23]
The electrocardiogram (ECG) was recorded duringngupest using standard limb
leads | or Il and locally developed software, sangpht 1 kHz. Blood pressure was
monitored using a digital photoplethysmograph (&mes, TNO, Amsterdam) which
enables non invasive beat to beat blood pressussurement. Blood pressure data
were synchronised to ECG and inspected off lineaftefacts, ectopic beats and non
systolic waveforms which were removed using a saatbmated technique.
Participants rested in the supine position for ifutes before starting the tests and
also rested for 2 minutes between each test. Hadgt tests were excluded if

invalidated by excessive ectopic activity or otlaerhythmia. Blood pressure tests



were excluded if the trace was obscured by movemefiact.
Parasympathetic tests

1. Deep breathing
Respiratory sinus arrhythmia was assessed by tfierpance of 6 deep breaths at a
frequency of 0-1 Hz. Participants were given adexjuahearsal to achieve the
required frequency and counted through the 6 bsedihe response was taken as the
mean of the differences between the maximum andwaim instantaneous heart rate
for each cycle. A minimum of 3 breaths was requfadnclusion.

2. Orthostasis
Orthostatic blood pressure and heart rate changes assessed during a 3 minute
active stand. Heart rate response to standing ssessed as the ratio of maximum R—
R interval at or around the %®eat to the minimum R-R interval at or aroundit&2
beat.

3. Valsalva ratio
The Valsalva manoeuvre was performed for 15 secaedsiiring forced expiration
against an open glottis at a pressure of 40 mmHuwe pressure achieved was
monitored via the PC and visual feedback was availto the participant to enable
them to maintain a constant pressure. The manoeuaseperformed three times in
order to maximise participant compliance and ens@groducibility. The best
response was used for analysis and a minimum osekdnds was required for
inclusion.
Valsalva ratio was taken as the maximum R-R intarvéhe 15 seconds following
expiration divided by the minimum R-R interval chigithe manoeuvre.
Sympathetic tests

1. Orthostasis



Orthostatic blood pressure change was calculatedeadifference between the nadir
blood pressure immediately after standing and tleanmblood pressure for the 20
beats immediately prior to standing.

2. Valsalva manoeuvre
Blood pressure response was taken as the diffetsgteesen the peak systolic blood
pressure achieved during phase IV and the meanlisybtood pressure for the 20
beats immediately prior to the manoeuvre.

3. Isometric exercise
This was performed by rising from the supine taténg position, and remaining in
that position for 3 minutes, without external hele blood pressure response was
taken as the difference between the mean diadwtiod pressure for the 20 beats
immediately prior to sitting and the 20 beats imrasgay prior to the end of the sitting
exercise. A minimum of 90 seconds was requiredni@usion.
Measurement of Heart Rate Variability
ECG was recorded as described above. Five minuteRRo interval data were
digitised and stored on computer for subsequeriné analysis (Lab View and data
acquisition card 1200, National Instruments, NewhumMon sinus beats were
removed automatically, then manually if necessarsing an R wave detection
software package: the program interpolated an Revi@vmissed or ectopic beats.[24]
The record was excluded if excessive ectopic dgtivor any period of
supraventricular arrhythmia were present. Powerctsple analysis (Fast Fourier
transformation) of the edited recording was perfino obtain spectral bands in the
very low (<0-04Hz), low (0-04-0-15Hz) and high 8-0-40Hz) frequency bands and
also total spectral power (<0-40Hz) according tdermational guidelines.[14]

Sympathovagal balance was examined by low frequéngli frequency ratio.



Orthostatic hypotension

Sustained orthostatic hypotension was defined fall &n systolic blood pressure of

greater than 20 mm Hg or diastolic blood presstirgreater than 10 mm Hg which

did not return to baseline within 30 seconds frbm start of the active stand. Time of
return to baseline was defined as the start ofiteeseries of 3 consecutive beats in
the blood pressure which were within one standawation of the baseline blood

pressure.

Ewing classification of autonomic failure

Results for each bedside autonomic test were Gkgsis normal or abnormal. A test
was deemed to be abnormal if the result was bel@8t percentile for that test in

the control group, and borderline if below thé"p@rcentile. Ewing’s classification of

autonomic function[23] was determined as shown Wweior each patient who had

complied with sufficient tests for the classificatischeme to be applied.

Normal: all tests normal or 1 borderline

Early: one of the 3 heart rate tests abnormallworderline

Definite: two or more of the heart rate tests abrad

Severe: two or more of the heart rate tests abaloptas one or both of the

BP tests abnormal or both borderline

Atypical: any other combination

Statistics
Fisher's Exact test was used to detect the pressfidiéferences across groups in the
categorical baseline characteristics (gender, tyisibhypertension, diabetes mellitus,

levodopa or cardiovascular drug usage). ANOVA wasduto compare differences
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across groups in normally distributed data (ageMC®G, levodopa dose). Duration
of dementia, number of cardiovascular medication @PDRS score data were not
normally distributed, therefore, Kruskal-Wallisteesvere used to test for differences
across groups and Mann-Whitney U test to compdfereinces between individual
groups.

Univariate ANOVA analyses were used to establisé finesence of significant
differences in autonomic function tests acrossmbagc groups. Heart rate variability
data were transformed using the natural logaritbrproduce a normal distribution.
Cox regression was used to compare time of retubaseline systolic blood pressure
as this was a censored event, and Fisher's Exat$ tgere used to compare
categorical outcomes (orthostatic hypotension, Gvalassification). On the basis of
our prior hypotheses, if significant differencescss groups were present predefined
comparisons between groups were made (univariat©WN or Pearson’s Chi
squared as appropriate). These compared each eligeag with the control group,
the DLB and PDD groups with the AD group and theBOdgroup with the PDD group.
Post hoc multivariate linear regression analyseseweerformed to examine the
potential confounding effects of age, gender, domabf dementia, hypertension,
diabetes and cardiovascular medications.

All statistical tests were performed using SPSSsiver 11.0 statistics package.

Significance was taken as p <0-05.

RESULTS
Participant characteristics
One hundred and ninety eight participants met thaal inclusion criteria (42

controls, 40 AD, 38 VAD, 32 DLB and 46 PDD). Twenbye participants were
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excluded because of an arrhythmia (16 atrial fagrdn (3 controls, 1 AD, 8 VAD
and 4 PDD) and 5 other arrhythmia (1 control, 2 Ddrigl 2 PDD)). One hundred and
seventy seven participants suitable for analysmsameed (38 controls, 39 AD, 30
VAD, 40 PDD and 30 DLB).

Table 1 shows the baseline characteristics of thdicgpants. There were no
differences in gender between groups (all p>0-¥3)D patients were older than
controls (mean difference 3-9 +/-1:6 years, p=0;@ PDD patients were younger
than controls (mean difference 3-9 +/-1-4 year§;@BY). Patients with VAD had a
shorter duration of dementia than those in the AOPBD groups (p=0-002, 0-008
respectively). All dementia groups had lower CAMCQGores than controls (all
p<0-001) but the dementia groups were not diffeliremh one another.

Hypertension was more common in VAD than in allestgroups and less common in
DLB than in controls (VAD vs. other groups all p&0; control vs. DLB p=0-017),
but there were no significant differences betwesyugs in other factors potentially
affecting autonomic function. All patient groupsdhaigher UPDRS scores than

controls (all p< 0-001).
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TABLE 1: PARTICIPANT CHARACTERISTICS

Diagnosis CONTROL AD VAD DLB PDD
(n) (38) (39) (30) (30) (40)

. 0
)%_eg‘igr'zggmber of males (%) 18 (47) 17 (44) 21 (70) 17 (57) 23 (58)
Mean Age: years (SD)
ANOVA: p<0-001 76 (7) 79 (6) 80 (6) 75 (7) 72 (5)
Median Duration of Dementia (months)
(IQR) - 32 (17-48) 15 (8-28) 21 (12-44) 26 (17-51)
Kruskall Wallis: p=0.014
Mean CAMCOG score (SD) a (A, _ . _ . _ _
ANOVA: p<0-001 939 (4-7) 59-4 (14-8) 634 (19-0) 60-5 (15-1) @68)
Hypertension: present (%)
2 0<0.001 15 (39) 8 (20) 22 (74) 4 (13) 10 (25)
Diabetes mellitus: present (%) _
2 0=0.722 2 (5-2) 3(8) 4 (13) 2(7) 2 (5)
Number (%) receiving cardiovascular
medications 18 (47) 26 (51) 17 (57) 16 (53) 21 (53)
v*: p=0.532
Median number of cardiovascular drugs
(range) 0 (0-2) 1(0-3) 1 (0-3) 1(0-2) 1(0-3)
Kruskall Wallis: p=0.747
Number (%) receiving levodopa therapy
v%: p<0.001 0 (0)- 0 (0)- 1(3) 150 6 (20) 225 38 (95) 447
Mean daily dose (mg)
Median UPDRS Ill score (IQR) 1(0-3) 7 (3-9) 10 (7-17)  29(14-40) 37 (30-45)

Kruskall Wallis: p<0.001

13



Legend to Table 1
SD: Standard deviation; IQR: Inter—quartile rangPD: Parkinson’s disease dementia; DLB: Dementta wewy bodies; VAD: Vascular
dementia; AD: Alzheimer’s disease
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Clinical autonomic testing: Parasympathetic tests

Patients with PDD had impairment of all parasymetthtests in comparison with
controls in univariate ANOVA (table 2). PatientstiwvDLB had impaired heart rate
responses to deep breathing and standing in cosepawith controls in univariate
ANOVA (p=0-001, 0-048 respectively). All parasynipic tests were significantly
impaired in both PDD and DLB in comparison with tois in a multivariate analysis
adjusting for age, gender, diabetes, hypertensimh @ardiovascular medications.
Patients with VAD had impaired heart rate respongestanding and Valsalva
manoeuvre in comparison with controls (p=0-017,-P88 respectively), but only the
difference in Valsalva ratio remained significant multivariate analyses (p=0-04).
There were no significant differences in parasyimgiat tests between AD patients
and the control group.

PDD patients were more impaired in comparison wWAD patients on all
parasympathetic tests (all p<0-05). DLB patientsl Imaore impaired heart rate
responses to deep breathing in comparison with Addepts (p=0-003). In
multivariate analyses, both DLB and PDD patientugo were more impaired in
comparison with AD patients on all parasympathisats (all p<0-05), except DLB vs.
AD on response to standing (p=0.071). PDD patieat$ a more impaired Valsalva
ratio than DLB patients (p=0-024) and this differenremained in multivariate

analyses (p=0-014).
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TABLE 2: PARASYMPATHETIC CLINICAL AUTONOMIC FUNCTIO N TESTS

Diagnosis CONTROL AD VAD DLB PDD

Mean change in 815 (6-48-9-82)  7-21 (5-60—8-83)6-01 (4-31-7-71) 4-28 (3-20-5-37) 3-98 (3-:08-6-29) AD vs. DLB: 0-003 (0.01)
heart rate during 0-42 (0.75) 0-07 (0.16) 0-001 (0.001) 0-003 (0.001) AD vs. PDD: 0-03 (0.04)
deep breathing DLB vs. PDD: 0-67 (0.89)
ANOVA: p=0-002

Mean heart rate 1-15(1-12-1-19)  1-13 (1-08-1-18)1-09 (1-06-1-13) 110 (1-05-1-14) 1.05 (1.03-1-07) AD vs. DLB: 0-25 (0.07)
response to standing 0-51 (0.86) 0-02(0.14) 0-05 (0.02) 0-001 (0.001) AD vs. PDD: 0-002 (0.003)
ANOVA: p=0-001 DLB vs. PDD: 0-070.04)
Mean Valsalva Ratio 1-43 (1.32-1-54) 1.38 (1-29-1-47)1-26 (1-19-1-33) 1.28 (1-18-1-39) 1.15 (1-12-1-19) AD vs. DLB: 0-16(0.008)
ANOVA: p<0-001 0-447 (0.863)  0-008 (0.04) 0-05 (0.04) 0-001 (0.001) AD vs. PDD: 0-001 (0.001)

DLB vs. PDD: 0-02 (0.01)

Legend to Table 2

P values in the left hand column give the resuthefunivariate ANOVA across all groups.

Columns 3-6: show the mean (95% confidence interfcalthe mean) for each parasympathetic test dgrdisis, with p values for that patient
group in comparison with the control group in umigee ANOVA, and in multivariate analyses in bratske

The results of other predefined contrasts are givehne right hand column.

All significant results are shown in boldface.
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Clinical autonomic testing: Sympathetic tests

All patient groups had a greater fall in blood grege upon standing than controls,
remaining significant in multivariate analyses (a0-05) (table 3).

PDD patients had reduced blood pressure respomsaélsalva manoeuvre and
isometric exercise in comparison with controls (j®€0), but other patient groups did
not. PDD patients also had reduced blood pressspmonses to Valsalva manoeuvre
and isometric exercise in comparison with AD pd8elp<0-01), and reduced
response to isometric exercise in comparison witlB [patients (p=0-002). DLB
patients had reduced blood pressure responsesl¢alamanoeuvre in comparison

with AD patients (p=0-044). None of these findithanged in multivariate analyses.
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TABLE 3: SYMPATHETIC CLINICAL AUTONOMIC FUNCTION TE  STS

Diagnosis (n) CONTROL AD VAD DLB PDD

Mean fall in systolic blood  26-6 (19-4-33-8)  45.5 (35-1-55-9)40-9 (28-2-53-5) 43.-2 (32:0-54:6) 48-2(39-7-56-7) AD vs. DLB: 0-75 (0.78)
pressure on standing (mm 0-004 (0.03) 0-04 (0.04) 0-02 (0.02) 0-001 (0.005) AD vs. PDD 0-68 (0.29)
Hg) ANOVA: p=0-01 DLB vs. PDD: 0-49 (0.37)
Mean change in systolic 16-5(9-33-23-6) 20-0(11-1-28-9)13:4 (5-59-21-2) 7-92 (-0-109-16-0)0-792 (—3-30—4-89) AD vs. DLB: 0-04 (0.005)
blood pressure during phase 0-54 (0.08) 0-56 (0.81) 0-11 (0.11) 0-001 (0.001) AD vs. PDD: 0-001 (0.001)
IV of Valsalva manoeuvre DLB vs. PDD: 0-11 (0.12)

(mm Hg) ANOVA: p=0-002
Mean change in diastolic 17-2 (12-7-21-7)  15-5 (10-7-20-4)12.7 (8-33—-17-1) 15-4 (10-7-20-2) 4-67 (-0-22-9:56) AD vs.- DLB: 0-98 (0.80)

blood pressure on isometric 0-611 (0.86) 0-15 (0.17) 0-59 (0.30) 0-001 (0.001) AD vs. PDD: 0-002 (0.002)
exercise (mmHg) ANOVA: DLB vs. PDD: 0-002 (0.004)
p=0-001

Legend to Table 3

P values in the left hand column give the resuthefunivariate ANOVA across all groups

Columns 3-6: show the mean (95% confidence interi@l the mean) for each sympathetic test by disighavith p values for that patient
group in comparison with the control group in umigee ANOVA, and in multivariate analyses in bratske

The results of other predefined contrasts are givehne right hand column. All significant resuttse shown in boldface.
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Heart Rate Variability

ANOVA analyses across all groups showed signifiadifferences in total spectral
power, low frequency band and high frequency bapd0{040, 0-041, 0-003
respectively, table 4). There were no differena@®ss groups in mean R-R interval,
very low frequency band and low frequency: highgérency ratio (p= 0-372, 0-113,
0-428, respectively).

Total spectral power, low frequency power and Hirglquency power were reduced in
PDD patients in comparison with healthy controlsffedences remaining in
multivariate analyses (all p< 0-05). Total spegbh@ier, low frequency band and high
frequency band were also reduced in comparison thighAD patient group. DLB
patients were not significantly different from caois in univariate ANOVA but the

low frequency band was significantly reduced in twatiate analyses (p=0-021).
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TABLE 4: HEART RATE VARIABILITY

_ , CONTROL
Diagnosis (n) AD (32/39) VAD (27/30)  DLB (23/30)  PDD (38/40)

(31/38)
Total Power (M) 1003 (575-1431) 820 (483-1158P22 (332—1512) 617 (300-934) 628 (301-714) AD vs. DLB: 0-24 (0.18)
ANOVA: p=0-04 0-49 (0.55) 0-27 (0.19) 0-08(0.05) 0-003 (0.003)  AD vs. PDD: 0-02 (0.02)

DLB vs. PDD: 0-38 (0.42)
Low Frequency Power 2323 (169-477) 1324 (158-490389 (91-5-687) 261 (85:6—438) 171 (94-0-247) AD vs. DLB: 0-25 (0.13)

(mS) 0-41 (0.43) 0-32 (0.29) 0-059(0.02)  0-007 (0.002)  AD vs. PDD: 0-060.03)
ANOVA: p=0-04 DLB vs. PDD: 0-61 (0.47)
High Frequency Power 293 (81-3-504) 165 (99-1-232)231 (54-4-407) 129 (46:5-212) 105 (44-0-166) AD vs. DLB: 0-13 (0.20)
(M) 0-89 (0.83) 0-59 (0.39) 0-10 (0.23) 0-001 (0.01) AD vs. PDD: 0-001 (0.01)
ANOVA: p=0-003 DLB vs. PDD: 0-17 (0.25)

Legend to Table 4

P values in the left hand column give the resuthefunivariate ANOVA across all groups.

Columns 3-6: show the mean (95% confidence interial the mean) for each heart rate variability tBsdiagnosis, with p values for that
patient group in comparison with the control graupnivariate ANOVA, and in multivariate analyseshrackets.

The results of other predefined contrasts are givehne right hand column.

All significant results are shown in boldface.
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Orthostatic hypotension

Sustained orthostatic hypotension was more prevateall four patient groups than
in controls (all p<0-05, table 5). Consistent wtils, time for blood pressure to return
to baseline after standing was significantly londer AD, DLB and PDD in
comparison with controls, remaining significantmultivariate analyses.

Ewing classification

Table 6 shows the number of cases with each Ewiagsification of autonomic
neuropathy by diagnostic group, and the total nundfecases (%)with definite,
atypical or severe autonomic neuropathy. In conspariwith controls, all patient
groups were more likely to have an autonomic neatfopand severe, definite and
atypical autonomic neuropathy than controls (alD©§). PDD patients were more
likely to have an autonomic neuropathy than otladiept groups (AD: p=0-001, VAD:

p=0-024, DLB: p=0-024).
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TABLE 5: PREVALENCE OF ORTHOSTATIC HYPOTENSION

Diagnosis CONTROL AD VAD DLB PDD

n=38 n=38 n=29 n=27 n=37
Number (%) of patients with 5(13) 13 (34) 10 (34) 14 (52) 18 (49) AD vs. DLB: 0-20
sustained orthostatic 0-03 0-04 0-001 0-001 AD vs. PDD: 0-16
hypotension Fisher’'s Exact DLB vs. PDD: 0-80
test: p=0-004
Median time (seconds) for 16 (12-19) 20 (12-70) 18(11-30) 36 (19-141) 23(16-73) AD vs. DLB: 0-29
return of systolic blood 0-002 0-06 0-001 0-002 AD vs. PDD: 0-952

pressure to baseline (IQR)
Cox regression: p=0-001

DLB vs. PDD: 0-26

Legend to Table 5

P values in the left hand column give the resulthef Fisher's Exact test across all groups (Coxesegon in the case of time to return to

baseline systolic blood pressure on standing).

Columns 3-6: show the prevalence (%) of sustaimétbstatic hypotension by diagnosis, wjfttest for patient groups in comparison with the

control group and median time to return to basedystolic blood pressure on standing (inter—quartihge) with comparison for patient groups

with the control group by Cox regression.

The results of other predefined contrasts are givehne right hand column.

All significant results are shown in boldface.
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TABLE 6: CLINICAL AUTONOMIC FUNCTION TESTS (EWING C LASSIFICATION)

Diagnosis (n) CONTROL (34) AD(31) VAD(19) DLB(22) PDD (30)

Normal 29 19 9 10 5

Early (n) 5 8 8 6 14

Atypical (n) 0 1 1 1

Definite (n) 0 1 0 5

Severe (n) 0 2 1 0 5

Atypical, definite or severe 0 (0) 4 (13) 2 (11) 6 (27) 11 (37) AD vs. DLB p=9-1

autonomic neuropathy (n AD vs. PDD p=0-03

(%))Fisher’s Exact test: p<0-001 DLB vs. PDD p=0-48

Legend to Table 6
It was not possible to classify all participants,seme were unable to complete sufficient autondests to enable the Ewing classification to

be calculated. Participants with dementia were liésty to have sufficient results to determine Bgiclassification than were controls, but

there were no differences between patient groups.
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DISCUSSION

This is the first controlled study of autonomic ¢tion in AD, VAD, DLB and PDD
in comparison with healthy controls. The findingggsed upon a range of clinical
autonomic tests and sensitive research tools, esigghthe importance of autonomic
dysfunction in dementia. There were significant fediénces in severity of
cardiovascular autonomic dysfunction between the fgpes of dementia. PDD and
DLB had considerable dysfunction. VAD showed lirditevidence of autonomic
dysfunction, and in AD, apart from orthostatic higswsion, autonomic functions were
relatively unimpaired. The prevalence of autonomeciropathy as measured by the
Ewing criteria was more common in all of the demeestb types than in controls, but
was especially prominent in PDD.

PDD and DLB cases both showed evidence of parasyii@ dysfunction on
clinical testing, and apart from the Valsalva ratice degree of impairment was
similar. However, on sympathetic testing, PDD p#asSewere more impaired than
DLB patients, although there was some evidencemipathetic dysfunction in DLB
in multivariate analyses. Both AD and VAD patietiad a higher prevalence of
sustained orthostatic hypotension and autonomicopathy than controls, but in
other group comparisons did not differ from corgrol

There has been considerable debate about the diagroncepts of PDD and DLB.
It has been suggested that in PD Lewy body patlyobmgins in the brainstem and
progresses to the neocortex.[25] However, there fpaya different pattern of
evolution in DLB, with some studies suggestingttiearebrocortical pathology
predominates in DLB,[26,27] although prominent Lewgdy pathology is still
evident in the brain stem, including the dorsalalagucleus.[28] In our study the

profile of parasympathetic abnormalities in PDD dDtB suggest that there is
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significant central autonomic involvement of thersdd vagal nucleus in both
conditions. Inevitably, the patients with PDD weaking a higher dose of levodopa,
reflecting the duration of their disease. In congzars between PDD and DLB, use of
levodopa and dose are not constantly correlatedl, tie correlation is strong.
Adjustment for levodopa use or dose in the muliataranalyses comparing PDD and
DLB would therefore result in the significant diféeces being lost. However, this
does not necessarily mean that differences betw&n and DLB were solely due to
the pharmacological effect of levodopa. It is mbkely that they are measuring a

similar variable, namely the extent of brainstesedse, as opposed to cortical disease.

The origin of sympathetic dysfunction in Lewy bodigeases has been thought to be
mainly due to peripheral sympathetic denervati®i.[2Cardiac **I~Meta—
iodobenzylguanidine scintigraphy and neuropathalgstudies have found evidence
of cardiac sympathetic denervation in Parkinson&ease and DLB.[30,31] Lewy
body pathology can also be found in medullary regi@ontrolling preganglionic
sympathetic neurons, but with relative preservawdrcatecholaminergic neuronal
populations.[32] Our findings suggest that sympiathetysfunction is present in PDD
and DLB, but less marked in DLB patients. Thiseaithe possibility that there may a
differential susceptibility and order of involvememf central and peripheral
autonomic neurons to Lewy body pathology in DLB &dD. This needs to be
addressed in comparative neuropathological stuadiéfse autonomic nervous system,
but highlights a potentially important pathologicdifference between the two
conditions.

The increased frequency of autonomic neuropathgllimementias emphasises the

importance of these conditions in all people widtmeéntia. Their impact upon key
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symptoms such as dizziness, syncope, falls, caigiipand incontinence needs to be
investigated. Specifically, the current study idieeg an increased prevalence of
orthostatic hypotension in all dementias. Althoughthostatic blood pressure
responses can be impaired for a number of reasghgling medications, endothelial
dysfunction and age related orthostatic hypoten®anfindings remained significant
after adjusting for age, gender, duration of demertypertension, diabetes and
cardiovascular medications, suggesting that autanalysfunction was possibly an
attributable cause of orthostatic hypotension ieséh patients. No studies have
compared the effects of sustained orthostatic leymdn upon the risk of falls in
different types of dementia. Our findings highligthte importance of orthostatic
hypotension in all patients with dementia and tleed for further research into
sustained orthostatic hypotension as a modifialdke factor for falls. In elderly
people without cognitive impairment, simple measusach as adequate hydration,
support hosiery and pharmacological treatments sash fludrocortisone and
midodrine can be used to manage orthostatic hypmenas part of a multifactorial
intervention to reduce the risk of falls.[33] Taabf multifactorial falls interventions
for people with mild to moderate dementia are arfiyj.

Cholinergic dysfunction has been discussed as enpal cause of autonomic failure
in dementia patients, and may be particularly irtgedrin PDD and DLB, where
cholinergic deficits are especially pronounced, amdere the disease pathology
involves the dorsal vagal nucleus. In this contgxtjll be important to determine the
impact of cholinesterase inhibitor therapy in detizerpatients with autonomic
impairment. Preliminary reports do suggest an aivezffect of donepezil upon
autonomic function, leading to carotid sinus hypasdtivity and falls in some

individuals.[34] The general impact of cholinesggrainhibitors upon autonomic
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function is difficult to determine from the exisgjrclinical trial literature, given the
selected nature of the patient populations, but & important to establish for
clinical practice where patients are frailer andrendikely to have autonomic
symptoms.

The study included an appropriately aged contra@ugr which is of importance
because autonomic function declines with age.[3%hodigh the controls were
slightly older than the PDD group (mean differeBc@ +/-1.4 years), this strengthens
the finding that dysautonomia is most impaired IDCR as it is likely that even
greater differences would have been found if theDRfases were compared with
younger controls. Unfortunately, the VAD group wstightly older than the control
group (mean difference 3.9 +/-1.6 years), and ksls to some uncertainty with
respect to the findings in this group. The abnoitmeal in the heart rate responses to
standing and Valsalva manoeuvre may not have bt if comparisons had been
made with an older control group. In addition soofighe responses to the Ewing
tests might not have been classified as abnormbabaterline if they were compared
to a more closely age matched control group, with result that the prevalence of
autonomic neuropathy could have been overestim&tedertheless, the number of
abnormal findings in our VAD group was few, andréfere we are able to conclude
that there is not substantial dysautonomia in VABJ that comparison with an older
control group would be likely to improve the strémgf this finding.

We conclude that autonomic dysfunction can occuallicommon dementias in older
people, but is a particularly common feature of Dafl PDD. The high prevalence
of autonomic neuropathy and sustained orthostayotension in dementia has

potentially important implications for patient mgeanent.
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