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In many cases, legal psychological expertise includes the evaluation of the cognitive state
of a person. In particular, that relates to the cognitive impairment due to dementia. Alzheimer's
disease (AD) is the most common form of dementia. There are multiple biomarkers and
neurological diagnostic procedures, however, they are often not applicable in the legal context.
Handwriting analysis is a potential method for early detection of the onset of the disease. It
allows the investigation of current specimens as well as documents from the past, which is
especially important for forensic. In the article we present an instrument for screening of
possible AD (AD-HS) by handwriting. It includes 40 handwriting and 2 linguistic markers. Their
cumulative assessment allows the evaluation of a quantitative AD Indicator (ADI), which reflects
the severity level of impairment. The presented validation study includes 48 persons with the
AD diagnosis and the control group of 182 handwriting specimens from the database of the
HSDetect system for handwriting analysis. The mean value for ADI in the control group equals
0.26 and the 95% level lies at 0.46. All participants have higher ADI value with an average
value of 0.46. Besides, the correlation between ADI and the severity of AD was 0.64. That is,
AD-HS allows the evaluation of AD severity. The presented approach provides a practical
instrument for forensics and criminal expertise. Further refinement of AD-HS and the extension
of the experiment data will allow even more reliable screening of cognitive impairment through
handwriting.

Keywords: forensic psychological examination, Alzheimer's disease, indicator of
Alzheimer's disease, cognitive impairment in handwriting, dementia.

Introduction

In many cases, legal psychological expertise includes the evaluation of the cognitive state
of a person. When speaking about legal psychology, we mean two fields - forensic and criminal
psychology [1]. Forensic psychology deals with law and court trials. That includes criminal, civil,
and family contexts. Criminal psychology deals mainly with the psychological aspects of the
criminal behavior of individuals and groups.

Objects of expertise, whose cognitive state may be of interest, are not only direct
figurants of cases but as well witnesses, family members, etc. Generally, legal psychology
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assessment uses the same methods and instruments as other psychological fields. However, it
has strong specifics. First, an explicit investigation of a person is not possible. The person can
refuse to cooperate, be not available for a trial, or is already dead. The latter is often the case
in testament trials. Secondly, the person under examination cannot be trusted, because he
obviously is trying to manipulate the results. Thirdly, we are dealing with past events and it is
needed to detect the cognitive state of a person when those events took place, for instance at
the time of writing the questioned document. That is, if even the person is available for the trial
and the psychological examination can detect his cognitive deterioration, that does not mean
that he had the same state several years ago.
The cognitive state might be influenced by stress or disease. In the current article, we are
interested in the influence of dementia. The potential dementia state is often important in civil
cases and the evaluation of witnesses’ credibility. In such cases, psychological handwriting
analysis may be very useful. Handwriting is as a learned skill that besides linguistic efforts
requires cognitive work to retrieve the learned movements from the brain. For this reason, it
may be affected by different diseases, which impact the brain and motoric functions.
Handwriting can be affected in the earliest stages of the disease as one of the first signs of
deterioration. For this reason, researchers and practitioners are trying to involve handwriting
analysis in their investigation since handwriting can identify certain markers of dementia in
general and Alzheimer’s disease (AD) in particular. Of course, handwriting analysis should not
be seen as a diagnostic method, which belongs to medicine. However, in the forensic context,
it can be very helpful.

In the current article, we present a screening instrument, which enables the evaluation
of handwritten documents and possible markers of AD in handwriting.

Alzheimer’s disease and screening of its condition

AD is the most common form of dementia. It accounts for up to 70% of all cases of
dementia. Currently, around 50 million people worldwide are affected. Experts expect that the
number will triple in the next 30 years. Statistics show that one in 14 people over 65 and one
in 2 seniors over 80 suffer from it. AD is a neurodegenerative disorder that affects the brain.
It causes impaired memory (at first, usually short-term memory, and in more advanced stages,
long-term memory), cognitive impairment, and impaired motor skills. The disease may proceed
latent without showing any noticeable signs and for many years. Then cognitive dysfunction, in
general, and memory impairment, in particular, start to appear. This period, referred to as
cognitive impairment (Cl), can last for years. It has been defined as "a transient but progressive
phase of cognitive decline that precedes AD" [2]. That is why there is a trend towards earlier
diagnosis of AD and Cl to delay the onset of dementia.

Traditional diagnosis is based on typical symptoms like memory and orientation loss that
individuals and/or their families report to physicians, and on memory tests and additional tests
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to exclude other illnesses. In practice, a psychotherapist would use a set of instruments, which
includes the observation of the behavior of a person, and information from the family. Several
questionnaires were developed and validated. The most popular ones, for instance, Mini-Mental
State Examination (MMSE), the Folstein test [3] and the Montreal Cognitive Assessment (MoCA)
[4], or the frontal assessment battery (FAB) [5]. There are also structured questionnaires for
family members and other people from the surrounding [6]. Many instruments include different
tasks, including language, mathematical, and drawing exercises. Being relatively quick and easy
to perform, these instruments have poor sensitivity to detecting mild and early dementia. They
are practically applicable to persons with highly developed AD.

An earlier screening of AD is being intensively investigated with the help of different
biomarkers [7]. Measuring changes in biomarkers can additionally help to better see the
progress of the disease.

There are quite a number of known biomarkers in AD. The first type relates to different
means of brain imaging: computer tomography, magnetic resonance imaging, and positron
emission tomography.

Secondly, cerebrospinal fluid biomarkers (CSF). CSF is a clear fluid that surrounds the
brain and spinal cord. It provides protection and insulation and supplies different nutrients and
chemicals that help keep brain cells healthy. By measuring changes in the level of these
substances we can diagnose neurological problems.

Thirdly, blood tests. Sensitive blood tests include the measurement of proteins that
originate in the brain. Levels of these proteins may change because of brain disorders including
AD. Nowadays thanks to improved methods of blood analysis the required information can be
available. For instance, it is possible to order a blood test to measure levels of beta-amyloid.

Fourthly, genetic testing. Some mutations in genes can lead to dementias including AD.
Genetic tests are not often used in clinical settings to predict the risk or diagnose dementia in
general and AD in particular. At least they are not routinely used for this. However, when a
person has a strong history of AD in the family, a genetic test could be reasonable.

Handwriting analysis for dementia screening in the legal context

Biomarkers are good indicators and are used both by researchers and doctors.
Questionnaires are easy and well-accepted. However, they are still mostly used, when a person
or his family addresses a doctor, due to the visible signs of AD. In the forensic and legal context,
it is not always the case. Often there it is not possible to perform a test since, as mentioned
above, the person is not available, dead, or refuses to cooperate. Moreover, many cases deal
with old occurrences and documents, written several years ago, and the cognitive state at that
time is of interest.

A potential means for early identification of AD is human handwriting. The preclinical
and prodromal stages of AD begin decades before the onset of dementia symptoms. At the
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cellular level, neuronal activity and neurovascular unit function decline gradually as a
consequence of the amyloid cascade. Consequently, enduring skills such as writing and formed
handwriting will be more sensitive to early changes in the brain. Saying that we must of course
consider that handwriting is also influenced by additional factors. First of all, that is natural
aging and concomitant diseases, such as Parkinson's disease and other movement disorders, or
multiple sclerosis. Apart from neurological diseases, many somatic diseases such as, for
instance, arthritis, osteoarthritis, or respiratory diseases lead to changes in handwriting.
Surgery or trauma may also have an impact.

Handwriting is a complex process, perhaps the most complex skill, which a person
acquires during lengthy training. Leading American handwriting expert M. Allen [8, p. 15]
formulated it as follows: "Handwriting is a highly developed skill which we usually start to acquire
in childhood and develop in the following years of adolescence and early adulthood. This is
when handwriting becomes mature with an established form, barely changing over the years
until factors such as illness and age start to impair it". Handwriting is not limited to fine motor
skills. It is not just a motor activity, but also a cognitive and linguistic one: "Handwriting is a
complex perceptual-motor skill that differs in many ways from other graphomotor activities,
such as drawing or doodling. One of the most obvious differences is, of course, that there is a
language system involved, which seems to influence different aspects of handwriting" ([9, p.
353]). Handwriting is a combination of cognitive, kinesthetic, and perceptual-motor
components, including such functions as visual and kinesthetic awareness, motor planning, eye-
hand coordination, visual-motor integration, and motor dexterity. These characteristics of
handwriting allow us to think that handwriting should reflect the disorders associated with AD.
Alois Alzheimer himself reported about this in 1907 [10], describing his first patient, Augusta
D: “When writing, she reduplicated the same syllable and forgot some others, and, in general,
finished very rapidly by stopping” (cited from [11]).

Numerous review studies [11, 12, 13, 14, 15, 16, 17] confirm the strong relationship
between AD and handwriting deterioration. So Croislie [11] states: “Writing disorders are an
early manifestation of Alzheimer’s disease (AD), often more severe than language difficulties.”
Affected people demonstrate diligent but awkward, hesitant writing. Thus, researchers have
been intensively using handwriting tasks for the detection of AD markers. In many experimental
studies, subjects perform a battery of different writing and drawing tasks. Often they are
combined with speech and general cognitive tasks. Typical is the dictating and coping of
separate words or short texts. Sometimes studies cover several aspects of writing, but more
often they concentrate on one specific aspect. The existing studies can be grouped into
linguistic-oriented (linguistic aspects and speech) and motoric-oriented ones.

In the first group, they speak about so-called central dysgraphia [15, 18] and agraphia.
The researchers typically ask participants to write a short text. Often that is the description of
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a picture [11, 22, 23] or a dictation [19, 20, 21]. Sometimes the task is restricted to just one
sentence. Compared to controls, texts written by AD persons are shorter with less relevant
information and a high incidence of inappropriate information like semantic substitutions and
intrusions. Typically they include some misspellings and errors related to capitalization,
punctuation, and paraphasias. Often researchers state added marks and illegible words.

The second group includes research on motoric aspects of writing [24, 25, 26, 27, 28,
29]. That is why often researchers use digitizers/graphical tablets, electronic pens, or other
electronic means to automatically register the movements and their characteristics. Often they
combine writing, which is restricted to separate words or short sentences, and drawing tasks.
Typical research of this type is [29], where researchers asked participants (Cl, mild AD, and the
control group) to perform five writing tasks on a digitizer: copying a phone number, copying a
grocery list (five words), copying the details of a check into the appropriate places, copying the
alphabet sequence, and copying a paragraph (107 characters). They measured in-air and on-
paper time, velocity, path on paper, and pressure. The result is that persons with Cl and AD
demonstrated reduced velocity and pressure and extended time and path. With this, these
tendencies manifest themselves stronger in AD participants than in Cl ones.

The results of many studies are interesting and promising, however, are three major
problems in the context of forensics. First, they mainly do not consider the process of
handwriting and the result of handwriting in its wholeness. They point out only separate features
of handwriting. Among these handwriting signs, dominate those that can be easily measured
(on a digitizer) or observed. Linguistic problems can be the result of poor education rather than
handwriting degradation.

Secondly, most studies took place in a clinical environment or specially arranged
experiments. That does not correctly reflect the conditions of free writing as a normal daily
activity. In forensic practice, they deal mainly with documents written some time (maybe years)
ago on paper with a normal pen or pencil.

Thirdly, the studies present validated results regarding some handwriting features, but they
do not propose a ready instrument to be applied for an expert examination in a forensic
environment. One of the few exceptions is [30, 31]. The authors developed a test, which allows
a semi-quantitative evaluation. It consists of two scales: verbal & lexical skills and spatial
orientation. On each scale, an expert can set a value from 1 to 5. So, the first scale has the
following definition:

* No mistakes - 5.

« Some mistakes (for example, missing or wrong letters, words written in a wrong way),

however, the text can be easily understood - 4.

« Some mistakes, however, the text can be understood with some effort — 3.

« Some mistakes (as above), the text can be understood only with considerable effort - 2.
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 Text not understandable - 1.
The spatial orientation scale:

» Normally oriented rows. In each row, the beginning and end correspond to the page
margins - 5.

* Rows slightly distorted or with beginning and end bearing little correspondence to the
page margins - 4.

* Rows clearly distorted or with the beginning and end not corresponding to the page
margins — 3.

« Words or letters are inserted where they do not belong in the text - 2.

 Chaotic orientation of the rows - 1.

They conclude that “if the writing score is < 5 the subject was probably seriously deteriorated

at the time of writing.” The positive aspect of this instrument is that it allows a sort of quantitative
evaluation. However, it has several problems. First, the included features are too generic and
are given without clear rules for their ranking. That relates both to linguistic to handwriting
features. How should we interpret “some mistakes”? Are there two or three mistakes? Maybe a
certain percentage of words are written with errors? What is the expected text length? What
do they mean by “rows slightly distorted”? How many lines? What is the difference between the
previous one and non-distorted and straight lines? That is not clear. In their study, the authors
compensate for this shortcoming so that the evaluation was done by three of them - a sort of
expert consensus. But in practical work that is not reasonable.
Secondly, the test covers only one aspect of handwriting - the spatial organization of lines. That
is definitely not enough. Many publications, among which are mentioned above studies, point
to many additional handwriting signs that could be AD markers. Our own experience as well
shows that many additional handwriting signs could be indicators of handwriting change by AD
persons.

Thirdly, the test can provide a really differentiated evaluation. It allows the detection only
of rather obvious cases in the developed stage of AD. Some examples given by the authors
support this statement.

AD-HS screening instrument

For several years we have been working on the development of an instrument that may
be practically used to evaluate the possible AD status mainly in the forensic context. The result
is the AD-HS instrument. It covers all aspects of handwriting as a complex cognitive and motoric
activity. It is intended for initial screening and identification of the progress of the AD status.
Our motivation is that writing by hand is a normal daily activity and thus can be a good indicator
of cognitive and motor changes. An important point is that it can be used outside the special
experiments, which are not natural for participants, and where the results are influenced by
this special arrangement.
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The development of AD-HS is based on several principles. First, experts should
preferably take naturally written documents for handwriting analysis. That should be a free text,
rather than a special writing task so that a person think over the content and not just
mechanically write dictated words. The text should be large enough to include as many
handwriting signs as possible. It is better to use normal paper writing. Electronic equipment
allows precise measurement of certain handwriting features, however, it lacks the desired
naturalness of writing.

Secondly, many researchers point to heterogeneous results of their studies [14, 15, 32].
That means, in some subjects, the proposed markers are visible, in others they are absent. That
is, there are no certain handwriting features that definitely identify Cl or AD. There is a set of
possible markers and if more of them are detected in the analyzed text, the higher the
probability of CI/AD. Thus the cumulative presence of markers should form a quantitative
indicator.

Thirdly, linguistic markers are also important in written texts. In some works, they were
overestimated, but we should not underestimate and ignore them. Thus linguistic markers
should be included.

Fourth, also it is very popular to analyze signatures, multiple studies, for instance [32,
33] demonstrated that signature typically keeps stable with the onset and progression of AD
and with natural age-related changes. Thus characteristics of the signature cannot be markers.
Other dementia forms like Parkinson’s disease do influence signature, but AD does not.
AD-HS was developed based on three major sources of information. First, the existing studies.
Secondly, our discussions with neurologists. Thirdly, the results of our statistical research,
which is based on a standard handwriting protocol of the HSDetect framework [34, 35, 36] for
handwriting analysis. The protocol covers all aspects of handwriting and includes about 200
handwriting signs and over 700 handwriting characteristics. Under a handwriting sign, we
understand a certain feature of handwriting, for instance, letter size. Under characteristics we
understand particular manifestations of the sign, for instance, for the size there are five
following ones: average, small, very small, large, and very large. Every handwriting specimen
in our experiments is evaluated according to the protocol, and correlation analysis allowed the
detection of those handwriting characteristics, which are typical for Cl and AD.

Currently, AD-HS includes 40 handwriting characteristics and two linguistic ones [37].
I’m writing “currently” because the permanent addition of new participants with their
handwriting specimens enables updating of statistical data. Among handwriting characteristics
in AD-HS, there are some very generic and supported in many studies. For instance, general
instability of handwriting (instability of size, width, slant, horizontal and vertical intervals), light
pressure, slow speed of writing, uneven line form and line direction, or big size. Other
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characteristics are not very known in the context. For instance, high placement of diacritic signs,
vertical and horizontal offset of punctuation marks, etc.
A psychological construct is modeled in HSDetect as a linear regression:

Y =5%a - X (1)
Here variable x; denotes the level of presence of i-th handwriting characteristic in the analyzed
specimen. Generally in HSDetect x; changes from O (the handwriting characteristic does not
present) to 1 (the handwriting characteristic presents absolutely). Regression coefficients a;
denote the weight of i-th handwriting characteristics. They are defined so, that Y changes from
Otol.

In our case, AD-Indicator (ADI) is also a psychological construct with some particularity.
First, we included two linguistic features, which are not typical for handwriting analysis.
Secondly, since there are rather many independent variables, we define all weights a; = 1 and
all variables x; as binomial, i.e. either O or 1. Later, when we have more statistical data these
assumptions may be reconsidered. Our streamlining results in Y being evaluated as the number
of present handwriting characteristics divided by 42 (the total number of variables).

The evaluation of handwriting is a manual procedure. Currently, no software exists,
which can evaluate required handwriting signs automatically, parsing a scanned handwritten
document. Existing analytical programs like CedarFox®, MovAlyzeR*, Masquerade®, or others
cannot cover all required handwriting signs, and even for those signs, which are included in a
program, the proper quality and rather simple handwriting specimens, which is not the case
with AD research. In recent years, there were some interesting and promising results with
artificial intelligence methods, mainly with artificial neural networks. However, they are still not
mature enough for practical usage. So the research should be based on a manual evaluation of
handwriting. For manual evaluation, it is very important to have an exact formal definition of
signs and characteristics. That ensures the required level of objectivity and reliability. Such

definitions are part of HSDetect [39].

3 https://cedar.buffalo.edu/
* https://neuroscript.net
5 https://www.nitesrl.com/products/masquerade/
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Figure 1. AD handwriting, example 1 (Cyrillic)
Some handwritings demonstrate the more or less obvious influence of the disease on
handwriting (figures 1 and 2). By others, only a profound analysis of the specimen reveals the
markers.

Figure 2. AD handwriting, example 2 (English)

Validation study

The preliminary results of the validation study were published in [37, 38]. In the current
article, we see the extension of the validation experiment. It includes 48 participants aged from
59 to 83. Among them are 26 women and 22 men from Kazakhstan, Germany, Poland,
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Switzerland, Russia, the UK, and the USA. All of them were diagnosed with AD by neurologists
and they are at different stages of the disease. For 19 of them, a quantitative evaluation of the
severity on a four-value scale is available. All subjects provided handwriting specimens of free
text in Russian, English, Polish and German languages. The major part of the texts was written
not especially for the experiment. Twenty participants additionally provided texts written 10-20
years ago, i.e. when AD had not been diagnosed yet.

As a control group, we took 182 handwriting specimens from the HSDetect database.
These specimens have been evaluated in recent years by other research, not related to the AD
study. Based on their evaluation we calculated individual values of ADI. The mean value equals
0.26 (let us call it a normative value ADI-N) and the standard deviation equals 0.09. 75% of
subjects in the control group have ADI < 0.32 (ADI-0.75 = 0.32), and 95% have ADI < 0.46
(ADI-0.95 = 0.46).
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Figure 3. ADI Evaluation

The result of the ADI calculation is shown in figure 3. We can see that most of the ADI
values are much higher than in the control group. The mean value equals 0.46. That validates
the procedure and speaks for the high effectiveness of AD-HS.

As it was stated above, the combination of AD markers is individual for every person. For
some of them the frequency of occurrence is high, for instance, for large size it equals 0.58
for unstable size it equals 0.73. Others demonstrate lower frequency, like large spaces between
words - 0.15 or mixed letters from - 0.13.
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In the neurological context, it is especially important that AD-HS can provide an early screening.
The following example (figure 4) demonstrates a handwriting sample of women at age of 67. It
was taken in 2014. At that time no visible signs
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Figure 4. AD case, women 65

of AD could be registered. Today she is in deep dementia and cannot recognize her relatives.
Although visibly nothing catches the eye in her handwriting, the thorough evaluation gives ADI

= 0.59, which is very high. That means the development of AD could be predicted many years
ago.
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AD severity identification

For the 19 participants, the AD level was ranked by a neurologist. The ADI values were
transferred into ranks, and the Spearman rank correlation was calculated [37].

The correlation coefficient equals 0.64, which is rather high. That denotes, that the ADI
reflects well the severity level stated by neurologists.

Handwriting deterioration

Some participants (19) were able to provide their old handwriting specimen, written 10-
20 years ago. It was detected that with time the number of AD markers increased for all
participants. The number of additional AD markers in new specimens changes from 7 to 20
with an average value of 12. The most often changes are the increase in size, the deterioration
of lines, the weakening of pressure, reduced energy, increasing of disconnectivity of the first
letter, the reduction of the upper zone, and increased general inconsistency (general and in
separate characteristics).

Discussion

Following our experience and the described validation study, we can conclude that the
AD-HS instrument allows good identification of AD. It is rather reliable and supports a
distinguished screening of AD progress. However, it should be pointed out that handwriting
analysis is by no means a diagnostic tool. This is actually not required in the legal context. The
instrument only provides a certain indication. Especially, it can be useful when a medical opinion
about the patient's illness cannot be obtained. The last is often the case in forensics. Secondly,
of course, such a small sample does not yet allow us to draw far-reaching conclusions. But the
results are clear and unambiguous, which makes them promising.

AD-HS includes many “conventional” handwriting characteristics. Every one of them for
itself does not denote any indication. That is why, as we already emphasized above, only an
analysis of all characteristics should be considered reliable.

Some questions are still open and require further research. First, AD is more common
among older people. Some handwriting characteristics in AD-HS are typical for older persons.
Our sample consists of AD patients. However, that doesn’t mean that handwriting of persons
without AD cannot manifest the same characteristics. So, better separation of markers of AD
should be done, although these two attributes - AD and age are strongly correlated.

Secondly, the same problem as with age we have with other diseases. Often they manifest
themselves similarly in handwriting. In some cases, the difference is clear, like with Parkinson’s
disease, which is another form of dementia [40]. For Parkinson’s handwriting, very typical
micrography — handwriting becomes smaller. That definitely contrasts with AD. With other
diseases, this should be further researched.

Third, in the study, we used the simplest binomial variant of the model (1). Further
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research with more complicated models, which include a quantitative definition of handwriting

characteristics and their weights, could gain some additional information with larger samples.

Fourth, it would be very practical to use a software program to evaluate handwriting

specimens. As we have mentioned above, that is still not possible. However, new approaches

based on deep learning and other artificial intelligence methods, which were not very practical

for handwriting analysis, are intensively improving themselves and more practical results can

be achieved. In particular, in forensic handwriting analysis [41]. We intend to work for the

further improvement of these algorithms and the collection of even more handwriting samples

for the teaching sets. That will enable the development of a fully automated AD-HS instrument.
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THUSuUaGNUarufPULLULUL eNrauLLLNh@3NkLE H6UEL3SPU3N
15NL6ME KU3SLUPENELNAKN H5NL2NRU

2bntiny 3n1.9-

Unytu  hnndwénid  npippwpyynid - o wbsh  nbdph  dwbhwsnnulwt  Jhéwlp
quwhwyppwlwbp  tbpwnnn  nwpwhngbpwbwlwt  thnpdwptitinysywtt - nbwpbn:
Uwubwynpwwbu, qquih  npwnpnigimite [ nupddmid  nbdGughuwyh  hGpplwtipny
dwhwsnnulwb puwbiqupnidutinht: Lagnid £, np Uightydbnh hhdwunnyeynitp hwdwnpynid £
nbdGughwih  wnwyly pwpwddws pbuwlyp: Congdymd £, np Lub  pwqdwphy
GGhuwdwnlybpbutin b ywpnwpwbwlhuwb whignpnphs pbpwgwlwnpgbp, uwluyt npwip
hpwywlwt  hwdwipbpupnnid  hwéwp  panniuGh - sGh:  Uppuwippwbipnid  hhdbuwlwt
nipwnnniynitp ubbndwd k dnwaph Jbpinidnipywit Ypw, ptsp, hbnptwltbnh Yunpdhpny,
hhjwinniypquti Jun hwppbwpbpdwt  wynipbghwy  Jdbpnn £ Uw  pny; £ pwipu
nwndtwuppby pbpwghly udnptbpp, puswbu twl wybh dwn hwupwenptn, husp
hwipyuwwbu unplnp E ppGwaghipnyeyuwt hwdwp:

<nnywémd - ubpuywgyws £ Uighbydph - htwpwynp  hhywbnnyeywt  (AD-HS)
dinwgph quudwt gnpdhp: Udihnhwés £ 40 dGnwagpp b 2 |Ggwlwl dwplbn ubGpwnnn
gnpduwlwb thnpd, npntg Ynidniyuphy wndbpp eny; b ypughu quwhwipty Uighbydbnh
hhywbnnygqwt pwbwhwlwt gnigwihpp (Uightydiph  hhywbnniyggwt  gnighs), npt £
wnpywgniinud b puwbiqupdwt dwupnygywt Jwluwpnwlyp: Lephuywgywsd Juybpugdwi
htGpwgnipnyeynitp UGpwnnid £ Uightydph hhywbnnigpuwdp whigpnpnpywé 48 dwpnne b
HSDetect dGnwaph Gpiniénipywt (ndjugbiipnh pwquyhg 182 dtnwagph udniptiinh huljps
funidp:  buwgpwnpdwsé  hGypwagnipnieiniailph - ptpwgpnid  tydmid £, np hulps  udpmid
Uighlydtinh hhdwnnuyaywt gnighsh dhohti wndtipp 0,26 £, huly 95% dwlwpnwlp nbuypnid’
wyli Yuqdnd £ 0,46: Pninp dwutiwlpgllint niats Uighbydlph gnighsh wybih punpdn wpdbp'
0,46 dhohti wpdtipny: Pwgh wyn, dwiptwbpynid £ Uightydbph hhdwtnniwi gnighsh b
Uightydtipnh hhdwannyeywt dwunpnyeywt Ynnnbywghwt, npp Yuquty k 0,64:
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Uuwhuny, AD-HS-p  htwpwynpnigimtts £ pwghu quwhwipty — UightydGpp
hhywbnnipwt  |noniyniap: <Gnpbwlp quipu £ wyti Ggpwhwbqdwt, np hnnywdnid
Gywpwanpdwé dnipbignidp nuwippwihnpdwahypwlwt hyppwgnipnieywt gnpétiwlwt gnpnéhp
£ <pduwynpdmid £ qunuihwpt wyt dwupti, np AD-HS-h  hGypwaqw  épgnppnidp b
thnpdwpwpwlwb  puglbph - punuygbniddp pny; Yypwt - pwpdpwgbty - dGnwgph
dwhwsnnulwt puwbquwpnidubnh hwyipbwpbndwt hnwuwhnygynitip:

Pwtwih  pwnbp. nuwywhngbpwbwluwt  thnpdwptitinygynits,  Uyghbydtpp
hhywbnnieniti, Uighbydtnh hhywannysywt gnighs, dGnwagnph dwbwsnnulwt puwbiqupnid,
nbdGlghw:

CYQEBHO-NOYEPKOBEJYECKAA 3KCINMEPTU3A INPU BbIABJIEHUN
CNyYAEB JEMEHLUNU

Yepros FO.T.

B OaHHoli cmambe paccmampusaromca cnydau cyO0ebHO-NCcuxonoeu4ecKux aKcnepmus,
BK/IIOYArOWUX 8 CebA OYEeHKy KO2HUMUBHO20 COCMOAHUA nuya. B yacmHocmu, 3HayumensHoe
BHUMAaHUe yOensaemca Ko2HUMUBHbIM HapyuweHuUam scnedcmsue demeHyuu. O mmeyaemcs, 4mo
bonesHb Anbyeelivepa AsnAemcAa Haubonee pacnpocmpaHeHHolU ¢opmoli  OemeHyuu.
lNoo4epkusaemca, 4mo cywjecmsyrom MHOXecmBO bUOMAPKEPO8 U Hes8posIo2UYeCKUX
ouazHocmu4eckux npoyedyp, 0OHAGKO OHU Yacmo He NpUMEeHUMbl 8 NPAasoBOM KOHMeKcme.
OcHosHoe 8HUMaHue 8 pabome akyeHmMupyemcsa Ha aHasnau3e Nno4yepKa, Komopblli Ha 832140
asmopos AsNAemcsA NOMeHYuanbHbIM MemoOOM paHHe20 BbiABEHUA Ha4Yana 3a601e8aHus.
3mo no3sonsem uccnedosams mekywue obpasubl, a makxe OOKyMeHmMbl U3 NpowIozo, Ymo
0C0beHHO 8aXHO 0/1A KpUMUHanucmuku. B cmamse npedcmasneH uHCmpymeHm 051 CKpUHUH2a
so3moxHoli 6bonesHu Anbyeelimepa (AD-HS) no noyepky. Obobwaemca npakmuyeckuli onbim,
komopsblli  skmoyaem 8 ceba 40 pykonucHbix u 2 nuHeBUCMUYECKUX Mapkepa. Wx
KyMyIAMUBHAsA OUeHKa no3soidem OUeHUMb KoauyecmseHHbIl nokasamens 6onesHu
Anbyeelivepa (uHOukamop 6onesHu Anbyeelimepa), ompaxarowuli yposeHb maAxecmu
HapyweHus. B npedcmasneHHoe sanudayuoHHoe uccnedosaHue skMoYeHbl 48 yenosek ¢
ouazHo3om bone3Hu Anbyeelivepa u KoHmponbHasa epynna u3 182 obpasyos noyepka u3s 6asbl
OaHHbIX ~cucmembl hoyepkoseddeckozo aHanusa HSDetect. B xo0e 8binonHeHHbIX
uccnedosaHuli ommeyaemcs, 4mo cpedHee 3HayeHue UHOUKamopa bonesHu Anbyeelivepa 8
KoHmponsHol epynne pasHo 0,26, a yposeHb 95% cocmasnsem 0,46. [lpu amom sce
yuyacmHuku umerom bonee 8biCOKOe 3Ha4YeHue uHoukamop bonesHu Anbyzelimepa co cpeoHUM
3HayeHuem 0,46. Kpome mozo, ykasbisaemcs, 4mo Koppenayusa mexdy uHoukamopom 6onesHu
Anbyeetivepa u maxecmoro bonesHu Anbyeelimepa cocmasuna 0,64. Takum obpazom, AD-HS
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no3sonAem oyeHumMsb cepbe3Hocmb bonesHu Anbyeelimepa. ABmop npuxooum K 8b1800y, 4MoO
onucaHHbIli 8 cmamee nodxo0 npedcmasndem coboli npakmuyeckul uHcmMpymeHm OnA
cy0ebHo-aKkcnepmHbix uccnedosaHuli. ObocHosbisaemcsa MbiCib 0 mMoM, 4mo OanbHeliwee
ymoy4HerHue AD-HS u pacuwiuperue 0aHHbIX 3KCnepumeHma no3soaum nosbicuUms HaOeXHOCMb
B8bIABEHUA KO2HUMUBHbIX HAPYWeHUl no NoYyepkKy.

Knioyesblie cnosa: cydebHo-ncuxonozuyeckas sxcnepmusa, b6onesub Anbyzelivepa,
uHoukamop bonesHu Anbyeelimepa, KORHUMUBHbIE HAPYWeHUs NO NOYepKY, OeMeHYUs.
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