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DIAGNOSIS AND SURGICAL TREATMENT OF POSTOPERATIVE ANAL
INCONTINENCE IN ANORECTAL MALFORMATIONS IN CHILDREN

Zhunusov M.}, Terebaev B.2, Tulezhanov Y.}
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®
Tashkent Pediatric Medical Institute. Tashkent, Republic of Uzbekistan?

Abstract. ATo date, there is no single final point of view on determining the main causes of
development and the role of various etiopathogenetic factors leading to postoperative anal
incontinence, as well as the choice of a standard method of treatment and ways to prevent this
complication, this problem remains unsolved. The study is based on the results of examination and
treatment of 234 children with postoperative anal incontinence due to anorectal malformations. In
order to determine the degree of anal incontinence and conduct a comparative analysis, our patients
were divided into two groups: the main 134 (57.3%) patients and the control 100 (42.7%) patients,
who underwent instrumental, endoscopic and functional research methods. Remote results of
postoperative anal incontinence in children due to anorectal malformation were studied in 65 of 79
operated patients in the period from 6 months to 5 years. Good and satisfactory results were noted
in 86.1% of cases and a negative outcome in 13.9% of cases. In order to obtain positive results in
operated patients, they must be under dispensary observation until complete recovery, conservative
and rehabilitation measures must be carried out on time and correctly. Only in this case can good
and satisfactory results be guaranteed.

Key words: anorectal malformation, anal incontinence, puborectal muscle, proctoplasty,
children.

Bbananapaarpl aHOPEKTAJIbAbI AKAYJIAPAAFbl ONlePANUAIAH KeHiHIl aHAJIbAbI YCTAMAY/IbI
AHATHOCTHKAJIAY JKOHEe XUPYPTHUSJIBIK eMey

XKynycos M.}, Tepebaes b.2, Tynexanos E.!
Kosxa Axmer Slcaym aTbiHIarbl XallbIKapaiblK Ka3aK-TYpiK YHUBEpCUTETI, TypKIiCTaH K.,
I<a3a1<0TaH1
TamkeHT HeMaTpus MEIULMHA HHCTUTYTHI, TamkeHT, ©36eKkcTan?

Anjparna. byriari KyHre AeiiH onepanusagaH KEHiHT1 aHaabAbl MHKOHTHHCHIIMSIFA OKEJICTIH
OpTYpJl STHUOMATOTCHETUKANBIK (AKTOpIApABIH JaMYbIHBIH HEri3ri ceOenTepiH KoHe peoJiH
aHBIKTayFa, COHJA-aK eMJIey/IiH CTaHAAPTThI OMICIH KOHE OChI ACKBIHYIBIH AJJIBIH aly YKOJapbIH
TaHAayFa OIpbIHFall TYMKUTIKTI Ke3Kapac >KOK, OYJ Mocelie TOJBIK MISHIUIMETreH KYHiHAe Kbl
OTBHIp. 3epTTey aHOPEKTaJIbAbl aKayjaap VIIIH omepanusgaH KeWiHT1 aHajibJbl WHKOHTHHEHIIUSCHI
O0ap 234 OamaHbl TEKCEpy KOHE eMJIey HOTHXKeJepiHe HeTi3JenreH. AHambIbl WHKOHTHHEHITHS
JIOPEIKECIH aHBIKTAY 'KOHE CAJIBICTIPMAIIbI TaJlIay KYPridy MakcaTblHa O13/11H HAyKaCTapbIMbI3 €Ki
tonka Oemiuai: Heridri 134 (57,3%) HaykacTap >KOHE acHamNThIK, AHAOCKOMMSUIBIK JKOHE
GyHKUMOHANABIK  3epTTey onicTepi xkyprisiniren 100 (42,7%) Haykactapapl Oaxpliay.
AHOpeKkTanbpAbl  akayra  OaillaHbICTBI  Oananmapjarbl  OmepalusgaH  KeHIHT1  aHaJbJIbl
WHKOHTHHEHIMSIHBIH Y3aK Mep3iMJi HoTkelepi 6 aigan Oactam omepanust xacanran 79
HAyKacThIH 65-u3yd 3eprrenai. 5 OGanara aeliH. bakeimaynapasia 86,1% - Xopolue >Kakchl kKoHE
KaHaraTTaHAPJBIK HoTwkenep >koHe 13,9% xkarmaiima Ttepic HoTHke Oailikanael. Onepanus
JKacalFaH HayKacTapJaH OH HOTHIKE ajy YIIiH OJIap TOJBIK CAYBIFBIN KETKEHTE IEHIH AUCTIaHCEPITIK
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Oakputayna OO0Jybl KepeK, KOHCEpBAaTHBTI XOHE OHANTY IIapajapbl YaKbITBIHAA XOHE TYPHIC
Kypriduryi kepek. Tek OChbI jkarmaiijila aKChl JKOHE KaHAFAaTTAHAPJBIK HOTIDKEIepPre KEemiIIiK
Oepyre 00abI.

Tyiiin ce31ep: aHOpPEKTaJb/bI aKay, aHAJIb/Ibl HHKOHTUHEHIIHS, TyOOPEKTaIbIbl OYJIIIBIKET,
MPOKTOIUIACTHKA, Oananap.

I[I/IaFHOCTHKa U XUPYPIrHIECKOEC JICHYHCHHUE MOCTICONCPALNNOHHOI0 aHAJIbHOT0 HEACPKAaHUSA IIPHU
AHOPEKTAJbHbBIX HHKOHTUHCHIUU PAa3BUTHUA Y aeTei

Kynycos M., Tepebaes b.2, Tynexanos E.!
Mex1yHapoAHbBIN Ka3aXCKO-TYpEeLUKU YHUBEpCUTET UMeHN Xoaka Axmena Scasu, r.TypkecTaH,
Kazaxcran®
TamKkeHTCKUI NMeIuaTpUIeCKUid MEIUIIUHCKUI NHCTUTYT, TAallIKEHT, V36ekucran’

AHHOTanuA. /0 CEroAHsSIIHEro [HS HET €AWHOM OKOHYATEIbHOW TOYKH 3pEHUS Ha
OTpe/ieJIEHue OCHOBHBIX MPUYUH PA3BUTHUS U POJHM PA3ITUYHBIX 3THOMATOTCHETHUYECKUX (PAKTOPOB,
MPUBOJAIINX K TMOCJIEONEPAIMOHHON aHAJIhHOW MHKOHTHHEHIIMH, a TaK)Ke BhIOOpa CTaHIAPTHOTO
METOJIa JICUEHUS W TyTed MpOo(UIAKTUKH 3TOTO OCIIOKHEHHS, JaHHas MpoOJieMa OCTAlOTCsA 0
KOHIIa He peméHHol. MccmenmoBanne OCHOBaHO Ha pe3ysibrarax oOciefoBaHus W JiedeHus 234
JIeTel C TMOCIEONEePallMOHHON aHAJIbHOW WHKOHTHHEHIIMEW 10 TIOBOJIY aHOPEKTaJbHBIX
Manbopmanuii. C TeNbpi0 OmpeAeNeHns CTENEeHW AaHaJbHOW WHKOHTHHEHIIMM W TIPOBEICHUS
CPaBHUTEIHHOTO aHAIHM3a HAITK O0JIbHBIE ObUTH pa3/eIeHbl Ha JIBE Tpynbl: oOCHOBHYIO 134 (57,3%)
007bHBIX M KOHTpOJbHYIO 100 (42,7%) OG0NBHBIX, KOTOPHIM IMPOBEAECHbI HHCTPYMEHTAJIbHBIE,
SHAOCKOMUYECKHMEe U (YHKUHOHANbHbIE METONIbl HuccienoBaHus. OTHaleHHbIE pe3yabTaThl
MOCJICONEPAlMOHHON ~ aHAJIBbHOM MHKOHTHMHEHLIMM Yy JE€Ted 10 TOBOJAY aHOPEKTaJIbHOMU
Manb(opManuu u3ydeHa y 65 u3 79 omepupoBaHHBIX OOJIBHBIX B MEpHOJE OT 6 Mec. 0 5 Aer.
XopommMe W yIOBJIETBOPUTENbHBIE pE3ylIbTaThl oOTMeuYeHbl y 86,1% HabmogeHusx u
oTpunatenbubii ucxon y 13,9% cinyyasx. Uto Obl MOMY4UTH MOJOKUTENbHBIE DPE3YNbTATHI Y
OTIEpUPOBAHHBIX OOJBHBIX, OHU JOJDKHBI HAXOJUTCS B JMCIIAHCEPHOM HAOIIOJIEHUE A0 MOJIHOTO
BBI3JIOPOBJICHUSI, KOHCEPBATUBHBIE U PEAOUIUTAIIMIOHHBIE MEPOINPUSATHE JOJDKHBI MPOBOIAUTCS BO
BpeMsT M IpaBWiIbHO. TOJBKO B TakOM CilIy4a€ MOXHO TapaHTUPOBaTh XOPOLIUE U
YIIOBJIETBOPUTENbHBIEC PE3YJIBTATHI.

KiloueBble cjioBa: aHopekTaibHas MainbhopMalusi, aHajdbHasi HMHKOHTHUHEHIIWS,
myOOpeKTanbHasi MBIIIIA, TPOKTOIJIACTHKA, I€TH.

Introduction. The problem of comprehensive diagnostics and selection of optimal treatment
tactics for postoperative anal incontinence in children with anorectal malformations (ARM) are
constantly in the center of attention of researchers studying this problem. Improving diagnostic
methods and, based on this, determining the choice of optimal comprehensive treatment tactics for
postoperative anal incontinence in children with anorectal malformations is a pressing problem in
pediatric proctology [2, 3, 8, 11, 13, 15, 16].

Literature data indicate that there is still no single final point of view on determining the
main causes of development and the role of various etiopathogenetic factors leading to
postoperative anal incontinence , as well as the choice of a standard method of treatment and ways
to prevent this complication, this problem remains unresolved. Many researchers believe that the
correct determination of the causes and nature of postoperative anal incontinence can only be based
on the results of a set of diagnostic measures, the main objectives of which are: establishing the true
causes and factors of fecal incontinence, as well as assessing the degree of anal incontinence [1, 5,
6,7,9, 10, 12, 14].



Thus, the question arises about developing a rational diagnostic protocol that allows for the
selection of optimal treatment tactics, determining the most effective method and technique of
reconstructive intervention depending on the type of damage and deformation of the anatomical
structures of the locking apparatus of the rectum in children with postoperative anal incontinence.
The aim of the study. Improving methods of surgical treatment of postoperative anal incontinence
in anorectal malformations in children.

Materials and methods. The study is based on the results of examination and treatment of
234 children with postoperative anal incontinence due to anorectal malformations. All these
children, aged from 6 months to 16 years, were undergoing inpatient examination and treatment at
the clinics of the Tashkent Pediatric Medical Institute for the period from 2018 to 2024. The
distribution of patients by gender and age at the time of hospitalization is presented in Table 1.

Table 1.
Distribution of patients by gender and ageMaterials and methods.
Age
Floor Total %
< 3years 3-7years | 7-1lyears | >1 1years
Boys 36 47 22 3 108 46.2
Girls 49 43 23 11 126 53.8
Total 85 90 45 14 234 100%

Retrospective and prospective analysis of the disease showed that out of the total number of
admitted patients with postoperative anal incontinence , high form of anorectal malformation was
diagnosed at birth in 126 (53.8%) cases, and low form in 108 (46.2%) cases. At the same time, in 67
(28.6%) cases, children with high supralevator form of rectal atresia underwent palliative
intervention at the place of residence after birth - colostomy , and in 59 (25.2%) cases, primary
radical correction of the malformation was performed. In 108 (46.2%) patients with low forms of
anorectal malformations, perineal proctoplasties were performed at various times after birth . In 105
(44.9%) patients, severe combined concomitant congenital defects and developmental anomalies of
the cardiovascular and genitourinary systems, as well as developmental defects of the
sacrococcygeal segment were detected.

In the course of this study, new directions in the diagnosis and treatment tactics of
postoperative anal incontinence were developed and implemented , in connection with which this
period was divided into 2 segments (2018-2020 and from 2021 to 2024), and 2 comparison groups
were formed (main and control). In order to determine the degree of anal incontinence and conduct
a comparative analysis, our patients were divided into two groups: the main 134 (57.3%) patients
and the control 100 (42.7%) patients who underwent instrumental, endoscopic and functional
research methods. Based on generally accepted classifications of fecal incontinence in children, as
well as in accordance with the principles of stratification randomization of the study, we divided the
patients into three degrees of postoperative anal incontinence . This distribution allowed us to
determine not only the severity of the clinical course of the disease, but also to determine the
severity of the manifestation of postoperative anal incontinence , which contributed to the choice of
one or another method and method of its correction (Table 2).



Table 2.

Distribution of patients into comparison groups depending on the degree of postoperative
anal incontinence and the primary form of ARM

Main group Control group Total
Degree of Al low high low high number of
form form form form :
patients
ARM ARM ARM ARM
1st degree 38 17 30 13 98 (41.9%)
Il degree 14 52 20 33 119 (50.8%)
111 degree 4 9 2 2 17 (7.3%)
Total 20 8 >2 i 234 (1009
ota 134 (57.3%) 100 (42.7%) (100%)

Sphincterometry indices were studied in 72 patients, including 55 patients in the main group
and 17 patients in the control group. Comparative characteristics in both groups were carried out
depending on the patient's age, since when studying depending on the degree of anal incontinence ,
the indices of average deviations varied at high numbers, this circumstance is considered
unacceptable in comparison groups. The obtained results of anal sphincterometry indicated that in
the main group of patients, depending on age, the average resting pressure varied from 24.0+2.0
mm Hg to 32.6£1.0 mm Hg , the maximum contraction pressure varied from 44.6£2.9 mm Hg to
71.6£0.65 mm Hg . At the same time, in patients of the control group, these indices corresponded to
the following results: the average resting pressure was from 17.8+2.1 mm Hg . up to 28.8+0.98
mmHg ; maximum contraction pressure varied from 42.5£1.06 mmHg to 67.5+2.8 mmHg (Table

3).
Table 3.
Comparative evaluation of sphincterometry parameters
depending on the patient’s age
4-7 years 8-12 years 12-15 years
Mean Mean Mean
) resting Maximum resting Maximum resting Maximum
Indicators | presqur contractio pressur contractio pressur contractio
e n pressure e n pressure e n pressure
(mmHg (mmHg) (mmHg (mmHg) (mmHg (mmHg)
) ) )
Main group 24.0+2.0 44.6£2.9 24.5+2.3 65.3+2.7 32.6+1.0 71.640.65
Control group | 17.8+2.1 425+1.06 | 22.1+0.11 | 62.6+0.26 | 28.8+0.98 67.5+2.8

Sphincterometry conducted in our studies showed a significant decrease in the inhibitory
reflex and threshold sensitivity of the internal anal sphincter, compared to children without
functional and organic disorders of the anorectal zone. This fact once again proves that the internal
anal sphincter is not controlled consciously and therefore is in a relaxed or contracted state.
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Results and discussion. As noted above, 234 patients with postoperative anal incontinence
were treated in our clinic , which, depending on the causes and form of anorectal malformation
(high and low forms), we conditionally divided into two compared groups, 134 patients in the main
group and 100 patients in the control group. Of the 134 patients in the main group, in 58 (43.3%)
cases with low forms of anorectal malformations, the following primary corrective surgeries were
performed: in 23 (39.7%) cases, perineal proctoplasty was performed in a modification of the clinic,
in 12 (20.7%) cases, anterior-sagittal anorectoplasty (PSARP), in 11 (18.9%) patients perineal
proctoplasty according to Stone-Benson and in 12 (20.7%) cases perineal proctoplasty according to
Solomon. At the same time, in 76 (56.7%) patients with high forms of anorectal malformations,
abdominoperineal proctoplasty according to Romualdi was performed .

In the control group of patients (100 patients), in 52 cases (52%) a low form of anorectal
malformations was diagnosed, these children underwent the following surgical interventions:
perineal proctoplasty in the modification of the clinic - 13 (25.0%) patients, perineal proctoplasty
according to Stone-Benson in 24 (46.2%) patients and in 15 (28.8%) observations perineal
proctoplasty according to Solomon was performed. In 48 (48%) cases in children with a high form
of anorectal malformations, abdominoperineal proctoplasty according to Romualdi was performed.

As noted above, primary abdominoperineal and perineal proctoplasties performed in 79
(58.9%) patients with anorectal malformations were the main causes of postoperative anal
incontinence , which required repeated reconstructive plastic surgeries, which are presented in
Table 4.

Table 4.
Distribution of patients with grade I1-111 postoperative anal incontinence depending on
repeated reconstructive and corrective surgical interventions in children of the main group
(n=79)
Repeated reconstructive Number Initially performed operations
. S . . of ) . .
No. interventions in children with . Perineal Abdominoperine
operation
PAI s proctoplast al proctoplasty
y
1. | PSARP with sphincter restoration. 11 1 10
2. | ZSARP with sphincter restoration. 6 2 4
Perineal proctoplasty with
3. - SO 9 3 6
excision of cicatricial
stenosis.
4. | Excision of the protruding mucosa. 15 4 11
5. |Creation of an internal neosphincter 13 3 10
6. Gel plastic surgery of the anal 19 8 11
canal.
7 Prosthetics of the puborectal 6 i 6
" | loop with the artificial graft
"Urosling-1".
Total 79 21 58

The data presented in Table 4 indicate that 79 patients underwent repeat corrective
interventions, with 19 (24.1%) cases undergoing anal canal plastic surgery by introducing Noltrex
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polyacrylamide gel (Fig. 1), 11 (13.9%) children underwent PSARP with restoration of the anterior
portion of the external anal sphincter with preliminary ostomy of the colon, 6 (7.5%) patients
underwent ZSARP with restoration of the posterior portion of the anal sphincters and puborectalis
muscle, 15 (18.9%) patients with protrusion of the rectal mucosa underwent its excision, 13 (16.5%)
patients underwent the formation of an artificial internal sphincter (Fig. 2), and in 9 (11.4%) cases
perineal proctoplasty with excision of cicatricial stenosis of the anal opening was performed (Fig.
3). We also used a minimally invasive method of reconstructing the puborectal loop by means of its
prosthetics using the artificial transplant “Urosling-1" (Fig. 4). This method of surgical correction
was performed in 6 (7.5%) patients with complete loss of function of the anorectal closure
apparatus, after primary surgical intervention in children with anorectal malformations.

Fig. 1. Injection area for the introduction of the volume-forming drug polyacrylamide gel " Noltrex
". Technique for introducing the drug into the submucosal layer of the anal canal.
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Fig. 2. Circular separation of the muscular layer of the intestinal wall from the mucosa and
submucosal layer. Schematic representation of the stage of the operation being performed.




Fig. 3. The anal end of the skin flap is sutured with interrupted sutures on the rectal mucosa on both
sides in the area of damage. Application of interrupted sutures to the skin flaps.

Fig. 4. (a). Fixation of the prolene graft “Urosling-1" on the lower arch of the pubic bone on the
right and its passage through the tunnel. (b). Passage of the graft to the left side of the wound.

It is necessary to remember that one of the causes of postoperative anal incontinence is -
reduced or completely absent tone of the sphincters of the rectum, which is caused by impaired
innervation of the corresponding nerve centers. In this regard, we believe that the priority in
carrying out reconstructive intervention is the restoration of the sphincter apparatus of the rectum,
in particular the internal anal sphincter, since the external anal sphincter has the same innervation as
the skeletal muscles, so its contraction is controlled consciously. Based on the conclusion made, we
modified the proposed method for creating an artificial internal sphincter - "Leiomyoplasty
Sitkovsky -Kaplan method " from the muscular membrane of the descending intestine by turning it
back by 180 0 [4]. A distinctive feature of the method we proposed is not turning back, but forming
by external screwing of the serous-muscular cylinder in the oral direction by 360 0 , which forms a
sphincter -like duplication of the serous-muscular layer of the intestine in the form of a cuff, which
helps to narrow the anal canal and retain feces, thereby reducing the intensity and frequency of
separation of colonic contents (a patent of the Republic of Uzbekistan , FAP 01745, dated
12/30/2021 "Method for creating a smooth muscle sphincter of the rectum™ was received for this
method). This method of plastic surgery helps to correct anal sphincter insufficiency, since a
smooth muscle internal sphincter is formed. This type of plastic surgery has also shown undoubted
advantages in relation to various types of interventions, since this type of plastic surgery is
physiological in many respects, and is also easy to perform technically, while completely
eliminating the risk of damage to the innervation and blood supply of the pelvic organs.

The leading criterion of the effectiveness of surgical treatment of postoperative anal
incontinence in children with anorectal malformations is undoubtedly the study of remote results.
For this purpose, the effectiveness of remote results was studied by us in 65 (82.2%) patients out of
79 operated children of the main group in the period from 6 months to 5 years. In our opinion, such
a long-term follow-up allows us to fairly objectively judge the remote effectiveness and radicality
of the reconstructive interventions performed, the likelihood of incontinence in a milder degree or
its recurrence. In the remote observation period, the operated patients were examined mostly on an
outpatient basis and underwent clinical and laboratory studies, X-ray, ultrasound and functional
examination, as well as questionnaires.
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In our observations, 9 (13.4%) patients showed an unsatisfactory result; unfortunately, the
surgical intervention only worsened the process, transferring the condition to severe fecal
incontinence. The explanation for the unsatisfactory results is primarily that these patients had
deformations of the anorectal region, combined damage to various complexes of muscle structures
of the anorectal zone retaining apparatus, and in some cases, their complete and rough scarring,
which accordingly did not technically allow for the restoration of local tissues of the same name.
We believe that this group of patients does not require any additional reconstructive surgical
interventions, since they are practically doomed to an unsatisfactory outcome. The only option that
can correct and reduce the manifestations of incontinence is the introduction of bulk-forming drugs.

At the same time, in 26 (32.9%) patients with postoperative anal incontinence , in whom the
above changes in the rectoanal area were less pronounced, we performed surgical interventions in
several stages with the imposition of a preventive colostomy or ileostomy . We consider the
imposition of a stoma in this contingent of patients to be an important point, the purpose of which
was to prevent infection of the anorectal zone during reconstructive interventions, as well as to
reduce the risk of possible septic complications in the postoperative period. At the same time,
normal blood supply to the pelvic organs is maintained and the integrity of the large intestine is not
violated. Closure of the imposed stoma in order to restore the natural direction of fecal passage was
performed 1.5-2 months after the reconstructive intervention.

In 13 (16.5%) cases reconstructive surgery helped transform grade Il anal incontinence into
grade I. In these patients, the result obtained in the long-term observation period was assessed as
satisfactory; the reconstructive interventions performed in most cases led to the development of
pliable stenosis due to cicatricially altered muscle fibers after primary interventions, which did not
allow their full functioning, despite the measures taken for maximum reconstruction of the same
tissues. Realizing that these patients will not have normal bowel movements as a result of the
operations performed, but cleansing enemas will allow these children to remain clean for a long
time, we consider this indicator to be relatively favorable, since it improves their social adaptation
in society. This fact allowed us to form our opinion that “ pliable stenosis with fecal smearing or
mild constipation are better indicators than anal incontinence!”

We assessed the long-term treatment results according to the criteria of good, satisfactory
and unsatisfactory (Table 5).

Clinical cure was considered a good indicator in children who developed physically
normally and practically did not present any complaints related to fecal and gas incontinence.

Table 5
Remote results of repeated corrective surgical interventions in children of the main group
(n=65
No. Types of interventions Numbgr of Upcoming results
operations . .
Good Satisfactory Unsatisfactory
1 PSARP with sphincter restoration 9 6 (9.2%) 2 (3.1%) 1 (1.5%)
5 ZSARP with sphincter restoration 5 3 (4.6%) 2 (3.1%) i
Perineal proctoplasty with excision
3. of cicatricial stenosis ! 3 (4.6%) 3 (4.6%) 1(1.5%)
4 Excision of the protruding mucosa 12 7 (10.8%) 3 (4.6%) 2 (3.1%)
5. Creation of an internal neosphincter 1 8 (12.3%) 2 (3.1%) 1 (15%)
6. Gel plastic surgery of the anal canal 15 7 (10.8%) 5 (7.6%) 3 (4.6%)
Prosthetics of the puborectal loop
7. with the artificial 6 4 (6.2%) 1 (2.5%) 1(1.5%)
transplant “Urosling-1"".
Total 65 (100%) 38 (58.5%) 18 (27.6%) 9 (13.8%)
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At the same time, the functional indicators showed that the multicomponent function of the
rectal locking apparatus corresponds to socially acceptable indicators, characterized by the presence
of urges to defecate. Also, to assess the results of surgical treatment and the anatomical and
functional completeness of the puborectal muscle, MRI and MSCT studies of the small pelvis were
performed, while the state of the rectal locking muscles was assessed.

Conclusion. Thus, summarizing the analysis of our studies of surgical treatment of
postoperative anal incontinence in the follow-up, good and satisfactory long-term results were
obtained in 56 (86.2%) patients, unsatisfactory - in 9 (13.8%) of 65 operated patients.
Unsatisfactory treatment results in the form of recurrent incontinence are clearly the causes of social
vulnerability of these children, which leads to emotional problems manifested in low self-esteem of
their condition, which does not allow them to feel complete when communicating with their peers.
In this regard, we believe that timely clinical examination of patients after reconstructive
interventions with appropriate conservative therapy and rehabilitation allows us to obtain good and
satisfactory treatment results.
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ARTERIAL HYPERTENSION: A MODERN VIEW OF THE PROBLEM
(LITERATURE REVIEW)

Alimbekova L.}, Dauletova M.?, Rakhimberdiev D.2
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®
International University of Tourism and Hospitality, Turkistan, Kazakhstan?

Abstract. Arterial hypertension is the most common chronic disease worldwide and the
mayjor risk factor for disability and premature mortality. It contributes significantly to the economic
and social burden and can severely impair health-related quality of life. The aim of this review is to
comprehensively evaluate and synthesise the current literature on the risk factors, contemporary
theories of pathogenesis, diagnostic approaches and treatment strategies for arterial hypertension.
This article also aims to identify and highlight the main clinical areas, prevention and management
strategies for arterial hypertension. The review analyses recent studies on the functional and
structural alterations of the cardiovascular system associated with arterial hypertension. The risk
factors contributing to the development of arterial hypertension are examined in detail, emphasising
the role of hereditary predisposition, age, gender, personality traits, lifestyle habits and co-
morbidities. On the basis of the available scientific evidence, we propose that haemodynamic
disturbances, inflammatory processes, gut microbiota, immune status, hormonal dysregulation and
structural changes in blood vessels play a pivotal role in its pathophysiology. Accordingly,
therapeutic management should include dietary modification, regular physical activity, healthy
lifestyle, regulation of mineral balance, increased consumption of fermented dairy products and
pharmacological interventions.

Keywords: cardiovascular system, arterial hypertension, risk factors, clinical presentation,
diagnosis, pharmacotherapy.

ApPTepHUsUIBIK THIEPTEH3UsA. MICeJeHiH 3aMaHayd KopiHici (1oJry)

Amumb6ekosa JI.Y, Jlaynetoa M.%, Paxsimbep e /1.2
Kosxa Axmer Slcaym aTbiHIarbl XallbIKapaiblK Ka3aK-TYpiK YHUBEpCUTETI, TypKIiCTaH K.,
I<a3a1<0TaH1
XasblKapasblK TYPU3M %KoHe MeiiMaHI0CThIK yHuBepcuteTi, TypkicTan k., Kasakcran?

Angarna. AprepusuiblK runepTeHsus JlyHue Ky3iHae eH TapaifaH CO3bLIMANbI aypy >KoHE
MYTEJIEKTIK MeH ME3TUICI3 eIMHIH Herisri Kayin ¢axTopsl 60bin Tabbutaasl. Ol SKOHOMUKAIBIK
KOHE ONIEYMETTIK JKarjaiiFa alTapiblKTail yJec KOCaJbl >KOHE JIeHCaysblKKa OalIaHBICTBI eMip
camachlH aWTapibIKTail HamapiaTtybl MYyMKiH. byl momyablH MakcaTel —  apTEepHUSUIIBIK
TUIEPTEH3UAHBIH Kayill (akTopiapbl, MAaTOTeHE31HIH 3aMaHayl TEOpHsUIaphbl, JUarHOCTUKAJIBIK
TOCUIIEp XKOHE eMJiey cTpaTerusuiapbl OOMbIHIIA Ka3ipri ojebuerTepii KemleHIi Typae Oaranay
XKoHe cuHTe3/ey. byl Makana, COHBIMEH KaTtap, apTepUsyIbIK THIEePTeH3USHbIH HET13T1 KITMHUKAIBIK
OarbITTapbIH, AJIJIBIH ally XKoHE OacKapy CTpaTerusiapblH aHBIKTayFa jKOHE KepceTyre OarbITTajFaH.
Hlonyna  apTepusulblK — THUHEPTEH3MSIMEH  OalIaHbICTBI  JKYPEK-KaHTaMblp  KYHeciHIH
(GYHKUIMOHANABIK KOHE KYPBUIBIMABIK e3repicTepi Typalbl COHFBI 3€pTTEYNEp TalAaHaJbl.
ApTepUsUIIBIK TUMIEPTCH3USIHBIH JaMYbIHA BIKMAT €TEeTiH Kayin (akTopiapbl TYKbIM KyalalThIH
OeMIMILTIKTIH, KaCThIH, KbIHBICTBIH, TYJIFAHbIH €pPEeKIICTIKTepPiHiH, oMip CalThl €TTEPIHIH JKOHE
KOCAJIKbI aypyJiap/iblH pejliHe 0aca Hazap aynapa OTBIpbIN, erkel-Terxeitni 3eprrenesni. Konna 6ap
FBUIBIMHM JIOJIENIZIepre CyHeHe OThIphIN, Oi3 OHBIH NaTO(HU3HOJIOTHIACHIHIA T'eMOIMHAMHUKAIIBIK
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Oy3puTyNap, KaObIHY MpoIecTepi, IMeK MHKPOOMOTAChl, HMMMYHJBIK CTaTyC, TOPMOHAJIBI
perrenynin Oy3bUTybl JKOHE KaH TaMbIPJIApbIHBIH KYPBUIBIMJABIK €3repicTepi MIemymi pei
aTKapaThIHBIH YChIHaMbI3. COHABIKTAH TEPaNUsUIBIK Oackapy IUETaHbl ©3repTyAl, TYPaKThI
(bu3uKanbIK OCICeHAUTIKTI, canayaTThl OMIp CAITHIH, MUHEPAIAbl OANaHCTHI PETTEY/l, allbIThUFaH
CYT OHIMJIEPIH TYTHIHY/ABI aPTTHIPY/IbI KoHE (HapMaKOJIOTUSIIBIK apaacy/ibl KAMTYbI KEpeK.

Tyiiin ce3nep: >Xxypek-KaHTaMbIp KYHeCi, apTepUsIIBIK THIIEPTEH3Us, Kayil (akTopiapsl,
KJIMHUKAJIBIK KOPIHICI, THarHOCTUKACHI, (hapMaKOTepartusi.

ApTepuajibHasi THIIEPTOHMSA: COBPeMEHHbIN B3IJIsi HA Npodemy (0030p)

Amam6exosa JI.1, Jlaynerosa M.2, Paxeimbepmes 1.2
Mex1yHapoAHbBIN Ka3aXCKO-TYpEeUKU YHUBEpCcUTET UMeHH Xoaka Axmena Scasu, r.TypkecTaH,
Kaszaxcran®
MeskyHapoJHbIH YHHBEPCHTET TypH3Ma M rocTenpuuMcTBa, . Typkectan, Kasaxcran?

AHHOTAIUS. AprepuanbHas TUIEPTEH3Us ABIAETCS HauOoJiee pacnpoCTpaHEHHBIM
XPOHHUYCCKUM 3a00JIEBaHUEM BO BCEM MHUPE U OCHOBHBIM (1)aKTOpOM pyUCKa HWHBAIUAHOCTU H
HpemneBpeMeHHoﬁ CMCPTHOCTH. OHa BHOCHT 3HAUYHTEILHBIN BKJIaJT B DJOKOHOMHYECCKOE H
COLIMANIbHOE OpeMsi M MOXKET Cepbe3HO YXYIIIMTh KaueCTBO >KU3HU, CBS3aHHOE CO 3J0POBHEM.
Lenbto qanHOrO 0030pa SIBISIETCS BCECTOPOHHSS OIEHKA U CHHTE3 COBPEMEHHOM JUTEpaTyphbl MO
CbaKTOpaM puUcCKa, COBpEMCHHBIM TCOPUAM IMATOICHE3a, JTUArHOCTHYCCKHUM IIOAX0JaM U CTPATCTUAM
JICUCHUA apTepHam)Hoﬁ TUMNICPTCH3UU. HaHHaﬂ CTaTbd TAaKKC HallpaBJI€CHAa Ha BBIABICHUC U
BBIZICICHUE OCHOBHBIX KIMHUYECKMX oOOJacTtei, crpareruii NpoQUIaKTUKA U JIeUYEHUs
aprepualibHOM  rumepreH3ud. B 0030pe  aHaNM3UPYIOTCS ~ HEJAAaBHHE  HCCIEIOBAHUS
(YHKIIMOHATBHBIX M CTPYKTYPHBIX W3MEHEHHMH CEeplIeYHO-COCYIAMCTON CHUCTEMbI, CBS3aHHBIX C
aprepuanbHON THmepreH3uel. MdakTopbl puCKa, CIOCOOCTBYIOIIME Pa3BUTHIO apTEPHATBHOU
TUIEPTEeH3MH, TMOJAPOOHO  paccMaTpUBAIOTCS C  AKLUEHTOM Ha  pOJib  HAcleJACTBEHHOMN
MIPeIpaclosoKEHHOCTH, BO3pacTa, Moja, 4epT JMYHOCTH, 00paza JKU3HM U COIYTCTBYIOLIUX
3a0oneBannii. Ha oOcHOBe HMEIOIIMXCS HAyYHBIX JAHHBIX MBI  IPEANOJaraeM, 4YTo
reMOJMHAMUYECKHE HApYIICHHs, BOCIAJIUTENbHbIE MPOLECChl, MHKPOOMOTa KHUIICYHHUKA,
MMMYHHBIH CTaTyc, TOpPMOHaJbHas IUCPETYSIIUS M CTPYKTYpHbIE H3MEHEHHUS KPOBEHOCHBIX
COCY/IOB WTrpaloT KIIOYEBYIO poJiib B ee maropusnonorud. COOTBETCTBEHHO, TEpareBTHUECKOE
JIeYeHUE JOJDKHO BKIIIOYATh M3MEHEHHE JHUEThI, PEryIApHYyI0 (PU3NUYECKYI0O aKTUBHOCTb, 3J0POBBIN
o0pa3 *KU3HU, PEryIMpOBaHUE MUHEPAIHHOTO OajlaHca, yBeIMUeHUEe MOTpeOsIeHNsT KUCIOMOIOYHBIX
MPOJIYKTOB U (hapMaKoJIOTUYECKUE BMEIIATEIhCTBA.

KitoueBble cjioBa: cepJeuHO-COCYIUCTasl CUCTEMaA, apTepualbHasl THIEPTOHUSA, (PaKTOPHI
pUCKa, KIMHUYECKas KapTHUHA, TUarHOCTHKA, (papMakoTepanus.

Introduction

Cardiovascular disease (CVD) remains the leading cause of death worldwide. ldentifying
individuals at high risk of developing CVD and effectively reducing the morbidity and mortality
associated with these diseases is a critical public health concern [1].

Arterial hypertension (AH) is the most common chronic disease worldwide and a major risk
factor for disability and premature death, accounting for over 9 million deaths annually. Recent
epidemiological studies have revealed a 10% prevalence of sustained hypertension among
individuals diagnosed with AH, indicating that these patients are at increased cardiovascular risk. In
addition, these studies have identified specific subgroups of patients with an even higher risk of
morbidity and mortality, requiring the implementation of active pharmacological therapy [2].

The development of AH is influenced by a variety of factors, and the underlying causes and
mechanisms of its progression are complex and multifactorial. AH is a common condition, and its
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prevalence increases with age. Approximately 65% of people aged 60 years and over are affected,
and more than 70% of those aged 85 years and over are affected. CVD remains the leading cause of
death in people aged 65 years and older.

Uncontrolled arterial hypertension is often the underlying cause of cardiovascular
complications. It is estimated that up to 50% of people in the general population are unaware of
their hypertensive status, and only half of those who are aware of their condition have adequate
blood pressure control.

The aim of this review is therefore to comprehensively evaluate and summarise the existing
literature on the risk factors, aetiology, pathogenesis, diagnostic approaches and therapeutic
strategies for the management of AH.

Cardiovascular Disease Risk Assessment

Certain diseases have been found to be more prevalent among individuals of shorter stature,
including AH, coronary heart disease, heart failure, and ischemic stroke. In contrast, taller
individuals exhibit a higher prevalence of atrial fibrillation and venous thromboembolism. This has
led to ongoing debate regarding the optimal implementation of height as a stratification parameter
in CVD risk assessment, with the aim of further reducing CVD incidence and mortality rates [1].

Studies involving family and twin cohorts have demonstrated the genetic underpinnings of
AH, with genetic factors accounting for approximately 40% of the increase in blood pressure in
humans. About 50% of patients with primary AH exhibit a hereditary predisposition, attributed to
mutations in genes such as those encoding angiotensinogen, angiotensin Il receptors, angiotensin-
converting enzyme, renin, aldosterone synthetase, and the p-subunits of amiloride-sensitive sodium
channels in renal epithelium, among others. Consequently, AH remains a leading cause of death due
to cardiac complications [3].

Despite extensive research on socially significant diseases, the role of magnesium deficiency
as a risk factor in AH has yet to be fully elucidated. Magnesium acts as a natural antagonist to
calcium, enhancing the production of local vasodilators (prostacyclin and nitric oxide) and
modulating the vascular response to various vasoactive substances, including endothelin-1,
angiotensin 1l, and catecholamines. Magnesium also stimulates aldosterone production and
exacerbates the vascular inflammatory response, while decreasing the expression and activity of
antioxidant enzymes such as glutathione peroxidase, superoxide dismutase, and catalase, as well as
the levels of key antioxidants, including vitamins C and E and selenium. Furthermore, magnesium
plays a regulatory role in the effects of catecholamines under both acute and chronic stress
conditions.

Given that arterial hypertension is currently the most prevalent cardiovascular disease in the
general population, it serves as a significant risk factor for the development of atrial fibrillation.
Therefore, it is recommended to regularly monitor the heart rate and perform long-term ECG
monitoring to detect atrial fibrillation in at-risk individuals.

AH, along with diabetes and obesity, are recognised risk factors for the severity of COVID-
19 infection. Blood serum apelin levels were found to be lower in patients with AH and obesity
compared to controls. In addition, low levels of apelin and nitric oxide in individuals with arterial
hypertension, obesity, diabetes or COVID-19 infection may exacerbate the progression of these
conditions[4].

Renal microcirculation plays a critical role in the pathogenesis of AH. Chronic hypertension
places sustained pressure on large arteries, leading to their stiffening. This results in an increase in
central blood pressure, which directly contributes to further impairment of renal microcirculation.

Modern Theories of Pathogenesis

AH is a complex, interconnected, and progressive cardiovascular syndrome with
multifactorial etiology. Intestinal microbiota, through the production, modification, and degradation
of various bioactive metabolites by microbes, plays a significant role in maintaining blood pressure
homeostasis and in the pathogenesis of AH. Comparable mechanisms have been identified in
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animal models, and to a lesser extent, in human studies. Interventions involving probiotics,
prebiotics, antibiotics, and fecal microbiota transplantation have shown promising results in
modulating blood pressure regulation and hypertension pathogenesis.

Numerous studies have demonstrated that hypertensive damage to organs and target tissues
is not solely associated with hemodynamic disturbances. Inflammation also plays a pivotal role in
the pathophysiology of arterial hypertension, exacerbating the disease process. Cells of the innate
immune system, including monocytes/macrophages and dendritic cells, contribute to hypertension
through their effects on renal and vascular function. Skin-resident monocytes/macrophages,
regulatory T cells, cytotoxic T cells, and myeloid-derived suppressor cells have all been implicated
in the regulation of blood pressure. Sodium intake has been shown to stimulate the activity of
various subpopulations of monocytes/macrophages, dendritic cells, and T cells, thereby influencing
hypertension development [5].

Both innate and adaptive immune responses are crucial in the pathogenesis of AH and
hypertensive organ damage. Recent experimental data strongly support the involvement of the
complement system in the development of AH.

In a study of male and ovariectomised female rats treated for 2 weeks with an angiotensin |1
(ANG 1) solution, increases in blood pressure were observed in both male and female rats.
However, in uninjured females (without ovariectomy) a decrease in blood pressure was observed. In
addition, ANG Il treatment increased endoplasmic reticulum (ER) stress biomarkers in the
subfornical organ of both male and female brains. Notably, the increase in these biomarkers was
less pronounced in uninjured females compared to oophorectomised females. The authors
concluded that estrogen has a protective effect against ANG Il-induced ER stress in the brain,
which may provide a protective mechanism for women against hypertension-induced neurological
complications.

Clinical Features

Research has demonstrated that changes in sex hormones play a crucial role in the
pathophysiology of hypertension in postmenopausal women. Estrogens impact the vascular system
by promoting vasodilation, inhibiting vascular remodeling processes, and modulating the renin-
angiotensin-aldosterone system as well as the sympathetic nervous system. This provides a
protective effect against arterial stiffness in women of reproductive age, an effect that diminishes
significantly after menopause.

Martin and colleagues investigated the effects of angiotensin-converting enzyme (ACE)
inhibitory peptides derived from dietary proteins on blood pressure regulation. Their findings
revealed that the peptide isoleucine-tryptophan reduces the activity of angiotensin-converting
enzyme (ACE) in tissues, lowers the activity of matrix metalloproteinase-2, and improves coronary
blood flow reserves. These results suggest that whey protein hydrolyzate could serve as an
innovative nutritional supplement for managing blood pressure.

Gliemann explored whether hypertension is associated with changes in capillary muscle
morphology and density, and how physical exercise might normalize these parameters. The study
found that essential hypertension is linked to narrowing of the capillary lumen in skeletal muscle
and thickening of the basement membrane. It is hypothesized that physical exercise can improve
gas exchange in hypertensive individuals through structural changes in capillaries.

The relationship between high blood pressure and headaches has been well-documented in
medical literature. A headache may be a symptom of hypertension, particularly when blood
pressure is extremely elevated or rises rapidly. Numerous studies support the hypothesis that
individuals with migraines are at an increased risk of developing hypertension. Conversely, the risk
of developing migraines or other types of headaches in hypertensive patients appears to be low. The
mechanisms underlying both migraine and AH may overlap, involving endothelial dysfunction,
impaired autonomic cardiovascular regulation, and activation of the renin-angiotensin system [6].

Additionally, scientific databases contain evidence suggesting a connection between tinnitus
and AH.
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Diagnostics

Cardiovascular risk is closely associated with several factors, including elevated systolic and
diastolic blood pressure, overweight, obesity, physical inactivity, smoking, age, family history, and
gender. The primary organs affected by hypertension include the heart, brain, blood vessels,
kidneys, and retina [7].

Accurate assessment and continuous monitoring of microcirculatory perfusion, perfusion
dynamics, vascular structure, and oxygen saturation are essential components of managing arterial
hypertension. Recent research employing non-invasive techniques has highlighted the importance
of evaluating the retinal vasculature, as changes in the retinal layer provide an early indication of
both functional and structural alterations in arterial hypertension. These changes can also reflect
alterations in cerebral vessels [8].

Mercury exposure is considered a risk factor for hypertension and other CVD. The literature
provides insights into the mechanisms by which mercury accelerates the development of
hypertension, including its effect on reducing the bioavailability of nitric oxide (NO).
Consequently, individuals exposed to mercury are at a higher risk of developing hypertension.
According to Armignacco et al., it is suggested that the development of various forms of endocrine
hypertension may be associated with specific DNA methylation patterns in the blood [9].

AH is an important cardiovascular risk factor in athletes. Factors such as exercise behaviour,
use of non-steroidal anti-inflammatory drugs (NSAIDs), stimulants and poor dietary habits may
contribute to the development of hypertension in athletes. Those involved in high-intensity exercise
may be particularly susceptible to AH. In young athletes, confirmed AH warrants consideration of
secondary causes of hypertension, while older athletes require comprehensive cardiovascular risk
stratification [10].

AH exacerbates the severity of atheromatous lesions in experimental animal models,
potentially worsening similar conditions in humans. However, atherosclerosis is more closely
linked to disorders in lipoprotein metabolism than to other factors.

Despite significant advancements in the diagnosis and management of AH, less than half of
patients with hypertension (defined as <140/90 mmHg) achieve adequate blood pressure control.
Out-of-office blood pressure measurements are particularly important in identifying cases of white-
coat hypertension, where blood pressure readings are elevated in a clinical setting but normal
outside of it [10].

Prevention and treatment

Managing conditions that prevent or delay the onset of hypertension is essential. This
includes maintaining a healthy diet, reducing intake of saturated fats and sodium, increasing
consumption of fruits and vegetables, and achieving and sustaining an optimal body weight. A
calorie-restricted diet has been shown to significantly reduce blood pressure and improve
endothelial dysfunction [7].

In cases where treatment is successful, patients are often advised to further reduce their
blood pressure. Key non-pharmacological strategies to combat hypertension include reducing
dietary salt, limiting alcohol consumption, quitting smoking, ensuring proper nutrition, engaging in
physical activity, and normalizing body weight. First-line pharmacological agents for managing AH
include long-acting dihydropyridine calcium channel blockers, angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBS), and thiazide-like diuretics. For patients
who do not achieve adequate control with these first-line agents, mineralocorticoid receptor
blockers are considered effective. Most individuals with essential hypertension can attain optimal
blood pressure control and significantly reduce the risk of CVD with a combination of first-line
antihypertensive drugs and lifestyle modifications [11].

The treatment of AH begins with dietary modifications. Noteworthy attention is being given
to three recently purified and identified peptides derived from marine products, whose bioactive
properties—including antioxidant, antihypertensive, and antidiabetic effects—have been
extensively studied [12].
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Several studies have evaluated the impact of dietary supplements or food fortification with
calcium on blood pressure in individuals across all age groups with normal blood pressure.
Increased calcium intake led to a reduction in systolic and diastolic blood pressure by 1.37 mmHg
and 1.45 mmHg, respectively. It was found that this effect was more pronounced at daily calcium
doses exceeding 1000 mg. The reduction in blood pressure was particularly significant among
younger individuals [13].

Other studies have examined the effects of combinations of calcium and magnesium, as well
as calcium and potassium, on blood pressure. However, none of these combinations demonstrated a
significant impact on blood pressure regulation.

Fermented milk has been suggested to have a blood pressure-lowering effect in humans. In a
review of 15 studies involving 1,232 participants, moderate reductions in systolic blood pressure
were observed, but no significant effect on diastolic blood pressure was found. The quality of the
included studies varied, leading to the conclusion that fermented milk should not be used as a long-
term treatment for hypertension or as a sole method for lowering high blood pressure.

Physical activity is widely recognised as a cornerstone of a healthy lifestyle. Our findings
suggest that moderate intensity walking three to five times a week (20-40 minutes per session and
150 minutes per week for about three months) can lead to a reduction in blood pressure [14].

Aerobic exercise, when performed regularly, has no adverse effects and serves as a
beneficial adjunctive therapy in the management of hypertension. Factors such as genetic
background, the underlying etiology of hypertension, and individual differences in the
pharmacodynamics and pharmacokinetics of antihypertensive medications may lead to varying
blood pressure responses during physical activity.

Lifestyle modifications, including dietary changes and increased physical activity, are
effective strategies for lowering blood pressure, preventing hypertension, and mitigating its
associated complications. Pharmacological treatments also play a pivotal role in controlling blood
pressure and preventing cardiovascular events. First-line antihypertensive drugs include
angiotensin-converting enzyme (ACE) inhibitors, angiotensin 1l receptor blockers (ARBSs),
dihydropyridine calcium channel blockers, and thiazide diuretics.

The use of antihypertensive medications has significantly altered the natural progression of
arterial hypertension. The primary complications of untreated, severe hypertension include heart
failure, cerebral hemorrhage, and kidney failure.

There are numerous effective antihypertensive drugs available for achieving optimal blood
pressure control. However, the question of how much to lower blood pressure remains a matter of
debate. The 2013 European and German national guidelines recommend a target blood pressure of
<140/90 mmHg for most patients. A recent study, the SPRINT trial, suggested that lowering blood
pressure even further may benefit certain patients.

Results from a large randomized trial clearly indicated no significant difference in the
prevention of myocardial infarction, stroke, or vascular mortality between patients taking
antihypertensive medications in the morning versus those taking them in the evening. This suggests
that patients may take their antihypertensive medications at any time of day [15].

Some studies suggest that in patients with arterial hypertension, taking one or more
prescribed antihypertensive drugs before bedtime, rather than upon waking, leads to better blood
pressure control (with a significant reduction in blood pressure during sleep). More importantly, this
approach has been associated with a substantial reduction in severe cardiovascular complications
[16].

Most clinical trial data recommend initiating antihypertensive therapy with a low dose of
chlorthalidone, unless there are clear indications for an alternative medication. Additional agents
(typically in this order: angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs), calcium channel blockers, beta-blockers, alpha-blockers, aldosterone antagonists,
direct vasodilators, and alpha(2)-agonists) may be added as needed to achieve effective blood
pressure control.
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Recent randomized clinical trials have demonstrated a significant benefit of antialdosterone
medications, particularly spironolactone, as a fourth-line therapy in patients with stable
hypertension [2].

Malhamé I, Dong S, and their colleagues found that prenatal administration of loop diuretics
reduced systolic blood pressure (SBP) and cardiac output, while postnatal use decreased the need
for additional antihypertensive medications.

Approximately two-thirds of individuals with type 2 diabetes mellitus (T2DM) also suffer
from hypertension. The presence of AH exacerbates the frequency of both microvascular and
macrovascular complications in these patients. The combination of hypertension and T2DM
increases the risk of CVD fourfold compared to the general population. A target blood pressure of
<140/90 mm Hg is effective for most patients; however, individual patient characteristics should
always be taken into account. All classes of antihypertensive drugs are suitable for treating AH in
patients with T2DM. Angiotensin-converting enzyme (ACE) inhibitors or angiotensin Il receptor
blockers (ARBs) are excellent first-line options for treating primary or early hypertension in
patients with T2DM and albuminuria. Most of these patients experience stable AH, making it
necessary to prescribe a combination of two or more drugs. Thiazide and thiazide-like diuretics may
be effective alone or in combination with ACE inhibitors or ARBs. Calcium channel blockers are
ideal second- or third-line agents, and mineralocorticoid receptor antagonists should be added as
third-line therapy.

A systematic review and meta-analysis have shown that thiazide and thiazide-like diuretics
remain effective in lowering blood pressure in patients with chronic kidney disease [17].

Several studies have investigated the effect of finerenone on 24-hour ambulatory blood
pressure in patients with chronic kidney disease and type 2 diabetes. Finerenone, a selective non-
steroidal mineralocorticoid receptor antagonist with a short half-life, was found to reduce both
diurnal and nocturnal blood pressure. Notably, these blood pressure reductions were sustained over
24 hours, even with once-daily morning dosing, regardless of the drug's half-life [18].

An interactive web-based hypertension self-monitoring system was evaluated in a study.
Participants were asked to take daily blood pressure and heart rate measurements using a mobile
phone, while receiving eight-week reports on their health status, symptoms, lifestyle, medications,
and any side effects. The system also included reminders and motivational messages. After 8 weeks
and 12 months, the proportion of participants who achieved a target blood pressure of <140/90 mm
Hg increased. As a result, compared to conventional treatment, a higher proportion of participants
attained controlled blood pressure (<140/90 mm Hg) [19].

A discrepancy between blood pressure readings in the legs and arms may indicate peripheral
arterial disease (PAD), often signified by lower blood pressure in the legs compared to the arms.
Arterial blockages in the legs can lead to symptoms such as rest pain and critical limb ischemia, a
condition where there is an abrupt loss of blood flow to the limb due to a thrombus or fat blockage.
This can require revascularization (restoration of blood flow through the opening of blocked
arteries) or, in severe cases, amputation. Managing arterial hypertension in individuals with PAD
requires careful consideration, as antihypertensive medications may lower blood pressure but also
potentially impair blood flow in already blocked arteries, thereby reducing oxygen supply and
influencing disease progression. This necessitates a delicate balance in treatment to minimize the
risk of cardiovascular events, such as heart attack or stroke, and prevent mortality.

Diuretics have been shown to significantly reduce the overall incidence of cardiovascular
diseases and heart failure compared to calcium channel blockers. On the other hand, calcium
channel blockers have been found to reduce the incidence of stroke when compared to angiotensin-
converting enzyme (ACE) inhibitors. Moreover, in comparison to angiotensin receptor blockers
(ARBSs), calcium channel blockers were associated with a reduction in the frequency of myocardial
infarction, although they led to an increased incidence of heart failure compared to both ACE
inhibitors and ARBs [20].

Some studies have explored the gradual reduction in the dose of antihypertensive drugs prior
to their discontinuation. These studies suggest that it is generally safe to withhold antihypertensive
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medications in elderly patients for "high blood pressure” or as part of primary prevention for
cardiovascular diseases. However, it is crucial that older individuals do not discontinue their
medications without consulting a healthcare professional first [21].

Acupuncture, an integral component of traditional Chinese medicine, involves the insertion
of thin needles into specific points on the body. It is often used to lower blood pressure and alleviate
hypertension-related symptoms. A systematic review of medical databases demonstrated that
acupuncture led to short-term reductions in blood pressure (ranging from 1 to 24 hours). However,
there is currently insufficient evidence to support the long-term effectiveness of acupuncture in the
management of hypertension.

Conclusions

A retrospective review of the scientific literature from international databases regarding the
current issues of AH revealed that factors such as hereditary predisposition, age, gender, personal
characteristics, unhealthy habits, and comorbid conditions continue to play significant roles in the
development of AH.The pathogenesis of AH is associated with hemodynamic disturbances,
inflammatory processes, intestinal microbiota imbalances, immune system dysfunction, hormonal
dysregulation, and structural changes in blood vessels. Effective management of AH includes
dietary modifications, physical activity, the maintenance of a healthy lifestyle, mineral regulation
within the body, and the inclusion of fermented dairy products. Pharmacologically, first-line
antihypertensive agents, including angiotensin-converting enzyme inhibitors, angiotensin 11 receptor
blockers, dihydropyridine calcium channel blockers, and thiazide or thiazide-like diuretics, remain
the cornerstone of treatment. While the efficacy of acupuncture in the management of hypertension
is evident, further research is necessary to confirm its long-term effectiveness.
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GENETIC DETERMINANTS OF VITAMIN D METABOLISM DISORDERS IN
METABOLIC SYNDROME

Kaldarkhan D.!, Sadykova K.*

Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®

Abstract. Metabolic syndrome is a complex combination of metabolic changes, including
insulin resistance, and dyslipidemia, that can lead to various chronic diseases. Vitamin D has been
identified as a crucial regulator of metabolic processes, and its deficiency is frequently observed in
patients with metabolic syndrome. The genetic determinants that affect vitamin D metabolism
represent an essential aspect that necessitates further in-depth study. The present study investigates
the impact of diverse genetic polymorphisms associated with vitamin D metabolism on serum
vitamin D levels and their correlation with the components of metabolic syndrome. A particular
focus is placed on genes implicated in vitamin D synthesis, transport, and activation and their
interaction with other factors such as diet and climatic conditions. The study of genetic factors
affecting vitamin D metabolism may facilitate the development of individualized approaches to the
prevention and treatment of metabolic syndrome, as well as enhance the understanding of the
mechanisms of its pathogenesis.

Keywords: metabolic syndrome, gene polymorphism, vitamin D, 25(OH)D, vitamin D
receptor, type 2 diabetes

MeTab0uKaANBIK CHHAPOM Ke3iHae /I3 aaMacybl 0Y3bLIbICTAPbIHBIH FeHeTHKAIBIK
AeTePMHUHAHTTAPBI

Kanpmapxan J1.%, Canpixosa K.
Kosxa Axmert Slcaym aTeiHarsl XallbIKapaiblK Ka3aK-TYpiK YHUBEpCUTETI, TypKiCTaH K.,
Kazaxcran®
Anjaarna. MeTaboaMKaablK CHHAPOM-OYJI OpTYpPJIi CO3BUIMAINIBI aypyJapFa oKelyl MYMKIH

WHCYJIMHTE TO3IMIAUIIK TEeH AWCIUIHUIACMHSIHBI KOCa, METaOOJIMKaIBbIK ©3repiCTepAiH Kypaeni
KOMOMHanusAChl. JI BHUTaMHHI METAaOOJMKAJIBIK IPOIECTEPAIH MAaHBI3IBI PETTEYIIICI PEeTiHJe
AQHBIKTAJ/IBl JKOHE OHBIH JKETICIIeYHIUIIrT MeTa0OJIMKANBIK CHHIAPOMBI Oap HaykacTtapja Kui
Oaiikanaapl. J[ BUTAMUHIHIH META0OJM3MIHE 9cep €TETIH TeHETUKANIBIK JIeTEPMUHAHTTAP 9pi Kapai
TEPeH 3epTTeyAl KaXeT eTeTiH MaHbI3Jbl acleKT Ooubin TaObuiaabl. byn 3eprrey D mopymeni
aJIMacybIMEH OaiJIaHBICTBI OPTYPJIi TEHETUKAJIBIK TOJIUMOP(U3IMIEPIIH capbricynarbl D npopymeHi
JICHreliHe oCepiH JKOHE OJIapJblH METa0OJMKAIBIK CHHIAPOM KOMIIOHCHTTEPIMEH OailIaHbICHIH
3eprreiial. /| BUTaMHHIHIH CHHTE31HE, TachIMalJaHyblHa >OHE O€NCeHMAIpLIyiHe, COHAal-aK
OJIapJIbIH JIMETa JKOHE KOpIIaFaH OpTa CHUSKTHI 0Oacka (akropiapMeH e3apa OpeKeTTecyiHe
KaThICAThIH T'EHJEPre €peKile Hazap ayaapbuiajbl. | BUTaMHHIHIH MeTaOOJIM3MIHE dcep ETETIH
TeHETUKANBIK (haKTOpIap/bl 3epTTey MeTaOONMKANbIK CHHAPOMHBIH ANJbIH aly MEH emjeyre
KEKENCHIIPUITeH MEIUIIMHAHBIH JaMyblHa BIKMNAl €Tyl MYMKIH, COHBIMEH Karap OHBIH
NaTOreHEe31HIH MEeXaHU3M/JIEPiH TYCIHYA1 KYIIEHTyl MyMKIH.

Tyiiin ce3nep: MeTabONMKAIBIK CHHIPOM, FeHIIK noaumopdusm, D nopymeni, 25(OH)D, D
JOPYMEHI1 pelenTopsl, 2 TUIITI KAaHT AuadeT
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I'eHeTHYecKHe eTEPMUHAHTHI HAPYIIEHUI MeTa0ou3Ma BuTamMuna D npu meradonnyeckom
CHH/IpOMe

Kannapxan .}, Cagpixosa K.
Mex1yHapoAHbBIN Ka3aXCKO-TYpELKUI YHUBEpCUTET UMeHN Xoaka Axmena Scasu, r.TypkecTas,
Kazaxcran!

AHHOTanusA. MeTabonuyecKud CUHAPOM TPEACTaBISET COOON CIOKHOE COYeTaHue
MeTabOJIMYEeCKUX HM3MEHEHUH, BKIIOYash WHCYJIMHOPE3UCTEHTHOCTh W JHUCIHIHIEMHIO, KOTOPBIE
MOTYT NPHUBOJUTH K Pa3jIMYHbIM XpOHHUYECKUM 3a0oJieBaHUAM. Butamun D Obln omnpeneneH kak
BAKHEHIIMNA PEryasTOp METa0O0JMYEeCKUX IPOLECCOB, U €ro IePUIMUT YacTo HaOJoNaeTCs Y
MAMEHTOB € METa00JIMYECKUM CHUHAPOMOM. ['eHeTHMueckue JeTepMUHAHTBI, BIMSIOIMIME Ha
MeTaboiu3M BUTaMHHA D, TpeACTaBiSIIOT COOOM BaKHBIM acmleKkT, TPeOyromuil aalbHEHIero
yrayOJIeHHOro u3yueHus. B HacrosiieMm HCCleOBaHUM H3Y4aeTcsl BIUSHUE Pa3IMYHBIX
FeHETUYECKUX MOJMMOP(PHU3MOB, CBA3aHHBIX C META00IM3MOM BUTaMuHa D, Ha ypoBeHb BUTaMHHA
D B cbIBOpPOTKE KPOBU U €r0 KOPPENIALNIO C KOMIIOHEHTaMH MeTaboinueckoro cuaapoma. Ocobdoe
BHUMAaHHUE YJEJIEHO T€HaM, Y4acTBYIOUIUM B CHUHTE3€, TPAHCIOPTE M aKTHBAllMM BUTaMuHa D, a
TaK)X€ UX B3aMMOJEHCTBUIO C APYTUMHU (PaKTOpaMH, TAKUMH KaK JHMETa U KIIMMaTUYECKUE YCIOBHUSL.
N3ydyenne reHeTHueckux (aKkTOpOB, BIUSIOMIMX Ha MeTabonu3M BuTamMuHa D, Moxer
CHOCOOCTBOBATh pa3pabOTKe WHAMBHIYAIU3WPOBAHHBIX MOJIXOJOB K MPO(UIAKTUKE U JIEUECHUIO
MeTab0JIMYECKOro CUHIPOMA, a TAKXKE YIITyOUTh MOHUMaHUE MEXaHU3MOB €ro MaToreHesa.

KitoueBble cjioBa: MeTa0OMUMYECKH CHHIPOM, NOJUMOpP(GU3M T€HOB, BUTaMuH D,
25(0OH)D, peuenrtop Butamuna D, nuabet 2-ro Tumna

Introduction. Metabolic syndrome (MetS) is a pathological condition associated with
abdominal obesity, insulin resistance (IR), hypertension, and dyslipidemia. The diagnosis of MetS
is made through the measurement of waist circumference, low-density lipoprotein (LDLP) levels,
triglycerides (TG), total cholesterol, and blood pressure (BP) [1].

The prevalence of MetS is increasing rapidly on a global scale. According to the
International Diabetes Federation, approximately one-quarter of the global adult population is
affected by MetS, which results in significant medical, social, and economic challenges [2]. MetS
has been observed in 25% of the global population, with notable variations in prevalence attributed
to factors such as gender, age, ethnicity, and geographical location[3].

The number of patients with MetS in Kazakhstan is increasing. According to the findings of
nationally representative studies conducted in the Republic of Kazakhstan, the prevalence of MetS
components among adults was 53.1%. In 2012, the Kazakh Academy of Nutrition conducted a
survey that revealed an average incidence of excess body weight of 30.6% among women and
36.8% among men. The survey also documented an average prevalence of obesity of 27.6% among
women and 15.9% among men[5].

It has been demonstrated that MetS increases the risk of developing long-term microvascular
and macrovascular damage-related diabetes and diseases of the cardiovascular system diseases
(CVSD) [6]. CVSD is a major cause of disability and mortality around the globe [7].
Atherosclerosis, a chronic inflammatory disease, constitutes the primary etiology of CVSD. A body
of research has indicated that diminished antioxidant levels, alongside heightened inflammation and
oxidative stress biomarkers, may play a role in the pathophysiology of T2DM complications [9] and
the development of CVSD [10]. The inflammatory process can be triggered by metabolic disorders,
such as atherogenic dyslipidemia (characterized by elevated levels of triglycerides and
apolipoproteins, small particles of LDLP, and diminished concentrations of high-density
lipoproteins (HDLP)) and increased levels of T2DM and inflammatory cytokines [11].

Vitamin D has been identified as a significant antioxidant and a potential risk factor for
developing CVSD in patients with vitamin D deficiency [12]. Vitamin D deficiency has been
demonstrated to influence insulin secretion and sensitivity, thus playing a pivotal role in the
development of MetS [13]. In addition, a study found that vitamin D intake positively affects lipid
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profile, insulin resistance, hyperglycemia, obesity, hypertension, and the treatment of MetS-
associated disorders [14].

In recent years, there has been a growing interest in research on vitamin D. This hormone
plays a pivotal role in regulating calcium and phosphorus levels, inflammatory responses, insulin
resistance, and obesity. The two primary forms of vitamin D, cholecalciferol (vitamin D3) and
ergocalciferol (vitamin D2) are converted into the active form (1,25-dihydroxy vitamin D) by two
hydroxylases found in the liver, kidneys, pancreas, and immune cells. Research has shown that
vitamin D elevates the production of some anti-inflammatory cytokines but reduces other anti-
inflammatory cytokines[15].

Vitamin D is a fat-soluble vitamin, which means it is stored in adipose tissue. However,
studies have shown that the bioavailability and circulatory levels of vitamin D are lower in
individuals with central obesity compared to those who are healthy. Vitamin D plays an essential
role in regulating the expression of the insulin receptor. Therefore, an increase in insulin receptor
substrate (IR) in glucose transport is directly related to low serum levels of vitamin D. Additionally,
vitamin D deficiency has been observed to induce hypertension, as it functions as an
antihypertensive agent by inhibiting the renin-angiotensin-aldosterone system at physiological
concentrations. A growing body of research has identified a link between vitamin D deficiency and
an increase in lipogenesis, a process which involves the accumulation of fat within adipocytes. This
phenomenon is thought to occur due to the suppression of lipolysis, where adipocytes break down
fat for energy. The underlying mechanism appears to involve elevated parathyroid hormone and
calcium flux within adipocytes, suggesting a potential role for vitamin D in modulating energy
metabolism in these cells[16].

In recent years, the prevalence of hypovitaminosis D has increased in developed countries
due to lifestyle changes and the emergence of harmful habits. Vitamin D deficiency has been linked
to various diseases, including MetS, which is clinically defined by a combination of metabolic and
vascular disorders. A substantial body of research has documented the beneficial effects of vitamin
D supplementation on outcomes for individuals with MetS. Concurrently, there is an ongoing
exploration of measures aimed at maintaining optimal vitamin D levels as a potential preventive
strategy against the progression of MetS. Assessing the vitamin D level influencing insulin
resistance and glucose metabolism, which presents a risk for developing insulin resistance-related
disorders, is a significant issue today. While recent studies have shown a biological connection
between vitamin D and insulin resistance, more research is needed to validate these findings with
specific molecular evidence. Evaluating serum D levels in relation to the pathogenesis of the
exchange process that occurs in the early stages of MetS is crucial for both the patient and the
doctor [17]. This is mainly because it facilitates the prediction of subsequent changes in MetS and
the implementation of a personalized therapeutic and preventive strategy for each individual patient.
Interventions for early diagnosis and timely prevention are essential steps in the optimal path to
reducing the incidence of MetS, to study of early laboratory predictors of MetS and gene
polymorphism was conducted for early diagnosis.

The aim of the study: Conduct a literature review of the relationship between serum
vitamin D levels and gene polymorphism in metabolic syndrome.

Search strategy: The literature review analyzed articles published from the scientific
databases PubMed, Medline, Google Scholar, Embase, and Web of Science from 2019 to 2024. The
keywords "metabolic syndrome”, "gene polymorphism"”, "vitamin D", "25(OH)D", "T2DM",
"VDR" were used for the search.

For the literature review, articles were considered that meet the following criteria:

1. full-text articles;

2. relationship between MetS and vitamin D;

3. articles that publish the research results focused on identifying gene polymorphisms
responsible for vitamin D metabolism.
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The relationship between vitamin D and metabolic syndrome and its components.

The relationship between visceral obesity and vitamin D metabolism. The impact of vitamin
D on the biology and modulation of adipose tissue in visceral obesity is a topic of significant
interest and has been extensively studied. Both preclinical and clinical studies have demonstrated
that the anti-inflammatory effects of vitamin D are evident and consistent in human adipose tissue
[18]. Most studies conducted on 3T3-L1 (pre-mouse adipocytes) cells have reported that 1.25(OH)
2D3 inhibits adipocyte differentiation (18). However, contradictory findings have emerged from
studies involving mesenchymal stem cells from pigs [19] and mice derived from bone marrow,
revealing a role for 1.25(0OH) 2D3 in promoting adipocyte differentiation. Several studies on human
primary fat stem cells and primary subcutaneous preadipocytes have shown that vitamin D
enhances adipocyte differentiation and lipid accumulation [20].

Insulin resistance and vitamin D metabolism. The relationship between insulin resistance
and vitamin D metabolism involves molecular mechanisms related to the pathophysiological
hypothesis of a possible link between hypovitaminosis D and insulin resistance. These mechanisms
are primarily associated with insulin receptor expression, as well as the formation of inflammatory
cytokines and the polymorphism of vitamin D receptors (VDR) expressed in pancreatic  cells.
Notably, vitamin D influences gene transcription through both genomic and non-genomic
mechanisms. The evidence suggests a genetic interrelation between hypovitaminosis D and insulin
resistance[21].

Dyslipidemia and vitamin D metabolism. Both genetic and non-genetic mechanisms
influence vitamin D and lipids. A primary function of vitamin D is to regulate calcium metabolism.
In this capacity, vitamin D affects lipid metabolism through the following mechanisms: Enhanced
calcium absorption in the intestinal tract may modulate the microsomal protein of triglyceride
transport, thereby reducing triglyceride synthesis and secretion[22]; increased calcium levels in the
intestine decrease the absorption of fatty acids due to the formation of insoluble calcium-fat
complexes; calcium promotes the conversion of cholesterol into bile acids, which leads to lower
cholesterol levels. Furthermore, 25-OH-D regulates parathyroid hormone (PTG) levels. Previous
research on rat tails has shown a correlation between hyperparathyroidism and elevated triglyceride
levels[23]. Consequently, vitamin 25-OH-D, a regulator of PTG, may also modulate triglyceride
levels. Vitamin D influences beta cell function and insulin resistance, impacting lipoprotein
metabolism and increasing triglyceride levels while simultaneously reducing TSLP concentrations
[24].

Diseases of the cardiovascular system and vitamin D metabolism. Vitamin D has been
demonstrated to play a role in calcium homeostasis; however, recent studies have identified its
deficiency as a novel risk factor in the development of CVSD. Specifically, epidemiological and
clinical studies have reported a close relationship between low vitamin D levels and CVSD, which
encompasses coronary heart disease, heart failure, and cardiac arrhythmias [23]. The
pathophysiological mechanisms through which vitamin D deficiency may function as a risk factor
for the development of CVSD are postulated to include the following: activation of the renin-
angiotensin-aldosterone system, abnormal regulation of nitric oxide, oxidative stress, or changes in
inflammatory pathways[25].

The relationship between vitamin D receptor polymorphisms and the risk of
developing MS:

The vitamin D receptor (VDR) gene has been demonstrated to influence lipid and glucose
metabolism in humans. In humans, the VDR gene is located on chromosome 12g13.11. Among its
many single-nucleotide polymorphisms (SNPs), five variants have been previously described: Taqgl
(rs731236 T > C), Apal (rs7975232 C > A), Bsml (rs1544410 G > A), Fokl (rs2228570 G > A), and
Cdx2 (rs11568820 G > A). Numerous studies have demonstrated a correlation between
polymorphisms in the VDR gene and vitamin D deficiency, obesity, and glucose intolerance in
children and adolescents [26].
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A thorough analysis of the relationship between genetic variants of VDR and parameters
such as glycemia, body mass index, fat mass, and lipid levels can deepen our understanding of the
pathogenesis of T2DM, MS, overweight, and obesity. A solid understanding of this association can
provide individuals with essential information for preventing these diseases.

The association between vitamin D receptor polymorphisms, T2DM, and glycemic status. In
a study by Xu et al., individuals with the A/A genotype of the polymorphism rs2189480 (G>A, C,
T) in the VDR gene exhibited a lower incidence of T2D development compared to those with the
G/A and G/G genotypes [27]. This polymorphism is known to influence the function of regulatory
T cells within the 4th intron, thereby modulating inflammatory activity. It is hypothesized that by
affecting the inflammatory response, this polymorphism may provide a protective effect against the
development of T2DM [28].

The connection between vitamin D receptor polymorphisms and metabolic syndrome. In a
study of Brazilian adolescents aged 10-19 years, rs7975232 was not associated with an increased
risk of developing CVSD. However, the C/C genotype in the recessive model was consistently
associated with arterial hypertension. In the case of other VDR polymorphisms, no significant
associations with the components MetS and MetS were observed. Researchers emphasize the
importance of identifying genetic markers associated with vitamin D metabolism in overweight or
obese children and adolescents. Identifying these genetic markers is imperative for determining the
risk of developing MetS at an early age. Consequently, this facilitates a more expeditious diagnosis
of the disease and enables effective coping strategies for individuals affected by it [29].

In a study by Tong Zhao et al., the CA+AA genotypes of the rs4588 gene and AC carriers of
the rs2282679 genotype were shown to be prone to decreased susceptibility to metabolic syndrome
in rural Chinese populations. Concurrently, the analysis of MetS components revealed significant
negative correlations between the AA genotype of the rs4588 gene and the SS genotype of the
rs2282679 gene of the GC gene and the levels of TG and HDLP in blood plasma [30].

Concurrently, recent findings have indicated that genetic polymorphisms of VDR may be
associated with components of MS, including abdominal obesity, BMI >30, prediabetes, diabetes,
increased LDLP levels, high blood pressure, or hypertension [31].

The association between vitamin D receptor polymorphisms and obesity. The findings,
which have emerged from recent studies, suggest a potential link between genetic variations in the
VDR and the presence of MetS. The relationship between vitamin D receptor polymorphisms
and obesity focuses on the correlation between these polymorphisms and body mass index (BMlI).
A study examined the association between polymorphisms of the DVR gene rs731236, rs7975232,
and rs1544410 and the risk of obesity. The results of an Iranian study indicated that the rs7975232
allele and the A/A genotype may be predictors of obesity. A notable finding was the observation of
elevated mean oral glucose levels and fasting glucose concentrations in individuals bearing the A/a
genotype. The polymorphism rs7975232 may predict an elevated risk of obesity and could facilitate
the development of novel therapeutic interventions for this metabolic disorder [32].

Conclusion. Polymorphisms in the VDR gene have been shown to influence the development
of MetS, obesity and insulin sensitivity. A comprehensive analysis of the potential interplay
between the genetic basis of VDR and critical parameters such as glycaemia, adipose tissue
condition and lipid metabolism promises to deepen our current understanding of the multifaceted
pathogenesis of CD, MetS, overweight and obesity. Confirmation of the influence of specific VDR
genetic polymorphisms on the parameters associated with these pathological conditions and
diseases will facilitate the development of personalized therapeutic interventions for patients in the
future. In addition, this knowledge will provide individuals with valuable information to help
prevent the development of cardiometabolic disorders.
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RESTLESS LEGS SYNDROME: CLINICAL AND BIOCHEMICAL ASPECTS AND
OPTIMIZATION OF DIAGNOSIS AND THERAPY

Raimova M.%, Yodgarova U.!, Sadykova K.2
Tashkent State Dental Institute, Tashkent, Uzbekistan®
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan?

Abstract. Restless legs syndrome is a prevalent neuropsychiatric disorder that has a
considerable impact on patients' quality of life, characterised by an irresistible urge to move the
lower extremities, particularly during restful periods and at night. This condition is associated with
unpleasant sensations in the legs, which often result in chronic sleep disturbances, such as difficulty
in falling asleep and staying asleep. Consequently, individuals suffering from this disorder
frequently experience daytime fatigue, cognitive impairments, and an increased risk of developing
anxiety and depressive disorders. Despite its high prevalence, the disorder remains underdiagnosed,
leading to delays in the initiation of appropriate treatment and the management of
symptoms.According to epidemiological studies, the prevalence of restless legs syndrome ranges
from 5-10% among the adult population, with a higher prevalence observed among women and
elderly individuals.The etiology of restless legs syndrome is multifactorial, involving genetic
predisposition, neurochemical imbalances, iron deficiency, and hormonal dysfunctions, such as
hypothyroidism. Adequate diagnosis and effective therapeutic management are contingent on a
comprehensive understanding of these mechanisms. This necessitates the exploration of
biochemical markers that may facilitate restless legs syndrome diagnosis and optimize treatment
strategies. Among these, thyroid-stimulating hormone and interleukin-6 have been identified as
potential indicators of pathological processes associated with the disorder.The evaluation of these
biochemical markers may contribute to a more individualized approach to treatment, enabling better
disease management. The current treatment options for restless legs syndrome include
pharmacological and non-pharmacological interventions. A range of pharmaceuticals, including
dopamine agonists, anticonvulsants, and iron supplements, are frequently prescribed with the aim of
alleviating symptoms. In addition to drug therapy, non-drug interventions, such as regular physical
activity and lifestyle modifications, have been shown to be of significant benefit to patients. A
multidisciplinary approach that takes into account neurochemical, biochemical, and hormonal
disturbances is essential for achieving better control of symptoms, improving sleep quality, and
reducing the psychological burden associated with this disorder. The importance of early diagnosis
and the development of personalised treatment strategies cannot be overstated in this context, as
they have the potential to significantly enhance the quality of life for individuals affected by restless
legs syndrome.

Keywords: restless legs syndrome, neuropsychiatric disorder, sleep disturbances, daytime
fatigue, cognitive impairments, iron deficiency, thyroid-stimulating hormone, interleukin-6,
dopamine agonists, quality of life.
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Ma3achI3 asIKTap CHHAPOMbI: KIIMHUKAJIBIK K9HE GI/IOXI/IMI/IﬂJILIK acneRTiﬂepi KOHE
AUArHOCTUKA MCH TEpalUusiHbI ouTaﬁnannblpy
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TamkerT MeMJIEKETTIK CTOMATOJIOTHSI MHCTHTYTHI, | alllKeHT, O36ekcrant
Koxa Axmer flcayn aTeIHIaFbl XaJIbIKapaJIbIK Ka3aK-TypiK YHUBepcHuTeTi, TypKicTaH K.,
Kazakcran®

AngaTna. Ma3achl3 ask CHHIPOMBI - MAUEHTTEP/IIH OMIp Cypy camachlHa alTapiIbIKTal acep
€TETIH JKaJIbI JKYHKEe-TICHXUKAIBIK OY3BUIBIC, 9CIpECe THIHBIMITHIK KE3CHIHAE KOHE TYHIE TOMEHT1
asKTapblH KO3FAITYFa JCT€H YMTBUIBICIICH CHUIATTajaabl. byl ’kargall askrapAarbl KarbIMChI3
ce3iMiepMeH OailsIaHbICThI, OyJI KoOIHeCe YHKBIHBIH CO3bLIMAaJIbl OY3bUTYbIHA OKEJEIl, MBICAIbI,
VUKBIIIBUIIBIK JKOHE Y3aK YHWBIKTay KHUBIHIBIKTAphL. Jlemek, OyJ1 Oy3bLIyJaH 3apjiam MIereTiH
agamaapja KYHJI3r1 IIapiiay, KOTHHUTHBTI OY3bUTyJaap JKOHE Ma3achI3[bIK TIE€H JETPECCHUSIIBIK
Oy3pUTyNapAbIH JaMy Kaymi aprtanasl. JKofapel TapaiyblHa KapamacTaH, KeIl Karjaiinia
JTUArHOCTUKATAHOAN IbI, OYJI €My IH KeUIryiHe jKOHEe OHBIH TUIMJUTITTHIH TOMEHIEYIHE OKEeJe/i.
ONHUIEMHOJIOTUSIIBIK 3€PTTEYJIEPTe COMKEC, €PEeCceKTep apachlHAa Ma3achl3 asK CHHAPOMBIHBIH
Tapanysl 5-10% apanbIrblHIIa, OWEIEp MEH €T/ KaCTaFrbl agaMaapia KOFaphl Tapairy OalKaiassl.
Ma3zacel3 asik CHUHAPOMBIHBIH STHOJIOTHSCH KON (DAKTOPIBI KOHE TEHETUKAIBIK OCHIMIUTIKTI,
HEHPOXUMUSUIBIK TEHI'€pPIMCI3/IIKTI, TEMIP TaMIIbUIBIFbIH JKOHE TMIOTHUPEO3 CHUSKTHI TOPMOHAIIBI
Oy3bUTYyIapAbl KaMTHIBI. THICT1 JUArHOCTHUKA JKOHE THIMJII TEPAIEBTIK eMJEy OChI MEXaHU3MIEP/Il
JKaH-KAKTbl TycCiHyre OailiaHbICThl. by Ma3zacel3 asKk CHHAPOMBIH JHArHOCTHKAJIAY/IbI
KEHUTJETETIH >KOHE eMJey CTpaTerusUlapblH OHTaWIaHIbIPaThIH OWOXMMUSJIBIK MapKepiepal
3eprreyal KaxeT eredi. OmapaplH ImIiHAE KajdKaHma Oe3/li bIHTAJTAHABIPATBIH TOPMOH MEH
WHTEPJICHKUH-6 aypyMeH OailIaHBICThl MATOJIOTHSUIBIK TIPOIECTEPAIH BIKTUMAT KOPCETKImTepi
petinae aHbIKTAIAB. OChl OHMOXMMUSIIBIK MapKepiiepai Oarayiay aypynblH aFbIMBIH JKAaKCHI
OakpUTayFa MYMKIHIIK OCpeTiH eMICY/IH J>KEeKe TOCUIIHE BIKHal €Tyl MYMKiH. Masacei3 asK
CUHIPOMBIH €MJICY/IIH 3aMaHayu oaicTepiHe (GapMaKOJIOTHSIIBIK KOHE JOPUIIK eMec apajacyliiap
xatanpl. CUMITOMAApAbl KEHULAETY YIIIH KONTereH Iopi-AopMEKTep TarallblHIanaabl, COHBIH
IIIiHAe JOTIAaMUH aroHUCTEPi, KYPhICyFa Kapchl MperapaTTap »oHe TeMip mpernaparTtapbl. J[opimik
TepanusnaH 0acka, TYPaKThl (PU3UKAIBIK OCIICEHIUTIK KOHE OMIP CAIThIH ©3T€PTy CHUAKTHI JIOPLIIK
eMec apajacyjap NHalMeHTTepre auTapJibIKTald Iaiga oKeJeTiHl monenieHml. HelpoXuMusibIK,
OMOXMMMUSUIBIK >KOHE TOPMOHAJABI Oy3bUTyNaplibl €CKepeTiH MOHAPAIbIK TOCUT CHUMITOMAAP/bI
KaKChIpaK OakbLIayFa KOJ JKETKi3e/ll, YIKbI CalachlH KaKcapTy KoHe OChl Oy3blIIyMeH OaillaHbICThI
TICUXOJIOTHSUIBIK KYKTEMEH1 a3aiiTy YIIiH KakeT. by Typreia epre JUarHOCTUKAHBIH JKOHE KEKe
eMJIey CTpaTerusyiapblH 931pJey/IiH MaHbI3AbUIBIFBIH achipa Oarajay KUbIH, OTKEHI 0Jap Ma3achl3
asK CHHIPOMBIHAH 3apJan IIeTeTIH aJaMIapIblH eMip Cypy camachlH aWTaplbIKTail jkakcapTa
anajpl.

Tyiiin ce3mep: Ma3zachl3 asK CHHIPOMBI, >KYHKE-TICUXUKAIBbIK OY3bUTYNap, YHKBIHBIH
Oy3bUTYBI, KYHII3T1 IIapiiay, KOTHUTHUBTI OY3bUTyJaap, TEMIp TalIIbUIBIFBL, KaJKaHiia Oe3xdi
BIHTAJIAHABIPATHIH TOPMOH, HHTEPICHKUH-6, TOTIAaMUH aroHUCTEPi, OMIp canachl.
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AnHotauusi. CuHAPOM OECHOKOWHBIX HOT' - pacHpOCTPAHEHHOE HEPBHO-TICHXUYECKOE
paccTpoiicTBO, OKa3blBAIOIIEE 3HAUMUTEIbHOE BIUSHUE HA KaueCTBO JKU3HU IaLMEHTOB,
XapaKTepHU3YyIOIleecs HENPEOoI0JIMMbIM JKEIaHUEM JIBUraThb HIPKHUMU KOHEYHOCTSIMHU, OCOOEHHO B
MEpPUOJbl TMOKOS U HOYBID. DTO COCTOSIHUE CBSI3aHO C HENPUATHBIMM OLIYHIEHUSIMU B HOTrax,
KOTOPBIE YaCcTO MPHUBOJAT K XPOHUUECKUM HapYyIIEHUSIM CHA, TAKMM KaK TPYAHOCTH C 3acChlIaHUEM
U TPOJOJDKUTENbHBIM IpeObiBaHUEM BO cHe. ClieoBaTenbHO, JIIOJIU, CTPaJaloUIie >STHUM
pacCTpOMCTBOM, YAaCTO WCIBITHIBAIOT JIHEBHYIO YCTaJOCTh, KOTHUTHUBHBIE HapyIIEHUS |
MOBBIIIEHHBIH PHUCK Pa3BUTHSI TPEBOKHBIX U JIEMIPECCUBHBIX paccTpoilcTB. HecMoTps Ha cBoro
BBICOKYIO PaclpOCTPaHEHHOCTb, 3TO 3a00JI€BaHUE MO-MIPEKHEMY HEAOCTATOUHO JUArHOCTHPYETCS,
YTO TMPHUBOJUT K 3aJ€pKKE JIeYeHUS U CHIDKeHHI0 ero sddextuBHocTH. COrNacHo
AMUIEMUOJIOTMUECKUM HCCIIEIOBAaHUSAM, PACIPOCTPAHEHHOCTh CUHAPOMa OECIOKOWHBIX HOT Cpeau
B3pOCIIOTO  HaceJeHust KojeOmercs B mpemenax 5-10%, mnpudem  Oosiee  BBICOKas
pPacpoCTPaHEHHOCTh HAOJIOMAETCS CPea SKCHIIWH W TOXWIBIX JOJEH. DTHOJIOTHS CHUHIpOMA
OECIOKOMHBIX HOI MHOTO(AKTOpPHa U BKJIIOYAET TEHETUYECKYI0 MPeIpaclooKeHHOCTh,
HEHPOXUMHUYECKUN nucOanaHc, AeQUIMT >Kejle3a U TOpMOHAJIbHbIE HapylIeHHUs, TaKhe Kak
TUIOTHPE03. AJeKBaTHas AWAarHOCTUKA U 3¢ (EeKTUBHOE TEpPANeBTUUYECKOE JIEUEHUE 3aBUCAT OT
BCECTOPOHHET0 MOHUMAHHUS 3TUX MEXaHU3MOB. DTO TpeOyeT u3ydeHuss OMOXUMUYECKUX MapKepoB,
KOTOpbIE MOTYT OOJIerYuTh JUArHOCTHKY CHHIpPOMAa OECIOKOWHBIX HOT U ONTHUMH3UPOBATH
ctpareruu jaedeHus. Cpenu HUX TUPEOTPOITHBIN TOPMOH M MHTEPJICHKUH-6 OBLIM ONpEeICHbl Kak
MOTEHIMATbHbIE MHAWKATOPHI MATOJOTHYECKUX IPOIIECCOB, CBSI3aHHBIX C 3TUM 3a00JIEBaHHUEM.
OneHka 3THUX OHOXMMHYECKHMX MapKEepPOB MOXKET CIIOCOOCTBOBaTh 0o0jiee HHIUBUIYATbHOMY
MOAXO0/1Y K JICYEHHUIO, UTO MO3BOJIUT Jydllle KOHTPOJIUPOBATH TeueHue 3abosieBanrsa. CoBpeMeHHbIE
METO/bl  JICUEHUSI CHUHIApOMAa OECHOKOWHBIX HOI  BKIIOYAIOT  (papMakoJIOrMuecKkue H
HEMeMKaMEHTO3HbIE BMEIIATeIbCTBA. J[j1s1 0OeryeHus CMMITOMOB 4acTO HAa3HAYaKOT LENbIN Pl
JIEKapCTBEHHBIX IpPEraparoB, BKIIOYas aroHUCTH 1odaMuHa, TPOTHBOCYAOPOXKHBIE Mpernaparsl u
mpemnapaTtsl Jkene3a. B jomosiHeHWe K MEIMKaMEHTO3HOM Tepanmuu ObUIO  J0Ka3aHO, YTO
HEMEJMKAaMEHTO3HbIE BMEIIATEIbCTBA, TaKHe Kak peryispHas (u3nueckas aKTUBHOCTh U
M3MEHEeHHEe o0pas3a KU3HHU, MPUHOCIT 3HAYUTENbHYIO MOJIb3Yy MalreHTaM. MeXIUCIUILIMHAPHBIN
MOAXOJI, YYUTHIBAIOUINI HEUPOXUMHUYECKHE, OMOXMMHUYECKHE M TOPMOHAIbHBIE HaPYIICHUS,
HEO0OXO0IUM JUTsl JJOCTHIKEHHS! JIYYIIEro KOHTPOJS HaJl CUMIITOMAaMHM, YIY4YLICHUS KauecTBa CHAa U
CHIDKEHUS TICUXOJIOTMYECKOW HArpy3KH, CBSI3aHHOM C ATHM pPaccTpOMCTBOM. B 3TOoM KOHTeKkcTe
BKHOCTh PAaHHEW AWArHOCTUKU U pa3pabOTKHW HHIWBUIYATbHBIX CTPATETHil JIEUCHUS TPYIHO
MEePEOLIEHUTh, TOCKOJbKY OHH MOTYT 3HAYUTENIBHO YAYYIINTh KAdyeCTBO JKH3HU JIIOJIEH,
CTpaJarolNX CHHIPOMOM OECTIOKONHBIX HOT.

KiaoueBble ci0Ba: cHHIPOM OECHOKOHMHBIX HOTI, HEPBHO-TICUXHYECKOE pacCTpOiiCTBO,
HapylIeHUs CHa, JHEBHAas YTOMISIEMOCTb, KOTHHTHBHBIE HapylleHus, AeQuuur xenesa,
TUPEOTPOIHBINA TOPMOH, UHTEPICUKIH-6, arOHUCTHI 10(aMUHa, KaYeCTBO JKU3HU.

Introduction

Restless legs syndrome (RLS) is a neurological disorder characterized by unpleasant
sensations in the legs and an irresistible urge to move them, especially at rest and at night. The
symptoms of this syndrome can significantly reduce the quality of life of patients by disrupting
sleep and causing daytime fatigue. In recent decades, the biochemical and neuropathophysiological
mechanisms underlying RLS have been elucidated, opening up new possibilities for diagnosis and
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therapy. This article reviews the clinical manifestations, diagnostic criteria, differential diagnosis
and biochemical aspects of the disease, as well as methods for optimizing diagnosis and treatment,
including the role of hormones such as thyroid stimulating hormone (TSH), hypoxia inducible
factor-1 (HIF-1) and interleukin-6 (I1L-6) [1-3].

Restless legs syndrome is a common disorder. According to various studies, its prevalence in
the population ranges from 5% to 10%, with the disease occurring more often in women than in
men [4]. The prevalence of RLS increases significantly with age, especially in people over 40 years
of age, and reaches its peak in the elderly. There is also a high incidence of RLS in patients with
chronic diseases such as diabetes, kidney disease, neuropathy, as well as in people with iron
deficiency and thyroid insufficiency [5]. Studies have shown that about 2-3% of the population
experiences RLS symptoms, but only 1-2% seek medical attention, indicating a high proportion of
undetected and untreated cases [6]. Restless legs syndrome also has a genetic predisposition, and
having a history of RLS in close relatives increases the likelihood of developing the disease [7].

The purpose of this literature review is to analyze current data on the clinical and biochemical
aspects of restless legs syndrome (RLS) with an emphasis on identifying effective strategies for
optimizing its diagnosis and therapeutic treatment.

Search strategy. The literature review analyzed articles published from the scientific databases
PubMed, Medline, Google Scholar, Embase, and Web of Science from 2019 to 2025.

Etiopathogenesis

The etiology and pathogenesis of restless legs syndrome remain unclear, but several main
factors influencing the development of the disease are currently identified.

1.Genetic factors. Numerous studies indicate a genetic predisposition to RLS. Certain
mutations have been identified in genes encoding proteins involved in neurotransmitter systems,
such as the dopamine system. Genetic factors can influence functional changes in brain structures
that regulate motor activity, leading to impaired control of limb movement at rest [8].

2. Neurochemical changes. One of the main pathogenetic mechanisms of RLS is dysfunction
of the dopamine system. Recent studies have shown that patients with RLS have changes in the
activity of dopamine receptors and dopamine transport, which may explain the worsening of
symptoms at night and at rest [9].

3. Iron deficiency. Low iron levels, especially in the central nervous system, also play an
important role in the pathogenesis of RLS. Iron is necessary for the normal functioning of enzymes
involved in the synthesis of neurotransmitters such as dopamine. Recent studies suggest that iron
deficiency may impair the function of dopaminergic neurons, which contributes to the development
of RLS symptoms [10].

4. Inflammatory processes. Exposure to chronic inflammation may also be an important
mechanism in the development of RLS. Elevated levels of proinflammatory cytokines such as
interleukin-6 (IL-6) may affect the central nervous system, impairing neuroplasticity and
exacerbating disease symptoms [11].

5. Hormonal imbalances. Recent studies have revealed a link between RLS and hormonal
disorders such as hypothyroidism. Elevated levels of thyroid stimulating hormone (TSH) may be
associated with the development of restless legs syndrome, especially in elderly patients, indicating
an important role of thyroid function in the pathogenesis of the disease [12].

Clinical manifestations of restless legs syndrome

Restless legs syndrome is characterized by a complex of symptoms that include unpleasant
sensations in the lower extremities, such as crawling, tickling, heaviness, or pain. These symptoms
often occur at rest, especially in the evening and at night, and may be relieved by movement.
Patients often report that they need to constantly move their legs to relieve these sensations, which
can lead to insomnia and impaired quality of life. RLS symptoms may also be associated with other
conditions, such as depression, anxiety disorders, and chronic fatigue [13]. Symptoms can vary in
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intensity and duration, making diagnosis and treatment challenging. It is important to consider that
RLS can be primary or secondary. Primary RLS has a genetic predisposition and develops without
apparent external causes, while secondary RLS is often associated with other diseases such as
diabetic neuropathy, iron deficiency anemia, chronic renal failure and thyroid disease [14].

Diagnostic criteria. To diagnose RLS, a number of criteria are used, as proposed by the
International Society for the Study of RLS. According to these criteria, all of the following features
must be present to diagnose RLS:

1. Unexplained sensations in the legs: Patients describe them as crawling, tickling, burning,
pain, or a feeling of heaviness that occurs or intensifies at rest.

2. Exacerbation of symptoms in the evening and at night: Symptoms usually worsen or begin
to appear in the evening hours or at night.

3. Exacerbation of symptoms with no leg movements: Symptoms are relieved or disappear
when moving the legs, such as walking or stretching.

4. Sleep disturbance: Symptoms lead to insomnia and disruption of the normal sleep-wake
cycle [15].

An additional criterion is the exclusion of other diseases that may cause similar symptoms
[16].

Differential diagnostics. Differential diagnosis of RLS includes a number of diseases that
may have similar symptoms. Among them:

« Neurological diseases: peripheral neuropathy, diabetic neuropathy, Parkinson's disease.

« Muscle disorders: muscle spasms, myofascial pain.

« VVenous insufficiency: thrombophlebitis, varicose veins.

« Osteoarthritis and other joint diseases: diseases of the joints of the lower extremities that
cause pain when moving.

« Psychiatric disorders: anxiety disorders, depression, hypochondria, which can mask the
symptoms of RLS.

Differential diagnosis requires a thorough examination, including neurophysiological and
biochemical tests, as well as exclusion of other diseases with similar clinical manifestations [17].

Optimization of diagnostics and therapy. Optimization of RLS diagnostics and therapy
involves a comprehensive approach that includes diagnostic criteria, biochemical markers, and
personalized treatment methods. This approach helps to more accurately identify the disease, assess
its severity, and adjust treatment.

Diagnostics. In order to diagnose RLS, it is important not only to use clinical criteria, but also
a biochemical examination, including tests for TSH, HIF-1, and IL-6. For example, a TSH test helps
to exclude hypothyroidism as a cause of symptoms, and a study of IL-6 levels can show whether
there is inflammation that affects the development of RLS. Using the IRLSSG Rating Scale helps to
objectively assess the severity of the disease and its impact on the patient's daily life [18].

Treatment

Treatment of restless legs syndrome (RLS) should be multifaceted and take into account all
possible factors influencing the development and severity of symptoms of the disease. Complex
therapy includes drug treatment, non-drug correction methods and elimination of biochemical
disorders that contribute to the progression of the disease.

Drug treatment. The main goal of drug therapy is to reduce motor symptoms, improve sleep
quality and eliminate possible neurochemical dysfunctions.

Dopaminergic drugs: Dopamine receptor agonists such as pramipexole and rotigotine are
first-line drugs for RLS, as they help normalize dopaminergic activity in the central nervous system.
These drugs effectively reduce motor symptoms, especially at night, and help patients better control
the urge to move. However, long-term use may lead to an increase in symptoms (augmentation),
which requires careful titration of the dosage and periodic review of the treatment regimen [19].

Anticonvulsants: Drugs such as gabapentin and pregabalin are used in RLS accompanied by
severe pain or sensory disturbances. They have the ability to reduce the hyperexcitability of the
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nervous system and reduce nocturnal paresthesia. These drugs are especially useful in patients
suffering from chronic pain and sleep disorders [20].

Iron supplements: Studies show that patients with RLS often have iron deficiency or low
ferritin levels, which leads to impaired dopamine synthesis and worsening of symptoms. In such
cases, iron supplementation is recommended, especially when ferritin levels are below 50 ng/mL.
Parenteral iron may be more effective than oral iron, especially in patients with impaired absorption
[21].

Opioid drugs: In rare, severe cases, when standard therapy is ineffective, weak opioid receptor
agonists (e.g. tramadol or oxycodone) can be used. They have a central analgesic effect and help to
cope with severe movement disorders. However, their use requires caution due to the risk of
addiction and side effects [22].

Non-drug treatment methods. Complementary therapeutic approaches can significantly
enhance the effectiveness of drug treatment and reduce the severity of symptoms.

Physical activity: Regular moderate exercise such as walking, stretching, and yoga can
improve circulation and muscle tone, reducing nighttime symptoms of RLS. However, excessive
exercise, especially before bedtime, can worsen symptoms [12].

Optimizing sleep: Maintaining good sleep hygiene is key to managing symptoms. It is
recommended to maintain a regular sleep schedule, avoid caffeine and alcohol before bed, create a
comfortable bedroom environment (darkness, quiet, moderate temperature), and avoid prolonged
periods of inactivity [15].

Correction of biochemical disorders. Modern research emphasizes the importance of
identifying and correcting biochemical factors that contribute to the development of RLS.

Hormonal balance: Elevated levels of thyroid stimulating hormone (TSH) may indicate
hypothyroidism, which is often associated with RLS. Correction of hypothyroidism with thyroid
hormones helps stabilize metabolic processes and may improve the course of the disease [16].

Inflammatory markers: Patients with elevated levels of interleukin-6 (IL-6), which indicates
systemic inflammation, may experience more severe RLS symptoms. In such cases, the use of anti-
inflammatory drugs and lifestyle modifications to reduce the body's inflammatory response are
recommended [17].

Hypoxia and oxygen metabolism: Elevated levels of hypoxia inducible factor-1 (HIF-1)
indicate possible decreased tissue oxygen supply, which may worsen RLS symptoms. Improving
microcirculation and using drugs that promote tissue oxygenation may be beneficial in such patients
[20].

Personalized approach to treatment. The modern approach to the treatment of restless legs
syndrome requires individualization of therapy taking into account biochemical and hormonal
indicators. Including the assessment of TSH, IL-6 and HIF-1 levels in standard diagnostic
algorithms allows not only to identify possible mechanisms of disease development, but also to
select the most effective treatment methods.

Complex therapy, combining drug and non-drug strategies, helps reduce the severity of
symptoms, improve sleep quality and increase the quality of life of patients. With the right selection
of treatment, it is possible to achieve a significant reduction in the manifestations of restless legs
syndrome and prevent its further progression [22].

Conclusions

Restless legs syndrome is a multifactorial disease that requires a comprehensive approach to
diagnosis and treatment. The inclusion of biochemical markers such as TSH, HIF-1, and IL-6 can
significantly improve the accuracy of diagnosis and select personalized treatment. Optimization of
diagnostics using scales, laboratory tests, and individualized therapeutic methods helps improve the
quality of life of patients and improve their general condition.
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THE ROLE OF GENE POLYMORPHISMS IN METABOLIC SYNDROME, COGNITIVE
AND PSYCHOSOMATIC DISORDERS

Nemetova D.%, Zhunisova M.!
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®

Abstract: Metabolic disorders such as obesity, insulin resistance, hypertension and
dyslipidemia increase the risk of cardiovascular diseases as well as cognitive and psychosomatic
disorders. With the increasing proportion of the elderly population, age-related cognitive decline,
defined as a gradual decline in cognitive abilities during the aging process, has emerged as an
important public health problem. Genetic determinants of cognitive and psychosomatic disorders in
individuals with metabolic syndrome include a large number of genes involved in the regulation of
inflammation, metabolism, neuroplasticity and stress. Studies confirm that cognitive impairment in
the elderly population is mostly associated with various factors such as environment, lifestyle, metal
exposure, some genetic polymorphisms and diseases. The influence of genetic factors in the
mechanism of development of cognitive and psychosomatic disorders in metabolic syndrome may
help to understand the underlying mechanisms of the disease by identifying genetic biomarkers that
indicate susceptibility to the disease. It will also provide the opportunity to select patients for
monitoring and follow-up of treatment progress. It may therefore help address the challenges of
early diagnosis, screening and prognosis assessment in patients with cognitive impairment with
metabolic syndrome.

Key words: Metabolic syndrome, cognitive disorders, gene polymorphisms, psychosomatic
disorders

MeTa0o0u3MIiK CHHAPOM Ke3iH/1eri KOTHUTHBTIK 7K9He NMCUX0COMATUKAJIBIK
0Y3bLIBICTAPABIH I'eH MOJUMOP(PU3MIEPAiH poJii

Hemerosa J1.%, XKynucosa M.!
Koxa Axmer flcayn aThiHIaFbl XallbIKapalblK Ka3aK-TypiK YHUBepcHUTeTi, TypKicTaH K.,
I<a3a1<(:TaH1

Angarna: CeMmi3Jik, MHCYJIUMHIE TO3IMJIUIK, THIIEPTOHHS JKOHE IUCIUIIHIACMHS CHSIKTHI
MeTa0OoJIM3MIIK OY3bUIBICTAp JKYPEK-KaH TaMbIpJIapbl aypyJIapbIiHbIH, COHIAal-aK KOTHUTUBTIK KOHE
MICUXOCOMATHUKAJIBIK OY3bLIYJIApIbIH KayliH apTThipajbl. Erie jkacTarbl TYPFBIHAAPIBIH YJIEC
CaJIMarbIHbIH apTyblHa OalIaHBICTBI, KapTal IMpolecl Ke3iHAe KOTHUTUBTIK KaOuleTTepiH
OIpTiHAET TOMEHCYI PETiH/Ae aHBIKTAIFaH YKacKa OallIaHBICThl KOTHUTHBTIK KYJIJIbIpAy MaHBI3IbI
KOFaM/IbIK JIEHCAYJBIK CaKTay Mmpoosemachl peTiHae naifaa 0onasl. MeTaboau3MIiK CHHAPOMBI 6ap
ajaMJap/arbl  KOTHUTHUBTIK ~ JKOHE  IMCHXOCOMATHKANBIK  OY3BUIBICTAPIBIH  T'€HETHKAIBIK
JI€TePMUHAHTTApbl KaObIHY/bl, MeTa0OJU3MIl, HEHpOMIacTUKaHbl JKOHE CTPECCTI perTeyre
KAaTbICATBIH TEHJIEPiH YJIKEH CaHbIH KaMTHIBL. 3epTTeyjiep erjae >KacTarbl MOMYJSIUsIaFbl
KOTHUTHUBTIK Oy3buIbIcTap KeOiHece KOpIaFraH OpTa, eMip CalThl, MeTalll acepiiepi, KeuoOip
TeHETUKANBIK MOJIUMOP(GU3MIECP CHUAKTBI IpTYpii (hakropiaapMeH OaiaHBICTBI €KEHIH pacTaiiibl.
MeTtaboau3mMaik  CHHAPOMBI  Oap  azamjaaplarbl KOTHUTUBTIK  JKOHE  IICHXOCOMAaTHKAJIBIK
OY3BUIBICTapIbIH JaMy MEXaHU3MIHE TEeHETHKAIbIK (haKTOpIapIblH ocepl aypyra OeHiMAiTIriH
KOPCETEeTIH T'eHETHKAIbIK OMOMapKepliep[i aHbIKTAay apKbLIbl aypyJblH HEri3ri MeXaHU3MIEpiH
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Tycinyre kemekreceni. On conmaii-ak emey 0apbrIChIH OaKpLIay JKoHE OaKplIay YUIiH MalUeHTTepl
TaHgay MYMKIHOiriH Oepemi. COHIBIKTaH OJ1 METa0OJM3MIIK CHHAPOMBI Oap ajaamjaapiarbl
KOTHUTHUBTIK Oy3bUIBICTAp/Ibl aHBIKTAY HAayKacTapJa epTe AMarHOCTUKA, CKPHHUHT JKoHE 0OJKaMIbI
Oaranay MoceJeNepiH MIeuyre KOMEKTeCe/I.

Tyitin  ce3mep: MeTaOonuKanblK CHHIPOM, KOTHHUTHBTIK  OY3bUIBICTAp, TEHIIK
oJIMMOpPU3MIEP, ICUXOCOMATUKAIBIK OY3blIbICTap

Poanb HOJIHMOp(l)I/I3Ma reHOB B MeTa00JIHYECKOM CHHAPOME, KOTHUTUBHBIX U
MICUXO0COMATHICCKHUX paCCTpOﬁCTBaX

Hemerosa JI.}, Kynucosa M.!
Mex1yHapoAHbBIN Ka3aXCKO-TYpEeUKU YHUBEpCcUTET UMeHH Xoaka Axmena Scasu, r.TypkecTaH,
Kaszaxcran®

AHHOTALUA: Metabonuueckue HapyIICHUs, TaKue Kak 0XKUpEHUE,
MHCYJIUHOPE3UCTEHTHOCTh, TUNEPTOHUS U JAUCIMIMAEMHUS, YBEJIMYUBAIOT PHUCK CEPAECYHO-
COCYAMCTHIX 3a0ojeBaHMiIl, a TakKe KOTHUTHBHBIX M IICHXOCOMAaTHYeCKuX paccTpoiictB. C
YBEJIMYEHUEM JIOJH TOKUJIOTO HACEIEHMs BO3PACTHOE KOTHUTUBHOE CHU)KEHHE, OTIPEieNiieMoe KaKk
MIOCTETIEHHOE CHM)KEHHE KOTHUTUBHBIX CIIOCOOHOCTEH B IMpOLECCe CTapeHHs, CTajo BaXHOU
mpo0ieMoit 0OIIEeCTBEHHOTO 3paBOOXpaHeHus. ['eHeTnyeckue NeTepMUHAHThl KOTHUTHUBHBIX U
MICUXOCOMATUYECKUX PACCTPOMCTB Yy JIMI ¢ METabOIMYEeCKUM CHHIPOMOM BKJIIOYAIOT OO0JbIIOE
KOJIMYECTBO T€HOB, YYaCTBYIOIIMX B PEryNIALIMU BOCHAICHUS], METa00IM3Ma, HEHPOIUIACTUYHOCTH U
cTpecca. MccnenoBanus NMOATBEPKIAIOT, YTO KOTHUTUBHBIE HAPYIIEHUS Yy MOXKWIBIX JIIOACH B
OCHOBHOM CBSI3aHBI C Pa3IMYHbIMHU (DakTOpamu, TaKUMHU KaK OKpYy)Karomlas cpena, o0pa3 >KHU3HH,
BO3JICHICTBUE METAJJIOB, HEKOTOpbIE T€HEeTH4yeckue MnoauMopdusMbl U 3aboneBaHus. BrusHue
reHeTUYecKuX (aKTOpOB Ha MEXAaHM3M DPAa3BUTUS KOTHUTHUBHBIX M IICHXOCOMAaTHYECKUX
paccTpoiicTB Mpu MeTabOJIMYECKOM CHHIPOME MOXET IMOMOYb IOHSATh OCHOBHBIE MEXAaHHU3MBI
3a00JIeBaHMsI TyTEM BBIABICHUS TIE€HETUYECKUX OHMOMapKepoB, KOTOpbIE YKa3bIBalOT Ha
BOCIIPUMMYHUBOCTh K 3a00JI€BaHUIO. DTO TakKe JacT BO3MOXKHOCTh OTOMpaTh MHAIlMEHTOB IS
MOHHUTOPHHIa U HAOIIOACHUS 3a XOJOM JieueHus. Takum oOpa3oMm, 3TO MOXKET MOMOYb PEIIUTh
npoOieMbl paHHEW NUAarHOCTHKH, CKPUHUHTA M OLEHKU MPOTHO3a y MalMEeHTOB ¢ KOTHUTUBHBIMU
HapYIICHUSIMH NPU META0OINYECKOM CUHIPOME.

KirwoueBbie ciaoBa: MeTaboaudyeckuid  CHHIPOM, KOTHUTHUBHBIE  PacCTPOMCTRA,
MOJIMMOP(PU3MBI TEHOB, TICKXOCOMAaTUYECKHE PacCTPOIiCTBa

Introduction

Metabolic syndrome (MS) is one of the most pressing problems of modern medicine. MS is
one of the most urgent problems of modern medicine. Cognitive dysfunction in MS is not only a
medical but also a social problem of our time [1]. medical, but also social problem of our time,
since impaired thinking processes significantly reduce the quality of life of patients, and in case of
prolonged course leads to the development of dementia and complete social maladaptation.
Identification of causes and mechanisms of development of cognitive dysfunction in patients with
MS can be the basis for the development of pathogenetically grounded pathogenesis of cognitive
dysfunction in patients with MS [2]. pathogenetically grounded methods of prevention and
correction of mnesticco dysfunction in MS patients and correction of mnestic-intellectual disorders.
MS plays a significant role in accelerating the development and progression of cardiovascular
disease associated with atherosclerosis. One of the important target organs in MS is the brain. It is
known that the risk of brain strokes in persons with MS is 6-7 times higher than in the general
population [3]. Metabolic disorders including obesity, insulin resistance, hypertension and
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dyslipidemia increase the risk of cardiovascular disease as well as cognitive and psychosomatic
disorders. Genetic factors play an important role in the pathogenesis of these conditions. The  most
studied cognitive functions in metabolic syndrome are attention, memory, and executive functions.
Because attention prepares the ground for higher-level cognitive processes, attention impairments
limit the success of many cognitive functions [4]. With increasing age, the risk of cognitive
impairment gradually increases as the organs and functions of the body gradually deteriorate, the
functional structure of the brain atrophies, and cognitive function also gradually declines. As a
person ages, the quality of cognitive function becomes an increasingly important topic. Studies have
confirmed that cognitive impairment in the elderly population is mainly related to various factors
such as environment, lifestyle, metal exposure, some genetic polymorphisms and diseases.
According to the results of numerous large independent epidemiological studies, an increase in
systolic blood pressure in middle age statistically significantly increases the risk of developing
cognitive impairment after 60 years. If a patient has several vascular diseases, the risk of developing
cognitive impairment increases [12].

Genetic polymorphisms associated with one-carbon metabolism disorders may be a risk
factor not only for somatic and neurological diseases, but also for psychosomatic disorders. A
genome-wide association study has identified many single-nucleotide polymorphisms (SNPs) of
genes involved in the regulation of energy processes, as well as their association with obesity, high
body mass index, and the risk of developing cognitive impairment [13]. In the development of
cognitive disorders in patients with metabolic syndrome, the contribution of genetic factors to the
development of cognitive dysfunction is discussed in the literature.

The aim of this literature review was to review the current evidence on neurologic and
genetic biomarkers contributing to the development of cognitive impairment in metabolic
syndrome. Some genetic markers of cognitive impairment, such as polymorphisms of some genes.
Scopus, PubMed, Google Scholar and Web of Science, the main and most well-known information
databases of biomedical literature, will be used to prepare the review. The review includes highly
cited English language publications between 2020 and 2025. The following gene polymorphisms
were studied as part of the performed molecular genetic study: ApoE, FTO and MC4R genes.

ApoE gene

Genetic polymorphisms may determine variability in cognitive impairment in patients with
metabolic syndrome [14]. The importance of genetic influences on cognitive impairment has long
been recognized. Genetic association analyses have now identified 709 genes that are significantly
associated with overall cognitive function. Among them, the gene encoding the apolipoprotein
ApoE is located on chromosome 19 and has three isoforms, ApoE 2, ApoE 3, and ApoE 4, which
are expressed by the €2, €3, and €4 alleles, respectively. APOE is well recognized for its major role
in cognitive decline in the elderly [5]. ApoE may affect the metabolic deposition of amyloid B (AB)
peptides, lipid metabolism, inflammatory response and other mechanisms that cause cognitive
impairment in the body through increased toxicity or loss of neuroprotective effects. Zejan et al,
investigated that ApoE loci rs7412, rs7259620 and rs405509 were associated with cognitive
impairment in the elderly [1]. APOE may also affect cognitive abilities in normal aging. According
to the GWAS study of cognitive testing such as memory and perceptual speed, Shilna et al. found
that genome-wide APOE was significantly correlated with age-related cognitive decline [6]. The
effect of APOE-¢ 4 carrier status on longitudinal cognitive decline in Parkinson's disease was
investigated in the CamPalGN cohort ( n=107) over 5 years from diagnosis, and no evidence of
association with the rate of change in MMSE scores, age-related cognitive decline, or incidence of
dementia was found [8]. Various studies have shown the influence Apo-g4 for memory, information
transfer speed and on other aspects of cognitive functions. Some researchers did not note
demographic data such as gender and age on the association between ApoE polymorphism and
cognitive impairment. One prospective cohort study by Christine Jaffe of 1750 women aged 65
years and older found that ApoE E &4 was associated with cognitive decline in community-
dwelling, non-demented women [19].
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FTO gene

The FTO gene is expressed in various tissues: liver, muscle tissue, adipocytes, pancreatic 3-
cells, but to a greater extent in the hypothalamus. FTO plays an important role in regulating energy
homeostasis, body weight and food intake [19]. The most studied SNP of the FTO gene is
rs9939609, in which either thiamine (T) or adenine (A) can be present in the first intron of the gene
(chromosome 16, position 53820527) [15]. The relationship between FTO gene SNP and T2DM
was first demonstrated in 2007 in a GWAS study. It was later found that this relationship is realized
through the effect on BMI. Frayling et al. found that carriers of the A allele of the FTO gene
(rs9939609) had a higher body weight and an increased risk of developing obesity (OR 1.7)
compared with individuals homozygous for the T allele [16]. In addition to the relationship between
the FTO gene and MS, a number of researchers also find an association between FTO and various
components of MS: plasma glucose levels, lipoprotein and triglyceride levels. The authors
emphasize that this relationship was observed in study participants over a long observation period
(from childhood to old age). According to Zhang et al (2023), in a sample of 8364 white and 2083
African American men and women with no clinical history of stroke, a significantly greater mean
change in delayed word recall test performance was associated with 2 of the 4 FTO single
nucleotide polymorphisms examined (rs9939609, rs805136, rs17817449, and rs1421085) in whites
but not in African Americans (p < 0.002). The association of FTO polymorphisms with cognitive
changes was independent of potentially confounding clinical and demographic variables including
age, gender, education, diabetes, hypertension, and body mass index [7]. Saunder's meta-analysis of
over 12,000 participants reported an association between rs9939609 of the FTO gene and the risk of
cognitive impairment [17]. Polymorphism of the FTO gene rs9969309 is associated not only with
AO, but also with other components of MS, such as hyperglycemia and hypertension. Moreover,
carriage of the A-allele of the FTO gene may be associated with the presence of several components
of MS at once [18].

MCA4R gene

Alterations in the gene encoding the melanocortin 4 receptor (MC4R) are the most common
genetic cause of obesity in humans, and obesity itself has been found to be independently associated
with psychosomatic disorders, including depression. A common single nucleotide polymorphism
(SNP) of the rs17782313 gene near MC4R may be significantly associated with increased total
energy intake and dietary fat content. In addition to the association of the MC4R gene with obesity
and the association of the C allele variant of rs17782313 with BMI, studies have found an
association of this gene with depressed mood and compulsive overeating. In a study by Hajmur et
al., it was shown that the interaction of mental stress and energy intake with MC4R minor allele
genotype may increase the risk of obesity in Korean adults [10]. However, since research on the
association between the MC4R gene and depression is very limited and there have been no studies
on the interaction of the MC4R gene with dominant eating patterns and depression, this study was
the first to attempt to examine their interaction. The MC4R polymorphism (rs17782313) shows a
direct association between depressive illness and greater adherence to unhealthy eating behaviors in
individuals with the CC allele of the MC4R gene. The results of this study suggest that the
interaction of MC4R variants between individuals and high UDP intake may play an important role
in the development of depression. The rs17782313 polymorphism near the MC4R gene was also
found to be associated with obesity among European adults. The rs17782313 polymorphism in the
MCA4R gene and its association with obesity were first described in 2008 [11].

Conclusion

Cognitive aging involves multiple complex pathogenesis including genetic and
environmental factors. With an ever-increasing population of older adults, age-related cognitive
decline, which is characterized as the gradual decline of cognitive abilities during aging, has proven
to be a giant public health problem. As genetic information has become increasingly important for
studying the biological mechanisms of cognitive decline, the search for genetic biomarkers of
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cognitive aging has attracted much attention. The presented review highlights the main pathways of
cognitive impairment in diabetes mellitus and indicates the genes associated with them. Studying
these genetic predictors may make it possible to predict the development of cognitive and
psychosomatic disorders in patients with MS.

Genetic predictors of cognitive and psychosomatic disorders in individuals with metabolic
syndrome encompass multiple genes involved in the regulation of inflammation, metabolism,
neuroplasticity, and stress. These findings offer prospects for personalized medicine and preventive
strategies that can significantly improve patients' quality of life. Gene polymorphism has complex
effects on physiological and psychological processes, contributing to predisposition to metabolic
syndrome, cognitive and psychosomatic disorders. Studying these interactions opens up prospects
for personalized medicine, including prevention and targeted therapy.

Therefore, it is important to search for genetic markers associated with MS, which will help
to reveal the mechanisms of regulation of neurological disorders associated with cognitive and
psychosomatic disorders, and can help select patients from a high-risk group and assess qualitative
and quantitative changes against the background of different genotypes, which will allow not only
to treat, but also to effectively prevent MS and its complications. Some scientists also believe that
one direction for future research is to use cognitive abilities to assess polygenic risks for predicting
MS in accordance with the feedback hypothesis, according to which people with lower cognitive
abilities are more likely to develop components of MS.
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ANALYSIS OF ASSESSMENT METHODS AND THE ROLE OF PHYSICAL ACTIVITY
IN THE DEVELOPMENT OF METABOLIC SYNDROME
(LITERARY REVIEW)

Turmanbayeva A., Sadykova K.}, Raimova M.?
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan®
Tashkent State Dental Institute, Tashkent, Uzbekistan?

Abstract: The global spread of noncommunicable diseases (NCDs) has become a major
public health concern. The incidence and mortality from cardiovascular diseases has increased
significantly over the past three decades worldwide. According to forecasts of the World Health
Organization, by 2030, up to 30% of deaths worldwide will be associated with a sedentary lifestyle
and its negative consequences. The main strategy for preventing these conditions is to correct
lifestyle and increase physical activity levels. Observational and interventional studies confirm the
important role of physical activity and a healthy lifestyle in reducing the manifestations of
metabolic syndrome. Factors such as physical activity and the MedDiet diet contribute to reducing
the likelihood of developing it. Each component of the metabolic syndrome is more or less related
to the level of physical activity. Although physical activity does not have a direct effect on insulin
resistance, lipid metabolism disorders, or obesity, it has been proven that increasing activity levels
significantly reduces these risk factors, having a positive effect on health. The review of scientific
literature examines the impact of physical activity and a healthy lifestyle on metabolic syndrome, as
well as clarifies the mechanism underlying their benefits in its prevention and treatment.

Keywords: metabolic syndrome, obesity, hypodynamia, healthy lifestyle, physical activity,
diabetes mellitus.

Du3NKAJBIK 0eJICeHALTIKTIH 0aFaJjay dicTepiH :KIHe MeTA00THKAIBIK CHHIPOMHBIH
JaMYBIHJAAFbI POJIiH TaJjaay (91e0u 1moJry)

Typman6aesa A.%, Cagpixosa K.}, Paumosa M.2
Koxa Axmer flcayn aTbiHIarbl XallbIKapalblK Ka3aK-Typik YHUBepcHUTeTi, TypKicTaH K.,
I<a3a1<0TaH1
TamkenT MeMJIeKeTTiK CTOMATONOr |l MHCTUTYTHI, TalIKeHT, O30eKkcTan?

Angarna. XXyknanel emec aypynapasiH (JKka) skahanabIK Tapanysl IEHCAYJIBbIK CaKTayablH
Oactel Mocenecine aiHanabl. COHFBI YII OHXKBUIABIKTA OYKUT oleMAe KYPEeK-KaH TaMblpliapbl
aypyJapblHaH OOJIaThIH aypy MEH eJIIM-XKITiM aifTapibikTail ecti. JlyHuexy3utik JleHcaynbIK cakTay
Y ibIMBIHBIH O0JKaMbIHa coiikec, 2030 sxputFa Kapail ayHue >ky3iHae eniM-xkiTiMHIH 30% - Fa
JIeH1H1 OTBIPBIKIIBI OMIP CAITHIMEH JKOHE OHBIH KAFBIMCBI3 callfapbIMeH OalmaHbICThl O0naasl. by
KarIalnapAblH alnfblH alydblH HETi3ri CTPaTeTHsChI-OMIp CalTBIH TY3€Ty XKOHE (DHU3HKAIIBIK
OeNCeHAUTiK JIeHreiiH apTThipy. bakplnay >kKoHE WHTEPBEHIMSUIBIK 3€pTTEyiep MeTaOoIHKaIbIK
CHUHJIPOMHBIH KODIHICTEpIH TOMEHJETyAeri (U3MKaIblK OEJNCeHIUTIK IeH cajlayaTThl eMip
CAJITHIHBIH MAaHBI3IBI POIIH pacTaiinbl. Ousnkanslk OenceHaunik xoHe MedDiet auerachl CUSKTBI
(dakTopiap OHBIH AaMy BIKTUMAIIBIFEIH TOMEHIECTYTE bIKNAN eTe/i. MeTaOoIuKaIbIK CHHAPOMHBIH
opOip Kypamaac Oemniri (U3MKANBIK OENCEHAUTIK IeHreiMeH a3nbl-KemnTi OaitnaHbicThl. JleHe
OeJICeH T MHCYAMHIe TO3IMAUIIKKE, JUIUATED ajlMacyblHbIH Oy3bLIyblHA HEMECe CEeMI3JIIKKe
TiKeJel ocep ermece e, OeNCEeHAUTIK NeHIeHiHIH KOFapbUIaybl JEHCAYIBIKKA OH 9Cep €TETIH OCHI
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Kayin (aKTOpJiapelH alTapibIKTall TOMEHIETETiHI AonenjaeHAl. FhulbiMu oneOuerTepre MIOMY
¢bu3uKanbIK OCJICeHAUTIK TMEeH CcalayaTThl ©MIp CAJITBIHBIH METaOOJHKAIBIK CHHAPOMFa JCEpiH
3epTTEeiil, COHBIMEH KaTap OJapAblH alJIbIH Iy MEH eMJCY/AEri apThIKIIBUIBIKTaPbIHBIH HETI31H1e
KATKAH MEXaHU3M/II TYCIHAIpETi.

Tyiiin ce3aep: MeTabONMKAIBIK CUHAPOM, CEMI3IIK, (DM3MKAIBIK OCICEHAUTIK, calayaTThl
eMIp CalIThI, IcHEe OCICeHIUTIr, KAaHT AUadeTi.

AHAJIN3 METO/10B OLIEHKH H POJIH (PpU3NYECKOll AKTHBHOCTH B Pa3BUTHH
MeTadoIM4ecKoro CHHApoMa (0030p JIMTEPaATYPbI)

Typman6aesa A.%, Cageikosa K.}, Panmosa M.2
Mex1yHapoAHbBIN Ka3aXCKO-TYpEeUKU YHUBEpCcUTET UMeHH Xoaka Axmena Scasu, r.TypkecTaH,
Kaszaxcran®
TamxkenTckuii [0cy1apcTBEHHBIN CTOMATONOTMYECKHH HHCTUTYT, TaIkeHT, Y36exucTan?

AHHoTanus: ['moGanbHOe pacnpocTpaHeHue HenH(peKInoHHbIX 3a0oneBanuit (HU3) crano
Cephe3HOU MPOoOIEMOI OOIIECTBEHHOTO 3JPAaBOOXpaHEHUsS. 3a TOCIEAHUE TPHU JACCATHICTHS BO
BCEM MHUpPE 3HAYUTEIBHO BO3POCIH 3a00JE€BAEMOCTh U CMEPTHOCTh OT CEPJACYHO-COCYAUCTBIX
3aboneBanuii. [lo mpornozam Bcemupno#t opranmzanum 3apaBooxpaneHusi, Kk 2030 roxy mo 30%
cMepTeil BO BceM MHUpe OyJIyT CBS3aHBI C MaJIOTIOJIBIDKHBIM 00pa3oM KU3HU M €r0 HETaTUBHBIMU
nocieacTBUSIMU. OCHOBHOW cTpaTernell NMpOoQUIAKTUKU 3TUX COCTOSHUN SIBISIETCS KOPPEKLUs
oOpaza JKM3HM M TIOBBINICHHWE YPOBHSA (DU3MYECKOW aKTUBHOCTH. HaOmionmatenpHbie W
WHTEPBEHIIMOHHBIE HCCIEAOBAHUS TOIATBEPKIAIOT BAXKHYIO DPOJb (PU3NYECKOM AKTUBHOCTH U
310pOBOT0 00pa3a >KM3HU B CHUKEHUH MPOSIBJICHUN MeTab0IMIecKoro cuHapoMa. Takue (hakTophl,
Kak ¢usndeckas akTUBHOCTh M aueta MedDiet, cocoOCTBYIOT CHMKEHHUIO BEpPOSITHOCTH €TO
pa3BuTHsA. KaXaplii KOMIIOHEHT METa0OJWYECKOTO CHHApPOMAa B OOJIBIICH WM MEHBINEH CTETICHU
CBSI3aH C YpOBHEM (PU3MUECKON aKTUBHOCTH. XOTsS U3NYECKasi aKTUBHOCTh HE OKA3bIBAET MPSIMOTO
BIIUSIHUSL HAa PE3UCTEHTHOCTh K MHCYJIHMHY, HApYIICHUS JIMIIUIHOTO OOMEHa WM OXHUpEHHue, ObLIo
JI0Ka3aHO, YTO TMOBBIIICHUE YPOBHS (PU3NYECKOW aKTUBHOCTH 3HAUUTEJIBHO CHIDKAET 3TU (HaKTOPBI
pUCKa, OKa3bIBas IOJIOKUTEIbHOE BIUSHUE Ha 370poBbe. B o0030pe HayuHOIl nuTepaTypbl
paccmarpuBaeTcsi BiAMSHHE (PU3MUECKOW AaKTUBHOCTM UM 370pOBOro o00paza KH3HU Ha
MeTabOJIMYEeCKUl CHHIPOM, a TaKXKe pa3bsACHSAETCS MEXaHH3M, JIeKallud B OCHOBE HX
MPEUMYILIECTB [P €ro NMPOQPHUIAKTUKE U JICUCHUH.

KuiroueBble ciioBa: MeTabOIMYECKUN CUHAPOM, 0)KHUPEHUE, TUIIOIMHAMUS, 3I0POBBIA 00pa3
KU3HHU, PU3ndecKas akTUBHOCTb, CaXapHbIi quaber.

Introduction

Metabolic syndrome (MetS) is a global health problem encompassing key cardiovascular
risk factors such as abdominal obesity, dyslipidemia, disorders of carbohydrate metabolism and
high blood pressure. It is a precursor to cardiovascular disease (CVD) and its complications [1].

Diseases leading to the development of cardiovascular complications are closely related to
lifestyle, including smoking, diet and physical activity level [1]. According to WHO, more than 3/4
of all cardiovascular disease (CVD) deaths can be prevented by lifestyle changes. The global
incidence of MetS is increasing, making it crucial to identify factors leading to both its development
and progression [2]. More specifically, it is estimated that between 20 and 25% of the world's adult
population demonstrates a combination of risk factors associated with MS. In 2000, about 32% of
adults in the United States were diagnosed with MetS, and in Iran, the prevalence of MetS in adults
is 32% overall, with 27% in men and 36% in women [3].
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Globally, nearly one third of adults were insufficiently physically active in 2022 (age-
standardized prevalence of 31.3 percent, or 1.8 billion). The high-income Asia-Pacific region was
most affected by low levels of physical activity, followed by South Asia. Oceania had the lowest
rate of physical inactivity, followed by sub-Saharan Africa. The prevalence of low motor activity
was lowest among low-income countries and highest in lower-middle-income countries. The United
Arab Emirates had the highest prevalence of low motor activity at 66.1 per cent; Malawi had the
lowest prevalence at 2.7 per cent [4].

Physical activity in the Concept of Development of Physical Culture and Sports of the
Republic of Kazakhstan until 2025 is considered “as the main source of health of the nation”. The
concept of a healthy nation includes the promotion of physical activity and systematic sports
activities, as well as a wide range of measures and conditions, the most important of which is
physical activity. According to the ISS data, in 2019 in Kazakhstan 5.7 million people were
engaged in sports, which is 30.6% of the total population, in 2016 27.4% of the population, it is
planned to increase the number to 7.3 million people by 2025, i.e. 40% of the total population.
According to the WHO assessment of the level of morbidity in the world, Kazakhstan is a leader in
mortality from non-communicable diseases compared to European countries. In Kazakhstan, the
mortality rate at the age of 30 to 69 years is 82%, in other countries this indicator is 71% [WHO,
2018]. Four main categories of non-communicable diseases - CVD, cancer, obstructive pulmonary
disease and DM2, make up the majority of diseases of national scale, leading to premature
mortality, the probability of death from one of them is equal to 19.28% [5].

The purpose of the study: to conduct a literature review to analyse current methods of
assessing physical activity and its role in the development of metabolic syndrome

Search strategy. The literature review analyzed articles published from the scientific
databases PubMed, Medline, Google Scholar, Embase, and Web of Science from 2019 to 2024. The
keywords "metabolic syndrome”, "obesity”, ‘“hypodynamia”, “healthy lifestyle”, “physical
activity”, “diabetes mellitus” were used for the search.

For the literature review, articles that met the following criteria were considered:

1. full-text articles;

2. application of widely recognized MetS diagnostic criteria;

3. Conduct research on the role and relationship of physical activity, lifestyle in the
development of MetS.The main reasons for exclusion criteria in studies are: repetitive data;
availability of only brief abstracts, editorials; lack of sufficient data.

Metabolic syndrome and physical activity.

Low physical activity is a major factor that increases the risk of mortality from non-
communicable diseases, contributing to 830,000 deaths and 15.75 million disability-adjusted life
years worldwide in 2019 [6]. Metabolic syndrome (MetS) has become a global epidemic due to
sedentary lifestyles and increased consumption of high-calorie foods. These negative factors
contribute to the rise of obesity in both developed and developing countries, although its prevalence
is somewhat lower in the latter [7]. According to the World Health Organization (WHO), more
than 75% of deaths from cardiovascular disease (CVD) can be prevented through lifestyle changes

[8].

Obesity is considered a key public health problem and ranks fifth among the leading causes
of death worldwide. Overweight and obesity are among the major lifestyle diseases that lead to
further health complications and contribute to a host of chronic diseases, including cancer, diabetes
mellitus, metabolic syndrome and cardiovascular disease. Metabolic syndrome (MetS) contributes
to an increased risk of developing diabetes mellitus and cardiovascular disease (CVD) both in
patients with and without a history of cardiovascular disease [9]. Therefore, its early detection may
be an important strategy to reduce cardiometabolic risk in patients in the future. Physical activity
has been shown to reduce cardiovascular disease risk factors by improving cardiorespiratory fitness,
and dietary interventions are effective in reducing obesity [10]. In addition, measures to increase
physical activity have been found to be effective in improving cardiometabolic parameters [11].
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A number of studies have identified the relationship between hypodynamia and nutrition,
focusing primarily on the development of obesity, energy expenditure, adipogenesis, and
polymorphisms of genes related to eating behavior and appetite control. Such studies are of great
interest because they open new possibilities for individualized prevention and therapy of metabolic
syndrome (MetS). Optimization of nutrition in combination with physical activity and weight loss
may have a beneficial effect on overall risk, contributing to the prevention and treatment of
metabolic syndrome [12].

Total time spent in sedentary behavior has been found to be significantly associated with an
increased risk of metabolic syndrome. This study showed that prolonged sedentary behavior is
associated with an increased risk of metabolic syndrome regardless of the level of physical activity.
In this case, the nature of the relationship varies by gender rather than by age [13-14].

The World Health Organization (WHO) recommends at least 150 minutes of moderate-
intensity FA or 75 minutes of high-intensity FA per week for adults [15]. Failure to follow these
recommendations is associated with an increased risk of coronary heart disease, cancer, diabetes,
anxiety, depression, cognitive impairment and shortened life expectancy [16].

The potential impact of promoting physical activity is substantial, and it is estimated that
20% of deaths could be prevented if people followed the minimum recommendations for healthy
lifestyle. Despite this, the inclusion of physical activity in MetS prevention strategies remains
underutilized. The prevalence of MetS increases with age, is higher in men than in women, and
varies by race and ethnicity. There is an inverse relationship between physical activity and MetS,
more pronounced in men, and it is known that a physically active lifestyle can prevent or delay the
onset of MetS in young adults [17].

Recent evidence emphasizes the importance of a gender-specific approach to better promote
physical activity and increase our understanding of gender differences in the development and
impact of MetS and cardiovascular disease (CVD). Such an approach may lead to improved health
outcomes and more tailored health strategies [18].

Physical inactivity is a significant and modifiable risk factor that is more prevalent and
stronger in female populations worldwide for all age groups. The gender gap in physical activity
starts at an early age and leads to significant short- and long-term adverse health outcomes,
especially cardiovascular health [19].

According to a study by Spanish scientists in 2025, it has been shown that women lead a
more sedentary lifestyle than men (OR = 1.35; 95% CI = 1.10-1.65), so they may particularly
benefit from increasing physical activity levels. Regarding physical activity and sports, men appear
to be more active than women. The results of several studies show that men's attitudes are more
positive than women's, with significant differences [20].

According to a study by Gallardo-Alfaro et al (2021), regular exercise reduces sympathetic
activity and plasma catecholamine concentrations at rest and improves renal homeostasis by
reducing vascular resistance, which helps to lower blood pressure. High blood pressure is one of the
key independent risk factors for cardiovascular disease [21].

Physical activity reduces SBP by an average of 6.9 mm Hg in people with hypertension.
Cordero et al . report an average reduction of 6 to 7 mm Hg in patients with hypertension compared
with 3 mm Hg in patients with normal blood pressure. Cornelissen et al . in a systematic review
with healthy adults, found a significant reduction in MAP in patients who completed an exercise
program, regardless of the type of training; but they found no reduction in SBP in patients who
completed combined strength and endurance training. Regarding gender, they found that men with
an exercise program achieved more than twice this reduction in SBP and DBP than women. Our
results also show sex differences, but in this case, women had a more pronounced reduction in
blood pressure than men [22].

One direct effect of physical activity is to reduce insulin resistance because muscle tissue
increases glucose uptake. Regular physical activity reduces the risk of type 2 diabetes mellitus
(T2DM), and observational studies suggest that in patients with T2DM, women may require greater
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frequency and intensity of physical activity than men to reduce cardiovascular events [23]. In this
sense, aerobic physical activity leads to an increase in the biological efficacy of insulin, and it has
been reported that even after exercise, insulin receptor sensitivity and number are increased by 36%
[24].

In a prospective study by Jung WS et al conducted on healthy patients, a decrease in blood
glucose levels was observed. In contrast to the other studies reviewed, the results showed significant
differences. Noticeable differences between men and women were observed only at the lowest level
of physical activity, while no sex differences were observed in other studies [25].

According to the results of a study by Di pietro L and others, as well as other scientific
papers, an increase in physical activity contributes to a decrease in waist circumference. This effect
is more pronounced in men than in women, which is confirmed by data from previous studies.
Regular physical exercise plays a key role in the prevention of overweight and the treatment of
diseases related to obesity. Thus, physical activity helps to reduce cardiovascular risk by effectively
controlling body weight [26].

Ethiopian researchers have found that insufficient attention is paid to physical activity and its
role in reducing the severity of diabetes symptoms, as well as its assessment as a preventive factor
according to  Global Physical Activity Questionnaire (GPAQ) indicators. In addition, the
relationship between a sedentary lifestyle and the risk of metabolic syndrome remains poorly
understood, indicating a lack of important knowledge in the field of public health [27].

Analysis of methods for assessing physical activity

The International Physical Activity Questionnaire (IPAQ) was developed to standardize the
monitoring of activity at the population level around the world [28]. This is an easy-to-use, self-
reporting, 7-day questionnaire (or interview). It collects information about time spent in vigorous,
moderate, walking, and sedentary activities. The overall score evaluates metabolic expenditure and
has been developed to categorize people with low, moderate, or high activity. Early studies have
shown satisfactory reliability and validity in the general population [29].

Since the IPAQ is used to estimate the level of physical activity based on the MET (MET-
minutes/week) accumulated over the last seven days, the calculated values must be multiplied by
the duration of activity in minutes per day and the number of days per week during which it was
performed (MET-minutes/week) [30]. The IPAQ evaluates the frequency, duration, and intensity of
physical activity during the previous week [31].

He Y. et al. analysed the associations between physical activity (PA), sitting time (ST) and
metabolic syndrome (MetS). The study included 957 adults aged 40-65 years living in Hangzhou,
China. Exercise data were collected using the International Physical Activity Questionnaire Short
Form (IPAQ-SF), a tool designed to measure walking, moderate, and vigorous physical activity.
Participants were requested to report the duration and frequency of each activity, and the total
physical activity volume was calculated in MET-min/week. The MET values assigned to each
activity were as follows: walking = 3.3, moderate PA = 4.0, and vigorous PA = 8.0. The participants
were then categorised into low, moderate, or high activity levels based on the following criteria:
duration, frequency, and overall activity. Additionally, sitting time was recorded, with categories of
<3 hours/day, 3-6 hours/day, and >6 hours/day. The results showed that high levels of PA were
associated with a lower risk of cardiovascular disease (CVD), especially in people with central
obesity (visceral fat). In contrast, sitting for more than 3 hours per day was associated with an
increased risk of CVD, especially in people with central obesity. Thus, moderate to vigorous
physical activity is beneficial for CVD prevention, while prolonged sitting increases the risk,
especially in central obesity [32].

A prospective study was conducted in Korea, which involved 3,910 adults (1,890 men and
2,020 women) without MetS, examined in 2001-2002. The condition of the participants was
monitored from 2013 to 2014. To assess the level of physical activity, energy expenditure within
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leisure physical activity was measured using the metabolic equivalent of a task (MET) in hours per
week. All participants were divided into five groups. The average follow-up period was 11.8 years.
During the study, 482 men (25.5%) and 541 women (26.8%) were diagnosed with MetS for the first
time. Multifactorial logistic analysis showed that people who performed physical activity 2-3 times
higher than the recommended minimum had a 4.4% lower risk of MetS [HR = 0.956; 95% CI:
0.654-1.398]. With an activity level exceeding at least 3-4 times, the risk reduction was 21.9% [HR
=0.781; 95% CI: 0.574-1.063] [33].

A study was conducted in Zora, Marrakech, to explore the relationship between physical
activity and metabolic syndrome (MetS). The International Physical Activity Questionnaire (IPAQ)
was utilised as a research instrument. The research involved 300 participants, with 57.3% of the
participants being female and 42.7% of the participants being male, yielding a sex ratio of 0.74. The
findings of the study indicated a substantial correlation between physical activity levels and the
presence of MetS (p = 0.002). The study also highlighted a connection between obesity, MetS, and
physical activity levels among the population of Marrakech [34].

In Hangzhou, China, in 2010, a cross-sectional study was conducted using the International
Standard Physical Activity Questionnaire (IPAQ) and classified into three levels. The prevalence
rates of MetS in the general sample, among men and women, were 16.4%, 25.4% and 10.3%,
respectively. Patients with MetS smoked more, consumed more alcohol and tea, slept longer, and
were older than patients without MetS. Low physical activity was more common in patients with
MetS than without it (29.9% vs. 20.9%); more participants without MetS engaged in high FA
compared to patients with MetS (29.9% vs. 19.7%) [35].

Another study by Xu and others found that high physical activity was significantly inversely
associated with MetS after adjusting for age, gender, ethnicity, and current smoking in obese older
adults. It is important to note that these studies used questionnaires, namely the International
Physical Activity Questionnaire (IPAQ) or the Global Physical Activity Questionnaire (GPAQ), to
assess the level of physical activity and another index of MetS criteria [36].

In a cohort study in Iran, stricter adherence to a healthy lifestyle was associated with a
reduced risk of six-year incidence of MetS [37].

A similar cross-sectional study of adults aged >60 years with a BMI > 30 kg/m2 showed that
those who engaged in high physical activity had a lower risk of MetS [38].

Low- and moderate-intensity physical activity has beneficial effects on endothelial function,
insulin resistance, cardiac remodeling, and lipid metabolism [39].

A chronic, mild inflammatory condition has also been associated in many studies with the
presence of components of the MetS, which can be partially explained by changes in adipose tissue
and which can be compensated by adequate physical activity [40].

Lifestyle change strategies, which primarily include regular physical activity and dietary
changes, play a crucial role in the treatment of MetS. A healthy lifestyle is defined as regular
physical activity, quitting smoking, having healthy eating patterns, and avoiding obesity [39].
According to the US Preventive Services Task Force Recommendation Statement, adults with
cardiovascular disease (CVD) risk factors should be offered or referred to behavioural counselling
interventions that focus on the promotion of a healthy diet and the increase of physical activity.
These interventions have been demonstrated to facilitate long-term lifestyle modifications that
reduce the risk of developing CVD, manage existing risk factors, and enhance overall heart health
[41].

Conclusion:

Treatment of MetS is based on lifestyle changes. The key aspects of therapy are weight loss, a
balanced diet and sufficient physical activity. Therapeutic strategies should be applied in
accordance with established clinical guidelines to correct modifiable risk factors such as high blood
pressure and dyslipidemia. Early detection of the syndrome and timely intervention play an
important role in reducing the likelihood of developing cardiovascular complications.
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Health professionals should develop and apply prevention strategies tailored to individual
risk profiles, taking into account factors such as age, gender, socioeconomic status, and lifestyle.
Personalized interventions play a key role in addressing various factors contributing to the
development of MetS. In addition, public health initiatives should aim to raise awareness about
MetS, its consequences, and the benefits of a healthy lifestyle to prevent it. Health professionals
should encourage inactive adults to be physically active in their free time to take advantage of the
health benefits.
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PREVALENCE OF GASTROINTESTINAL PARASITES AMONG PRIMARY SCHOOL
STUDENTS AS A PUBLIC HEALTH ISSUE: A COMPARATIVE STUDY BETWEEN
RURAL AND URBAN AREAS

Shoibek A.%, Kuandikova R.!, Kuandikova A.

Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan!

ABSTRACT The main purpose of the research work is to study the diversity of the
etiological structure of gastrointestinal parasites among primary school students in rural and urban
settlements of the Turkestan region by identifying and comparing the frequency of their occurrence
and spread.

Gastrointestinal parasitic infections pose a serious public health problem worldwide,
especially in rural areas of developing countries. There is evidence that about 3.5 billion people
worldwide have been infected with parasitic infections, of which about 450 million (about 30%)
children have been infected with gastrointestinal parasites. It is known that primary school students
are in a vulnerable group at risk of contracting gastrointestinal parasitic infections due to immaturity
of the immune system, non-compliance with hygiene measures, oral activity. According to the
World Health Organization (WHO), 870 million children live in an endemic zone with
gastrointestinal worms and annually lead to the death of 15 million young children, most of whom
are widespread in developing countries, mainly on the Asian and African continents.

The scientific novelty of the study is that for the first time the etiological structure of
gastrointestinal parasites occurring among primary school students of rural and urban settlements of
Turkestan region will be revealed, the frequency of their occurrence and distribution will be studied.
The influence of various levels of the economic and social factor of rural and urban settlements on
the frequency of gastrointestinal parasites is also investigated. To contribute to the World Health
Organization on behalf of the Republic of Kazakhstan. As a result of the study, the occurrence of
gastrointestinal parasites in children in our state, which is among the developing countries, will be
revealed or not revealed, compared with each other in socio-economic conditions with other
developed and underdeveloped states.

Keywords: Turkestan region, gastrointestinal parasites, protozoa, helminths, urban and rural
areas, primary school students, microscopic method, prevalence.

KoramabIK aeHcayJIbIK CaKTay MaceJieci peTiHae 0acTayblll CbIHBIN OKYIIBLIAPHI apachbIHAA
acKa3aH-illeK NapasuTTEePiHiH Tapadybl: aybLIBIK KOHE KAJTAJIbIK AHMAKTAP apaChIHIAFbI
CATBICTBIPMAJIBI 3ePTTEY

Iloii6ex A., Kyannpikosa P.!, Kyanapikosa A.!
Koxa Axmer flcaym aTbiHIaFbl XalbIKapaibIK Ka3aK-TYpiK YHUBepcUTeTi, TypKicTaH K.,
Kazakcran!

AHJIATIIA. Byn FeUIBIMU-3€PTTEY KYMBICBIHBIH 0acThl MakcaThl — TypkicTaH OOJIBICHIHBIH
ayBUI/IBIK JKOHE KaJaJIbIK €J1/11 MeKeHAepiHIeri OacTayblIl ChIHBII OKYIIBUIAPHI apachlHAa aCKOPBITY
KyHeci MapasuTTepiHiH ATHONOTUAIIBIK KYPBUIBIMBIHBIH OPTYPJILIriH 3€pTTey, OJapiblH Ke3aecy
KHLUTITT MEH TapajyblH aHBIKTAI, CATBICTBIPY OOJBIN Ta0bLIaAbl. ACKOPBITY KYHECIHIH
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napasuTapiablK  HMHQEKuusuIapsl  oneM  OOWBIHINA, dcipece JamMylibl  eJIepIiH  aybUIABIK
aliMaKTapblHAa, KOFaMJIBIK JCHCAYNBIK CaKTay YIIiH eJeyli Macene Ooubin Tabbuiaasl. Jlepexrepre
coiikec, aneMze MamaMmeH 3,5 MWUIHapi agaM Mapa3suTapiblK MH(EKIUsIapMeH KYKThIPbUFaH,
onapbIH iminae mamaMer 450 mumrons! (sFHU 30%-Fa KybIFbl) Oananap O0JIbIN TaObUIABI )KOHE
oJlap aCKOPBITY JKYWECIHIH Tapa3suTTepiMEH 3aKbIMJaHFaH. bacTaybIlll CHIHBIN OKYIIBIIAPHI
MMMYHJIBIK JKYHECIHIH TOJIBIK JKETUIMEYi, THTHCHAJBIK TaJlalTapbl CaKTaMaybl >KOHE 3aTTapbl
aybI3 apKbUIBI KaObUIIay 9JeTTepiHe OailIaHBICTBI Kayill TOOBIHIAFBI Oajlayap KaTapblHA >KaTabl.
JIYHUEKY3UTIK JIeHCayNnblK cakray YWAbIMBIHBIH (/1Y) wmomimerrepi OoiipiHma, omemume 870
MWUIHOH Oana imeKk KypTTapbIMEH >HISMHSIIBIK aiiMakTapia eMip Cypeni jKoHE JKbUI calbiH 15
MWJUTHOHHAH acTaM jkac OallaHblH eJiMiHe ceden 0oabl, oJIapIbIH Kenmitiri A3us xone Adprka
KYPIBIKTAPBIHAFBI TaMYIIIBI eIIepe TipKeneTi.

3epTTeyiH FHUIBIMH KaHAJIBIFbI — ajFaml peT TypKIiCTaH OOJIBICHIHBIH aybUIABIK KOHE
KaJlaJIbIK MEKTEeNTepiHAeri OacTaybllll CBhIHBII OKYLIBUIAPbl apachlHAa KE3/IE€CETIH aCKOPBITY
KYHMECIHIH MapasuTTePiHIH STHOJIOTUSIBIK KYPbUIBIMBI aHBIKTANbII, OJIAPJbIH Tapaly KHUUIITT MEH
Ke3/1ecy >KMUIIri 3epTTeneTid 0osaapl. COHBIMEH KaTap, aybUIAbIK XKOHE KalalblK €111 MeKeHIepiH
OpTYPIl QIEYMETTIK-9KOHOMMKAJIBIK JIEHI€UJIEPIHIH AaCKOpBITY >KYyHecl MapasuTTepiHIH Tapaily
XKUUTITHE acepl TangaHanbl. byn 3eprrey HoTwxkenepi apkbuibl Kasakctan PecnyOnukackl aTbiHaH
JIYHHEXY3UTIK IEHCAYJIBIK CaKTay YUBIMBIHA ©3 YJIECIH KOCY MYMKIHJIT1 KapacThIPbIIaabl. 3epTTey
HOTWDKECIHJIE eNMi3[le, JaMyIibl eNIAEp/iH KaTapblHAa »KaTaThlH MEMJIEKET peTiHze, Oanaiap
apachlHJIa aCKOPBITY TApa3UTTEpIHIH  0ap-)KOFbl  aHBIKTAIBIN, QJIEYMETTIK-DKOHOMHKAJIBIK
KarJIalmapel OpPTYPJi JAaMbIFaH KOHE Jamy ACHTeHi TOMEH eNIepMeH CallbICTBIPMAIBl Tajnay
KacaJapl.

Tyi#iin ce3mep: TypkicraH oONBICH,, acKa3aH-IIIEK Mapa3uTTepl, KapamaibIMbLIap,
TeIbMUHTTEP, KaJaJblK JKOHE aybUIABIK alMakTap, OacTaybllll  CHIHBII  OKYIIBUIAPHI,
MUKPOCKOTIHSUITBIK 9JTIC, Tapally KUUIIT.

PacnpocTpaHéHHOCTDH MAPA3UTOB KeJTYI0YHO-KUIIEYHOT0 TPAKTA CPeIH YUAIHXCH
HAYAJbHBIX KJIACCOB KAK MP00JeMa 001eCTBEHHOT0 3IPaBOOXPAHEHNsI: CPABHUTEILHOE
HccaeI0BaHHe MEXKIY CeTbCKUMH M TOPOJICKHMH paiiloHaMu

loiiGex A.%, KyanapikoBa P.L KyanapikoBa Al
Mex1yHapoJHbIN Ka3aXCKO-TYpPEIKUI YHUBEPCUTET UMEHU Xopka Axmena Scasu, r.TypkecTaH,
Kaszaxcran®

AHHOTAIIUS. OcHOBHOW 1IeNbl0  HAyYHO-UCCIENOBATENbCKONW pabOThl  SIBISETCS
U3yuyeHHe MHOrooOpas3usi 3THOJIOTHYECKOH CTPYKTYphl JKEIyJOYHO-KUIIEYHBIX Iapa3uToB Cpeau
yJaluxcs HayalbHbIX KJIACCOB HIKOJ CEIbCKUX U TOPOACKUX NoceneHuit TypkecTaHckoi obimactu
IIyTEM BBISBJICHUS U CPAaBHEHMS MKy COOOH 4aCTOThI UX BCTPEYAEMOCTHU U PaclpOCTPaHEHHUS.

XKenynouHo-kuieuHble MapasuTapHble MHPEKIMHM MPEACTaBISIOT CEphE3HYI MpolieMy
IUIi  OOILECTBEHHOTO 3]pAaBOOXPAHEHUS BO BCEM MHpE, OCOOEHHO B CeJIbCKOH MECTHOCTH
pa3BHUBalOIIMXCS TocyaapcTB. ECTb maHHBIE O TOM, YTO BO BCEM MHUpPE Napa3sUTAPHBIMU
MHOQEKIUAMH 3apa3wiIuCch OKOJO 3,5 MHJUIMapja 4eloBeK, U3 KOTOpbIX OKojJo 450 MUITMOHOB
(oxkomno 30%) nereil ObuIM 3apaXKeHbl KETYAOYHO-KUIIEYHBIMU Mapa3utamu. M3BecTHO, 4TO
ydaiyecs HadalbHBIX KJIACCOB BXOIAT B YA3BUMYIO IDYNIY 10 PUCKY 3apa)K€HUS KEIyJI04HO-
KUIIEYHBIMU Mapa3uTapHbIMU MH(PEKIHUAMU U3-32 HE3PEIOCTH UMMYHHOM CUCTEMBI, HECOOII0ICHUS
TUTUEHUYECKMX Mep, MepopalbHOM akTHBHOCTH. [lo nmaHHeIM BcemupHON —opraHuzanuu
3npaBooxpanenus (BO3), 8§70 MWUIMOHOB neTel >KMBYT B SHAEMUYHOM 30HE C JKEIyJOYHO-
KAIIEYHBIMU TEIbMUHTAMU M €XETOJHO MNPUBOJAT K rubenu 15 MHUIMOHOB JeTei paHHEro
BO3pacTa, OOJbIlas YacThb KOTOPBIX HIMPOKO paclpoCTpaHEeHa B pa3BUBAIOIIMXCS CTpaHaX, B
OCHOBHOM Ha A3MaTCKOM M A(PUKAHCKOM KOHTUHEHTaX.
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Hayuynass HOBM3HA WHCCIEIOBaHHS COCTOMT B TOM, 4YTO BIIEpBbIE OYAET BbIsBICHA
3THOJIOTUYECKAs] CTPYKTYpa XKEIYyA0YHO-KHUILIEYHBIX [1apa3uTOB, BCTPEUAIOIINXCS CPEAN yUaIIUXCS
HAYallbHBIX KJIACCOB INKOJ CEIhCKUX M TOPOJCKHX moceneHuid TypkecraHckod oOmactu, OyaeT
M3Yy4€Ha 4yacTOTa UX BCTPEYAEMOCTH U pacnpocTpaHeHus. MccienyeTcs Takke BIMSHUE pa3IudHbIX
YPOBHEW 3KOHOMHUKO-COIIMAIBHOTO (PAKTOpa CEIbCKMX M TOPOACKHUX IOCEICHHWH Ha 4YacTOTy
pacrpoCTpaHEHUsT JKEIyJIOYHO-KMIIEYHbIX Mapa3uToB. BHecTn cBoMl Bkiaag Bo BcemupHyro
OpraHM3aluio 31paBooxpaHeHuss oT umeHn PecnyOnuku Kazaxcran. B pesynpraTte ucciienoBaHus
OyIyT BBISBICHO WM HE BBISIBICHO BCTPEYAEMOCTH KEITyJOYHO-KHUIIEYHBIX ITapa3uToOB y JIETECH B
HAaIlleM roCyAapCTBE, OTHOCSIIEMCS K YUCITY Pa3BUBAIOIMXCS CTPaH, CPAaBHUBAETCSA MEXAY co00i B
COIIMAIPHO-OKOHOMUYECKUX YCJIOBHUSX C JPYrUMHU PA3BUTBIMU M OTCTAIOIIMMH B DPa3BUTUH
roCyAapCTBAMM.

KuroueBbie cioBa: TypkecraHckas 00JacTh, MapasuThl KENYIOYHO-KHUIIEYHOTO TPAaKTa,
MpocTelIIne, TEeIbMUHTBI, TOPOJCKHE M CEIbCKUE paloOHBl, Yydallldecs HadajJbHBIX KJIacCoB,
MHKPOCKOITMYECKHI METO, pACIIPOCTPAHEHHOCT.

Introduction: Gastrointestinal parasitic infections are a major public health issue in many
developing countries, particularly among preschool and school-age children. Helminths and
protozoa are among the most common infections in people living in developing countries.
Currently, approximately 2 billion people worldwide are infected with gastrointestinal parasitic
infections. According to the World Health Organization (WHO), more than 568 million school-age
children live in areas where helminths are widespread [1] [2][3] [4].

Gastrointestinal parasitic infections are a group of diseases caused by one or more types of
protozoa, cestodes, trematodes, or nematodes, and are widespread in many regions of the world.
Amoebiasis, ascariasis, hookworm infection, and trichuriasis are among the most common parasitic
infections. Over 550 million schoolchildren live in areas where gastrointestinal parasitic infections
are endemic, with approximately 450 million cases recorded in countries south of the Sahara in
Africa. [5] [6].

Gastrointestinal helminth and protozoan infections are among the most common infections
in developing countries, contributing to high rates of morbidity and mortality. Children, particularly
in tropical and subtropical regions with limited or no access to safe drinking water, poor sanitation,
substandard housing, and weak economic conditions, are the most affected. According to
epidemiological data, more than 1 billion people worldwide, primarily children, are infected with
parasitic infections caused by helminths and protozoa. The majority of these infections are
associated with helminths such as Ascaris lumbricoides, hookworms, and Trichuris trichiura [2] [7].

Gastrointestinal parasitic infections can affect individuals of any age, but children are the
most severely affected by their consequences. The primary causative agents of these infections are
protozoa (Entamoeba histolytica, Giardia intestinalis) and helminths. Among them, soil-transmitted
helminths, specifically Strongyloides stercoralis, Ascaris lumbricoides, Trichuris trichiura, and
hookworms, are the most frequently encountered types. According to the World Health
Organization (WHO), these gastrointestinal parasites are included in the list of neglected tropical
diseases. The prevalence of gastrointestinal parasitic infections in the community is reported
differently in various studies, depending on factors such as the socio-economic status of the
population, sanitation and environmental conditions, access to water, as well as lifestyle changes
due to environmental degradation and intercultural shifts [8] [9].

In general, gastrointestinal parasitic infections are widespread worldwide, particularly in
low-income regions. Approximately 3.5 billion people globally suffer from parasitosis, with 450
million, mostly children, suffering from various diseases caused by these infections. According to
data from the WHO and UNICEF Joint Monitoring Program, in 2015, 663 million people lacked
access to improved water sources, while 2.4 billion people, due to poor sanitation and inadequate
hygiene, contributed to 7% of global morbidity and 19% of child mortality worldwide [10].

62



In Europe, 32 million people are infected with ascariasis, 34 million with whipworm, and 62
million with pinworm. In the Commonwealth of Independent States (CIS) countries, approximately
65 species of helminths have been registered, among which 18-20 species are most commonly
found and are of significant medical importance due to their widespread distribution and
considerable harm to public health.

In the Republic of Uzbekistan, the following helminth species are primarily registered:
ascariasis, fascioliasis, pinworms, and beef and pork tapeworms [11].

In the Republic of Belarus, the most commonly encountered gastrointestinal parasitic
infections are ascariasis and enterobiasis [12].

In the Russian Federation, approximately 2 million people with gastrointestinal parasites are
officially registered each year. However, according to expert estimates, the number of infected
individuals reaches 20-22 million [12].

In the Republic of Kazakhstan and the Kyrgyz Republic, the most widespread
gastrointestinal parasitic infection is ascariasis [12].

Research questions:

1. How does the diversity of the etiological structure of gastrointestinal parasites among
primary school students affect their health?

2. What is the prevalence rate of gastrointestinal parasites among primary school students in
rural and urban areas?

3. Based on a comparative study of the prevalence of gastrointestinal parasites among
primary school students in rural and urban areas, in which region are these parasites more
frequently encountered?

Materials and methods: This cross-sectional study was conducted from November 2022 to
April 2023 in the city of Turkestan, Republic of Kazakhstan. Using a simple random sampling
method, a total of four schools (two urban and two rural) were selected from two districts. As a
result, 200 stool samples were collected from boys and girls studying in primary schools. Prior to
the study, approval was obtained from the local ethics committee. School principals were provided
with an official letter and gave their consent. School nurses, class teachers, and the parents of
participating students were informed about the study process. Parents signed an informed consent
form for their children's participation. All students were fully provided with the necessary tools and
equipment. The age range of the participants was 6-11 years. In total, 200 children participated in
the study, including 100 primary school students from rural areas and 100 from urban areas.

Standard procedures were followed for sample collection for laboratory analysis.
Appropriate precautionary measures were taken to prevent contamination and ensure adequate
sample collection. Fresh stool samples were stored in a refrigerator and transported to the laboratory
as quickly as possible in sealed containers. Each sample was labeled with the student's name,
unique identification number, sample type, collection date and location, and the name of the
collector. In addition to laboratory research, a questionnaire-based method was used.

The collected samples were delivered to the laboratory of Khoja Akhmet Yassawi
International Kazakh-Turkish University in Turkestan for microscopic examination. The following
laboratory methods were applied: macroscopic method, direct microscopic method, a special
adhesive tape method for detecting Enterobius vermicularis, and the sedimentation method.

Macroscopic Method: Stool types were assessed using the Bristol Stool Chart.

Direct Microscopic Method:

A drop of isotonic sodium chloride solution was placed on one side of a clean glass slide,
and a drop of Lugol’s iodine solution was placed on the other side. A small portion of the stool
sample was collected using a sterile stick and first homogenized in the isotonic solution, then in the
Lugol’s iodine solution. The preparations were covered with a cover slip. Before drying, the entire
glass area was scanned under a light microscope, first using a 10x objective and then a 40x
objective to examine at least one-third of the area.
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Adhesive Tape Method:

Since Enterobius vermicularis cannot be detected in stool samples, the adhesive tape method
was used. Parents were instructed on the collection technique: in the morning, before washing,
adhesive tape was applied several times to the perianal area, then transferred onto a glass slide and
examined under a microscope.

Sedimentation Method:

A 1-1.5 g sample of fresh stool was completely homogenized in 10 ml of 10% formalin in a 15-ml
tube. The sample was left to fix for at least 30 minutes. The solution was then filtered through two
layers of gauze into another 15-ml conical tube. Next, 3 ml of ethyl acetate was added, the tube was
sealed, and the solution was vigorously shaken for 30 seconds. The mixture was centrifuged at 1680
rpm for 10 minutes. After centrifugation, four layers were observed:

a) the top layer — ethyl acetate;

b) a layer of fecal debris adhering to the tube walls;

c) the formalin layer;

d) the sediment.

Fecal debris was removed with a sterile stick, the top three layers were discarded, and the
sediment was mixed with a few drops of 10% formalin. The direct microscopic examination slides
were prepared using the Native-Lugol’s method.

Statistical analysis: Pearson’s y? test was used for comparative analysis of the obtained
results. The level of statistical significance was set at a 95% confidence interval. Statistical analysis
was performed using the OpenEpi statistical software (version 3.01, dated 06/04/2013).

Results: In this study, stool samples from 200 primary school students were analyzed. The
sample included 100 students from rural areas and 100 students from urban areas. Among primary
school students in rural areas, 53 (53%) were female, and 47 (47%) were male. In urban areas, 62
(62%) were female, and 38 (38%) were male. The age of the participants ranged from 6 to 11 years,
with a mean age * standard deviation of 7.7+1.6 years. The mean age * standard deviation for rural
school students was 7.7+£1.5 years, while for urban school students, it was 7.7£1.6 years. No
statistically significant differences were found between the groups in terms of gender and age
(p=0.2; p=0.1). (Tables 1, 2), (Figures 1, 2, 3).

Table 1. Distribution of Study Participants by Gender

Study Group Number of Participants Gender (Male/Female), n (%0) p
Rural 100 47 (47%) / 53 (53%) 0.2
Urban 100 38 (38%) / 62 (62%) '

Table 2. Distribution of Study Participants by Age

Study Group Mean Age Standard Deviation Age Range p
Rural 7.7 1.5 6-11 01
Urban 7.6 1.6 6-11 '
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Figure 1. Distribution of Study Participants by Gender
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Figure 2. Distribution of Study Participants by Age
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Figure 3. Overall Age Distribution of Study Participants
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Survey Results

Table 3. Distribution of Gastrointestinal Parasites by Socio-Demographic Characteristics

Urban Rural
Category | Group Count | Positive | % p | Count | Positive | % p
Gender Male 38 1 2,63 0.72 47 3 6,38 0,27
Female 62 1 1,61 53 1 1,88
6-8 70 1 1,42 67 3 4,47
Age 9-11 | 30 1 1333 2% 33 1 3,03 0.73

Table 4. Statistical Significance Between Gastrointestinal Parasites and Socioeconomic Status

. Urban Rural
Description "o int ‘ Positive ‘ % | p | Count | Positive | % ‘ p
Socioeconomic Status
High 18 0 0 6 0 0
Medium 82 2 2,43 | 0,50 94 4 4,2 0,61
Low - - - - - -
Number of children in the family
1-2 23 1 4,34 12 0 0
3-4 58 1 1,72 | 0,60 67 3 4,47 0,76
5-6+ 19 0 0 21 1 4,76
Parents’ employment in public catering establishments
Yes 20 1 5,0 28 1 3,57
No 80 1 1,25 0,30 72 3 4,16 0,89
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Description L_Jr_ban — Rural
P Count | Positive | % | p | Count | Positive | % | p
Location of their homes
Private hou_se_ 82 2 2,43 0.50 100 4 4,0 )
Apartment building 18 0 0 ’ 0 0 0
Toilet type
Flush toilet 18 0 0 0.50 0 0 0 )
Pit latrine 82 2 2,43 |7 100 4 4,0
Use of public catering facilities
Yes 100 2 2 ] 58 4 6,89 0.09
No 0 0 0 42 0 0 ’
Habit of handwashing hygiene
Yes 92 1 1,08 81 3 3,70
No 8 1 125|298 10 1 |52 0.76
Presence of pets at home
Yes 32 0 0 73 4 5,47
No 68 2 2,94 0,33 27 0 0 0.22

Table 5. General Indicators

Number of Parents' employment
Socioeconomic Status | children in the in public catering Location of their homes
family establishments
5 | & 5| & 5| - 5 | e
£ 3| %| 2|8 % £ 8|5 £ |3 °%
= = = =
High | 0 | 0 | 12 | 35 |175| Yes | 48 | 24 Private | 105 | g1
house
Medium | 176 | 88 | 3-4 |125|625| No | 152 | 76 | Apartment | .o | o
building
Low 24 12 | 5-6+ | 40 | 20
General 200 200 200 200
Toilet type Use of puk_)l_lc_ catering Habit of ha_ndwashmg Presence of pets at
facilities hygiene home
S = g - g = g | =
8 3| = 8 3 2 8 3 S 8 3 S
g | & E S g2 | & 2| S
I,[:(::JIZ? 181 9 Yes 158 79 Yes 173 86,5 Yes 105 52,5
Pit latrine | 182 | 91 No 42 21 No 27 13,5 No 95 47.5
General 200 200 200 200
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Manifestations of Gastrointestinal Parasites Identified by Different Methods in Study Groups

Diagnostic methods used in the study: direct microscopic method (physiological
solution/Lugol's solution), adhesive tape method for Enterobius vermicularis, and sedimentation
method.

Images of gastrointestinal parasites detected during microscopic examination:
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Figure 1. Adhesive Tape Method

Enterobius vermicularis (A — 10x objective, B — 40x objective)
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Figure 2. Direct Microscopic Method
C, D — Blastocystis (C — PS 10x objective, D — LI 10x objective)
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Figure 3. Sedimentation Method

E — Giardia lamblia (10x objective)

Discussion: Gastrointestinal parasites were identified in 3.5% of the 200 examined
participants. The prevalence among primary school students in rural areas was 4%, while in urban
primary schools, it was 3%. The statistical difference in the frequency of gastrointestinal parasites
between the two groups was X2=0.6, p=0.4. Therefore, no statistically significant difference was
found in the prevalence of gastrointestinal parasites among primary school students in urban and

rural areas. The most frequently detected parasite in both groups was Giardia lamblia.

Table 6. Identified Gastrointestinal Parasites

Rural Urban General
Gastrointestinal parasites (n=100) (n=100) (n=200)
N 95% N 95% p | N 95%
Blastocystis - - 2| 20,364 [01]|2 1(0,1-3,2)
Enterobius vermicularis | 2 | 2 (0,3-6,4) | - - 01|2 1(0,1-3,2)
Giardia lamblia 212(0,36,4)|1]1(0,0548)(02] 3 1,5 (0,3-4,0)
General 414(1,2-93) 3| 3(0,7-79) [03]7 3,5 (1,5-6,7)

Table 7. Information on Participants with Identified Gastrointestinal Parasites

Number Parents' Use of
Socio- of emplovment in Habit of ublic Presence Identified
Age | Gender | economic | children kEJI Y - handwashing PUb of petsat | Gastrointestinal
status in the public catering hygiene catering home Parasites
Urban family establishments facilities
8 Female | Medium 1-2 No No Yes No Blastocystis
Blastocystis/
9 Male Medium 3-4 No Yes Yes No G.lamblia
coinfection
Number .
Socio- of em Plzn;r]]zsnt in Habit of USEI?(]: Presence Identified
Age | Gender | economic | children ploy - handwashing pub? of petsat | Gastrointestinal
- public catering - catering -
status in the . hygiene o home Parasites
Rural family establishments facilities
8 Male Medium 3-4 No No Yes Yes G.lamblia
10 | Female | Medium 3-4 No Yes Yes Yes G.lamblia
6 Male Medium 5-6+ Yes Yes Yes Yes E.vermicularis
7 Male Medium 3-4 No Yes Yes Yes E.vermicularis
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Conclusion: In families with three or more children, gastrointestinal parasites are detected
more frequently. Therefore, it is necessary to examine all children in the household for
gastrointestinal parasites, as they are primarily transmitted through contact, facilitating their rapid
spread. Additionally, all children utilize public catering facilities, which serve as one of the main
transmission routes for gastrointestinal parasites. Compared to primary school students in urban
areas, those in rural schools are more likely to have domestic animals, which represent a key source
of gastrointestinal parasite transmission. The presence of coinfection (mixed infection) in an urban
primary school student, whose parents work in the public catering sector and who has not developed
a habit of hand hygiene, highlights the lack of compliance with sanitary and hygienic standards.
Given these findings, we recommend strengthening hygiene practices among primary school
students, educating their parents, and conducting regular health screenings of domestic animals.

Acknowledgments: Parts of the manuscript were translated from kazakh language to
English using artificial intelligence (ChatGPT, OpenAl, GPT-4). The translation was subsequently
reviewed and edited for accuracy by the authors.
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	Restless legs syndrome is a common disorder. According to various studies, its prevalence in the population ranges from 5% to 10%, with the disease occurring more often in women than in men [4]. The prevalence of RLS increases significantly with age, ...
	The purpose of this literature review is to analyze current data on the clinical and biochemical aspects of restless legs syndrome (RLS) with an emphasis on identifying effective strategies for optimizing its diagnosis and therapeutic treatment.
	Search strategy. The literature review analyzed articles published from the scientific databases PubMed, Medline, Google Scholar, Embase, and Web of Science from 2019 to 2025.
	Etiopathogenesis
	The etiology and pathogenesis of restless legs syndrome remain unclear, but several main factors influencing the development of the disease are currently identified.
	Clinical manifestations of restless legs syndrome
	Diagnostic criteria. To diagnose RLS, a number of criteria are used, as proposed by the International Society for the Study of RLS. According to these criteria, all of the following features must be present to diagnose RLS:
	Differential diagnostics. Differential diagnosis of RLS includes a number of diseases that may have similar symptoms. Among them:
	Treatment
	Treatment of restless legs syndrome (RLS) should be multifaceted and take into account all possible factors influencing the development and severity of symptoms of the disease. Complex therapy includes drug treatment, non-drug correction methods and e...
	Drug treatment. The main goal of drug therapy is to reduce motor symptoms, improve sleep quality and eliminate possible neurochemical dysfunctions.
	Dopaminergic drugs: Dopamine receptor agonists such as pramipexole and rotigotine are first-line drugs for RLS, as they help normalize dopaminergic activity in the central nervous system. These drugs effectively reduce motor symptoms, especially at ni...
	Anticonvulsants: Drugs such as gabapentin and pregabalin are used in RLS accompanied by severe pain or sensory disturbances. They have the ability to reduce the hyperexcitability of the nervous system and reduce nocturnal paresthesia. These drugs are ...
	Iron supplements: Studies show that patients with RLS often have iron deficiency or low ferritin levels, which leads to impaired dopamine synthesis and worsening of symptoms. In such cases, iron supplementation is recommended, especially when ferritin...
	Opioid drugs: In rare, severe cases, when standard therapy is ineffective, weak opioid receptor agonists (e.g. tramadol or oxycodone) can be used. They have a central analgesic effect and help to cope with severe movement disorders. However, their use...
	Non-drug treatment methods. Complementary therapeutic approaches can significantly enhance the effectiveness of drug treatment and reduce the severity of symptoms.
	Physical activity: Regular moderate exercise such as walking, stretching, and yoga can improve circulation and muscle tone, reducing nighttime symptoms of RLS. However, excessive exercise, especially before bedtime, can worsen symptoms [12].
	Optimizing sleep: Maintaining good sleep hygiene is key to managing symptoms. It is recommended to maintain a regular sleep schedule, avoid caffeine and alcohol before bed, create a comfortable bedroom environment (darkness, quiet, moderate temperatur...
	Correction of biochemical disorders. Modern research emphasizes the importance of identifying and correcting biochemical factors that contribute to the development of RLS.
	Hormonal balance: Elevated levels of thyroid stimulating hormone (TSH) may indicate hypothyroidism, which is often associated with RLS. Correction of hypothyroidism with thyroid hormones helps stabilize metabolic processes and may improve the course o...
	Inflammatory markers: Patients with elevated levels of interleukin-6 (IL-6), which indicates systemic inflammation, may experience more severe RLS symptoms. In such cases, the use of anti-inflammatory drugs and lifestyle modifications to reduce the bo...
	Hypoxia and oxygen metabolism: Elevated levels of hypoxia inducible factor-1 (HIF-1) indicate possible decreased tissue oxygen supply, which may worsen RLS symptoms. Improving microcirculation and using drugs that promote tissue oxygenation may be ben...
	Personalized approach to treatment. The modern approach to the treatment of restless legs syndrome requires individualization of therapy taking into account biochemical and hormonal indicators. Including the assessment of TSH, IL-6 and HIF-1 levels in...
	Complex therapy, combining drug and non-drug strategies, helps reduce the severity of symptoms, improve sleep quality and increase the quality of life of patients. With the right selection of treatment, it is possible to achieve a significant reductio...
	Restless legs syndrome is a multifactorial disease that requires a comprehensive approach to diagnosis and treatment. The inclusion of biochemical markers such as TSH, HIF-1, and IL-6 can significantly improve the accuracy of diagnosis and select pers...
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