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CLINICAL AND PROGNOSTIC ANALYSIS OF THE
EXPRESSION OF PD-L1 AND COX-2

Abstract. In modern oncology, the determination of PD-L1and COX-2 in the tumor tissue is one
of the promising areas of research that allow you to correctly and adequately make a plan for further

treatment of the patient and assess the prognosis of the disease. Determination of the expression
level of the PDL-1 molecule and COX-2 is considered as a potential biomarker for predicting the
effectiveness and duration of treatment of malignant neoplasms.

Keywords: cervical cancer, programmed death-ligand 1(PDL-1), cyclooxygenase-2 (COX-2).

The presence of metastatic lymph nodes in cervi-
cal cancer is one of the unfavorable prognostic factors
that significantly affect the survival rates of patients.
Thus, according to Y. Chen et al. metastases in the pel-
vic lymph nodes are associated with a decrease in the
S-year survival rate of patients from 85% to 53% [1].
Tumor lesion of regional nodes in cervical cancer is
considered an indicator of the risk of distant metasta-
sis, and therefore, this patient category needs adjuvant
therapy, which specificity and volume vary depending
on many factors [2]. On the other hand, the recent ex-
tensive study of biological markers of cervical tumors
(PD-L1, COX-2) is also aimed at optimizing systemic
therapy regimens [3]. Therefore, the study of the cor-
relation between metastasis to the lymph nodes and
the presence of PD-L1 [4] and COX-2 receptors in
the tumor will allow a more targeted approach to the
identification of patients in need of adjuvant treatment.

The purpose of the study: The study of the
dependence between the expression of PD-L1 and

COX-2 in tumor cells at cervical cancer (CC) and the
frequency of metastasizing in regional lymph nodes.
Materials and Methods. The research included
70 women with a histologically confirmed diagnosis
of primary CC at I-IIA and IIIC1 stages. The pa-
tients underwent surgical treatment at the Oncology
Clinic of AMU for the period from 2015 to 2019.
Along with the standard morphological examina-
tion, the standard immunohistochemical (IHC)
treatment regimen was used (VENTANA Bench
Mark Ultra) with the help of rabbit monoclonal an-
tibodies to COX-2 (SP21) and PD-L1 (VD21R) of
the Medaysis company. The expression level of PD-
L1 was assessed by the number of cells tropic to an-
tibodies — when staining less than 1.0% of the general
population, the result was considered negative, and
when staining more than 1.0% — positive. Based on
the level of COX-2 expression in the squamous epi-
thelium, four groups with cytoplasmic staining were
identified: 0 (negative reaction), 1+ (weak expression

3



Section 1. Clinical Medicine

level), 2+ (medium), and 3+ (pronounced). Statisti-
cal processing of the obtained results was performed
using discriminant — x> Pearson and nonparametric
analysis of variance — Kruskal-Wallis H test based
on the SPSS-26 program. The difference was con-
sidered significant with a confidence level of at least
95% (p < 0.05).

Results. The age of the patients varied between
32-71 years, the average age was 50.2 + 1.0 years. All
patients underwent standard volumes of examina-
tions, intended for CC: clinical examination, labora-
tory and instrumental methods (ultrasound, MRT,
etc.). In the context of the work performed, MRT is
valuable as a source of information on the status of
regional lymph nodes at the preoperative stage. Ac-
cording to MRT data, enlarged lymph nodes (up to
14 mm in size) were found in four patients, including
2 cases of presacral and 2 cases of mesorectal lymph
nodes. All patients underwent extirpation of the
uterus with appendages in various versions, depend-
ing on the degree of prevalence of the tumor process.

The stage distribution was as follows: IA-7 (10.0 £
+3.6%),IB-49 (70.0 £ 5.5%), 1A -4 (5.7 + 2.8%)
and ITIC1-10 (14.3 £ 4.2%) patients. The results of
IHC staining with antibodies to COX-2 receptors
are presented in Table 1. In general, the incidence of
COX-2-expressing tumors with the severity of 1+,
2+, and 3+ was 17 (24.3 £ 5.1%), 28 (40.0 £ 5.9%),
and 25 (35.7 £ 5.7%) cases, respectively. As seen in
the above data, the 1+, 2+, and 3+ expression levels
of COX-2 at stage IA were in S (71.4 + 17.1%), 0,
and 2 (28.6 £ 17.1%) cases, respectively. At stage IB,
these indicators were 10 (20.4 + 5.8%), 21 (42.9 +
+7.1%),and 18 (36.7 + 6.9%), respectively. At stage
ITA, the number of patients with the 1+, 2+ and 3+
expression levels of COX-2 was 1 (25.0 + 21.7%),
0 and 1(75.0 £ 21.7%), at stage IIIC1-1(10.0 +
+9.5%), 7(70.0 £ 14.5%) and 2(20.0 + 12.6%),
respectively (Py* = 0.010, P, = 0.224). The results
obtained indicate that there is no significant correla-
tion (not confirmed by Kruskal-Wallis) between the
severity of the COX-2 status and the stage.

Table 1.— Dependence of the expression level of COX-2 receptors
in cervical cancer on the stage of the disease

COX-2 expres- 1A 1B | A | IIC1 Total
sion level n/(%)
1+ S |714%17.1| 10 |204+58 | 1 [250+21.7] 1 | 10.0+9.5 P=0.01
2+ 0 0 21 [42.9+7.1 0 0 7 | 700£145 | M
3+ 2 |286£17.1| 18 [36.7£6.9 | 3 |75.0+21.7 | 2 | 20.0£12.6 | "

In (Figure 1), the dependence between the
COX-2 expression levels and lymph node metastasis
is presented. In the group of patients without lymph
nodemetastases (NO), theincidence of the 1+,2+and
3+ expression levels of COX-2 in cervical cancer was
16 (26.7 +5.7%),21 (35.0 + 6.2%), and 23 (38.3 *
+ 6.3%) cases, respectively.

In the group of patients with lymph node metas-
tases (N1), the distribution was as follows: 1(10.0 +
+9.5%), 7(70.0 £ 14.5%) and 2(20.0 % 12.6%), re-
spectively. P =0.110, P, = 0.865. As the results show,
there is no significant correlation for this category.
Therefore, the presence and severity of COX-2 ex-

pression do not affect the frequency of regional me-
tastasis. Table 2 shows the results of IHC studies of
PD-L1 receptors in cervical cancer, depending on
the stages of the disease.

According to the data presented, at stage IA,
PD-L1-positive tumors were not observed, at stage
IB, the incidences of PD-L1 + and PD-L1- forms of
cervical cancer were 11(22.4 + 6.0%) and 38(77.6 +
+ 6.0%) cases, respectively. At stage I1A, all tumors
were PD-L1-negative. At stage IIIC1, the expression
of PD-L1 was absent in 2(20.0 + 12.6%) cases, the
remaining 8(80.0 + 12.6%) were PD-L1-positive
(P <0.001,P,, <0.001).
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Figure 1. Ratio of COX-2-expressing tumors in patients with metastases in lymph nodes

Table 2.— Dependence of the expression level of PD-L1 receptors
on the stage of the cervical cancer disease

IA IB ITA ITIC1 Total
PD-L1 expression
n/%

: Px*<0.001
PD-L1-negative 7 1100 | 38 | 77.6£6.0 | 4 | 100 | 2 20.0+12.6 P <0.001
PD-L1-positive 0| 0 |11]224£60 |0 | 0 8 | 80.0+12.6 e
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Py*<0.001; Py<0.001

Figure 2. Ratio of PD-L1-negative and PD-L1-positive variants of
tumors in patients with metastases in lymph nodes
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Thus, PD-L1 expression is significantly associated
with stage IIIC1 of the disease, characterized by the
presence of metastases in the pelvic lymph nodes.

Figure 2 shows a diagram of the distribution of
PD-L1 + and PD-L1- tumors among patients with
lymph node metastases. According to the diagram, in
the group of patients without metastases in the pel-
vic lymph nodes (NO), the ratio of PD-L1 + and PD-
L1- variants was 18.3% and 81.7% (11 and 49 cases),
respectively.

In the group of patients with metastases in the
lymph nodes (N1), the given ratio is equal to 80.0%
to 20.0% (8 and 2 cases), respectively (P < 0.001;
P_ <0.001). The data obtained confirm the availabil-
ity of statistically reliable dependence between the
cellular expression of PD-L1 receptors and metasta-
sis in lymph nodes, which is very important in the
assessment of the risk of tumor progression. When
comparing the frequency of distant metastasis, a sig-
nificant dependence of this indicator on the N status
was revealed. Thus, in the NO group, the number of
patients with distant metastases (M1) was 12(20.0 +
+ 5.2%), patients without metastases (MO) — 48
(80.0 + 5.2%), while in the group N1, the respective
values were 6 (60.0 + 15.5%) and 4 (40.0 £ 15.5%);
P =0.007; x> = 7.179; P, = 0.008. The structure of
the frequency of recurrence when comparing both
groups is as follows: NO — recurrence developed in
10(16.7 + 4.8%), and absent in 50(83.3 + 4.8%)
cases; N1 recurrence developed in 4(40.0 £+ 15.5%)
and 6(60.0 + 15.5%) cases, respectively, P = 0.088;
x> =2.917; P, = 0.090. Statistical analysis confirms
the presence of a correlation between lymph node
metastasis and distant dissemination of the disease.

Conclusion. The conducted analysis of the re-
sults in immunohistochemical staining of prepara-
tions of patients with primary operable cervical can-
cer revealed the presence of certain patterns between
the frequency of regional metastasis and status of
PD-L1 and COX-2. Thus, it was established that the
severity of COX-2-expression does not affect the
frequency of metastases in lymph nodes (P = 0.110,

P, = 0.865), and also does not correlate with the
clinical stage of CC (Py?=0, P,,=0.224). The reliable
dependence of PD-L1 status on regional metastasis
was revealed. Thus, in 80.0% of the cases, N1 tumors
were PD-L1-positive, while NO tumors were PD-L1-
positive only in 18.3% of the neoplasms (P < 0.001;
P, <0.001). Correlation between PD-L1 expression
and IIIC1 level of the disease was also established
(P <0.001, P, < 0.001). It was found that the pres-
ence of N1 correlates with the development of dis-
tant metastases — 60.0% versus 20.0% at NO(P =
= 0.007; P, = 0.008). The study of the frequency
of local recurrences of cervical cancer showed the
absence of a significant relationship between this
indicator and the N status (P = 0.088; > =2.917).

Thus, in cervical cancer patients with lymph
node metastases, the diagnosis of PD-L1 expres-
sion has a great clinical and prognostic importance,
in other words, PD-L1-positivity can be regarded as
an indicator of the risk of disease progression.

Summary

The lesion of the lymph nodes in cervical cancer
is one of the main risk factors for the dissemination of
the disease. Metastases in the pelvic lymph nodes are
associated with a decrease in the S-year survival rate of
patients from 85% to 53%. From this position, due to
the expansion of the opportunities of adjuvant therapy
in this category of patients, the study of the receptor
profile (PD-L1, COX-2) of tumor cells is of particular
relevance. Interpretation of the results of immunohis-
tochemical staining of cervical cancer with antibod-
ies to PD-L1 and COX-2 in a cohort of patients with
lymph node metastases (N1) revealed the presence of
certain regularities between the expression of PD-L1
and COX-2 and clinical prognostic parameters. No
correlation was found between the severity of COX-2
expression and metastases in the lymph nodes. Reliable
dependence between PD-L1-positivity and tumor le-
sions of lymph nodes was revealed. In 80.0% of cases,
N1 tumors were PD-L1-positive, while only 18.3%
of NO neoplasms were PD-L1-positive (P < 0.001;
P <0.001). The presence of N1 was found to correlate




CLINICAL AND PROGNOSTIC ANALYSIS OF THE EXPRESSION OF PD-LT AND COX-2

with the development of distant metastases-60.0% vs
20.0% in NO (P = 0.007; P, = 0.008). The study of the
frequency of local CC recurrences showed the absence
of reliable dependence between the indicator and the N
status (P = 0.088; *=2.917).

Thus, the expression of PD-L1 in cervical cancer
cells correlates with the frequency of regional me-
tastasis, which should be taken into account in as-
sessing the risk of progression and planning systemic
therapy.
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APPLICABILITY OF VAC-SYSTEM IN TREATMENT OF PATIENTS
WITH RETRODURAL SPINAL EPIDURAL ABSESSES

Abstract: The study included 23 patients with the retrodural spinal epidural abscesses (SEA)
who underwent surgical debridement. 13 patients underwent classical laminectomy, removal of a

purulent focus with flow-washing drainage of the wound. In 10 patients, SEA was removed using the

developed technology with performing the interlaminar openings for access to the posterior epidural
space, debridement, and vacuum-assisted closure (VAC). The use of the developed method made
it possible to reduce reliably the number of relapses of the purulent process (pFisheri = 0.0016), to
shorten the duration of hospitalization (pMann-Whitney = 0.004) and to obtain a good functional
treatment outcome according to the Frankel scale (pWilcoxon = 0.027).

Keywords: spinal epidural abscess, vacuum-assisted closure, interlaminectomy, mortality.

Introduction. SEA is an inflammatory process
in the epidural space of the spinal column, located
between the dura mater and the periosteum [1].
Spinal epiduritis is relatively rare and accounts for
0.22% of all pathology of the spine and spinal cord
[2].

The SEA clinical characteristics has no specific
symptoms at the disease onset, which leads to the
diagnosis delay as well as the development of severe
neurological (paresis and paralysis) and systemic

purulent complications such as the systemic inflam-
matory response syndrome and sepsis [3].

At present, the systematic approach to the surgi-
cal treatment of SEA has been provided by the au-
thors headed by E. Pola (2018).— New Classification
Pyigenic Spondylodiscitis (NCPS). However, in this
algorithm, the treatment of an epidural abscess is
viewed only within the framework of spondylodis-
citis — type C1-C4. Also, this classification does not
take into account the retrodural location of SEA, the
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presence of extravertebral purulent foci, the severity
of systemic inflammatory reactions to set indications
or contraindications for surgical treatment [4,5].

Therefore, until now, the most common method
of SEA treating is a conventional laminectomy fol-
lowed by debridement and drainage of the epidural
tissue. Unfortunately, the instability of the posterior
supporting complex, especially after multilevel lami-
nectomy with an extended purulent epiduritis leads
to the development of severe post-laminectomy syn-
dromes with pronounced lumbodynia and spinal de-
formity, which often require surgical correction [6].

Thus, the development of new methods of surgi-
cal treatment of SEA will help to supplement mod-
ern algorithms for the treatment of patients with pu-
rulent epiduritis and improve the results of surgical
interventions in patients with this pathology.

Thereby, the development of new methods of
SEA surgical treatment will help to supplement
modern algorithms for management of patients with
purulent epiduritis and to improve the surgery re-
sults in patients with this pathology.

Aim of the research. To assess the effectiveness
of VAC systems in the surgical treatment of retro-
dural spinal epidural abscesses.

Materials and methods. The study included 23
patients with retrodural SEA (G06.1 - code accord-
ing to ICD-10), who were being treated at Vitebsk
Regional Clinical Hospital and Mogilev Emergency
Hospital from 2008 to 2020 inclusive. There were 15

men (65.2%) and 8 women (34.8%) among them,
the median age of patients was 52 (48-60) years. Pa-
tient participation was voluntary. The research proto-
col was approved by the decision of the Ethics Com-
mittee of the educational institution “Vitebsk State
Order of Peoples’ Friendship Medical University”.

The neurological examination included history
taking of complaints from patients with the assess-
ment of the severity of pain on a visual analogue scale
(VAS) from 0 to 10 points, a study of higher cerebral
activity, disorders of the motor and sensory spheres,
and dysfunction of the pelvic organs.

Neurological status was assessed at hospitaliza-
tion, throughout the treatment period and on dis-
charge in accordance with the international stan-
dards for the neurological classification of spinal
cord injury with the completion of the ISNCSCI
(International Standards for Neurological Classifi-
cation of Spinal Cord Injury) revision form of 2015.
However, taking intoconsideration the number of
patients with the extended SEA localization and be-
low the L2 vertebral body, the use of the AIS-2015
scale was not always correct. Therefore, we used the
Frankel scale.

On admission, laboratory and instrumental
research methods were carried out in the patients
(CT and MRI of the spine, ultrasound examination
of the abdominal organs). According to MRI data, in
78.3% of patients, SEA was localized in the lumbar
spine (Table 1).

Table 1.- Levels of SEA location in the spine

Regions of the spinal column n(%)
Isolated SEA of the lumbar spine 18(78,3%)
Multilevel SEA involving the thoracic and lumbar regions 3(13,0%)
Extended SEA involving more than 6 segments in different parts of the spinal 2(8,7%)
column ’
Total 23(100%)

Patients with retrodural SEA (n = 23) were di-
vided into 2 groups depending on the type of surgi-
cal treatment.

Group I included 13 patients (56.5%). Surgi-
cal treatment of a purulent focus in which was per-
formed through decompressive laminectomy fol-
lowed by flow-washing drainage of the wound.
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Group I included 10 (43.5%) patients. Opera-
tions in this group were performed according to the
technology developed by the authors with the resec-
tion formation of interlaminar openings throughout
SEA, debridement of purulent foci. At the end of the

operation VAC-system was applied for wound drain-
age (patent BY22947 «Method for the treatment of
nonspecific epiduritis with paravertebral abscess> ).
The scheme of the operative access and installation
of VAC is shown in (Figure 1) [7].

Figure 1.— Scheme of the SEA removal operation with the VAC system:
1 — polyurethane porous material, 2 — paravertebral abscess, 3 — paraspinal muscles, 4 — interlaminar
access area, 5 —fixing suture, 6 — counteropening, 7 — seam on the skin, 8 — drainage tube, 9 — aspirator

Comparative analysis on the effectiveness of
surgical methods for the treatment of retrodural
SEA was carried out according to the assessment
of the severity of pain syndrome based on the VAS
scale, regression of neurological disorders, the
number of recurrences of the purulent process and
reoperations, according to the mortality rate and
duration of inpatient treatment in the groups.

Statistical processing was performed using
the STATISTICA 10.0 program. The normality
of features distribution was determined by the
Kolmagorov-Smirnov and Shapiro-Wilk criteria.
For qualitative variables, the frequency of cases
(n) and the proportion (in %) were determined;
for quantitative ones, the median, upper and lower
quartiles of Me (LQ-UQ). Comparison of the
frequency of the trait in independent samples was
carried out according to the x* test, according to the

exact two-sided Fisheri, Mann-Whitney test. The
obtained results were considered reliable at p < 0.0S.

Results. The assessment of the pain syndrome
severity according to the VAS scale was carried
out only in the patients of group II. There was
only a statement of the presence of pain in the
corresponding part of the spinal column in group
L. When assessing the severity of pain using the VAS
scale, all 9(90%) patients of group II scored more
than 8 points, one person had a maximum VAS score
of 10 points. The median of the pain severity among
the patients of group Il was 8.5 (8-9) points on the
VAS scale.

In patients with SEA, focal
neurological deficit was revealed in 10 cases (43.5%).
Spastic tetraparesis was diagnosed in 1 patient, lower

retrodural

spastic paraplegia — in 3, lower flaccid paraparesis —
in 6 people, dysfunction of the pelvic organs — in

10
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4. Sensitivity disorders of hypesthesia type were
observed in 4 patients (18.18%).

In the early postoperative period, in all
23 patients a clinical positive result was achieved.
In 10 patients of group II, the intensity of pain
syndrome 2-3 after surgery significantly decreased
from 8.5 (8-9) to S (4-5) points according to the
VAS scale. On discharge, in 6 patients of group
II, the pain syndrome completely regressed to O
points according to the VAS; in 3 patients, mild
pain (VAS1-2 points) persisted in the area of the
postoperative wound. There were no complaints
of any pain among the patients (VAS - 0 points)

at the follow-up examination one month after the
operation (n =9).

Restoring of neurological deficit in two groups
included an increase in the strength and range of
active movements in the lower and upper extremities
up to 3—4 points, a decrease in paresthesia and a
decrease in sensory disorders, and restoration of
control over the pelvic disorders. No patient had
postoperative kyphotic deformity of the spine.

The dynamics of changes in neurological disorders
and pain syndrome according to VAS in patients of
group II both on admission and on discharge from
the hospital are presented in (Table 2).

Table 2.— Dynamics of functional changes in patients of group Il with
retrodural SEA on admission and on discharge from the hospital

Indicators Admission Discharge Frankel category P
upgrade
VAS, Me (LQ-UQ) 8,5(8-9) 1(0-2) - P . =0,007
Frankel A, n(%) 0 0 -
Frankel B, n(%) 1(11,1%) 0 1
Frankel C, n(%) 2(22,2%) 1(11,1%) 2
Frankel D, n(%) 3(33,3%) 2(22,2%) 3
Frankel E, n(%) 3(33,3%) 6(66,6%) ~ P . =0027

Note — Frankel A — 1, Frankel B - 2, Frankel C - 3, Frankel D — 4, Frankel E - S

According to (Table 2), it can be seen that
patients of group II had a statistically significant
decreasein the pain syndrome severity from 8.5(8-
-9) onadmissionto 1 (0-2) ondischarge fromtheir
hospital according to the VAS scale (pWilcoxon =
= 0.007), and there was also a progressive
transition of neurological disorders (66.6%) to
higher functional classes (pWilcoxon = 0.027)
according to the Frankel scale. In group II, 1
patient died, the mortality rate was 10%. At the
same time, readmissions and reoperations were
not required in this group of patients. The median
of inpatient treatment in group Il was 26(22-31)
days.

Out of 13 people in group I, S patients (39%)
required 9 readmissions due to the progression of
the purulent process. At the same time, one patient

was re-hospitalized 3 times with 3 reoperations.
Also, 2 people were treated at the hospital again,
and one of them required surgery. Despite this,
after 3 months, these 2 patients underwent the
second course of antibiotic therapy in the hospital
due to the development of complications. Also,
2 patients came back with pains in the spine
and fever; they were examined and treated with
antibacterial drugs. Therefore, in this group,
4 reoperations were performed because of the
developed intermuscular abscesses in the area of
surgical intervention. In the group, 2 people died,
the mortality rate was 15.4%. During readmissions,
S patients stayed 285 days in the hospital. The
terms of in-patient treatment in group I made up
51(38-81) days. The treatment results in groups
are presented in (Table 3).
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Table 3.— Comparative data on the effectiveness of surgical

treatment in patients with retrodural SEA in the groups

Indicators I(n=13) II(n=10) P
Survived 11 9 P....=10
Died 2 1 P .=
Lethality,% 15,4% 10% P....=0601
Number of readmissions 9 0 P . .=0,0016
Number of reoperations 4 0 p. . .=0,104
Length of in-patient treatment, Me (LQ-UQ),
bed—gdays ’ ( Q 51(38-81) 26(22-31) PMann_Whimey= 0,004

Discussion. A new technology for the surgical
treatment of retrodural SEA has been developed and
applied, including access to the posterior epidural
space by marginal resection of adjacent vertebral
arches and widening of interlaminar spaces along
the purulent focus from one or both sides using the
VAC system [7]. Patients received reliably significant
positive results of changes in clinical status, including
a decrease in the severity of pain syndrome according
to the VAS scale from 8.5(8-9) points on admission
to 1(0-2) points on discharge (pWilcoxon = 0.007),
as well as neurological deficit regression with a
progressive transition of 66.6% of patients to higher
functional classes according to the Frankel scale
(pWilcoxon = 0.027).

Also, despite the absence of significant
differences in the decrease in mortality in patients
with retrodural SEA from 15.4% in group I to

10% in group II (pFisheri = 0.601), a statistically
significant decrease in the number of readmissions
from 39% to 0% was obtained (pFisheri = 0.0016)
and required reoperations for recurrent purulent-
inflammatory process (pFisheri = 0.104), as well
as a decrease in the duration of inpatient treatment
from 51(38-81) to 26 (22-31) bed-days (pMann-
Whitney = 0.004), which indicates the high
efficiency of the developed approach to prompt
removal of SEA using VAC systems.

Conclusions. The use in clinical practice of
the advanced technology of surgical removal of
retrodural SEA with the use of the VAC-system
allows optimizing the treatment of patients with
the improvement of functional outcomes and
lowering financial expenses due to shortening the
terms of the inpatient treatment stage.
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AnnoTanms. B uccaepoBanny Mbl onpeaeAnau pedepeHTHbIe 3Ha4eHHs KadeCTBa )KU3HH C IIOMO-
IBI0 MeXXAYHapoAHOTO orpocHuKa MOS-SF-36 1 MbI AOTIOAHUTEABHO IIP OBOAMAH aHKETHPOBAHHUE 10
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paspaboranHoit Hamu aHKeTe. [Ipu nccaepoBaHNU depes 1 rop, manueHTH OCHOBHOM IPYIIIIBI, KOTO-

ppIM OBIAO BHIIIOAHEHO OAHOBpPEMEHHO aGAOMI/IHOHAaCTI/IKy U AUIIOCAKIINIO, OTME€YAAN SHAYHUTCABHOEC

YAYUYII€HNE€ KOHTYPOB T€AQ, HMEAN AYYIIHE ITIOKA3aTEAN Ka4€CTBa JKXU3HH 1 6b1AM 60ACE AOBOADHDBI

9CTETUIECKHNM PE3YADPTATOM OII€PALIHH.

KaroueBbie caoBa: a6AOMI/IHOHAaCT HKa, AI/IH03.6AOMI/IHI/IOHAaCTI/IKa y AA3€PHa AOIIA€POBCKasL (l)AO-

YMETPH:, YABTPA3BYKOBAS AOIIIIACPOBCKaA (l)AOYMeT puL.

AHaAM3 OCAEAHUX ITyOAMKAIHI M HCCAEAO-
BaHMH

Aunrocakuust AOBOABHO PacIpOCTpaHeHHas OIle-
paLis B MUpe, II0 AAHHBIM MeXAyHaApOAHOTO 001re-
CTBa acTeTHYecKol macrudeckoit xupypruu (ISAPS),
OHA 3aHUMAET BTOPOEe MECTO 10 KOAMYECTBY, YCTYIIas
ayrMeHTAlMOHHOM MaMMOTIAACTUKe [4].

CoBpeMeHHas TEHACHIIUS COYETATh AOAOMUHO-
TIAAQCTHKY U AMITOCAKI[HIO HAIIPAaBAEHA AAS YAYMIIIe-
HISL Pe3YABTATOB U [IOAYYEHHUSI AYIINX 3CTeTHIECKHUX
pesyabraros [ 11; 12]; npoBeAeHbI MCCAAOBAHUS, KO-
TOpBIe IIOKA3bIBAIOT 0€30IACHOCTb COYeTAaHHE ITUX
onepanmii [ 1].

Saldanha paspaboTaa u ommcaA METOAMKY AHITO-
abpoMuHOMAACTHKU. OH IPeAAOKHA IPOBOAUTD AVIC-
CeKIINH IIPOKCHMAABHOTO AOCKYTa IIOBEPXHOCTHO, AASL
coxpanenus ¢pacuun Ckapma. CoraacHo aBTopy, 9TO
COXpaHsIeT CeTh AMMPATUIECKUX COCYAOB ITepeAHer
OpIOIIHOM CTEHKH, KOTOPBIE PACIIOAOXKEHBI TAYOKe
¢aciun Ckapra B IMIIOracTPAAbHbIX yYacTKe. DTOT
XUPYPrUYeCcKUil IIPUeM TAakKe ITOMOTAeT AydIIeMy
TIAOCKOCTHOM COIIOCTAaBAEHHIO IIPOKCHMAABHOTO AO-
CKyTa, KOTOPbIi1 06BIMHO TOHBIIE AUCTAABHOTO [ 7; 8].

Costa-Ferreira et al., orry6auxosaau B 2013 pe-
3YABTaTHl PAHAOMH3HPOBAHHOIO KAMHHYECKOTO
HCCAEAOBaHMS O 6e30macHOCTH 1 3P PEeKTUBHOCTH
coxpaneHus ¢acuuu Cxapma. ITO HCCAeAOBaHHE
TI0KAa32A0 YMeHbIIeHHe BBIACACHHSI KOAYECTBa Ce-
KpeTa, KOTOPBIN BBIAEASIACS ITO ApeHakaM Ha 65%
M X MOXXHO OBIAO YAQASITH Ha 3 AHS paHbIIe YeM
y matuenToB 6e3 coxpanenus pacuuu Ckapna [2; 3 ].

Lockwood ormrcaa ocHOBHbIe AedeKTHBIE 30HBI
ocAe a6AOMUHOIIAACTUKH, CPEAU HUX: «HAIIPSDKEeH-
HYI0> 30HY B [IeHTPAABHOM YACTH )XUBOTA, H30BITOK
KOXKH U APSIOAOCTD B OOKOBOI U [IAXOBOI 00AACTSIX,

HAAAOOKOBasl Aempeccusi py6Oua, IpOKCHMAAbHOE
CMeljeHHe BOAOC Ha AOHE, [TAOXasl BRIPA3UTEABHOCTD
TAAMH, U TUIEpTpOoPHUIeCcKHe M aCHMMeTpUYHbIe
py6us1 [S].

Bo Bpemsi pOBeAeHHSI AMTIOA0A0MHHOIAACTHKA
c yapTpasBykoBoi u PAL Aunocaxijue, CHIKaeTcs
HOTepsi KPOBHU U MOTPEOHOCTD B IIOCACOIEPAIINOH-
HOI reMOTpPaHCPY3UH, HO B 9TUX HCCACAOBAHMAX He
FICCAEAOBAHbBI 00EMHYIO AUTTOCAKITHIO C pe3eKIineit
MaCCUBHBIX AOCKYTOB [ 10].

HaTypaAbHbIiT BHA TIyIKa SBASTCS Ba>KHBIM
B 9CTeTHKE TeAd, HeeCTeCTBEHHOM BHA 0OBsICHeTCS
HCKaXeHHOI popme u 1Bety. [Tynmounsiit py6ber — aTo
TAAQBHASI CTUTMA AUTI0A0AOMUHOIIAACTUKbL. MeHser-
Cs1 er0 BHEIITHHI BHA BCACACTBUE CTapeHus], bepeMeH-
HOCTH, Pa3BUTHS IPbDK U TUIIEpXpOMHEs [9].

Omneparus BAMSEeT Ha BUA IyIKa U TepepHei
OPIONIHOM CTEHKH U UMeeT 3HAYUTEAbHOE BAMSHIE
Ha IICHXO3MOIIMOHAABHOE CAMOYYBCTBHE ITAITeHTOB
1 YAOBACTBOPEHHOCTD 3CTETUIECKHM Pe3yAbTaTOM
[6,11].

ITeAb paboThI: HCCAEAOBATH BAMSIHIIE Pe3yAbTATa
oIepariit abAOMHHOIIAACTUKY OTAEABHO UAU B COYe-
TAHUM C AMTIOCAKITHeH Ha Ka4eCTBO )KU3HH U Ha IICH-
XO3MOIIMOHAABHOE COCTOSIHHE Y MAIJHEHTOB C KOCMe-
THYIECKUME AePEeKTaMU ITepeAHer OPIOIIHOM CTEHKH,
BEHTPAAbHBIMU I'PbDKAMU U ¢ oxxupeHueM [-1I cT.

MaTepHaAbl H METOABI

HccaepoBanme 065140 mpoBepeHO B 132 60ABHBIX, 13
HUX KeHIuHb — 116(87,9% ), Mysxaunb — 16(12,1%).
Cpeannii BO3pacT MAIMEHTOB cocTaBUA 43,2 *
+ 10,3 roaa. [TanmeHTn! 6bIAM pa3peAeHDI Ha 2 TPYIIIIBL:
OCHOBHas rpymia — 64(48,5%) MmanueHTOB, KOTOPHIM
BBIIIOAHSIAY AOAOMHHOIIAACTHKH B COY€TAHHH C AHIIO-
caxuueit rpymma cpapaenus — 68(51,5%) nanueHTos,
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KOTOPBIM BBIITOAHSIAM AOAOMUHOIIAACTHKY 6e3 AUITO-
caknun. Kpome 0CHOBHO 1 KOHTPOABHOM IPYTIITBI, MBI
TAKKe OMPEACAUAH pedepeHTHbIe 3HAYeHHs KauecTBa
KU3HU B 42 TAI[IEHTOB, KOTOPbIe OBIAK IIPOOIIEPUPO-
BaHbI B Hallell KAMHUKe (rpymma O), u 6p1Au pernpe-
3€HTAaTHUBHbIMHU C ITalTMEHTaMH 13 OCHOBHOU 1 I'pyr[l'IbI
CpaBHeHusl 1o Bo3pacTy, moay, UMT (unpexcy mac-
Cbl TeAa) U TUIIOM AepOpMalvu IepeAHer 6p}omH0171
CTEHKU U He BBITOAHSAU ceOe abAOMHMHOIIAACTUKY
U AMITIOCAKITHIO. Bce marjreHTbl, BKAIOUEHHbIE B ICCAE-
AoBaHue, 6p1au ¢ oxxuperueM |, II crenenu (cpeAHHﬁ
VMT 32,8 +2,67 xr/m*). CpeaHuit BO3PACT MaljueH-
TOB B Irpymiie cpaBHeHHs cocTaBua 43,3 + 10,4 roaa,

a B ocHOBHOM rpyme — 43,1 + 10,1 ropa (p =0,301).
Ilo crenenn kocMeTHYecKHX AeGOpMaLIUi epeAHei
OpIOIIHOM CTEHKH BCe IMAIfeHThl OTHOCHAKCH K III
nau IV Trmna no kaaccupuxanym AeGpexToB nepepHei
OpromHo#t cTeHKH o Matarasso. Bee marjieHTs! B Tpex
HCCACAYEMBIX IPYTIIAX CTATUCTHIECKH He OTAUYAANCD
II0 BO3PACTY, HHACKCY MACChI T€AQ, TUIIOM AedpopMa-
MK iepeAHei 6promHoit crenku (Bce p < 0,05).

Pe3yAbTaThl HCCACAOBAHHSA

B Hamem nccaepAOBaHUM IPUHSAH BCe TAIJUEHTHI
OCHOBHOM U KOHTPOABHOM IpymI u rpynmsl B, xo-
TOPbIM HCCACAOBAAY KAaueCTBO XKHU3HHU C IIOMOIITBIO
MexAyHapoaHoro onpocHuka MOS-SF-36.

Tabnuua 1.— CpegHune nokasaTenu Ka4ecTBa XN3HU B UCCNEeayEMbIX
rpynnax oo onepauumn n 4epes 1 rog nocne onepawumn

IToxasaTeAb I'pynma A(()ZpeA}me 3Haqem:s;OA P
OcHoBHas 82,78+7,28 89,44+4,76 0,001
PF CpaBHeHus 83,31+6,96 83,89+6,27 0,452
I'pynma O 83,1+7,01 83,68+5,72 0,399
OcHoBHast 76,11+5,51 84,45+7,24 <0,001
Rp CpaBHeHuns 76,17+5,38 77,79+6,67 0,036
I'pynmma O 76,43+£6,31 77,1£+6,17 0,049
OcHoBHas 78,73+5,41 82,54+5,66 <0,001
BP CpaBHeHus 79,78+4,48 80,21+4,57 0,068
I'pynma O 79,7614,7 79,81+4,61 0,432
OcHoBHas 74,22+591 76,37+7,13 0,056
GH CpaBHeHus 73,85+9,46 74,57+9,83 0,068
I'pynma O 73,59+10,81 74,2+9,58 0,059
OcHoBHas 69,37+9,57 80,39+9,81 <0,001
VT CpaBHeHUs 68,16x11,41 72,07£11,28 <0,001
I'pynma O 68,31+12,01 69,5+1,87 0,351
OcHoBHas 76,31+8,03 84,97+8,27 <0,001
SF CpaBHeHus 76,79+9,94 77,3316,58 0,422
I'pynma O 77,02+8,71 77,32+6,54 0,385
OcHoBHas 64,75+13,60 72,9849,11 0,001
RE CpaBHeHust 64,79+12,17 68,37+8,41 0,028
I'pynma O 64,52+13,97 67,42+8,81 0,041
OcHosHas 65,87+10,92 75,6£12,07 <0,001
MH CpaBHeHHA 65,91£11,25 66,31£10,91 0,594
I'pynma O 66,04+10,01 67,11£10,42 0,384
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[Tpu nccAeAOBaHUM AQHHBIX OBIAO BHISIBAGHO OT-
CYTCTBHE CTATUCTHIECKH 3HAUeMOH PasHHIIBI MeXXAY
TpeMs TPYIIIaMH IAIMeHTOB IO ITOKA3aTeAsIM KaJe-
CTBA >KU3HHU AO ITPOBEAEHHS OIIePaTUBHOTO BMeIla-
TEAbCTBA, TabAMIA 1, TAe YCAOBHBIME 3HaKaMu 000-
3Hauenpl: PF — ¢pusnyeckoe PpyHkumoHMpOBaHueE;
Rp - poaeBoe PyHKIIMOHUpPOBaHME, 4TO 0OYCAOBAE-
HO pusndeckuM cocrosiHueM; BP — unTencuBHOCTD
6oan; GH — obmee cocrosaue 3poposbs; VT —
>KU3HEeHHasl aKTUBHOCTb, SF — conjmaabHOE QyHKITH-
onuposanue; RE — poaeBoe dpynkimoHnposanue,
00yCAOBAEHHOE 3MOILIMOHAABHBIM COCTOSIHHEM;
MH - ncuxuyeckoe 3A0pOBbe.

Bo Bcex rpymnmax maryieHThI OIJeHMBAAU COCTO-
SITHHe CBOETrO 3AOPOBbsI KaK XOpoIllee HAH YAOBAET-
BOPUTEABHOE M BCE OHU XOT@AH €ro YAy4IIUTh. Xa-
PaKTEPHBIM AO OIIEPLIUH OBIAO TO, YTO OHU OTMEYAAU
CHIDKeHHe BO3MOXKHOCTHU KOHI[eHTPHUPOBATbCS U CO-
OTBETCTBEHHO BBIIIOAHSTH PAOOTY He TaK aKKyPaTHO
KaK MOTAM PaHblile, APyTUM IIPOsIBAEHHEM OBIAO Ha-
AVYHe OIIpeACAeHHOMN HePBO3HOCTH, YyBCTBA TPEBO-
TU U Pa3APAKUTEABHOCTH.

Yepes 1 rop mocae onepaTHBHBIX BMENIATEACTB
B OCHOBHOM U TPYIIIle CPABHEHUS], YBEAMYHUBAAKCDH
CpeAHHe 3HAUYeHHs BCeX IIOKa3aTeAeH KauecTBa XKH3-
HU. B rpynme O yBeAnunancey cpepHue moxasareAn
Rp u RE (p < 0,05). B ocHoBHOI rpymiie oTMede-
HO YAy4IIeHHe BCeX ITOKa3aTeAel KauecTBa >KU3HU
(p < 0,05). B rpynme cpaBHEeHHUs yBEAUIHAKCH TI0-
kasareau Rp, VT, RE (p < 0,05). Cpeanue nokasa-
TeAM KaueCTBa XU3HH depe3 1 roa mocae onepanun
TIPEACTaBAEHBI B CBOAHOI! (Tabautie 1). YBeanuenue
BCeX [TOKa3aTeAell 3A0POBbs B OCHOBHOH T'PYIIIIe Xa-
paKkTepu3yeT yAydlleHHe PH3MIECKOTro U IICUXUYe-
CKOTO KOMITOHEHTA 3AOPOBbsL.

AASL AOTIOAHUTEABPHON OIIEHKH 3CTEeTUYEeCKO-
rO pe3yAbTaTa OINepaliuil, HAMU OBIAO BHEAPEHO
B IIPAKTHKY [IPOBeAeHHe COOCTBEHHOTO aHKeTH-
pOBaHUS MAITUEeHTOB, IepeHeCIINX AAHHbIE OTlepa-
THUBHbIE BMeIIaTeAbCTBA. B ee cTpykrype 3 mynkra,
IIePBbIH IyHKT — 9TO BO3PACT MAIJHeHTa, BO BTOPOM
IIyHKTe OBIA OTIpeAeAeH BUA OTIePATHBHOTO BMeIIa-

TEAbCTBA U B COOTBETCTBUHU C KOTOPOM I'PYIIIIBI HC-
CAEAOBAHHS IMPUHAAASKAA TTAIIMEHT, U B TPeTbeM
IIYHKTe HEMOCPEACTBEHHO OIIPeAeAsiAn obImee
YAOBAETBOpEHUE pe3yAbTAaTOM OIleparuu. AaHHOe
aHKeTHPOBaHHE OBIAO AHOHHUMHBIM U ITPOBOAHA-
Cs BCEM IMAaIMEHTaM OCHOBHOH TpynIibl ¥ I'PYIIIIbI
CpaBHEHHSI.

OcTeTHYeCKHe Pe3yAbTATHI ONlepalluH OLleHUBAAU
110 4 6aAABHOI IIIKAaA€, OCHOBHBIM KPHTEpPHEM BBIAe-
ASIAV HAAMYH@ OCAOXKHEHHUH B PAHHEM U OTAAACHHOM
mepuoAe mocae onepanuu. ['papanusa «maoxoi pe-
3yABTAT> MPEAYCMAaTPHBAAA HAAUYHE OCAOKHEHHH,
Tpe6ymmnx AAABHEHIIEN XUPYPrudecKoM oIrepa-
LIMU AASL CTIACEHHUS XXU3HU marjueHTa. Ecau 6p1aa He-
0OXOAMMOCTD B He3HAYUTEABHBIX BMEIIATEABCTBAX
B PaHHEM II0CAEOTIePAIIHOHHOM IIePHOAE AASI KOP-
PeKIIUU Cepbe3HBIX IMOCACONEPAIIMOHHBIX OCAOXK-
HEeHHH, He YTPOXKAAH XXU3HU TAlMeHTa, HallpuMep
reMaTOMa, AUTaTyPHbIe CBHIIY, IBHbIE BRIPA)KEHHbIE
AepopManny, BOCIIAAUTEABHbIE IIPOLIECCH B 00Aa-
CTH pyOIia, CEpOMBI, TO CIUTAAN YAOBAETBOPHUTEAD-
HBIM pe3yAabTaToM. Koraa Bo3HHKaAa IOTPeOGHOCTS
TOABKO B 9CTETHIECKOM YAYUIIEHUH Pe3YAbTATa AAS
MaIMeHTa, TAKUX KaK AOIIOAHUTEAbHAS AUIIOCAKITHS
HAU KOPPEKIUS «yIIeK>, KaueCTBa U ITOAOXKEHHS
pyOIia, TO OTHOCHAHM K XOpoleMy pe3yabrary. OT-
AUYHBIM Pe3yABTATOM CUHUTAAHM OTCYTCTBHE MOTPe6-
HOCTH B OTIePaTUBHbIX BMEITATEAbCTBAX U PE3YAbTAT
IIOAHOCTBIO YAOBAETBOPSIA TTAIJHEHTA.

Orjenky pesyabrara mpoBopuAY depes 1 u 12 me-
CsIIleB ITOCA€ OIIEPaTHBHOTO BMeEIIATeAbCTBA. B BbI-
bopKe B OCHOBHO! rpymiiie u3 64 manueHToB yepes 1
MeCSI] IIOCAE OIIePAL[HU PE3YABTAT OBIA CACAYIOLINM:
oTAmaHbI B 58 cayuasx (90,6%), xopommit B 4(6,3%)
1 yaoBAeTBOpHTeAbHOE B 2(3,1%) CAydasx, B AAHHOI
TpyIIIie He OBIAO HU OAHOTO IIAOXOTO pe3yAbTaTa. ¥ Ia-
ITEeHTOB C YAOBACTBOPUTEABHBIM Pe3YABTATOM OCHOB-
HO I'PYTIIbI PAa3BHAACDH Y OAHOTO MAIJMEHTA TeMaTOMa,
KOTOpasi Tpe60BaAa 9BAKYALUH U Y OAHOTO ITAIIeHTa
CepoMa, KOTOPYIO A€UHAU ITyTeM ITPOBEACHHS ITyHK-
1. B rpymme cpaBHeHus cpean 68 maIjieHTOB OT-
AMMHBII pesyAbTaT 6b1a B SO cayuasx (73,6%), xopo-
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mmit B 12 (17,6%) u yaoBaeTBOpHTeAbHOE B 6 (8,8%)
CAyYasIX, ¥ TAIOKe He OBIAO HU OAHOTO TIAOXOTO Pe3yAb-
tara. [ Ipu nccaepoBaHNM IOAYYEHHOTO 3CTETHIECKO-
TO pe3yAbTaTa MeXAY ABYMs IPYIIIaMU ITAIfeHTOB
B CPOK 1 MecsiIl mocAe omepariu, 651A0 OOHAPYXKEHO
CTaTUCTUYECKH AOCTOBEPHO AYYIINN dCTETUYECKHMM
Pe3yAbTaT y MallieHTOB OCHOBHOM IPYIIIIbI IIPH 3Ha-
geHnsix X = 6,48 u p = 0,039.

Yepes 12 MecslileB IPOBOAMAM ITOBTOPHOE aH-
KeTHpPOBAaHUeE H OIleHKa 9CTeTUYeCKOTrO pe3yAbrara.
IToAyueHHbIE AQHHBIE HECKOABKO OTAHYAAUCH OT
IIepBOHAYAAbHBIX, IIOAYYHBIIUX Yepe3 1 Mec mocae
omnepanuu. B ocHOBHOII rpyrine y 2 60ABHBIX C OT-
AUYHBIM Pe3yABTaTOM ITOCA€OIePALIMOHHbIN pybery
HEe3HAYUTEABHO PACTSHYACS K MIUpHHe 6 U 7 MM
B IIeHTPAAbHOM JACTH, YTO BBI3BAAO HEAOBOABCTBO
y IAIIMeHTa, ¥ OHU OBIAY IIepeBeAEHbI B IPYIIILY C XO-
ponM pe3yabraToM. OTAUYHBIH pe3yAbTaT ObIA Y S6
naruenToB (87,5%). Y Bcex maIjieHToB ¢ YAOBAETBO-
PHUTEABHBIM PE3YABTATOM OBIAO IIPOBEACHO AedeHHe
CepOMBI M yCTPaHEHHsI FeMATOMbI B PAHHEM ITePHOAE,
U OHH COOTBETCTBEHHO OBIAY [TepeHeCeHbI B TPYIIITY
C XOpOIIMM Pe3yAbTaTOM, TA€ KOAUYECTBO MAIHeHTOB
cocraBasina 8 (12,5%).

B rpynmne cpaBHenus y 17 manueHToOB ¢ OTAMY-
HBIM Pe3yAbTaTOM 4Yepe3 12 Mec IMpOKCHMaAbHBIN
KOXXHBIN AOCKYT 32 CUeT PacTsDKeHHUS U IIT03a, 00-
Pa30BBIBAA CKAAAKY HAA TOPU3OHTAABHBIM PYOILIOM,
KOTOpasi CO3AaBaAa KOCMETHIECKU HelpHUeMAEMbIH
pesyabrart, y 10 60AbHBIX, 6 U3 HUX HMEAU HaBHCa-
HHe Hap pyOIiOM, TOPU3OHTAABHBIN pyber; pacTs-
HYACS K IIMPHUHE > 1 CM, 4TO BBI3BAAO HEAOBOABCTBO
9CTETHUYECKHUM PEe3yAbTaTOM, M Bcero 21 manueHT
OBIA IepeBeAeH B TPYIIIY C XOPOIINM pPe3yAbTa-
TOM. B rpyrmme ¢ OTAMYHBIM pe3yABTaTOM OCTAAOCDH
29 nanmenros (42,6%). Bce manuenTs! us rpymmsl
C YAOBAETBOPHUTEABHBIM PE3yABTATOM OBIAHM ITPOAe-
JeHbI U B CPOK uepe3 1 roa mocae omepanuu 6bau
IepeBeACHBI B TPYIIITY C XOPOIIHM Pe3yAbTaTOM, TAe
uxX KoAnuecTBo 65140 39 (57,4%). [lpu uccaeposa-
HUU 9CTeTUYECKOTO pe3yAbTaTa yepe3 1 rop mocae
OTIepaIfiH BBIIBAGHO CTATHCTHYECKU 3HAYUMYIO pas-

HUI[y MeXAY OCHOBHOI, TA€ Pe3yAbTAT OBIA AyYIle,
U IPYTIION CpaBHEHUS IPH 3HaveHusax x2 = 27,01ra
p <0,001. MccaepoBaB AMHAMMKY U3MEHEHHS AOAT
IAIMeHTOB B OCHOBHOM rpyIe yepe3 1 Mecsi u mo
CPaBHEHHIO C AAHHBIMH 32 1 TOA, He OBIAO BBISIBAEHO
CTATUCTHYECKU 3HAYMMBIX U3MeHeHHI mpu x° = 3,37
u p = 0,186. 3aro, B rpymnime cpaBHeHHS BbIIBACHO
yMeHbIIIeHHe KOANYeCTBa MAIfHeHTOB B AMHAMUKE
B TeUeHHe TOAA C OTAUYHBIM PE3yABTATOM, U IIpeobaa-
AaHVe MMAIJMeHTOB XOPOIIHM 3CTeTUYECKUM Pe3yAbTa-
TOM OIIePAIHH, 9TU II0KA3aTeAU CTATUCTHIECKHU OT-
AMYAAUCD Yepe3 1 Mecsl] U OAMH TOA IPU 3HAYEHUSX
x> =25,88,p <0,001.

CoraacHO TOAYYeHHBIM AAHHBIM, IAIUEHTOB,
KOTOpPbIe OTAMYHO OIIeHHAU 3CTETUIECKUI Pe3yAb-
TaT Ollepaluy, 6bIA0 OOAbIIIE B OCHOBHOI I'PyIIIIe.
B rpynme cpaBHeHus depe3 1 rop ObIAO BBISIBAEHO
YXYAILIIEHHEe 9CTeTHUYECKOTO Pe3yAbTaTa OIepaIjuu
II0 CPAaBHEHHUIO C OCHOBHOI I'PYIION ITAI[HeHTOB
(p < 0,001), 4O CcBA3aHO C POPMHUPOBAHHEM KOXK-
HO-)XHPOBOT'O BAAHKA HAA TOPU3OHTAABHBIM PyO1jOM
U APYTHX KOCMeTHYeCKUX AepOpMaIUIL.

BriBoa,

AnoabAOMHHOIIAACTHKA — 3TO 6e30IMacHast KOM-
IIAEKCHASI METOAMKA BBITIOAHEHHMSI aOAOMMHOIIAACTH-
KU, KOTOpasi AAeT BO3MOXXHOCTb AOCTHUYb XOPOIIHX
3CTeTUYECKHUX PE3YAbTATOB U ATAETHYECKUX IPH-
POAHBIX KOHTYPOB TeAa. B ocHOBHOI rpymme cTa-
TUCTHYECKHU AOCTOBEPHO YAYUIIHUAOCH PU3UIECKOe
¥ ICHXUYECKUI1 KOMITOHEHT 3A0POBbsl (IpU BCex 3Ha-
genusx p < 0,05), a B rpyTine cpaBHeHMUs, CTATUCTH-
4eCKH AOCTOBEPHbIE H3MEHEeHHs ITPOU3O0IIAN TOABKO
aast mokasateas Rp, VT, RE (p <0,05).

HMccaepoBaB pesyabTaTbl aHKETHPOBAHHS IIO
paspaboTaHHOM HaMU AHKETE, OIPEACAUAH H3Me-
HEeHMsI AOAU IAIMEeHTOB B OCHOBHOM I'pyIIe yepe3
1 MecsI M IO CPaBHEHUIO C AAHHBIMU 3a 1 roa 1 He
OBIAO BBISIBAEHO CTATUCTUYECKH 3HAYMMbIX M3MEHe-
uuit (p = 0,186). B rpynme cpaBHeHHs BHIBAEHO
yMeHbIlleHHe KOAMYeCTBa MaIlMeHTOB, B AMHAMUKE
B TeYeHHe T'0Ad, C OTAUYHBIM Pe3yAbTaTOM H IIpe-
obAapaHMe MALMEeHTOB C XOPOIIUM JCTETUYECKUM
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PE3YADTATOM OII€pAllH, 3TH IOKA3aTEAN CTaTHUCTH- KOrpa AHUIIOCAKIHA OAHOBPEMEHHO BBIITOAHSETCS

YECKH OTAMYIAAMCD Y€PE3 1 MeECAN U OAMH TI'OA IIPpH C a6AOMI/IHOHAaCTI/IKa, HMEIOT AYyYIIHE ITOKA3aTEAN

3HaueHuu p < 0,001. B xoHeyHOM MTOTe MALIMEHThl ~ KayecTBa )KM3HU U YAOBACTBOPEHHOCTHU dCTeTHYe-

OCHOBHOM IpynIibl UMMEIOT AYUIINE KOHTYPBDI TEAAQ, CKHM PE3YAbPTATOM.
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INFLUENCE OF VITAMIN D STATUS ON THE SEVERITY OF
ANEMIA OF INFLAMMATION IN YOUNG CHILDREN WITH ACUTE
INFLAMMATORY BACTERIAL RESPIRATORY DISEASES

Abstract. We have studied the effect of vitamin D status on the severity of anemia of inflammation
in young children with acute inflammatory bacterial respiratory diseases. Some indicators of iron me-
tabolism were analyzed depending on the level of vitamin D in the blood serum in the understanding

the development of anemia of inflammation.

Keywords: anemia of inflammation, vitamin D, erythropoietin, ferritin, young children.

Due to the expansion of researches on the ex-
traskeletal functions of vitamin D, its potential role
in iron homeostasis and erythropoiesis has been
described. An increase in pro-inflammatory cyto-
kines suppresses erythropoiesis in the bone mar-
row and shortens the life span of erythrocytes due
to increased activation of macrophages and eryth-
rophagocytosis in anemia of inflammation (AI). A
decrease in proinflammatory cytokines and, as a
consequence, hepcidin caused by the influence of
vitamin D can increase the bioavailability of iron for
erythropoiesis and hemoglobin synthesis by restor-
ing iron recirculation, preventing iron sequestration
in macrophages, eliminating disorders of iron ab-
sorption, thereby preventing the development of Al
On the other side, inflammatory cytokines can dis-
rupt erythropoiesis by suppressing the production of
erythropoietin (EPO), as well as the differentiation
and proliferation of erythroid progenitor cells [1,
1011-1023]. However, vitamin D supports eryth-

ropoiesis by increasing the proliferation of erythroid
precursors and a synergistic effect with EPO [2,
403-409; 3, 121-127; 4, 432-438; 5, 1672-1679].
Previous studies suggest that an additional pleiotro-
pic benefit of vitamin D supplementation may be to
reduce the severity of anemia and increase sensitivity
to EPO [6,447-452].

Aim. To determine the relationship between the
level of vitamin D in the blood serum and the sever-
ity of Al in young children with acute inflammatory
bacterial diseases of the respiratory system.

Materials and methods. A total of 40 children
aged between 1 month and 3 years (with an aver-
age age of 1,6 + 0.4 years) were examined. The main
group consisted of 20 children with acute bacte-
rial diseases of the respiratory tract. In the main
group, bronchitis was diagnosed in 14(70%) chil-
dren, pneumonia — in 6(30%) children. Given the
hematological picture, the main group was divided
into two subgroups. The first subgroup included
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10 children with Al which was determined 4-5 days
after the disease onset. The second subgroup consist-
ed of 10 children without anemia. The comparison
group was represented by 10 children with iron defi-
ciency anemia (IDA) without inflammatory manifes-
tations. The control group included 10 conditionally
healthy children. The studied groups were representa-
tive in age and sex of the children. All study patients
on a planned basis received a vitamin D3 supplement
according to clinical guidelines.

The content of vitamin D in the blood serum of
children of the observation group was determined. It
was established that the level of 25(OH)D,< 30 ng/ml
was observed in the first subgroup in 4(40%) children,
in the second subgroup —in 5(50%) children, in the
comparison group —in 3(30%) children. In the control
group, there was no evidence of vitamin D deficiency.
The level of 25(OH)D, 30-45 ng/ml was found in
the first subgroup in 5(50%) children, in the second
subgroup in 4(40%) children, in the comparison
group —in 6(60%) children, in the control group - in
6(60%) children. The level of 25(OH)D; > 45 ng/ml
was detected in the first, second subgroup, as well as in
the comparison group in 1(10%) child, in the control
group —in 4(40%) children.

Blood serum 25(OH)D , erythropoietin, and
territin levels were measured by enzyme-linked im-
munosorbent assay (ELISA) using commercial kits:
2SOH Vitamin D Total ELISA (DIAsourcelImmu-
noAssays S.A., Belgium), EPO (Erythropoietin)
ELISA (Biomerica, Germany), Ferritin ELISA (OR-
GENTEC DiagnostikaGmbH, Germany).

Statistical analysis of the data was performed us-
ing the statistical packages <EXCEL> and “Statistica
13.0” (StatSoft Inc. No. JPZ8041382130ARCN10-
J). Normality of the data was checked using the Sha-
piro-Wilk test. We used the method of correlation
analysis with the Spearman correlation coefficient
calculation. Measurement data of a non-normal dis-
tribution and non-linear dependence were expressed
as a median and quartile (Me (Q2S; Q75)). To as-
sess the differences in indicators, the nonparametric

Mann-Whitney U-test was calculated as a nonpara-
metric analogue of the Student criterion. Differences
were considered at a significance level of p < 0,0S.

All procedures performed in studies involving
human participants were in accordance with the
Ethical Standards of the Institutional and National
Research Committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable
ethical standards. An informed consent was obtained
from all individual participants included in the study.
The full data set of children, their parents, and physi-
cian that support the findings of this study were not
publicly available due to the restrictions of the ethics
approval originally obtained.

Results. In this study, we determined the change
in markers of iron metabolism in the observation
groups depending on the level of vitamin D in the
blood serum. We have previously described the he-
matological picture in study patients [7, 473-478].

At a level of 25(OH)D,<30 ng/ml in the first
subgroup moderate and mild anemia was observed
with a hemoglobin content of 95(87; 106) g/L. With
an increase in the content of 25(OH)D ,in the blood
serum of children with Al there was a tendency to an
increase in the hemoglobin level, and the anemia was
characterized by a mild severity: ata 25(OH)D, level
of 30-45 ng/ml hemoglobin was 106(100; 109) g/L.
Only in 1 patient from the first subgroup the 25(OH)
D, content exceeded 45 ng/ml, while the hemoglobin
indexwas 107 g/L, which s 1,3 times (p<0,05) higher
than the indicators of the first quartile of the hemo-
globin level detected at 25(OH)D, level <30 ng/ml.
A similar clinical picture was observed in the com-
parison group: with vitamin D deficiency, the hemo-
globin level was 96,5 (95; 106) g/1, with 25(OH)
D, 30-45 ng/ml - 107 (96,5; 109) g/L, and only
in one case 25(OH)D3245 ng/ml, while the hemo-
globin content was limited to 106 g/L. In the sec-
ond subgroup, a tendency towards an increase in the
hemoglobin level was also revealed, proportional
to the increase in the 25(OH)D3 content. At a level
of 25(OH)D , 245 ng/ml, the hemoglobin content
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reached 136 g/L, while with a level of vitamin D
provision in the range of 30-45 ng/ml, the hemoglo-
bin index was 119 (110; 129,5) g/L, at 25(OH)D,<
<30ng/ml-113(110; 129) g/L. In the control group
there was no deficiency in the provision of vitamin D.

The data on the EPO level in the blood serum of
the studied patients are quite indicative. Thus, in the
first subgroup, the EPOlevel at 25(OH)D,>45 ng/ml
was 1,8 times higher than its content at 25(OH)
D,<30 ng/ml and 1,5 times higher at 25(OH)D,
30-45 ng/ml (6,8 ng/mlversus 3,85 (3,5; 5,75) ng/
ml and 4,5 (4,2; 4,5) ng/ml, respectively, p<0.0S).
1,S times the EPO content at ZS(OH)D3245 ng/ml
its level at 25 (OH)D3$3O—45 ng/ml in the second
subgroup (6,53 ng/ml, 4,35 (3,3; 4,5) ng/ml and
4,5 (4,35; 5,75) ng/ml, respectively, p<0.05) and
the comparison group (27,0 ng/ml, 23,5(20,5;
29,5)ng/ml and 18,0 (14,0; 20,5) ng/ml, p<0.0S).

In the first subgroup the ferritin content at
ZS(OH)D3S3O ng/ml was 1,3 times higher than
its content in the groups of children with a suf-
ficient level of vitamin D provision (63,0(48,0;
78,0) ng/ml, 47,75 (38,0; 55,0) ng/ml, 48 ng/ml,
respectively, p <0,05). The tendency to its increase
at 25(OH)D3S3O ng/ml was also observed in the
second group (52,0 (45,0; 68,0) ng/ml, 47,7 (34,0;
50,2) ng/ml and 45 ng/ml, p>0,05). In the com-
parison group the ferritin level at 25(OH)D,<30
ng/ml was 2 times higher than its values at the con-
tent of vitamin 25(OH)D,>45 ng/ml (48,0 (43,5;
50,0) ng/ml, 23 ng/ml, p<0.05), and at 25(OH)D,<
< 30-4S ng/ml, there was a tendency to its decrease
(39,8 (33,0; 47,5) ng/ml, p<0.05).

We revealed a weakening of correlations with
an insufficient level of vitamin D. Thus, at 25(OH)
D30 ng/ml, a weak inverse correlation was not-
ed between it and ferritin (r= -0,12, p<0,05), and
a moderate straight correlation — with hemoglobin
(r=0,31, p <0,05) and EPO (r =0,3, p <0,05). At
the same time, at 25(OH)D,>30 ng/ml, a moder-
ate inverse correlation was observed between it and
ferritin (r= -0,36, p<0,05), and a moderate straight

correlation — with hemoglobin (r=0,6, p<0,05) and
EPO (r=0,5, p<0,05).

Discussion. In the course of this study, we exam-
ined the potential relationship between vitamin D
status and the corresponding dynamics of some in-
dicators of iron metabolism. We noted a statistically
significant decrease in hemoglobin concentration pro-
portional to an increase in vitamin D deficiency. This
suggests that vitamin D deficiency may be a potential
risk factor for the development of AL In support of
our hypothesis there is evidence from studies that de-
scribed an investigative relationship between 25(OH)
D,and 1,25 (OH) ,D, deficiency and the prevalence of
anemia [ 8, 715-720; 9, 564—572]. Determination of
a positive correlation relationship between the con-
centrations of hemoglobin and erythropoietin with
vitamin D in the blood serum probably indicates a
protective role of vitamin D against erythropoietic
disorders. Icardi A. etal. (2013) described the inverse
relationship between 25(OH)D, status and EPO [8,
715-720], which can be explained by the involvement
of the reticuloendothelial system in the implementa-
tion of the immune defense reaction, due to which
the synthesis of hepcidin increases with a decrease in
the availability of iron, which will naturally lead to re-
sistance to EPO and the development of anemia [5,
1672-1679]. The dynamics of ferritin value depend-
ing on the vitamin D status suggests that the need for
iron sequestration as a protective reaction is inversely
proportional to the protective function carried out by
vitamin D, which may indicate ineffective erythropoi-
esis in patients with insufficient 25(OH)D , provision.
Another possible mechanism is that vitamin D direct-
ly stimulates erythroid precursors. Thus, it was studied
that an increase in the concentration of 25(OH)D3
reduces the expression of ferritin mRNA, and im-
munohistochemical analysis of the ferritin protein
confirmed that the effect of 25(OH)D ,alsoleadstoa
decrease in the expression of the protein itself [9, 564
572;10,1650-1658]. Based on the data presented in
this study, we hypothesize that vitamin D metabolites
are likely to maintain the expression of ferroportin in
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the membrane, and its loss is associated with intracel-
lular iron deposition through ferritin, which, in turn,
leads to AT of the iron-redistribution genesis. This is of
direct importance for the control of systemic homeo-
stasis. In this situation, the functioning of vitamin D,
aimed at protecting adequate erythropoiesis, is con-
sistent with its intracellular antibacterial activity. The
mechanisms described above support our hypothesis
that low vitamin D status may be a contributing factor
to Al At the same time, the active form of vitamin D

can affect erythropoiesis by stimulating the prolifera-
tion and maturation of erythroid progenitor cells, and
this may explain the positive effect of vitamin D in
reducing the severity of Al

Thus, according to the results of the study, it can
be argued that the severity of the course of anemia of
inflammation is determined by the level of vitamin
D deficiency, which is apparently due to its effect on
erythropoiesis due to sensitivity to EPO and pos-
sible indirect effects on ferritin synthesis.

References

1. Guenter Weiss, Lawrence T. Goodnough. N Engl ] Med: Anemia of chronic disease,— Vol. 352.— Issue

10, 200S. Doi: 10.1056/NEJMra041809.

2. Dora Ben Alon, Cidio Chaimovitz, Alexander Dvilansky, Gilles Lugassy, Amos Douvdevani, Shraga
Shany, Ilana Nathan. Exp Hematol: Novel role of 1,25(OH)(2) D(3) in induction of erythroid progeni-
tor cell proliferation,— Vol. 30.- Issue S. Doi: 10.1016/s0301-472x(02)00789-0.

3. Filippo Aucella, Rosario Potito Scalzulli, Giuseppe Gatta, Mimmo Vigilante, Angelo Michele Carella,
Carmine Stallone. Nephron Clin Pract: Calcitriol increases burst-forming unit-erythroid proliferation in
chronicrenal failure. A synergistic effect with r-HuEpo,— Vol. 95.-Issue 4. 2003. Doi: 10.1159/000074837.

4. Ellen M. Smith Vin Tangpricha. Curr Opin Endocrinol Diabetes Obes: Vitamin D and anemia: insights
into an emerging association,— Vol. 22.— Issue 6. 2015. Doi: 10.1097 /MED.0000000000000199.

S. Andrea Icardi, Ernesto Paoletti, Luca De Nicola, Sandro Mazzaferro, Roberto Russo, Mario Cozzolino.
Nephrol Dial Transplant: Renal anaemia and EPO hyporesponsiveness associated with vitamin D defi-
ciency: the potential role of inflammation,— Vol. 28.— Issue 7. 2013. Doi: 10.1093/ndt/gft021.

6. John]. Sim Peter T. Lac, In Lu A. Liu Samuel O. Meguerditchian, Victoria A. Kumar, Dean A. Kujubu,
Scott A. Rasgon. Ann Hematol: Vitamin D deficiency and anemia: a cross-sectional study,— Vol. 89.—Is-

sue 5.2010. Doi: 10.1007/s00277-009-0850-3.

7. Hennadii Lezhenko, Anastasiia Pogribna. Zaporozhye medical journal: The role of hepcidin in the pathoge-
netic mechanisms of anemia of inflammation development in young children with acute inflammatory bacte-
rial diseases of the respiratory system,— Vol. 22.—Issue 4. 2020. Doi: 10.14739/2310-1210.2020.4.208356.

8. Neha M. Patel Orlando M. Gutiérrez, Dennis L. Andress, Daniel W. Coyne, Adeera Levin, Myles Wolf.
Kidney Int: Vitamin D deficiency and anemia in early chronic kidney disease,— Vol. 77.— Issue 8. 2010.

Doi: 10.1038/ki.2009.551.

9. Justine Bacchetta, Joshua J. Zaritsky, Jessica L. Sea, Rene F. Chun, Thomas S. Lisse, Kathryn Zavala,
Anjali Nayak, Katherine Wesseling-Perry, Mark Westerman, Bruce W. Hollis, Isidro B. Salusky and Mar-
tin Hewison. JASN: Suppression of Iron-Regulatory Hepcidin by Vitamin D,— Vol. 25.—Issue 3. 2014.
URL: https://doi.org/10.1681/ASN.2013040355.

10. Sana Syed, Ellen S. Michalski, Vin Tangpricha, Supavit Chesdachai, Archana Kumar, Jarod Prince, Thom-
asR. Ziegler, Parminder S. Suchdev, Subra Kugathasan. Inflammatory Bowel Diseases: Vitamin D Status
Is Associated with Hepcidin and Hemoglobin Concentrations in Children with Inflammatory Bowel
Disease,— Vol. 23.— Issue 9. 2017. Doi.org/10.1097/MIB.0000000000001 178.

23



Section 1. Clinical Medicine

https://doi.org/10.29013/ELBLS-21-1.2-24-33

Tang Diane,
YK Pao School, Shanghai, China
E-mail: 2928599264@qq.com; xxjnicole@hotmail.com

HEART DISEASE PREDICTION WITH LOGISTIC
REGRESSION AND RANDOM FOREST MODEL

Abstract: Heart disease is the leading cause of death for men, women, and people of most racial
and ethnic groups in the United States. (Centers for Disease Control and Prevention, 2018) [3].
The early prognosis of CVDs can inspire better lifestyle choices among high-risk patients and in
turn reduce the risk of CVD. This research aims to pinpoint the most relevant/risk factors of heart
disease and to build a predictive model for the overall risk of heart disease using logistic regression
and compare its performance to the random forest model with hyperparameter tuning. Due to the
imbalance of the data and the nature of this study, the Average Precision score, the Recall score, and
the area under Receiver Operating Characteristic curve are all important metrics. The Synthetic
Minority Oversampling Technique (Smote) method with the logistic regression model performed

the best among the various techniques implemented in this study.

Keywords: heart disease, logistic regression, random forest, hyperparameter tuning.

1. Introduction

Cardiovascular diseases (CVDs) are a group of
disorders of the heart and blood vessels. Coronary
heart disease (CHD) is the most common type of
CVD. World Health Organization has estimated 17.9
million people died from CVDs in 2016, represent-
ing 31% of all global deaths. Of these deaths, 85% are
due to heart attack and stroke (World Health Orga-
nization [15]).

Heart disease is the leading cause of death for
men, women, and people of most racial and ethnic
groups in the United States (Centers for Disease
Control and Prevention, 2018) [3].

Coronary heart disease (CHD) is the most com-
mon type of heart disease, killing 365,914 people in
2017 (Benjamin E.]. [2]). About 655,000 Ameri-
cans die from heart disease each year — that’s 1 in
every 4 deaths (Virani S.S. [13]).

The early prognosis of CVDs can inspire better
lifestyle choices among high-risk patients and in turn
reduce the risk of CVD.

2. Exploratory Data Analysis and Data Pre-
processing

The dataset used in this study is from an ongo-
ing cardiovascular study on residents of the town of
Framingham, Massachusetts (Framingham heart
study, n.d.) [4]. The dataset includes 4,238 records
and 16 columns. Each of the 15 feature variables is
a potential risk factor. There are both demographic,
behavioral and medical risk factors.

The histogram plot of the 16 variables is shown in
(figure 1). All columns are already numerical and one
hot encoding is not needed. From figure 1, BPM eds,
current Smoker, diabetes, male, prevalent Hyp, preva-
lent Stroke, and Ten Year CHD are binary, 0 represents
negative cases and 1 represents positive cases.

The classification variable (Ten Year CHD) is
the patients’ 10-year risk of coronary heart disease
(CHD). A count plot of the classification variable
made using Seaborn is shown in figure 2. (Seaborn
Countplot, n.d.) [11; 12]. Count plot shows the
counts of observations in each categorical bin using
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bars. From (figure 2) we can see the classification
variable is imbalanced which could cause a classifica-
tion model to over-favor predictions of the class or

the small minority.

Table 1.— Feature variables in the dataset

classes with the overwhelming majority of the data,
crippling the model’s ability to classify others with

Feature Description Data type
variables
Sex Male or female Nominal
Demographic | Age Age of the patient Continuous
Education Education level of the patient Continuous
Current smoker | Whether or not the patient is a current smoker Nominal
Behavioral ) The number of cigarettes that the person smoked on ,
Cigs per day ) Continuous
average in one day
BP Meds Whe.the‘r or not the patient was on blood pressure Nominal
medication
M(?dical Prevalent stroke Whether or not the patient had previously had a Nominal
(history) stroke
Prevalent Hyp | Whether or not the patient was hypertensive Nominal
Diabetes Whether or not the patient had diabetes Nominal
Tot Chol Total cholesterol level Continuous
Sys BP Systolic blood pressure Continuous
Medical Dia BP Diastolic blood pressure Continuous
(current) BMI Body Mass Index Continuous
Heart Rate Heart rate Continuous
Glucose Glucose Level Continuous
BMI BPMeds TenYearCHD
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Figure 1. Histogram plot of feature variables
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Figure 2. Count plot of classification variable (0 means the patient won’t have
CHD in ten years, 1 means the patient will have CHD in ten years)

Figure 3 presents the distribution plots of the 15
feature variables, color coded by the outcome vari-
able (Ten Year CHD). Blue curves in each subplot
represent the variable’s distribution with the outcome
variable being negative and red curves represent the

variable’s distribution with the outcome variable being
positive. The distribution plot made by the Seaborn
library combines the matplotlib histogram function
with the Seaborn kernel density estimate (KDE) plot
and rugplot (marginal distributions) functions.
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Figure 3. Distribution plot of 15 feature variables, colored by the
classification variable (“Ten Year CHD”), blue curves

(Seaborn distplot, n.d.) The x-axis shows bins
(ranges) of the variable and the y-axis is the prob-
ability density function for the kernel density es-
timation. The total area of each density plot is 1.
From (figure 3), males, older people, less educat-
ed, smokers, all have higher probabilities of having
CHD.

Missing values in the dataset have been imputed
using K Nearest Neighbors (KNN) imputer function
from Scikit-learn. Scikit-learn is a Python module
integrating a wide range of state-of-the-art machine
learning algorithms for medium-scale supervised and
unsupervised problems (Pedregosa [10]). This im-
puter replaces the missing values with the mean value
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from k nearest neighbors found in the dataset. By de-
fault, it uses a Euclidean distance metric to impute the
missing values (KNN imputation, n.d.) [7].

MinMax Scaler from Scikit-learn was used to
center the variables and bring them to the same scale
to ensure the proper performance of the machine
models. After standardization, the data was separat-
ed into two groups using Train_test_split function
from Scikit-learn: the training sample with 80% of
the data and the testing sample with 20%. The train
set would be used to train the model, and the test set
would be used to test the accuracy and performance
of the model.

3. Models and Results

3.1 Logistic Regression Model

The first model trained by the train set was the
logistic regression model implemented from Scikit-
learn. Since the classification variable is categorical
and binary, binomial logistic regression is a natural

first step. It is based on sigmoid function where out-
put s a probability. The key argument “class_weight”
was set to be balanced to compensate for the imbal-
anced dataset. The classification report, confusion
matrix, cross validated roc_auc score and average
precision score were calculated, and the precision
recall curve was shown in figure 4. The cross vali-
dated roc_auc score and aps score for the logistic
regression are: 0.725 and 0.3448.

Table 2 shows the classification report of the
logistic regression model. The classification report
shows the main performance metrics of the machine
learning model in predicting each class, including the
precision, recall, f1-score, their macro and weight-
ed averages, their counts, and the overall accuracy.
(Kohli [8]). Table 3 shows the confusion matrix of
the logistic regression model. A confusion matrix
presents the count of the true positives, false posi-
tives, true negatives, and false negatives of each class.

Table 2.— Logistic regression base model classification report

Class Precision Recall F1-score Support
0.0 0.93 0.67 0.78 733
1.0 0.25 0.70 0.37 115
Accuracy 0.68 848
Macro avg 0.59 0.68 0.57 848
Weighted avg 0.84 0.68 0.73 848

Table 3.- Logistic regression base model = F1-score - Harmonic mean of precision and
confusion matrix 1 2 2* precision* recall
recall: = —

True Positive (TP) 493 | False Positive (FP) 240 1 n 1 precision + recall

False Negative (FN) 35 | True Negative (TN) 80

=> TP: positive samples predicted as positive.

= Accuracy — Percentage of true/correct predic-
TP+ TN

TP+ FP+TN +FN
= Precision — Percentage of correctly predicted

tions:

positive predictions:
TP+ FP

— Recall (Sensitivity / True Positive Rate) — Per-
centage of the positive cases that were predicted

true: ——
TP+ FN

precision  recall
= Specificity (1 - False Positive Rate) — Percent-

age of the negative cases that were predicted true:
TN

TN + FP
= ‘macro avg - Unweighted average of each metric.

= ‘weighted avg’ — Weighted average of each
metric. This accounted for class imbalance.

Accuracy is a great measure but only when you
have symmetric datasets (false negatives & false posi-
tives counts are close), also, false negatives & false
positives have similar costs. F1 is best if you have
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an uneven class distribution and if the cost of false
positives and false negatives are different. Precision
is how sure you are of your true positives whilst re-
call is how sure you are that you are not missing any
positives (Ghoneim [5]).

In the case of predicting heart disease risks, false
positives are far better than false negatives, so Recall is
an important metric in this study. For amodel of which
the purpose is to predict illness, leaving a higher risk
person labeled healthy is far less desirable than getting
some healthy people labeled positive for the illness.

Cross-validation is a model validation method
that tests whether the model is overfitted to the spe-
cific training and testing samples, which could result
in bad performance with any other dataset that the
model has not seen yet (Shaikh [3]).

Figure 4 shows the precision-recall curve which
focuses mainly on the performance of the positive

class which is crucial when dealing with imbalanced
classes. In the PR space, the goal is to be in the upper-
right-hand corner - the top right corner (1, 1) means
that we classified all positives as positive (Recall=1)
and that everything we are classifying as positive is
true positive (Precision=1) — the latter translates to
zero False Positives (Azevedo, n.d.) [1]. Average
Precision Score is basically the “area under curve”
of Precison-Recall curve.

Using both roc_auc and average precision_
score to evaluate the model. roc_auc is the area un-
der curve for ROC curve. The ROC curve is plotted
with TPR (True Positive Rate / Recall / Sensitivity)
against the FPR (False Positive Rate / 1-Specificity)
where TPR is on y-axis and FPR is on the x-axis.
Roc_auc ranges from 0 to 1, 1 means the model has
excellent performance where the positive and nega-
tive cases are perfectly distinguishable.

1.0 A

0.8

0.6

Precision

0.4

0.2

—— LogisticRegression (AP = 0.32)

0.0 0.2 0.4
Recall

0.6 0.8 1.0

Figure 4. Precision Recall curve

3.2 Logistic Regression Hyperparameter Turning

Grid search is an approach to parameter tuning
that will methodically build and evaluate a model
for each combination of algorithm parameters spec-
ified in a grid. Grid Search CV from Scikit-learn will
try all combinations of those parameters, evaluate
the results using cross-validation, and the scoring
metric provided. In the end, it will output the best

parameters for the dataset. It will work both for
regression and classification machine learning al-
gorithms.

Grid search tunes hyperparameter C in logistic
regression model and the best C is 0.4. The resulting
model’s classification report and confusion matrix
are shown in table 2 and 3. The cross validated roc_
auc score and aps score are 0.7256 and 0.352136.
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Table 4.- Logistic regression after Grid Search CV classification report

Class Precision Recall F1-score Support
0.0 0.94 0.67 0.78 733
1.0 0.25 0.71 0.37 115
Accuracy 0.67 848
Macro avg 0.59 0.69 0.58 848
Weighted avg 0.84 0.67 0.72 848

Table 5.- Logistic regression after GridSearchCV
confusion matrix
TP 489 FP 244
FN33 TNS82

3.3 Logistic Regression Imbalance Sampling

Synthetic Minority Oversampling Technique
(Smote) is an approach to the construction of clas-
sifiers from imbalanced datasets (Chawla N. V., [9]).
Smote works by utilizing a k-nearest neighbor algo-
rithm to create synthetic data. Smote first start by
choosing random data from the minority class, then

the k-nearest neighbors from the data are set (Wijaya,
n.d.) [14]. Synthetic data would then be made
between the random data and the randomly selected
k-nearest neighbor. In this case, SMOTE is imported
from the imbalanced-learn API. (imbalanced-learn
API, n.d.) It'll create synthetic positive cases to
match the number of negative cases in the dataset.
The resulting model’s classification report is shown
in (table 4). Cross validated roc_auc score and aps
score are 0.7284 and 0.7073. The aps score improved
significantly.

Table 6.— Logistic regression (SMOTE) classification report

Class Precision Recall F1-score Support
0.0 0.93 0.67 0.78 733
1.0 0.28 0.70 0.37 115
Accuracy 0.67 848
Macro avg 0.59 0.69 0.57 848
Weighted avg 0.84 0.67 0.72 848

Another strategy was to resample the minority
cases (y=1) to match majority cases (y=0) with
Scikit-learn’s resample function. The resulting

classification report is shown in table S. Cross
validated roc_auc score and aps score did not im-
prove.

Table 7. — Logistic regression (resample) classification report

Class Precision Recall F1-score Support
0.0 0.94 0.67 0.78 733
1.0 0.25 0.70 0.37 115
Accuracy 0.68 848
Macro avg 0.59 0.69 0.58 848
Weighted avg 0.84 0.68 0.73 848
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3.4 Random Forest Model class with the most votes becomes the model’s predic-
Random forest is an ensemble learning method  tion shown in figure S (Yiu, [16]). The idea behind
which consists of alarge number of individual decision ~ ensemble learning is that a large number of relatively
trees that operate as an ensemble. Each individual tree  uncorrelated models operating as a committee will
in the random forest outputsa class predictionand the  outperform any of the individual constituent models.

- ?'%@

oy s ez ey o3 g
Predict 1 Predict 0 Predict 1
Predict 1 Predict 1 Predict 0
Predict 1 Predict 1 Predict 0

Tally: Six 1s and Three Os
Prediction: 1

Figure 5. Visualization of a random forest model making a prediction (Yiu, [16])

The resulting classification report is shown in (table 6). Cross validated roc_auc and aps scores are 0.689
and 0.297 which are not higher than logistic regression.

Table 6.— Random forest base model classification report

Class Precision Recall F1-score Support
0.0 0.87 0.99 0.93 733
1.0 0.60 0.08 0.14 115
Accuracy 0.87 848
Macro avg 0.74 0.54 0.53 848
Weighted avg 0.84 0.87 0.82 848

3.5 Random Forest Model Hyperparameter

Tuning

Using Grid Search CV again to tune the hy-
perparameters in random forest model. The cri-

terion for hyperparameter tuning is to achieve
the highest roc_auc. The best roc_auc score was
0.7178 and the corresponding best parameters are
{‘class_weight’: ‘balanced), ‘criterion’: ‘entropy’,
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‘max_depth’: 20, ‘max_features’: ‘auto, ‘max
leaf nodes’: 650, ‘min_samples_split’: 0.07, ‘n__
estimators’: 100}. The classification report with

the best parameters is shown in (table 7). The re-
call improved drastically from the random forest
base model.

Table 7.— Random forest hyperparameter tuned classification report

Class Precision Recall F1-score Support
0.0 0.92 0.65 0.76 733
1.0 0.22 0.64 0.33 115
Accuracy 0.65 848
Macro avg 0.57 0.65 0.55 848
Weighted avg 0.83 0.65 0.70 848

The roc_auc measures the overall performance
of a model, but in this case, to find as many true
positive heart disease cases as possible, models with
higher recall (for class 1) score are more desirable.
Taking recall into consideration, grid search was used
again to choose the most suitable model. Among the
modelswithreasonablyhighroc aucscore (>=0.71),
models with highest recall scores were picked.

The results of the grid search were stored in an at-
tribute (“cv_results”) including every parameter
comb, and its corresponding scores. There are 244
models with roc_auc score higher than 0.71, the best
cross validated recall score among them is 0.634.
Cross validated roc_auc and aps scores are 0.713
and 0.32S. The corresponding classification report
is shown in (table 8).

Table 8.— Random forest best recall classification report

Class Precision Recall F1-score Support
0.0 0.93 0.67 0.78 733
1.0 0.24 0.67 0.35 115
Accuracy 0.67 848
Macro avg 0.58 0.67 0.57 848
Weighted avg 0.84 0.67 0.72 848

4. Conclusion

It is difficult to manually determine the odds of
getting heart disease based on risk factors. However,
machine learning techniques are useful to predict the
output from existing data.

From the data, males, older people, less educat-
ed, smokers, all have higher probabilities of having
CHD. The random forest model did not perform
better than logistic regression model except for the
accuracy score. Since the data is severely imbalanced,
area under Receiver Operating Characteristic curve
and Average Precision Score were both used to evalu-

ate the models’ performances. Recall (Sensitivity) is
another important metric for this project. Since the
model is predicting Heart disease, a false negative
(ignoring the probability of disease when there actu-
ally is one) is more dangerous than a false positive
in this case. In other words, more sensitive than spe-
cific is desirable for this project. The Synthetic Mi-
nority Oversampling Technique (SMOTE) method
in combination with the logistic regression model
achieved the highest Average Precision score, area
under Receiver Operating Characteristic curve, and
Recall score.
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DISORDER OF URODYNAMIC IN CHILDREN
WITH INFLAMMATORY DISEASES OF THE
UPPER AND LOWER URINARY TRACT

Abstract. The material includes an information about a disorder of urodynamic in children with
inflammatory diseases of the upper and lower urinary tract. Bladder dysfunction is dominated —
64,5% in the condition contributing to the disturbance of urodynamic and the formation of inflam-
matory diseases of the upper and lower urinary tract. There is a connection between regression of
bladder dysfunction and inflammatory diseases of the upper and lower urinary tract (r = 0, 8). The
main symptoms of urinary disorder are pollakiuria- 75% and urgency with urine leakage — 41,2%.
The leading role of sphincter-detrusor dyssynergia against the background of a small bladder volume
was determined according to the analysis of urodynamic disorders for inflammatory diseases of the
upper and lower urinary tract in children.
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HAPYLUEHUE YPOOUHAMUKN Y OETEN
C BOCNAJIUTEJIbHbIMU 3ABOJIEBAHUAMMU
BEPXHUX U HWXKHNX MOYEBbIX MYTEU

AnnoTanms. IIpepcTaBaeH MaTepuaA O HapyIIEHUU YPOAMHAMUKH Y ATl C BOCIIAAUTEAbHBIMH
3a00A€BaHUSIMU BEPXHUX U HIDKHUX MOYEBBIX ITyTel. B cTpykType cocTOSIHUI, CIIOCOOCTBYIOMNX
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Hapym€HHI0 YPOANHAMHKH 1 (l)OPMI/IPOBaHI/IIO BOCITAAUTECADHBIX 3&60A€B&HPII>1 BEPXHHUX M HMDKHHUX

MOUYEBBIX ITyTell IPe0bAAAAIOT AUCPYHKIIMU MOYEBOrO Iy3bIpsi — 64,5% mpu 3TOM OTMedaeTcs B3a-

HNMOCBI3b MEXAY perpeccneﬁ AHC(PYHKL[HPI MOY€BOIO ITy3bIPA 1 BOCIIAANTEADHPIMH 3&60A€BaHI/I$IMI/I

BEPXHHX N HMJKHHX MOY€BbIX HyTefI (I‘ = 0,8) OcCHOBHbIE CUMIITOMBI HapymeHNsI MO1€HNCITy CKaHHI

IPEACTABAEHBI [TIOAAAKUYDUEN-75% U UMIIepaTUBHBIMU MO3BIBAMU C ITOATEKaHUEeM Mouu — 41,2%.
peA yp p A ’
HPI/I AdHAAHN3€E YPOAI/IHaMI/I‘—IeCKI/IX HaPYHIeHI/Ifl onpeAeAeHa BeAYI.U;aSI pOAI) C(l)HHKTePHO- Aepr30pH0ﬁ AHC-

CHHEPI'HH Ha (1)0He MaAOro o6’beMa MOYeBOTO ITy3pIpsy AETQI:I C BOCITAAUTEAbHBIMU 3a00A€BaHUAMU BEPXHHX

1 HIDKHHX MOYE€BbIX HYTefI.

KaroueBbie cAOBa: HapylleHHe YPOAMHAMHKH, AUCQYHKIIMSA MOYEBOrO ITy3bIps, MueAOHeppuT,

IIUCTUT, ACTH.

Bsepenne. Bricokue 1iugprl pacpocTpaHeH-
HOCTH BOCITAAUTEABHBIX 3a00A€BAHUI BepXHUX
Y HIDKHHMX MOYEBBIX ITyTeH y AeTell M TeHACHIIUA
K POCTY, AUKTYIOT HEOOXOAUMOCTDb IPUCTAABHO-
ro BHHMAHHS K AQHHOI IIpoOAeMe. AKTYaAbHOCTD
Ipo0OAeMBI IeAOHePpUTA 06YCAOBAEHA HE TOABKO
€ro BBICOKOM PacCIpOCTPaHEHHOCTHIO CPEAM AeTer
U OOABIION BaprabeAbHOCTBIO KAMHUYECKOM Kap-
THHBI 3a00A€BaHUs, HO U y4allleHHeM AQTeHTHbBIX
$OpM, CKAOHHOCTDIO K PeITHAUBHPOBAHMUIO, XPO-
HUYeCKOMY TeUeHHIO 3a00AeBaHMs U pOPMHPOBa-
HUIO XpOHUYecKoi 6oae3nu mouek [1; 2]. Opnoit
13 OCHOBHBIX IPUYUH OCTPOM U PELIMAUBUPYIOLIEN
MHPEKIMH MOYeBOI CUCTEMBI Y AeTel ABASIeTCS Ha-
pymenue ypopunamuk [7]. [Ipo6aema Hapyme-
HUI YPOAMHAMUKH 3aHHMAaeT OAHO U3 IIeHTPaAb-
HBIX MECT B A€TCKON YPOAOTHH. DTO 00yCAOBAEHO
OOABIION PACIPOCTPAHHEHOCTDIO I MHOTOO0Opa3u-
eM IIPUYMH, BBI3BIBAIOIIUX 3BAKyaTPHYIO HECOCTO-
ATEAbHOCTb MOYEBBIX ITyTei, a Takke HaAUdHMeM
IpsIMO IMPOTIOPIMOHAABHOM 3aBUCUMOCTHU MEXAY
CTeIIeHbIO HapyeHUH yPOAMHAMHUKH, aKTHBHOCTHIO
nueAoOHeppuUTa U CPOKAMHU BOZHUKHOBeHUs PyHK-
IIMOHAABHOM HeAOCTaTOUHOCTH Touek [ 3; 4. Ha ce-
TOAHSIIHUI ACHb U3BECTHO, YTO QYHKIJMOHAAbHbIE
HapyIIeHNs] MOYeBO CUCTEMBI, CIIOCOOCTBYIOT Ha-
PYLIEHHIO yPOAMHAMUKU 1 B AeOIOTe CTPYKTYPHBIX
BOCIIAAUTEABHBIX 3a00A€BaHHUIT OPTaHOB MOYEBBI-
AEACHUS AOMHHHUPYIOT IIPH 3TOM OTMeJaeTCs B3au-
MOCB$I3b C ypOBHEM IOPa’KeHH HEPBHOM CUCTEMbI
[S; 6]. OaHaKo aHAAM3 HApYIIEHHUI yPOAMHAMUKI

6e3 BBIpaXeHHOM 00CTPYKIJU OOBIYHO He IIOBOAUT-
cs. B To Bpems kak cBoeBpeMeHHOe MX BbIIBACHHE
U yCIIeNIHasl KOpPPeKIUs MOTYT IPUBECTH K Cyllje-
CTBEHHOMY CHIDKEHUIO PEIJUAMBOB 3a00AeBaHIS,
U MPEAYTIPEAMTD Pa3BUTHE U IPOrpecCHpOBaHHe
XPOHUYECKON OOAE3HH II0YEK Y ACTE.

IleAb mccAepOBaHMS: M3yYeHHE BAUSHUS U Xa-
paKkTepa YpOAMHAMHMYECKUX HapYyIIEHMH y AeTeln
C BOCIIAAMTEABHBIMU 3a00A€BAaHMSIMU BEPXHUX
Y HIDKHHX MOYEBbIBOASIIUX Ty TEH.

Marepuasbl H METOABI HccAepOBaHus. [Ipo-
CIIeKTHBHOE AMHAMMYECKOe HabOAIOAeHUE IIPOBOAU-
Aoch ¢ 2018 ropa mo 2020 rop B OTAEACHHH YPOAOTUHI
HITOMuA M3 Keipreiackoit Pecrry6anki. beiao 06-
cAeAOBaHO 145 AeTel ¢ BOCITAAMTEABHBIMH 3a00A€Ba-
HUSIMH OPTaHOB MOYEBBIAEACHUS B BO3PACTe OT 4 A0
18 AeT. AATOPHUTM 0OCAEAOBAHUSI BKAIOYAA IIOCAEAO-
BAaTEAbHYIO OILIEHKY JKaA00, aHaMHe3a 3a00AeBaHMUS
U SKU3HM, AQHHBIX OCMOTPA, CTAHAAPTHOTO YPOAO-
IMYEeCKOTO MCCAEAOBAHMS, a TAaKXKe IO MOKA3aHUAM
IIPOBOAUAMCDH 9KCKPETOPHasl yporpadus U MUKIU-
oHHas nucTorpadus. OleHKa ypoAMHAMUKY HIDK-
HUX MOYEBbIX ITyTel NMPOBOAMAACH B $asbl HAKO-
IIAGHHMS U OTIOPOXKHEHUS C UCTIOAb30BAaHUEM PUTMa
CITOHTAHHBIX MOYEHCITYyCKaHUM U YPOPAOYMETPHHU Ha
7 1 10 AeHb aHTHOAKTEPUAABHOM TEPAIIHH C L}€ABIO
VICKAIOYEHHS BAMSHUSA aKTUBHOTO BOCITAAUTEABHOTO
IIpoljecca Ha IMOKa3aTeAu YPOAMHAMUKH.

Pe3yAbTaThI HCCACAOBAHHS H HX 00CY>KACHHE.

B cTpyxType BOCaAUTeAbHbIX 3200A€BaHUIT MO-
9eBBIBOASIIUX ITyTel C HAPYIIEeHUAM YPOAMHAMUKH,
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npeobAapaAr OCTpbIil ueAoHePppuUT — 48,7% cay-
JaeB M OCTPHIN HUCTUT 15% B BO3pacTHOM rpymime
4-7 aet, B Bo3pacTHOM rpynne 8—11 aeT ocTphIit
MHEeAOHePPHUT AMATHOCTUPOBAACS B 38,6% cAyda-
B, a OCTPBIH IIUCTHUT B 8%, TOrAQ KaK B BO3PaCTHOM
rpymie crapure 12 AeT HaOAIOAAANCH NIpeUMyIIle-
CTBEHHO XpOHHYeckHe ¢OpMbI MHeAOHePPHUTA B ITe-
puoae oboctpenus B 13,5% caydaes. AocToBepHOM
PasHUIIBI TIO TIOAY BbIABAeHO He 6b1a0 (p < 0,01).
ITpu aHaAu3e MUKPOOHO — BOCITAAHTEABHBIX U3Me-
HeHu# B 91,8% caydaeB BbicessHa maToreHHast Gpao-
pa (p < 0,002), KOTOpas MpeACTaBACHA CACAYIOIUM
obpasoM: KumeyHas maAodka — 35,8%, crpemnto-
KOKK —15%, anTepokokk — 12,9%, cradpuaroKoKK —
12,3%, xaebcuesra — 8,8%, mpoteit —5,5%.

B 64,5% cAy4aeB MUKPOOHO-BOCIIAaAUTEABHBIE IT0-
PpakeHHS IOYeK U MOYEBBIX ITyTell OTMEYAANCh IIPU
AUCPYHKIIMAX MOYEBOTO ITy3bIPsl, a AHOMAAMH ITOYEK
oTMevaAnch B 22,4% caydaes. B cTpykrype anoma-
Amit IOYeK AoCTOBepHO mpeobaasara (p <0,0001)
nuenoaxTasus — 11,4% (p <0,0001), Toraa KaK ya-
BOEHHeE YalIeYHO-AOXaHOYHOW CUCTEMBI U TUITOIAA-
3us movyek coctaBuAu 9% u 2% COOTBETCTBEHHO.
HPI/I OIl€HKe pI/ITMa CIIOHTAHHbIX MO‘-IeI/ICHYCKaHI/Iﬁ
Y AQHHOM KaTETrOPUH A€TEN AOCTOBEPHO AOMUHMPO-
BaAM 4aCThle MOYEHCITYCKAaHUs CBbIlIe 15 pa3 B CyTkH
(p < 0,001), MaAbIit UHTEpBaA MeXAY HuME OT 30
MHHYT AO 1 4yaca (p < 0,005), a cpeaHHiT adpPex-
THBHBIA 06beM cocTaBua 72,2 + 7,4 (56,5+87,9) ma
(p < 0,02). iMnepaTuBHbIi XapaKTep MOYEUCITYCKa-
HUS C IEPHOAUYECKUM TTOATEKAHHEM MOYH HeOOAD-

ITMMH TOPLUSAMU OTMedaAcs B 41,2% caydaes. Y 75%
AeTel oTMeueHa MoAAakuypusi. Peakoe Movencrry-
CKaHUe y 00CcAeAyeMBIX AeTert HabAI0AaA0Ch B 9,8%
cAy4daeB. AOCTOBEPHOM Pa3HUIIBI ITO ITOAY U BO3PACTy
Yy HUX He OTMeYaAOCh. HCAO MOYEHCITyCKAHUH CO-
craBuao 3,8 + 0,4 (2,9 + 4,7) pas, cpepHHIT apPek-
TUBHBIN 00'beM MOYEHCITyCKAHHsI HAXOAMACS B IIpe-
Aeaax 299,9 + 23S Ma, MakcuMaabHbiin — 50S,S £
+54,7ma (p<0,0001).ITprKavecTBeHHO OLIeHKE TTO-
KazaTeAeH ypopAOyMeTpHH IOBBIIIEHHAS! CKOPOCTb
noTokaMo4yrorMedaracry30,5% AeTeIpHITOMMAK-
CHMaAbHasl CKOPOCTb HAXOAMAACH B ITpeaesax 29,5
+0,6 (28,1 + 30,9) ma u 44,9+ 2,0 (40,5 + 49,3) ma
(p < 0,002), mpepbIBUCTBIi TUI OTMeYaACs B 32,8%,
TOTAQ KaK OOCTPYKTHUBHBII THII AOCTOBEPHO BCTpe-
qaacs pexe B 1,2% cayuaes (p < 0,05).ITpu aTom Bo3-
PacTHBIE Pa3AUYUS AOCTOBEPHO BBLIBACHDI He OBIATL

BriBoabI:

1. BocmaauTeabHble 3a00A€BaHUSA HIDKHHUX
Y BEPXHUX MOYEBBIX ITyTEN Y ACTEH B IIOAABASIIONIEM
OoAbIIMHCTBe cAydaeB — 64,5%, 00ycAOBAEHDI AUC-
$YHKIIMAMHU MOYEBOTO ITy3bIpsl.

2. BospacTHas AuHaMuKa perpeccuu AUCPyHK-
ITIM MOYEBOTO ITy3bIPs] HAXOAUTCSI B IIPSIMOM CHAB-
HO KoppeAsnoHHo 3aBucumoctu (r = 0,8) ¢ Boc-
IIAAUTEABHBIMU 3200A€BAHISIMU BEPXHUX U HIDKHUX
MOYEBBIX Ty TEM.

3. Cpeaun HapyIIeHHIT YPOAMHAMUKY HIDKHUX MO-
4eBBIX ITyTell peobAasaeT COUHKTEPHO- AETPY30p-
Hasl AICCHHepPTHs Ha pOHE MAAOTO 0OeMa MOYEBOTO

myssips (p < 0,005).
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AHHOTaHHﬂ: B craTpe ommcansr Hp06AeMbI HMHTEPpIIpETallu MHBEPCHUH aKyCTHIECKOT'O pecl)AeKca

C TOYKH 3pE€HH 6HO(1)PIBPIKPI. Ha ocHoBanuu aHaAm3a AUTEPATYPHDIX AAHHDBIX U COOCTBEHHBIX HCCAE-

AOBAHHII ACAAETCSI BBIBOA O 3HAYMMOCTH Pa30HMHBEPCUH aKyCTHIeCKOro pedaekca. O60cHOBaHA ero

AUATHOCTHYECKas 3HAYMMOCTDb AASL MeAI/IKO-6I/IOAOI‘I/I‘-IECKI/IX I/ICCAeAOBaHI/II‘/’I.

KaroueBbie cAOBa: aKyCTHIECKHIT peAeKC, HHBEPCHSL.

BBepenue. [Ipo6baema rounoctu Auddepenriu-
AABHO-TOTIMYECKOM AMAaTHOCTUKHU HapYIIeHHH CAyXa
PacCIIHpsIeTCs [I0 Mepe 0becredeH s HCCAeAOBAHMUIT
HOBBIMU M3MEPUTEAbHBIMH YCTPOMCTBaMHU. Aua-
THOCTHKA CAYXOBOM QYHKIIMU 6a3HPYeTCs UCKAIO-
YUTEABHO HA AQHHBIX CYOBEKTHBHBIX U OODEKTHB-
HBIX OTBETHBIX peaknuil. C MOMeHTa TeXHUYeCKOH
peaansanuu MeTopaa ummnepancomerpun O. Metz

(1946) [9] aAs ycoBepuIeHCTBOBAHHS CAYXOBOi
AMATrHOCTHKHU U AO CETOAHSIITHETO AHS HICCAEAOBaTe-
AV TaK ¥ HE MOT'YT IIPUITH K EAUHOMY O0'bSICHEHUIO
AMArHOCTHYeCKOM BaXHOCTU (pa3OMHBEPCHUH aKY-
CTUYECKOTO pedaekca (AP) BHYTPHYIIHbBIX MBIIIIL].
Penrenne mpo6AeMbl yXOAUT Ha TepHQpepHUIo HccAe-
AOBAaHUM, CKPBIBASACH I10A MAaCKOM HEHAAEKHOCTHU
pesyAbTara TecTa.
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ITeAn — 060CHOBaHME 3HAYUMOCTH IPOTHBOPA3-
Horo AP B nccaepoBaHMHM cAyXa.

MarepuraA 1 MeTOABL B rpyminy usyuenus 6siau
BKAIOYeHbI 80 ManyeHToB 060€ero moAa TPyAOCIO-
COOHOTO BO3pacTa C Pa3AUYHBIMU YPOBHIMH TOHAAD-
HOT'O CAyXa B KOHBEHIIMOHAABHOM AMAIIa30He YaCTOT:
10 geA. c HopMaAbHBIM cAyxoM, 30 9eA. ¢ COLMaAb-
HO-aAeKBaTHBIM CAyxoM, 30 YeA. C COIIMaAbHO-He-
aAeKBaTHBIM CAYXoM M 10 4eA. ¢ ayaoMeTpHYecKomn
TAYXOTOH IT0 AQHHBIM CTaHAQPTHBIX IICUX0AKyCTHYe-
CKHX HccAepOBaHUM. CHIDKeHHe TOHAABHOTO CAyXa
OlLleHHBAAH 110 Kaaccudukarmu BO3 (1997). 3aech
HY>KHO OTMETHTbD, 4TO paHee, B 1989 r. ykpauHckumu
yuéubivu (B.T. Basapos, A. W. Poskaaaka) 6b1aa pas-
paboTaHa, OIyOAMKOBAHA U IPUHATA K IPUMEHEHHIO
KAACCHHUKAIUS OIJeHKHU CAYXa, C KOTOPOH IIpaKTHJe-
CKM COBIapaeT Kaaccuduxarus BO3.

TexHuyeckoe COIMPOBOXAEHHE HCCAGAOBAHUI:
ayaomerp MA-31 (Pricitronik, [epmanmus); umre-
aancomerp Immittance System Z0O-2020 (Madsen
Electronics, Aarus).

O6cy>xaeHHNe pe3yABTATOB. Y BCeX OTOOpaH-
HBIX AASL U3YYeHHsS MAIIMeHTOB ObIAU 3apPerucTpHu-
poBanbl NpoTuBodasHbie AP B 0TBeT Ha 3ByKOBYIO
CTUMYASILIHIO.

[TaToAOTHIO CpeAHETO yXa HCKAIOUHAU METOAOM
TI/IMHaHOMeTpI/II/I.

ITpu mpoBeAeHUM HCCAEAOBAHMUS MEXKAY AKYCTHU-
4eCKUM 30HAOM HMIIEAQHCOMeTpa U bapabaHHOM
[epeIIOHKOMN CO3AAETCS 3aMKHYTO€ IPOCTPAHCTBO
(puc. 1). OTpaxennsrit oT 6apabaHHO MepenoH-
KU 3BYKOBOJ CUTHAA TIPEAOCTABASIET HHPOPMALIUIO
O COKpPaTUTEABHOM CIIOCOOHOCTHU He TOABKO CTpe-
MeHHOM MBIIIIIBI, A 06eI/IX BHyTpI/IyHJHbIX MBbIIII]
B Buae rpa¢uku AP. Ecan pyHKIIMA «BXOA-BBIXOA >
CAYXOBOTO aHAAM3ATOpa He HapylleHa, TO B OTBET
Ha MPUPOCT 'POMKOCTH 3BYKOBOI'O CTHMYAQ IIPO-
HMOPLIMOHAABHO PACTET COKpallleHHe BHY TPUYLIHBIX
MBIIIIL], YTO BBITASIAUT KaK IIPUPOCT aMIAUTYABL AP
u eé rpaduueckoe OTOOpaskeHNe UMeeT BHA, KaK Ha

(puc.2).

— —

A3 ¥B

HCII

«— — —

g__/_‘—]_

PucyHok 1. PacnonoxeHune akyctunyeckoro 3oHaa (A3) ¢ ywHbIM Bkiagpiwem (YB)
BHYTPW HAPYXXHOIO cnyxoBoro npoxoga (HCI1). Bl - 6apabaHHas nepenoHka

ananTupoBaHo aBTopom u3: http://www.ihsinfo.org/IhsV2/Education/
pdf/Acoustic_Reflexes Presentation_Slides.pdf;

Bo BpeMs coKpallieHHs] BHYTPHYIIHBIX MBIILIIL]
B 3aMKHYTOM IIPOCTPAHCTBE HAPYXKHOTO CAyXOBO-
IO IIPOXOAQ IIPOMCXOAUT U3MEHeHHe 00BEMa 3TOrO
npocrpaHcTsa. [Ipu aToM 6apabaHHas MepenoHKa,
KAaK HeOTbeMAEMasl YaCTh IIOABIDKHOM IEITH CAYXO-
BBIX KOCTOYEK, TOXKE OTKAOHSIETCSI OT CBOEI'O PaBHO-

BECHOTO ITOAOYKEHHSI, U3MEHSISI 00BEM 3aMKHYTOTO
IPOCTPAHCTBA HAPYXKHOTO CAYXOBOTO IIPOXOAQ
H, CAeAOBATEABHO, N3MEHSIS TAKKe H BPeMsI ITP OXO3K-
AeHISI 3ByKOBOTO CUI'HAAQ B 9TOM XK€ IIPOCTPAHCTBE.

Takoi1 poIjecc MPOMCXOAUT CHHPA3HO C OTKAO-
HeHHeM 6apabaHHO ITepeIIOHKH.

39



Section 2. Biomedical science

PucyHok 2. lnHamMmuka akyCTnyeckoro pednekca
adanmuposano asmopom u3: https://docplayer.ru/58572675-Impedansnaya-audiometriya.html

Kax cumraer [4], NIPUMEHUTEABHO K MBIIIIAM

CPeAHero yxa,
K BUOpAI[UM O3HAYaeT, 4YTO AI0OOIT 3ByK BBHICOKOTO

IIOBBINIEHHASL YYyBCTBUTEABHOCTD

YPOBHS, IIOCTYTAIONMIMI B CPeAHEe yXO, BbI3bIBAeT
HEMEAAEHHOE COKpall€HNE€ BHYTPHYIIHDIX MBIIIIII,
obecrieunBasi TeM CaMbIM MTHOBEHHYIO 3allIUTY OT
HeperpysKu.

IIporuBodasnocts AP sABASIETCS CAGACTBHEM
TAKOTO M3MEHEHUs IOABIXKHOCTH LTI CAyXOBbBIX
KOCTOYeK, KOTOpOe OIPaHHYHBAET He TOABKO ITOA-

BIDKHOCTb 0apabaHHOI [IepelOHKY, HO U U3MEHsIeT
e€ IPOCTPAHCTBEHHOE IIOAOXKEHHE BHYTPHU 3aMKHY-
toro HCII. BcaepocTBHe 3TOT0O OTpaXKEHHBIH OT H3-
MeHEHHO 0apabaHHOM [TePeIIOHKHU aKyCTUIeCKUI
CHTHAA y>Ke SIBASIETCS IPOTUBOQA3HBIM, UTO U PeTH-
crpupyeT umriepancomeTp. O4eBUAHO, YTO TaKOe U3-
MeHeHIe ITOAOXKeHMs1 6apabaHHOM IIePErIOHKH U He
AQET MPUPOCTA aMIIAUTYAbI HHBEPTUPOBaHHOTO AP,
4TO 1 0TOOpakaeTcs B mpoTuBoasHoi rpaduke AP

(puc. 3).
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PucyHok 3. lNMpotneodasHbin AP
83amo u3: interacoustics.com

ApPryMeHTOM B IIOAB3y ITOTO YTBEPKAEHHS
BBICTyIIaeT NpOoTHUBO(a3Hbiii AP, BbI3bIBaeMbI Ha
YPOBHSIX TPOMKOCTH 3BYKOBOTO CHI'HAAQ, OAUSKUM
K AUCKOMQOPTHBIM (IIOpPOT BO3HUKHOBEHUS PEeru-
crpupyerca Ha 105 oAb Y3A). AasbHeitmuit IPUPOCT
IPOMKOCTH 3ByKa He AQET 03KHMAAEMOTO IPHUPOCTA
amrautypabt AP, kak otobpakeno Ha (puc. 2). Aan-
Hasl CUTYaI[isl paclleHUBaeTCsl aBTOPOM 3TOM CTaTbH

KaK HAAUYMe PETPOKOXAEAPHOIO HAPYLIEHUS B CAY-
x0BOM aHaAn3aTope. O60CHOBAHHOCTD IIOAOOHOTO
CY>KAEHUSI 6a3UpyeTcsl Ha TOM, YTO PETYASILIUS CO-
KPaTUTEABHOM! A€SITEAPHOCTH BHYTPHYIIHbIX MBIIIIL]
OCYIIECTBASIETCS] HEPBHBIMU CTPYKTYPaMH, AQOIIU-
MU KOMAHAY MBIIIIIAaM CPEAHErO yXa Ha COKpaie-
HHE. A COKpameHHe BHyTpI/IyHIHbIX MBIIII] — 9TO HE
9TO HHOE, KAaK MEXaHUIECKO€e ABIDKEHHUE, B KOTOPOM
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ydacTByeT u bapabanHas nepernonka. OTcropa u 3a-
KAIOYEHHe, 4TO B OTBET Ha IIOAAYY 3ByKOBOTO CHTHAAQ
coxpamaroTcs obe MpisL. IToaToMy yTBepsKACHHS
HEKOTOPBIX HCCAGAOBATEAEH, YTO MPOTUBO(PAZHBIN
AP — 3T0 M30AMpOBaHHAA PeAKIM UCKAIOUUTEABHO
bapabaHHOI IIePEIOHKY He A0 KOHIIA yOeAUTeAbHbI
[S, 13]. Ecam 651 3TO UMeAO MECTO, TO OTCYTCTBO-
BaA ObI pa3pbIB OapabaHHOI TePeTIOHKY BCAGACTBHE
ITPOMKUX KPaTKOBPEMEHHBIX 3BYKOB (HaanMep,
BsprBOB). B aToM cAydae coxpaTraach ObI TOABKO
MBIIIIIA CTPEMEHH KaK MeXaHH3M 3allfUThl BHY TPEH-
Hero yxa, TOraa Kak 6apabaHHas mepernoHka ocra-
Aach 6b1 1jeaoit. Ho B peaArsix aTo He Tak, TOCKOABKY
MIMeeT MeCTO COBMECTHO€ COKpalleH1e 0benx BHY-
TPI/IYIHHbIX MBIIIII].

Te >xe aBrops! [ S, 13] paciieHUBAIOT HIPOTUBO-
¢asnbiri AP xak apTedakT U OIMCHIBAIOT ITO KaK OT-
cyrcreue AP. Ho u aTo He Tak. I'paduka nportuso-
¢asHoro AP roBopHT O TOM, 4YTO COKPAaTUTEAbHBIN
OTBeT BO3HMKAET Ha AeHICTBUE 3BYKa U IIPeKpallaeT-
Cs1 B MOMEHT IIpeKpalleHus 03ByYHUBAHUS, T.€. IAATO
MIMeeT MeCTO H CBUAETEABCTBYET B IIOAB3Y CpabaThl-
BaHMS BHYTpUyIIHbIX MbimL,. [TporuBodasupiii AP
He HCYe3aeT II0CAe TAYOOKOTO MBIIIEYHOTO PaccAa-
OAeHUS, BHI3BAHHOTO aHEeCTe3HeH, i IPUCYTCTBYeT
AQXXe Y TPYTIOB B TO BpeMs, KOTAQ HeBPaAbHasl Aesl-
TEABHOCTb DOOAbIIIE HEe MOXKeT uMeTh MecTo. M mo-
aromy yuénsle [ 14] pacueHuBaoT 310 KaKk GHU3HO-
AOTMYECKMI apTeaKT.

Orcyrcreue AP Habaropasu [7] y 1374 geno-
BeK C HOPMAaABHBIM CAyXOM. Takoe siBA€HHe IO MHe-
Huto C.Teapdanpa ¢ coaBT. TpebyeT mOAPOOHOrO
U3y4eHUs] U 00bsCHeHUs. 3AeCh HY>KHO OTMETHUTS,
gro C. A. l'eabdaHa sIBASIETCSI aBTOPOM MOHOTpadpUu
«Cayx: BBepeHUE B IICHXOAOTHYECKYIO H PpU3HOAO-
TUYECKYI0 aKyCTHKY>, KOTOpasl Ha CETOAHS CTaAd
becTceAAepOM B CpeAe PYCCKOTOBOPSIIIMX ayAHOAO-
OB U CIIEIJHAANCTOB CMEXHbIX PO e CCHI.

He cremar c KareropudecKuMu BhIBOAAMH [ 6 ],
IIpOBOAMBIIME KMHeTHYecKkuil aHaau3 AP. Mccae-
AOBaTeAU ITIPEAINIOAAraeT CYIeCTBOBAHHE eAMHOTO
0a30BOro sIBA€HMsS, KOTOPO€ CMOXEeT OOBSCHUTH

CAOXHYIO MOP(OAOTHIO, YACTO HAOAIOAAEMYIO AQXKe
B HOPMAaAbHOM HIICUAATepaAbHOM AP.

IIpr3HaHye TaKMX OTPHULIATEABHBIX pepAEKCOB yBe-
AWYMBAET CHEIMPHUIHOCTD U IyBCTBUTEABHOCTD ped-
AEKTOPHOTO TECTa AAS AKYCTHYECKHX OITyXoaei [ 8].

OaHaxko, Haanmyne npotuBodasznoro AP mpu-
HMMAETCs BCEMU UCCAEAOBATEASIMH AOKA3aT€AbHBIM
IIPU3HAKOM HAAUYHS OTOCKAEPOTHYECKOTO IIpOIiec-
ca, XoTs rpaduyeckas MOAeAb TpoTuBodasHoro AP,
KaK U B OCTAABHbIX CAYYasIX OCTAETCS OAMHAKOBOM.

ABTOpOM AQHHOI CTaTbH HEOAHOKPATHO OBIAH
3aperucTpupoBanbl nporusodasueie AP xak npu
HOPMAaABHOM CAyXe, TaK U IIPU HePeTUCTPUPYEMOM
CAyXe — ayAMOMeTPUIECKOH TAyXOTe. ¥ IaIfueHTOB
C TAYXOTOH APYTHX MapKePOB CAYXOBBIX OTBETOB BO-
ob1e Her.

B mccaepoBaHMM IPYIIIBI MHAMMCKUX aBTOPOB
[10] paccmoTpena curyanus ydactust AP B mexa-
HU3Me KOAUPOBAaHUU PeYd CTBOAOM MO3TA Y AMIJ
C HOpMaAbHBIM cAyxoM. OTcyTcTBue AP npu HOP-
MAABHOM CAyXe He SIBASIETCSI AOCTaTOYHBIM AAS AHA-
THOCTHKH TaKOTO PeTPOKOXA€APHOIO HapyIIeHHUs
KaK CAyXOBas HediponaTus (TepMUH BBeaeH Starr
et al., 1996 [12]). Ho ato He oTpHIlaeT HaAUYHUS
peTpokoxaeapHo# matoaorun. ITo onpeaeaenuro
CAyXOBasi HeHpOIATHs — 9TO HapyIIeHHE CAyXa,
KOTOPOe XapaKTepU3yeTCs HOPMAAbHBIM IIpOBe-
A€HHeM 3ByKOBOTO CHUTHAaAa AO BHYTPEHHEro yxa,
a AaAbHeHIIas Mepepada 3ByKOBOTO CHUTHAAQ OT
BHYTPEHHero yxa k Mo3ry HapymeHa. He coraacusr
C 9TUMHU aBTOpaMI/I rpyrma APYI'I/IX HHAHﬁCKI’IX CI1e-
raaucTos [11], oATBepkAas aHoMaAuu AP y aury
C TUIIepaKy3uei 6e3 yuéTa BAUSHIS YPOBHS CAyXa.
3Aech Ke TTOAYePKHUBACTCS BAXHOCTb BOBAEUEHUS
TecTUpOBaHMA MeToAOM AP B oljeHKe runepaxysu-
Ca, IPH YCAOBHH, YTO TUIIEPAKY3HC He CBSI3aH C II0-
Teper CAyXa HUAM AXOOBIM APYTUM MEAULMHCKUM
COCTOSIHHEM, IIPUBEAIINM K CHIDKEHHUIO TOACPaHT-
HOCTH K 3BYKaM.

[Tporusomoaoxusie o ¢ase AP HabArOpaAM
U APYTHE HCCAeAOBATeAH, paboTaBIre C Iprbopamu
Pa3AMYHBIX IPOU3BOAUTEACH [1;2; 3].
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Kax caeayeT U3 AQHHO# CTaThu, BOIPOC 06 UH-
Bepcun $asbl AAAEK OT paspemieHHs. ABTOPOM
IIPEAITPUHSATA TIOMbITKA YCTAHOBUTD UCTUHY B BO3-
HUKHOBeHUH IpotuBo¢azHoro AP ¢ mosunuit 6uo-
$u3MIeCKOro IOAXOAQ.

IlepcnieKTHBHBIM B HAyYHO-ITPAKTUIECKOM IIAAHE
IIPEACTABASIETCS] U3yYEeHHEe YaCTOThI BIABACHUS OT-
puniareabHOro AP Ha MOIMyASIIMOHHOM ypOBHe.

BriBoABbI.

1. MuBepcusa AP sBAdeTCS AMAarHOCTHYECKUM
IPU3HAKOM HAapyIIEHHOTO QYHKITHOHUPOBAHMUS CAY-
XOBOTO aHAAM3ATOpA.

2. B mporaocTuyeckoM maaHe, 0COOeHHO IpU
HOPMaAbHOM CAyXe, HHBepcus ¢pa3pl AP cBuaeTeAb-
CTBYeT O CKPBITOM ITOTEpe CAyXa, KOTopast OyAeT IpH-
BOAUTD K AepeKTaM CAYXO-pedeBOi KOMMYHUKAITHH.
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DETECTING COMMON FACTORS INFLUENCING
ADHD IN CHILDREN: DEVELOPMENT AND
VALIDATION OF A PREDICTIVE MODEL

Abstract. Attention-deficit/hyperactivity disorder (ADHD) is a common chronic condition that
is characterized as hyperactivity, difficulty sustaining attention, and impulsive behavior. Without
radical caret, symptoms of ADHD patients can only be eased with treatments like behavior therapy,
including training for parents, and medications [1].

The objective of this research is to build a predictive model to determine the possibility for a child
to develop ADHD caused a variety of factors including gender, race, age, and parents’ education.
Two models, a logistic regression and an artificial neural network, were tested using the data from
National Health Interview Survey (NHIS) 2017. And we compared the two models using various
evaluation metrics like the receiver operating characteristic (ROC) curve and the area under the
curve (AUC) score. We found that the AUC score for the artificial neural network is 0.69, while that
for the logistic regression model is 0.66. Therefore, we concluded that, overall, the artificial neural
network has better performance.

According to the logistic regression, older children, non-Hispanic children, and males are more
likely to be a victim of ADHD. Asian kids and kids with more educated parents were less likely to
have early interventions services. The neural network indicates that the most important predictors
of developing ADHD are age, followed by Asian children, mother’s education level, White children,
sex, Black children, Hispanic origin, and father’s education level. We believed those results are useful
for doctors and parents to evaluate the possibility of having children with ADHD, and to provide
suggestions schoolteachers and peers to change the disruptive behaviors of ADHD children.

Keywords: ADHD, children, a predictive model, treatment, suggestions

1. Introduction who suffer from ADHD. According to the latest
Attention-deficit/hyperactivity disorder  study, more than 16 million (9.4 percent) children
(ADHD) is one of the most common chronic con-  in the U.S. have an ADD diagnosis [2]. The disease is
ditions that tortures millions of children. Over the  first diagnosed in childhood, but ADHD can contin-
years, it has serious impacts on the lives of children  ue as children mature, resulting in their hyperactiv-
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ity as well as their disability in maintaining attention
and controlling impulsion. People with ADHD tend
to be daydreaming, insomniac, and overly talkative.
They usually have great difficulty in resisting tempta-
tion and getting along well with others. These con-
ditions in children dramatically affect their school
performance, including inattentive in class, excessive
talking at an appropriate time, and frequently inter-
rupt others’ conversations.

According to a Swedish cohort study of 544
children, a considerable association was observed
between symptoms of inattentiveness (as measured
by the Conners 10-item scale) in children aged 7 and
10 years and academic underachievement at age 16
years [3]. Thus, it is likely that people with ADHD
have comparably lower educations levels which leads
to their hardship in finding well-paid jobs. In this
case, the affecting factors of ADHD in children are
inimperious need for people to know to conduct and
ensure better prevention of the detrimental conse-
quences triggered by ADHD.

The hypothesis of this study is that “the pos-
sibility for a child to develop ADHD is related to
one or more common factors such as gender, race,
age, and parents’ educational level.” The objective
of this study is to develop a predictive model to de-
tect the likelihood for a child to suffer from ADHD
in a family. With the help of the model, parents
can evaluate the possibility of having a child with
ADHD or that of their children to develop ADHD
over time, thus taking appropriate measures such
as changing daily habits or parenting methods to
prevent the disease.

2. Method

2.1 Data

The National Health Interview Survey (NHIS)
is the principal source of information on the health
of the civilian noninstitutionalized population of
the United States and is one of the major data col-
lection programs of the National Center for Health
Statistics (NCHS) which is part of the Centers for
Disease Control and Prevention (CDC). The Na-

tional Health Interview Survey (NHIS) Data 2017
was used in this study.

2.2 Model

2.2.1 Logistic regression model development

Logistic regression models were used to calcu-
late the predicted risk. Logistic regression is a part
of a category of statistical models called generalized
linear models, and it allows one to predict a discrete
outcome from a set of variables that may be contin-
uous, discrete, dichotomous, or a combination of
these. Typically, the dependent variable is dichoto-
mous, and the independent variables are either cat-
egorical or continuous. The percentage of students
who developed Attention Deficit/Hyperactivity
Disorder was the dependent variable in this study.

The logistic regression model can be expressed
with the formula:

In % =W, +WX, +...+wW, X,

In the logistic regression, each feature x has its
specific weight w, where w is the intercept while w,
through w are the coefficients of the independent
variables.

Our task is to find a set of parameters w,...,w,,
such that the loss function between the output y and
the actual values u

(y2)ly -
is minimized.

2.2.2 Artificial neural network

An artificial neural network is a computational
model vaguely inspired by the biological neural
networks that constitute animal brains. An artificial
neuron that receives a signal then processes it and
can signal neurons connected to it. The “signal” at a
connection is a real number, and the output of each
neuron is computed by some non-linear function of
the sum of its inputs.

A typical artificial neural network consists of
one input layer, several hidden layers, and one out-
put layer. The input layer is the first layer, the output
layer is the last layer, and any layers between them
are hidden layers. The data are passed into the input
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layer, processed by the hidden layers, and finally
transformed into predicted labels in the output layer.
In this study, the model has one hidden layer.

A package called “neuralnet” in R was used to
conduct neural network analysis. The package neu-
ralnet focuses on multi-layer perceptrons (MLP,

Bishop, 1995), which are well applicable when mod-
eling functional relationships.

2.3 Variables

The outcome variable is the percentage of stu-
dents who developed Attention Deficit/Hyperactiv-
ity Disorder (LAHCC13).

Table 1.—Variables used in this study

LAHCCI13

Attention Deficit/Hyperactivity Disorder (ADD/ADHD) causes limitation

1: male
SEX 2: female

Hispanic Ethnicity:

ORIGIN I
— 1: yes; 2: no

1: White
2: Black
3: Asian

RACRECI3

Age <18 years old

AGE_P e

MOM_ED

07 Bachelor’s degree

01 Less than/equal to 8th grade

02 9-12th grade, no school diploma
03 School graduate/GED recipient
04 Some college, no degree

0S AA degree, technical or vocational
06 AA degree, academic program

08 Master’s, professional, or doctoral degree

DAD ED

07 Bachelor’s degree

01 Less than/equal to 8th grade

02 9-12th grade, no school diploma
03 School graduate/GED recipient
04 Some college, no degree

05 AA degree, technical or vocational
06 AA degree, academic program

08 Master’s, professional, or doctoral degree

2.4 Data pre-processing

The data set is pre-processed in this step to
improve both the training speed and accuracy. As
most machine learning algorithms are not able to
deal with missing values, all the data points with
missing entries are excluded from training. Then
we center and scale each feature variable indepen-
dently. Feature standardization transforms differ-

ent features into comparable scales and ensures all
features weigh equally in the training process. The
standard scaler function standardizes features by
scaling the feature means to zero and standard de-
viations to unit variance. Finally, we partitioned the
dataset into two sets, the training dataset (50%) for
model development and the test dataset (50%) for
model test.
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The nominal variable is one kind of categorical
variables whose levels are simply labels and thus does
not contain any meaning of order. For example, in
the variable “RACRECI3”, “White” is encoded as 1,
and “Black” is encoded as 2, and “Asian” is encoded
as 3. Even though we want these three levels to be
equally weighted, it is usually problematic, as the lo-
gistic regression will mistakenly assume that Black is
greater than White. A way to solve this is to use the
one-hot encoding technique. The idea behind this
approach s to create a separate variable for each race
group. Here, a new binary feature was created whose
value was used to indicate the particular race group
of a student.

3. Results

3.1 Chorogram

Basically, a chorogram is a graphical representa-
tion of the cells of a matrix of correlations. The idea
is to display the pattern of correlations in terms of
their signs and magnitudes by using visual thinning
and correlation-based variable ordering. Moreover,
the cells of the matrix can be shaded or colored to
show the correlation value. The positive correlations
are shown in blue, while the negative correlations
are shown in red; the darker the hue, the greater the
magnitude of the correlation.

ADHD in NHIS 2017 Data

CIDO
D
b

MOM sl

oD
CCD
CoC D
»_
D

DAD_calesge

WESLS
A
(O

™
g

i
]

Figure 1. Matrix of correlations among variables

According to the chorogram above, ADHD had
the strongest positive correlation with age, followed
by non-Black people and non-Hispanic origin.
Meanwhile, it has the strongest negative relation-
ship with dad’s education level, followed by sex,
mom’s educational level, Asian people and White
people.

3.2. Logistic regression model

From the table above, sex, origin, and father’s edu-
cational level are significant predictors of the depen-
dent variable. Females are less likely to develop Atten-
tion Deficit/Hyperactivity Disorder (ADD/ADHD)
than males. Non-Hispanic children were more likely
to have Attention Deficit/Hyperactivity Disorder
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(ADD/ADHD) than Hispanic kids. Kids are more
likely to be a victim of ADHD when they aged. Asian

kids and kids with more educated parents were less
likely to have early interventions services.

Table 2. — Logistic Regression for Having Attention Deficit/Hyperactivity Disorder (ADD/ADHD)

Estimate | Std.Error z value Pr(>|z|)
(Intercept) -2.402 0.553 -4.347 0.000 orx
SEX -0.606 0.135 -4.498 0.000 e
ORIGIN I 0.121 0.153 0.788 0.431
AGE P 0.116 0.014 8.203 0.000 rx
MOM_ colleage -0.168 0.164 -1.024 0.306
DAD_colleage -0.624 0.191 -3.266 0.001 *
White 0.624 0.452 1.381 0.167
Black 0.699 0.468 1.491 0.136
Asian 0.469 0.600 0.782 0.434

3.3. Artificial Neural Network

The structure of the neural network used in this study is shown in (Figure 2).

SEX 11
ORIGIN_I 2
AGE_P 13

MOM_colleage 14

DAD_colleage 15

White 16
Black I7
Asian 18

B2

H1

H2

H3 01 ADHD

H4

HS

Figure 2. Artificial Neural Network in training sample

In the figure above, line thickness represents
weight magnitude and line color weights sign
(black = positive, gray = negative). The network is
essentially a black box, so we cannot say that much
about the fitting, the weights, and the model. How-
ever, it suffices to say that the training algorithm
has converged. Therefore, the model is ready to be
used.

3.3.1 Variable Importance in Artificial Neural Net-
work

Variable importance represents the statistical
significance of each variable in the data with re-
spect to its effect on the generated model. It ranks
each predictor based on the contribution predic-
tors make to the model. This technique helps data
scientists weed out certain predictors that are con-
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tributing to nothing and that instead add time to
processing [4]. Garson’s algorithm was used to cal-
culate relative importance of input variables in this

rel i

DAD_colleage
ORIGIN_I

Black

SEX

White
MOM_colleage
Asian

AGE_P

]

0,05 0,1

neural network. The importance for each variable
is shown in (Figure 3).

3
©

0,15 0,2 0,25

Figure 3. Variable Importance in Artificial Neural Network

The most important predictor was age, followed
by Asian children, mother’s education level, White
children, sex, Black children, Hispanic origin, and
father’s education level.

3.4ROC

A receiver operating characteristic curve (ROC
curve), is a graph showing the performance of a
classification model at all classification thresholds
[S]. The x-axis of ROC plot represents false posi-
tive rate, while the y-axis represents true positive
rate. When the decision threshold changes, a better
classifier will have a lower false positive rate and a
higher true positive rate. In other words, when the
false positive rate of two models are the same, the
better one will have a higher true positive rate, which
makes the curve come closer to the upper left cor-
ner of the ROC space. We can use the ROC curve
to compare the performance of logistic regression
model and the neutral network. Sometimes, it might
be hard to identify which model performs better by
directly looking at ROC curves, as one curve may
not completely encompass the other. Area Under
Curve (AUC) overcomes this drawback by finding

the area under the ROC curve, making it easier to
find the optimal model. Usually, a better model has
a higher AUROC score.

3.4.1 ROC in the training sample

For the training sample, the AUROC was 0.70
for the logistic regression and 0.72 for the artificial
neural network. Artificial neural network performed
better than logistic regression did.

3.4.2 ROC in the testing sample

In the testing sample, the AUROC was 0.66 for
the Logistic regression and 0.69 for the artificial
neural network. Artificial neural network had better
performance in the testing sample.

4. Discussion

4.1 Logistic regression analysis and interpreta-
tion of the results

Of the 1752 school students participating in the
study, 21.2% had Attention Deficit/Hyperactivity
Disorder (ADD/ADHD), and 79.8% did not have.
Among those patients, about 15.8% were female
and 24.2% male. At the significance level 0f0.01, the
predictive model of Attention Deficit/Hyperactivity
Disorder is:
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Figure 4. ROC in the training sample for Logistic Regression (Red) vs Neural Network (Blue)
LR
- NN
00 02 04 06 08 10
False positive rate
Figure 5. ROC in the testing sample for Logistic Regression (Red) vs Neural Network (Blue)
Predicted logit of adolescent depression: to develop Attention Deficit/Hyperactivity
-2.402-0.606*SEX+0.121*ORIGIN _ Disorder (ADD/ADHD) than a male student.
I+0.116*AGE _P-0.168*MOM colle- « On average, controlling other variables, a
age-0.624*DAD _ colleage+0.624*White+0.699*Bl non-Hispanic student is 13 percent more
ack+0.469*Asian likely to report to develop Attention Deficit/
The coefhicients of the parameters were inter- Hyperactivity Disorder (ADD/ADHD) than
preted as follows. At the significance level of 0.01: a Hispanic student.
« On average, controlling other variables, a fe- « On average, controlling other variables, a
male student is 45 percent less likely to report one-year older student is 12 percent more
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likely to develop Attention Deficit/Hyper-
activity Disorder (ADD/ADHD) than a
younger student.

« Onaverage, controlling other variables, a stu-
dent who has a higher educational mother is
1S percent less likely to develop Attention
Deficit/Hyperactivity Disorder (ADD/
ADHD) than a student whose mother is
poorly educated.

« Onaverage, controlling other variables, a stu-
dent who has a higher educational father is 46
percent less likely to develop Attention Defi-
cit/Hyperactivity Disorder (ADD/ADHD)
than a student whose father is poorly edu-
cated.

« On average, controlling other variables, a
White student is 87 percent more likely to de-
velop Attention Deficit/Hyperactivity Dis-
order (ADD/ADHD) than a student from
other race groups.

« On average, controlling other variables, a
Black student is 101 percent more likely
to develop Attention Deficit/Hyperactiv-
ity Disorder (ADD/ADHD) than a student
from other race groups.

« On average, controlling other variables, an
Asian student is 60 percent more likely to de-
velop Attention Deficit/Hyperactivity Dis-
order (ADD/ADHD) than a student from
other race groups.

It is indicated in the model that being male, be-
ing non-Hispanic, being older, having a more edu-
cated mother, having a more educated father, being
White or Black or Asian are significant predictors in
predicting Attention Deficit/Hyperactivity Disorder
(ADD/ADHD). Having a more educated mother
or father will decrease the probability of suffering
from Attention Deficit/Hyperactivity Disorder
(ADD/ADHD); while being a male, being non-
Hispanic, getting older may increase the probability
of developing Attention Deficit/Hyperactivity Dis-
order (ADD/ADHD). Moreover, compared to be-

ing White or Black, Asians are less likely to develop
Attention Deficit/Hyperactivity Disorder (ADD/
ADHD).

According to the study, parents can reflect on
themselves, and then take appropriate measures to
reduce the possibility of having children with At-
tention Deficit/Hyperactivity Disorder (ADD/
ADHD). For example, for parents’ with a relative
low education level, they can improve their prenatal
and postnatal care by pursuing a higher education,
which provides them with well-paid jobs and thus
enough money to take better care of their children.
However, since most factors involved in the study
are innate and generally unchangeable, treatment
and mental comfort are more essential in the face of
ADHD patients.

Treatments can be divided into drug interven-
tion and human intervention. For children younger
than 6, the American Academy of Pediatrics (AAP)
recommends that human intervention like parents’
help should be the first line of treatment before
medication is tried. However, for older children,
both behavior therapy and medications can be ap-
plied to help treat ADHD [6]. To achieve success,
it is the parents’ responsibility to receive training
in behavior management first to treat their chil-
dren’s disruptive behaviors. This requires both time
and effort, but the benefits to their children will
be considerable. Despite parents’ commitment,
schoolteachers and peers play important roles.
School-based management training led by teach-
ers can have an enormous impact on students’ con-
structive manners. For example, a reward system
can be applied to encourage positive behavior such
as concentrating in class, actively but appropriately
participating in a discussion, making progress in
academic performance. For peers, they can help
classmates with ADHD by caring for them more,
playing some concentrating games with them in-
stead of isolating them. In this way, they can help
these ADHD patients integrate into the collective,
thus providing mental comfort.
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4.2 Limitations and future study

Although this study gives predictions on devel-
oping ADHD for kids, and a great deal of treatments
and suggestions can be evoked from the results of the
study, it has limitations. In this study, factors lead-
ing to ADHD are innate and determined after birth,
which can only be treated by the environmental and
medical intervention. If we want to lower the inci-
dence of ADHD more effectively, factors that trigger
ADHD even before birth play an important role. In
other words, a life’s formation and growth in a moth-
er’s embryo are susceptible to external influences. A
pregnant woman’s behavior may have a colossal im-
pact on her child’s possibility of developing ADHD.
Therefore, to better prevent the development of
ADHD in children, factors such as the mother’s
smoking or drinking history during pregnancy may
be included as prime suspects for future study.

5. Conclusion

In this study, logistic regression was used to
develop a predictive model to evaluate the prob-

ability of Attention Deficit/Hyperactivity Disorder
(ADD/ADHD). The National Health Interview
Survey (NHIS) Data 2017 was used, and factors
such as gender, race, age, and parents’ educational
level were included in the study. The results indi-
cated that this model can be used for doctors and
parents to evaluate the possibility of having chil-
dren with ADHD. With this model, doctors can
provide suggestions for parents, schoolteachers, as
well as peers to change the disruptive behavior of
ADHD children, help them concentrate in class,
and offer them better mental care. An application
of this model can also be distributed to parents who
are worried about their children’s potential mental
problems and to teachers who deal with ADHD
children every day. With this diagnosis model,
we believe that the percentage of children with
ADHD will decline and fewer children will suffer
from ADHD. In the future, more factors such as
the mother’s smoking or drinking history during
pregnancy may be in need of further study.
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SYSTEMATIC ANALYSIS OF GENETIC VARIATION OF DUCHENNE
MUSCULAR DYSTROPHY AND IMPLICATION FOR CANCER

Abstract. Duchenne muscular dystrophy (DMD) is a rare, severe, progressive genetic disorder
causing disability and premature death. Mutations in the DMD gene encoding the dystrophin protein
lead to the dystrophinopathies DMD. Phenotypic variations in DMD may also occur in patients with
the same primary mutation due to secondary genetic modifiers. Recent advances in molecular thera-
pies for DMD have need of precise genetic diagnosis, since a large number of therapeutic approaches
are mutation specific [1]. Interestingly, it has also been reported that muscular dystrophy patients may
be at increased risk of malignancy [2; 3]. Although mutations in the DMD genes have been widely
studied, to our knowledge, a systematic genetic analysis of all variants, especially single nucleotide
polymorphisms (SNPs), of the gene in human have not been reported. In this study, we performed a
systematic analysis of the DMD genetic variants via the Single Nucleotide Polymorphism Database
(dbSNP), and annotated the functions of the variants with wANNOVAR [4]. The protein-protein
interaction (PPI) network for genetic modifiers identified in DMD patients was explored. DMD
genetic alternations in different tumors have also been investigated via cBioPortal [5].

We examined a total of 3,627 exonic SNPs in the DMD gene. SNPs distributed across all exons.
The largest category was nonsynonymous account for nearly 64% of all mutations. Exon 19 appeared
to have most density of pathogenic SNP distribution. Nonsense mutation (i.e. stopgain) or frameshift
mutation likely lead to more pathogenic. Among the genetic modifiers identified in DMD patients,
THBS1 has higher network topological parameters, followed by SPP1, ACTN3 and LTBP4. Network
analysis highlighted non-random interconnectivity between the genetic modifiers identified in DMD
patients, and potentially shed light on new genetic modifiers by their functional coupling to these
known genes. Gene therapy is a promising experimental approach to treat genetic disease such as
DMD [6]. In addition, our results also suggest DMD gene may serve as a diagnostic and therapeutic
target for certain types of cancer.

Keywords: Duchenne muscular dystrophy (DMD), data mining, genetic, protein-protein inter-
action (PPI), single nucleotide polymorphisms (SNPs), tumor.

52



SYSTEMATIC ANALYSIS OF GENETICVARIATION OF DUCHENNE MUSCULAR DYSTROPHY AND IMPLICATION FOR CANCER

1. Introduction

Duchenne muscular dystrophy (DMD), a rare X-
linked disorder, is caused by a genetic mutation that
prevents the body from producing dystrophin [7], a
protein that enables muscles to work properly. It is one
of the most common types of muscular dystrophy.

DMD symptom onset is in early childhood, usu-
ally between ages 3 and S years. Over time, children
with Duchenne will have difficulty walking and
breathing, then lead to disability, dependence, and
premature death. The disease primarily affects boys,
but in rare cases it also can affect girls. The preva-
lence of DMD is approximately 1 in 3500 to S000
male births worldwide [8]. Muscle weakness is the
principal symptom of DMD and worsen over time,
first affecting the proximal muscles and later affecting
the distal limb muscles. Patients with DMD progres-
sively lose the ability to perform activities indepen-
dently and often require a wheelchair by their early
teens. As the disease progresses, life-threatening
heart and respiratory conditions can occur [9]. In
general, patients succumb to the disease in their 20s
or 30s [9]; however, disease severity and life expec-
tancy can vary.

DMD is caused by mutations in the DMD gene,
which encodes the protein product called dystro-
phin. DMD gene is one of the largest of the identi-
fied human genes, spanning 2.4 Mb of a genomic se-
quence and corresponding to about 0.1% of the total
human genome [10]. The gene consists of 79 exons
encoding a 14,000 bp messenger RNA transcript
that is translated into dystrophin [11]. The most
common mutation responsible for DMD is a dele-
tion spanning one or multiple exons. Such deletions
account for 60-70% of all DMD cases. Point muta-
tions are responsible for around 26% of DMD cases
[12]. Exonic duplications account for 10 to 15% of
all DMD case. Mutations in the DMD gene disrupt
the protein’s reading frame causing premature stop
codons, leaving little or no functional dystrophin
protein produced in cells. In addition, phenotypic
variations in DMD may also occur in patients with

the same primary mutation. A wide range of clinical
manifestations suggest that genetic modifiers can in-
fluence the severity of DMD disease [13].

Dystrophin protein consists of 3,685 amino acids
with molecular weight of 427 kDa and plays a crucial
role in muscle function. Cytoplasmic face of the sar-
colemma is where dystrophin is located[14]. Based
on sequence homology, dystrophin is divided into
four distinct structural domains. (i) amino terminal
actin binding domain that contains two calponin
homology domain which directly interacts with
cellular actin cytoskeleton[15]; (ii) a long central
rod shaped domain is composed of 24 structurally
similar spectrin-type repeats[ 16]; (iii) cysteine rich
domain binds to the intrinsic membrane protein
B-dystroglycan; (iv) the carboxy-terminal domain
binds to dystrobrevin and syntrophins[17]. Dystro-
phin is a cytoskeletal protein that binds actin and
associates with the dystrophin-glycoprotein com-
plex (DGC) to link the cytoskeleton to the extra-
cellular matrix (ECM)[18, 19]. The DGC consists
of integral and peripheral proteins: dystroglycans,
sarcoglycans, and syntrophins [18, 19]. Defects in
dystrophin and/or other components of the DGC
are responsible for several phenotypes of muscular
dystrophy including DMD.

The DMD gene produces different transcripts
encoding at least seven protein isoforms of various
sizes and tissue distributions, each translated from a
unique message initiated from one of the seven dis-
tinct promoters in the gene. Three full-length, large
molecular weight isoforms (427 kDa), expressed
primarily in skeletal muscle cells and cardiomyo-
cytes, cortical neurons and the hippocampus of the
brain and cerebellar Purkinje cells [20]. The shorter
Dp260 and Dp116 isoforms are expressed primarily
in the retina and the peripheral nerve, respectively
[21]. Dp140 is expressed in the central nervous
system (CNS) and kidney. There have been studies
linking the lack of Dp140 expression in some DMD
patients to cognitive impairment [22]. Finally, the
Dp71 isoform is ubiquitously expressed, with higher
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levels in the CNS [23]. The literatures usually only
describe seven protein coding isoforms. However,
the Ensembl.org automatic annotation software pre-
dicts the presence of more protein coding splice vari-
ants of the dystrophin gene [24].

Although mutations in DMD genes have been
widely studied, to our knowledge, a systematic ge-
netic analysis of all variants, especially single nucleo-
tide polymorphisms (SNPs), of the gene in human
have not been reported. In this study, we carried out
a systematic analysis of the DMD genetic variants
via the dbSNP database, and annotated functions of
these variants with wANNOVAR([4]. Protein-pro-
tein interactions for genetic modifiers identified in
DMD patients were explored. In addition, potential

DbSNP contains SNP Human Variation Sets in

Open Data Source: ‘
VCF Format (GRCh37 (hg19))

Filtering:
Duchenne muscular dystrophys (DMD.VCF)

Annotation:
Upload DMD.VCF to web server wWANNOVAR;
Download DMD Ensembl variants result (CSV)
Transcript ENSG00000198947

relationships of genetic alternations in the DMD
gene with cancer were also investigated.

2. Materials and Methods

2.1 Research workflow

The DMD genetic research mainly focus on using
public-domain human genome databases to perform
a systematic analysis of genetic variants especially
SNPs in human populations, explore protein-pro-
tein interactions for genetic modifiers identified in
DMD patients and examine relationships of genetic
alternations in DMD gene and types of cancer. No
statements of approval or informed consent were
required for our study as we obtained data from an
open access database. A research workflow was pre-
sented in (Figure 1).

cBioPortal,
STRING

l

DMD tissue distnbution,
Protein-protein
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Cancer Type;
Survival Analysis
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Figure 1. Research Workflow

In brief, all the genetic variants of DMD genes
were extracted from the open access Single Nucleo-
tide Polymorphism Database (dbSNP) database
with variant call format (VCF). Variants using the
online WANNOVAR server to generate output re-
sults files. These output files were annotated with
function, distribution and disease etc [4]. Data min-
ing and visualization were further performed based
on the annotation.

2.2 Source dbSNP database and SNPs extraction

The source data for the DMD gene comes from
the dbSNP, which was established by National Cen-
ter for Biotechnology Information (NCBI) in collab-

oration with the National Human Genome Research
Institute (NHGRI) in 1998 for GenBank of publicly
available nucleic acid and protein sequences [32].
In order to extract specific human DMD gene data,
build-in Unix compress tool “MacCompress” under
a Mac environment was selected to unzip the large
size vcf.gz file. To extract DMD variants, we used the
command ‘grep DMDO00-Allvct > DMD.vcf’, then
added the header lines of 00-All.vcf into the file.

2.3 Functional annotation with wANNOVAR

Online server WANNOVAR was used to anno-
tate functional consequences of genetic variation
[26]. Online annotating single nucleotide variants,
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insertions and deletions functions effects on genes,
ClinVar database information(Clinvar_DIS, Clin-
var_ID), calculating predicted importance scores
(SIFT_pred,Polyphen2) of each variant, retrieving
allele frequencies in public databases (the 1000 Ge-
nomes Project and Genome Aggregation Database
(gnomAD) of 15,708 genomes)[27], and imple-
menting a ‘variants reduction’ protocol to identify a
subset of potentially deleterious variants/genes[26].

2.4 Retrieve ensembl transcript

The dystrophin gene ENSG00000198947 has
different transcripts which described at Ensembl.
org [28]. According to WANNOVAR instruction,
the most popular approach was to use the longest
transcript which provided the most genetic annota-
tion information if multiple transcripts were avail-
able [24]. The full-length transcript variant of the
dystrophin gene was ensembl transcript (ENST)
ID ENST00000357033.9, with13992 length in base
pairs (bp) [28]. The R program (R-4.0.2) identified
the longest transcript start and end, then split long
characters string for AAChange.ensGene. It also
picked the exon number and variant type, protein
coding information (R scripts in appendix 6.1).

2.5 Protein-protein interaction map

Protein-protein interaction map for genetic modi-
fiersidentified in DMD patients was constructed using

search tool for the retrieval of interacting genes/pro-
teins (STRING v11) [29]. Active interaction sources
were restricted to “Textmining,” “Experiments,” and
“Databases.” Only interactions with confidence score
over 0.9 were mapped to the network. The network
obtained from STRING was subsequently analyzed
using Cytoscape 3.8.1 plugin Network Analyzer [30].
The nodes in the PPI network represented the genes/
proteins, and the edges between the nodes represent-
ed the interactions between them. Nodes with high
degree and betweenness centrality (BC) value were
considered as key parameters to analyze the network.
The node with a high degree was deemed with an es-
sential biological function.

2.6 Integrative analysis genetic alternations in
the DMD gene with cancer

Genetic alternations in the DMD gene with can-
cer was examined by using Cancer Genomics Portal
(cBioPortal) [S]. This web portal provides query
interface combined with customized data enabled
us to interactively explore genetic alterations across
DMD samples, genes mutation site and frequency.
Kaplan-Meier curves stratified by genotype were
plotted and comparisons were tested using the Log-
rank test.

3. Results

3.1 Variant prioritization

Func.ensGene | Count
downstream 151
exonic 3626 upstream
exonic;splicing | ;
intergenic 203 B
intronic 376096 L Other B
ncRNA exonic 340 ' i
ncRNA intronic 251 S
ncRNA splicing | ggog
splicing 99 exonic;splicing splicing
upstream 167 1%
UTR3 1069
UTRS 156
Total 382160

Figure 2. Catalog of genomic regions in the DMD gene
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Online wANNOVAR submission for DMD.vcf
processed a total of 382160 variants. Variants located
mainly in intronic, exonic, and UTR3 variant regions
(Figure 2). In this study, genetic variants in exons rather
than introns were focused on, because variants in exon-
ic (coding) region often can alter the protein function.

3.2 DMD gene annotation output

DMD exome summary contains a total of 3627
rows and 140 columns, which includes information
such as function class of exonic variant. We presented
some selected key information (Table 1) in the
annotated file that is crucial for our research.

Table 1.— Example of selected key columns in the annotated file

Columns Name Description Annotation
Start Start nucleotide number on X chromosome. 31140001
End End nucleotide number on X chromosome. 31140003
Ref Original nucleotide(s) present before mutation. |C
Alt Alternative nucleotide(s) present after mutation. |G
Gene.ensGene Gene Variant number. ENSG00000198947

Func.ensGene

Regions (e.g., exonic, intronic, non-coding RNA))
that one variant hit

ExonicFunc.ens-
Gene

Exonic variant function, e.g., synonymous, non-
synonymous, frameshift insertion.

nonsynonymous SNV

when available. These standards include five terms

for diseases [33]

ENST00000357033.9:
AAChange.ens- , _ exon4S: c.G6502C: p.E2168Q
Gene Amino Acid Change ENST00000378677:
exon4S: c.G6490C: p.E2164Q
COSMIC DIS Distribution in Catalogue of Somatic Mutations in I (prostate)
- Cancer
ClinVar uses standard terms for clinical signifi-
ClinVar_SIG cance recommended by an authoritative source Pathogenic

ClinVar DIS

Clinical significance parameter

Duchenne muscular dystrophy

SIFT score (deleterious or tolerated) [31]

Asian), EUR (European), SAS (South Asian).
These are whole-genome variants[31].

ziiijcrzge D: Deleterious (sift<=0.05); %239
T: Tolerated (sift>0.05)
Polyphen2 HDIV__ |Impact on amino acid sequence and protein func- 0291
score tion.
1000 Genomes Project dataset with allele fre-
quencies in six populations including ALL, AFR
1000 _exome ALL |(African), AMR (Admixed American), EAS (East |0.005

3.3 Exonic SNPs frequency in the DMD gene
We choose WANNOVAR’s default definitions of
exonic functional categories in order of precedence:

deletions, insertions or substitutions for frameshift;
stop gain; start loss; deletions, insertions, or
substitutions for nonframeshift; nonsynonymous
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and synonymous (Table 2). A total of 3627 exonic
SNPs in the DMD gene has been examined. The
largest category was nonsynonymous account for

Table 2.-Variants Type and Frequency in the DMD Gene

nearly 64% of all mutations. Synonymous accounted
for nearly 43% and followed by stop gain account for
nearly 6.7% of all mutations.

Variants Definition Variants Type Count Frequency
Insertion, deletion or substitution of one frameshift insertion 47 1.30%
or more nucleotides that cause frameshift frameshift deletion 116 3.20%
changes in protein coding sequence. frameshift substitution 3 0.08%
Variant that leads to the' imm.ediate creation stopgain 42 6.67%
of stop codon at the variant site;
Yariant that leads to the imrr.lediat.e elimina- startloss 1 0.03%
tion of stop codon at the variant site
Insertion, deletion or substitution of 3 or nonframeshift insertion 4 0.11%
multiples of 3 nucleotides that do not cause | nonframeshift deletion 27 0.74%
frameshift changes in protein coding se- nonframeshift substitu- . 0.039%
quence. tion o
A s%ngle r'1ucleotide change that cause an nonsynonymous 2322 64.02%
amino acid change
Asingle nuc.leotid.e change that does not synonymous 864 23.82%
cause an amino acid change

Total variants 3627

High frequency nucleotide substitutions have
been observed in the DMD gene. The largest cat-
egory was Guanine (G) to Adenine (A) with 17%,

Count and Percentage
of High frequency

Figure 3. Summary of amino acid change in the DMD gene

followed by Cytosine (C) to Thymine (T) with 15%
and Thymine (T to Cytosine (C) with 15%, respec-
tively (Figure 3).
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3.4 DMD gene variants in Human 1000 Genomes Project

DMD ensemble in this project contains the 1000
Genomes project data in annotation. 1000 Genomes
project was designed to provide a comprehensive de-
scription of human genetic variation through sequenc-
ing multiple individuals. Populations were classified
into S major continental groups: Africa (AFR), Ameri-
ca (AMR), Europe (EUR), East Asia (EAS), and South
Asia (SAS)[34].The DMD gene variants frequency

from several different continents were showed in Table
3 and Figure 4. Approximately 7% nonsynonymous
mutations were observed from 1000 Genomes project,
with relatively higher alteration frequency in African
(~3%). Similar frequency distributions were observed
among America, Europe, East Asia, and South Asia.
No frameshift and nonframeshift mutations and start-
loss were reported in 1000 Genomes project.

Table 3.— DMD gene variants frequency in Human 1000 Genomes Project

Variants Tvpe AllDMD 1000G 1000G 1000G 1000G | 1000G | 1000G
P Exome ALL AFR AMR EAS EUR SAS
nonsynonymous 2320 165(7.1%) | 67(2.9%) | 34(1.6%) | 47(2%) |35(1.5%) | 41(1.8%)
stopgain 242 2(0.8%) 0 1(0.4%) 0 0 0
synonymous 735 83(11.3%) [33(4.5%) | 19(2.6%) |19(2.6%) | 16(2.2%) | 21(2.9%)
frameshift deletion 95 0 0 0 0 0 0
frameshift insertion 37 0 0 0 0 0 0
frameshift substitution 2 0 0 0 0 0 0
nonframeshift deletion 22 0 0 0 0 0 0
nonframeshift insertion 2 0 0 0 0 0 0
nonframeshift substitution 1 0 0 0 0 0 0
startloss 1 0 0 0 0 0 0
Total 3297 250 (7.6%) | 100 (3%) [ 154 (4.7%) | 66 (2%) |41 (1.2%) |63 (1.9%)
Color Key 5 & 5 g
and Hi ri 5 c § B 5 E
;Ddﬂ 9 s % b= $ £ 37
o 2 b @ 85 & & =
S T ; 3 £ - o £ £ £
£ 2 E & £ 9 a @
0 40 = E 5§ § F F & E E B
Value 7 s 8 8 EEEEE =
{E! EAS
SAS
y
=

Figure 4. DMD gene variants frequency from different continents. Different colors represent
for different levels of frequency values by R Heatmap Script in the appendix 6.2.
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3.6 SNPs distribution by exons

In the DMD gene, SNPs were distributed across
all the exons. Exon 79 is the longest with 2703 bp
in length. Exon 78 is the shortest with 32 bp. To
a better understanding of SNPs distribution den-
sity, we normalized the length of the exon, and as
such high-frequency SNPs were observed in exon
19,13, 71, respectively (Figure S). Interestingly, al-
though Exon 79 is the longest exon, there is a low

100

2

=]

=

distribution of genetic variants in this gene region.
A further investigation revealed that the majority
region of the exons belongs in the 3’untranslated
region (3~UTR). With consideration for the low
SNP frequency in the 5~-UTR, demonstrates that
the genetic variation of DMD gene mainly occurs in
the protein-coding region. This implies a potential
genetic interaction between variation and protein
function.

A P

FEFESESELEFES LSS EELLE LSS LS LSS F LSS

I Raw count

& Count normalized by exon length

The x-axis only shows exon odd-number due to space
Figure 5. The frequency and distribution density of genetic variants in the exons of DMD gene

3.7 SNPs distribution by ACMG classification

Variants according to ACMG Standards and
Guidelines for clinical laboratories were classified
as: ‘Benign), ‘Likely benign), ‘Pathogenic) and ‘Likely
pathogenic [35].

Distribution of SNPs by ACMG Classifications
in the DMD Gene presented in (Figure 6). Stop-
gain caused 57% pathogenic, followed by frameshift
(22%). In general, most of synonymous mutation
have no functional consequence. Interestingly, we
observed a few cases with synonymous mutation

(2%) also associated with pathogenic DMD in the
current analysis.

Distribution of SNPs by exonic region and
ACMG classification in the DMD gene presented in
(Figure 7). In general, pathogenic variants were dis-
tributed across almost all exons. In many exons (i.e.
exon 19), most variants were pathogenic. However,
in some other exons (i.e. exon 37), benign variants
occurred more frequently. Exon 19 has most den-
sity of pathogenic SNP distribution and followed by
exon 20.
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NOMFRAMESHIFT DELETION

FRAMESHIFT SUBSTITUTION

SYNONYMOUS SNV

FRAMESHIFT INSERTION

MONSYNONYMOUS SNV

FRAMESHIFT DELETION

STOPGAIN 151 2

m Pathogenic m Likely Pathogenic w Benign Likely Benign = Uncertain Significance

Stopgain | Frameshift | Nonsynonymous | Frameshift | Synonymous | Frameshift | Monframeshift
deletion SNV Insertion SN Substitution | Deletion
Pathogenic 151 57 26 20 5 2 2
Likely Pathogenic 1 1 0 0 0 0 ]
Benign 0 0 47 ] 4 0 0
Likely Berugn 0 0 16 0 16 0 0
Uncertain Significance 1 0 35 0 0 0 a

Figure 6. Distribution of SNPs by ACMG-AMP classifications in the DMD gene
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Figure 7. Distribution of SNPs by exonic region and ACMG classification in the DMD gene

3.8 Network analysis highlights non-random in-
terconnectivity between the genetic modifiers identi-
fied in DMD patient

Genetic modifiers have been associated with
variability in human DMD sub-phenotypes[13]:
SPP1, LTBP4, and THBS1 are mapped to the

TGEF-P pathway, and implicated in several intercon-
nected molecular pathways regulating inflamma-
tory response to muscle damage, regeneration, and
fibrosis. ACTN3 deficiency triggered an increase in
oxidative muscle metabolism through activation of
calcineurin, and then ameliorated the progression of
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dystrophic pathology. We considered SPP1, LTBP4,
ACTN3 and THBSI as the “seed” genes/proteins
to construct the PPI network associated with DMD
(Figure 8) [36]. Fifteen additional interactors were
allowed in the network to identify the most signifi-
cant interactions and achieve a meaningful size for
network analysis. PPI analyses showed that ACTN3
had direct interaction with DMD. SPP1 may interact
with DMD through ITGB1, which has the highest
node degree and BC values in the network. ITGB1
is one of the most common forms in muscle. Disrup-
tions of integrins are responsible for a further class
of muscular dystrophies [37]. Among the “seed”

genetic modifiers, THBS1 has higher network to-
pological parameters, followed by SPP1, ACTN3
and LTBP4. The network enrichment p-value was
< 3.09¢-08, meaning that this connected network
has significantly more interactions than expected at
random, and that the genetic modifiers have more
interactions among themselves than what would be
expected for a random set of genes/proteins of simi-
lar size. Such enrichment also indicates that these
genetic modifiers are, at least partially, biologically
connected. In addition, the PPI network may be pos-
sible to shed light on new genetic modifiers by their
functional coupling to these known “seed” genes.

EhedS  from curated databases
At pxperimentally determined

A5 textmining

Figure 8. Interaction network resulting from the genetic modifiers identified in DMD patients

3.9 Exon DMD genetic alternations in different
tumors

After examining SNPs distribution by ACMG
Classification from DMD functional annotation out-
put file, it appeared genetic alternations in the DMD
gene associated with different types of cancers. It
has also been reported that DMD gene is involved
in tumor development and progression [38-41].

Therefore, we further analyzed data from 25 pub-
lished cancer studies from The Cancer Genome
Atlas (TCGA) and 4 pediatric cancer studies that
included a minimum of 100 samples in the cBioPor-
tal database. Since people with DMD could develop
rare and aggressive type of muscle cancer (i.e. rhab-
domyosarcoma), we also included one study that
analyzed 43 rabdomyosarcomas cases. Total 11927
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patients (age from ~ 3 years to 90 years; ~ 48% male
and ~ 46% female; ~ 60% white, ~7% black or africa
america and ~ 5% asian) and 11977 samples from
30 studies have been included in the analysis. Ap-

proximately 10% of the cases have an alteration in
the DND gene, consisting mainly of missense muta-
tion and truncating mutation. The studies analyzed
were listed in the appendix 6.4.

Table 4. — Example of DMD gene mutations with cancers

Mutation Vari-
Cancer Type Functional Impact Tyvpe ant HGVSc Exon
yp Type
Bladder Urothelial Mutatl?nAssessor: NA; SIFT: 1mpact: Missense Mu- ENST00000357033.4:
_ deleterious, score: 0; Polyphen-2: im- _ - SNP 16/79
Carcinoma ) tation c.1940T>C
pact: probably damaging, score: 0.994
Bladder Urothelial MutationAssessor: NA; SIFT: imp ?Ct: Missense Mu- ENST00000357033.4:
) tolerated, score: 0.76; Polyphen-2: im- . — SNP 18/79
Carcinoma . tation c.2215G>A
pact: probably damaging, score: 0.985
Bladder Urothelial [MutationAssessor: NA; SIFT: NA; Nonsense SNP ENST00000357033.4: 30/79
Carcinoma Polyphen-2: NA Mutation c.4222C>T
M ionA. : NA; SIFT: i : .
Bladder Urothelial [ tationAssessor: NA; SIFT: impact: |y oo oy ENST00000357033.4:
. tolerated, score: 0.25; Polyphen-2: . = SNP 30/79
Carcinoma ) ) tation c4117C>A
impact: benign, score: 0.219
Rectal Adenocar- MutationAssessor: NA; SIFT: imp ?Ct: Missense Mu- ENST00000357033.4:
) tolerated, score: 0.19; Polyphen-2: im- . — SNP 41/79
cinoma . ) tation c.5824G>A
pact: possibly damaging, score: 0.475
Bladder Urothelial |[MutationAssessor: NA; SIFT: NA; Missense_Mu- SNP ENST00000357033.4: 50/79
Carcinoma Polyphen-2: NA tation c.7213G>T
MutationAssessor: NA; SIFT: impact:
Bladder Urothelial |deleterious, score: 0.03; Polyphen-2:  [Missense Mu- ENSTO00000357033.4:
. . . _ - SNP 54/79
Carcinoma impact: probably damaging, score: |tation c.7891C>T
0.926
Adrenocortical MutationAssessor: NA; SIFT: lmP act: Missense Mu- ENST00000357033.4:
. tolerated, score: 0.4; Polyphen-2: im- . - SNP S57/79
Carcinoma . tation c.8464C>A
pact: benign, score: 0.164
Adrenocortical ~ |[MutationAssessor: NA; SIFT: NA; Frame_Shift INS ENSTO00000357033.4: 57/79
Carcinoma Polyphen-2: NA Ins c.8528dup
Bladder Urothelial MutationAssessor: NA; SIFT: impact: Missense  Mu- ENST00000357033.4:
, tolerated, score: 0.35; Polyphen-2: , - SNP 58/79
Carcinoma . . tation c.8641C>G
impact: benign, score: 0.005
Mutati : NA; SIFT: i :
Adrenocortical utat19nAssessor NA; S 1mpact Missense  Mu- ENSTO00000357033.4:
_ deleterious, score: 0; Polyphen-2: im- _ - SNP 67/79
Carcinoma _ tation c.9766G>A
pact: probably damaging, score: 1

The majority of DMD genetic alterations corre-

sponded to mutations and deep deletions, and a low
frequency of gene amplifications. The occurrence of
DMD alterations varied across the studies/tumor

types (Figure 9). The highest ratio of genetic alter-
nations was approximately 31% (Esophagus, TCGA
PanCan), and followed by 25% (Uterine TCGA Pan-
Can 2018). There were approximately 967 missense
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mutations and 246 truncating mutation in the tumor
samples, with highest frequency (8 of nonsense mu-
tation) being R1459*/Q in the kinase domain. There
appeared to be no hot spots of alteration in the gene
region (Figure 10). Interestingly, DMD alterations
were not found in rabdomyosarcomas samples.

3.10 Patients with DMD alterations have poorer
overall survival

To study the overall survival (OS) of patients
with and without DMD genetic alterations, Kaplan-

30%
25%
20%

15%

Alteration Frequency

10%

5%

Meier curves stratified by genotype were plotted and
the comparisons were tested using the Log-rank test
[S]. OS analysis has been initially conducted using
cBioPortal with pooled all patient data from 30
different cancer studies as mentioned in previous
section (appendix 6.4). We observed that patients
with genetic alterations in DMD had significantly
shorter OS (63.8 months) compared to patients with
wild-type DMD (82.9 months) (Figure 11).
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Figure 9. Frequency of genetic alternations in the DMD gene in different types of tumors
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Figure 10. Mutation diagram of DMD gene in the tumor samples
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Figure 11. Overall survival analyses using ¢ BioPortal data

Additional OS analysis has been performed by
various tumor types with greater than 5% DMD
genetic alteration frequency[S]. Invasive breast
carcinoma and esophageal carcinoma that revealed
significant differences between by wild-type DMD
or mutated DMD groups (Figure 12). Others such
as ovarian carcinomas showed similar trend, but not
statistically significant (Figures not presented). OS
analysis of breast cancer patients with low or high ex-

Invasive Breast Carcinoma
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Logrank Test P-Value: 0.0243
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pression of DMD gene has been further conducted
by using Kaplan-Meier Plotter (www.kmplot.com/
analysis) [42]. Likewise, low DMD expression is
associated with poorer survival in breast cancer pa-
tients. These results demonstrate that the relation-
ship between DMD genetic status and prognosis
may be tumor-type specific. Moreover, its biologi-
cal function in tumorigenesis as well as prognosis
is complicated and co-regulated with other factors.

Esophageal Carcinoma
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Figure 12. Overall survival for invasive breast carcinoma and
esophageal carcinoma using cBioPortal data
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4. Discussions

DMD is a rare, severe, progressive genetic disor-
der causing disability and premature death. DMD
caused by mutations in the dystrophin-encoding
DMD gene, which is one of the largest of the identi-
fied human genes. There are currently no curative
therapies for DMD. Gene therapy is a promising ex-
perimental method that uses genes (the fundamental
units of heredity) to treat disorders that result from
genetic mutations. Currently, several kinds of gene-
based therapies including exon skipping are being
developed to treat DMD.

Although mutations in DMD genes have been
widely studied, to our knowledge, a systematic ge-
netic analysis of all variants, especially SNPs, of
the gene in human have not been reported. In gen-
eral, Variants in exonic (coding) region can alter
the protein function. Therefore, we focused on a
total of 3627 exonic SNPs. In the DMD gene, SNPs
distributed across all exons. The largest category
was nonsynonymous account for nearly 64% of all
mutations. Exon 19 appeared to be most patho-
genic region. As expected, nonsense mutation
(i.e. stopgain) or frameshift mutation likely lead to
more pathogenic DMD. Of note, the limitation of
current database may not perfectly represent the
DMD patient population, since the database col-
lects all genetic variations from various individuals,
but not merely DMD patients. Therefore, the re-
sult in the study reveals richer variations in human
populations than in DMD patients. Interestingly,
some pathogenetic variants were also observed in
healthy individuals. For example, a few nonsynony-
mous and stop gain cases were observed in the 1000
Genomes project, although the allele frequency
was very low. Healthy individuals may also carry
DMD related genetic alternations. However, for
each gene, there are homologous alleles from the
mother and father, so the abnormality of one of the
alleles will notlead to disease. This may explain why
normal individuals carry DMD mutations without
clinic symptoms.

Phenotypic variations in DMD may also occur
in patients with the same primary mutation. A wide
range of clinical manifestations suggest that genet-
ic modifiers such as SPP1, LTBP4, ACTN3, and
THBS1 can modify the clinical severity of DMD
disease [13]. As expected, our PPI analysis high-
lighted non-random interconnectivity between the
genetic modifiers identified in DMD patients, and
potentially shed light on new genetic modifiers by
their functional coupling to these known genes.

The genomic, functional and clinicopathological
evidence demonstrate dystrophin tumor suppressor
roles in human cancers. People with DMD may in-
crease risks to develop aggressive and rare muscle can-
cer such as rhabdomyosarcoma[38, 43]. In the current
study, we have used the cBioPortal for cancer genom-
ics as a tool for visualizing, exploring and analyzing
the biological and clinical characteristics of DMD
genetic alterations with cancer. Total 11927 patients
and 11977 samples from 30 studies with various types
of tumors have been included in the analysis. Ap-
proximately 10% of the cases had an alteration in the
DMD gene, consisting mainly of missense mutation
and truncating mutation. We observed DMD genetic
alterations varied across the studies/tumor types. Pa-
tients with DMD genetic alterations appeared to have
shorter overall survival, particularly with esophageal
carcinoma and invasive breast carcinoma. Similarly,
Stephens et al. also reported poorer survival for pa-
tients with upper gastrointestinal cancer and low ex-
pression of DMD[39]. However, there were no signif-
icant correlations between DMD genetic alterations
and overall survival in some other types of human can-
cers. These results demonstrate that the relationship
between DMD genetic status and prognosis may be
tumor-type specific. Moreover, its biological function
in tumorigenesis as well as prognosis is complicated
and co-regulated with other factors.

Leonela N. Luce et al conducted paired tumor/
normal tissues showed that majority of tumor speci-
mens had lower DMD expression compared to the
normal adjacent tissue [44], in concordance to the
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other reports suggesting the tumor suppressor role
of DMD(38]. Contrastingly, overexpression of the
DMD gene has also been reported in leukemias, re-
nal carcinomas, ependymomas, and astrocytomas
[44]. The function and molecular mechanism in-
volved in altered DMD gene expression in different
cancer types remains to be further investigated.

S. Conclusions

In conclusion, to our knowledge, this is first data
mining study with a systematic genetic analysis of all
variants, especially SNPs, of the DMD gene in human.
SNPs distributed across all Exons. The largest cate-
gory was nonsynonymous account for nearly 64% of
all mutations. Exon 19 appeared to have most density
of pathogenic SNP distribution. Nonsense mutation
(i.e. stopgain) or frameshift mutation likely lead to
more pathogenic. Network analysis highlighted non-
random interconnectivity between the genetic modi-
fiersidentified in DMD patients, and potentially shed
light on new genetic modifiers by their functional cou-
pling to these known genes. In addition, our results
also suggest DMD gene may serve as a diagnostic and
therapeutic target for certain types of cancer.

6. Appendix

6.1 R Script of “Extract the longest length tran-
script with Exon Number, amino acid change from
DMD gene exome file”
# String work
library(stringr)
library(dplyr)
# Read Path where your CSV file is located
DMD<- read.csv(file = ‘Read Path where CSV file
located\\DMD _query.output.exome summary.
csv’)
head(DMD)
library(stringr)
location<-str_locate(DMD$AAChange.
ensGene,”ENST00000357033”)
location
startpos<-location[,1] startpos
endpos<-location[,2] endpos
str_sub(DMD$AAChange.ensGene, startpos,

endpos+25)

# Export ENST00000357033 segment CSV/
DMD_ENST_ Output<-str_
sub(DMD$AAChange.ensGene, startpos, end-
pos+2S)

write.csv(DMD_ENST _putput, file = “DMD _
ENST_Output.csv”)

6.2 R Script for Heatmap of DMD variants fre-
quency from different population in 1000 Genomes
project
# Read DMD variants frequency VS1000 gene popu-
lation file from ENSG0000019894
DMDgeneExp <- read.csv'Read Path where CSV
file located\ \heatmap\\1000genomeproject.csv”)
install.packages(‘caTools’)
library(gplots)
head(DMDgeneExp)
rownames(DMDgeneExp) <- make.unique(as.
character(DMDgeneExp $Variants.Type))
DMDgeneExp matrix <- as.matrix(DMDgeneExp
[2:6])
head(DMDgeneExp matrix)
dist no_na <- function(mat) {
edist <- dist(mat)
edist[ which(is.na(edist) ) ] <- max(edist,
na.rm=TRUE) * 1.1
return (edist)

}

colors = c(seq(-3,-2, length=100),

seq(-2,0.5, length=100),

seq(0.5,6, length=100))

my_palette <- colorRampPalette(c(“grey”,"blue’,’d
arkred”))(n = 100)

# Heatmap plotted
heatmap.2(DMDgeneExp matrix, distfun=dist
no_na, col=my palette,

key=TRUE, symkey=FALSE,

cexRow=0.01, cexCol=1.2,

offsetRow =0,

densadj = 0.15,

margins=c(4,16),

Iwid = ¢(5,20))
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6.3 Amino acid descriptions

Oneletter | Three letter Amino acid Possible codons
code code

A Ala Alanine GCA, GCC, GCG, GCT

B Asx Asparagine or Aspartic acid AAC, AAT, GAC, GAT

C Cys Cysteine TGC, TGT

D Asp Aspartic acid GAC, GAT

E Glu Glutamic acid GAA, GAG

F Phe Phenylalanine 1IC, TI'T

G Gly Glycine GGA, GGC, GGG, GGT

H His Histidine CAC, CAT

I Ile Isoleucine ATA, ATC, AIT

K Lys Lysine AAA, AAG

L Leu Leucine CTA, CTC, CTG, CTI, TTA, TTG
M Met Methionine ATG

N Asn Asparagine AAC, AAT

P Pro Proline CCA, CCC, CCG, CcCT

Q Gln Glutamine CAA, CAG

R Arg Arginine AGA, AGG, CGA, CGC, CGG, CGT
S Ser Serine AGC,AGT, TCA, TCC, TCG, TCT
T Thr Threonine ACA,ACC,ACG,ACT

\Y% Val Valine GTA, GTC, GTG, GIT
\\ Trp Tryptophan TGG

X X any codon NNN

Y Tyr Tyrosine TAC, TAT

Z Glx Glutamine or Glutamic acid CAA, CAG, GAA, GAG

* * stop codon TAA, TAG, TGA

6.4 Cancer studies analyzed from cBioPortal

Type of cancer - study abbreviation Number
1 2
Bladder Urothelial Carcinoma (TCGA, PanCancer Atlas) 411
Colorectal Adenocarcinoma (TCGA, PanCancer Atlas) 594
Breast Invasive Carcinoma (TCGA, PanCancer Atlas) 1084
Brain Lower Grade Glioma (TCGA, PanCancer Atlas) 514
Glioblastoma Multiforme (TCGA, PanCancer Atlas) 592
Cervical Squamous Cell Carcinoma (TCGA, PanCancer Atlas) 297
Esophageal Adenocarcinoma (TCGA, PanCancer Atlas) 182
Stomach Adenocarcinoma (TCGA, PanCancer Atlas) 440
Head and Neck Squamous Cell Carcinoma (TCGA, PanCancer Atlas) 523
Kidney Renal Clear Cell Carcinoma (TCGA, PanCancer Atlas) 512
Kidney Renal Papillary Cell Carcinoma (TCGA, PanCancer Atlas) 283
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1 2
Liver Hepatocellular Carcinoma (TCGA, PanCancer Atlas) 372
Lung Adenocarcinoma (TCGA, PanCancer Atlas) 566
Lung Squamous Cell Carcinoma (TCGA, PanCancer Atlas) 487
Acute Myeloid Leukemia (TCGA, PanCancer Atlas) 200
Ovarian Serous Cystadenocarcinoma (TCGA, PanCancer Atlas) 58§
Pancreatic Adenocarcinoma (TCGA, PanCancer Atlas) 184
Prostate Adenocarcinoma (TCGA, PanCancer Atlas) 494
Skin Cutaneous Melanoma (TCGA, PanCancer Atlas) 448
Pheochromocytoma and Paraganglioma (TCGA, PanCancer Atlas) 178
Sarcoma (TCGA, PanCancer Atlas) 255
Testicular Germ Cell Tumors (TCGA, PanCancer Atlas) 149
Thymoma (TCGA, PanCancer Atlas) 123
Thyroid Carcinoma (TCGA, PanCancer Atlas) 500
Uterine Corpus Endometrial Carcinoma (TCGA, PanCancer Atlas) 529
Pediatric Pan-Cancer (DKFZ, Nature 2017) 961
Pediatric Ewing Sarcoma (DFCI, Cancer Discov 2014) 107
Pediatric Preclinical Testing Consortium (CHOP, Cell Rep 2019) 261
Pediatric Pan-cancer (Columbia U, Genome Med 2016) 103
Rhabdomyosarcoma (NIH, Cancer Discov 2014) 43
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Abstract. The article assessed the development of diabetes mellitus at a reduced dose of alloxan
by morphological examination of the pancreas. Middle-aged and elder rats were used in the experi-
ment. The development of hyperglycaemia and its further effects on the pancreas were confirmed

during the experiment.
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Introduction

Diabetes mellitus (DM) is a metabolic disease
resulting from impaired insulin secretion by the pan-
creas, insulin response or a combination of these fac-
tors. In terms of prevalence, DM can be considered
a pandemic of the 21* century [2]. Major health
problems develop as a result of the resulting hyper-
glycaemia [3]. There are no curative treatments for
these conditions, and a deeper understanding of the
mechanisms of disease development is required [4].

Experimental research models are widely used to
study the pathogenesis of the disease. The alloxan-

induced diabetic animal model is widely considered
to be the classical model. Alloxan causes destruction
of the B-cells of the pancreatic islets of the pancreas
[S]. But despite the similarity of subdiabetogenic to
lethal doses of the drug, the wide range of recom-
mended doses for modeling, the absence of morpho-
logical evidence of DM development in conditions
of administration of certain doses, the wide range
of hyperglycaemic values, the emergence of specific
insular apparatus functioning during gerontogenesis,
our work is relevant. We chose a dose of 120 mg/kg
animal weight.
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Materials and methods

The experiment was carried out on 60 white Wis-
tar rats kept in standard vivarium conditions. Animals
were represented by two age groups — middle aged
rats (6-7 months) weighing 140-160 g and elder
rats (18-22 months) weighing 260-340 g(according
to classification of I.P.Zapadnyuk, 1983). Each
age group was divided into intact (control) and
experimental (with experimental hyperglycemia)
groups. Hyperglycemia was modeled by intraperi-
toneal injection of alloxan monohydrate solution
(120 mg/kg, Sigma, Germany).

The development of hyperglycaemia was moni-
tored by blood glucose, which was determined (glu-
cose oxidase method) using a Bionime portable glu-
cometer. On the third day, animals were selected that
had persistent hyperglycaemia with peripheral blood
glucose higher than 28 mmol/1.

The animals were euthanized by inhalation an-
esthesia with ethyl ether for tissue sampling [6; 7].
After decapitation, the pancreas was extracted, and
microslides of the pancreas were made according to
standard histological techniques, followed by hema-
toxylin and eosin staining. Fragments of pancreas
were preserved in 10% neutral formalin. The mate-
rial was dehydrated in a Leica TP1020 automatic sta-
tion and embedded in paraffin. Paraffin sections (5
um) were placed on slides coated with poly-L-lysine

Figure 1. The pancreas of the middle-aged intact rat

film (Sigma). Morphometric analysis was carried out
using a system of computer analysis of microscopic
images, consisting of a Nikon Eclipse E400 micro-
scope, a Nikon DXM1200 digital camera, a personal
computer and Video-Test-Morphology4.0 software
(Avtandilov grid).

The results were statistically processed using
Student’s t-test and determination of criterion of
normality of values distribution of the studied se-
ries [1]. We adhered to General Ethical Principles
of Animal Experiments (Kyiv, 2001) and the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scien-
tific Purposes (Strasburg, 1986).

Results and discussion

To assess the peculiarities of the structure and
functional activity of endocrine and exocrine parts
of the pancreas in experimental animals we used
standard criteria, including measurement of islets of
Langerhans, number of islets per unit conventional
area (per 0.1 mm?), diameter of a- and p-cells, num-
ber of endocrine cells in pancreatic islets, area of pa-
renchyma and organ stroma [8].

In the course of the study we found that in the
middle-aged animals of the intact group there was
a gradual decrease in the relative volume density of
the stroma and, conversely, an increase in the relative

volume density of the parenchyma (Fig. 1).
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3 groups of stromal changes were observed in
animals with experimental hyperglycaemia: the
occurrence of inflammatory infiltrate, fibrosis and
vascular reaction. In most cases there was produc-
tive inflammation, which was either isolated in
some lobules or diffusely distributed in the stroma
of the organ. Foci of exudative inflammation were
rare and detected around the excretory ducts. Fi-

brosis in most cases was combined with productive
inflammation and venous vascular congestion. In
some areas the parenchyma was separated by broad
interlayers of connective tissue. Connective tissue
development was more prominent in the immedi-
ate vicinity of the ducts (Figure 2). The excretory
ducts were dilated and contained homogeneous
oxyphilic contents.

Figure 2. Pancreas of the middle-aged rat with experimental hyperglycaemia

Pancreatic exocrine tissue consists of 4 types of
cells: acinar cells; centroacinarductal cells; mucin-se-
creting ductal cells; and connective interstitial cells [9].

The acini in the middle-aged intact animals con-
sisted of a pyramidal, single-layered epithelium lin-
ing the basal membrane with curves directed towards
the centre. Basal part of cell cytoplasm contained
basophilic granules and stained more intensively
in comparison with apical part of cell cytoplasm
(by hematoxylin-eosin staining). Pancreatic secre-
tory activity correlated with the size of acinocytes
and their nuclei. Along the course of the ducts, cells
with round nuclei, well visualized chromatin and 1
or 2 nuclei appeared. Mitotic markers were rarely
observed (up to 1%). The small-calibre ducts were
lined by flattened cube-shaped epithelium, the outlet
terminal ducts by tall cylindrical epithelium and sur-
rounded by dense fibrous connective tissue. Islets of
Langerhans were few and irregularly rounded and ac-
counted for 3% of the total structure of the pancreas.

Diameter of islets ranged from 50 to 200 pm, most
of them were 55-65 pym and 145-170 pm in diam-
eter. Histologically, they were predominantly syn-
cytium-like bands of heterogeneous prismatic cells.
The boundaries of the islets were clear, and B-cells
were predominantly located in the centre of the is-
lets. Despite the rarity of mitoses, apoptosis markers
(0.3%-0.5%) were found in islets of Langerhans.

In the exocrine part, histological examination in
hyperglycemic middle-aged rats showed both focal
and diffuse infiltration of the acini with lymphocytes.
There was wrinkling of the affected acini, in isolated
cases there was their enlargement with flattening of
the epithelium. There were also areas of acinar disloca-
tion into fatty tissue. Ducts with dilatation underwent
the greatest changes. On sagittal slices the ducts had a
tortuous course and were filled with condensed homo-
geneous masses. There was a decrease in accumulation
of zymogen granules in acini of peripheral marginal
sections and a high degree of their accumulation in
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perinsular areas of lobules. In most animals there were
foci of marked fatty dystrophy up to “fattening” of cells
in exocrinocytes. This was accompanied by compensa-
tory hypertrophy and hyperplasia of adjacent cells.

The islet part in this group decreased to 2%-2.5%,
islet boundaries were blurred with moderately pro-
nounced infiltration by lymphocytes at the periphery
(initiation of insulinitis). Diameter of islets ranged from
50 to 150 pym with the predominance of islets with a di-
ameter of 80-90 pm of irregular shape. We have noted
heterogeneity of islets cell structure: in some cells there
was active degranulation and hydrophic cytoplasmic
dystrophy and prominent pycnosis of nuclei, in other
part against the background of alow mitotic index (less
than 1%) increased apoptosis up to 2.5%-3%.

In elder intact rats, the organ retained a lobular
structure and was represented by tubular-alveolar

structures. The outside of the pancreas was covered
by a connective-tissue capsule dominated by fibrosis
and venous vasculopathy (in contrast to young ani-
mals). From the capsule inside the organ there were
thickened connective tissue interlayers that divided
the pancreas into lobules, but the parenchymatous
component decreased due to fibrosis and redistribu-
tion of adipose tissue. In the experimental group, organ
fibrosis developed on the background of productive
inflammation. There was noted a replacement of the
parenchymatous comonte of the organ by the adipose
tissue, in which there was an inflammatory infiltrate of
lymphocytes, plasma cells, histiocytes and neutrophils.
The pancreatic capsule was significantly thickened. On
the capsule side, connective tissue bands with fatty tis-
sue compounds were growing into the pancreas and

squeezing the organ parenchyma (Fig. 3).

-

Figure 3. Elder intact rat pancreas

In animals without DM, the acinar structure and
pyramidal shape of exocrinocytes was preserved, but
in some acini the microvilli in the apical part of the
cells were desquamated and lost. In some acini the het-
erogeneity of staining of basal and apical parts of cyto-
plasm waslost (basophilic and acidophilic component
was leveled). Single exocrinocytes showed fine vacu-
olization of cytoplasm and pycnotic changes of nuclei.
Small exit ducts were lined by cubic epithelium, ter-
minal sections by cylindrical, but in some ducts there

was flattening of epithelium and relative dilatation of
duct with fibrosis of surrounding stroma and venous
fullness. Mitotic patterns were absent. In old rats with
DM, the gland retained a lobular structure, but the
lobules varied in size, predominantly decreasing due
to connective and adipose tissue overgrowth. In most
cases the gland had acinar structure with single row
pyramidal cells, however dystrophic changes prevailed
in cells — diffuse hydrophic cytoplasmic dystrophy, pyc-
nosis of nuclei and chromatin fragmentation in cells
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with loss of apical microvessels, apical and then total
desquamation of exocrinocytes into acinus lumen.
In some animals, foci of fine fatty dystrophy were de-
tected. On the background of dystrophic-degenerative
changes of cells, there were also areas of compensatory
adenomatosis of exocrinocytes. Among the dilated exit

ducts with flattened epithelium there were ducts with
epithelium hyperplasia. Fibrosis with residual lympho-
cytes and plasma cells developed around the vessels
and the exit ducts. Fibrosis also developed and the
ducts were tortuous, dilated and filled with homoge-

neous oxyphilic substance (Fig. 4).

Figure 4. Pancreas of the elder rat with DM

Islets of Langerhans in the elder animals of the in-
tact group were few in number, their shape was more
rounded compared to younger animals and amount-
ed to 1%-1.5%. The diameter of islets also ranged
from 50 to 200 pm, but islets of different diameters
were evenly distributed and no significant patterns
of islet size were detected. The boundaries of islets
were clear, and p-cells were located both in the centre
of the islet and were diffusely scattered. Apoptosis
markers were not observed, and individual cells with
signs of cytoplasmic hydropic dystrophy and nuclear
pycnosis were found in islet cells. In hyperglycaemic
rats, the islet part was reduced to 1%-1.5% without
signs of inflammatory infiltration. Islets of Langer-
hans had an irregular shape and blurred borders. The

diameter of the islets decreased and ranged from 50
to 100 um. Mitotic and apoptotic markers were ab-
sent. Degranulation, vacuolization of cytoplasm and
nucleus, chromatin condensation and cell shrinkage
developed in most islets.

Conclusion. The data obtained during mor-
phological study of pancreas in rats of different age
groups correlate with similar parameters of glycae-
mic levels and confirm the development of DM. The
effect of the same dose of alloxan on rats of different
ages was found to be slightly different. The damage
to the exo- and endocrine parts of the BP of older
rats was less pronounced, which may be related to
age-related features of glucose metabolism, namely
an increase in basal blood glucose and insulin levels.
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