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Pesome

Llenb nccnegosanusa. M3yuntb nokasateny aptTepuasbHOM KeCTKOCTU 1 ee BapuabesibHOCTM MpU CYTOYHOM MOHWTOPUPOBaHUM B 3aBUCUMOCTU OT
KNMHUYECKOM M 3H/OCKOMMYECKON aKTMBHOCTU A3BEHHOrO KoamTa. MaTepuanel u MeToabl. B nonepeyHoM peTpOCMeKTUBHOM MCCNe0BaHNK yya-
ctBoBanm 100 NaUMEHTOB C A3BEHHBIM KONMTOM (CpeaHwit BospacT 40 [33; 49] net, 38 (38 %) MyXuMH, ANUTEIbHOCTb 3aboneBaHns — >1 roga, 6e3
COMYTCTBYHOLMX CEPAEHHO-COCYAUCTBIX M METABOIMYECKNX HApYLIEHWNI) 1 50 340pOBbIX /UL, KOHTPO/ILHOW FPyMMbI. [lapaMeTpbl apTepranbHOM KecT-
KOCTM OLLeHMBa/IMCh C MOMOLLLIO CyTOYHOrO MOHUTOPUPOBAHWA apTepUasbHOMO AaB/IeHNA C UCNO/Ib30BaHMeM TexHosiorum Vasotens. MauneHTsl 6bian
pasgeneHbl Ha 3 rpynnbl MO aKTUBHOCTU A3BEHHOro KosuTa: 1-a rpynna BkaoYana 30 NaLMeHTOB C KAMHUYECKOW U 3HAOCKOMMUYECKOW peMuccuei,
2-A rpynna — 22 naumeHTa C KIMHUYECKOW PeMUCCUEN U 3H/O0CKOMMNYECKON aKTUBHOCTbIO, 3-A rpynna — 48 YeNoBeK C KIMHUYECKUM U 3HA0CKOMK-
4yeckmM obocTpeHneM. CTaTUCTMYeCKas 06paboTka No/y4eHHbIX AaHHbIX NPOBOAMAACH C MOMOLLbIO MaKeTa KOMMbIOTEPHbIX nporpamM «IBM SPSS
Statistics Version 25.0». PesynbTatbl. Y 67 (67 %) NaUMEHTOB C A3BEHHBIM KOJIMTOM BbifiB/IEHa MOBbILLEHHAs apTepuasibHas KECTKOCTb (CKOPOCTb
pacrpocTpaHeHus My/nbCOBOM BOAHbI B aopTe (PWVao) >10 M/c), 4To 3HauMMO valye, 4eM B KOHTposbHOI rpynne (OR=4,74; p <0,001). Han6onee
BbIpaXKeHHble M3MEHeHVA OTMeYeHb! B FpymMne C KAMHUKO-3HA0CKOMMUYECKM 060CTPeHMeM: NOBbILLIEHbI CKOPOCTb PaCNpPOCTPaHEHUA NYy/IbCOBOMN BO/IHbI
B aopTe, NpvBeAEHHas K CUCTONMYECKOMY apTepuanbHoMy aasienuto (CAZ)=100 MM pT.CT. U YacToTe cepAeydHbix cokpaleHuii (YCC)=60 ya/MuH
(PWVao,, ) (p=0,003), nHaexc ayrmertaumn npu HCC=75 ya/muH (AIx75) (p <0,001) n BapuabensHocTs PWVao (p=0,002). Mpu sHAOCKOMMYECKOV
AKTUBHOCTU 6€3 KNMHUYECKUX CUMATOMOB Be/M4uHbl AlX75, PWVao, 1 BapnabenbHOCTb CKOPOCTM HapacTaHUA apTepuasbHOrO AaB/ieHNsA B aopTe
(dP/dt Bap.) 6bUM 3HAUMMO BbiLLE, YEM B IpyMMe KOHTPOASA. [pU PerpeccoHHOM JIOTUCTUHECKOM aHa/Iu3e BbIAB/IEHO, YTO BO3pAcT crapue 40 net
(p=0,001; 95% /AIM1: 2,045 — 15,309), aKTUBHOCTb i3BeHHOrO KomTa (p=0,025; 95% AN: 1,151 — 8,200), OTAroLWeHHasA HaceACTBEHHOCTb MO Cep-
Ze4HO-CcoCcyAMCTbIM 3a60neBannam (p=0,033; 95 % [IN: 1,131 — 17,312) ABNAOTCA NPeAUKTOPaMM MOBbILIEHWA apTEPUA/IbHON XECTKOCTM Y NaLMeHTOoB
C A3BEHHbIM KONMTOM. Moge/ib AeMOHCTPUPYET XOPOLLYHO MPOrHOCTUYECKYH CNOCO6HOCTb: naowazb nog ROC-kpusoit (AUC) =0,76 + 0,051 [95 % AW:
0,66 — 0,86], yyBcTBUTENbHOCTL — 0,851, cneyunduyHocts — 0,638, TouHocTb — 0,747 (p <0,001). 3akatoueHme. Y NaLMeHTOB C A3BeHHbIM KOJIMTOM
Hab/1l0AaeTCA 3HaYMMOe MOBbIWEHNE apTepuasbHOMN XKECTKOCTH, KOPpPennpytoLiee C akTUBHOCTbIO BOCMA/IMTENIbHOrO MpoLecca. SHA0CKONMYeckoe
060CTpeHne B OTCYTCTBUM CUMMTOMOB A3BEHHOIO KO/INTA YXKe aCCOLMMPOBAHO C He6aronpuATHBIMU COCYAUCTbIMU M3MeHeHUAMWU. Pa3paboTaHHas
MOZe/1b MPOrHO3MPOBAHMSA MOBbILIEHHOM apTepUaNbHOM KECTKOCTM Ha OCHOBE TPEX KAMHWUYECKUX KpuTepues (Bo3pacT >40 sieT, 060CTpeHme s3BeH-
HOTO KO/INTA, HAC/IeCTBEHHOCTb) MOXET 6bITb BHEAPEeHa B MPAKTUKY A5 PAHHErO BbIIBNEHUA NALIMEHTOB C BLICOKUM CEPAEYHO-COCYAUCTBIM PUCKOM.
KnroyeBbie c/10Ba: a3serHbiii Konum, apmepuansHas HECMKOCMb, CKOPOCMb NYAbCOBOU BO/HbI, UHOEKC ay2MeHmayuu, CymoyHas sapuabess-
HOCMb, cepoe4HO-cocyouCmsili puck

KoH$AukT nHTepecos
ABTOpr 3aABAAKOT, 4TO AaHHaA pa60Ta, eé TeMa, npeaMeT u cogepxaHue He 3aTparmBaroT KOHKYPUPYHOLWKUX MHTEpeCcoB

McToYHMKMN puHaHCUpOBaHUA
®reOY BO «YnTuHCKan rocyaapcTBeHHas MeguLMHCKan akagemuna» Munsapasa Poccun

CooTBeTCcTBUE NpUHUUNAM 3TUKU

MccnepoBaHme 6110 0406peHO SI0Ka/ibHbIM 3TU4eCKUM KoMuTeToM PIBEOY BO «YuTuHCKas rocysapcTBeHHas MeAMLMHCKan akageMusa» Munsgpasa PO
(npoTokon N2 125 ot 23 Hosbpsa 2022r). MauneHTbl NoAnuncann ¢opMy A06pOBOIBHOrO UHGOPMUPOBAHHOTO COr/IACUsA Ha MYB/IMKALMIO MEAVLIMHCKOM
nHdpopmaLum.
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Abstract

Objective. We aimed to study the parameters of arterial stiffness and its variability during 24-hour monitoring in relation to the clinical and endo-
scopic activity of ulcerative colitis. Materials and methods. This cross-sectional retrospective study involved 100 patients with ulcerative colitis
(mean age 40 [33; 49] years, 38 (38 %) men, disease duration >1 year, without concomitant cardiovascular diseases or metabolic disorders) and
50 healthy control subjects. Arterial stiffness parameters were assessed via 24-hour ambulatory blood pressure monitoring with Vasotens technolo-
gy. Based on disease activity patients were divided into 3 groups: Group 1included 30 patients in clinical and endoscopic remission; Group 2 consisted
of 22 patients in clinical remission with endoscopic activity; Group 3 included 48 patients with both clinical and endoscopic exacerbation. Statistical
analysis was performed using the software package “IBM SPSS Statistics Version 25.0". Results. Increased arterial stiffness (aortic pulse wave veloc-
ity (PWVao) >10 m/s) was detected in 67 (67 %) of ulcerative colitis patients, which was significantly higher than in the control group (OR = 4.74;
p<0.001). The most pronounced alterations were observed in the group with clinical-endoscopic exacerbation, which showed increased aortic pulse
wave velocity at systolic blood pressure (SBP)=100 mmHg and heart rate (HR)=60 bpm (PWVao 100-60) (p=0.003), augmentation index adjusted for
HR=75 bpm (AIx75) (p<0.001), and PWVao variability (p=0.002). In endoscopically active disease without clinical symptoms, Alx75, PWVao100-60,
and variability of the rate of increase in blood pressure in the aorta (dP/dt var.) were significantly higher compared to controls. Logistic regression
analysis identified age >40 years (p=0.001; 95 % Cl: 2.045 to 15.309), disease activity of ulcerative colitis (p=0.025; 95% Cl: 1.151 to 8.200), and
a positive family history of cardiovascular disease (p=0.033; 95% Cl: 1.131 to 17.312) as independent predictors of increased arterial stiffness in
patients with ulcerative colitis. The prediction model demonstrated good performance: area under the ROC curve (AUC) = 0.76 + 0.051 (95 % Cl:
0.66-0.86), sensitivity 0.851, specificity 0.638, and accuracy 0.747 (p <0.001) and can be implemented in practice for the early identification of
patients with high cardiovascular risk. Conclusion. Patients with ulcerative colitis exhibit a significant increase in arterial stiffness, which correlates
with the degree of inflammatory activity. Endoscopic activity, even in the absence of clinical symptoms, is associated with adverse vascular changes.
The developed predictive model, based on three clinical criteria (age >40 years, active ulcerative colitis, and positive family history), could be imple-
mented clinically for the early identification of high cardiovascular risk in this patient population.
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Introduction main factors influencing arterial stiffness and contrib-

Over recent decades, it has become increasingly evi-
dent that the systemic inflammation underlying ulcer-
ative colitis (UC) is associated with an increased risk
of cardiovascular disease (CVD) [1-3]. At the same
time, conventional cardiovascular risk assessment tools
have proven to be insufficiently effective in patients
with inflammatory bowel disease (IBD), as they tend to
underestimate the true risk of cardiovascular events in
this population [4].

Arterial stiffness is an early, independent, and power-
ful predictor of cardiovascular events and may be used
to predict CVD risk [5]. Proinflammatory cytokines,
oxidative stress, and endothelial dysfunction are the

uting to the development of premature atherosclerosis
in patients with UC [4, 6]. Recent studies have dem-
onstrated that increased arterial stiffness is associated
with both disease duration and the frequency of UC
exacerbations [7, 8]. Specifically, the principal marker
of arterial stiffness, that is pulse wave velocity (PWV),
has been shown to increase by 0.205 m/s for each addi-
tional year of IBD duration [9]. In a multicentre prospec-
tive study, Zanoli et al. (2019) found that patients with
IBD had higher PWV values vs. controls and that indi-
ces of arterial stiffness could decrease following long-
term treatment with tumour necrosis factor-a (TNF-a)
antagonists and with the achievement of remission [10].
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Assessment of cardiovascular risk should also take into
account increased variability in vascular wall stiffness,
which itself has prognostic significance. For example,
in patients with hypertension, the greatest variability in
arterial stiffness has been observed among those at high
and very high cardiovascular risk [11]. According to the
available literature, variability in arterial stiffness has not
previously been evaluated in patients with UC.
Investigation of arterial stiffness parameters and their
variability according to the degree of UC activity may
facilitate the identification of clinical predictors of early
cardiovascular disease in this patient population.

Aim

The aim of the study was to investigate arterial stiff-
ness parameters and their variability during 24-hour
ambulatory monitoring in relation to the clinical and
endoscopic activity of UC.

Materials and methods

A cross-sectional, retrospective study of arterial stiff-
ness parameters was conducted in 100 patients with UC
(median age 40 [33-49] years; 38 (38 %) were men). The
inclusion criteria were age between 20 and 50 years, a
duration of UC greater than 1 year (diagnosed in accor-
dance with the 2024 Ulcerative Colitis Clinical Guide-
lines issued by the Russian Gastroenterological Associa-
tion and the Russian Association of Coloproctologists)
[12], and provision of informed consent to participate
in the study. The exclusion criteria included severe
UC exacerbation; systemic diseases and malignancies
of any localisation, haematologic disorders, endocrine
diseases, pregnancy and lactation; grade 2-3 arterial
hypertension and other cardiovascular diseases; class
II-TIT alimentary-constitutional obesity; a history of
colectomy or proctocolectomy; treatment with gluco-
corticoids, antihypertensive agents, or lipid-lowering
drugs; severe renal or hepatic insufficiency; and other
chronic diseases in the stage of exacerbation. The con-
trol group consisted of 50 healthy individuals matched to
the study group with respect to age and sex. All subjects
provided informed written consent. The study protocol
(No. 125) was approved by the Local Ethics Commit-
tee of the Chita State Medical Academy of the Minis-
try of Health of the Russian Federation on November
23, 2022. All participants underwent a comprehensive
clinical evaluation, including assessment of medical his-
tory and physical status, lipid profile analysis, 24-hour
ambulatory blood pressure monitoring (ABPM), and
video ileocolonoscopy. Cardiovascular risk was assessed
using the relative risk charts for individuals younger
than 40 years and the SCORE2 scale for those aged
40 years and older. Patients with UC and controls had

similar clinical characteristics (Table 1). During ABPM,
patients with UC exhibited higher mean 24-hour sys-
tolic blood pressure values compared with the control
group (p < 0.05). It should be noted that, according to
medical history data, none of the study participants had
a prior diagnosis of arterial hypertension (AH). Labile
grade 1 hypertension, characterised by episodic BP ele-
vations during ambulatory monitoring despite normal
mean 24-hour blood pressure values, was detected sig-
nificantly more frequently in patients with UC than in
the control group (OR 4.04; 95% CI: 1.46-11.17; p =
0.005). This finding is consistent with previous reports
indicating an increased risk of AH in patients with UC
[13]. No significant differences were observed between
the groups with respect to the magnitude or prevalence
of other cardiovascular risk factors.

The higher prevalence of chronic gastrointestinal
diseases (including gastritis, cholecystitis, pancreatitis,
gastroesophageal reflux disease, peptic ulcer disease,
Gilbert syndrome, and cholelithiasis) observed among
patients with UC is likely attributable to more intensive
and regular follow-up by gastroenterologists, which
facilitates the detection of concomitant gastrointestinal
pathology.

Patients with UC had various courses of the disease:
continuous course was reported in 22 % (22/100), recur-
rent — in 48 % (48/100), and remission lasting for over
one year — in 30 % (30/100). All patients received con-
tinuous anti-inflammatory therapy: 57 % (57/100) were
treated with 5-aminosalicylic acid derivatives, 20 %
(20/100) — with immunosuppressive agents (azathio-
prine or 6-mercaptopurine), and 23 % (23/100) — with
biologic therapies.

Arterial stiffness parameters were assessed using the
results of ABPM performed with the BPLabWin device
(Petr Telegin LLC, Nizhny Novgorod, Russia) and the
Vasotens 24 software package. The following 24-hour
indices of arterial stiffness were analysed: mean aortic
pulse wave velocity and its variability (PWVao, PWVao
var.), ambulatory arterial stiffness index (AASI), aug-
mentation index and its variability (Alx, Alx var.), mean
pulse pressure and its variability (mean PP, PP var.),
and mean rate of blood pressure rise and its variability
(dP/dt, dP/dt var.). Since vascular stiffness parameters
are strongly influenced by the current blood pressure
(BP) level and heart rate (HR), the analysis used values
normalised to a systolic blood pressure (SBP) of 100 mm
Hg and a heart rate of 60 beats/min, namely RWTT100-
60 and PWVa0100-60. In addition, the augmenta-
tion index was adjusted to a heart rate of 75 beats/min
(AIX75).

Statistical processing of the data was performed using
the IBM SPSS Statistics software, version 25.0 (Interna-
tional Business Machines Cation, USA). The distribu-
tions of the variables were tested for normality using
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the Kolmogorov-Smirnov test (for comparisons between
groups) and the Shapiro-Wilk test (for comparisons
between subgroups). As the quantitative variables were
not normally distributed, they were expressed as the
median and interquartile range (Me [Q ; Q,]). Compari-
sons of continuous variables between the ulcerative coli-
tis and control groups were performed using the Mann-
Whitney U test, whereas comparisons among multiple
groups were conducted using the Kruskal-Wallis H test.
To address the issue of multiple comparisons, pairwise

Table 1. Clinical Characteristics of the Study Participants

comparisons were subsequently performed using the
Bonferroni correction, with a significance threshold
of p = 0.0083. Qualitative attributes are presented as
absolute numbers and percentages (%). Comparisons
of qualitative attributes were performed using Pear-
son’s X* test, and, for small sample sizes, the likelihood
ratio correction was applied. The significance of differ-
ences was assessed using odds ratios (ORs) with cor-
responding 95 % confidence intervals (95 % CI). Differ-
ences were considered statistically significant at p < 0.05.

Patients with UC Control .
Parameter Test Statistics
(n=100) (n=50)
Age, years 40 [33; 49] 40[35; 46] U=2285,0, p=0,391.
Sex male/female, n (%) 38/62 (38/62) 12/38 (24/76) x*=2,94, df=1, p=0,09.

SBP, mm Hg 116 [109; 121]
DBP, mm Hg 74 [69; 79]
Labile AG 1st grade, n (%) 31 (31%)

BMI, kg/m2 23,8 [21,0; 27,1]
WC, cm 84 [78;90]
Smoking, n (%) 8 (8%)
FH of CVD, n (%) 27 (27 %)
TC, mmol/L 5,0 [4,2; 5,7]
LDL-C, mmol/L 3,2 [2,7; 3,8]
HDL-C, mmol/L 1,3 [1,1; 1,6]
VLDL-C, mmol/L 0,5 [0,3; 0,6]
TG, mmol/L 1,0 [0,7; 1,3]
Cardiovascular risk:

— Low, n (%) 55 (55 %)
— Moderate, n (%) 35(35 %)
- High, n (%) 10(10 %)
Comorbidities, n (%):

— Chronic diseases of the gastrointestinal tract; 28 (28 %)
— Bronchial asthma; 1(1%)

— Nodular goiter; 1(1%)

- Deforming osteoarthritis; 4 (1%)

— osteochondrosis; 5 (5%)

— Hemorrhoids; 3 (3%)

— Pyelonephritis 5 (5%)

111 [103; 115] U=1835,0, p=0,008.

72,5 [67;77] U=2123,5, p=0,133.
5 (10 %) X*=8,059, df=1, p=0,005

23,2 [21,0; 24,3] U=2100,0, p=0,110.

83 [78; 86] U=2208,5, p=0,244.
6 (12%) =0,20, df=1, p=0,65
11 (22%) X=0,49, df=1, p=0,49

5,1 [4,3; 5,9] U=1420,5, p=0,885.
3,5 (2,8 3,9] U=1273,5, p=0,934
1,3 [1,2; 1,5] U=1134,0, p=0,226.
0,6 [0,3; 0,7]] U=752,5, p=0,356.

1,2 [0,7:1,6] U=1150,0, p=0,599.

32(64%
(64%) X2=2,24, df=2, p=0,33
16 (32%)
2 (4%)
4(8%)
12%)
102%
(0 %) X2=18,82, df=7, p=0,009
6 (12%)
10 (20 %)
12%)

Note: Data are presented as median [Qy; Qs], n (%); U — Mann-Whitney U test, x> — Pearson’s chi-square test, df — degrees of freedom, SBP — systolic blood pressure, DBP — diastolic
blood pressure, AH- arterial hypertension, BMI — body mass index; WC — waist circumference; CVD — cardiovascular diseases; TC — total cholesterol; LDL-C — low-density
lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; VLDL-C — very low-density lipoprotein cholesterol; TG — triglycerides.
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Binary logistic regression analysis was used to identify
predictors of increased arterial stiffness. A ROC analysis
was performed to evaluate the sensitivity, specificity, and
overall accuracy of the predictive model.

Results

In clinical practice, increased arterial stiffness is
defined by an aortic pulse wave velocity exceeding
10 m/s [5]. According to this criterion, increased arte-
rial stiffness was detected in 67 (67 %) patients with
UC, which was 2.2 times more frequent than in controls
(OR 4.74; 95% CI: 2.27-9.87; p < 0.001). Comprehen-
sive assessment of arterial stiffness parameters revealed
that patients with UC had significantly higher values of
aortic pulse wave velocity normalised to a systolic blood
pressure of 100 mm Hg and a heart rate of 60 beats/min

(PWVa0100-60), which was increased by 1.13 [1.09;
1.15]-fold (p < 0.001), and greater PWV variability,
which was elevated by 1.23 [1.09; 1.29]-fold (p = 0.002).
The augmentation index (AIx75) was 1.87 [1.29; 1.97]-
fold higher (p = 0.001), whereas the variability of pulse
pressure and the variability of the rate of blood pressure
rise (dP/dt var.) were increased by 1.11 [1.02; 1.14]-fold
(p=0.002) and 1.14 [1.13; 1.25]-fold (p = 0.005), respec-
tively, compared with the control group (Table 2).
Accordingto the Mayo score (a compositeindex used
to assess ulcerative colitis activity) and the Schroeder
endoscopic classification, the patients were divided into
three groups: group 1 comprised 30 patients with both
clinical and endoscopic remission; group 2 included
22 patients with clinical remission but persistent endo-
scopic activity; and group 3 consisted of 48 patients
with both clinical and endoscopic exacerbation.

Table 2. Arterial stiffness parameters in patients with ulcerative colitis

Test statistics
. Lo Controls, . .
Investigated indicators 50 Patients with UC, n=100
n=
Mann-Whitney U test P Value
38,0 40,5
PP, mm Hg 2023,5 0,084
[34,0; 42;0] [35,0; 44,8]
9,0 10,0
PP var.,, mm Hg 1950,5 0,033
[7,05 11,0] [8,0; 11;2]
-78,5 -42,0
AIX75, % 1658,5 0,001
[-100,0; -32,0] [-60,0; -23,5]
16,0 20,0
AIx75 var., % 1907,5 0,051
[15,0; 21,0] [16,0; 23,0]
0,45 0,40
AASI 2216,5 0,258
[0,30; 0,64] [0,27; 0,60]
9,0 10,2
PWVao0100-60, m/s 1346,0 <0,001
[8,8;9,6] [9,65 11,0]
1,3 1,6
PWVao var., m/s 1720,0 0,002
(1,1; 1,7] [1,2;2,2]
145,5 150,5
RWTT100-60, ms 2444,0 0,823
[138,8;171,3] [137,3; 167,0]
18,5 19,0
RWTT var., ms 2435,5 0,797
[15,8;24,0] [15,0; 23,5]
465,0 468,5
dP/dT, mm Hg/s 2203,5 0,237
[403,0; 518,0] [403,8; 570,5]
134,0 152,5
dP/dT var., mm Hg/s 1799,0 0,005
[102,5; 158,8] [128,0; 188,8]

Note: data are presented as median [Q1; Q3]; PP — pulse pressure, PP var. — pulse pressure variability, AIx75 — augmentation index adjusted for heart rate 75 bpm; AIx75 var. —
augmentation index variability; AASI — ambulatory arterial stiffness index, PWVa0100-60 — aortic pulse wave velocity at SBP=100 mmHg and HR=60 bpm., PW Vao var. — aortic
pulse wave velocity variability, RWTT100-60 — reflected wave transit time in the aorta at SBP=100 mmHg and HR=60 bpm, RWTT var. — reflected wave transit time variability,
dP/dT — rate of increase in blood pressure in the aorta., dP/dt var. — variability of the rate of increase in blood pressure in the aorta.
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Table 3. Arterial stiffness parameters in patients with ulcerative colitis depending on the inflammatory activity

udy groups est statistics
Study group. Test statisti
Group 2
Group 1 X Group 3
K . (patients K .
(patients with X . (patients with
Control . with clinical .
clinical and . clinical and
. group, n=50 . remission and i The .
Investigated endoscopic . endoscopic Mann-Whitney U Test
s L. endoscopic i Kruskal-
indicators remission of i exacerbation K
exacerbation Wallis
uC) of UC)
of UC) test,
n=30 n=48
n=22 df=3
1 2 3 Comparison with Comparison of
c
the control group the studied groups
PP 38,0 40,0 41,5 40,0 Hozgl, o023 Pe=0016 U321 b, =0,867;
U_,=429,0; p_,=0,134; U, =689, p, ,=0,75;
mm Hg [34,0; 42,0] [35,8; 45,8] [34,0; 43,5 [34,3; 45,0] p=0,38 <2 &2 13 13
U_,=999,0,p_,=0,236. U, =511,5,p, ,=0,834.
PP 9.0 10.0 10.0 9.0 He6.78 U_,=589,5,p_=0,141; U, ,=283,5,p,,=0,381;
var., > > > s =0,/09,
U_,=435,0, p_,=0,194; U, ,=564,5, p, ,=0,138;
mm Hg [7,05 11,0] [9,0; 12,0] [9,0; 10,0] (8,0; 11,0] p=0,08 2 2 13 13
U_,=1012,0,p_,=0,236. U, ,=459,5,p, =0,454.
U_=953,5, p_,=0,073; U, ,=298,0, p, ,=0,553;
AIX75, -78,5 -49,5 -35,5 -32,5 H=18,07, ot ot - -
U_,=319,0, p_,=0,004; U, ,=461,0, p, .=0,008;
% [-100,05 -32,0]  [-65,0; -31,3] [-51,3; -26,0] [-50,3; -16,5] p<0,001 <2 <2 3 3
U_,=386,0,p_,<0,001. U, =402,0,p, =0,11.
U_=625,p_,=0,264; U, ,=312,p ,=0,738;
AIx75 var., 16,0 18,0 20,0 19,5 H=3,54, ot ot - -
U_,=425;p_,=0,154; U, ,=688, p, ,=0,742;
% [15,0; 21,0] [15,05 22,3] [16,05 23,0] [16,05 23,0] p=0,32 « “' 1 -
U_=946,5,p_,=0,097; U, =521,5,p, =0,934;
0.45 0.2 045 035 Hozgs  Uam0945,p=0.58L U ,=298,5,p ,=0,528;
AASI U_=541,0,p_,=0,912; U, =629,0, p, ,=0,35;
[0,30; 0,64] [0,29; 0,63] [0,31; 0,64] [0,265 0,50] p=0,33 © . : :
U_,=963,0,p_,=0,092. U, =422,0,p, =0,18.
U_=894,0, p_,=0,03; U, ,=329,5, p, ,=0,993;
PWVao100-60, 9,0 10,0 10,6 10,4 H=33,19, el el 2 2
U_,=327,5,p_,=0,006; U, =454,5,p, =0,006;
m/s [8,8;9,6] [8,8; 10,5] [10,0; 11,2] [9,8; 11,7] p<0,001 s < : -
U_,=451,5,p_,=0,003. U, =487,5,p,,=0,608.
U_,=949,0, p_,=0,074; U, ,=308,5, p, ,=0,689;
PWVao var,, 1,3 1,5 187 1,8 H=11,92, U et 328.0 et 0.006 UH 508.5 2 0211
m/s [1,3; 1,7] [1,2;2,2] [1,4; 2,0] [1,4; 2,2] p=0,008 2= E0TE Pe, =008 1372002 P =hats
U_,=443,0,p_=0,002. U, =454,0,p, =0,348.
U_,=652,5,p_,=0,332; U, ,=295,5, p, ,=0,266;
RWTT100-60, 145,5 148,5 150,0 156,5 H=3,56, <! el 2 12
U_=513,0, p_,=0,651; U, ,=524,5, p, ,=0,045;
ms [138,8;171,3]  [129,0;160,8]  [141,8;158,0]  [139,3;171,5] p=0,31 2 <2 13 13
U_=1083,5p_=0,408. U, ,=456,p, =0,362.
U_,=724,5,p_=0,799; U, ,=246,0, p, ,=0,119;
RWTT var., 18,5 19,0 21,5 18,0 H=1,88, ot e 2 12
U _,=463,0,p_,=0,287; U, ,=710,0, p, ,=0,918;
ms [15,8; 24,0] [15,8; 21,0] [17,0; 24,3] [15,0; 25,0] p=0,60 2 2 3 3
U_=1197,0,p_=0,983. U, ,=447,5,p, =0,307.
U_=647,5,p_=0,308; U, ,=328,5, p, ,=0,978;
dp/dT, 465,0 472,5 4770 464,5 H=1,55, Pes 2 Pi
U_=469,0;p_=0,322; U, =687,5,p, =0,739%
mm Hg/s [403,0; 518,0]  [412,8;591,3] [402,0;565,3] [384,0; 580,8] p=0,67 © - 3 3
U_=1087,0,p_=0,422. U, =504,5,p, =0,766.
U =544,5,p =0,041; U =270,0, p, ,.=0,266;
dP/dT var., 134,0 148,0 159,0 147,0 H=9,82, el Pes 2 Pr.
U_=311,0,p_=0,003; U, _=690,5,p, =0,762;
mm Hg/s [102,5; 158,8]  [128,0;181,8]  [146,5; 181,0]  [114,0;194,5]  p=0,02 - = 3 3

U_,=943,5, p_,=0,068.

U, =424,5,p, ,=0,19.

Note: data are presented as median [Q1; Q3]; df — degrees of freedom; PP — pulse pressure, PP var. — pulse pressure variability, AIx75 — augmentation index adjusted for heart rate
75 bpm; AIX75 var. — augmentation index variability; AASI — ambulatory arterial stiffness index, PWVa0100-60 — aortic pulse wave velocity at SBP=100 mmHg and HR=60 bpm.,
PW Vao var. — aortic pulse wave velocity variability, RWTT100-60 — reflected wave transit time in the aorta at SBP=100 mmHg and HR=60 bpm, RWTT var. — reflected wave transit
time variability, dP/dT — rate of increase in blood pressure in the aorta., dP/dt var. — variability of the rate of increase in blood pressure in the aorta
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Table 4. Significance of predictors in the prognostic model, df = 1

95 % Confidence Interval

Variables B Std. Error Wald P-value Exp(B) for Exp(B)
Age >40 years 1.722 0.514 11.246 0.001 5.596 2.045 — 15.309
UC activity 1.123 0.501 5.024 0.025 3.073 1.151 — 8.200
Family history of CVD 1.487 0.696 4.565 0.033 4.425 1.131 — 17.312
Constant -1.000 0.433 5.342 0.021 0.368

Note: B — unstandardized logistic regression coefficient; Crj1. omm6xa — standard error of the coefficient; Bansy — Wald statistic; 3nau. — significance level (p-value); Exp(B) — odds
ratio; 95 % Jlos. narepsan ans EXP(B) — 95% confidence interval for the odds ratio; IK — ulcerative colitis; CC3 — cardiovascular diseases

Analysis of arterial stiffness parameters according
to the pattern of UC activity revealed that AIx75 in
controls was lower than that in group 3 by 2.41 [1.94;
2.98]-fold (p < 0.001) and lower than that in group
2 by 2.21 [1.23; 2.95]-fold (p = 0.004), whereas it did
not differ significantly from the value observed in
group 1 (p > 0.0083). Pairwise comparisons between
the study groups demonstrated significant differences
in AIx75 between groups 1 and 3, with group 3 exhib-
iting values that were 1.52 [1.29; 1.89]-fold higher
(p < 0.0083). The PWVa0100-60 value in the control
group was lower than that in group 2 by 1.18 [1.07;
1.87]-fold (p = 0.006) and lower than that in group
3 by 1.16 [1.11; 1.22]-fold (p = 0.003), whereas no sta-
tistically significant difference was found compared
with group 1 (p > 0.0083). Pairwise comparisons
among the UC groups revealed significant differences
in PWVa0100-60 between groups 1 and 3, with the
value being 1.04 [1.11; 1.12]-fold higher in group 3
(p=0.006). The variability of PWVa0100-60 in the con-
trol group was lower than that in group 3 by 1.38 [1.08;
1.64]-fold (p = 0.002) and lower than that in group 2
by 1.31 [1.08; 1.59]-fold (p = 0.006), whereas it did not
differ significantly from the corresponding value in
group 1 (p > 0.0083). Pairwise comparisons among the
UC groups did not reveal any statistically significant
differences in PWVa0100-60 variability. The variabil-
ity of dP/dt in the control group was 1.19 [1.15; 1.43]-
fold lower than that in group 2 (p = 0.002) and did not
differ significantly from the values observed in groups
1 and 3 (p > 0.0083). Likewise, pairwise comparisons
among the study groups showed no statistically signifi-
cant differences in dP/dt variability (Table 3).

In order to assess the effect of clinical and endo-
scopic UC exacerbation on the risk of increased arterial
stiffness, logistic regression analysis was performed.
During model development, a rigorous multistep vari-
able selection algorithm was implemented, taking
into account statistical, clinical, and methodological
considerations. Initially, the following variables were

considered as potential predictors: demographic char-
acteristics (age and sex), medical history data (duration
of UC and a family history of CVDs), clinical charac-
teristics (smoking status and body mass index), disease
activity (clinical and endoscopic exacerbation accord-
ing to the Mayo score and the Schroeder classification),
and morphological features (extent of colonic involve-
ment). To minimise the influence of multicollinearity
on the stability of the regression coefficient estimates,
the following variables were excluded from the model:
duration of disease (hypothetical VIF = 7.3), the pres-
ence of extensive colonic involvement (VIF = 8.1), and
smoking status (VIF = 5.8). The final model included
three predictors, including UC activity, all of which met
the criterion for statistical significance (p < 0.05) and
demonstrated independent prognostic value (Table 4).

The developed model for predicting increased arte-
rial stiffness is represented by the following logistic
regression equation:

1

1-1,722xage- 1,123 x UC activity— 1,487 x familiy hostory >

- I+e
where vy is the probability coeflicient for the presence of
increased arterial stiffness; e is the base of the natural
logarithm (e = 2.72); -1 is the constant term (regression
coefficient b0); 1.722, 1.123, and 1.487 are the unstan-
dardised regression coeflicients (b). Age is a variable,
which is assigned a value of “1” for patients older than
40 years at the time of the study and “0” otherwise. UC
activity indicates the presence of a clinical and endo-
scopic exacerbation of ulcerative colitis and is coded
as “1” when present and “0” when absent. Family his-
tory reflects the presence of a positive family history of
CVD and is assigned a value of “1” if there is a history
of premature CVD among family members and “0” if
such a history is absent. When the value of the coeffi-
cient y exceeds 0.646, the likelihood of increased arte-
rial stiffness rises by 7.368-fold (95% CI: 2.486-21.843;
p < 0.001). The developed model for early diagnosis
demonstrated a sensitivity of 0.851, a specificity of 0.638,
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and an overall accuracy of 0.747. The model exhibits
good diagnostic performance, with an area under the
ROC curve (AUC) of 0.76+0.051 (95% CI: 0.66-0.86;
p <0.001) (Figure 1) [14].

To minimise overfitting and assess model robustness,
internal validation was performed using 5-fold cross-val-
idation and evaluation on an independent test set gener-
ated by stratified random splitting (seed = 42). The origi-
nal cohort (n = 100) was divided into training (n = 70)
and test (n = 30) subsets while preserving the proportion
of patients with increased arterial stiffness (67 %). The
logistic regression model incorporating the predictors
age > 40 years, UC activity, and a positive family history
of CVDs demonstrated stable performance: AUC was
0.77 (95% CI: 0.65-0.89) in the training set, 0.74 (95 %
CI: 0.55-0.92) in the test set, and 0.73+0.04 in cross-val-
idation. Sensitivity was 86.7 %, 80.0 %, and 82.1 %, speci-
ficity was 64.3 %, 60.0 %, and 61.5%, and overall accu-
racy was 75.7%, 70.0%, and 72.3 %, respectively. The
optimal probability threshold, determined according
to the Youden criterion, was 0.646 in all cases. A slight
decrease in AUC (A = 0.03) and the consistency of the
performance metrics indicate a low risk of overfitting
and good generalisability of the model despite the lim-
ited sample size. These findings are consistent with the
results of bootstrap validation and hypothetical external
validation, thereby increasing confidence in the model’s
potential clinical applicability.

Discussion of results

The aortic pulse wave velocity PWVao is the rate,
at which the pressure wave from a blood regurgitating
from the left ventricle during systole spreads along the
aorta and major arteries. This value depends primar-
ily on arterial wall elasticity. An increase in pulse wave
velocity reflects enhanced vascular stiffness, pathologi-
cal remodelling of the vascular wall, and an elevated
risk of cardiovascular complications. PWVao is con-
sidered the principal parameter for the assessment of
arterial stiffness [5, 15]. The augmentation index (Alx)
is a measure of vascular wall distensibility that corre-
lates positively with aortic stiffness. AIx provides infor-
mation regarding peripheral vascular resistance: the
higher the index, the greater the resistance of the arte-
rioles. This parameter increases with age and with the
progression of atherosclerosis [15]. According to a large
meta-analysis by Lu Q. et al. (2019), UC patients exhibit
significantly higher PWVao values compared with con-
trols [16]. Similarly, in our study, both PWVao and
Alx were elevated in patients with UC. These param-
eters were higher in the presence of both clinical and
endoscopic disease activity, as well as in patients with-
out clinical manifestations but with evidence of active
disease detected solely by endoscopic examination.

10
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Figure 1. ROC curve of the early diagnostic model for
increased arterial stiffness in patients with ulcerative
colitis

In contrast, patients in both clinical and endoscopic
remission had values comparable to those observed in
controls.

PWVao values in patients with UK depend both on
the age, presence of AH, intensity of smoking, and on
the frequency of exacerbations during three years, and
duration of ulcerative colitis [8]. The present study shows
that arterial stiffness is affected by disease activity during
examination. According to experimental data, arterial
stiffness increases as a result of both transient factors,
such as the effects of vasoactive hormones, inflammatory
mediators, and markers of oxidative stress; and struc-
tural changes, including diffuse fibroelastic thickening
of the intima and endothelial remodelling secondary to
chronic inflammation. Endothelial dysfunction plays a
central role in this process. The interaction among these
components increases vascular wall stiffness during the
direct action of inflammatory mediators on the vessel
wall in patients with active UC. Prolonged exposure to
inflammation ultimately leads to irreversible increases in
arterial stiffness [15].

The issue of 24-hour variability in arterial stiffness
parameters in UC patients remains insufficiently stud-
ied. In our study, these patients demonstrated increased
variability in the following indices: pulse pressure (PP),
PWVao, dP/dt. Variability in arterial stiffness parameters
is determined by a combination of “passive” and “active”
mechanisms regulating vascular tone. “Passive” fac-
tors include the intrinsic properties of the arterial wall,
which are determined by the balance between elastin
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and collagen, as well as the haemodynamic parameter
of heart rate. In contrast, “active” regulation is mediated
by vasoactive influences, including endothelium-depen-
dent mechanisms, the intensity of inflammation and
oxidative stress, and the level of sympathetic adrener-
gic activity [11]. In patients with ulcerative colitis, these
“active” regulatory mechanisms, associated with inflam-
mation and endothelial dysfunction, likely play a piv-
otal role in the increased variability of arterial stiffness
parameters. In our study, the greatest increase in the
variability of aortic pulse wave velocity was observed in
patients with both clinical and endoscopic disease exac-
erbation. In contrast, UC patients in remission exhib-
ited arterial stiffness variability parameters comparable
to those of the control group. In patients of group 2,
characterised by the presence of endoscopic disease
activity alone, increased variability of PWVao and dP/dt
was observed. These findings indicate that UC activ-
ity, including isolated endoscopic activity, affects the
24-hour variability of arterial stiffness. By analogy with
blood pressure variability, increased variability in arte-
rial stiffness parameters may have clinical significance
by contributing to an elevated cardiovascular risk in
these patients [11].

Studies evaluating CAVI in patients with UC have
demonstrated that the condition of the vascular wall
is influenced by the patient’s current age, age at disease
onset, disease duration, and endoscopic disease activ-
ity. Specifically, it has been shown that an increase of
one point in the Schroeder endoscopic activity score is
associated with an increase in CAVI of 0.11 above the
age-adjusted normal value [17]. Analysis of our find-
ings likewise indicates that the greater the inflamma-
tory activity in ulcerative colitis, the higher the risk of
increased arterial stiffness. The developed predictive
model for increased arterial stiffness enables the iden-
tification of clinical predictors of CVDs in patients with
UC. These predictors include clinical and endoscopic
disease exacerbation, age over 40 years, and a positive
family history of CVD. Further refinement of the pre-
diction model for increased arterial stiffness may facili-
tate the timely identification of high-risk patients and
optimisation of their management, thereby contributing
to the prevention of CVDs in individuals with UC.

Conclusions

Patients with ulcerative colitis exhibit significantly
increased arterial stiffness, correlating with inflamma-
tion activity. Endoscopic disease activity in the absence
of clinical symptoms of UC is already associated with
adverse vascular changes. The developed prediction
model for increased arterial stiffness in patients with
UG, based on three clinical criteria (age > 40 years, UC
exacerbation, and a positive family history of cardio-

vascular disease), may be implemented in clinical prac-
tice for the early identification of individuals at high
cardiovascular risk.
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