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Aim: Alzheimer’s disease affects several nervous structures involved with the autonomic
nervous system. Therefore, the still scarce evaluation of the cardiac autonomic function in
this disease is of great functional, clinical, prognostic and therapeutic relevance.

Methods: Time- and frequency-domain variability of 5-min R-R interval series in supine
and standing positions was comparatively evaluated in 22 Alzheimer’s disease subjects,
aged 60–87 years (mean 1 standard error of the mean, 79.6 1 1.4) with variable cognitive
impairment, and 24 healthy individuals, aged 60–91 years (68.6 1 1.6). The Student’s t-test
was used to compare the variability indices between the groups and logistic regression
excluded the effects on these indices in the Alzheimer’s group of confounding variables
different from the control group (age, physical activity and caffeinated intake), at a signifi-
cance level of P 2 0.05.

Results: No difference was observed between the groups (P = 0.12–0.72) for each time-
domain mean indices and for the frequency-domain indices of overall and absolute
sympathetic modulation in both positions (P = 0.21–0.78). Absolute parasympathetic
modulation showed borderline decrease in supine position (P = 0.07) and was reduced in
the standing (P = 0.05). The sympathovagal balance was altered (P = 0.05) toward relative
parasympathetic borderline depression (P = 0.07) and sympathetic exacerbation (P = 0.04)
only in the supine posture.

Conclusion: Data indicate that Alzheimer’s disease subjects with mild-to-severe cogni-
tive dysfunction showed subtle, absolute and relative parasympathetic depression and
relative sympathetic exacerbation, which may even so contribute to distinctive functional
and cognitive disturbances.
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Introduction

Alzheimer’s disease is a common, progressively debilitat-
ing condition affecting millions of older persons world-
wide, and is diagnosed on histopathological grounds or
presumed on the basis of higher cerebral function
deficits.1–5 The disease primarily affects many central and
peripheral nervous structures, such as the cerebral neo-
cortex, hypothalamus, locus coeruleus, limbic system
formations, insular cortex and lower brainstem,3,6–11 and
affects different neurotransmitter systems, principally
the central and peripheral cholinergic systems with
decrease of the acetylcholine neurotransmitter.6,12,13

Many of these structures and systems are implicated in
the function of the autonomic nervous system.3,6,8–11,14,15

Furthermore, a link between the higher cerebral and
autonomic functions appears to exist.10,16,17

In spite of this, the nature and extent of general or
organ-specific autonomic involvement in Alzheimer’s
disease is still poorly investigated and characterized. In
this context, cardiac autonomic function in Alzheimer’s
disease has been scarcely studied and the results
reported are not rigorously similar or are conflicting. By
using different methods of evaluation, including heart
rate variability analysis, the majority of the studies indi-
cate cardiac autonomic impairment represented mainly
by variably reduced parasympathetic modulation,18,19

or increased sympathetic activity in association with
parasympathetic depression20,21 or still by reduction in
both autonomic components.22,23 Markedly depressed
baroreflex sensitivity reflecting abnormal cardiovascular
autonomic regulation has also been described.15 Asso-
ciation between neuropsychiatric deficits and altered
heart rate responses to standing up has also been
observed.24 However, in one study, the cardiac auto-
nomic function assessed by short-term heart rate vari-
ability was shown to be unaltered.25 Furthermore,
increased cardiovascular mortality was reported in
Alzheimer’s disease,26–28 and it is possible that cardiac
autonomic dysfunction may represent one mechanism
implicated.29–32

Therefore, it may be relevant to extend the study of
the cardiac autonomic function in Alzheimer’s disease,
which may be of interest for a better understanding
of its pathophysiology and for complementing the
diagnosis, monitoring the clinical progression and
therapeutic and prognostic judgments.10 Short-term
time- and frequency-domain heart interval variability
analysis is a suitable, simple and reliable noninvasive
method widely used to evaluate overall cardiac auto-
nomic modulation, the absolute sympathetic and para-
sympathetic influences and the sympathovagal balance
that identify the relative influence of each separate
component, under controlled conditions requiring
minimal cooperation of the individuals,29,31,33 as those
with cognitive impairment.34

In the present study, we evaluated the cardiac auto-
nomic modulation and the sympathovagal balance in
the supine and active standing positions, based on
short-term time- and frequency-domain heart interval
variability analysis, in older subjects with probable
Alzheimer’s disease showing mild-to-severe cognitive
deficit, in comparison with healthy older control
individuals.

Methods

Study groups

A group of 22 consecutively recruited older outpatients
(two men and 20 women) aged 60–87 years old
(mean 1 standard error of the mean [SEM], 79.6 1 1.4)
with probable Alzheimer’s disease and different degrees
of cognitive impairment without any other ostensive
clinical manifestations was compared with a control
group of 24 apparently healthy older subjects (eight men
and 16 women) aged 60–91 years old (mean 1 SEM,
68.6 1 1.6) (P = 0.0001). The patients were selected
from our Geriatric Medicine Center at the Brasilia Uni-
versity Hospital. Probable Alzheimer’s disease was diag-
nosed according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-
IV)35 and the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzhe-
imer’s Disease and Related Disorders Association
guidelines (NINCDS-ADRDA).4 Except for the higher
cerebral dysfunctions in the disease subjects, neither
these nor control subjects had general or organ-specific
abnormalities other than cardiac manifestations consis-
tent with aging, as proved by extensive clinical and labo-
ratory screening, and none were taking drugs. In 82%
of the Alzheimer’s disease subjects and 75% of the
controls (P = 0.72) distinctive electrocardiographic
alterations were founded, but were proportionally
similar in both groups (P = 0.10–1.00).

The study protocol conformed to the guidelines of
the Declaration of Helsinki and the Brazilian Ministry of
Health and was approved by the University of Brasilia
Faculty of Medicine Ethics Committee of Research in
Human Beings. Healthy individuals and the attendant
relatives of the Alzheimer’s disease subjects were fully
informed about the study. Each healthy subject gave
signed personal consent to participate and the disease
subjects were examined under signed consent by the
relative.

Experimental session

The disease and control subjects participated in the
experimental session coming from their routine activi-
ties, approximately 3–5 h after lunch, between 14.00
and 17.00 hours. All were instructed to avoid intake of
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stimulant beverages, tea, coffee and alcoholic drinks,
and not exercise, smoke or ingest drugs for at least 24 h
before the examination.

Experimental sessions consisted of clinical character-
ization of the volunteers and acquisition of continuous
electrocardiographic short strips of R-R interval series,
and were performed in a quiet and isolated room, at
ambient temperature (22–28°C). Clinical history and
complete physical examination were initially obtained
for each subject. Resting arterial pressure and heart rate
were also registered and the 12-lead electrocardiogram
was recorded in the supine position. In sequence, after
10–15 min of supine rest on the bed of examination for
accommodation and stabilization of physiological vari-
ables, a continuous 5-min electrocardiogram strip was
recorded in lead II at 25 mm/s. Subsequently, the sub-
jects were asked to actively stand up at the bedside, and
a new 5-min electrocardiogram tracing was obtained
following 2 min in the active orthostatic position. In
these recording periods, the subjects remained breath-
ing regularly and had their spontaneous respiratory rate
monitored and counted.

Cognitive function evaluation

At the beginning of the experimental session, the
control and Alzheimer’s disease subjects were similarly
interviewed and submitted to a battery of conventional
and standardized tests of cognitive function. The mean
score of the modified CAMCOG,36 the cognitive part of
the Cambridge Examination for Mental Disorders of
the Elderly (CAMDEX), was 24.14 (range, 0–74) for the
disease subjects, against a cut-off score of 79–80 that
discriminates healthy subjects (range, 80–107) from
patients with cognitive deficit showing a low-to-mild
educational attainment. In the Mini-Mental State
Examination (MMSE), obtained as a subtest from
within the CAMCOG,1 the subjects with Alzheimer’s
disease showed a mean score of 6.77 (range, 0–20),
which varied between 24 and 30 in the controls. The
severity of dementia was judged according to the Wash-
ington University Clinical Dementia Rating (CDR),2

with six patients showing a mild degree of dementia
(CDR = 1), five patients moderate (CDR = 2) and 11
patients severe (CDR = 3). All patients could walk alone
or with minimal assistance. The mean Katz Index of
Activities of Daily Living activities37 was 11.55 (range,
5–18). All disease subjects had Hachinski Ischemic
Scores of 4 or less,38 and showed a mean duration of
illness of 5.36 years (range, 2–15).

In order to additionally corroborate the normality or
not of the mental status, both groups of subjects were
also submitted to the following tests of frontal function
assessment: the Stroop test,39 Digit Span and Digit
Symbol (subtests of the Wechsler Intelligence Scale –
Adult),40 Trail Making A and B, Auditory Verbal Learn-

ing Test41 and Mental Control (subtest of the Wechsler
Memory Scale – Revised).42 All of these tests proved to
be within the limits of normality for each control
subject.

Heart interval variability analysis

This analysis was performed according to the method-
ological standards recommended by the Task Force on
Heart Rate Variability.29 For each individual, one elec-
trocardiographic 5-min series of R-R intervals was auto-
matically recorded in the supine and standing positions
and archived in real-time to a computer system using
an analogical-digital converter, by means of a signal
capturing dedicated software, while being visually
monitored onscreen. Then, each R-R interval series was
processed offline and analyzed for intervals variability.
The software for the signal capturing and processing
and analyses of the data were developed by using the
MATLAB ver. 5.03 platform (The MathWorks, Natick,
MA, USA), and also validated at our Cardiovascular
Laboratory and the Department of Electrical Engineer-
ing of the University of Brasilia.43

Before the analysis, the R-R interval series were
checked on a beat-to-beat basis for confirmation of
sinus rhythm and detection of non-sinus and ectopic
beats, artifacts and stability. When eventually present,
spurious beats and their precedent and following inter-
vals were deleted from the series without adding new
intervals. Residual outlier beats were also removed. Arti-
facts were filtered by a specific module of the proper
software. Edited R-R intervals were less than 3% of the
series from the Alzheimer’s disease subjects and 1% for
the controls. As the R-R interval series were recorded in
strictly controlled and stable experimental conditions,
those qualified for analysis were highly stationary, as
estimated by the percent differences of the mean and the
standard deviation between each pair of three equal
segments of the series. Subsequently, the series were
processed and analyzed for variability in time- and
frequency-domain by means of conventional different
indices.29,31,33

The time-domain indices provided include the mean
R-R interval series and two overall variability indices
reflecting the extension of the combined cardiac sym-
pathetic and parasympathetic modulation, which are
the standard deviation (SDNN) and coefficient of varia-
tion (CV: SDNN/mean). Two other indices were the
percentage of successive adjacent R-R intervals greater
than 50 ms (pNN50%) and the square root of the mean
of the squared of successive differences between adja-
cent R-R intervals (rMSSD), which reflect the rapid
beat-to-beat changes in intervals that are dependent on
the exclusive parasympathetic modulation associated
with the respiratory sinus arrhythmia.
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For the frequency-domain analysis, the non-uniform
5-min R-R interval series segments, without spurious
and outlier beats, were initially normalized and
re-sampled at 4 Hz by the cubic splines interpolation
method to accomplish equidistance and continuity of
the time intervals. In sequence, the segments were sub-
mitted to filtering with Hanning windowing to attenuate
leakage side-effects and then processed by the fast
Fourier transform algorithm for conversion of the signal
oscillating components into power spectrum, which
comprises an ultralow- plus very low-frequency
(0–0.04 Hz), low-frequency (0.04–0.15 Hz) and high-
frequency (0.15–0.50 Hz) spectral bands. The frequency
domain indices provide include: (i) total power spectral
area, which indicates the degree of the overall auto-
nomic modulation; (ii) absolute and relative power areas
of the very low-, low- and high-frequency bands; (iii)
normalized or relative power areas of the low- and high-
frequency bands, calculated as the absolute area of each
band divided by the sum of both absolute area, multi-
plied or not by 100; (iv) ratio of the low- to high-
frequency absolute areas, which is an estimative of the
sympathovagal balance, where a ratio less than 1 indi-
cates a predominant parasympathetic modulation and a
ratio more than 1 the sympathetic dominance. The low-
frequency band area is considered to be a marker of
predominant sympathetic influence, and the high-
frequency band area reflects the nearly exclusive para-
sympathetic influence on the sinus node.

Statistical analysis

Before analysis, the distribution of the functional vari-
ables was tested by the Kolmogorov–Smirnov and

D’Agostino–Pearson tests of normality, and several
proved to be non-normally distributed by at least one
test. Therefore, all the variables were uniformly normal-
ized by logarithmic transformation (log[x]) for subse-
quent parametric statistical analysis and then were back
transformed for descriptive data. The variables were
retested after transformation and showed a normal
distribution. Thus, mean 1 SEM of the time- and
frequency-domain indices in each group were com-
pared using the Student t-test. Multiple logistic regres-
sion analysis was employed to verify if the heart interval
variability indices, as dependent variable in the Alzhe-
imer’s disease group, were affected by independent con-
founding variables that can influence the indices. The
differences between the groups and the logistic regres-
sion coefficients were considered statistically significant
when a two-tailed P-value was equal or less than 5%
(P 2 0.05) and with borderline or tendency to signifi-
cance when between 5% and 10% (0.05 2 P 2 0.10).
Processing, analysis and graphic design of the data
employed the SigmaStat ver. 3.11/SigmaPlot ver. 9.01
for Windows (Systat Software, Chicago, IL, USA) and
the Prism ver. 4 for Windows (GraphPad Software, San
Diego, CA, USA) software packages.

Results

Table 1 summarizes clinical baseline and anthropo-
metrical data and lifestyle habits obtained at the begin-
ning of the experimental session for the two groups
of subjects. No significant difference in mean resting
systolic and diastolic arterial pressure, heart rate
and respiratory rate was found between the groups

Table 1 Lifestyle habits and anthropometrical and baseline clinical functional variables of healthy control and
Alzheimer’s disease groups of subjects

Control healthy
group

Alzheimer’s
disease group

P

n 24 22
Age (years) 68.6 � 1.6 79.6 � 1.4 0.0001
Sex (men/women) (%) 33.3/66.7 9.1/90.9 0.07
Body mass index (kg/m2) 23.3 � 0.6 23.5 � 1.1 0.86
Caffeinated beverages drinkers (%) 75 31.8 0.008
Alcoholic beverages drinkers (%) 33.3 9.1 0.07
Tobacco smokers (%) 4.2 9.1 0.60
Sedentary (%) 29.2 77.3 0.0001
Systolic blood pressure (mmHg) 121 � 2.3 118 � 2.6 0.44
Diastolic blood pressure (mmHg) 75 � 1.4 74 � 1.5 0.63
Mean blood pressure (mmHg) 91 � 1.6 89 � 1.82 0.51
Heart rate (b.p.m.) 64.6 � 2.2 65.3 � 2.2 0.83
Respiratory Rate (r.i.p.m.) 16.9 � 0.5 17.3 � 0.5 0.59

P-values were derived from the Student’s t-test for continuous variables expressed as mean � standard error of the mean
(SEM), and from the c2-test or Fisher’ exact tests for categorical variables expressed in percentage of subjects.
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(P = 0.44–0.83), and all were within the normal range.
The mean body mass index was also comparable
(P = 0.86) and below 25 kg/m2. Distribution of subjects
in the two groups for gender and alcohol intake showed
only a borderline lower proportion, respectively, of men
(P = 0.07) and total individuals (P = 0.07) with Alzhe-
imer’s disease. Proportion of individuals with a smoking
habit was similar in both groups (P = 0.60). However,
higher mean age (P = 0.0001), and lower proportion in
performing physical activity (P = 0.0001) and in caffein-
ated intake (P = 0.008) were observed in the Alzheimer’s
disease group.

The data of heart interval variability analysis in the
time-domain for the two groups of subjects in supine

and standing positions are presented in Table 2. No
mean index showed by the Alzheimer’s disease group
was statistically different (P = 0.12–0.72) from that of the
control group in both postures, except the rMSSD that
showed a borderline reduction in the standing posture
(P = 0.09).

The data of frequency-domain analysis are shown in
Table 3. In both postures, the mean of the total and
low-frequency absolute power areas were comparable in
both groups of subjects (P = 0.21–0.78). Differently, the
mean high-frequency power showed a statistically bor-
derline reduction in the supine position (P = 0.07) and
was significantly reduced in standing position (P = 0.05)
in the disease group. The indices of sympathovagal

Table 2 Mean 1 standard error of the mean of time-domain indices of short-term heart interval variability in
healthy control and Alzheimer’s disease groups of subjects in supine and active standing positions

Supine Standing
Control group Alzheimer’s disease

group
P Control group Alzheimer’s disease

group
P

n 24 22 24 22
n RRi 353 � 11.3 340 � 11.8 0.40 384 � 10.0 398 � 12.9 0.42
Mean RRi (ms) 862 � 26.5 848 � 28.1 0.72 779 � 21.1 742 � 26.1 0.23
SDNN (ms) 30.1 � 2.9 25.7 � 2.1 0.38 25.7 � 1.9 21.6 � 1.9 0.12
CV (%) 3.47 � 0.3 3.00 � 0.2 0.39 3.27 � 0.2 2.90 � 0.2 0.20
pNN50 (%) 2.58 � 1.2 1.61 � 0.7 0.72 1.17 � 0.5 1.31 � 0.5 0.13
rMSSD (ms) 17.6 � 2.1 14.0 � 1.6 0.15 15.3 � 1.3 12.9 � 1.7 0.09

P-values were derived from the comparison of the indices log-transformed, by the Student’s t-test. Mean RRi, SDNN and CV
indicate mean, standard deviation and coefficient of variation, respectively, of the R-R interval series; n RRi, number of R-R
intervals; pNN50, percentage of successive R-R intervals >50 ms; rMSSD, square root of the mean of the squares of successive
R-R intervals differences.

Table 3 Mean 1 standard error of the mean of frequency-domain indices of short-term heart interval variability
in healthy control and Alzheimer’s disease groups of subjects in supine and active standing positions

Supine Standing
Control group Alzheimer’s

disease group
P Control group Alzheimer’s

disease group
P

n 24 22 24 22
Total power spectral area (ms2) 183 � 33.7 125 � 21.2 0.37 128 � 20.5 99 � 19.6 0.21
Low-frequency power spectral

area (ms2)
49.8 � 12.0 41.9 � 10.0 0.78 43.3 � 9.3 37.7 � 9.0 0.25

High-frequency power spectral
area (ms2)

28.0 � 7.5 15.1 � 3.9 0.07 15.3 � 2.6 13.8 � 4.4 0.05

Normalized low-frequency power
area (uN)

0.62 � 0.04 0.72 � 0.03 0.04 0.66 � 0.04 0.72 � 0.03 0.19

Normalized high-frequency
power area (uN)

0.38 � 0.04 0.28 � 0.03 0.07 0.34 � 0.04 0.28 � 0.03 0.51

Low-to-high-frequency power
area ratio

2.61 � 0.50 3.66 � 0.51 0.05 4.11 � 1.1 4.84 � 1.3 0.38

P-values were derived from the comparison of the indices log-transformed, by the Student’s t-test. See Methods for definition
of the variability indices.
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balance (normalized power areas and ratio of low- to
high-frequency power areas) showed significant or
borderline alterations (P = 0.04–0.07) toward relative
depression of parasympathetic and enhancement of
sympathetic modulation in the supine but not in the
standing posture (P = 0.19–0.51).

As to the possible effects of the independent con-
founding variables that showed significant differences
between the groups (mean age, physical activity and
caffeinated intake), multiple logistic regression analysis
proved that these differences were not responsible for
the alterations in the dependent heart interval variabil-
ity indices observed in the Alzheimer’s group; that is
to say, the confounding variables did not influence
the alterations observed. Correlating each one of the
indices altered with these variables simultaneously, the
disease positively predicted the higher ratio of low-to-
high-frequency power spectrum observed (P = 0.05) in
the supine position and showed a tendency to
inversely predict the high-frequency power (P = 0.09)
in the standing posture. The normalized low-
frequency power correlated positively with the disease
both in supine (P = 0.03) and standing (P = 0.01) posi-
tions, while the normalized high-frequency power cor-
related inversely as much in supine (P = 0.03) as in
standing (P = 0.01). For all the other indices, no cor-
relation with the disease was noted in either posture
(P = 0.14–0.90).

Figures 1 and 2 illustrate the mean 1 SEM values,
respectively, of the time- and frequency-domain indices
for both groups in the supine and standing positions.
The absolute and relative reductions of the mean
frequency-domain indices indicating parasympathetic
modulation and the relative increase of those expressing
sympathetic activity may be observed in the Alzheimer’s
disease group. Although without statistical significance,
a systematic reduction of the mean values of all the
time-domain and the absolute frequency-domain
indices was also noted in both postures.

Discussion

Alzheimer’s disease peculiarly affects older people,
encompassing variable disturbances of neural functions,

Figure 1 Mean 1 standard error of the mean (SEM) of the
time-domain heart interval variability indices of Alzheimer’s
disease (ALZ, n = 22) in comparison with control healthy
(CTR, n = 24) groups in the rest supine and active standing
positions. The groups were compared by the Student’s
t-test. The indices were normalized by logarithmic
transformation before comparison between the groups and
then back transformed. The P-values are from the
comparison of the indices log-transformed.
�

MA de Vilhena Toledo and LF Junqueira Jr

114 � © 2008 Japan Geriatrics Society



such as the autonomic and higher cerebral ones, by the
involvement of several central and peripheral nervous
structures that implicate one another.6–9,11,14,16,19,21 It
shows a multiplicity of intriguing and unsolved aspects,
one of which is the overall and organ-related autonomic
nervous system involvement,16,17 and it is important to
characterize extensively the cardiac autonomic function,
and the nature, and pathophysiological and clinical sig-
nificance of its disturbances.

In the present work, we evaluated the momentary
cardiac autonomic modulation, based on the analysis of

spontaneous short- or long-term heart rate variability in
time- and frequency-domain, in ambulatory and active
older subjects with Alzheimer’s disease, and variable
cognitive dysfunction, in comparison with older healthy
controls. Taken together, the results showed that the
group of disease subjects, in the supine rest position,
showed subtle but consistent relative (reduced
normalized high-frequency and enhanced ratio of low-
to-high-frequency powers) and absolute (reduced high-
frequency power) depression of parasympathetic
modulation and only relative sympathetic exacerbation

Figure 2 Mean 1 SEM of the frequency-domain heart interval variability indices of Alzheimer’s disease (ALZ, n = 22) in
comparison with control healthy (CTR, n = 24) groups in the rest supine and active standing positions. The groups were
compared by the Student’s t-test. The indices were normalized by logarithmic transformation before comparison between the
groups and then back transformed. The P-values are from the comparison of the indices log-transformed.
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(enhanced normalized low-frequency and ratio of low-
to-high-frequency powers). The overall autonomic
activity remained unaltered (unchanged time-domain
indices and total power), but with the sympathovagal
balance showing sympathetic dominance, in compari-
son with the control group in the supine position. In the
standing position, borderline absolute parasympathetic
depression was noted (tendency for reduction of the
rMSSD index and the high-frequency power), with also
preserved overall autonomic activity and unaltered sym-
pathovagal balance.

Thus, the subjects with the disorder had no addi-
tional depression of the overall cardiac autonomic activ-
ity in either posture, superimposed on that usual to old
age, but only a sympathovagal balance altered with
absolute and relative parasympathetic depression plus
sympathetic exacerbation in the supine position, and
unchanged autonomic modulation balance in the
standing posture. However, in those cases where the
differences between the groups were not statistically
significant, Alzheimer’s disease subjects showed sys-
tematically small heart interval variability indices com-
pared to control subjects. These data suggest that the
standing posture appears to be more favorable than the
supine posture for subjects with Alzheimer’s disease in
regard to the cardiovascular homeostasis dependent on
the sympathovagal modulation of heart rate dynamics.
Although the majority of our Alzheimer’s disease sub-
jects showed moderate-to-severe cognitive dysfunction,
they had subtle cardiac autonomic impairment probably
because the cardiac autonomic function is already at a
low level in accordance with the aging of the subjects,
which has been demonstrated by several works employ-
ing different tests, including heart interval variability
analysis.44–46

Our results confirm and extend the majority of the
previous observations about the cardiac autonomic
dysfunction evaluated by the heart interval variability
in Alzheimer’s disease subjects, reinforcing the pattern
of absolute and relative parasympathetic depression
associated with relative sympathetic exacerbation,18–21

with a sympathovagal imbalance toward the domi-
nance of sympathetic activity. The difference is that we
showed only borderline or subtle sympathovagal dys-
function, which proves that this disturbance is wide-
spread and not consistently evident in Alzheimer’s
disease. These apparently contradictory findings are
probably due to the variable pattern or severity of the
functional disturbances in Alzheimer’s disease in the
different studies.

One of the very probable mechanisms of the subtle
cardiac autonomic dysfunction in Alzheimer’s disease,
which can act exclusively or in association with others,
is the degenerative damage of central nervous structures
related to the autonomic nervous system, besides their
involvement in the higher cerebral functions.3,6–11,14

Involvement of peripheral nervous structures, including
afferent nervous terminations and the intrinsic auto-
nomic innervation of the heart, is also a possibility
that may play a role.15 It has also been demonstrated
that cardiovascular regulation-related centers are dam-
aged.6,11 Different central and peripheral neurofunc-
tional systems may also be involved, including the
cholinergic, serotonergic, noradrenergic and dopamin-
ergic neurons and neurotransmitters, but the cholin-
ergic appears to be the principal system affected
with increase in acethylcholinesterase activity and
consequent cholinergic synaptic transmission
deficiency.12,13,20

The pathophysiological and clinical significance of
the subtle cardiac autonomic impairment can only be
conjectured. The autonomic nervous system exerts
important modulation on all the electrophysiological
properties of the heart. The parasympathetic influ-
ence exerts depressive or stabilizing electrophysio-
logical effects promoting anti-arrhythmogenic effects,
while the sympathetic activity determine a pro-
arrhythmogenic stimulating effect on different pro-
perties. Absolute or relative modifications of the
sympathovagal balance, particularly toward dominance
of sympathetic influence, triggered or exacerbated by
different factors, in association with damage and distur-
bances of the myocardium and excite-conducting
tissue, may result in electrophysiological instability and
induce different arrhythmias.47 Because individuals with
Alzheimer’s disease are older, it is plausible to consider
that they may have variable pathological and functional
involvement of the excite-conducting system, myocar-
dium contractile and the intrinsic autonomic innerva-
tion of the heart, especially as a consequence of
atherosclerotic degeneration and coronary ischemia,
which may result in electrical, mechanical and neural
regulatory disturbances. The even subtler autonomic
dysfunction observed in these individuals, superim-
posed on the already depressed cardiac autonomic of
aging, may be an additional factor for electrical and
mechanical cardiac disturbances.30,31,46–48 Cardiac auto-
nomic impairment in association with these distur-
bances can propitiate the development of arrhythmias
able to provoke even sudden death, as well as the instal-
lation of ventricular dysfunction resulting in heart
failure.47

Even discrete deficiencies in cardiac autonomic
adjustments to different stimuli might also affect the
moment-to-moment cardiovascular adaptation, reflect-
ing poor homeostasis and vulnerability to functional
disturbances and disease states.30,32,33,45,47 Thus, indi-
viduals with Alzheimer’s disease may not be fully
capacitated for adequate performance of their physical,
physiological and even psychological activities, showing
subtle or ostensive consequent disturbances and defi-
cient cardiovascular adaptation.
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Cardiac autonomic dysfunction may additionally be a
risk factor for adverse overall and cardiovascular out-
comes, because inappropriate sympathovagal balance
or depressed heart interval variability have been firmly
recognized to be independent markers of enhanced
cardiovascular morbidity and mortality, higher risk of
arrhythmias, sudden death and other cardiac events,
and of poor prognosis in different clinical conditions
and in some mental states.28,29,31–33,47,48 In fact, Alzhe-
imer’s disease subjects show increased cardiovascular
mortality,26–28,32 and therefore it is possible that even the
subtle cardiac autonomic dysfunction with sympathova-
gal imbalance disrupting the homeostatic adaptive
capacity dependent on changes of heart rate, may be one
mechanism for this worse outcome. Thus, cardiac auto-
nomic impairment in this disease might be not of minor
value, but instead an important cause of different dis-
turbances and clinical manifestations, including those
concerned with higher cerebral functions.16,19,24,30

A limitation in our study is that patients showing
greater severity of the disease and/or with neuropsychi-
atric symptoms could not be included because of the
difficulties found in performing the examinations. Also,
the selection of subjects in this age range with no clini-
cal disturbances and not making use of any drug is a
very difficult task. These difficulties have led to a rela-
tively small but reliable number of patients evaluated;
however, they did not invalidate the results and their
significance.

In conclusion, Alzheimer’s disease subjects in this
study showed subtle cardiac autonomic dysfunction. In
the supine position, no alteration was observed in the
overall cardiac autonomic modulation, reflecting the
associated sympathetic and parasympathetic influences,
as indicated by unaltered time-domain indices. That
is to say, although at a low level as expected for older
subjects, the degree of heart interval variability was
similar in both groups. As to the sympathovagal balance
in this position, the Alzheimer’s disease group showed
absolute and relative reduction of parasympathetic and
relative increase of sympathetic modulation, resulting in
an alteration toward the sympathetic dominance. In the
standing position, a borderline result toward reduction
of the parasympathetic modulation, reflected by lower
rMSSD and high-frequency power, was noted with pre-
served sympathovagal balance. The cardiac autonomic
impairment might be related to damage of autonomic-
related nervous structures and/or disturbed cholinergic
mechanisms. The probable effects that the subtle
cardiac autonomic impairment may provoke in subjects
with Alzheimer’s disease should be investigated, but
they may include arrhythmias, sudden cardiac death,
increase of overall and cardiovascular mortality and
morbidity, inappropriate cardiovascular adaptation, and
worsening of cognitive and other higher cerebral
dysfunctions.

Acknowledgments

The authors are indebted to Dr Laura Marcondes
Simões and Dr Indira Oliveira for their inestimable
support in applying the cognitive function tests and also
gratefully acknowledge the technical assistance of Ms.
Maria da Graça Souza and Mr João Ronaldo de Andrade
Rocha. The skillful specialized assistance of Dr Daniel
França Vasconcelos in echocardiographic examination
and the collaboration of Professor Maria Imaculada
Muniz-Junqueira in reviewing the English language are
also greatly appreciated.

References

1 Folstein MF, Folstein SE, Mchugh PR. Mini-Mental State:
a practical method for grading the cognitive state of
patients for the clinicians. J Psychiatr Res 1975; 12: 189–198.

2 Hughes CP, Berg L, Danziger WL et al. A new clinical
scale for the staging of dementia. Br J Psychiatry 1982; 140:
566–572.

3 Newell KL, Hyman BT, Growdon JH et al. Application of
the National Institute on Aging (NIA) – Reagan Ins-
titute criteria for the neuropathological diagnosis of
Alzheimer’s disease. J Neuropathol Exp Neurol 1999; 58:
1147–1155.

4 Knopman DS, Dekosky ST, Cummings JL et al. Practice
parameter: diagnosis of dementia (an evidence-based
review). Report of the Quality Standards Subcommittee of
the American Academy of Neurology. Neurology 2001; 56:
1143–1153.

5 Murayama S, Saito Y. Neuropathological diagnostic crite-
ria for Alzheimer’s disease. Neuropathology 2004; 24: 254–
260.

6 Sparks DL, Dekosky ST, Markesbery WR. Alzheimer’s
disease: aminergic-cholinergic alterations in hypothala-
mus. Arch Neurol 1988; 45: 994–999.

7 Bondareff W, Mountjoy CQ, Roth M. Loss of neurons of
origin of the adrenergic projection to cerebral cortex
(nucleus locus coeruleus) in senile dementia. Neurology
1982; 32: 164–168.

8 Hirano A. Changes in age-associated neurodegenerative
diseases in the last half century. Geriatr Gerontol Int 2002; 2:
122–126.

9 Krill JJ, Patel S, Harding AJ, Halliday GM. Neuron loss
from the hippocampus of Alzheimer’s disease exceeds
extracellular neurofibrillary tangle formation. Acta Neuro-
pathol (Berl) 2002; 103: 370–376.

10 Royal DR, Gao JH, Kellogg DL Jr. Insular Alzheimer’s
disease pathology as a cause of “age-related” autonomic
dysfunction and mortality in the non-dement elderly. Med
Hypotheses 2006; 67: 747–758.

11 Rüb U, Del Tredici K, Schultz C et al. The autonomic
higher order processing nuclei of the lower brain stem are
among the early targets of the Alzheimer’s disease-related
cytoskeletal pathology. Acta Neuropathol 2001; 101: 555–
564.

12 Perry EK. The cholinergic hypothesis – ten years on. Br
Med Bul 1986; 42: 63–69.

13 Reinikainen KJ, Soininen H, Riekkinen PJ. Neurotransmit-
ter changes in Alzheimer’s disease: implications to diag-
nostics and therapy. J Neurosci Res 1990; 27: 576–586.

Cardiac dysautonomia in Alzheimer’s disease

© 2008 Japan Geriatrics Society � 117



14 Chu CC, Tranel D, Damasio AR et al. The autonomic-
related cortex: pathology in Alzheimer’s disease. Cereb
Cortex 1997; 7: 86–95.

15 Szili-Török T, Kálmán J, Paprika D et al. Depressed
baroreflex sensitivity in patients with Alzheimer’s and Par-
kinson’s disease. Neurobiol Aging 2001; 22: 435–438.

16 Hugdahl K. Cognitive influences on human autonomic
nervous system function. Curr Opin Neurobiol 1996; 6: 252–
258.

17 Critchley HD. Neural mechanism of autonomic, affective,
and cognitive integration. J Comp Neurol 2005; 493: 154–
166.

18 Wang SJ, Liao KK, Fuh JL et al. Cardiovascular autonomic
functions in Alzheimer’s disease. Age Ageing 1994; 23: 400–
404.

19 Kim DH, Lipsitz LA, Ferrucci L et al. Association between
reduced heart rate variability and cognitive impairment in
older disabled women in the community: Women’s Health
and Aging. Study I. J Am Geriatr Soc 2006; 54: 1751–1757.

20 Aharon-Peretz J, Harel T, Revach M et al. Increased sym-
pathetic and decreased parasympathetic cardiac innerva-
tion in patients with Alzheimer’s disease. Arch Neurol 1992;
49: 919–922.

21 Giubilei F, Strano S, Imbimbo BP et al. Cardiac autonomic
dysfunction in patients with Alzheimer’s disease: possible
pathogenetic mechanisms. Alzheimer Dis Assoc Disord 1998;
12: 356–361.

22 Algotsson A, Viitanen M, Winblad B et al. Autonomic dys-
function in Alzheimer disease. Acta Neurol Scand 1995; 91:
14–18.

23 Zulli R, Nicosia F, Borroni B et al. QT dispersion and heart
rate variability abnormalities in Alzheimer’s disease and in
mild cognitive impairment. J Am Geriatr Soc 2005; 53: 2135–
2139.

24 Idiaquez J, Sandoval E, Seguel A. Association between
neuropsychiatric and autonomic dysfunction in Alzhe-
imer’s disease. Clin Auton Res 2002; 12: 43–46.

25 Allan LM, Kerr SRJ, Ballard CG et al. Autonomic function
assessed by heart rate variability is normal in Alzheimer’s
disease and vascular dementia. Dement Geriatr Cogn Disord
2005; 19: 140–144.

26 Gussekloo J, Westendorp RG, Remarque EJ et al. Impact of
mild cognitive impairment on survival in very older people:
cohort study. BMJ 1997; 315: 1053–1054.

27 Guo Z, Viitanen M, Fratiglioni L et al. Low blood pressure
and early death of older people with dementia. Lancet 1998;
352: 1035–1036.

28 Lavi S, Nevo O, Thaler I et al. Effect of ageing on the
cardiovascular regulatory systems in healthy women. Am J
Physiol (Regul Integr Comp Physiol) 2007; 292: R788–R793.

29 Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology.
Heart rate variability: standards of measurement, physi-
ological interpretation and clinical use. Circulation 1996; 93:
1043–1065.

30 Hagiwara A, Kanagawa K. Cardiovascular responses during
bed-to-wheelchair transfers in frail elderly who live at
home. Geriatr Gerontol Int 2004; 4: 215–222.

31 Pumprla J, Howorka K, Groves D et al. Functional assess-
ment of heart rate variability: physiological basis and prac-
tical applications. Int J Cardiol 2002; 84: 1–14.

32 Thayer JF, Lane RD. The role of vagal function in the risk
for cardiovascular disease and mortality. Biol Psychol 2007;
74: 224–242.

33 Correia D, Junqueira LF Jr, Molina RJ, Prata A. Cardiac
autonomic modulation evaluated by heart interval variabil-
ity is unaltered but subtly widespread in the indeterminate
Chagas’ disease. Pacing Clin Electrophysiol 2007; 30: 772–
780.

34 Reland S, Ville NS, Wong S et al. Reliability of heart rate
variability in healthy older women at rest and during ortho-
static testing. Aging Clin Exp Res 2005; 17: 316–321.

35 American Psychiatric Association. Diagnostic and Statis-
tical Manual of Mental Disorders, Fourth Edition. DSM-IV.
Washington: American Psychiatric Association, 1994.

36 Bottino CMC, Almeida OP, Tamai S et al. Entrevista estru-
turada para diagnostico de transtornos mentais em idosos-
CAMDEX-The Cambridge Examination for Mental Disorders
of the Elderly (Brazilian Version Translated). Cambridge:
Cambridge University Press, 1999.

37 Katz S, Ford AB, Moskowitz RW et al. Studies of illness in
the aged. The index of activities of daily living: a standard-
ized measure of biological and the psychosocial function.
J Am Med Women Assoc 1963; 185: 914–919.

38 Hachinski VC, Iliff LD, Zilhka E et al. Cerebral blood flow
in dementia. Arch Neurol 1975; 32: 632–637.

39 Stroop JR. Studies of interference in serial verbal reactions.
J Exp Psychol 1935; 18: 643–662.

40 Wechsler D. WAIS Manual. New York: The Psychological
Coorporation, 1981.

41 Rey A. L’examen clinique en psychologie. Paris: Presses Uni-
versitaires de France, 1964.

42 Wechsler D. Wechsler Memory Scale-Revised Manual. San
Antonio: The Psychological Coorporation, 1987.

43 Carvalho JLA, Rocha AF, Nascimento FAO et al. Develop-
ment of a Matlab software for analysis of heart rate vari-
ability. In: Baozong Y, Xiaofang T, eds. Proceedings of the VI
International Conference on Signal Processing. Beijiing: IEEE
Press, 2002; 1488–1491.

44 Jensen-Urstad K, Storck N, Bouvier F et al. Heart rate
variability in healthy subjects is related to age and gender.
Acta Physiol Scand 1997; 160: 235–241.

45 Stratton JR, Levy WC, Caldwell JH et al. Effect of aging on
cardiovascular responses to parasympathetic withdrawal.
J Am Coll Cardiol 2003; 41: 2077–2083.

46 De Meersman RE, Stein PK. Vagal modulation and aging.
Biol Psychol 2007; 74: 165–173.

47 Junqueira LF Jr. A summary perspective on the clinical-
functional significance of cardiac autonomic dysfunction
in Chagas’ disease. Rev Soc Bras Med Trop 2006; 39 (Suppl
III): 64–69.

48 Verrier RL, Antzelevitch CH. Autonomic aspects of
arrhythmogenesis: the enduring and the new. Curr Opin
Cardiol 2004; 19: 2–11.

MA de Vilhena Toledo and LF Junqueira Jr

118 � © 2008 Japan Geriatrics Society


