(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 3 (372) Mapr 2026

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Progressive spinal ankylosis is the leading
cause of disability in ankylosing spondylitis (AS), resulting in
severe restriction and eventual loss of spinal mobility.

Objective: To develop and evaluate predictive models for
lumbar spine ankylosis in Kazakh patients with AS.

Methods: This observational cross-sectional study included
70 patients with confirmed AS. Clinical assessment included
disease history and standardized indices (BASDAI, BASFI,
BASMI, ASDAS). Laboratory tests comprised complete blood
count, biochemistry, CRP, and HLA-B27 genotyping. Predictive
modeling was performed using multivariate binary logistic
regression and MANOVA.

Results: Lumbar spine ankylosis was present in 51.4%
of patients. Multivariate logistic regression identified three
independent predictors: occupational hazard exposure, longer
disease duration, and history of spinal trauma. The model
showed excellent predictive performance (AUC = 0.917, 95%
CI 0.856-0.978; sensitivity 80%, specificity 87%). Significant
interactions for cervical involvement were found between
smoking and peripheral arthritis, and between family history of
AS and psoriasis.

Conclusion: Occupational hazards, disease duration, and
spinal trauma are key independent predictors of lumbar ankylosis
in Kazakh AS patients. The developed model demonstrates high
predictive accuracy and supports the importance of modifiable
environmental factors in structural progression of AS.

Key words. Ankylosing spondylitis, spinal ankylosis,
predictors, occupational hazards, logistic regression.

Introduction.

Ankylosing spondylitis (AS) is a chronic autoimmune
inflammatory disease of the spine that results in high rates of
disability and dysfunction. Due to the early disability of patients
and the significant financial burden that AS imposes on the
healthcare system and the economy - not only in Kazakhstan,
but around the world - it is an important issue for modern public
health. According to a systematic review and meta-analysis
by Malinowski KP et al, average annual indirect costs per AS
patient vary from $661 to $45,954 in different regions of the
world, averaging $6455 per patient per year worldwide [1].

Several authors claim that the prevalence of AS is currently
increasing, especially in young adults [2,3]. Due to the chronic
nature of the disease, the preservation of the patient's ability to
work is a key point in order to maintain the patient's quality of
life at an adequate level. As a result, regardless of country of
residence, people with AS have very high levels of disability,
according to the literature review by Nikiphorou E et al [4].
Patients' quality of life and ability to work are significantly
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reduced by conditions such as osteoporosis, cardiovascular
pathology, infections, oncology, fibromyalgia and depression [5-
11]. However, the primary pathogenetic component contributing
to the impairment of AS patients is undoubtedly the increasing
ankylosis of the spine, which significantly reduces the mobility
of the back to the point of complete immobility. Many studies
have shown that these changes are a major indicator of a
potentially hazardous decrease in well-being and loss of ability
to care for oneself [12-17].

To date, methods for predicting this condition have only been
described in rare situations in the literature. Some studies have
used laboratory markers, while others have used indicators
of disease activity such as smoking history, gender and the
presence of initial lesions. However, the authors point out the
limitations of their research and the heterogeneity of the data
obtained. It has been suggested that this may be due to the ethnic
nature of the disease [18-22]. In this context, the aim of our
study was to investigate multivariable associations with spine
ankylosis in individuals with ankylosing spondylitis (AS) in the
Kazakh population.

Materials and Methods.

We conducted a single-stage, cross-sectional, observational,
analytical study in accordance with the Declaration of Helsinki,
and approved by Ethics Committee of Medical University
Astana (protocol #1 of 26.01.2023). Between 02.01.2023 and
01.12.2023, we continuously studied all 132 patients registered
in the of Astana City Hospital Ne2 with a confirmed diagnosis
of ankylosing spondylitis according to the modified New
York criteria for ankylosing spondylitis. Sixty-two individuals
were excluded from the study sample based on the following
exclusion criteria: age under 18 and over 62, serious comorbid
somatic and/or psychiatric illness, breastfeeding or pregnancy.

After an interview explaining the aims and design of the study,
the remaining 70 participants in the sample were asked to sign
an informed consent form to participate in the research study
factors.

All participants were seen by a rheumatologist. During the
examination, we collected complaints and medical history to
identify risk factors for the development of the disease and
potential triggers. When the medical history was taken, data
on hereditary aggravation of AS and other diseases - psoriasis,
inflammatory bowel disease - were taken into account. The
following were also taken into account: infectious diseases, spinal
contusions, including falls from a height of one's own height
or more onto one's back (falls from a horse, from a stepladder,
while skiing) and surgical interventions, the presence of allergic
aggravations. Data on bad habits and occupational hazards
(physical labour in conditions of low temperature for more than
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one year) were recorded in individual cards. Information on the
onset of the disease was taken into account when collecting the
medical history. This included the type of joint syndrome lesion
at disease onset, the patient's age at the time of AS manifestation,
the duration of the disease, the patient's subjective association
of the disease with any endogenous or exogenous trigger, and
the interval between disease onset and AS diagnosis.

Clinical data were obtained through objective examination by
a rheumatologist. Spinal and joint function was assessed using
the Bath Ankylosing Spondylitis Functional Index (BASFI)
and Bath Ankylosing Spondylitis Metrology Index (BASMI).
Occiput-to-wall distance, a component of the BASMI, was
measured as a continuous variable to evaluate cervical spine
mobility and forward posture. This simple clinical measure was
used as a surrogate marker for cervical ankylosis because it is
easily performed during routine physical examination without
the need for imaging, reflects functional impairment due to
reduced mobility, and is part of the validated BASMI score
[23,24].

Extra-articular manifestations and complications were
recorded. Disease activity was assessed using the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)
and Ankylosing Spondylitis Disease Activity Score (ASDAS).
All patients underwent standard laboratory testing, including
complete blood count (hemoglobin, erythrocytes, platelets,
leukocytes, ESR by Westergren method), blood biochemistry
(ALT, AST, total protein, creatinine, cholesterol, glucose,
CRP), serology for brucellosis (IgG and IgM), and HLA-B27
genotyping.

Stages of ankylosis were classified according to the Kellgren
system using MRI scans of the spine and sacroiliac joints
performed within the last year.

Statistical analysis of the measurements was performed
using IBM SPSS Statistics 21 software. As the distribution of
quantitative characteristics was non-Gaussian, quantiles (25;
75) and median (Me) are used to represent these variables.
Qualitative data are presented as absolute numbers and
percentages. Confidence interval analysis software was used
to obtain the 95% confidence interval (CI) for frequencies and
fractions. The non-parametric Mann-Whitney test was used to
assess the significance of differences in means. Nominal data
were compared using conjugated tables for four-way tables with
calculation of Pearson's chi-squared test, Fisher's two-sided exact
test. Multivariate analysis was also performed by constructing
binary logistic regression with calculation of constants and B
regression coefficient. Sensitivity and specificity of diagnostic
methods were assessed by constructing characteristic ROC
curves, with calculation of the AUC area. In addition, a decision
tree was constructed using the diagnostic accuracy, specificity
and sensitivity calculations.

Results.

Demographic and clinical characteristics by HLA-B27 status:

To explore potential differences in disease presentation and
progression, a comparative analysis was performed between
HLA-B27-positive (n = 57) and HLA-B27-negative (n = 13)
patients with ankylosing spondylitis (AS). The HLA-B27-
positive group represented the majority of the cohort (81.4%),
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consistent with the well-established predominance of HLA-B27
positivity in most AS populations.

No statistically significant differences were observed between
the two groups with respect to key demographic variables,
including gender distribution, mean age at study inclusion,
ethnicity (predominantly Kazakh in both groups), body mass
index (BMI), or height-weight indices. Likewise, lifestyle
factors such as current or past alcohol consumption and
smoking habits did not differ significantly between HLA-
B27-positive and HLA-B27-negative patients. Family history
of AS or related HLA-B27-associated conditions (psoriasis
and inflammatory bowel disease [IBD]) was also comparable
across groups, as documented from detailed medical records.
Furthermore, history of spinal trauma or prior spinal surgery did
not contribute to observable differences in disease progression
patterns between the subgroups.

However, a notable and statistically significant difference
emerged in exposure to occupational hazards (y* = 4.463, df =
1, p = 0.035; ¢ = 0.252, OR = 4.950, 95% CI 1.006-24.367).
Patients in the HLA-B27-positive group reported occupational
hazard exposure (primarily heavy physical labor in low-
temperature conditions for more than one year) substantially
more frequently than those in the HLA-B27-negative group.

Age at disease onset was markedly lower in HLA-B27-positive
patients (median 23 years, interquartile range [IQR] 19-31)
compared to HLA-B27-negative patients (median 30 years, IQR
25-37; Mann-Whitney U =230, Z =-2.125, p = 0.034). Disease
duration at the time of study inclusion was also significantly
longer in the HLA-B27-positive group (median 14 years, IQR
7.5-21.5) than in the HLA-B27-negative group (median 10
years, IQR 1.5-10.5; U =196.5, Z = -2.631, p = 0.009). Time
from symptom onset to confirmed AS diagnosis showed a
tendency toward being shorter in HLA-B27-positive patients
(median 1 year, IQR 1-3.5 vs. 3 years, IQR 1-10; p = 0.075),
although this difference did not reach statistical significance. A
detailed comparative overview of demographic, anamnestic,
and selected clinical characteristics is provided in Table 1.

Differences were also apparent in the history of infectious
diseases. Intestinal infections were significantly more common
in the HLA-B27-negative group (x> = 11.430, df = 1, p = 0.003;
¢ = -0.404, OR = 4.385, 95% CI 1.861-10.332). Similarly, a
history of Epstein-Barr virus infection was reported exclusively
in the HLA-B27-negative subgroup (Fisher’s exact test, two-
tailed p = 0.089). Other infections (herpes, cytomegalovirus,
viral hepatitis, tuberculosis, Helicobacter pylori, urogenital
infections) showed no significant between-group differences.

No significant differences were detected between the HLA-B27-
positive and HLA-B27-negative subgroups in terms of clinical
disease stages, presence or severity of peripheral arthritis, extra-
articular manifestations (e.g., uveitis, enthesitis), disease activity
indices (BASDAI and ASDAS), functional impairment assessed
by BASFI, or spinal and hip mobility evaluated by BASMI.
These findings are summarized in Table 2.

In the overall study cohort, several rare but serious
complications of AS were absent, including secondary
systemic amyloidosis, aortic coarctation, cardiac arrhythmias,
syndesmophyte fractures, atlantoaxial subluxation, and
temporomandibular joint ankylosis. However, lumbar spine



Table 1. Demographic, anamnestic and clinical characteristics of patients with ankylosing spondylitis according to HLA-B27 status.

Characteristic HLA-B27+ (n=57)
Age, years 40 [32-54]
BMI, kg/m? 25.3[21.7-30.0]
Smoking index 6.1 [2.5-12.0]
Duration of AS, years 14 [7.5-21.5]
Age at onset of AS, years 23 [19-31]
Time from onset to diagnosis, years 1[1-3.5]
Nationality, n (%)

Kazakhs 48 (84.2)

Not Kazakhs 9 (15.8)
Gender, n (%)

Male 47 (82.5)
Female 10 (17.5)
Smoking, n (%) 24 (42.1)
Alcohol consumption, n (%) 29 (50.9)
Occupational hazard exposure, n (%) 27 (47.4)
History of spinal trauma, n (%) 32 (56.1)
History of operations, n (%) 35(61.4)

AS hereditary burden, n (%) 12 (21.1)
Psoriasis hereditary burden, n (%) 6 (10.5)

IBD hereditary burden, n (%) 1(1.8)
History of infectious diseases, n (%)

Herpes 6 (10.5)
Cytomegalovirus (CMV) 1(1.8)
Epstein-Barr virus 0(0)

Viral hepatitis 7(12.3)
Tuberculosis 2(3.9)
Helicobacter pylori 4 (7.0)
Urogenital infection 7(12.3)
Intestinal infection 6 (10.5)

HLA-B27- (n=13) p-value
38 [34.5-42] 0.634
26.1[24.3-27.3] 0.786
4.2[1.8-9.5] 0.942
10 [1.5-10.5] 0.009*
30 [25-37] 0.034*
3[1-10] 0.075
11 (84.6) 1.000
2 (15.4)

9 (69.2) 0.227
4(30.8)

5(38.5) 0.810
9 (69.2) 0.231
2 (15.4) 0.035%
9 (69.2) 0.387
9 (69.2) 0.754
2 (15.4) 1.000
2(15.4) 0.636
0 (0) 1.000
4(30.8) 0.081
1(7.7) 0.339
2(15.4) 0.089+
2 (15.4) 0.493
0 (0) 1.000
1(7.7) 1.000
2 (15.4) 1.000
4(30.8) 0.003*

BMI — Body Mass Index, IBD — Inflammatory Bowel Disease, Quantitative data are presented as median [Q1-Q3]. Categorical data are
presented as n (%). p-values were calculated using Mann—Whitney U test (for quantitative variables) or chi-square / TFisher’s exact test (for

categorical variables). *p < 0.05 (statistically significant).

ankylosis emerged as a highly prevalent complication, affecting
36 patients (51.4% of the cohort), underscoring its clinical
importance in this population.

Multivariate logistic regression analysis for lumbar spine
ankylosis:

To identify independent factors associated with an increased
likelihood of lumbar spine ankylosis, multivariate binary
logistic regression analysis was conducted. The following
candidate variables were entered into the model development
process: age at study inclusion, HLA-B27 status, family history
of AS, psoriasis and/or IBD, smoking status, occupational
hazard exposure, history of infections, prior spinal contusions/
trauma, disease duration, and diagnostic delay (defined as the
time interval from symptom onset to confirmed AS diagnosis).
Full details of candidate variables are presented in Table 3.

A parsimonious and clinically interpretable model was
successfully constructed using only three predictor variables.
The probability of developing lumbar ankylosis was estimated
using the logistic function:

p=1/(1+e-z)), where z = Po + Bix1 + B2x2 + Bsx3

(Equation 1)

Performance of the model was evaluated using receiver
operating characteristic (ROC) curve analysis of the predicted
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probabilities. The area under the curve (AUC) was 0.917
(p < 0.0001, 95% CI 0.856-0.978), indicating excellent
discriminatory ability. In the predicted subgroup, AUC reached
0.816 (p < 0.0001, 95% CI 0.711-0.921), with sensitivity of
80%, specificity of 87%, positive predictive value of 37%,
negative predictive value of 98%, and overall diagnostic
accuracy of 87%.

Multivariable analysis of factors influencing cervical spine
involvement:

In the subsequent stage of the analysis, more advanced
statistical methods were applied to investigate factors
potentially contributing to the development and severity of
cervical spine ankylosis in patients with AS. Cervical spine
ankylosis was selected as the primary outcome variable.
Multivariable analysis of variance (MANOVA) was employed,
with occiput-to-wall distance (measured in centimeters) serving
as the continuous dependent variable. This parameter reflects
the degree of forward stoop and restriction of cervical extension
due to progressive ankylosis.

The independent variables were dichotomous and included:
sex, HLA-B27 status, smoking history, family history of
ankylosing spondylitis, psoriasis, inflammatory bowel disease
(IBD), presence of occupational hazards, history of trauma,



Table 2. Comparative analysis of clinical characteristics of the studied subgroups according to the HLA-B27 gene.

. HLAB27+ (N=57) HLAB27- (N=13) -
Characteristic Me, n/% 01-0395% CI Me,n/%  Q1-Q3 95% CI The probability level, p
Early 0 - 3/23.1 8.2-50.3 x2=13.743 df=1 p=0.005
Clinical stages of disease Progressive 7/12.3 6.1-23.2 2/15.4 4.3-42.2 0.763
Late 50/87.7 76.8-93.9 8/61.5 35.5-82.3 ¥2=5.108 df=1 p=0.039
Peripheral manifestations 29/50.9 38.3-63.4 7/53.8 29.1-76.8 0.847
Peripheral arthritis  23/40.4 28.6-53.3 3/23.1 8.2-50.3 0.345
Enthesitis 20/35.1 24-48.1 6/46.2 23.2-70.9 0.531
Dactylitis 7/12.3 6.1-23.2 2/15.4 4.3-42.2 0.670
Extra-articular manifestations 17/29.8 19.5-42.7 3/23.1 8.2-50.3 0.744
Uveitis 10/17.5 9.8-29.4 1/7.7 1.4-33.3 0.676
IBD 1/1.8 0.3-9.3 1/7.7 1.4-33.3 0.339
Psoriasis 7/12.3 6.1-23.2 /7.7 1.4-33.3 1.0
BASDAI 3.85 1.65-6.0 3.5 2.36-6.68 0.757
BASFI 2.1 0.3-5.2 1 0.35-3.15 0.183
ASDAS CRP 2.5 1.6-3.2 2.35 1.7-3.72 0.883
ESR 21 8-37 17.5 15.25-30 0.935
CRP 4.2 1.4-17.4 2.75 0.8-6 0.339
Brucellosis Ig G 0.25 0.2-0.36 0.26 0.2-2.17 0.535
Brucellosis I[g M 0.11 0.1-0.13 0.12 0.09-0.54 0.263
Hepatitis B 0.37 0.31-0.41 0.34 0.28-0.35 0.058
Hepatitis C 0.09 0.08-0.11 0.09 0.07-0.12 0.808

IBD — Inflammatory Bowel Disease, BASDAI — Bath Ankylosing Spondylitis Disease Activity Index, BASFI — Bath Ankylosing Spondylitis
Functional Index, ASDAS-CRP — Ankylosing Spondylitis Disease Activity Score with C-reactive protein, ESR — Erythrocyte Sedimentation

Rate, CRP — C-reactive protein.

Table 3. Covariates included in the logistic equation.

Covariates Regression coefficient, B
X1 Occupational hazard 1,478

X2 Duration of disease 0,278

X3 Contusions 2,050

B Constant -4,915

P value EXPB 95% CI
0,045 4,382 1,030 - 18,638
0,000 1,321 1,130 - 1,544
0,020 7,765 1,390 - 43,375
0,000 0,007

Table 4. Evaluation of statistically significant interaction effects on occiput-to-wall distance (MANOVA results).

Ne Interacting factors

w’, %
| Peripheral arthritis 1,2
Smoking 7,2
5 Family history of ankylosing AS 0,6
Psoriasis 0,8

peripheral arthritis, enthesitis, dactylitis, uveitis, IBD, psoriasis,
diagnostic delay exceeding 2 years, and disease onset in
childhood. Results of the MANOVA are detailed in Table 4,
with significant interaction effects summarized in Table 5.

Isolated peripheral arthritis did not demonstrate a significant
association with increased risk or severity of cervical ankylosis.
However, the combination of peripheral arthritis and a positive
smoking history showed a statistically significant interaction
(p = 0.025). Smoking contributed substantially more to the
variance in occiput-to-wall distance (partial n* = 7.2%) than
peripheral arthritis alone (n? = 1.2%), while their combined
effect accounted for n? = 7.4%.

An additional significant interaction was observed between
family history of AS and the presence of psoriasis in the patient
(p = 0.05). Neither factor alone reached statistical significance,
but their interaction was associated with greater cervical
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Assessment of the effect on occiput-to-wall distance

Level of significance of factor interaction

p

0,378

0,027 0,025
0,527

0,476 0,05

involvement (n? = 0.6% for family history of AS, n? = 0.8% for
psoriasis, and n? = 5.5% for the interaction term).

Although occupational hazard exposure did not achieve
statistical significance when combined with other factors, its
isolated main effect demonstrated a notable tendency toward
association with increased severity of cervical involvement
(partial n? = 10%). This finding suggests that occupational
hazards, particularly prolonged exposure to physical stress
and low temperatures, may represent an under-recognized
environmental contributor to axial ankylosis progression in AS
and merit further prospective investigation.

Discussion.

Undoubtedly, developing reliable predictive tools for
lumbar ankylosis in patients with ankylosing spondylitis (AS)
remains a major challenge in disease management, as does the



Table 5. Pairwise p-values for interactions between dichotomous factors (upper triangle matrix).

Fam. Fam. Fam. Oce.

Periph. Diag. Childh.

Factor Sex HLA-B27 Smoking hist. hist. hist. Trauma Enthesitis Dactylitis Uveitis IBD Psoriasis

hazards arthr. delay onset

AS Ps IBD

Sex — 0654 0288  0.773 0.964 1.000 0.816 0.814 0.610 0497 048 0704 0.630 0.784  0.694 0.661
HLA-B27 — 0.117  0.711 0.635 0.886 0.348  0.656 0468 0434  0.682  0.805 0892 0920  0.402 0.698
Smoking — 0451 0.692 0.774 0.960  0.066 0.025* 0225 0384 0736 1.000 0296  0.698 1.000
::‘L";'y history —0.1351.000 0.075 0.872 0.489 0239  0.845 0409 1.000 0.05*  0.088 1.000
Family history —1.000 0459 0.177 0291 0761 0347  1.000 0.867 0.133  0.203 1.000
of psoriasis
Family history — 1.000 1.000 1.000 1.000  1.000  1.000 1.000 1.000  1.000 1.000
of IBD
Occupational — 0523 0990 0223 0333 0480 0.503 003  0.964 0.716
hazards
History of — 0491 0444 0786 0959 1.000 0.661  0.700 0.851
trauma
Ferlpheral — 0572 0845 0787 0.684 0.083  0.059 1.000
arthritis
Enthesitis — 0403 0.734 0.794 0919  0.687 1.000
Dactylitis — 0.136 0.796 0.370  0.711 1.000
Uveitis — 1.000 1.000 1.000 1.000
IBD — 1000 0.056 1.000
Psoriasis — 0.966 1.000
Diagnostic o 1.000
delay
Childhood _
onset

identification of factors that may contribute to its development.

In our study, we applied the block method for modelling.
Given the well-recognized association of male gender with a
more severe disease course, it was excluded from the model at
the outset and not evaluated as a potential factor associated with
ankylosis. Although HLA-B27 positivity was present in 54 of
70 participants, it was not incorporated into the model and did
not meaningfully influence the adjusted R? value.

Several studies have explored potential laboratory indicators of
ankylosis progression. Various biomarkers, such as calprotectin,
vascular endothelial growth factor, C2M, C3M, and citrullinated
metalloproteinase-degraded fragments of vimentin, have been
linked to disease activity in prior research [12,13,25,15,16].
However, the search for reliable and specific laboratory markers
to predict disease progression has not yet yielded a biomarker
with strong clinical utility, and many of these markers have
limited practicality in routine clinical settings. C-reactive protein
(CRP) has been associated with spinal ankylosis in some reports
[26], although it remains a non-specific marker of inflammation.

Due to important limitations of the present cross-sectional
design — including a relatively short observation period in some
patients and the fact that many already had lumbar ankylosis
at the time of inclusion — we were unable to incorporate
laboratory markers into the multivariable associations. Current
values of these markers did not appear to function as objective
predictors in this snapshot assessment.

Our analysis therefore focused on aspects of disease onset and
medical history. Disease duration appeared to play a notable role
in the observed outcomes among our patients, although findings
on this association vary across the literature [16,26,27]. Ethnic
differences in disease course and limited access to biologic
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therapies in our setting may partly explain this observation.

Our findings are consistent with previous reports suggesting
that smoking may contribute to more pronounced spinal
ankylosis, as several studies have indicated an association
between smoking and accelerated disease progression or poorer
outcomes [27-30].

One of the principal findings of this study is that occupational
hazard exposure, specifically intensive physical labor in low-
temperature conditions, was significantly more prevalent
in the HLA-B27-positive cohort and demonstrated a strong
association with lumbar ankylosis in the multivariable model.
This observation is of considerable clinical importance.

Although the precise mechanisms linking chronic cold
exposure to spinal ossification are not yet fully understood,
occupational cold stress has been independently associated
with an increased risk of musculoskeletal disorders, including
low back pain and radiculopathy [31]. When combined with
repetitive mechanical loading, cold-induced tissue changes —
such as vasoconstriction, differential thermal contraction, and
microtrauma — are likely to exacerbate enthesitis, the hallmark
lesion of AS. Foundational biomechanical studies have shown
that sustained mechanical strain at entheseal sites promotes
both local inflammation and pathological new bone formation
via mechanotransduction pathways, including stromal cell
activation and Erkl1/2 signalling, ultimately contributing to
ossification and ankylosis [32,33]. In HLA-B27-positive
individuals, who already display heightened innate immune
responses at entheses, these combined environmental stressors
appear to accelerate progression toward structural damage.

Factors such as a history of spinal contusions and occupational
hazards also emerged as relevant in our model. For instance, one



study found that 44% of AS patients in the UK recalled physical
trauma as a potential trigger for disease onset, although its
long-term effect on progression was not specifically examined
[34,35]. This aligns with our findings regarding occupational
hazards.

These characteristics are infrequently emphasized in routine
assessments. We suggest that clinicians consider including
a detailed inquiry into them when taking the medical history
to better understand individual disease trajectories and guide
patient management.

Limitations. The cross-sectional nature of this study precludes
conclusions about causality or temporal prediction. In addition,
the relatively small sample size (n=70) in relation to the number
of variables included in the multivariable model increases
the risk of overfitting, which is reflected in wide confidence
intervals for some estimates. All associations identified
should therefore be interpreted with caution and viewed as
exploratory. The relatively advanced disease stage in many
participants at inclusion further limited the ability to evaluate
laboratory markers as potential predictors. Confirmation in
larger prospective longitudinal studies with longer follow-up is
required.

Conclusion.

This single-center cross-sectional study highlights distinct
clinical and anamnestic profiles in ankylosing spondylitis
(AS) patients stratified by HLA-B27 status, with earlier onset
and longer disease duration observed in HLA-B27-positive
individuals. Occupational hazard exposure emerged as a notable
differentiator between subgroups.

These findings underscore the potential relevance of non-
genetic, modifiable, and environmental exposures—such as
smoking and occupational conditions—in AS progression,
beyond traditional genetic markers like HLA-B27. However,
given the cross-sectional design and the statistical limitations of
the multivariable model (including the risk of overfitting), these
results represent associations only and cannot be interpreted as
prognostic factors. Incorporating a detailed assessment of these
elements into routine clinical history-taking may nevertheless
support more individualized risk stratification and management
strategies. Further prospective studies with larger sample sizes,
longer follow-up, and repeated measures are warranted to
validate these associations, clarify their temporal relationships,
and explore potential mechanistic links.
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cDaKTOPI:vI, oIpeegonme dHKHWJIO3 IIO3BOHOYHHKA
y Ka3aXCTaHCKHUX IIaIIME€HTOB C AHKHJIO3HNPYIOIIIM
CIIOHAWJINTOM: IIEPEKPECTHOE NCCIeTOBAHNE

AGcTpaxT.

AxryansHOCTS: IIporpeccupyromuii aHKHUIO3 ITIO3BOHOYHUKA
ABJIAETCA OCHOBHOM TIPUYMHOM WHBAMWUIW3ALUU IIPU
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(AC), mnpuBogsmeit
BO3MOXHOH IIOTepe

AHKHWJIO3HUPYIOUeM CIIOHIWUJINUTE
K Cephe3HOMY OTrpaHHYE€HHIO H
IIOABUKHOCTH IIO3BOHOYHMKA.

Lems: PaspaGoraTh U  OLEHWUTh  IIPOTHOCTHYECKHE
MOJeNy aHKWUIO03a MOSCHUYHOTO OTAeNa II03BOHOYHHKA Yy
KasaxcTaHcKux nanueHToB ¢ AC.

Mertopsr: BaTo 06CcepBaniIOHHOE IIEPEKPECTHOE UCCIIeIOBAHIE
6sutn BrUtroueHbl 70 manueHtoB ¢ moxaTBepkzeHHbIM AC.
Knuanyeckas orjeHKa BKIoYana c60p aHaMHe3a 3a601eBaHNs
u craHjaprusvpoBaHHble mokasatenu (BASDAI, BASFI,
BASMI, ASDAS). JlabopaTopHble HCCIeJOBaHUA BKIIOYAIN
TIOJIHBIH aHaIW3 KpoBH, Oumoxumuio, omnpenenenue CPB
u re”orunuposanve 1o HLA-B27. IIpormocrmueckoe
MOJleTUpOBaHUE TIPOBOJIMIIOCH d HCIIOTb30BaHUEM
MHOTOMEpPHOM OGMHApHOH JIOTUCTUYECKOH perpeccuu Hu
meroma MANOVA.

PesynpraTel: AHKHIIO3 IOACHUYHOTO OTJejIa IO3BOHOYHUKA
Habmooganca y 51,4% mamuentoB. MHorodakropHas
JIOTUCTUYeCKas perpeccus BhBIABMIA TPU HE3aBUCHMBIX
pesUKTOpa: BO3JeiCTBHE IIpodeCcCHOHANBHBIX (aKTOPOB
pHCKa, 60JIee NIUTeTbHAL IPOAOKUTEIFHOCTD 3a601eBaHNS
¥ TpaBMa IIO3BOHOYHWKAa B aHaMHese. Mogenp IIOKasaia
OTJIMYHble IIpOrHOCTHYecKue xapakrtepuctuku (AUC =
0,917, 95% U 0,856-0,978; wuyscrBurensrOCTs 80%),
cnenubpuanocts 87%). DBrutm  oOHapyXeHBI 3HAYMMBIE
B3aMMOCBA3U B Pa3BUTUU NOPAKEHUA IIEHKU MATKU MEXIY
KypeHUeM U NepudepuvecKuM apTPUTOM, & TAKKE MEXIY
cemeitnpiM aHamMHe3oM AC u mcoprasom.

BriBog: IIpodeccronanbHBIE BpeLHOCTH, IJIMTEIBHOCTD
3abomeBaHWs ¥  TpaBMa  ITO3BOHOYHMKA  SBISIOTCA
KJTIOYeBBIMM HE3aBHCHUMBIMH IIPeJUKTOPAaMU  Pa3BUTHUA

IMOACHUYHOTO AaHKMJIO3a Yy Ka3aXCTaHCKUX IIAI[MUeHTOB C
AC. PaspaboraHHad MOZenb [eMOHCTPUPYET BBICOKYIO
TOYHOCTh IIPOTHO3MPOBAHUS U IIOATBEPXKAAET BAKHOCTDH
MozuduIupyeMsIx (AKTOPOB OKpy)Kamollei Ccpensl B
CcTpyKTypHOM IporpeccupoBaruu AC.

KrnroueBbie c0Ba: aHKMJIOSUPYIOWIMH CIIOHAMUIOAPTPHUT,
aHKUJIO3 II03BOHOYHMUKA, IPeJUKTOPHI, IpodeccHoHaTbHEIe
BPeJHOCTH, JIOTUCTUYECKAS PeIPeCcCHs.

Derol  9630wmBol  ©yEHYMT0BBBHIB0  gobobM
353096(g0do  sb30mmBM@mo  b3mbowo@om: sbozo
3333

9oy

gmblL. 3MMMmgloMgdoo byMbgdwol sb3owmbo sMol
sb30mmBm@mo  Ldmbowodol  (AS)  0b3scoEMdOL
393560 Jobgbo, Moz 0f393L bgdbgdwwol dmdowmdols
3ddodg 99D0vy35L S LEdMEMMO OJoMYIL.

90Dsbo. ffgarol bgdbgdwol s630emBol 3hmabmbomgdols
0mgergdol  9gdmdsggds @S d9x8obgds  gobobe
35309639030 AS.



09nmEado: gl Bos3330M300wrm  339gOl 3300939
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A9Ls60dbsg30  3BMbmbomadoo  Fltangds  (AUC
= 0917, 95% CI 0.856-0.978; 036dbmdgEmds 80%,
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