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Pestome

AHKMN03MpyoWwmii cnoHamamt (AC) — 3TO XPOHWUYeCKOe BOCManuTebHOe 3a60/1eBaHye, XapaKTepu3yioleecs NOpaXeHNeM aKcuabHOro cKese-
Ta, nepudepryecKknx CycTaBoB U OKONOCYCTaBHOrO annapaTa, MaHudecTauueln CUCTEMHbIX NMPOABNEHUI C NPeNMYLLECTBEHHbIM BOB/IEYEHUEM CO-
cyamncToin 060104KM FNasa, KOXK C pasBuTMeM ncopuasa u KuweyHvka. [na AC xapaktepeH 6onee paHHWI1 Ae6l0T apTepuanbHON runepTeHsun
(AT), a Take accoLmmnpoBaHHbiii ¢ Al 60/1ee BbICOKUI YPOBEHb KapAanoBackyaapHoro pucka (KBP). SHaoTennansHas AMCGYHKLMA KaK HayanbHbIM
3Tan pasBUTUA CePAEYHO-COCYANCTbIX 3aboneBaHnii (CC3) MOXKeT BO3HMKATbL BCIeACTBUE aKTVBALMM NPOrOPMOHA PEHUHA W BbICOKOW aKTUBHOCTM
aHrvnoteHsmHa (Ang) Il. Ang Il yyacTByeT He TO/IbKO B Pery/sLumn apTeprasbHOro AaBNeHUs, HO U BbIMOJHAET reMOoNno3TUYeckme GyHKLWUM, B OCHOB-
HOM 3pUTPOMNO33 U MMeNoNo33. HecKo/IbKo Uccaef0BaHUIA MOKasaan CBA3b NOAMMOpPM3Ma reHa peLienTopa K aHrnoTeHsuny Il 1-ro tuna AGTR1
(1166A>C) c AT, Ba30KOHCTPUKLMEN M 3aePIKKOM HaTpWA B opraHusme. Ce0BaTe/IbHO, MOTEHLMANbHO BaXKHO OLL@HUTb POJIb O/IMFOHYKNEOTUAHOMO
nonvmopdusma (OHM) A1166C reHa AGTRT B KIMHUYECKON MaHWdecTauum AC, a TaKKe ero 3HayeHue B pasBuUTMU KOMOPBUAHOM naTosorum u Gop-
MupoBaHuu KBP, Bktovas Al. Llenb nccnepgoBaHuA: oLeHNTb BavsaHMe nonumopéeusma A1166C rena AGTRT Ha pa3BuTHe KOMOP6UAHON NaTonorum
n popmuposaHue KBP, Bkntoyas Al. MaTepuanbl u MeTogbl: B nccnegoBanmne 6b110 BrtoueHo 176 nauuneHToB ¢ gnarHosom AC. MNpoBoaunoch re-
HoTunupoBaHue noanmopdusma A1166C reHa AGTRT MeTO/0M NONMMeEpPa3HON LienHoN peakuyun. CTaTUCTUHECKUIA aHan3 NPOBOAWACA C UCMO/Nb-
30BaHueM KpuTepus Kpackena-Yonnuca. PesynbTatbl. Y naumeHToB C reHoTunom AA BbisiesieH 6os1ee BbICOKMIA nHAekc BASMI (Bath Ankylosing
Spondylitis Metrology Index) (p=0,024, p1v3=0,023)A Y romosurot CC puKkcmpoBanmch 60/1ee HU3KMe ypoBHM 3puTpoumTos (p=0,025, p2'3=0,02) nre-
Morno6uHa (p=0,031, p2v3=0,042), npu reHoTune AA — MeHbluee KoanyecTBo TpombouumTos (p=0,0001, p1v3=0,001). Bonbliee cogeprkaHune rawKo-
3bl 3aperucTpmposaHo y romosurot CC (p=0,0001, p,,=0,001, pm:0,0ZS), Tpuranuepugos — y rereposurot AC (p=0,038). Hanbosbwas yactora
JHTE3MTOB 3aperncTpupoBaHa AaA NaumeHToB ¢ reHotunom CC (pZB:O,OOG, p=0,015). ¥ reteposurot AC BbifiB/IeHa 60/bluas BCTpeYaeMocTb Al
(P1,2=0'05' p=0,025), ANCINNNAEMUN (p1'2=0,012, p2’3=0,006, p=0,03'|). CaxapHblii gnabeT 6bi/1 BbIIB/IEH TONIBKO CpeAM NaLmeHToB ¢ reHotunom CC
(p1v3=0,007, p=0,017). MopaxeHwne NoyeK Yalie onpesenanock y HocuTenen annens A (P1,3=0'015' p,,=0,004, p=0,023). BbisiB/IeHbI CTAaTUCTUYECKUE
pas/NnuMA B OTHOLUEHWUM YACTOTbI BbIAB/IEHUSA OTAe/bHbIX cTeneHeit Al (p=0,0001): y reteposurotr AC — 2 (AA 26 (27,1%); AC 4 (33,3%); CC 14
(24,1%)) n 3 cTenenm (AA 0 (0,0 %) npotue AC 2 (16,7 %) CC 0 (0,0 %), p, ,<0,001, p, ,=0,004). 3akntoueHue. MpoaeMOHCTPUpPOBaHo BanaHMe OHI




Apxusb BHyTpeHHel MepAnumHbL ® Ne 4 o 2026 OPUTVHAABHBIE CTATbHU

1166A>C reHa AGTRT Ha popMupoBaHue Al, peryasaumio reMonossa, ypoBHU MeTaboIM4eCKnX nokasaTenen, FoKo3bl M IMNNA0B U aCCOLMMPOBaH-
HbIX MeTabosimyecknx 3abo1eBaHUiA B BUje caxapHOro AnabeTa, AUCIMNNAEMUN, MATOOMMU NOYeK y nauymeHTos ¢ AC.

Kntro4deBbie ca0Ba: ankunosupyrowuli cnoHdunum, apmepuansHas 2unepmen3us, oUCAUNUOEMUSs], MemaboauYecKull CUHOPOM, aH2UOMeH3UH-
npespawarowuti pepmerm (A1), AGTRT, nonumopgpusm 2eHos, A1166C

KoHbAnKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa607a, ee TeMa, npeAMeT U coaepxaHue He 3aTparmBaroT KOHKYpPUPYHOLWKUX MHTepeCcoB

McTo4HnK dpuHaHCMpoBaHUA
ABTOpr 3aABNAIOT 06 OTCYyTCTBUU ¢MHaHCMPOBaHMFI npu nposeAeHnn nccaefoBaHuA

CooTBeTCcTBUE NpUHUUNAM 3TUKU

WccnepoBaHme COOTBETCTBOBA/IO 3TUYECKMM HOPMaM Xe/bCUHKCKOW geknapaumu (2013 r.). O6cnegoBaHne NaLMEHTOB C MPUMEHEHWEM FEHOTUMNMPO-
BaHUA 6b110 0406PEHO SI0KA/IbHO-3TUHECKMM KoMuTeTOM GTAOY BO «K®Y nm. B./. BepHaackoro» (MpoTokon N2 8 3acepanus «KomuTeTa o 6uome-
AMLMHCKOWM 3TUKe» oT 27.11.2025 r.), npoBeAeHo ¢ co6/04eHNeM 3TUYECKMX MPUHLMMOB U HaY1eM MHPOPMMPOBAHHOrO COracus Ha obcaesoBaHue.
Bce y4acTHUKM nognucany nucbMeHHOe MHOPMUPOBAHHOE COrlacue Ha y4acTue B UCCe0BaHUN.
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Abstract

Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by damage to the axial skeleton, peripheral joints and periarticular
apparatus, manifestation of systemic manifestations with predominant involvement of the vascular membrane of the eye, skin with the development
of psoriasis and intestines. AU is characterized by an earlier onset of arterial hypertension (AH), as well as a higher level of cardiovascular risk (CVR)
associated with AH. Endothelial dysfunction as the initial stage of the development of cardiovascular diseases (CVD) can occur due to the activation
of the prohormone renin and high activity of angiotensin (Ang) Il. Ang Il is involved not only in the regulation of blood pressure, but also performs
hematopoietic functions, mainly erythropoiesis and myelopoiesis. Several studies have shown the association of AGTRT (1166A>C) angiotensin Il type
1 receptor polymorphism with hypertension, vasoconstriction, and sodium retention in the body. Therefore, it is potentially important to evaluate
the role of oligonucleotide polymorphism (SNP) A1166C of the AGTRT gene in the clinical manifestation of AS, as well as its significance in the
development of comorbid pathology and the formation of CVR, including hypertension. Aim: to evaluate the effect of the A1166C polymorphism
of the AGTRT gene on the development of comorbid pathology and the formation of CFS, including AH. Materials and methods: The study included
176 patients diagnosed with AS. Genotyping was carried out according to the A1166C polymorphism of the AGTR7 gene by the polymerase chain
reaction method (PCR). The statistical analysis was carried out using the Kruskal-Wallis criterion. Results: Patients with the AA genotype had a higher
BASMI (Bath Ankylosing Spondylitis Metrology Index) (p=0024, p, ,=0.023). CC homozygotes had lower levels of red blood cells (p=0.025, p, ,=0.02)
and hemoglobin (p=0.031, p, ,=0.042), while AA genotypes had lower platelet counts (p=0.0001, p, ,=0.001). Higher glucose levels were recorded in
CC homozygotes (p=0,0001, p,,=0,001, p1’2:0,025), triglycerides — in heterozygotes AC (p=0.038). The highest incidence of enthesitis was recorded
for patients with the CC genotype (p,,=0.006, p=0.015). High incidence of hypertension (p, ,=0.05, p=0.025), dyslipidemia (p, ,=0.012, p, ,=0.006,
p=0.031) was found in heterozygotes of AC. Diabetes mellitus was detected only among patients with the CC genotype (p,,=0.007, p=0.017). Kidney
damage was more often detected in carriers of the A allele (p13=0.015, p2,3=0.004, p=0.023). Statistical differences were found in the frequency of
detection of individual degrees of hypertension (p=0.0001): in heterozygotes of AC — 2 (AA 26 (27.1%); AC 4 (33.3%); CC 14 (24.1%)) and grade 3
(AA 0 (0.0%) versus AC 2 (16.7 %) CC 0 (0.0 %), p, ,<0.001, p, ,=0.004). Conclusion: The obtained results reveal a wide range of functions of the SNP
1166A>C of the AGTRT gene, extending beyond participation in the formation of hypertension, and include the regulation of hematopoiesis, metabolic
parameters, glucose and lipids in particular, and the formation of comorbid pathology in the form of diabetes mellitus, dyslipidemia, kidney pathology
in patients with AS, which determines the potential and feasibility of genotyping patients with AS with the identification of SNPs in order to personalize
approaches to pharmacotherapy of AS and monitoring these indicators in the presence of a risk of developing conditions associated with this SNP.
Key words: ankylosing spondylitis, arterial hypertension, dyslipidemia, metabolic syndrome, angiotensin converting enzyme (ACE), AGTR1, gene
polymorphism, A1166C (rs5186)
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AH — arterial hypertension, AxSpA — axial spondylarthritis, ACF — angiotensin converting enzyme, AS — ankylosing spondylitis, IBD — inflammatory
bowel disease, HSC — haematopoietic stem cells, DNA — deoxyribonucleic acid, IHD — ischaemic heart disease, CVR — cardiovascular risk, BMI — body
mass index, HDL — high-density lipoproteins, LDL — low-density lipoproteins, NSAIDs — non-steroidal anti-inflammatory drugs, NSAID gastropathy —
NSAID-associated gastropathy, KSD — kidney stone disease, SNP — single nucleotide polymorphism, PCR — polymerase chain reaction, RAAS — rennin-
angiotensin-aldosteron system, CRP — C-reactive protein, DM2 — type 2 diabetes mellitus, ESD — erythrocyte sedimentation rate, CVD — coronary
vascular diseases, SpA — spondylarthritis, ED — endothelial dysfunction, AGTRI — type 1 angiotensin II receptor, Ang II — angiotensin II, ASAS —
Assessment of SpondyloArthritis International Society, ASDAS-CRP — Ankylosing Spondylitis Disease Activity Score, BASDAI — Bath AS Disease
Activity Index, BASMI — Bath AS Metrology Index, HLA B27 — human leucocyte antigen B27, MAPK — mitogenic-activated protein kinase, VEGF —

vascular endothelial growth factor, VEGFR2 — VEGF receptor

Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic
disorder, associated with the development of an inflam-
matory process in axial and peripheral joints and in peri-
axial structures, with systemic manifestations, related to
uvea involvement, such as uveitis and iridocyclitis, skin
conditions (psoriasis), and bowel inflammations. [1, 2].
Clinically, AS manifests as inflammatory back pain and
gradual progression of irreversibly restricted mobility in
the spine caused by ankylosis [3].

Patients with AS have earlier onset of arterial hyper-
tension (AH), as well as a higher cardiovascular risk
(CVR) resulting from AH [2, 3]. AH is a multigenic con-
dition and is triggered by an interaction of environmen-
tal and genetic predictors together with epigenetic fac-
tors. Rennin-angiotensin-aldosteron system (RAAS) is a
complex multiple-level mechanism, regulating vascular
tone, metabolic homeostasis, and water-electrolytic bal-
ance [4].

Endothelial dysfunction (ED) is associated with
vasoconstrictive, pro-adhesive, pro-thrombotic, prolif-
erative, and pro-inflammatory processes, which poten-
tiate atherosclerotic lesions and are an initial stage in
the development of cardiovascular diseases (CVDs) [5].
In individuals with AH, ED, which causes reduced NO
availability, impairs endothelium-dependent vasodila-
tion [6].

ED can be a result of (pro)renin receptor (PRR) acti-
vation and high angiotensin (Ang) II activity [7]. Renin
can interact with PRR, stimulating RAAS, catalysing Ang
I production [8], thus triggering activation of mitogenic-
activated protein kinase (MARK) pathways [9] in the
presence of V-ATPase, as well as Wnt/p-catenin pathway
regulation [10].

Studies of vascular reconstruction demonstrated that
Ang II intensifies angiogenic functions of progenitor
cells, which is mainly a result of elevated levels of vas-
cular endothelial growth factor (VEGF) and its receptor
VEGFR2. Excessive vascular permeability in the pres-
ence of Ang IT and VEGF can stimulate progenitor cell
transmigration to damaged areas and facilitate vascular
reparation [11].

Simultaneously intensified activity of the ACE/Ang
II/AGTI1R pathway slows down cardiovascular recon-
struction and postnatal vasculogenesis, at least partially

due to inhibition of the reparative functions of progenitor
cells. AGT1P activation by hypertensive concentrations
of Ang II reduced the number of circulating progeni-
tor cells in the experimental mice model and inhibited
their functions involved in vascular restoration, leading
to endothelial damage and impaired vascular regenera-
tion [12].

Of note, Ang II is involved not only in blood pres-
sure regulation, but it also has hematopoietic functions,
mostly erythropoiesis and myelopoiesis, which was dem-
onstrated with the help of angiotensin receptor blockers
in vitro or in the mice model of genetic deficit of angio-
tensin converting enzyme (ACE) [13, 14, 15]. ACE is
essential for normal hematopoiesis, while ACE inhibi-
tors increase the risk of anaemia [16].

Therefore, the study of type 1 angiotensin II receptor
(AGTR1I) gene is very important for the evaluation of the
risk of AH in patients with AS, including its participation
in vasculogenesis and hematopoiesis. A number of stud-
ies demonstrated the association between polymorphism
of AGTRI (1166A>C, rs5186) with AH, vasoconstriction
and sodium retention in the body [17, 18].

Therefore, it is potentially essential to assess the role
of polymorphism A1166C of the AGTRI gene in clini-
cal presentation of AS, as well as its significance for the
development of comorbidity and CVR, including AH.

Objective of the study: to assess the implications of
polymorphism A1166C of the AGTRI gene for the devel-
opment of comorbidity and CVR, including AH.

Materials and methods

The study enrolled 176 patients with confirmed
AS, who were admitted to the rheumatology ward of
N. A. Semashko Republican Clinical Hospital, Simfero-
pol, Crimea. Biological material (whole blood) was taken
from all patients upon admission. Patients were included
into the study group provided they had confirmed AS.
Inclusion criteria were: age of 18 to 55 years old; inpa-
tient and outpatient patients with verified AS, meeting
the modified 1984 New York criteria and classification
of the ASAS (Assessment of SpondyloArthritis Interna-
tional Society) experts issued in 2009; symptom duration
of under 20 years; informed consent; positive result for
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human leucocyte antigen (HLA) B27. Exclusion criteria:
lack of informed consent; age under 18 years old and
over 55 years old; symptom duration of over 20 years;
chronic grade III pulmonary heart disease; chronic
stage V kidney disease; hepatic failure; acute or chronic
infections; cancer; negative HLA-B27.

Information on comorbidities was retrieved from
medical records of previously hospitalised patients.

Over a half of all subjects were men (115 (65.3 %));
mean age was 44 [38; 49] years old; AS duration upon
enrollment was 11 [8; 20] years. Body weight index
corresponded to overweight (26.1 [24; 30] kg/m?).
Patients had high AS activity (BASDAI: 7.4 [6.8; 7.9],

ASDAS-CRP: 4.2 [3.8; 4.5]) and moderate dysfunction
(BASMI: 4.0 [3.0; 6.0]). Clinical blood count results
(Hb (141.0 [128.0; 151.0] g/L), WBC (7.1 [5.45; 8.82]
x10°/L), RBC (4.7 [4.3; 5.1] x10'/L), and platelets
(273.0 [231.5; 312.0] x10°/L) were normal, while ESR
(20.5 [10.0; 29.5] mm/h) and CRP (6.65 [2.85; 14.65]
mL/L) were over the reference range. As for metabolic
parameters, cholesterol (5.6 [4.6; 6.3] mmol/L) and LDL
(3.4 [2.7; 4.0] mmol/L) levels were higher than normal.
HDL, triglycerides, glucose, uric acid, creatinine, urea,
and iron were within the reference range. Clinical and
laboratory characteristics of patients enrolled into the
study are presented in Table 1.

Table 1. Clinical and laboratory characteristics of patients with ankylosing spondylitis

Characteristics

Patients with ankylosing spondylitis (n=176)

Male. abs. (%)
Gender
Female. abs. (%)
Age, full years
Duration of the disease, full years
BMI, kg/m?
BASDAI
ASDAS-CRP
BASMI
Haemoglobin, g/1
White blood cells, x10°/1
Red blood cells, x10'%/1
Platelets, x10°/1
ESR, mm/h
CRP, mg/1
Cholesterol, mmol/l
LDL, mmol/l
HDL, mmol/l
Triglycerides, mmol/l
Glucose, mmol/l
Uric acid, mcmol/l
Creatinine, mcmol/l
Urea, mmol/]

Iron, mmol/l

115 (65.3)
61 (34.7)
44 [38; 49
11 [8; 20]

26.1 [24; 30]
7.4 [6.8;7.9]
4.2 [3.8; 4.465)
4.0 [3.0; 6.0]
141.0 [128.0; 151.0]
7.1 [5.45; 8.82]
4.655 [4.3; 5.1]
273.0 [231.5; 312.0]
20.5 [10.05 29.5]
6.65 [2.85; 14.65]
5.6 [4.6;6.32]
3.425 [2.67; 3.995]
1.5 [1.28; 1.8]
1.24 [0.89; 1.715]
5.1 [4.5; 5.68]
307.0 [242.0: 422.5]
81.0 [70.4; 91.5]
5.01 [4.2; 5.94]

14.9 [11.3; 20.5]

Notes: Ankylosing spondylitis — AS, Body Mass Index — BMI, Bath AS Disease Activity Index — BASDAI, Ankylosing Spondylitis Disease Activity Score with calculation of
CRP — ASDAS-CRP, Bath AS Metrology Index — BASMI, erythrocyte sedimentation Rate — ESR, C-reactive protein — CRP, low-density lipoproteins — LDL, high-density

lipoproteins — HDL

295



296

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 4 e 2026

The majority of patients had X-ray stage IT AS (108
(61.4%)), while stage III and stage IV was diagnosed
in 30 (17.0%) and 34 (19.3%) patients, respectively.
X-ray changes in hip joints were absent in 30 (17.0 %)
patients; X-ray stage I, II, III, and IV was reported in 44
(25.0%), 74 (42.1%), 26 (14.8%), and 2 (1.1 %) patients,
respectively. Extraaxial manifestations were arthritis
(156 (88.6%)), enthesitis (100 (56.8%)), and dactyli-
tis (4 (2.3%)). Spondylitis as a manifestation of the late
clinical stage of AS was reported in 54 (30.7 %) patients.
Extraaxial manifestations were observed in 40 (22.7 %)
patients; eye disorders prevailed (30 (17.0 %)), mostly in
the form of uveitis (20 (11.4%)); psoriasis (18 (10.2 %)
and inflammatory bowel disease (6 (3.4 %)) were less
common.

Clinical characteristics of patients depending on
manifestations and progression of ankylosing spondyli-
tis are presented in Table 2.

The most common CVR-associated comorbidities
were dyslipidemia (90 (51.1 %) patients); AH (60 (34.1 %),
where stage II (34 (19.3%)), grade 2 (44 (25.0%)),
risk 3 (44 (25.0 %)) prevailed; obesity (38 (21.6 %)), and

hyperuricemia (20 (11.4 %)). GI disorders were reported
in 30 (17.0 %) patients, and NSAID-associated gastropa-
thy prevailed (18 patients (10.2 %)).

The clinical characteristics of patients with ankylos-
ing spondylitis with and without comorbidities are pre-
sented in Table 3.

The study was conducted at the Molecular Biology
Centre for the Shared Use of Scientific Equipment,
Vernadsky Crimean Federal University. Whole blood
of patients with AS was used to extract deoxyribonu-
cleic acid (DNA) with the help of DNA Express Blood
kit (Litekh, Russia) in accordance with the manufac-
turer’s instructions. Polymorphism A1166C of the
AGTRI gene was analysed using allele-specific PCR
kits (Litekh, Russia). Amplification products were
detected using horizonal electrophoresis with 3 % aga-
rose gel.

The study complied with the ethical principles of the
Declaration of Helsinki (2013). Patient genetic typing
was approved by the Local Ethics Committee at the Ver-
nadsky Crimean Federal University (Meeting Minutes
No. 8 of the Biomedical Committee dated 27.11.2025).

Table 2. Clinical characteristics of patients with ankylosing spondylitis

Characteristics

AS (n=176)

Sacroiliitis, the X-ray stage

-1

-1I
- III
-1v

Coxitis, the X-ray stage

-0
-1
-1I
- 11T
-1v

Arthritis

Enthesitis

Dactylitis

Spondylitis

Extraskeletal manifestations

Eye lesions
- uveitis
- iridocyclitis

- episcleritis
Psoriasis

Inflammatory bowel disease

0
108 (61.4 %)
30 (17.0 %)
34 (19.3%)

30 (17.0%)
44 (25.0%)
74 (42.1%)
26 (14.8%)
2 (1.1%)

156 (88.6 %)
100 (56.8 %)
4(2.3%)
54 (30.7 %)
40 (22.7%)

30 (17.0%)
20 (11.4%)
6 (3.4%)
4(2.3%)

18 (10.2 %)

6 (3.4%)
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Table 3. Comorbidities in patients with ankylosing spondylitis

Comorbidities

Patients with ankylosing spondylitis (n=176)

Arterial hypertension, abs. (%)
- stage
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
- degree
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
- risk
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
-4, abs. (%)

Dyslipidemia, abs. (%)

Diabetes mellitus, abs. (%)
Coronary heart disease, abs. (%)
Hyperuricemia, abs. (%)

Gout, abs. (%)

Gastrointestinal diseases, abs. (%)
- NSAID-gastropathy, abs. (%)
- Erosive gastropathy, abs. (%)
- GOUT/GOUT, abs. (%)

- Gastroesophageal reflux disease, abs. (%)

Kidney diseases, abs. (%)
- Chronic pyelonephritis, abs. (%)
- Urolithiasis, abs. (%)

Osteoporosis, abs. (%)

Obesity, abs. (%)

— Ist degree, abs. (%)

- 2nd degree, abs. (%)

- 3rd degree, abs. (%)
Overweight, abs. (%)
Body weight deficiency, abs. (%)

Smoking, abs. (%)

n=60 (34.1%)

16 (10.8 %)
34 (19.3 %)
10 (5.7 %)

14 (8.0%)
44 (25.0%)
2 (1.1%)

0 (0.0%)
8 (4.5%)
44 (25.0%)
8 (4.5%)

90 (51.1%)
4(2.3%)
6 (3.4%)

20 (11.4%)
6 (3.4%)

n=30 (17.0 %)
18 (10.2 %)
12 (6.8 %)
2 (1.1%)
2 (1.1%)

n=12 (6.8 %)
6(3.4%)
6(3.4%)

6(3.4%)

n=38 (21.6%)
26 (14.8%)
12 (6.8 %)

0 (0.0%)
44 (25.0%)
2 (1.1%)

18 (10.2 %)

The study was conducted in accordance with the ethi-
cal principles. All subjects signed the informed consent
forms for the participation in the study.

The data were analysed using IBM SPSS Statistics
27 package. The Shapiro-Wilk test was used to check the
normality of quantitative indicator distribution. Groups
were compared with the Kruskall-Wallis test. Results
were statistically significant at 0.05. The rate of qualita-
tive attributes was tested using the Pearson’s chi-square
test or Fisher’s test. Distribution was normal at p>0.1 if
the Kolmogorov-Smirnov test was used.

Study results

Patients with genotype AA had higher BASMI values
vs. allele C carriers (AA 5.0 [4.0; 6.0]; AC 3.0 [3.0; 7.0];
CC 4.0 [3.05 5.0], p=0.024, p, ,=0.023). At the same time,
homozygote of allele CC carriers showed significantly
lower RBC (AA 4.7 [4.3; 5.12] x10 */L; AC 5.29 [4.63;
5.6] x10 '?/L; CC 4.57 [4.38; 4.93] x10 */L, p=0.025,
p,,=0.02) and Hb levels (AA 143 [128; 152] g/L; AC
150 [141; 153] g/L; CC 140 [126; 143] g/L, p=0.031,
p,,=0.042); while AA homozygotes had lower platelet
counts (AA 252 [223; 297] x10°/L; AC 282 [236; 338]
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Table 4. Comparison of clinical and laboratory parameters in patients with ankylosing spondylitis and various variants
of single nucleotid polymorphism (SNP) A1166C AGTRI gene
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AGTRI1 A-1166C

Signs P
AA (n=104) AC (n=14) CC (n=58)
Age, full years 43.0 [39.0-49.0] 46.0 [36.0-50.0] 44.0 [37.0-48.0] >0.05
8 (57.1%) 50 (67.6 %) 56 (63.6%)
Gender >0.05 >0,05
6 (42.9 %) 24 (32.4%) 32 (36.4%)
Duration of the disease, full years 11.0 [8.5; 18.0] 10.0 [5.0; 30.0] 13 [8.0;20.0] >0.05
BASDAI 7.4 [6.8; 7.8] 7.7 [7.4; 8.0] 7.4 [6.8;7.8] >0.05
ASDAS-CRP 4.2 [3.8;4.5] 3.9 [3.47; 4.6] 4.08 [3.8;4.4] >0.05
BASMI 5.0 [4.0; 6.0] 3.0 [3.0; 7.0] 4.0 [3.0;5.0] 0.024
p,,=0.023
BMI, kg/m?, Me (Q1-Q3) 26.8 [24.0; 31.6] 29.0 [25.25; 31.7] 25.7 [24.0;28.1] >0.05
White blood cells, x10°/1 6.86 [5.5; 8.81] 7.62 [6.49; 9.6] 7.6 [5.3; 8.69] >0.05
Red blood cells, x10'%/1 4.7 [4.3; 5.12] 5.29 [4.63; 5.6] 4.57 [4.38; 4.93] P=0.025
p,,=0.02
Platelets, x10°/1 252 [223;297] 282 [236; 338] 283 [254; 333] p=0.0001
p,,=0.001
Haemoglobin, g/1 143 [128; 152] 150 [141; 153] 140 [126; 143] p=0.031
p,,=0.042
ESR, mm/h 20 [10; 29] 27 [4; 36 20 [10; 30] >0.05
CRP, mg/1 8.0 [2.7; 16.0] 8.6 [6.1; 18.5] 5.2 [4.3;6.1] >0.05
Glucose, mmol/l 4.8 [4.36; 5.4] 5.4 [5.1; 5.95] 5.41[4.9;5.8] p=0.0001
p,,=0.001
p,,=0.025
Cholesterol, mmol/l 5.6 [4.6; 6.5] 6.3 [4.8;6.7] 5.3 [4.3;6.1] >0.05
LDL, mmol/l 3.5[2.9;4.2] 3.7 [3.0;4.8] 3.2 [2.6; 3.8] >0.05
HDL, mmol/l 1.5[1.3;2.1] 1.3 [1.0; 1.5] 1.6 [L.5; 1.8] >0.05
Triglycerids, mmol/l 1.3[0.9. 1.7] 1.5 [1.0; 4.1] 0.9[0.8; 1.2] 0.038
Creatinine, mcmol/l 80.7 [70.3; 100.0] 80.0 [64.7; 88.0] 81.3 [74.0; 87.1] >0.05
Urea, mmol/l 4.9[4.2;6.1] 5.4[4.9;5.9] 5.0 [4.0; 5.9] >0.05
Urea acid, mcmol/l 331.0 [262.0; 446.0] 311.8 [277.0; 346.0] 262.0 [217.0; 356.0] >0.05
Iron, mcmol/l 13.9 [11.7; 20.6] 16.4 [14.0; 29.5] 15.0 [10.7; 20.4] >0.05

Notes:

p,, — differences identified between AA and AC genotypes

p,,— differences identified between AA and CC genotypes

p,,— differences identified between AC and CC genotypes

Ankylosing spondylitis — AS, Body Mass Index — BMI, Bath AS Disease Activity Index — BASDAI, Ankylosing Spondylitis Disease Activity Score with calculation
of CRP — ASDAS-CRP, Bath AS Metrology Index — BASMI, erythrocyte sedimentation Rate — ESR, C-reactive protein — CRP, low-density lipoproteins — LDL,

high-density lipoproteins — HDL.
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x10°/L; CC 283 [254; 333] x10°/L, p=0.0001, p, ,=0.001).
As far as metabolic parameters are concerned, allele C
carriers demonstrated higher glucose concentration (AA
4.8 [4.36; 5.4] mmol/L; AC 5.4 [5.1; 5.95] mmol/L; CC
5.4 [4.9; 5.8] mmol/L, p=0.0001, p,,=0.001, p ,=0.025);
while AC homozygotes had lower triglycerides values
(AA 1.3[0.9, 1.7] mmol/L; AC 1.5 [1.0; 4.1] mmol/L; CC
0.9 [0.8; 1.2] mmol/L, p=0.038). There were no statisti-
cally significant differences in other clinical and labora-
tory results (Table 4).

Patients with genotype AC had the lowest rate
of enthesitis, while the highest enthesitis rate was
reported in patients with genotype CC (AA 56 (53.8%);
AC 4 (28.6%); CC 40 (69.0%), p,,=0.006, p=0.015).
There were no statistically significant differences in
extraaxial manifestations when genotypes were com-
pared (Table 5). Also, there were no statistically signifi-
cant difference in comparison groups as regards X-ray
stages of sacroilitis and coxitis and extraaxial manifesta-
tions of AS (Table 5).

Table 5. Comparison of clinical manifestations of ankylosing spondylitis depending on different variants

of the A1166C polymorphism of the AGTRI gene

AA (n=104) AC (n=14) CC (n=58) P p (total)
Clinical manifestations
Arthritis 94 (90.4 %) 12 (85.7 %) 50 (86.2 %) - >0.05
Enthesite 56 (53.8%) 4(28.6%) 40 (69.0 %) p,,=0.006 =0.015
Dactylitis 4(3.9%) 0(0.0%) 0(0.0%) - >0.05
Spondylitis 28 (28.0%) 4(28.6%) 22 (37.9%) - >0.05
Radiographic stage of sacroiliitis
11 62 (62.0%) 8 (57.1%) 38 (65.5%) -
111 18 (18,0 %) 4 (28,6 %) 8(13,8%) - p>0.05
v 20 (20,0 %) 2 (14,3 %) 12 (20,7 %) -
Radiographic stage of coxitis
0 18 (17,3 %) 2 (14,3 %) 10 (17,2 %) -
I 22 (21.2%) 4(28.6%) 18 (31.0%) -
11 46 (44.2%) 6 (42.9%) 22 (37.9%) , p>0,05
111 16 (15.4%) 2 (14.3%) 8 (13.8%) .
I\Y% 2 (1.9%) 0(0.0%) 0(0.0%) -
Extraskeletal manifestations
Extraskeletal manifestations 0 (0.0 %) 28 (21.5%) 6(23.1%) - p>0.05
Eye lesions 26 (25.0%) 4(28.6%) 10 (17.2 %) - p>0.05
- uveit 22 (22.5%) 4 (28.6%) 4(7.1%) - p>0.05
- iridocyclitis 14 (14.3 %) 2 (14.3 %) 4(7.1%) - p>0.05
- episclerite 4 (4.1%) 2 (14.3 %) (0.0 %) - p>0.05
Psoriasis 4 (4.1%) 0 (0.0%) (0.0%) - p>0.05
IBD 10 (10.0 %) 2 (14.3%) 6 (10.7 %) - p>0.05

Notes

* p,,— differences identified between AA and AC genotypes
P differences identified between AA and CC genotypes
ok

p, ,— differences identified between AC and CC genotypes
Inflammatory bowel disease — IBD.
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Table 6. Comparison of comorbid pathology depending on SNP A1166C of the AGTRI gene in patients
with ankylosing spondylitis

Comorbid pathology AA (n=104) AC (n=14) CC (n=58) P P (total)
AH 32 (37.2%) 8 (80.0%) 20 (35.7 %) p,,=0.05 =0.025
Dyslipidemia 52 (53.1%) 12 (85.7 %) 26 (46.4 %) p,,=0.012 0,031
p,,=0.006 o
CHD 4 (4.2%) 0 (0.0%) 2 (3.6 %) - p>0.05
DM 2 0(0.0%) 0(0.0%) 4(71%) p,,=0.007 =0.017
Hyperuricemia 16 (16.7 %) 0 (0.0%) 4 (7.4%) - p>0.05
Gout 6 (6.3%) 0 (0.0%) 0 (0.0%) - p>0.05
Renal lesions 10 (10.5 %) 2 (14.3 %) 0 (0.0%) p,,=0.015
p,,=0.004
. =0.023
- Chronic pyelonephritis 6 (6.3%) 0 (0.0%) 0 (0.0%) -
- Urolithiasis 4 (4.2 %) 2 (14.3 %) 0 (0.0%) -
Osteoporosis 2(2.1%) 0 (0.0%) 4(7.1%) - p>0.05
Smoking 10 (10.4 %) 4 (28.6%) 4 (7.4 %) - p>0.05
Notes

p,, — differences identified between AA and AC genotypes
p,,— differences identified between AA and CC genotypes
p,,— differences identified between AC and CC genotypes
Arterial hypertension — AH, coronary heart disease — CHD, type 2 diabetes mellitus — DM2.

Table 7. Comparison of the stage, degree and risk of arterial hypertension in patients with ankylosing spondylitis
depending on the SNP A1166C of the AGTRI gene

AA (n=104) AC (n=14) CC (n=58) P p (o61yee)
Stage
I 8(8.3%) 2 (16.7 %) 6 (10.7 %) -
11 16 (16.7 %) 6 (50.0 %) 12 (21.4%) - p>0.05
111 8(8.3%) 0(0.0%) 2(3.6%) -
Degree
1 6 (6.3%) 2 (16.7 %) 6 (10.3%) - =0.0001
2 26 (27.1%) 4(33.3%) 14 (24.1%) -
3 0 (0.0%) 2 (16.7 %) 0 (0.0%) p,,<0.001
p,,=0.004
Risk
1 0 (0.0%) 0(0.0%) 0(0.0%) -
2 4(4.0%) 0(0.0%) 4(7.1%) -
p>0.05
3 24 (24.0%) 6 (42.9%) 14 (25.0 %) -
4 4 (4.0%) 2 (14.3%) 2(3.6%) -
Notes

p,,— differences identified between AA and AC genotypes
p,,— differences identified between AA and CC genotypes
p,,— differences identified between AC and CC genotypes
Arterial hypertension — AH
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AC heterozygote demonstrated the highest rate
of AH cases (AA 32 (37.2%); AC 8 (80.0%); CC 20
(35.7%), p,,=0.05, p=0.025). In addition, this patient
group had the highest number of dyslipidemia cases (AA
52 (53.1%); AC 12 (85.7%); CC 26 (46.4%), p,,=0.012,
p,,=0.006, p=0.031). Diabetes mellitus was reported
only in patients with genotype CC (AA 0 (0.0%); AC
0 (0.0%); CC 4 (7.1%), p,,=0.007, p=0.017). Kidney
damage as a comorbidity was recorded in allele A carriers
(AA 10 (10.5%); AC 2 (14.3 %); CC 0 (0.0%), p, ,=0.015,
p,,=0.004, p=0.023). Also, homozygote of AA carriers
demonstrated higher rates of chronic pyelonephritis (AA
6 (6.3%); AC 0 (0.0%); CC 0 (0.0%)) and KSD (AA 4
(4.2%); AC 2 (14.3%); CCO (0.0%)). There were no sta-
tistically significant differences regarding other comor-
bidities (Table 6).

AC carriers demonstrated higher rates of grade 2
(AA 26 (27.1%) vs. AC 4 (33.3%); CC 14 (24.1%)) and
grade 3 AH (AA 0 (0.0%); AC 2 (16.7%); CC 0 (0.0%),
p,,<0.001, p,,=0.004). In general, intergroup differences
were statistically significant (p=0.0001). There were no
statistically significant differences in the rates of individ-
ual AH grades and risks between groups (Table 7).

Discussion

Currently, literature references do not report stud-
ies of the clinical parameters of AS and the associa-
tion with SNP A1166C of the AGTRI gene. As for the
clinical parameters, this study was the first to demon-
strate higher BASMI values in AA homozygote. More-
over, analysis of clinical manifestations of the disease
showed that CC genotype carriers had the highest rate
of enthesitis.

Assessment of laboratory parameters and comorbid-
ity manifestations yielded some interesting results.

ACE and RAAS are known to have an essential role in
blood pressure regulation. However, not less interesting
is the presence of ACE and local RAAS in bone marrow,
which impact the peptide chain contributing to haema-
topoiesis regulation. ACE is expressed over the entire
duration of hematopoietic tissue development [19]. Even
at the early stages of fetation, before blood circulation has
been established, local ACE production can be observed.
Local ACE is likely to facilitate the development of hae-
matopoietic stem cells (HSCs) and other haematopoietic
cells in the adult bone marrow.

AT1-mediated Ang II signalling is essential for
myeloid differentiation and functional maturation.
Pilot studies show that enzymatic activity of ACE can
be required to sustain haematopoietic homeostasis. For
example, ACE inhibition blocked haemangioblast expan-
sion and differentiation as endothelium or multipotent
haematopoietic precursors. In turn, ACE inhibition

significantly reduced the ability of the embryoid body to
produce haematopoietic colony-forming cells.

This study of patients with AS demonstrated for
the first time that SNP A1166C genotype CC of the
AGTRI gene caused lower RBC count and Hb and
higher platelet levels. Therefore, our study was the first
to show the differences in RBC and platelets production
depending on genetic variants of SNP A1166C of the
AGTRI gene, confirming genetic predisposition to lower
RBC and Hb levels and higher platelet values in patients
with genotype CC.

Ang II-triggered increase in oxidative stress, inflam-
mation and free fatty acid levels promotes B-cell dys-
function in patients with diabetes [20]. Various organs
have a role to play in regulation of glucose homeosta-
sis, including pancreas, adipose tissue, skeletal muscles,
and liver. It is worth noting that these organs have their
own local RAAS, the activation of which is associated
with diabetic pathology. It appears that RAAS activation
boosts effects of other pathogenic pathways, including
glucotoxicity, lipotoxicity and increased glycation, thus
leading to hyperglycaemia and insulin resistance [21,
22]. On the contrary, hyperglycaemia, hypercholesterol-
emia and insulin resistance can increase the activity of
RAAS components [23, 24].

In this study, allele C carriers had higher glucose
levels vs. homozygotes AA, while AA and AC genotype
carriers had higher triglyceride levels, again confirming
the role of RAAS in glucose and Hb regulation, having
the same genetics with SNP A1166C of the AGTRI gene.

When comorbidity of patients with AS was analysed,
the role of SNP A1166C of the AGTRI gene in the met-
abolic syndrome was demonstrated by a higher rate of
dyslipidemias in allele A carriers, particularly in hetero-
zygote AC carriers, while type 2 diabetes mellitus (DM2)
was reported only in genotype CC carriers.

During nephrogenesis, RAAS components demon-
strate high expression and play a vital role in the regu-
lar structure of kidneys and their physiological func-
tion [25]. In kidneys, Ang II is expressed in significantly
higher concentrations in the interstitial space. Local Ang
IT production can significantly affect kidney function by
changing glomerule haemodynamics, inhibiting sodium
excretion, and narrowing small arterioles [26]. More-
over, excessive RAAS activity directs pro-inflammatory
and profibrotic factors to damage kidneys [27], while
RAAS inhibition demonstrated efficiency in reducing
renal fibrosis.

According to available data [28, 29], it has been dem-
onstrated that the AGTRI gene contributes to chronic
kidney damage. This study also demonstrated higher
rates of renal pathologies in allele A carriers.

AGTIR activation by Ang II causes vasoconstric-
tion and boosts the activity of the sympathic nervous

301



302

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 4 e 2026

system. It results in elevation in BP and aldosterone
secretion, as well as heart hypertrophy and fibrosis.
Numerous studies report the association between poly-
morphism 1166A>C (rs5186) of the AGTRI gene and
arterial hypertension, vasoconstriction, and sodium
retention [30]. The study by Semianiv et al. identified
the association between allele C of the AGTRI gene
(rs5186) and AH severity. This study demonstrated a
higher rate of AH and more cases of grade 2 and 3 AH
in genotype AC carriers, underlining a higher probabil-
ity of AH development and higher severity of AH in
genotype AC carriers with AS.

Conclusion

The results do not suggest any significant impact of
SNP 1166A>C of the AGTRI gene on clinical manifes-
tations of AS, except for BASMI and the rate of enthesi-
tis. However, the results of the study demonstrated
intriguing data on the role of SNP 1166A>C of the
AGTRI gene in the hemapoiesis, namely reduced RBC
and Hb levels, and higher platelet counts in genotype
CC carriers.

Of special interest are the metabolic parameters:
high glucose values in allele C carriers and DM2 only
in homozygote CC. In turn, allele A was associated with
higher blood triglyceride concentrations and dyslipid-
emia, especially in heterozygote AC. It is worth noting
that allele A carriage was also associated with higher
rates of renal pathologies and AH, and their severity.

The results of the study uncover the vast spectrum of
functions of SNP 1166A>C of the AGTRI gene beyond
contribution to AH. The results include regulation of
hemapoiesis, metabolic mechanisms and comorbidities
in patients with AS. It shows the significance and viabil-
ity of genetic typing of patients with AS and identifying
SNP 1166A>C of the AGTRI gene in order to provide
patient-specific drug therapy of AS and monitor these
parameters in the presence of a risk of SNP-associated
conditions.
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