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Abstract

The combination of new computer and electronic technologies with methodologies for analysing large
databases is considered efficient for increasing the effectiveness of screening methods for detecting
diseases. Aim of the research is to study the effectiveness of using an automated complex of dispensary
examination (ACDE) for detecting pre-nosology conditions and pathologies of organs and systems in
children compering to traditional medical examinations. 948 children aged 6 to 17 years were examined.
There were 437 (46.1%) boys and 511 (53.9%) girls. The average age of children was (11.36 + 1.25) years.
First, all children underwent a traditional preventive medical examination, and then a programmed
medical examination for all organs and systems using an automated complex of dispensary examinations.
The following diseases predominated according to the structure of pathology among the children
examined: the musculoskeletal system (in 74.3% of children), cardiac pathology (in 52.5% of children),
dental diseases (in 51.4% of children), and diseases of the nervous system (in 48.6% of children) and
ophthalmic pathology (in 46.5% of children). The detection frequency of pre-nosology conditions /
pathology of organs and systems using the automated complex of dispensary examinations 1s
significantly higher (p <0.05) compering to traditional preventive examinations. The use of a system of
an automated complex of dispensary examinations can open up great opportunities for the development
of preventive medicine, since it allows you to identify pathology at the pre-nosology stage.

Keywords: Pathology profile, Morbidity structure, Pre-nosology conditions, Automated complex of
dispensary examinations.

Introduction

Children are the most vulnerable part of
society, and the state of children's health is
an indicator of the health and well-being of
the population as a whole [1, 2]. The
preservation and improvement of children's
health should be a priority in the health care
system of each country, since children
represent a significant potential for socio-
economic development [3, 2]. Despite the
superfast development of medicine over the
past decades, the health condition of children
remains uncompleted, and even in developed
European countries the mortality rate are
relatively high, about 567 per 100,000 in
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2017, with the highest mortality rate among
children of the first year life (more than 50%
of all cases of childhood deaths) [4]. In the
United States, such indicator among children
aged 1-4 years was 24.3 per 100,000
population, and 5-14 years old - 13.6 per
100,000 [4, 5]. It should be noted that most
cases of childhood deaths are preventable
and treatable with currently available means
[4]. In Russia, 43.8 million cases of primary
diseases of children under the age of 14 were
recorded in 2015, and 44.8 million in 2016,
while the morbidity of children under the age
of 14 increases [6].
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That is why it is especially relevant to carry
out measures aimed at the prevention of
diseases, improving the standard of living of
children and society as a whole, improving
the current methods of diagnosis and
treatment of pathologies through the
introduction of modern computer
technologies in the healthcare sector [7, 8].
The scientific and technological progress of
recent decades has an unprecedented impact
on the quality and lifestyle of society, which
leads to an increase in life expectancy (from
50 years at the beginning of the 20th century
to 80 years in the 21st century) in many
developed countries, due to the large-scale
production of highly effective medicines
drugs, the development of medical
technologies, increased food security [9, 10].

However, on a global scale, success is very
doubtful, since the average life expectancy in
many developing countries is only 50-60
years [10]. Another problem is high net cost
of modern medical technologies [5, 11]. The
health care costs take almost the main share
of the budget in many developed countries,
reaching 10%, while the average annual cost
of medicine in the US is about $ 2000 per
person, which is almost 17% of gross
domestic product [11]. It 1is possible to
significantly reduce health care costs without
compromising the quality of the provision of
medical services with the help of preventive
and personalized medicine [11, 3]. Ideally,
the main task of the healthcare system is to
implement primary prevention, that is, to
prevent the risk factors for chronic diseases.
According to studies, such a model can
prevent or  significantly delay the
manifestations of chronic pathology, that no
modern drug or surgery can compete [12, 3].

The preventive approach in the health care
system was not a priority a decade ago, and it
1s not sufficiently implemented even now,
however, the main elements of this approach
are recognized by leading institutions and
authorities of many countries as the main
steps for moving forward [7]. Due to new
technologies, medical workers and patients
have the opportunity to monitor the lifestyle
and health more accurately and individually.
This is especially important in paediatric
practice, since children are often unable to
objectify their complaints and feelings, which
creates difficulties for doctors to see a real
picture on the general somatic status of a
particular child [13].
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Modern computer technologies make it
possible to obtain the necessary information
by methods that are easy to understand and
integrate into child health monitoring and
control system [3]. The use of portable
electronic devices is relevant, for example,
popular nowadays smart watches and
wristbands (Fitbit), which are wused to
monitor the health of individuals, but it is
absolutely obvious that large-scale
correlations can be obtained due to the
analysis of data from millions of people [14].
Thus, it 1s possible to continuously monitor
many metabolic parameters, which can
fundamentally change the researchers'
understanding of a large number of serious
diseases, and will allow developing new
methods for their prevention and treatment
at an early stage [7].

Particularly, widely spread Continuous
Glucose Monitoring sensors help timely cure
the slightest fluctuations in glycaemia. The
main advantage of such sensors is that on the
memory card are recorded graphs of diurnal
fluctuations in the blood glucose level of a
particular patient, which the doctor can
examine in detail on a computer. Thus, it
allows studying the glycaemic profile of a
child with diabetes (or an adult) in detail and
optimally adjust the scheme of hypoglycaemic
therapy, prevent episodes of hyper- and
hypoglycaemia, thereby achieving Dbetter
control of the disease and reducing the risk of
complications [14, 13]. The combination of
new computer and electronic technologies
with methodologies for analysing large
databases is considered efficient for
increasing the effectiveness of screening
methods for detecting diseases [15].

Therefore, it is possible to integrate data on
the state of health of a particular child, and
to create regional networks that ensure the
transmission of data from various medical
institutions. Electronic medical records can
be used for screening many diseases. For
example, screening programs for physical
abuse of children [16] and assessment of the
mental status of children [17] are widely used
in the USA, while the KIGGS monitoring
system [18] etc. in Germany. There are a
number of networks for exchanging medical

data in Russia, namely the ECOMED
information and analytical system, the
Automated Complex of Dispensary

Examination (AKDO) software package, the
electronic registry of congenital heart defects,
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the Federal Register for Monitoring Children
with Phenylketonuria, and the Federal
Register for Child Disability established in
2006 [19]. Thus, currently, a whole complex
of automated information systems is being
developed by the Russian healthcare system
that will allow monitoring children’s
functional conditions of disease, the physical
and mental development of children, and the
morbidity structure and rate of young
population. The use of modern systems for
monitoring children's health helps medical
workers to conduct a quantitative and
qualitative assessment of health, to carry out
a dynamic analysis of a particular clinical
case, spending a minimum amount of time.
Particularly, the ACDE system makes it
possible to evaluate pre-nosology conditions
and pathologies in 24 profiles, which
determines children who need dynamic
monitoring by a local doctor and specialists
[20].

The preventive examinations using this
system has shown high screening efficiency
regarding early primary detection of various
pathologies of organs and systems, that
makes possible to draw up a separate
“portfolio” of physical development for each
child and a probable prognosis regarding the
risks of a particular pathology. The
preventive examinations of children using
the ACDE system significantly saves the
doctor’s time and is cheaper comparing to
traditional preventive examinations [19, 20].
The wholesale use of ACDE helps to obtain
an integrated assessment of health at the
population level, conduct a dynamic
assessment of the situation and draw
conclusions about the formation of trends, so
that the right tactics for the prevention of
specific nosology issues can be developed.

Despite the active use of ACDE system in
Russia since 2000 [19], most monitoring
examinations are aimed at studying
morbidity as a whole, while currently there is
not enough data to assess the pre-nosology
conditions and pathology profiles in dynamics,
as well as their correlation. Therefore, it is
necessary to conduct further studies that will
provide the results on pathology profiles
assessment as indicators of a child condition
in a particular region, will make it possible to
assess the risk factors for a particular
nosology, and will imply the ACDE system to
practical medicine in both large cities and
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villages, providing better use of health
system resources.

The Purpose of the Study

Aim of the research 1s to study the
effectiveness of using an automated complex
of dispensary examinations (ACDE) for
detecting  pre-nosology  conditions and
pathologies of organs and systems in children
compering to traditional medical
examinations.

Research Objectives:

e To study the structure of morbidity and
pre-nosology conditions;

e To analyse the profiles of pre-nosology
conditions and pathologies, as well as their
age dynamics using the ACDE system
among children aged 6-17 years.

e Compare the frequency of detection of the
main pre-nosology conditions and pathology
of organs and systems in children using the
ACDE system and traditional medical
examinations.

Materials and Methods

948 children aged 6 to 17 years were
examined. There were 437 (46.1%) boys and
511 (53.9%) girls. The average age of children
was (11.36 =+ 1.25) years. All children
underwent a traditional preventive medical
examination, and then a programmed
medical examination of all organs and
systems using ACDE in order to study and
compare the detection frequency # of
pathologies and pre-nosology conditions of
the main organs and systems.

The ACDE was carried out in several stages:
Stage I - a survey of parents, which included
200 questions regarding the complaints of
children, chronic diseases, operations,
injuries, heredity; Stage II - programmed
medical examination of all organs and
systems (detected symptoms were evaluated
in points depending on their severity); Stage

III - Instrumental examination
(anthropometry, blood pressure
measurement, dynamometry,
electrocardiography, eye examination and

determination of colour perception); Stage IV

a laboratory examination, including a
general clinical analysis of blood and urine.
Twenty minutes was allocated for each child
(set by the program).
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The program provided a conclusion at the
end of the examination that indicated the
history, examination of the doctor, the results
of instrumental and laboratory tests, gender
formula, somatotype, as well as pre-nosology
conditions and pathologies profile of the child
(24 in total) with a list of specialist doctors, to
be addressed. Statistical data processing was

performed using the ACDE

software

packages, Microsoft Excel 2013 (Microsoft,

USA) and SPSS
frequency of pre-nosology

™ 17. The detection
conditions /

pathology of organs and systems using the
ACDE, as well as the age factor comparison

of the revealed pathologies were determined
by the Pearson x2 criterion. Differences were
considered statistically significant at p <0.05.

Research Results and Discussion

The detection frequency of various
pathologies of organs and systems in children
aged 6 to 17 years using the ACDE, showed
that diseases of the musculoskeletal system
prevail among the children examined,
followed by cardiac pathology, dental
diseases, and nervous systems diseases and
ophthalmic pathology (Table. 1).

Table 1: Comparative characteristic of the detection frequency of organs and systems pathology in children using

ACDE and traditional medical examinations, %

The pathology profile The detection frequency x2 P
Using ACDE Using traditional medical
examinations
Examined % Examined %

Musculoskeletal system diseases 704 74.26 420 44.30 176.25 <0.001*
The cardiac pathology 498 52.53 293 30.90 91.16 <0.001*
The dental diseases 487 51.37 373 39.35 22.93 <0.001*
Diseases of the nervous system 461 48.63 146 15.40 24.45 <0.001*
The ophthalmic pathology 441 46.52 189 11.49 150.96 <0.001*
Endocrine pathology 375 39.56 103 10.86 206.95 <0.001*
Gastrointestinal pathology 315 33.23 137 14.45 92.64 <0.001*
Topological disorders 309 32.59 128 13.5 97.42 <0.001*
Dysmorphia 226 23.84 119 12.55 40.57 <0.001*
ENT pathology 189 19.94 94 9.91 37.49 <0.001*
Genetic Disorders 176 18.57 103 10.86 22.39 <0.001*
Neuropsychiatric pathology 154 16.24 51 5.38 58.03 <0.001*
Cardiovascular pathology 152 16.03 76 8.02 28.79 <0.001*
Surgical pathology 128 13.50 83 8.76 10.80 0.002*

Speech disorders 113 11.92 89 9.39 3.19 0.075
Renal pathology 85 8.97 49 5.17 10.41 0.002*
Rheumatic diseases 75 7.91 24 2.53 27.72 <0.001*
Allergic pathology 74 7.81 48 5.06 5.92 0.015*

Dermatological pathology 69 7.28 54 5.69 1.96 0.162
Chronic infections 56 5.91 22 2.32 15.46 <0.001*
Immune System Pathology 36 3.80 14 1.48 9.44 0.002*
Pulmonary pathology 32 3.38 21 2.21 2.35 0.126*
Haematological pathology 29 3.06 16 1.69 3.85 0.050*

Oncological pathology 22 2.32 9 1.36 5.54 0.019

Note: * - the difference is statistically significant relative to the detection frequency of pathology using ACDE and traditional
medical examinations (p <0.05); ACDE - automated complex of dispensary examinations

Scoliosis, changes in posture, arthroplasty
(mainly deforming), and flat feet were most
often  encountered among orthopaedic
pathologies. The profile of neurological
pathology was represented by functional
diseases of the nervous system, headaches,
hyperkinetic  disorders, asthenic and
neurosis-like  reactions. The cardiac
pathology in the examined children was
represented by  functional  disorders,
arrhythmias, tachycardia, arterial
hypertension and arterial hypotension, and
small congenital heart defects. The tooth
decay, fluorosis, periodontal disease,
malocclusion were most common among
dental pathologies. Ophthalmic pathology
was mainly represented by mild and
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moderate myopia, strabismus, astigmatism,
as well as accommodation spasm. Endocrine
pathology ranks sixth in the detection
frequency and is represented by thyroid
diseases (mainly endemic goitre), overweight
and obesity, growth disorders and sexual
development disorder. Separately, it’s worth
mentioning the gastroenterological pathology,
as the children examined were most often
complaining about symptoms of
gastrointestinal tract diseases (irritable
bowel syndrome, epigastric pain syndrome),

gastritis, and Dbiliary dyskinesia. The
vitamins deficiency, micro and macro
elements prevailed among topological

disorders that reflected in the phenotypic
characteristics of children.
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Based on ACDE, only 8.6% of children were
completely healthy and did not require
specialist consultation. It was also found that
the majority of children had comorbid
pathology. Particularly, only 35 (3.7%)
children had 1 deviation (disease), 181
(19.1%) children had 2 diseases / deviations,
3-54 (38.4%) — 3 to 5 diseases, 276 (29.1%) —
more than 6 deviations / diseases. The
detection frequency of  pre-nosology
conditions / pathology of organs and systems
using ACDE are of higher efficiency
compering  to traditional preventive
examinations.

Mainly, the deviations from the endocrine
system were revealed 3.64 times (p <0.001)
more often using ACDE, 3.2 times (p <0.001)-
the nervous system diseases, 3.13 times (p
<0.001) rheumatologic  pre-nosology
conditions and pathology, 3.0 times (p <0.001)
- speech disorders, 2.6 times (p <0.001) -
immunological disorders, 2, 5 times (p <0.001)
- chronic infections, 2.4 times (p <0.001) -
topological disorders, 2.3 times (p <0.001) -
gastroenterological and ophthalmic, 2.0 times
(p <0.001) - cardiovascular disorders and
ENT pathology. There was a tendency to
more effective detection of the blood system,
respiratory system, and skin and speech
disorders by ACDE, but without a
statistically significant difference (p> 0.05).

There was found statistically significant
difference related to age (p <0.05, mainly the
range of orthopaedic, neurological,
neuropsychiatric, endocrine, renal, rheumatic,
ophthalmic, gastroenterological, topological,
surgical  pathology, and dysmorphia
significantly increases (Fig. 1) It should be
noted that the largest share of endocrine (in
56.12% (p <0.05) children of the middle age
group), nervous (in 73.4% (p <0.05) children
of the middle age group) and urogenital (in
14.24% (p <0.05) of children of the middle age
group) systems morbidity, as well as
ophthalmic pathology (in 64.81% (p <0.05) of
children of the middle age group) were among
10-14 year-old children. The speech disorders
and dental pathology decreased significantly
with age (p <0.05) (Fig. 1).

No statistically significant difference was
found between the studied age groups (p>
0.05) in the age structure of pre-nosology
conditions and pathology of the respiratory
system, blood, heart, allergic disorders,
chronic infections, and oncology, The
deterioration in the health of children of the
middle age group according to some
pathology profiles can be explained by the
onset of their puberty, which is characterized
by sharp changes in the hormonal status of
children, greater sensitivity to stress factors,
as well as the “accumulation” of chronic
pathology with age, and socio-economic
factors.
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Figure 1: Age distribution of the structure of paediatric pathology (%) diagnosed by ACDE
Note: OrthP - orthopaedic pathology, CP - cardiac pathology, DP - dental pathology, NP - neurological pathology, OphP -

ophthalmic pathology, EP

- endocrine pathology, GastroP - gastroenterological pathology, TD - topological disorders, Dysm -

dysmorphia, NPP - Neuropsychiatric pathology, ENT - ENT pathology, GenN - genetic disorders, CVP - cardiovascular pathology,
SP - surgical pathology, SD - speech disorders, RP - renal pathology, RD - Rheumatic diseases, AP - allergic pathology, DermP -
dermatological pathology, CI - chronic infections, ISP - Immune System Pathology, PP - Pulmonary pathology, HP - Haematological

pathology, OP - oncological pathology.
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According to gender characteristics, the
number of girls with pre-nosology conditions
and diseases for most pathology profiles was
significantly higher (p <0.05) in all age
categories compared to boys, particularly,
disorders of the musculoskeletal system (2.0
times (p <0.05)), endocrine (1.6 times (p
<0.05), and immune (1, 35 times (p <0.05))
and the genitourinary system (1.57 times (p
<0.05)) systems, neurological (1.3 times (p
<0.05)) and neuropsychiatric (1, 56 times (p
<0.05)) disorders, chronic infections (1.27
times (p <0.05)). Boys are characterized by a
significant predominance of cardiovascular
pathology compared to girls (1.84 times (p
<0.05)), pathology of ENT organs (2.3 times
(p <0.05)), diseases of the gastrointestinal
tract (1.42 times (p <0.05)) and skin (1.75
times (p <0.05). Corresponding gender
features of the incidence rate among children
can be explained by the fact that girls have
an earlier puberty period; therefore they
were leading for the majority of pathology
profiles in our study.

The study on the detection frequency of pre-
nosology conditions and pathology of organs
and systems as a whole coincide with the

structure of childhood morbidity in Russia [6].

The data of our study are comparable to the
results of similar studies conducted in other
cities and regions of Russia. However, there
are differences in the detection frequency of
certain pathology profiles. Thus, a study of
the structure of child morbidity in Moscow
[21] is indicative of the results of routine
examinations of 383 children (of which 200
are boys and 183 girls) and the results of a
dynamic 9-year observation of 426 children
(216 boys and 210 girls) from the beginning
of their training in the first grade and up to
grade 9 inclusive. It was found that most of
the children had 3 or more health disorders
(including chronic diseases and functional
conditions).

In the structure of morbidity, the leading are
disorders of the musculoskeletal system
(deformation of the chest, impaired posture,
flat feet) - 598 %o; in second place is the
pathology of ENT organs (hypertrophy of the
tonsils and adenoids, curvature of the nasal
septum without impaired breathing function,
recurring nosebleeds, tonsillitis, sinusitis)-
228 %o; in the third neuropsychiatric
disorders (neurotic and asthenic reactions,
behaviour disorders, hyperkinetic reactions,
sleep disorders) - 164.5 %o; on the fourth -
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ophthalmic pathology (myopia,
accommodation spasm, strabismus,
astigmatism) - 149 %o; on the fifth- immune
system disorders (99.2 %o). According to the
study results, the overall pathology was
higher among boys (2145.0 %0 in boys and
1743.2 %o in girls). The disorders of the
cardiovascular system, skin diseases and
ENT pathology were predominant among
boys, while neurological, endocrine,
orthopaedic disorders and pathology of the
genitourinary system- among girls [21].

The study of the morbidity structure using
ACDE conducted in Yakutia [22], showed the
prevalence of cardiac pre-nosology conditions
and pathology in 92.8% of children, endocrine
- 50.3% of children, ophthalmic -40.4 % of
children, and dental in 36.7% [23]. Somewhat
different results were obtained in the course
of a large-scale retrospective study of the
morbidity structure among children [22],
conducted in Russia using the computer
program SOC / PEDIATRIA-3. The study
analysed the morbidity according to the
results of medical examinations and data
from electronic registration databases of
clinics.

The study includes data from about 300
thousand children aged 0-17 years living in
big cities and villages. According to this study,
the most common diseases among children
were respiratory diseases (0-14 years old -
2317 %o, 15-17 years old -1578 %o), followed
by diseases of the nervous system (333 %o and
379 %o), digestive system (298 %o and 313 %o),
eyes (292 %o and 427 %), musculoskeletal
system (169 %o and 336 %o). Meanwhile no
statistically significant gender differences
were found (p <0.05) [22]. Such differences
between the results of the above and our
research are explained by different research
methods. Our research is prospective, while
the given example is retrospective based on
the analysis of polyclinic databases and the
results of traditional medical examinations.

Moreover, only primary morbidity data was
analysed in this study. It is worth noting that
the compering study is also slightly different
from all-Russian trends for the morbidity
structure [6]. Summing up the results of our
and other similar studies, we can talk about
the presence of certain general trends in the
structure of detection of diseases among
children, but there are mno absolutely
comparable data, since the prevalence of a
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particular pathology is affected by a number
of factors, in particular, gender, age, the
presence of trigger zone that contribute to the
manifestation of the disease, climatic and
environmental features of the region.

Conclusion

Thus, the following diseases predominated
according to the structure of pathology
among the children examined: the
musculoskeletal system (in 74.3% of children),
cardiac pathology (in 52.5% of children),
dental diseases (in 51.4% of children), and
diseases of the nervous system (in 48.6% of
children) and ophthalmic pathology (in 46.5%
of children).The overwhelming majority of
children examined had a comorbid pathology:
only 35 (3.7%) children had 1 deviation
(disease), 181 (19.1%) children had 2 diseases
/ deviations, 3-54 (38.4%) -3 to 5 diseases, 276
(29.1%) -more than 6 deviations / diseases.
The detection frequency of pre-nosology
conditions / pathology of organs and systems
using ACDE are of higher efficiency
compering to traditional preventive
examinations.

Mainly, the deviations from the endocrine
system were revealed 3.64 times (p <0.001)
more often using ACDE, 3.2 times (p <0.001)-
the nervous system diseases, 3.13 times (p
<0.001) -rheumatologic pre-nosology
conditions and pathology, 3.0 times (p <0.001)
-speech disorders, 2.6 times (p <0.001)-
immunological disorders, 2, 5 times (p <0.001)
-chronic infections, 2.4 times (p <0.001)-
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