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the authors aimed to determine whether a deficit in facial emotion recogni-
tion is present at the onset of Alzheimer disease, distinctly and concurrently
with the onset of cognitive impairment or is it a prodromal syndrome of Alz-
Copyright © 2020 by author(s) and heimer’s Disease before the onset of cognitive decline and what emotions are
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) T ) involved. A secondary aim was to investigate relationships between facial emo-
This work is licensed under the Creative

Commons Attribution International tion recognition and cognitive performance on various parameters. Method:
License (CC BY 4.0). Single Blind Case-control study. Setting in Memory clinic. Participants: 12 pa-
http://creativecommons.org/licenses/by/4.0/  tjents, (AS) and 12 control subjects (CS) were enrolled. Measurements: Quan-
titative information about the ability for facial emotion recognition was ob-
tained from Method of Analysis and Research on the Integration of Emotions
(MARIE). The Mini Mental Status Examination (MMSE), the Picture Nam-
ing, the Mattis Dementia Rating Scale (DRS), and the Grober & Buschke Free

and Cued Selective Reminding Test (FCSRT) tests were used to measure cog-

nitive impairment. Results: We note that the AS have a problem with the
visual recognition of facial emotions with existence of a higher threshold for
visual recognition. The AS is less sensitive to the visual recognition cues of fa-
cial emotions. AS is unable to distinguish anger from fear. It would be a possi-
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ble explanation for some acts of aggressiveness seen in the clinical and home
setting demonstrated by “AS with behavioral disturbance’. The anger-fear se-
ries was found to be the first affected in the course of Alzheimer’s. The ap-
pearance of the curve is sigmoid for the control group and linear for the Alz-
heimer’s patients with a cognitive distortion when the VRFE is represented
graphically with percentage of correct recognition plotted on the “y” axis and
the selected images presented as stimulus with measures of density of emo-
tion plotted on the “x” axis. In both groups, it is intuitively and theoretically
expected that correct recognition will be directly proportional to the density
of represented emotion in the stimulus image. This hypothesis is true for CS
but not so for AS. The MARIE (see below) processing of emotions seems to
be strengthened by the optimal cognitive functions showing the hypothesis
applies to CS but not uniformly in AS. This anomaly in the AS is evidenced
by the decline of the cognitive functions contributing to abovementioned “li-
nearization” in the graphic representation. There is a direct positive correla-
tion between the results of MARIE and the performance on cognitive tests.
Conclusion: The administration of a combination of DRS, FCSRT, and
MARIE to patients screened for possibly emerging Alzheimer’s could provide
a more detailed and specific approach to make a definitive early diagnosis of
Alzheimer’s. The Alzheimer’s patients found it difficult to distinguish be-

tween anger and fear.
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1. Introduction

Increasingly, research studies confirm the difficulties of sufferers of Alzheimer’s
Dementia in the domain of the visual recognition of facial emotions (VRFE) [1].
Throughout the course of the Alzheimer’s disease, the problem of not being able
to measure the VRFE exists and has been confirmed by many studies [2] [3] [4]
[5] [6]. As far as Brosgole is concerned, the recognition of anger is affected from
the very beginning at the onset of Alzheimer’s [7] [8]. Whereas, Lavenu et al. [4]
and Cadieux [9] would refer to fear in the same context. These studies are of an
experimental nature, long, and difficult to transpose into a clinical routine. The
reasons for the difficulties in adopting these findings for clinical diagnostic pur-
pose are attributable to several factors linked with nature of the tests, namely: 1)
a heterogeneous methodology; 2) reliance on verbal responses to designate rec-
ognized emotions; 3) subjective as opposed to objective evaluation; and 4) selec-
tion and matching of control and experimental subjects. As is true for MMSE
[10] and other cognitive tests, we would need quantitative measures of VRFE as
opposed to subjective and qualitative assessments to better understand the beha-
vioral problems of [AS) Alzheimer’s patients [11]. Our impression is that the

deficit in VRFE can explain some of the impulsive aggressive reactions of AS.
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This study aims to overcome all of the abovementioned difficulties in objec-
tive quantitative measurement of the ability for VRFE by using a simple binary
test using the computer mouse without the patient ever having to give any verbal
responses. This test, therefore, should be quick, simple, and easy to administer in
a clinical setting. In addition, it provides prompt quantitative results that can be
easily represented graphically. We measured the VRFE amongst patients who
are closer to the onset or at the onset of Alzheimer’s and compared those results
with the performance of a healthy control group. Next, we examined the criteria
used by the subjects in making the decisions in choosing the responses while

identifying the emotional expressions.

2. Method

The tests have been set up using a software which was developed for this study
[Method of Analysis and Research of the Integration of Emotions (MARIE); [12]
[13] [14]. It is inspired by a method already used [15] [16] [17] [18]. This test
examines the decision making by the subject when shown a photograph of a face
which expresses an emotion called “canonical’ or “intermediate’. The seven stu-
died canonical emotions [19] are: anger, disgust, fear, happiness, neutral, sadness,
and surprise, all of which are expressed by a “blonde woman's face” We have
created 9 series of combinations of emotions (SE): anger-fear, anger-sadness, hap-
piness-sadness, neutral-anger, neutral-disgust, neutral-fear, neutral-happiness,
neutral-sadness, and neutral-surprise. Each SE was made up of 2 canonical im-
ages and 17 intermediate images created by merging two canonical images using
computer technology: morphing. The photographs of the “blonde woman” come
from “Pictures of Facial Affect’ [20].

3. Participants

12 voluntary patients in the initial stages of Alzheimer’s, following a memory
consultation at the Valenciennes’ central hospital, were matched with a control
group of 12 healthy individuals. All 24 subjects were Caucasians, native to the
Northern region of France, French speaking, right-handed and who had given
their signed consent. The matching was based on age, sex and educational level.
Visual acuity with or without corrective glasses was 20/20. There was no history
of previous psychological or neurological disorder or any use of psychotropic
medications in the last 6 months. No behavioral disturbances associated with
their Major Neurocognitive Disorder had been identified since the onset of their
Alzheimer’s. The patients would be meeting the criteria of NINCDS-ADRDA
[21]. Any symptom like pseudobulbar affect, visual hallucinations associated
with Parkinsonian Syndrome that suggested presence of: 1) Lewy body disease
[22], 2) Frontal Lobe atrophy [23] [24] (Fronto-temporal Dementia or Pick’s
Disease) or 3) Basal Cortical degeneration or the Asymmetric Cortical Degener-
ative Syndrome [25] was a major exclusion criterion for this study.

Performances on the Mini Mental Status Examination (MMSE) [10], the Mat-
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tis Dementia Rating Scale (DRS) [26] [27], the Picture Naming (DO 80) [28],
and at the Grober and Buschke’s Free and Cued Selective Reminding Test
(FCSRT) [29] showed the verbal episodic memory was significantly lower in the
Alzheimer’s sufferers compared to the control group. Both groups were blinded
to the purpose of the study and the functions measured, but all participating re-
searchers were aware of these yet did not intrude or intervene when the subjects
were responding to the stimuli. There was no prompting or guidance for the

subjects from the research staff administrating the tests (Table 1).

4. Procedures

We ran MMSE, DRS, Picture Naming, and FCSRT tests with each of the study’s
subjects. A sample of 12 healthy individuals were chosen from a population of
204, forming the control group with which the Alzheimer’s patients were
matched, based on age, sex and level of education.

Setting up of stimuli

An intermediate emotion does not completely represent either a canonical
emotion “A” or a canonical emotion “B”—it is a controlled “combination” which
is inversely proportional to the pixels of the two canonical images “A” and “B”.
Each series was specified by the increase in the gradation of emotion “B”: 0%,
10%, 20%, 30%, 35%, 38%, 41%, 44%, 47%, 50%, 53%, 56%, 59%, 62%, 65%,
70%, 80%, 90%, and 100%, (Figure 1).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 1. Happiness-sadness series created using the intermediate image merging me-
thod, of the canonical images 1 and 19.

Table 1. Subject’s characteristics: level of education since age of 4: 1) 12 years of educa-
tion, 2) 15 years of education, 3) 17 years of education and more; MMSE: Mini Mental
Status Examination 144 (mean and standard deviation); Picture Naming/80 (mean and
standard deviation); FCSRT (mean and standard deviation).

Control Alzheimer’s P
n= group 12 patients 12
sex (M/F)* 715 715 1

Age 66.33 68.67 0.3

Level of education 7/4/1 10/1/1 0.3
MMSE (/30) 30 (£0.5) 26 (+2.4) 0.0005
DRS (/144) 144 (+1) 130 (+10) 0.0005
Picture Naming (/80) 80 (£1) 33 (+4) 0.0001

FCSRT:
Immediate recall 16 (£2) 13 (+4) 0.014
3° free recall 16 (+2) 7 (£5) 0.0001
3° total recall 16 (£2) 11 (6) 0.0013
Total different recall 16 (£2) 11 (£6) 0.0013
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Procedure

Each subject was seated in the same quiet room, facing a laptop screen while
each of the images (10 cm x 18 cm) was individually shown. The “stimulus” was
shown in the center of the upper half of the screen. On the lower half of the
screen: 1) labelled underneath the canonical image, to the left of the stimulus
was the name of the canonical emotion “A” (with 5° angle), 2) labelled under-
neath the canonical emotion image “B”, to the right of the stimulus was the
name of the canonical emotion “B” (with a 5° angle) (Figure 2). The random
order of the stimuli shown was the same for each subject (9 series x 19 images =
171 stimuli). The canonical images of each series were displayed in the penulti-
mate and ultimate position (First and the last). The 17 intermediate images were
displayed in the same random order to every subject.

The subjects undertook a test in which they were obligated to press with their
dominant hand on the left or right button of the computer mouse, using the in-
dex or the middle finger. The stimulus remained on display until the subject re-
sponded. The order in which the series were displayed was as follows: anger-fear,
anger-sadness, happiness-sadness, neutral-anger, neutral-disgust, neutral-happiness,
neutral-fear, neutral-surprise, and neutral-sadness. The three first combinations
are called “bipolar’ and the last 6 “unipolar’ due to the presence of neutrality in
the first set of pictures in each series. A break of one minute was applied after
each series which lasted 2 minutes on an average.

The 9 following “measures” have been taken into account: 1) measures num-
bers 1, 2, 8, and 9 corresponded to responses to the stimuli numbers 1, 2, 18, and
19, respectively. 2) measures numbers 3, 4, 5, 6, and 7 corresponded respectively
to the average of the responses to the stimuli numbers 3, 4, and 5; numbers 6, 7,
and 8; numbers 9, 10, and 11; numbers 12, 13, and 14; and numbers 15, 16, and
17, respectively. The average saturation of emotion B was 0%, 10%, 28.3%, 41%,
50%, 59%, 71%, 90%, and 100%, respectively, for each of the 9 measures.

All of the subjects should have first passed a monitored task. They used the
same skill of decision making, a test having to choose between two possible an-
swers, but concerning a series of geometric intermediate images originally from
a continuum with square and circular outlines. This initial practice exercise did

not involve dealing with recognizing emotions.

HAPPINESS SADNESS

Figure 2. Experimental situation, the subjects must choose the image on the right or the
left according to which they identify the central image predominantly representing.
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5. Statistical Evaluation

The analysis of the data was carried out by “analyses of variance” (ANOV As),
for which the inter-subjects factor was the group (Alzheimer’s or control group),
the series (9) and the measures (9) being the intra-subjects factors. The compar-
ison of the qualitative variables was carried out by a Chi-square test. The level of
significance was fixed at 0.05. In all of the analyses, the dependent variable was

the percentage of responses “B”. We used the software SPSS v. 11.

6. Results

We proceeded with four stages. To begin with, (stage 1) we examined the effect
of the group, the measure and the difference in series type, the unipolar series in
comparison to the bipolar series. One would expect that in the unipolar series, a
principally linear interaction will be observed in the measure where the facial
expression “A” is neutrality; on the other hand, for the bipolar series, a clearly
sigmoid interaction should appear, which would signify a categorical perception
(as various authors have shown since the studies of Etcoff & Magee, [30]. How-
ever, we are aware that some authors consider neutrality to be a real emotional
expression (Ekman et Friesen, 1975). Next (stages 2 and 3) we examined the
performance of each individual and also as a group with their responses to the
stimuli in each series, separately for the three bipolar series and the six unipolar
series. Finally, (stage 4) with the aim of selecting the neuropsychological cogni-
tive performances which were best correlated with the inconsistencies in the
visual recognition of emotions test, we made a multiple linear regression (with
step by step factorial selection), with the sum of the “discordant answers” as the
dependent variable and the following factors: MMSE, global score of DRS, subs-
cores of the DRS, subscores of FCSRT. A discordant answer is a different re-
sponse compared to that of the majority of healthy subjects represented by (n/2)
+ 1.

Stage 1: Effect of series type

The group X series X measure ANOVA revealed a significant main effect of
the group (F(1,22) = 10.2, p < 0.001) in favor of the control group (59.36 versus
51.99), of the series’ type (F(1,22) = 15.63, p < 0.0007,) in favor of the unipolar
series (59.53 versus 51.82), and of the measure (F(8,176) = 274.5, p < 0.0001).
Figure 3 shows the latter effect.

The comparison of measures by orthogonal polynomials show that the linear
component is significant (p < 0.0001) and explains 93.7% of the variance. The
rest of the variance is explained by the quadratic (54%; p < 0.0001) and cubic
(19%; p < 0.0004) components. The curve shows well the appearance of the sig-
moid characteristic of categorical perception.

However, these 3 main effects were qualified by several significant interac-
tions. We were particularly interested in the interaction involving the group. The
interaction group X series was not significant (F < 1). The interaction group x
measure (F(8,176) = 8.22, p < 0.0001) is illustrated by Figure 4. It shows that the
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Figure 3. Percentages of answers “B” according to the measure.
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Figure 4. Answer percentage “B” according to group and measure.

sigmoid appearance of the curve is more obvious among the control group than
the Alzheimer’s patients. In fact, for the control group, the linear component
accounted for 89.9% of the variance (p < 0.0001), 45% of the rest was made by
the quadratic component (p < 0.0001) and another 45% by the cubic component
(p < 0.0001). Alternatively, among the Alzheimer’s patients, the linear compo-
nent accounted for 96.3% of the variance (p < 0.0001) and 57% of the rest was
made up by the quadratic component (p < 0.015) and 3% of the rest by the cubic
component (NS). These results would suggest a significant difference in the
threshold for emotion identification by the control group and the Alzheimer’s

patients: 1) thus the emotional saturation of 72% (measure number 7) permitted
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an identification of emotion “B” by 95% of the control group and 77% of the
Alzheimer’s patients; and 2) at a 100% saturation, the Alzheimer’s patients pro-
gressed to 90% and the control groups to 100%. The differential average of rec-
ognition is 18% for the measures 5 to 9. An emotion was recognized by an equal
number of Alzheimer’s patients as control members as long as the images had
18% more of “B” pixels in addition to the images that were shown to the control
group. As for the interaction series X measure (F(8,176) = 6.65; p < 0.0001), it
revealed a more marked sigmoid appearance for the unipolar series than for the
bipolar series, contrary to our expectations.

Again, all of the effects were adjusted by the triple interaction (F(8, 176) =
5.43, p < 0.0004). We analyzed this interaction making an ANOVA group x
measure for each separate series. For the unipolar series (Figure 5, left side), as
well as the main effects, the interaction group x measure was significant (F(8,
176) = 248, p < 0.0001). Among the control group, the curve was clearly sigmo-
id: the linear component only made up 83.1% of the variance (p < 0.0001), 60%
of the rest being explained by the quadratic component and 8% by the cubic
component (p < 0.0002). On the other hand, among the Alzheimer’s patients,
the linear component accounted for 94.5% of the variance (p < 0.0001), 53% of
the rest being the quadratic component (p < 0.008) and 9% the cubic component
(NS). In the following analyses, we shall mainly focus on the effect of the series,
as the effects of the group and measure have already been explored in the pre-
ceding analyses.

Stage 2: analysis of the bipolar series

In the ANOVA group (2) x series (3) x measure (9), the only significant main
effect was of the measure (F(8, 176) = 132.8,p < 0.0001), suggesting an important
linear component (97% of the variance, p < 0.0001).

However, several interactions were significant. Confirming the previous anal-
ysis (Figure 5, right side), the interaction group x measure was significant
(F(8,176) = 8.51, p < 0.0001): the curve is sigmoid for the control group and li-
near for the Alzheimer’s patients. The series did not interact with the measure
(F(16, 352) = 1.28, NS), but did with the group (F(2, 44) = 6.74, p < 0.004). This

Discrimination of Bipolar Emotional Series by Discrimination of Unipolar Emotional Series by
Control Subjectes (CS) and Alzheimer Subjects Control Subjects (CS) and Alzheimer Subjects (AS)
(AS) 100
100 W
c 80 § 75
S =4
= ®
60 £
@ 40 iy
« o
o Y 25
S
X 20 =
0 0
M1 M2 M3 M4 M5 M6 M7 M8 M9 M1 M2 M3 M4 M5 M6 M7 M8 M9

CS eweme AS Cs - e AS

Figure 5. On the left a comparison between the control group and the Alzheimer’s pa-
tients, for the recognition of “B” for all of the bipolar series; and, on the right, for all of
the unipolar series.
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interaction (Figure 6) shows the figures for the answer “B™: 1) for the anger-fear
series (p < 0.002), the rate is higher for the control group than the Alzheimer’s
patients, without any effect for the two other series; 2) the rate for control group
is higher for the anger-fear and the anger-sadness series (which do not differ
from each other) than for the happiness-sadness series (p < 0.016); and 3) the
rate for the Alzheimer’s patients is higher for the happiness-sadness and an-
ger-sadness series (which do not differ from each other) than for the anger-fear
series.

In short, the interaction between the three factors was significant (F(16,352) =
4.4, p < 0.0002). This is represented in Figure 7. In order to analyze it, we pro-
ceeded to an ANOVA group x measure for each separate series. For the an-
ger-fear series, the main effect of the group was significant (F(1,22) = 18.22, p <
0.0003) in favor of the control group, in the same way as the main effect of the
measure (F(8,176) = 43.48, p < 0.0001). However, the interaction was not signif-
icant (F(8,176) = 1.86, NS). For the two joined groups, the curve showed a
strong linear component (98% of the variance explained, p < 0.0001). There was,

Recognition of the Bipolar Emotionnal series by Control Subjects
(€S) and Alzhemer Subjects (AS)
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Figure 6. Comparison between Alzheimer’s patients and control group, for the bipolar

series.
Bipolar discrimination by the Alzheimer's Bipolar discrimination by the Control Subjects
100 1p0
» 100
90 9
854
180!
75 -
. R A, < 75
2 e N J I3 2
5 J . 4 56 5 g
£ . :
2 ] \ 2
2 50 1) l,, S 50
o ; / o i)
-8 - o
® ,',' ,32 ®
25 " 25 25
n s
,' 13 9 13
14
0 g‘:z 0 J_O
MI M2 M3 M4 M5 M6 M7 M8 M9 M1 M2 M3 M4 M5 M6 M7 M8 M9
Measures
Measures

- e fter e e e
g g -

Figure 7. Comparison between the Alzheimer’s patients and the control group, for the

recognition of “B” in the bipolar series.
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however, a significant interaction between the groups and the measure. For the
control group, the sigmoid appearance of the curve was clear: the linear compo-
nent explained 87% of the variance (p < 0.0001), 22% of the rest was the qua-
dratic component (p < 0.0001) and 53% was the cubic component (p < 0.0001).
Alternatively, for the Alzheimer’s patients, the curve was purely linear (79.4% of
the variance, p < 0.0001), the two other components not being significant. Final-
ly, for the series happiness-sadness, there was not a major effect from the group
but there was from the measure (F(8,176) = 42.9, p < 0.0001). However, there
was a significant interaction between the group and the measure (F(8,176) =
8.5,p < 0.0001). For the control group, the linear component made up 89% of the
variance (p < 0.0001), 6% of the rest of the variance was accounted for by the
quadratic component and 82% by the cubic component (p < 0.0003).

A more detailed observation allows us to say that the discrimination of "B" by
AS for 3 SEs called bipolar. B is fear in the SE anger-fear, sadness in the SE an-
ger-sadness and sadness in the SE happiness-sadness. The appearance of curves
is diagonal line for the first two and stair-step pattern for the third, suggesting
that the answer was arrived at random by fluke or 50% chance like flipping of
the coin in the happiness-sadness series. In the anger-sadness series the AS
quickly identifies sadness beginning at M1. It exceeds 50% at M4. The Alzheimer
subjects do not perceive sadness in M1, M2 and M3. The measures from M4 to
MO oscillate in a band between 45% and 80%. The canonical emotion sadness is
identified as anger by 35% of Alzheimer subjects. The latter seem incapable of
differentiating anger from sadness. The control subjects distinguish anger from
sadness quite well. The emotional series anger-sadness would be very sensitive to
cognitive disorders caused by Alzheimer’s disease. In the happiness-sadness se-
ries we have to go beyond M5 to perceive as much happiness as sadness in the
control subjects. In contrast for AS from M3 the perception of sadness is 58%.
Then, from M3 to M8 the recognition of sadness oscillates between 50% and
75%.

Alzheimer subjects have difficulty distinguishing between happiness and sad-
ness. This emotional happiness-sadness series is strongly impacted by the cogni-
tive disorders induced by Alzheimer’s Disease. A major worsening of Alzhei-
mer’s disease would impose a total inability to distinguish between happiness
and sadness. Then, the patients would respond randomly and we would have an
almost horizontal curve which would oscillate around 50% for each measure-
ment of M. In other words, the band 50% - 75% is a zone of confusion where the
distinguishing of happiness from sadness is difficult. However, the confusion is
resolved by preferring sadness. The AS is unable to differentiate happiness from
sadness. When AS is unable to recognize happiness AS confuses it with sadness.
This explains how ASs mistake happiness for sadness. A first hypothesis would
be that there is an organic inability to distinguish happiness from sadness due to
neurodegenerative lesions in the neural circuits operating in the recognition of
emotional expressions. A second hypothesis would be that the AS experience a

sad mood with pervasive sadness which AS is not able to express but which
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would be unmasked by presentation of the bipolar series happiness-sadness.
This hypothesis would be confirmed or invalidated by implementing effective,
robust treatment with antidepressant medications with repeat testing after six
weeks. Perhaps even much sooner than in six weeks when treated with esketa-
mine which is more robust and expeditious. The bipolar happiness-sadness se-
ries would also be one of the two tools embedded in MARIE to screen for early
Alzheimer’s disease.

The anger-fear series shows that it is graphically represented in a diagonal
pattern. We go from a categorical perception to a one-dimensional perception.
Alzheimer subjects perceive 50% of fear in M6 while the healthy subject perce-
ives them in M4. Therefore, this study clearly shows Alzheimer Subjects confuse
anger and fear. They see anger where there is fear. A first hypothesis would be:
This is a result of an organic/neuronal degeneration in the emotion recognition
circuits in ASs. The second hypothesis would be a pervasive emotional state
where the Alzheimer subjects are in a subclinical angry mood. This confusion
between anger and fear can explain aggressiveness towards other by projecting
anger. The Alzheimer Subject wrongly perceives a person who expresses fear as
angry. He interprets fear as anger. He attacks the person who is expressing fear
because AS considers himself to be in danger.

The anger-fear bipolar series would also be a good tool embedded in MARIE
for early detection of Alzheimer’s disease.

In each emotional series which combines anger with another emotion, it is
obvious the Alzheimer subject preferentially perceives anger.

Stage 3: analysis of the unipolar series.

In the ANOVA group (2) x measure (9), the three main effects were signifi-
cant (for the first two, see the initial analysis, Figure 5, left graph). The number
of those who answered “B” was higher among the control group than the Alz-
heimer’s patients (F(8, 176) = 247.6, p < 0.0001), and varied according to the se-
ries (F(5,110) - 6.10, p < 0.0006). These three effects were yet to be qualified
concerning certain interactions.

The interaction group X series was not significant (F < 1, NS). The interaction
group x measure was significant (F(8,176) = 5.21, p < 0.0025): as we saw in the
initial analysis, the curve is sigmoid for the control group, but mostly linear for
the Alzheimer’s patients. Next, the series x measure interaction was equally sig-
nificant (F(40,880) = 2.04, p < 0.04) but, as they concern mixed groups we will
not analyze them very much. Finally, the interaction between the three factors
was not significant (F(40,880) = 1.2, NS).

Stage 4: multiple regression

The correlations studied by the test Bravais Pearson between the sum of dis-
cordant answers and neuropsychological performance showed a significant cor-
relation with: 1) the MMSE (r = —0.851, p = 0.0001), 2) the aggregate scores of
DRS (r = —0.93, p = 0.0001), 3) sub scores of DRS : a) name (r = -0.82, p =
0.001), b) fluence animals (r = —0.82, p = 0,001, c¢) Fluence P (r = —-0.579, p =
0.049), 4) sub scores of FCSRT: a) free recall 1 (r = —0.773, p = 0.003), b) free
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recall 3 (r = —0.757 , P = 0.004), ¢) delayed free recall (r = —0.811, p = 0.001), d)
reminder total deferred (r = —0.717, p = 0.009). For selecting the best parameters
indicative of neuropsychological disturbances that correlated with the poor per-
formance on the test of visual recognition of emotions (MARIE), we conducted a
multiple linear regression with selection factor step by step with the sum of dis-
cordant answers as dependent variable and the following factors: MMSE, score
Overall DRS, scores of DRS, sub-scores of FCSRT. The following factors were
selected: overall score DRS (r* = 0.79, p = 0.001) and delayed free recall as re-
flected by the score of FCSRT (r? = 0.1, p = 0.013). In this manner, the trouble
with the recognition of emotions was linked to the severity of the dementia syn-
drome measured by the deficit in the episodic verbal memory and in overall de-
cline in intellectual efficiency (“mental abilities”).

7. Discussion

Our results confirm that visual recognition of facial emotion is already altered
during the early stages of Alzheimer’s after its onset, which is in agreement with
some authors [3] and in disagreement with others concerning this phase of the
illness [31] [32]. We note the existence of increased threshold: 1) the Alzhei-
mer’s patients would be markedly less sensitive to the visual cues of facial emo-
tions, meaning they have a higher threshold for recognizing them, 2) the facial
expression of emotions of any subject must be “exaggerated” so the Alzheimer’s
patients are able to identify it in the same manner as the control group. The sim-
ilar threshold for all of the series allows discussion of the way that one single re-
gion of the brain is affected. The involvement of the prefrontal cortex and its de-
clined function is called to mind as likely the most significant factor.

The very poor recognition of fear in the series anger-fear, confirms on one
hand the hypothesis of dysfunction of the amygdala in the very first phases of
Alzheimer’s and on the other hand, it’s involvement in the recognition of anger.
In this eventuality, the association of a deficit: 1) with the recognition of fear in
the series anger-fear, 2) with the global score DRS, and 3) with the delayed free
recall of the FCSRT score, are some of the characteristics of Alzheimer’s. Ca-
dieux and Greve [9], confirm the existence of emotion recognition problems in
Alzheimer’s which would be secondary to the histopathological damage present
in the amygdala-hippocampus complex [9] [33] [34]. The level of recognition of
fear in the anger-fear series is worse than in the rest of the series’. This is linked
to confusion when distinguishing between anger and fear. This confusion makes
ASs choose anger. In other words, the expression of fear on the face of someone
that a demented person is talking to could be interpreted as anger by AS. It
would be a possible explanation for some acts of aggressiveness demonstrated by
Alzheimer’s patients, all the more during the more advanced phases of the ill-
ness. These characteristics and the sensitiveness of this series makes it unique.
Therefore, anger-fear series could be used as an aid at pre-screening clinics de-
signed for Alzheimer’s diagnosis. The worsening of Alzheimer’s could be linked

to a decline in the ability to recognize a large number of affected emotions. These
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findings reinforce the results of Spoletini [35] and Teng [36].

In the graphic representation, the appearance of the curve is sigmoid for the
control group and linear for the Alzheimer’s patients with a cognitive distortion
occurring in this domain. A sigmoid curve is suggestive of an abrupt transition
in the recognition of emotion expression from one state to another. This can be
explained as follows. The control subject is certain of his choices. There is no
doubt in the recognition of emotion within and beyond a certain limit. In this
case, the decision making is categorical. The control subject identifies the facial
emotions of others correctly and without hesitation. This type of near precise-
ness in recognizing facial expressions of emotions results is a successful social
adjustment.

The linear curves are not easy to interpret at an individual level, all the more
so in the case of a binary option. The amount of time taken to make a decision
(later publication) in AS shows the hesitation when faced with the central images
of the series. The answers seem proportional for the percentage of “B” pixels in
each measure. We formulate the hypothesis of the inability to link each interme-
diate image to an “archetypal image” of each of the emotions that are stored in
the memory. For our purpose we may call it a “reference image”. We also allow
for the possibility that in AS the archetypal or reference image is fading gradual-
ly like the polaroid camera pictures. The conviction of being sure of having
made the right choice is only gradually acquired as a consequence of the unre-
solved conscious anxiety of not correctly identifying the facial emotion of the
person the subjects are engaging with. This type of anxiety could explain the re-
luctance of Alzheimer’s sufferers to engage in social and familial relations, which
then consequently leads to a withdrawal from society and difficulty in being part
of emotionally intense situations, such as weddings, birthdays, etc. even among
familiar faces of the members of the family or close friends.

The emotional deficit is significant (control group: 59.36; Alzheimer’s pa-
tients: 51.99) despite a slight reduction of the DRS (144 (£1) versus 130 (+10); p
< 0.0005). However, it is hard to claim for certain that the recognition system is
controlled purely by the cognitive system (cerebral cortex) which gradually loses
this faculty of VRFE, or if there are actually two distinct systems which are si-
multaneously vulnerable to the deleterious effect of neurofibrillary degeneration
and increased intracellular accumulation of the beta-amyloid protein in the
neurons. A longitudinal study of a mature population, looking at the measure of
cognition and emotion recognition could answer this question in the future. In
other words, consistently finding significant decline in VRFE in the early stages
of AS associated with no remarkable evidence of cognitive decline or only mild
cognitive decline will implicate subcortical involvement (amygdala-hippocampus

complex) as the most likely culprit in initial stages of Alzheimer’s.

8. Conclusions

This study underlined: 1) a problem with the visual recognition of facial emo-
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tion, 2) and the existence of limitations in the visual recognition of emotions by
Alzheimer’s sufferers. The Alzheimer’s patients found it difficult to distinguish
between anger and fear. This difficulty could be related to a dysfunction of the
amygdala-hippocampus complex. The anger-fear series seems to be particularly
sensitive during the onset of Alzheimer’s and could be used in the early diagno-
sis of this disease.

The categorical processing of emotions seems to be strengthened by and linked
to optimal cognitive functions. Conversely, the decline in the (higher Cortical)
cognitive functions contributes to its “/inearization”. In this circumstance, the
Alzheimer’s patients would have doubts about their interpretation of facial emo-
tion. This linearization of a categorical recognition aspect could be extrapolated
to the recognition and naming of faces, objects, discerning nuances in language,
etc. due to disappearance of the “archetypal” or “reference” information akin to
the fading of the polaroid camera pictures over time. Initially the facial expres-
sions require more attention to be recognized. Then eventually it is impossible
for AS to recognize them. As a result, there is: 1) hesitation, 2) anxious perplex-
ity, 3) a lengthening in decision making time which leads to the demented per-
son becoming socially isolated in order to avoid making the wrong choices dur-
ing social interactions. The worsening of the Alzheimer’s leads to a hesitant or
equivocal response to hazard with 50% answer “A” and 50% answered “B” for
each choice. Thus, the linearization moving towards a horizontalization of the
graph (later publication).

The limitation of the study is that it suffers from conclusions being drawn from
findings in a small cross-section of only one homogeneous population. However,
it does confirm and clarify findings published in other studies and discoveries
revealed therein. The simplicity of the tool, MARIE, does not take away its ac-
curacy, its validity, and reliability probably due to having had a better under-
standing of the Alzheimer’s patients gained from our multiple studies using this
very tool.

The two measures, DRS and FCSRT, improve the discrimination of each of
the two groups. The combination of these 3 measures DRS, FCSRT including
MARIE could allow a more detailed and specific approach in the early diagnosis
of Alzheimer’s. Our humble assertion is that our tool, MARIE, can be legiti-
mately considered to supplement these other neuropsychological tools in the
early diagnosis, or for even clinching the diagnosis of Alzheimer’s Dementia
when ambiguities in diagnosis exist. Furthermore, when more robust and effec-
tive treatments for arresting or reversing the devastating relentless cognitive and
functional decline in this disease become available, MARIE may play a major
role in confirming early diagnosis to help confidently initiate such definitive
specific effective treatment and preventive measures. We cannot overemphasize
the role of the tools like MARIE in preventing and arresting the cognitive decline
in Alzheimer’s Dementia when effective treatment modalities with specific indi-
cations in cognitive domain become available.

These results allow the extrapolation of using the principle “must select one of
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two answers in the perceptive continuum” of our tool to enhance its versatility:
MARIE has the potential for use in quantifying accurate perception or discrimi-
nation in the area of visual recognition of human faces or images, voice recogni-
tion, and also of other speech sounds in auditory domains.

The insight provided by this study will increase empathy for the Alzheimer’s
victim in the clinical and caregiver support staff to help in the behavioral man-
agement of AS, as well as in relating to AS at various stages of this disease. The
study will also invite new respect for the socially competent people who are
savvy at VRFE by recognizing how they can be more empathic in their social in-
teractions especially if they choose a career involving a need for more astuteness
of this ability for VRFE.
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