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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 kеy 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 

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 №2 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 



14

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%), 

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 (χ² = 4.463, df = 
1, p = 0.035; φ = 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 (χ² = 11.430, df = 1, p = 0.003; 
φ = -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 
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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 = β₀ + β₁x₁ + β₂x₂ + β₃x₃
(Equation 1)
Performance of the model was evaluated using receiver 

operating characteristic (ROC) curve analysis of the predicted 

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, 

Characteristic HLA-B27+ (n=57) HLA-B27– (n=13) p-value
Age, years 40 [32–54] 38 [34.5–42] 0.634
BMI, kg/m² 25.3 [21.7–30.0] 26.1 [24.3–27.3] 0.786
Smoking index 6.1 [2.5–12.0] 4.2 [1.8–9.5] 0.942
Duration of AS, years 14 [7.5–21.5] 10 [1.5–10.5] 0.009*
Age at onset of AS, years 23 [19–31] 30 [25–37] 0.034*
Time from onset to diagnosis, years 1 [1–3.5] 3 [1–10] 0.075
Nationality, n (%)
Kazakhs 48 (84.2) 11 (84.6) 1.000
Not Kazakhs 9 (15.8) 2 (15.4)
Gender, n (%)
Male 47 (82.5) 9 (69.2) 0.227
Female 10 (17.5) 4 (30.8)
Smoking, n (%) 24 (42.1) 5 (38.5) 0.810
Alcohol consumption, n (%) 29 (50.9) 9 (69.2) 0.231
Occupational hazard exposure, n (%) 27 (47.4) 2 (15.4) 0.035*
History of spinal trauma, n (%) 32 (56.1) 9 (69.2) 0.387
History of operations, n (%) 35 (61.4) 9 (69.2) 0.754
AS hereditary burden, n (%) 12 (21.1) 2 (15.4) 1.000
Psoriasis hereditary burden, n (%) 6 (10.5) 2 (15.4) 0.636
IBD hereditary burden, n (%) 1 (1.8) 0 (0) 1.000
History of infectious diseases, n (%)
Herpes 6 (10.5) 4 (30.8) 0.081
Cytomegalovirus (CMV) 1 (1.8) 1 (7.7) 0.339
Epstein-Barr virus 0 (0) 2 (15.4) 0.089†
Viral hepatitis 7 (12.3) 2 (15.4) 0.493
Tuberculosis 2 (3.5) 0 (0) 1.000
Helicobacter pylori 4 (7.0) 1 (7.7) 1.000
Urogenital infection 7 (12.3) 2 (15.4) 1.000
Intestinal infection 6 (10.5) 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 / †Fisher’s exact test (for 
categorical variables). *p < 0.05 (statistically significant).

Table 1. Demographic, anamnestic and clinical characteristics of patients with ankylosing spondylitis according to HLA-B27 status.
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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 η² = 7.2%) than 
peripheral arthritis alone (η² = 1.2%), while their combined 
effect accounted for η² = 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 

involvement (η² = 0.6% for family history of AS, η² = 0.8% for 
psoriasis, and η² = 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 η² = 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 

Covariates Regression coefficient, В P value EXP B 95% CI
X1 Occupational hazard 1,478 0,045 4,382 1,030 - 18,638
X2 Duration of disease 0,278 0,000 1,321 1,130 - 1,544
X3 Contusions 2,050 0,020 7,765 1,390 - 43,375
В Constant -4,915 0,000 0,007

Table 3. Covariates included in the logistic equation.

№ Interacting factors Assessment of the effect on occiput-to-wall distance Level of significance of factor interactionη2, % p

1 Peripheral arthritis 1,2 0,378 0,025Smoking 7,2 0,027

2 Family history of ankylosing AS 0,6 0,527 0,05Psoriasis 0,8 0,476

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

Characteristic HLAB27+ (N=57) HLAB27- (N=13) The probability level, pМе, n/% Q1-Q3 95% CI Ме, n/% Q1-Q3 95% CI

Clinical stages of disease
Early 0 - 3/23.1 8.2-50.3 χ2=13.743 df=1 p=0.005
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 χ2=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 1/7.7 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 Ig 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

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

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.
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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 R² 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 

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 Erk1/2 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 

Factor Sex HLA-B27 Smoking
Fam.
hist.
AS

Fam. 
hist.
Ps

Fam. 
h i s t . 
IBD

Occ.
hazards Trauma Periph. 

arthr. Enthesitis Dactylitis Uveitis IBD Psoriasis Diag. 
delay

Childh. 
onset

Sex — 0.654 0.288 0.773 0.964 1.000 0.816 0.814 0.610 0.497 0.486 0.704 0.630 0.784 0.694 0.661
HLA-B27 — 0.117 0.711 0.635 0.886 0.348 0.656 0.468 0.434 0.682 0.805 0.892 0.920 0.402 0.698
Smoking — 0.451 0.692 0.774 0.960 0.066 0.025* 0.225 0.384 0.736 1.000 0.296 0.698 1.000
Family history 
of AS — 0.135 1.000 0.075 0.872 0.489 0.239 0.845 0.409 1.000 0.05* 0.088 1.000

Family history 
of psoriasis — 1.000 0.459 0.177 0.291 0.761 0.347 1.000 0.867 0.133 0.203 1.000

Family history 
of IBD — 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Occupational
hazards — 0.523 0.990 0.223 0.333 0.480 0.503 0.503 0.964 0.716

History of 
trauma — 0.491 0.444 0.786 0.959 1.000 0.661 0.700 0.851

Peripheral
arthritis — 0.572 0.845 0.787 0.684 0.083 0.059 1.000

Enthesitis — 0.403 0.734 0.794 0.919 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 — 1.000 0.056 1.000
Psoriasis — 0.966 1.000
Diagnostic 
delay — 1.000

Childhood 
onset —

Table 5. Pairwise p-values for interactions between dichotomous factors (upper triangle matrix).
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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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Факторы, определяющие анкилоз позвоночника 
у казахстанских пациентов с анкилозирующим 
спондилитом: перекрестное исследование

Абстракт.

Актуальность: Прогрессирующий анкилоз позвоночника 
является основной причиной инвалидизации при 

анкилозирующем спондилите (АС), приводящей 
к серьезному ограничению и возможной потере 
подвижности позвоночника.

Цель: Разработать и оценить прогностические 
модели анкилоза поясничного отдела позвоночника у 
казахстанских пациентов с АС.

Методы: В это обсервационное перекрестное исследование 
были включены 70 пациентов с подтвержденным АС. 
Клиническая оценка включала сбор анамнеза заболевания 
и стандартизированные показатели (BASDAI, BASFI, 
BASMI, ASDAS). Лабораторные исследования включали 
полный анализ крови, биохимию, определение СРБ 
и генотипирование по HLA-B27. Прогностическое 
моделирование проводилось с использованием 
многомерной бинарной логистической регрессии и 
метода MANOVA.

Результаты: Анкилоз поясничного отдела позвоночника 
наблюдался у 51,4% пациентов. Многофакторная 
логистическая регрессия выявила три независимых 
предиктора: воздействие профессиональных факторов 
риска, более длительная продолжительность заболевания 
и травма позвоночника в анамнезе. Модель показала 
отличные прогностические характеристики (AUC = 
0,917, 95% ДИ 0,856–0,978; чувствительность 80%, 
специфичность 87%). Были обнаружены значимые 
взаимосвязи в развитии поражения шейки матки между 
курением и периферическим артритом, а также между 
семейным анамнезом АС и псориазом.

Вывод: Профессиональные вредности, длительность 
заболевания и травма позвоночника являются 
ключевыми независимыми предикторами развития 
поясничного анкилоза у казахстанских пациентов с 
АС. Разработанная модель демонстрирует высокую 
точность прогнозирования и подтверждает важность 
модифицируемых факторов окружающей среды в 
структурном прогрессировании АС.

Ключевые слова: анкилозирующий спондилоартрит, 
анкилоз позвоночника, предикторы, профессиональные 
вредности, логистическая регрессия.

ზურგის ანკილოზის დეტერმინანტები ყაზახურ 
პაციენტებში ანკილოზური სპონდილიტით: განივი 
კვლევა

რეზიუმე

ფონს. პროგრესირებადი ხერხემლის ანკილოზი არის 
ანკილოზური სპონდილიტის (AS) ინვალიდობის 
მთავარი მიზეზი, რაც იწვევს ხერხემლის მობილობის 
მძიმე შეზღუდვას და საბოლოოდ დაკარგვას.

მიზანი. წელის ხერხემლის ანკილოზის პროგნოზირების 
მოდელების შემუშავება და შეფასება ყაზახურ 
პაციენტებში AS.
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მეთოდები: ეს სადამკვირვებლო კვეთის კვლევა 
მოიცავდა 70 პაციენტს, რომლებსაც დადასტურებული 
ჰქონდათ როგორც. კლინიკური შეფასება მოიცავდა 
დაავადების ისტორიას და სტანდარტიზებულ 
ინდექსებს (BASDAI, BASFI, BASMI, ASDAS). 
ლაბორატორიული ტესტები მოიცავდა სისხლის სრულ 
რაოდენობას, ბიოქიმიას, CRP-ს და HLA-b27 გენოტიპებს. 
პროგნოზირებადი მოდელირება განხორციელდა 
მრავალმხრივი ბინარული ლოგისტიკური რეგრესიისა 
და მანოვას გამოყენებით.

შედეგები: წელის ხერხემლის ანკილოზი იყო 
პაციენტების 51.4% - ში. მრავალმხრივი ლოგისტიკური 
რეგრესიის შედეგად გამოვლინდა სამი დამოუკიდებელი 
პროგნოზირებელი: პროფესიული საფრთხის 
ექსპოზიცია, დაავადების ხანგრძლივი ხანგრძლივობა 
და ხერხემლის ტრავმის ისტორია. მოდელმა აჩვენა 

შესანიშნავი პროგნოზირებადი შესრულება (AUC 
= 0.917, 95% CI 0.856–0.978; მგრძნობელობა 80%, 
სპეციფიკა 87%). საშვილოსნოს ყელის ჩართულობის 
მნიშვნელოვანი ურთიერთქმედება გამოვლინდა 
მოწევასა და პერიფერიულ ართრიტს შორის, ასევე AS-ს 
ოჯახურ ისტორიასა და ფსორიაზს შორის.

დასკვნა: პროფესიული საფრთხეები, დაავადებების 
ხანგრძლივობა და ხერხემლის ტრავმა ყაზახურ 
პაციენტებში ლუმბალური ანკილოზის ძირითადი 
დამოუკიდებელი პროგნოზირებელია. შემუშავებული 
მოდელი აჩვენებს მაღალი პროგნოზირების სიზუსტეს 
და მხარს უჭერს მოდიფიცირებადი გარემო ფაქტორების 
მნიშვნელობას as-ის სტრუქტურულ პროგრესირებაში.

საკვანძო სიტყვები: ანკილოზური სპონდილიტი, 
ხერხემლის ანკილოზი, პრედიქტორები, პროფესიული 
საფრთხეები, ლოგისტიკური რეგრესია.
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