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Abstract

Background: Assessment of dementia in individuals with intellectual disability is complex due
to great inter-individual variability in cognitive function prior to dementia and a lack of stan-
dardized instruments. Studies have indicated that quantitative electroencephalography (qEEG)
results may be used as a diagnostic marker for dementia. The aim of this study was to exam-
ine the value of qEEG in the diagnostic evaluation of dementia in patients with Down syn-
drome (DS). Method: The study included 21 patients with DS and mild-to-moderate demen-
tia due to Alzheimer's disease (DS-AD) and 16 age-matched adults with DS without cognitive
deterioration assessed by the informant-based Dementia Screening Questionnaire in Intel-
lectual Disability (DSQIID). Conventional EEG was performed and analysed quantitatively us-
ing fast Fourier transformation. Outcomes were centroid frequency, peak frequency, absolute
power, and relative power. Results: In several regions of the brain, a significant decrease in
the theta-1 band (4-7 Hz) was identified for the centroid frequency. A significant negative
correlation was demonstrated between the mean of the centroid frequency of the theta-1
band and the total DSQIID score. Conclusion: We found that qEEG can detect a significant
decrease in centroid frequency in a sample of patients with DS-AD as compared to a sample
of adults with DS and no cognitive deterioration. © 2015 S. Karger AG, Basel
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Introduction

In developed countries, the population of elderly people with Down syndrome (DS) is
expanding, resulting in an increasing incidence of age-related diseases including dementia
[1, 2]. DS is the most common chromosomal defect leading to mental retardation, with an
incidence of approximately 1 in 650-1,000 live births worldwide [1]. It is caused by trisomy
of chromosome 21 and is associated with physical, psychiatric, and neurological complica-
tions. Neuritic amyloid-f plaques and neurofibrillary tangles - characteristic neuropatho-
logical features of Alzheimer’s disease (AD) - are a virtually certain finding in the brains of
adults with DS, and have even been noted in some children with DS [3-6]. The earliest accu-
mulation appears to be in the frontal and temporal lobes [6]. The increased risk of AD in DS
is primarily attributed to a gene found on chromosome 21, amyloid precursor protein,
although the trigger for development of dementia is unknown [7]. It is estimated that, clini-
cally, dementia can be diagnosed in only some 9% of adults with DS in their 4th decade and
around 55% in their 6th decade of life [8]. Another study has estimated that nearly 20% of
individuals with DS aged 45 years and more have dementia due to AD (DS-AD), and several
studies have shown a greater risk of early mortality for people with DS and dementia [6,
9-12]. However, the incidence rate of dementia is associated with uncertainty, as the diag-
nosis of dementia in people with DS remains difficult, particularly in the early stage of the
disease.

The assessment of dementia in individuals with intellectual disability is often complex
due to great inter-individual variability in cognitive functioning prior to dementia and a lack
of standardized measures to detect dementia. The ability to cooperate in relation to the
successful completion of standard physical examinations, brain imaging, and other investi-
gatory tests is often impaired due to intellectual disability [13, 14]. The diagnostic assessment
may be further complicated due to the fact that social and cognitive abilities often are under-
developed and comorbidity of hypothyroidism and depression is relatively common [13]. To
circumvent these problems, it is recommended that neuropsychological testing of a patient
should be combined with informant-based rating scales.

Quantitative electroencephalography (qEEG) is the analysis of various features of
conventional EEGs to derive metrics and visual displays through digital methods. The elec-
trical activity is quantified with a variety of statistical measures to characterize the huge
variation in combinations of emissions from the brain. Studies have shown that AD leads to
increasing slow-wave activity of the EEG (an increase in theta and delta wave activity) and
enhanced complexity of the EEG signals [15]. In adults with DS without dementia, it has
been established that an age-related slowing of the alpha rhythm may develop at an earlier
age as compared to healthy adults ofthe general population [16]. However, to our knowledge
there are no reports comparing qEEG results in patients with DS with and without AD. It is
possible that EEG, an atraumatic investigation, may contribute to the early diagnosis of AD
in DS.

The aim of the present study was to examine the value of qEEG in the diagnostic evalu-
ation of dementia in patients with DS. We hypothesized an increase in delta and theta wave
activity of the qEEG recordings in patients with DS and AD globally as compared to people
with DS without AD.

Subjects and Methods

This study was designed as an explorative case-control study on qEEG as a diagnostic tool
in patients with DS and possible dementia due to AD.
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Sample

Patients with DS and cognitive decline were recruited from the Copenhagen University
Hospital Memory Clinic at Rigshospitalet, which is a multidisciplinary outpatient clinic based
in the Department of Neurology. Referrals are received from general practitioners, specialists,
and other hospitals.

The control subjects were adults with DS recruited from recreational homes for adults
with intellectual disabilities in the Copenhagen area. An administrative specialized nurse
supervising the institutions contacted the manager of each institution, asking for permission
to contact potential participants according to the inclusion criteria applied for this study.

The inclusion criteria for both patients and control subjects were: (1) karyotype exami-
nation confirming trisomy of chromosome 21; (2) ability to cooperate (leading to exclusion
of participants with severe intellectual disability); (3) age above 35 years, and (4) fulfilling
the criteria for probable AD. The exclusion criterion for patients and control subjects was a
mis- or under-treated medical (assessed by blood tests and clinical appearance) or psychi-
atric condition (assessed clinically by the neurologist) that might influence cognition (e.g.
hypothyroidism and depression).

We recruited 21 patients with DS and AD and 16 age-matched control subjects with DS
and no cognitive decline. Cognitive decline was assessed using the informant-based Dementia
Screening Questionnaire in Intellectual Disability (DSQIID) [17]. One patient and 2 control
subjects were living at home, attending a supervised workshop, while the remaining patients
and control subjects were institutionalized.

Informed consent was obtained from the personal legal guardian, or, if no legal guardian
was assigned, from the family doctor. The subjects and caregivers were informed that they
could request the interruption of the clinical and instrumental procedures at any time.

Diagnostic Workup of the Patients

The dementia diagnosis was established based on the following assessments:

1 A detailed history of medical, neurological, and psychiatric conditions, including a
review of the medical records, to establish past and present physical and/or mental
health disorders

2 Ahistory of symptoms of dementia from family members and/or caregivers

Information on the current intake of medicine

4 Screening for dementia symptoms using the DSQIID [17], an informant-based
questionnaire; a high score (>20) indicates a high level of cognitive decline; this
screening instrument has been proved to be a valid and reliable observer-rated
questionnaire for screening for dementia among adults with DS

5 Physical and neurological examinations including a comprehensive screening for visual
and hearing impairment

6  Psychiatric assessment of symptoms of depression (when relevant)

7  Afull panel of blood tests recommended as part of the diagnostic workup of dementia
according to international clinical guidelines available in 2013 [18]

8 Confirmation of genetic status (trisomy 21) from the medical records

9  CT scanning of the brain if the patient was able to cooperate

10 Additional examinations (when found relevant)

Subsequently, the diagnosis of dementia was established according to the ICD-10 [19] and/
or DSM-1V criteria [20]. The diagnosis of AD was established according to the criteria of the
National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS-ADRDA) for probable AD [21], supported
by the ICD-10 Symptom Checklist for Mental Disorders and guidelines set by an international
consensus panel associated with the International Association for the Scientific Study of Intel-
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lectual Disabilities (IASSID) [22]. After completion of the diagnostic workup, the multidisci-
plinary staff (dementia specialists, neuropsychologists, and specialist nurses) established a
consensus diagnostic classification. The patients with DS-AD included in this study were esti-
mated to be in a mild-to-moderate phase of their dementia disorder. Each control subject with
DS included in this study was examined at baseline according to items 1-8.

Electroencephalography

Electroencephalograms were recorded using Nicolet One EEG (Nervus) recording
software 5.82 (Natus) with a standard 44-channel head box, and each subject was fitted with
a cap using silver-silver-chloride-coated electrodes. The electroencephalogram was recorded
in a 30-min period in subjects in the wake resting state from 19 electrodes positioned
according to the International 10-20 system (i.e. Fp1, Fp2, F3, Fz, F4, F7, F8, T3, T4, C3, Cz, C4,
T5, T6, P3, Pz, P4, 01, 02). Data were sampled at 1.0 kHz and bandpass filtered at 0.5-70.0
Hz.To monitor eye movements and heart rhythm, electrooculograms and electrocardiograms
(0.3-70 Hz bandpass) were collected. The status of handedness for every participant was
established using the Edinburgh inventory [23].

Special attention was devoted to obtaining maximal relaxation and cooperation of the
subjects, to obtaining high-quality EEG recordings, and to avoiding well-known effects of
stress and anxiety. An experienced neurophysiologist (T.W.K.) analysed the conventional
electroencephalograms blindly, unaware of the clinical data on the subjects. The recorded
EEG data were then fragmented off-line in consecutive epochs of a minimum of 4 s by a
medical student (C.M.), also blinded to the clinical data on the patients. For each subject, up
to 10 epochs were carefully selected for analysis. However, in some cases the subjects were
unable to lie still, resulting in artefacts on EEG and less than 10 epochs suitable for analysis.
None of the EEG recordings revealed paroxysmal activity. Seven frequency bands were deter-
mined for analysis: delta (0.5-3.5 Hz), theta-1 (4-7 Hz), theta-2 (5-6 Hz), theta-3 (5-7 Hz),
theta-alpha-1 (5-10 Hz), theta-alpha-2 (4-13 Hz), alpha (8-13 Hz), and beta (>14 Hz).

Quantitative EEG

qEEG spectral analysis was performed using digital fast Fourier transformation and
power spectral density (PSD) determination with the Welch method (Hamming window
function, 75% overlap, and 4-second window length). Four qEEG parameters were derived
from the PSD: centroid frequency, peak frequency, absolute power, and relative power. An
illustration of the qEEG outcome is shown in figure 1. Determined by PSD, centroid frequency
was defined as the weighted mean of the frequencies present in the EEG epoch, using their
magnitudes as weights. Peak frequency was defined as the peak frequency in the respective
epoch, channel, and frequency band with highest magnitude in the PSD. Absolute power was
defined as the total power in each epoch, channel, and frequency band normalized to 1 s.
Relative power was defined as the relative power in each frequency band compared to the
total power in all frequency bands, in each epoch and channel.

All qEEG parameters were computed for each epoch, for all channels, and in all selected
frequency bands using a MATLAB-based GUI program developed for this study.

Ethics
This study was approved by the local ethics committee (J.nr. H-4-2012-111) and the
Danish Data Protection Agency (J.nr. 2007-58-0015).

Statistical Analysis

The level of significance in group-by-group comparisons was investigated with the inde-
pendent sample t test for quantitative variables with a normal distribution. The Mann-
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Fig. 1. lllustration of the outcome of the qEEG analysis.

Table 1. Clinical data on the

patients and controls with DS Patients Controls p value
(DS-AD) (DS)
Subjects, n (%) 21(57) 16 (43)
Mean age (range), years  52.5 (40-63) 48.5(38-68) p=0.099!
Male-female ratio, n 18:3 16:10 p=0.1032
Handedness (L/R), n 2/19 2/14
Mean DSQIID score + SD  21.7+6.2 2.8+3.0 p <0.0013

Lt test. 2x? test. 3 Mann-Whitney U test.

Whitney U test was used for group-by-group comparisons with a skewed distribution of the
data. The x? test was used on nominal variables, and Fischer’s exact test (two-sided) was
applied when cells had expected counts of less than 5. A linear regression model was used to
assess the impact of centroid frequency, peak frequency, absolute power, and relative power
in the theta-1 band on DSQIID score, with plots of residuals as a model control. The false
discovery rate was used to correct for multiple comparisons. The data were analysed using
SPSS 19.0 for Windows (SPSS Inc., Chicago, I11., USA).

Results

Clinical Data

The clinical data are shown in table 1. As expected, total scores on the DSQIID were signif-
icantly different between patients and control subjects (U = 0.0,z =-5.17, p < 0.001), as the
highest score was found in the DS-AD group. No significant group differences were found in
age and sex ratios between patients and control subjects.
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Fig. 2. Mean scores (Hz) of centroid frequency in the theta-1 band for all the regions investigated in patients
and control subjects. A decrease in centroid frequency is evident globally in patients as compared to control
subjects and significantly different in several areas of the brain (frontotemporal on both sides and parietal
on the left side). * Significantly different from control subjects at p < 0.05 (t test).

Mean Scores of Centroid Frequency Globally for Every Frequency Band for the

Two Study Groups

Mean scores of centroid frequency, mean frequency, absolute power, and relative power
of every frequency band in patients were compared to those in control subjects. The centroid
frequency for the theta-1 band was significantly decreased in several areas of the brain -
primarily frontotemporal, on the left side - in patients with DS-AD as compared to control
subjects (fig. 2). This was specifically the case in the theta-1 band for Fp1-F7 [(t=35) = 2.681,
p=0.001] and F7-T3 (U =82,z =-2.64,p = 0.008, r = 0.43). The false discovery rate was used
to correct for multiple comparisons leading to insignificant p values for all frequency bands.
To visualize the negative correlation between the mean of the centroid frequency of the
theta-1 band in the left frontotemporal region (F7-T3) and the total score on the DSQIID, a
scatterplot was generated (fig. 3).

No significant differences were found for the remaining variables (peak frequency,
absolute power, or relative power) globally between patients and control subjects in any of
the included frequency bands.

Four patients were left-handed. These patients were assumed right-hemisphere dom-
inant, while the rest were considered left-hemisphere dominant. All data were re-analysed
with a dominance laterality covariate. This did not change any conclusions.

Correlation between qEEG Variables Globally and Total Score on the DSQIID

When the mean of the centroid frequency of the theta-1 band at F7-T3 was entered into
a stepwise linear regression model of the DSQIID, the total variance explained by the model
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Fig. 3. Means of centroid frequen-
cy recorded in the frontotemporal
region (F7-T3) on the left side for
the theta-1 band compared to the
total score on the DSQIID. A nega-
tive correlation is seen between
the quantity of symptoms of de-
mentia and the mean of the cen-
troid frequency for the theta-1
band. O = Control subjects; @ =
DS-AD subjects.

Fig. 4. Correlation between the
mean of the centroid frequency in
the theta-1 band and the total
score on the DSQIID using multi-
ple linear regression analysis in
all the regions of the brain inves-
tigated. Pearson’s correlation co-
efficient is shown in the vertical
bar, correlating to a shift in co-
lour. The correlation between a
high quantity of symptoms of de-
mentia and a decrease in the cen-
troid frequency for the theta-1
band is evident globally and most
pronounced frontotemporal on
the left side.
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as a whole was 32% of the variance in DSQIID score [F(2, 34) = 7.98, p < 0.001]. Figure 4
shows Pearson’s correlation coefficients of the mean of the centroid frequency of the theta-1
band for all the regions investigated, and a shift in colour from blue to red indicates an
increasing correlation coefficient. Interestingly, a correlation of 52% or higher between
centroid frequency for the theta-1 band and the level of symptoms of dementia was seen
globally in the brain and most prominent in the left frontotemporal region. These results
indicate thatincreasing cognitive impairmentis correlated to a decrease in centroid frequency

in the theta-1 band globally.
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Discussion

To our knowledge, this is the first study to examine the diagnostic value of qEEG in a
clinical setting in patients with DS-AD as compared to adults with DS and no cognitive decline.
Our results show a significant decrease in centroid frequency in the theta-1 band in patients
with DS-AD in several regions of the brain (fig. 2). Furthermore, we have demonstrated a
significant correlation between high scores on the DSQIID and lower frequency of the qEEG
variable centroid frequency in the theta-1 band globally and, most pronounced, in the left
frontotemporal region. These results are unique, but they may be biased by the relatively
small study population and by the fact that patients with DS-AD on average were 4 years older
than control subjects. As higher age is associated with a higher incidence of symptoms of
dementia and slowing of the EEG, this is a confounding factor to be taken into consideration.
Furthermore, correcting for multiple comparisons using the false discovery rate resulted in
a non-significant decrease in centroid frequency.

The decrease in centroid frequency in the theta-1 band is in accordance with previous
findings showing an increased slow-wave activity of the delta and theta frequency bands in
adults with DS-AD as compared to healthy adults [24, 25]. A number of studies have previ-
ously demonstrated an association between EEG abnormalities and AD in adults with DS.
Visser et al. [25] showed, in a prospective setting, a decrease in frequency of the dominant
occipital activity at the onset of cognitive deterioration, in agreement with Soininen etal. [24],
who found significantly more slow-wave activity (theta and delta) in patients with DS-AD as
compared to healthy control subjects without DS. Both studies used adults without intel-
lectual disabilities as control subjects, and because of this, it cannot be determined whether
the results found were due to DS, AD, or a combination of the two. This study used controls
with DS and thereby allowed the effect of AD to be better examined. Adults with DS without
cognitive deterioration have been shown in several studies to have abnormal EEG results
characterized by the absence of a normal alpha rhythm [26, 27]. Therefore, in order to be able
to separate patients with DS-AD from adults with DS with cognitive impairment due to other
causes, we found it preferable in a clinical setting as a first step to compare results of qEEG in
patients with DS-AD to those in other adults with DS without cognitive deterioration.

In adults with intellectual disabilities, a large inter-individual variability in cognitive and
functional abilities is present, premorbid levels of cognitive functioning are generally
unknown, and their ability to cooperate in diagnostic assessments, including cognitive testing,
is often impaired, leading to a low validity of these tests [13, 28]. As a consequence, all par-
ticipants of this study were screened for dementia symptoms using an informant-based
assessment tool, the DSQIID [17]. We found a significant correlation between centroid
frequency and total score on the DSQIID, most pronounced in the left frontotemporal region
(fig. 3). This correlation may indicate a decreasing frequency of EEG recordings related to cell
death in these areas due to accumulating amyloid plaques and neurofibrillary tangles. These
findings are related to previous findings on patterns of neuropathological changes in elderly
adults with DS [5, 6, 29]. Mann [5] found that these neuropathological findings in adults with
DS beyond 40 years of age primarily involved the amygdala, hippocampus, and association
areas of the frontal, temporal, and parietal cortices.

As shown in figure 3, there is an overlap between adults with DS with dementia and those
without dementia in the 5.5- to 6.5-Hz frequency bands. Based on the small sample size, it is
not possible to determine a cutoff value. Presumably, larger study population is needed to
clarify this issue.

Our results indicating a dominant decrease in centroid frequency on the left side are not
supported by previous studies and may be coincidental. Theoretically, they could be related

KARGER

411



Dement Geriatr Cogn Disord Extra 2015;5:404-413

Dementia DOI: 10.1159/000438857 © 2015 S. Karger AG, Basel

and Geriatric
Cognitive Disorders www.karger.com/dee

Salem et al.: Quantitative Electroencephalography as a Diagnostic Tool for Alzheimer's
Dementia in Adults with Down Syndrome

to symptoms of aphasia associated with the left temporal lobe. Aphasia may be a symptom of
dementia and may lead patients to diagnostic evaluation [30].

Neurophysiological assessments of brain activity have been undertaken to aid the clinical
diagnosis of dementia in adults with intellectual disability due to the poor validity of neuro-
psychological measures for detecting cognitive deterioration in this population [13]. As
conventional EEG recordings are non-invasive, EEG may serve as a potential diagnostic tool
and as a predictor of AD suitable for patients with intellectual disabilities. Furthermore, EEG
recordings are inexpensive, potentially mobile, and relatively well tolerated. All participants
of our study were able to complete a conventional EEG examination.

In conclusion, we found that qEEG can detect a significant decrease in centroid frequency
in a sample of patients with DS-AD as compared to a sample of adults with DS and no cognitive
deterioration. This is a unique finding, calling for further elaboration and larger studies in
order to define possible cutoff values and clinical implications. Further studies are needed to
elaborate these aspects.
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