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Background: To study the correlation analysis between serum procalcitonin (PCT) and Ankylosing Spondylitis Disease Activity
Score (ASDAS) in ankylosing spondylitis (AS) patients with hip involvement.

Methods: This prospective study collected 100 r-axSpA patients and 52 healthy controls. The BASRI-hip score was used to
categorize r-axSpA patients into groups with no hip involvement (BASRI-hip=0, 1), mild involvement (BASRI-hip=2), and moderate-
to-severe involvement (BASRI-hip=3, 4). Clinical characteristics of the groups were compared. The correlation between PCT,
ASDAS, and BASRI-hip was assessed using the Spearman correlation analysis. ROC (Receiver Operating Characteristic) curves
were produced to determine the area under the curve (AUC) of PCT and ASDAS in predicting the occurrence of hip involvement and
the degree of hip involvement. Factors influencing hip involvement in r-axSpA were analyzed by multifactorial logistic regression.
Results: PCT levels were higher in r-axSpA patients than in healthy controls (p < 0.001). PCT and ASDAS were higher in the group
with moderate-to-severe r-axSpA hip involvement than in the group without involvement and the group with mild involvement, while
mild involvement was higher than that in the group without involvement (p < 0.05). Spearman correlation showed a positive
correlation between PCT, ASDAS, and the degree of hip involvement. The area under the ROC curve (AUC) of PCT, ASDAS
were 0.723 and 0.754 in predicting hip involvement, respectively; and the AUC of the severity of hip involvement were 0.733 and
0.718, respectively. PCT (OR = 1.11, 95% CI 1.04-1.18, p < 0.01) and ASDAS (OR = 6.19, 95% CI 1.52-235.12, p = 0.011) were the
risk factors for hip involvement.

Conclusion: PCT and ASDAS show positive correlation with hip involvement in r-axSpA, and have a certain predictive value to react
to hip involvement in r-axSpA.
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Introduction

Ankylosing spondylitis (r-axSpA) is a chronic inflammatory disease that affects the central axis joints, with the spine,
sacroiliac and hip joints mainly involved, and some patients can lead to lateral and posterior convex deformity in the late
stage, with limited hip joint activities and even non-functional rigidity. Axial spondyloarthritis (axSpA) has a global
prevalence ranging from 0.1% to 1.4%, with radiographic axSpA (r-axSpA) historically showing higher rates in men
(male-to-female ratio ~2:1) and non-radiographic axSpA exhibiting a near-equal gender distribution. In China, the overall
prevalence of spondyloarthritis (SpA) is approximately 1%, reflecting both axSpA and related subtypes. Regional
variations exist, with lower prevalence observed in some Asian populations.' The hip joint is important for weight
bearing, balance and limb movement in the human body, and it is one of the commonly affected joints in r-axSpA.*” Hip
involvement in r-axSpA patients results in functional impairment and disability.® r-axSpA patients with hip involvement
are diagnosed based on clinical symptoms, joint dysfunction, and X-ray or MRI findings.” While the BASRI hip grading
method is reliable, it does not accurately characterize the sensitivity of severe hip involvement.®® Accurately defining hip
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involvement in r-axSpA and describing the progression of hip involvement are clinically important to improve our
knowledge of hip involvement in r-axSpA and to improve the clinical prognosis of these patients. Screening potential
factors associated with the onset, progression, and severity of hip involvement in these patients can help to implement
optimal treatment and management programs to prevent or delay hip deterioration to end-stage.

Procalcitonin (PCT) is often recognized as an acute phase biomarker of the inflammatory response.'®'" The
diagnostic value of PCT as a sensitive inflammatory marker in infectious diseases has been widely recognized.'> PCT
can be induced by a variety of stimuli including bacterial endotoxins, proinflammatory cytokines (such as TNF-a, IL-1
and IL-6) and triggering events such as trauma or cardiogenic shock. Although severe general bacterial, parasitic, or
fungal infections with systemic manifestations are associated with increased serum PCT levels, localized bacterial
infections, severe viral infections, or inflammatory reactions of noninfectious origin cause small to moderate increases
in PCT levels. The diagnostic capacity of PCT is very important to distinguish systemic inflammations of infectious
origin from etiologies other than infection. The role of PCT in r-axSpA remains limited.'* In real-world clinical decision-
making, emerging biomarkers (eg, fecal calprotectin or novel stool proteins like chymotrypsin C and gelsolin) demon-
strate advantages over CRP and ESR by offering higher specificity for localized intestinal inflammation, reduced
susceptibility to systemic confounders, and better correlation with mucosal healing in conditions like inflammatory
bowel disease (IBD). While CRP and ESR remain widely used due to low cost and rapid availability, their nonspecific
elevation in non-intestinal inflammation (eg, infections, autoimmune disorders) often limits diagnostic precision,
particularly in distinguishing IBD activity from extraintestinal inflammation. The value of newer biomarkers lies in
their ability to complement existing markers through non-invasive monitoring of treatment response and relapse
prediction. For instance, fecal biomarkers show superior sensitivity to early mucosal inflammation compared to CRP/
ESR, enabling earlier therapeutic adjustments without repeated endoscopy. However, CRP retains utility in acute-phase
systemic inflammation assessment (eg, sepsis or postoperative monitoring). Integrating both approaches—combining
systemic markers (CRP/ESR) with tissue-specific biomarkers—may optimize clinical decision-making by balancing
specificity, cost-effectiveness, and patient acceptability.

Studies have shown that in the absence of bacterial infection, elevated levels of PCT are observed in patients with
certain inflammatory diseases, such as Kawasaki disease'* and gouty arthritis.'> In addition, previous studies have shown
that PCT is associated with disease activity in a variety of diseases.'>"'” However, the role and significance of PCT in
non-infectious inflammatory diseases, such as r-axSpA, especially its association with disease activity and joint
involvement, needs to be further explored. The aim of this study was to investigate the correlation between PCT levels,
ASDAS, and hip involvement in patients with r-axSpA, with a view to providing new perspectives on the clinical

diagnosis and disease monitoring.

Materials and Methods

Subjects of Study
This prospective study included 100 patients with r-axSpA from January 2020 to January 2024 in the First Affiliated
Hospital of Guangzhou University of Chinese Medicine.

Inclusion criteria: (1) Patients who met the Diagnostic criteria for ankylosing spondylitis;'® (2) Patients with complete
clinical data; (3) Patients with age >18 years; (4) Patients with disease duration > 1 year.

Exclusion criteria: (1) patients with rheumatoid arthritis and systemic lupus erythematosus; (2) patients with abnormal
spinal function due to other etiologies; (3) patients with hepatic, renal, and cardiac insufficiency; (4) patients with severe
medical diseases; (5) patients with cerebrovascular diseases; (6) Patients with systemic infections caused by bacteria,
fungi and viruses; (7) patients who had been treated with corticosteroids in the last 3 months; (8) patients with
communication disorders. During the same period, 52 age- and gender-matched healthy subjects who came to our
hospital for physical examination were included in the control group. The study was approved by the Ethics Committee
of The First Affiliated Hospital of Guangzhou University of Chinese Medicine, and all patients gave informed consent
and signed a protocol.
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Clinical Data

The time of the day when the patient presented with clinical symptoms related to r-axSpA and was admitted to the hospital
with a diagnosis of r-axSpA was used as the baseline period. Data on age, duration of disease, previous extra-articular
manifestations (eg, uveitis, Achilles tendonitis, peripheral arthritis), smoking history, gender, BMI, and medication use
were collected from all patients at enrollment. The BASDAI (Bath Ankylosing Spondylitis Disease Activity Index) and
(BASFI Bath Ankylosing Spondylitis Functional Index) were also collected at baseline in the form of a completed scale,
and the Ankylosing Spondylitis Disease Activity Score (ASDAS) was calculated on the basis of the collected data.

ASDAS

On the same day, patients underwent clinical and laboratory evaluations. Disease activity was assessed by ASDAS in
each AS patient 24 h after admission to the hospital.19 ASDAS < 1.3, 1.3 < ASDAS < 2.1, 2.1 < ASDAS < 3.5, and
ASDASZ>3.5 correspond to disease remission, low disease activity, high disease activity, and very high disease activity,
respectively. ASDAS was calculated based on C-reactive protein (CRP) level: ASDAS-CRP = 0.12 x Back Pain + 0.06 x
Duration of Morning Stiffness + 0.11 x Patient Global + 0.07 x Peripheral Pain/Swelling + 0.58 x Ln (CRP + 1).

Diagnosis of Hip Involvement

Hip involvement was evaluated using the BASRI-hip scale, ranging from 0 to 4. 0 signifies a normal condition (absence
of injury, no hip changes as seen in radiographs); 1 indicates a dubious condition (possibly localized narrowing of the
joint space), 2 denotes a mild condition (obvious hip lesion with a circumferential narrowing exceeding 2 mm); 3
represents a moderate condition (obvious hip lesion with a periarticular joint space constriction of < 2 mm, or bone-to-
bone alignment of < 2 cm); 4 indicates a severe condition (bone distortion or bone-to-bone alignment under 2 cm or the
necessity for complete hip replacement). Hip involvement in imaging was identified by a BASRI hip score of 2 or higher.
Two skilled doctors assessed BASRI hip engagement using pre-surgery pelvic X-rays. In cases where the two doctors’
scores differed, the ultimate score was assigned by a different seasoned senior surgeon.?’

Measurement of Serum PCT Levels and Blood Biochemical Levels

Fasting venous blood (5 mL) was collected from patients and centrifuged at 3000 rpm for 5 min. Serum PCT levels
(normal range < 0.05 ng/mL) were measured using ECLIA (Roche, Cobas 6000) within 24 h of sample collection.
Laboratory parameters such as ESR, CRP and HLA-B27 were measured by blood biochemical detection.

Statistical Analysis

All statistical analyses were performed by SPSS software 24.0. Continuous information was presented as mean =+
standard deviation, continuous data not following a normal distribution as a median (Q1-Q3), and categorical factors
as frequencies and percentages. The Student’s z-test or Mann—Whitney U-test facilitated the comparison of continuous
variable differences, whereas the chi-square test or Fisher’s exact test was employed for categorical variables.
Association between variables was detected by Spearman correlation analysis. BASDAI and ESR were analyzed as
confounding variables using binary logistic regression models to analyze the correlates of r-axSpA hip involvement. The
diagnostic value of PCT and ASDAS was investigated using ROC. P < 0.05 was considered a significant difference, and
the data were visualized by Prism 8.0.

Results

Demographic Characteristics and General Clinical Information

The demographic characteristics and laboratory parameters between r-axSpA patients and healthy controls are shown in
Table 1. The differences between age, gender, BMI, smoking history, alcohol history, and family history of r-axSpA
between the two groups were not statistically significant (P > 0.05). WBC, CRP, ESR were higher in patients with
r-axSpA than in healthy controls (P < 0.05). Leukocytes are often elevated in patients with infectious diseases, whereas
our baseline results showed insignificant changes in serum leukocytes in patients with r-axSpA.
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Table | Demographic Characteristics and General Clinical Data of AS Patients and Healthy

Patients

Data AS Patients (n = 100) | Healthy Controls (n = 52) | p-value
Age (years), mean+SD 3824 £ 12.5 3705+ 11.6 0.569
Gender (m/f), n (%) 81/19 42/10 >0.999
BMI (kg/m?), mean + SD 2343 £ 43 24.12 £ 4.06 0.34
Smoking history, n (%) 53 (53.00%) 24 (46.15%) 0.495
Alcohol history, n (%) 16 (16.00%) 14 (26.92%) 0.134
Family history of AS, n (%) 15 (15.00%) I (1.92%) 0.012
Leukocytes (x 10%/L) 7.16 = 1.84 6.83 £ 1.76 0.289
CRP (mg/L), median (Q1-Q3) 14.85 (3.5-36.5) - -
ESR (mm/h), mean * SD 4091 + 6.36 - -
BASDAI, median (QI-Q3) 3.6 (2.3-5.6) - -
BASFI, median (QI1-Q3) 3.7 (1.2-84) - -
ASDAS, mean * SD 2.80 * 0.65 - -

Abbreviations: AS, ankylosing spondylitis; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index, ASDAS, Disease
Activity Score.

Clinical Data of r-axSpA Patients with Hip Involvement
Based on the BASRI-hip scores of r-axSpA patients, the patients were divided into three subgroups, namely, no
involvement group, mild involvement group, and moderate-to-severe involvement group (Table 2). The differences

Table 2 Clinical Characteristics Between the Three AS Subgroups

Data No Involvement | Mild Involvement | Moderate-to-Severe p-value
(n =25) (n =38) Involvement (n = 37)
Age (years), mean * SD 3824 +9.14 3387 £ 10.75 29.02+ 94 | 0.0019
Gender (m/f) 19/6 30/8 32/5 0.54
BMI (kg/m?), mean % SD 2 473+ 3.58 23.61 + 325 22.12 + 3.02 0.003
Alcohol history, n (%) 6 (24.00%) 10 (26.32%) 10 (27.03%) 0.964
Smoking history, n (%) 12 (48.00%) 21 (55.26%) 20 (54.05%) 0.841
Family history of AS, n (%) 3 (12.00%) 5 (13.16%) 6 (16.22%) 0.879
Disease duration (years), mean + SD | 8.67 + 5.32 9.24 + 486 9.33+4.95 0.874
Leukocytes (x 10%/L) 7.06 + 1.96 7.1 £ 1.64 7.30 £ 1.94 0.856
CRP (mg/L), median (QI-Q3) 12.1 (3.46-20.66) 15.4 (4.34-30.23) 17.53 (9.35-36.45) < 0.001
ESR (mm/h), meantSD 39.40+6.46 40.40+6.15 42.45+6.34 0.149
BASDAI, median (QI-Q3) 3.8 (2.5-5.6) 3.6 (2.3-5.5) 3.6 (2.5-5.3) 0.775
BASFI, median (QI-Q3) 2.7 (1.24.9) 3.7 (1.6-5.8) 4.0 (1.6-8.4) <0.001
ASDAS, median (QI-Q3) 2.4 (1.4-3.0) 2.6 (1.8-4.0) 32 (2.1-44) <0.001
HLA-B27, positive (%) 23 (92.00%) 33 (86.84%) 33 (89.20%) 0.814
Medication
NSAIDs, n (%) 15 (60.00%) 25 (65.79%) 23 (62.16%) 0.889
DMARDS, n (%) 9 (36.00%) 15 (39.47%) 17 (45.95%) 0.716
TNF-a inhibitors, n (%) 13 (52.00%) 19 (50.00%) 18 (48.65%) 0.967
Extra-articular manifestation
Uveitis, n (%) 2 (8.00%) 5 (13.16%) 5 (13.51%) 0.776
Achilles tendonitis, n (%) 3 (12.00%) 6 (15.79%) 5(13.51%) 0.908
Peripheral arthritis, n (%) 5 (20.005) 17 (44.74%) 15 (40.54%) 0.118

Abbreviations: AS, ankylosing spondylitis; CRP (<10 mg/L), C-reactive protein; ESR (0—15 mm/h), erythrocyte sedimentation rate; BASDAI,
Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; ASDAS, Disease Activity Score;
NSAIDs, non-steroidal anti-inflammatory drugs; DMARDS, disease modifying anti-rheumatic drugs; TNF-a inhibitors, tumor necrosis factor
inhibitors.
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between the sex ratio, alcohol history, smoking history, family history of r-axSpA, disease duration, leukocytes, ESR,
BASDAI, HLA-B27, proportion of different drug treatments, and extra-articular manifestations of the patients in the
three groups were not statistically significant (P > 0.05). Differences between age, BMI, CRP, BASFI, and ASDAS were

statistically significant (P < 0.05).

PCT Expression Levels and ASDAS
R-axSpA patients had significantly higher serum PCT levels (0.08 [0.06-0.12] ng/mL) than healthy controls (0.03

[0.02-0.05] ng/mL), suggesting that PCT may not be the only marker of infection, but can also be an indicator of
inflammation in patients with aseptic r-axSpA. The highest serum PCT levels were found in the hip moderate-to-severe
involvement group [0.1 (0.06-0.12) ng/mL], followed by the mild involvement group [0.08 (0.06—0.11) ng/mL], and the
lowest in the no involvement group [0.07 (0.05-0.1) ng/mL] (p < 0.05). Patients in the moderate-to-severe involvement
group had highest ASDAS [3.19 (2.1-4.42)], followed by the mild involvement group [2.6 (1.82-3.95)] and no
involvement group [2.44 (1.41-3.02)] (p < 0.05) (Figure 1).

Correlation Between Serum PCT Levels, ASDAS, and Hip Involvement in Patients
with r-axSpA

Spearman correlation analysis showed that serum PCT and ASDAS were positively correlated with the degree of hip
involvement (rg = 0.490, ry = 0.488). Serum PCT levels showed a correlation with ASDAS in r-axSpA (r; = 0.423)

(Figure 2).
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Figure 2 Spearman’s analysis of the correlation between serum PCT levels, ASDAS, and Hip joint involvement.
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Diagnostic Value of Serum PCT Level and ASDAS in Hip Involvement in Patients with
r-axSpA

The AUC value of serum PCT in predicting hip involvement was 0.723, with a specificity of 60.00% and a sensitivity of
77.33%, and the AUC value of ASDAS was 0.754, with a specificity of 92.00% and a sensitivity of 54.67%. Further, we
analyzed the diagnostic value of both serum PCT and ASDAS in the severity of hip joint involvement, in which the AUC
of serum PCT was 0.733, with a specificity of 71.05% and a sensitivity of 64.86%, and the AUC of disease activity score
was 0.718, with a specificity of 71.05% and a sensitivity of 70.27% (Figures 3 and 4, Tables 3 and 4).

ROC curve: ROC analysis between
hip involvement and no involvement
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Figure 3 ROC curves of PCT and ASDAS in distinguishing Hip involvement in AS patients.
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Figure 4 ROC curves of PCT and ASDAS in differentiating the severity of Hip involvement in AS patients.
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Table 3 ROC Analysis of PCT (0.05-0.5 ng/mL), ASDAS Scores in Differentiating Whether Hip
Involvement Occurs in AS Patients

Variables | AUC | Cut-off Value | 95% CI False Positive | False Negative | P-value
PCT 0.723 | 0.075 (ng/mL) | 0.607-0.839 | 40.00% 22.67% 0.0009
ASDAS 0.754 | 2.865 0.656-0.853 | 8.00% 45.33% 0.0001

Table 4 ROC Analysis of PCT and ASDAS Scores in Differentiating the Severity of Hip
Involvement in AS Patients

Variables | AUC | Cut-off Value | 95% CI False Positive | False Negative | P-value
PCT 0.733 | 0.085 (ng/mLL) | 0.619-0.846 | 28.25 35.14 0.0005
ASDAS 0.718 | 2.965 0.601-0.835 | 28.95 29.73 0.0012

Table 5 Binary Logistic Regression Analysis of Hip Involvement

in AS Patients
Variables B S.E. z P OR (95% CI)
CRP 0.18 | 0.08 | 2.22 0.027 1.20 (1.02~1.41)
PCT 0.1 0.03 | 3.31 | <0.001 111 (1.04~1.18)
ASDAS 1.82 | 0.72 | 2.55 0.011 6.19 (1.52~25.12)
BASFI 1.13 | 041 | 2.79 0.005 3.10 (1.40~6.86)

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval.

Multifactorial Analysis of Factors Affecting r-axSpA Hip Involvement

Next we performed a multifactorial logistic regression analysis, assigning a value of 0 to no involvement and a value of 1
to hip involvement. Factors with a significant difference of P < 0.05 in the above results were included in the
multifactorial binary logistic regression analysis: age (P = 0.0063), BMI (Body Mass Index) (P = 0.0017), BASRI
(Bath Ankylosing Spondylitis Radiology Index) (P < 0.0001), CRP (P = 0.0001), PCT (P < 0.0001), and ADDAS (P <
0.0001). Since BASDAI and ESR were reported to be statistically significant in r-axSpA hip involvement, these two
metrics were also included in the multifactorial regression analysis. After adjusting for confounders, CRP, PCT, ASDAS,
and BASFI scores were independently associated with hip involvement (Table 5).

Discussion

R-axSpA mainly involves the spine and sacroiliac joints, with the common symptoms of lumbosacral stiffness and
pain.?! Hip joint involvement is also a common manifestation and one of the most significant causes of disability among
AS patients.> Hip joint involvement in r-axSpA indicates a gradual aggravation of the disease, which in severe cases can
lead to joint deformity and disability.>>** Early diagnosis of r-axSpA hip involvement is important for early intervention
and reduction of disability. In patients with r-axSpA, elevated PCT levels may reflect an increased inflammatory state,
which is closely related to disease activity and joint involvement. Among patients with r-axSpA, those with combined hip
involvement have significantly higher levels of CRP than those without combined hip involvement in terms of laboratory
markers, suggesting that hip involvement may be associated with higher levels of inflammatory response.?>*> Although
the study did not directly mention changes in PCT levels, CRP and PCT are usually elevated together during
inflammation.”® These findings imply that PCT levels may be associated with hip involvement in patients with
r-axSpA, and that higher PCT levels may indicate a more active inflammatory process. Our findings validated the
conjecture, as serum PCT was significantly elevated in r-axSpA patients compared with healthy controls. Furthermore, in
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a subgroup of r-axSpA patients with different degrees of hip involvement, we found that the higher the degree of hip
involvement, the higher the level of PCT.

ASDAS has been performed using the BASDAI*"-*®* BASDALI is a combination of six indicators based on patient self-
report, whereas ASDAS is a composite scoring system that combines patient self-report and laboratory markers of
inflammation (CRP, ESR). BASDALI focuses on the patient’s subjective experience, whereas ASDAS provides a more
comprehensive assessment by integrating CRP or ESR.*® In our study, ASDAS increased with increasing hip involve-
ment in all three subgroups. Similar to our results, previous studies have found that patients with severe r-axSpA have
higher ASDAS.®*° We performed Spearman correlation analyses and found that PCT levels and ASDAS were positively
correlated with the degree of r-axSpA hip involvement, respectively. In addition, there was also a correlation between
PCT levels and ASDAS. PCT has been reported to be positively correlated with ASDAS in patients with r-axSpA, but no
significant difference can be observed.'®>' Our data showed a smaller correlation coefficient between PCT levels and
ASDAS, and the reason for statistical significance may be that our study had more cases. Finally, PCT level and ASDAS
had diagnostic value in hip involvement and disease severity. These results suggest that the monitoring of serum PCT
levels in patients with r-axSpA not only reflects inflammation, but may also predict fluctuations in disease activity, which
is potentially valuable for the early recognition of disease progression.

Finally, our study has some limitations yet. Although some confounders were adjusted in logistic regression, others like
concomitant infections, metabolic disorders, or medication effects (NSAIDs, biologics, DMARDs) were not deeply explored.
These could influence both PCT and ASDAS. While PCT is shown to correlate with disease severity, its clinical applicability
remains uncertain. First, this is a single-center study with a small sample size. Second, we excluded patients with co-
infections. Future studies involving more patients with active r-axSpA and co-infections in patients with active r-axSpA will
help to further evaluate the clinical relevance of PCT. Then, surgery or trauma may increase PCT levels, which should be
measured repeatedly. And we did not follow the response to treatment and the dynamic changes in PCT levels and ASDAS
after treatment. Although our study initially revealed the potential value of serum PCT in the assessment of r-axSpA hip
involvement, further in-depth studies are needed in this area. Future studies should focus on the dynamic changes of PCT in
different disease stages and treatment responses, as well as its comparison with other inflammatory markers, to determine the
optimal use of PCT in the clinical management of r-axSpA. In addition, exploring the exact mechanism of PCT in r-axSpA,
including its specific role in the inflammatory response, will help us to gain a deeper understanding of the pathophysiologic
process of r-axSpA and provide new ideas for disease prevention and treatment.
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