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Abstract

Introduction: The objective for this study is to evaluate if there is an age-related decrease in the amount of available Acetylcholine for
neurotransmission and to ensure that standard value for Vigilance-index is not age-dependent.

Methods: The average value for Vigilance-index, the ratio of Eyes open (E.O.) / Eyes closed (E.Cl) average powers, based on four

Electroencephalographic EEG epochs with eyes closed, and four epochs with eyes open calculated for a group of 30 healthy individuals aged between
17-67 years. The average Vigilance-index for this group compared with the average Vigilance-index for a baseline examination of 40 patients
aged 66-93 years with memory complaints and examined for suspected dementia, with Vigilance-index below < 0.3, the normal value. Also, the
correlation between age and Vigilance-index evaluated for the two groups and compared with the Pearson correlation coefficient and Spearman’s
rank correlation coefficient.

Results: There was no apparent correlation between age and Vigilance-index when the diagram for 17-93 years of age (Figure 3) inspected
visually. The Vigilance-index average value was similar for the younger group (0.14) and the elderly group (0.13). The correlation coefficients were
inverse for the younger group, Pearson's, -0.41 and Spearman's rank correlation coefficient, -0.46 showing a decreasing Vigilance-index to age. A
weak positive correlation to age for the elderly group, Pearson’s 0.16, and Spearman’s rank correlation coefficient 0.21, though within normal values
range for Vigilance-index.

Conclusion: There were no substantial relation to age for Vigilance-index and no decisive age-related decrease in cholinergic transmission.
Vigilance-index can, therefore reliable be used to determine pathological cholinergic status and identify dementia diseases with a cholinergic deficit,
such as Alzheimer's and Lewy body dementia irrespective of age. Other causes of dementia and diseases or conditions with dementia symptoms
without cholinergic deficit also be separated irrespective of age.
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Introduction

The recently presented method to measure cholinergic status
via the Vigilance-index, a Quantitative Electroencephalographic
(EEG) analysis, can identify early probable Alzheimer's and Lewy
body dementia even when cognitive testing is non-pathological
with mini-mental examination scores (MMSE) [1-2]. The Vigilance-
index can evaluate the effect of Acetylcholinesterase (AchE)
inhibitor treatment [2], due to the Vigilance-index reflects the
postsynaptic impact of Acetylcholine, hindering the breakdown

from Acetylcholinesterase in the synaptic cleft and improve
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the postsynaptic effect by increasing the amount of available
Acetylcholine. The reliability to measure Acetylcholine effect and
use it to identify Acetylcholine for pathological conditions with a
cholinergic deficit as in Alzheimer’s (AD) and Lewy body dementia
(LBD) makes it necessary to exclude age-related decrease in the
Acetylcholine effect so a normal value can also be ensured for
aged patients. Historically, different attempts to study neurons
containing Acetylcholine and their relation to dementia disease,
particularly for Alzheimer’s dementia, have been studied. From

histologic and neurochemical necropsy studies of Alzheimer’s
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patient’s brains, a selective loss of central cholinergic neurons
demonstrated which overlapped with the areas that had the highest
density of neurofibrillary tangles and senile plaques [3-4].

There was also a relation between the reduction of Choline
acetyltransferase (CAT), which synthesize Acetylcholine, and
correlation to intellectual impairment measured with memory
tests. The muscarinic cholinergic receptor binding activity was
close to what has been observed in healthy brains [5]. These
results suggest a close relation between Alzheimer’s dementia
and the cholinergic system (Figure 1). In mentioned studies
above the pathological reductions in the demented patients was
compared with elderly non-demented patients used for a standard
value. It has been speculated, if there is an age-related decline in
Cholinergic function based on healthy young subjects that received
Scopolamine, a central functioning anticholinergic drug, and aged

individuals which demonstrated the same impact on memory
functions profile compared to healthy young subjects without
Scopolamine [6]. Necropsy findings indicated an increasing
reduction of CAT in the Temporal lobe due to age in non-demented
cases [7]. Cerebrospinal fluid levels of Acetylcholinesterase (AchE)
increased after treatment with Acetylcholinesterase inhibitor
treatment of AD patients [8], which might reflect increased levels
of Acetylcholine in the synaptic cleft and enhancing the effect on
the postsynaptic membrane and a compensatory upregulation of
(AchE) to increase the breakdown of Acetylcholine. However, the
Acetylcholine transmission and its relation to age, have not been
directly studied except the observations in the studies of Vigilance-
index, there several of the aged patients had Vigilance-index
values comparable with healthy young subjects and also had non-
pathological MMSE [1-2] (Figure 1).
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Figure 1: Schematic illustration of the Cholinergic synapse. In the pre-synapse to the left, Acetylcholine is produced from Choline and Acetyl-
coenzyme A by Cholinacetyltransferase (CAT) and packaged in synaptic vesicles. The vesicles release Acetylcholine into the synaptic cleft
between pre and post-synapse (in the middle of the figure). The Acetylcholine binds to the muscarinic receptor on the postsynaptic membrane
and exerts the transmission. The superfluous Acetylcholine breaks down to Acetyl and Choline by membrane-bound Acetylcholinesterase. The
strategy for Acetylcholinesterase inhibitors, due to the cholinergic deficit in Alzheimer's and Lewy body dementia is to hinder the breakdown
L and increase the amount of Acetylcholine acting on the postsynaptic receptor.
J

Materials and Methods

Two groups were analyzed, one group of 30 healthy persons, 17-
67 years of age and one group of 40 persons with normal Vigilance-
index (< 0.3),senttoamemory clinic due to suspected dementia. The
group healthy subjects had no complaints of memory disturbance
or any self-reported alcohol or drug abuse, nor any anticholinergic
medication. The group with memory complaints were examined
at memory clinic was selected due to Vigilance-index < 0.3, which
represented normal cholinergic status [2]. EEG:s recorded at awake
patients, sitting on regular chairs and instructed to open eyes for
30 seconds and close eyes for 90 seconds, four of these EEG epochs
with eyes closed and with eyes open analyzed and an average value
calculated for respective eyes opened and eyes closed epochs. This
procedure ensured alertness and vigilance of the patients, which
also monitored by the EEG assistant during the recording session.
A few patients and parts of the EEG recordings that showed signs

of drowsiness, and patients who were very tense or nervous with
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low EEG amplitudes during eye-closure comparable to magnitudes
at eye-opening [8], were excluded from the analyses. Of the EEG
epochs, approximately eighty seconds of eyes closed and twenty-
five seconds of eyes open analyzed.

To avoid analyzes of arousal reaction and eye movement
artifacts he first ten seconds excluded from the closed eyes epochs,
of the similar reason the first three seconds omitted of the open
eyes epochs. Rarely slightly shorter epochs analyzed, due to brief
episodes of recording interference. Average peak-frequency and
peak power for the four eyes closure epochs and the peak power
for the four eyes open epochs calculated. The average peak power
for eyes open epochs measured within + 1 Hz deviation from
peak-frequency for eyes closed epochs.The Vigilance-index was
calculated from the ratio of the average peak power for eyes open
divided with the average peak power for eyes closed (E.O. power
/ E.Cl. power) to quantify the relative desynchronization of the
eyes open EEG epochs (Figure 2). The peak power was defined
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with an EEG filter setting of 3-15 Hz, covering the alpha and theta
frequency (4-13 Hz) bands to avoid analysis of eye movement
and muscle artifacts. EEG:s analyzed from the T6 or T5 area (10-
20 EEG system) which reflects the posterior part of the temporal
lobe, known to be affected by Alzheimer’s and Lewy body dementia

and also a part of the cortex where basic rhythm is prominent.

Between the compared groups, the calculated data of average value
for Vigilance-index, Standard deviation (S.D.), Standard error of
the mean (S.E.M.). Pearson correlation coefficient and, Spearman
rank correlation coefficient calculated and compared for age and
Vigilance-index between the groups (Figure 2).
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Figure 2: EEG-variables for a healthy person and a patient with suspected dementia at baseline examination. The healthy person's EEG
(upper diagrams A), the X-axis shows the frequency (Hz) and the Y-axis shows the power (uV? Hz) of four epochs superimposed in the graphs.
The left diagrams for eyes closed epochs and the diagrams to the right for eyes open epochs. In (B), the same graphs illustrated for a patient
with suspected dementia. The average peak power when eyes closed (E.Cl.) and when eyes are open (E.O.) indicated with horizontal lines in
respective graphs. The quota of average E.O. / E.CI. power (Vigilance -index) calculated from those values. Filter settings for the EEG were
3-15 Hz. Observe the difference in Quota for the healthy individual in the top diagrams (<0.3) compared to the suspected dementia patient
with a Cholinergic deficit (>0.3).
- J
Results decrease of cholinergic transmission in healthy persons and elderly

There was no apparent correlation to age for Vigilance-index
(Figure 3). In the analysis, both groups average values, standard
deviation (S.D.), standard error of the mean (S.E.M), did not reveal
any significant differences for Vigilance-index (Table 1). The
Pearson correlation coefficient between age and Vigilance-index
showed, on the other hand, differences between the two groups.
The group of healthy subjects ranging from 17-67 years of age
showed an inverse correlation between age and Vigilance-index
(-0.41), the elderly group of persons examined due to memory
complaints, aged 66-93 years of age had a coefficient of 0.16
between age and Vigilance-index. (Table 1). The Spearman rank
correlation coefficient for the healthy group was -0.46 and for the
elderly group 0.21. For the healthy subjects, Vigilance-index did not
increase with age rather a tendency to a decrease of Vigilance-index
due to increasing age. For the elderly patients, a weak tendency to
increasing Vigilance-index due to increasing age, but still within
the standard value of <0.30. Conclusively, it seems that there is not
any substantial age-related decrease of Vigilance-index reflecting a

persons without a dementia disease due to the cholinergic deficit
(Figure 3 & Table 1).

Table 1: Statistical comparison of the age groups examined. The
different statistical measurements in the left column. In the heading, the
compared groups. The statistical analysis shows no substantial evidence

that Vigilance-index increases with age.

Mean Vigilance-index 0.14 0.13
SD 0.08 0.06
S.EM. 0.014 0.009
Pearson correlation
coefficient for Vigilance- -0.41 0.16
index and Age in years
Spearman rank
correlation coefficient
for Vigilance-index and -0,46 0.21
Age in years
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Figure 3: Vigilance-index and Age. The primary Y-axis age in years indicated with a black dot in the diagram. The secondary Y-axis shows the
Vigilance-index with an unfilled ring in the diagram. The different groups separated with a space in the diagram, healthy aged 17-67 years, and
patients investigated for suspected dementia, aged 66-93 years. Observe the lack of correlation between Vigilance-index and age.
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Discussion perhaps affect the amount of Acetylcholine and potentially reduce

What is measured with the Vigilance-index? The EEG variables
which used to calculate Vigilance-index is based on pharmacological
studies of the effects of cholinergic and anticholinergic substances
[10-15,16] and AChE inhibitor medication [17-18,19-21]. A
reduction of the desynchronization of EEG, or Berger reactivity
when the eyes open, observed following the administration of
anticholinergic drugs, such as Atropine and Scopolamine to healthy
subjects [12,22]. Comparison between healthy subjects and
patients with AD revealed significantly reduced desynchronization
reaction at eye-opening in patients with AD [23]. The Vigilance-
index measure the desynchronization reaction but not actual
amount of Acetylcholine instead the available Acetylcholine for the
transmission to the post-synapse neuron and therefore indirect the
amount of Acetylcholine whichisrecorded by the EEG response from
eyes open reaction. Confirmed from a study of patients examined
for suspected dementia at baseline and follow-up EEG examination
after approximately one year and evaluated and compared by
AchE inhibitor treatment or not during the observation time. The
AchE inhibitor-treated had unchanged Vigilance-index at follow-
up while the untreated patients had significantly increased index,
which can be expected from a progressive decline of Acetylcholine
transmission at dementia disease [2].

Another issue of importance for using the Vigilance-index to
predict cholinergic deficit, is if there are an age-related decrease
in Acetylcholine for non-demented elderly persons. Former
necropsy studies have observed a selective loss of cholinergic
neurons in Alzheimer's disease [3-5,24] based on analysis of the
enzymes Choline acetyltransferase (CAT) and Acetylcholinesterase
(Figure 1), without evidence of loss of enzymes related to
neurotransmitters GABA, Dopamine, Noradrenaline, and Serotonin
[3]. From autopsy studies of the temporal lobe of non-demented
subjects, a significant reduction in Choline acetyltransferase (CAT)

seen with increasing age between 61 to 92 years [25], which might
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available Acetylcholine acting on the postsynaptic neuron. However,
no direct evidence been observed for Acetylcholine transmission
relation to age.

No differences in Vigilance-index average values between
the younger healthy individuals and the elderly group and the
correlation was instead inverse for the young group (17-67 years) in
this study, which speaks powerfully against decreasing cholinergic
transmission by Acetylcholine. For the elderly group, a very weak
correlation to age and decreasing Acetylcholine transmission, and
still a Vigilance-index within normal values for Vigilance-index
(<0.3), been observed (Table 1). Therefore, it seems that even if the
Acetylcholine synthesizing enzyme Choline acetyltransferase (CAT)
decreases with age, it can still produce enough Acetylcholine to
uphold the neurotransmission even at an advanced age (93 years).
The elderly group used in the study for comparison with the younger
group was not explicitly evaluated for cognition, but they came to
a memory clinic due to memory complaints. From an earlier study,
cognition with mini-mental score examination (MMSE) compared
to Vigilance-index for a similar group of patients like the elderly
group in this study, showed that the patients with lowest Vigilance-
index (< 0.3) values had the highest MMSE values > 25, both at
baseline and follow-up examination. The non-pathological follow-
up MMSE values, almost overlapped with the non-pathological
baseline values for Vigilance-index after approximately two years
of observation time [2].

Conclusion

The Vigilance-index can reliably be used to identify cholinergic
transmission deficit irrespective of age and be used to identify
pathological conditions with cholinergic deficit such as Alzheimer’s
and Lewy body dementia and distinguish other causes of dementia
without cholinergic deficits even for elderly persons, but also
identify medications with unwanted secondary central cholinergic
disturbances leading to dementia symptoms.
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