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Evaluation of visual hallucination based on pareidolia testing in patients with Alzheimer’s disease
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SUMMARY
Parerdolia is a complex visual illusion that is considered as a marker of visual hallucinations. 7his study aimed fo measure

pareidolic illusions with a simple experimental paradigm using the parerdolia test as an indicator of visual hallucination
in Alzhermer s disease.

A total of 34 patients with Alzheimer's disease and 30 healthy subjects with no difierence in age and sex were included in
the study: The degree of cognitive imparrment was determined using the Mini-Mental State Examination and the Montreal
Cognitive Assessment (MoCA) test. Sixty images were used as pareidolia test materials including human face, some
obyects, and artifacts. The patients’ answers were divided into three groups as correct response, rllusory response, and
other responses wiile the test was scored.

The averages of healthy individuals in the correct response group were higher than those n the patient group. Moreover;
the mean number of illusory responses in the patients was 2.27 + 3.42, whereas no illusory response was obtarned in
healthy subjects. No relationship between the number of illusory responses and the Mini-Mental Test score, MoCA ftest
score, and duration of illness was observed.

Parerdolia paradigm was a simple and usefill test that revealed the tendency to subclinical visual hallucinations or

hallucinations in patients with Alzhermer's disease.
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I INTRODUCTION

Alzheimer's disease (AD) is the most common form of dementia. It is a progressive neurodegenerative disease characterized
by a decreased cognitive function, a reduced ability to maintain daily life activities, behavioral changes, and psychiatric
symptoms. Aging is an important risk factor for AD, with the incidence doubling every 5 years after age 65. The incidence
and prevalence of AD are increasing, attributable to genetic and environmental factors. In addition to the dominant finding
of memory impairment (1-5), patients with AD may suffer from depression, agitation, delirium, and hallucinations.
Visual hallucinations and illusions are behavioral symptoms that occur in several cognitive disorders (1, 2) and have been
attributed to temporo-occipital cortical lesions (2, 4). Although both visual and auditory hallucinations occur in dementia,
the former is more frequent (4, 5), with visual illusions classified as a minor form of hallucination (2, 3).

Visual hallucinations occur at a rate of 12%—53% (5) and are associated with rapid cognitive impairment (6, 7). Visual
hallucinations occur with unequal intensity in all stages of AD, being most common during the middle phase (8, 9).

Pareidolia can be assessed by a simple neuropsychological test that also indicates a predisposition to subclinical or clinical
visual hallucinations. Therefore, whether pareidolia occurs in patients with AD was investigated in this study.

MATERIAL AND METHODS

The study population consisted of 34 patients with AD and 30 healthy controls. All 64 participants were treated at the Yildirim
Beyazit University Faculty of Medicine and Ankara Atatiirk Training and Research Hospital Neurology Clinic. AD was diagnosed
according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria. The age range of the patients
with AD was 59—86 years and that of the healthy controls was 55—85 years. Patients with AD and healthy individuals were
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matched in terms of age, sex, educational level, and visual acuity.
The ethics committee of the Yildinm Beyazit University Faculty of
Medicine Hospital approved this study. A detailed clinical evaluation
of all study participants was conducted by researchersin a neurology
outpatient setting. It included medical history, neurological
examination, age, sex, and, for the patients with AD, the duration
of illness and treatment modality. In addition, the Mini-Mental Test
(MMT) and the Montreal Cognitive Assessment (MoCA) test were
performed by experienced researchers, and the results were used
to determine the cognitive status. The physical and neurological
examinations of all healthy controls were normal. Patients with
other progressive brain diseases, other chronic systemic diseases, or
a history of chronic drug use were excluded from the study. None of
the healthy controls in the control group had malignancy, systemic
disease, neurological disease, or a history of chronic drug use. The
occurrence of visual hallucinations and illusions was assessed in all
participants, and all who indicated experiencing such hallucinations
were excluded. A pareidolia test was performed to assess pareidolic
illusions in the patient and control groups. The test consisted of 60
photographs of “faces” with neutral expressions (face-pareidolia
images). Pareidolia and true face photographs were pretransformed
by smoothing and luminosity matching to equalize the reflected light
intensity and tone of the images. Scrambled images of the faces and
pareidolia photos, preprocessed for use in the study, were produced
using MATLAB. For mixed images, face and face-pareidolia images
were divided into a large number of squares that were subsequently
randomly repositioned. The scrambled images were used for control
purposes to determine whether the participants actually saw a
face or a face-pareidolia image. The photographs included human
faces, various objects, and “noisy” faces. The data were collected
by researchers in one-on-one sessions with the participants. The
participants were shown a total of 60 cards and asked to identify
the face or face-pareidolia images. The answers were classified
into three groups: (1) correct responses, in which the objects in the
pictures were identified exactly and correctly; (2) illusory responses,
in which the objects not in the pictures were identified; (3) other
responses, in which either an answer was not provided or the image
was not recognized at all.

Statistical analyses

Sex and other participant variables were reported as numbers and
percentages. Means + standard deviation, median, interquartile
range (IQR), and minimum and maximum values were calculated for
descriptive statistics to inform the analysis of the response variables
of age, MMT score, MoCA score, duration of illness, and pareidolia
test result. The normality of the age and response variable data
was tested using the Shapiro—Wilk test. The parametric tests were

used to analyze the normalized parameters. Descriptive statistics
were expressed as means = standard error. The nonparametric tests
were used to analyze the normally distributed data. Independent
two-sample t-tests were used to determine whether the difference
in age between the patient and control groups was significant.
The nonparametric Mann—Whitney ¢/ test was used to determine
statistically significant differences in responses in the pareidolia test
between the patient and control groups. A chi-square test was used
to determine the impact of sex on the responses of the patient and
control groups. The Spearman rho correlation analysis was performed
to assess the relationship between an illusory response and the MMT
score, MoCA score, and disease duration. IBM SPSS Statistics for
Windows software (version 21.0; 1BM Corp., NY, USA) was used for all
statistical analyses. A Pvalue <0.05 indicated statistical significance.

RESULTS

The mean age of the patient and control groups was 72.52 +
7.95 and 72.33 & 7.87 years, respectively. The age and sex of the
patients and healthy controls were not significantly different (7
=0.922 and 0.959, respectively). In the patient group, the mean
and median MMT scores were 21.38 +5.69 and 24.00 (IQR, 6.25)
and the mean and median MoCA scores were 17.97 + 6.49 and
19.00 (IQR, 10.75), respectively. The mean and median duration
of illness in the patient group was 2.61 + 1.37 and 2.00 (IQR,
1.25) years (Table 1). The mean and median number of correct
responses in the patient group was 27.44 + 3.50 and 29.00 (IQR,
4.00). The median number of correct responses in the control
group was 30.00 (IQR, 1.00), which was significantly different
from that of the patient group (P=0.001). Regarding the illusory
responses, the mean and median scores were 2.26 + 3.47 and
0.50, respectively, with the minimum score being 0. In the
control group, only one illusory response was present, such that
the difference versus the patient group in the number of illusory
answers was also significant (P< 0.001). For other responses, the
mean and median scores of the patients were 0.29 + 0.52 and
0 (IQR, 1.00), respectively. No significant difference was found
between the patient and the control group (P=0.816) (Table 2).

The relationship between the illusory response values of the
patients and their MMT scores, MoCA scores, and disease duration
were not statistically significant (Table 3).

DISCUSSION

In this study, the hypothesis that subclinical visual hallucinations
could be detected using the pareidolia test in patients with AD
was tested. The results showed that pareidolic illusions were more
frequent in patients with AD than in healthy controls. The latter
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TABLE 1: Descriptive statistics of study cohort.

57

Variables Mean + SS Median (IQR) Min; Max
Age 72.52 £7.95 74.00 (11.00) 55; 86
MMT score 21.38+5.69 24.00 (6.25) 3;25
MoCA score 17.97 £6.49 19.00 (10.75) 3;25
Disease duration 2.61+1.37 2.00 (1.25) 1;7
Correct response 27.44 +3.50 29.00 (4.00) 17; 30
Illusory response 2.26 +3.47 0.50 (3.25) 0;13
Other response 0.29 £0.52 0(1.00) 0;2

MMT: Mini Mental Test; MoCA: Montreal Cognitive Assessment, IQR: Interquartile range

TABLE 2: Comparison of age and correct, illusory and ‘other’ responses between the patients and control groups.

Variable Patient group Control group Test Statistic
Mean + SS Mean £ SS t; *Z p
Median (IQR) Median (IQR)

Age 72.52 £7.95 72.33 £7.87 0.099 0.922

Correct response 29.00 (4.00) 30.00 (1.00) *3.238 0.001

Illusory response 0.50 (3.25) 0(1.00) *4.415 <0.001

Other response 0(1.00) 0(1.00) *0.233 0.816

- Independent two sample tests ¥ Mann Whitney U non parametric test. IQR: interquartile range

TABLE 3: Correlation between MMT skore, MoCA score, disease duration and number of illusory responses.

Variables Spearman Rho Relation Coefficient p

Illusory response — MMT score -0.183 0.300
lllusory response — MoCA score -0.148 0.404
Illusory response — Disease duration 0.318 0.067

MMT: Mini Mental Test, MoCA: Montreal Cognitive Assessment

also had a significantly higher number of correct responses than
the patients with AD. Thus, although none of the patients with AD
had visual hallucinations, subclinical hallucinations were detected
by the pareidolia test.

Visual hallucinations and pareidolias were persistent phenomena
with similar mechanisms. However, because patients with cognitive
decline rarely mention visual hallucinations to clinicians, the use
of visual perception-based instruments to exclude subclinical
hallucinations is an important part of the evaluation of patients with
AD (1,2). Studies in patients with Parkinson’s disease and Lewy body
dementia have shown that the pareidolia test can detect otherwise
clinically undetected/unreported hallucinations (1, 2, 10).

Pareidolias are complex visual illusions perceived as meaningful
objects and are considered equivalent to visual hallucinations (2).
Similar to visual hallucinations, pareidolias result in things being
seen that are not actually present when the individual is awake, with

the eyes open. Pareidolias represent the brain’s attempt to interpret
what is seen based on what has been learned before, even though
the two may be unrelated. Tests of pareidolia measure illusions, such
as visual hallucinations, and are valid for use in healthy individuals
as well as in patients with Lewy body dementia and AD. Such tests
have also been used to differentiate the latter two diseases (1, 2).
Furthermore, pareidolia studies can provide insights into how the
brain combines sensory-stimulus inputs (bottom—up) and cognitive
requlation (top—down) processing of these inputs. Face pareidolia is
the perception of illusionary faces. It is the most well-known type of
pareidolia because of the social importance of faces and the ability
of people to recognize them. In studies using face recognition tests,
activity in the visual cortex was shown to be related to the specific
phenomenological characterization of visual hallucinations.

Pareidolia tests were used in patients with AD in this study because
they reveal subclinical visual hallucinations. The results showed
that those without a history of hallucinations often provided an
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ilfusory response during the test. In contrast, no association was
found between illusory responses and MMT and MoCA scores,
denoting cognitive status. In a study conducted in patients
with Parkinson's disease, illusory responses correlated with
pareidolia test results and MMT scores (1). This likely reflected
posterior cortical dysfunction, as previous studies demonstrated
a correlation between bilateral temporal, parietal, and occipital
hypometabolism and the number of illusory responses. Moreover,
asingle-photon emission computed tomography (SPECT), positron
emission tomography, and volumetric magnetic resonance imaging
(MRI) studies have shown a relationship between postural cortical
dysfunction and visual hallucination in patients with Parkinson'’s
disease and Lewy body dementia (2, 11-15). Visual hallucinations
in AD usually develop just before the onset of the advanced stage,
suggesting a critical level of deterioration as a prerequisite, such as
hallucinations. However, other factors are also likely to be involved
because patients with AD can have hallucinations during both the
early and advanced stages (16).

Patients with AD show specific areas of temporal and parietal
hypoperfusion on functional brain imaging (17, 18) as well
as parietal hypoperfusion on SPECT studies (19). In functional
MRI studies, hallucination was found to correlate with frontal
hypometabolism or frontal and temporoparietal hypometabolism
(20). Occipital volume was shown to be smaller than the volume
of the entire brain of individuals without visual hallucinations (21).
Thus, visual hallucinations in AD could be instructive for identifying
the brain regions that have lost function.

In summary, the frequency of subclinical visual hallucinations
in patients with AD was investigated, and evidence of visual
hallucinations was detected in a significant proportion of these
patients. Similar studies might be informative in terms of AD
progression. However, this study also had several limitations. First,
the number of patients was small and the brain imaging findings
of the patients with AD could not be meaningfully analyzed in the
context of the results of the pareidolia test. Studies of patients with
suspected visual hallucinations employing functional imaging
methods would therefore be informative.
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