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Background: The relationship between preoperative inflammatory activity and postoperative functional outcomes following total hip
arthroplasty (THA) in patients with ankylosing spondylitis (AS) has not been fully elucidated. This study aimed to evaluate the
predictive value of preoperative inflammatory markers for postoperative functional outcomes in patients with AS undergoing THA.
Methods: Employed a retrospective research method. A total of 541 AS patients (739 hips) who underwent primary THA between
2003 and 2019 were analyzed. Preoperative inflammatory markers, including erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), fibrinogen (FIB), and D-dimer (D-D), were measured. Functional outcomes were assessed using the Bath Ankylosing
Spondylitis Functional Index (BASFI), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and Harris Hip Score (HHS).
Results: Patients with higher baseline ESR levels experienced greater functional improvement postoperatively. Specifically, a higher
baseline ESR was associated with an increased probability of BASFI improvement, with an adjusted relative risk of 0.72 per unit
increase in In(ESR). Clinically meaningful improvements were observed, with BASFI decreasing by an average of 18.5 points and
HHS increasing by 46.2 points, both exceeding minimal clinically important differences.

Conclusion: These findings suggest that elevated preoperative inflammatory markers, particularly ESR, are not contraindications for
THA in AS patients. Instead, they may indicate a greater capacity for postoperative functional recovery. The study supports a proactive
surgical approach in appropriately selected AS patients, emphasizing the need for individualized assessment and consideration of
systemic inflammation as a potential marker of postoperative improvement rather than a barrier to surgical intervention. These insights
could refine surgical decision-making and optimize timing for THA in AS patients.
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Introduction
Ankylosing spondylitis (AS), also referred to as radiographic axial spondyloarthritis, is a chronic inflammatory rheumatic
disorder that predominantly affects the axial skeleton and sacroiliac joints. The estimated global prevalence ranges from
0.1% to 1.4%." Hip joint involvement has been reported in approximately 24%-36% of patients with AS, often resulting
in substantial functional limitation and decreased quality of life.”® Multicenter investigations have indicated that hip
arthritis in patients with AS is frequently bilateral, occurring in up to 90% of cases, and may progress to end-stage hip
joint destruction within 5-10 years of disease onset.*

Total hip arthroplasty (THA) has been established as the most effective surgical intervention for patients with AS and
end-stage hip involvement, producing significant improvements in pain relief, functional recovery, and quality of life.’

Recent systematic reviews have reported long-term implant survival rates of 85%-95% at 10 years post-THA in this
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Graphical Abstract

Impact of Preoperative Inflammatory Markers on THA Outcomes in AS Patients
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Elevated preoperative inflammation should not preclude THA surgery in AS patients

population.® However, these patients present unique surgical challenges due to their younger age at surgery, altered hip
biomechanics, and persistent systemic inflammation.’

Historically, elevated preoperative inflammatory markers, including erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), fibrinogen (FIB), and D-dimer (D-D), have been considered relative contraindications for major orthopedic
surgeries.8 This is based on the theoretical increased risk of perioperative complications, particularly surgical site infection
and impaired wound healing.” A meta-analysis of orthopedic procedures indicated that preoperative CRP levels exceeding
10 mg/L were associated with a 1.8-fold increased risk of surgical site infection in general orthopedic populations.lo

The association between preoperative inflammatory status and postoperative functional outcomes in patients with AS
undergoing THA remains poorly characterized. Published evidence is inconsistent, with some studies suggesting that
disease activity does not necessarily predict poor surgical outcomes.'' This knowledge gap is particularly relevant, as
patients with AS frequently exhibit persistently elevated inflammatory markers, even during periods of clinical remission.'*

The influence of inflammatory markers on surgical outcomes in AS represents a critical clinical consideration.
Although systemic inflammation is a hallmark of active disease, its role as a predictor of postoperative functional
recovery remains unclear. This uncertainty may contribute to delays in surgical intervention, potentially affecting the
optimal timing of THA."?

The commonly used inflammatory markers for AS in clinical practice include erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), fibrinogen (FIB), and D-dimer (D-D). ESR and CRP are the most commonly used inflamma-
tory biomarkers in clinical practice for monitoring AS disease activity and are recommended by international guidelines
including ASAS-EULAR recommendations.'* They are readily available, cost-effective, and routinely measured in
preoperative assessment. Fibrinogen is an acute-phase protein that reflects systemic inflammation and has been shown
to correlate with disease activity and radiographic progression in AS patients.'> D-dimer reflects both inflammation and
hypercoagulability, which are clinically relevant in AS patients undergoing major orthopedic surgery due to increased
perioperative thrombotic risk associated with chronic inflammation.'®

Consequently, this large-scale, single-center cohort study was conducted to evaluate the relationship between
preoperative inflammatory markers and functional improvement following THA in patients with AS. It was hypothesized

Journal of Inflammation Research 2026:19

2 https:



Man et al

that elevated preoperative inflammatory markers do not adversely impact postoperative functional outcomes, thereby
challenging the traditional perspective that active inflammation should delay surgical intervention.

Methods

Patient Selection
A retrospective cohort study was conducted at Beijing Jishuitan Hospital, National Center for Orthopedics, a tertiary
referral center specializing in musculoskeletal disorders, covering the period from January 2003 to October 2019.
Patients were selected based on established indications for THA in AS. All participants fulfilled the Modified
New York criteria (1984) for AS diagnosis.'”

The primary indications for surgery included (1) persistent hip pain refractory to conservative management, including

18,19

physiotherapy and pharmacological interventions; (2) significant functional impairment affecting activities of daily

living;* (3) radiographic evidence of advanced hip joint destruction, irrespective of patient age;'’

and (4) severe
limitation in hip range of motion (ROM) or hip ankylosis.?'

Between 2003 and 2019, 902 patients with AS underwent THA at the institution. Of these, 182 patients (20.2%) were
excluded due to incomplete baseline data (n = 145, 16.1%) or prior hip resurfacing arthroplasty (n =37, 4.1%). An additional
79 patients (8.7%) were lost to follow-up despite multiple contact attempts via telephone, email, and WeChat. During data
quality control, 100 patients (11.1%) were further excluded owing to incomplete or inconsistent data (n = 65, 7.2%), missing
key laboratory parameters exceeding 20% (n = 23, 2.5%), or follow-up duration shorter than 22 months (n = 12, 1.3%).

The final study cohort comprised 541 patients with AS (739 hips) with complete datasets available for analysis

(Figure 1). The mean follow-up duration was 30 months (range: 22—247 months). The study protocol received approval
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Figure | Flow diagram illustrating the patient selection process for patients with AS undergoing THA between January 2003 and October 2019. A total of 902 consecutive
patients with AS were considered, with final inclusion of 541 patients (739 hips).
Abbreviations: AS, ankylosing spondylitis; THA, total hip arthroplasty.
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from the Institutional Ethics Committee (project number: K2024015-00), and all participants provided informed consent.
Data collection was performed by two independent observers who were not involved in surgical interventions or clinical
assessments to minimize potential bias.

Clinical and Laboratory Assessments

Demographic variables included age at the time of surgery (years), sex, body mass index (BMI, kg/m?), residence status
(urban or rural), employment status, and educational attainment (higher education). Clinical characteristics comprised
family history of AS, history of tobacco or alcohol use, age at disease onset (years), age at diagnosis (years), disease
duration (years), and extra-articular manifestations including acute anterior uveitis, psoriasis, and inflammatory bowel
disease. Prior therapeutic interventions were recorded, including anti-osteoporosis medications, corticosteroids, nonster-
oidal anti-inflammatory drugs, disease-modifying antirheumatic drugs, and biologic agents.

Preoperative functional status was evaluated through hip flexion contracture (degrees), presence of bony fusion, and
ROM (degrees). Disease activity and severity were assessed using standardized instruments, including the Rheumatic
Disease Comorbidity Index,”” Bath Ankylosing Spondylitis Disease Activity Index (BASDAI),”® Bath Ankylosing
Spondylitis Functional Index (BASFI),”* Physical Component Summary (PCS),”> Mental Component Summary
(MCS) of the SF-36,%° Harris Hip Score (HHS),? and Ankylosing Spondylitis Quality of Life questionnaire (ASQOL).?’

Laboratory assessments included white blood cell count (x 10°/L), hemoglobin (g/L), lymphocyte count (x 10%/L),
ESR (mm/hour), CRP (mg/L), serum albumin (g/L), total cholesterol (mmol/L), FIB (g/L), D-D (mg/L), and human
leukocyte antigen B27 status.

Surgical parameters documented included surgery type (unilateral, staged bilateral, or simultaneous bilateral),
prosthetic femoral head diameter (mm), and bearing surface material combination (ceramic-on-ceramic, ceramic-on-
polyethylene, metal-on-polyethylene, or metal-on-metal). All laboratory assessments were conducted according to
standardized protocols in the institution’s central laboratory.

Patient Grouping

Patients were categorized into two groups according to the degree of improvement in the BASFI at 24 + 2 months
following total hip arthroplasty. In alignment with clinically meaningful thresholds established in prior studies,” >’
patients who exhibited a BASFI improvement of > 20 were classified as the “good improvement group”, whereas those
with a BASFI improvement of < 20 were categorized as the “suboptimal improvement group”. This stratification
facilitated the evaluation of variables potentially associated with postoperative functional outcomes following THA in
patients with AS. Patients with comorbidities were not excluded; however, laboratory assessments were conducted during

clinically stable periods, avoiding acute exacerbations of metabolic, cardiovascular, or other systemic conditions.

Management of Biologic Drug Use

Our institution followed evolving best-practice guidelines for managing immunosuppressive therapies. For surgeries
performed before 2017, biologic DMARDs were discontinued at least 1 month prior to surgery. Following publication of
the 2017 ACR/AAHKS guideline,’' our practice transitioned to withholding biologic DMARDs for one dosing cycle
before surgery and resuming after wound healing. Conventional synthetic DMARDs (csDMARDs) were continued
throughout the perioperative period as recommended.

Statistical Analysis
This retrospective cohort study included consecutive patients with AS who underwent primary THA at the institution
between January 2003 and October 2019. Of 902 eligible patients, 541 (739 hips) with complete datasets were included
in the final analysis after the exclusion of those with incomplete baseline data (n = 145), prior hip resurfacing arthroplasty
(n = 37), or loss to follow-up (n = 79).

Statistical analyses were conducted using SPSS software, version 26.0 (IBM Corp., Armonk, NY, USA), and
R software, version 4.1.0. The Shapiro—Wilk test was applied to assess the distribution of continuous variables. As
most continuous variables did not conform to a normal distribution, they were expressed as medians with interquartile
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ranges (IQRs) and compared using the Mann—Whitney U-test. Categorical variables were summarized as frequencies and
percentages, with comparisons performed using the chi-square test or Fisher’s exact test, as appropriate.

Patients were categorized into two groups according to functional improvement at 24 + 2 months post-THA: the
“good improvement group” (BASFI improvement > 20; n = 337) and the “suboptimal improvement group” (BASFI
improvement < 20; n = 402). This cutoff was determined based on previously established thresholds for clinically
meaningful improvement in patients with AS.

To examine factors associated with functional improvement, both univariate and multivariate logistic regression
analyses were conducted. Variables with a p-value < 0.1 in univariate analysis were included in the multivariate model.
Age and gender were retained in the multivariate analysis regardless of statistical significance due to their recognized
clinical importance. Results were expressed as odds ratios (ORs) with corresponding 95% confidence intervals (Cls).

During the preliminary analysis, inflammatory markers, including ESR, CRP, FIB, and D-dimer, exhibited right-
skewed distributions, which could have affected the validity of the statistical models. To address this non-normality and
enhance model performance, natural logarithmic transformations were applied to these variables (denoted as LnESR,
LnCRP, LnFIB, and LnDD). This transformation produced approximately normal distributions and enabled more
accurate estimation of their associations with functional outcomes.

The logarithmic transformation also facilitated a more meaningful interpretation of effect sizes, as a one-unit increase
on the logarithmic scale corresponds to a multiplicative change in the original scale, thereby better reflecting the
biological relationships between inflammatory activity and clinical outcomes. For the inflammatory markers, parallel
analyses were performed using both untransformed and logarithmically transformed data to assess robustness. The log-
transformed variables demonstrated stronger associations with functional outcomes, exhibiting higher odds ratios and
improved statistical significance compared to untransformed values. These findings indicated a non-linear relationship
between preoperative inflammatory marker levels and postoperative functional improvement.

All statistical tests were two-sided, and a value of p < 0.05 was considered indicative of statistical significance. Effect
sizes for regression analyses were expressed as odds ratios. Graphical representations illustrating the distribution of
inflammatory markers across the two outcome groups were generated using GraphPad Prism software, version 9.0.

Results

Baseline Characteristics

Among 739 hips in 541 patients with AS who underwent total hip arthroplasty, 337 hips (45.6%) achieved substantial
functional improvement (BASFI improvement > 20), whereas 402 hips (54.4%) demonstrated suboptimal improvement.
The cohort was predominantly male (84.2%) with a median age of 35.00 years at the time of surgery.

Patients with greater postoperative functional improvement exhibited significantly higher preoperative inflammatory
markers, including ESR (27.00 vs 23.00 mm/hour, p = 0.015), CRP (12.40 vs 9.45 mg/L, p = 0.004), FIB (3.31 vs 3.14 g/
L, p = 0.012), and D-D (0.43 vs 0.35 mg/L, p < 0.001).

Additionally, patients with better postoperative outcomes had poorer preoperative functional status, as reflected by
lower PCS scores (23.45 vs 27.12, p < 0.001; lower HHS: 39.00 vs 43.00, p < 0.001), greater disease activity (BASDALI:
6.00 vs 5.20, p < 0.001), and greater functional impairment (BASFI: 7.20 vs 5.40, p < 0.001).

Surgical strategies differed significantly between groups (p < 0.001), with the good improvement group undergoing
a higher proportion of bilateral procedures (staged: 46.6% vs 37.3%; simultaneous: 12.2% vs 8.0%) and receiving larger
femoral head prostheses (p = 0.004) (Table 1 and Figure 2).

The cohort had a median BMI of 21.80 kg/m*> (IQR: 19.70-24.20). Per WHO Asian-Pacific criteria, 12.0% were
underweight, 75.0% normal weight, 10.6% overweight, and 2.4% obese. The prevalence of major comorbidities was low:
cardiovascular events (4.3%), hypertension (3.8%), fracture history (6.2%), depression (2.0%), and liver disease (2.8%).

Postoperative Outcomes and Patient Satisfaction
At the 24-month follow-up, patients with substantial functional improvement (BASFI improvement > 20) exhibited
superior postoperative outcomes and had higher preoperative inflammatory markers. This group demonstrated enhanced
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Table | Baseline Characteristics of Patients According to BASFI Improvement

Characteristics Total (n=739) BASFI Improvement =220 | BASFI Improvement <20 | P value

(n=337) (n=402)
Demographics
Age at surgery, years 35.00 (29.00—42.00) 34.00 (28.00—41.00) 36.00 (30.00—43.00) 0.099
Gender, male 622 (84.2) 288 (85.5) 334 (83.1) 0.054
BMI, kg/m? 21.80 (19.70-24.20) 21.60 (19.50-24.00) 22.00 (19.90-24.30) 0.049*
Urban residence 529 (71.6) 245 (72.7) 284 (70.6) 0.141
Employed 511 (69.1) 240 (71.2) 271 (67.4) 0.100
Higher education 431 (58.3) 204 (60.5) 227 (56.5) 0.808
Clinical features
Family history 89 (12.0) 42 (12.5) 47 (11.7) 1.000
Smoking history 283 (38.3) 127 (37.7) 156 (38.8) 0.065
Drinking history 196 (26.5) 87 (25.8) 109 (27.1) 0.001*
Age at onset, years 22.00 (18.00-28.00) 22.00 (18.00-27.00) 23.00 (18.00-29.00) 0.019*
Age at diagnosis, years 25.00 (20.00-31.00) 24.00 (20.00-30.00) 26.00 (20.00-32.00) 0.029*
Disease duration, years 10.00 (6.00—-15.00) 10.00 (6.00—-15.00) 10.00 (6.00—-15.00) 0.762
Extra-articular manifestations
AAU 189 (25.6) 82 (24.3) 107 (26.6) 0.472
PSO 43 (5.8) 18 (5.3) 25 (6.2) 0.614
IBD 37 (5.0) 15 (4.5) 22 (5.5) 0.535
Treatment history
Anti-OP drugs 156 (21.1) 68 (20.2) 88 (21.9) 0.572
Steroids 243 (32.9) 105 (31.2) 138 (34.3) 0.359
NSAIDs 651 (88.1) 302 (89.6) 349 (86.8) 0.240
DMARDs 468 (63.3) 209 (62.0) 259 (64.4) 0.498
Biologics 89 (12.0) 43 (12.8) 46 (11.4) 0.584
Preoperative functional parameters
Hip flexion contracture, ° 25.0 (15.0-35.0) 23.0 (14.0-33.0) 27.0 (16.0-37.0) 0.002*
Bony fusion 312 (42.2) 134 (39.8) 178 (44.3) 0.214
Disease assessment
RDCI 1.00 (0.00-2.00) 1.00 (0.00-2.00) 1.00 (0.00-2.00) 0.709
Preoperative BASDAI 5.60 (4.40-6.80) 6.00 (4.80-7.20) 5.20 (4.20-6.40) <0.001*
Preoperative BASFI 6.20 (5.00-7.40) 7.20 (6.20-8.20) 5.40 (4.40-6.40) <0.001*
Preoperative PCS 25.31 (21.13-29.94) 23.45 (19.76-27.53) 27.12 (22.69-31.54) <0.001*
Preoperative MCS 37.76 (31.23-44.82) 37.43 (31.01-44.52) 38.09 (31.4545.12) 0.337
Preoperative HHS 41.00 (35.00—48.00) 39.00 (33.00—46.00) 43.00 (36.00—49.00) <0.001*
Preoperative ASQOL 12.00 (9.00-14.00) 12.00 (9.00-14.00) 12.00 (9.00-14.00) 0.221
Laboratory parameters
WBC, x10°/L 7.12 (5.89-8.52) 7.23 (6.01-8.71) 7.02 (5.82-8.41) 0.092
HGB, g/L 138.00 (128.00-148.00) 139.00 (129.00-149.00) 137.00 (127.00-147.00) 0.095
LYM, x10°/L 1.92 (1.53-2.39) 1.95 (1.55-2.42) 1.89 (1.51-2.36) 0.158
ESR, mm/h 25.00 (13.00—42.00) 27.00 (15.00—44.00) 23.00 (12.00—40.00) 0.015*
CRP, mg/L 10.80 (4.90-24.70) 12.40 (5.60-27.90) 9.45 (4.50-22.55) 0.004*
ALB, g/L 42.30 (39.90—44.60) 42.50 (40.10—44.80) 42.10 (39.70—44.40) 0.065
CHO, mmol/L 4.22 (3.71-4.79) 4.25 (3.74-4.82) 4.19 (3.68-4.76) 0.187
FIB, g/L 3.22 (2.69-3.87) 331 (2.76-3.97) 3.14 (2.63-3.78) 0.012*
DD, mg/L 0.39 (0.22-0.71) 0.43 (0.24-0.79) 0.35 (0.20-0.64) <0.001*
HLA-B27 positive 689 (93.2) 316 (93.8) 373 (92.8) 0.744
Surgery characteristics
Surgery type <0.001*
Unilateral 359 (48.6) 139 (41.2) 220 (54.7)
Bilateral staged 307 (41.5) 157 (46.6) 150 (37.3)

(Continued)
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Table | (Continued).

Characteristics Total (n=739) BASFI Improvement >20 | BASFI Improvement <20 | P value
(n=337) (n=402)

Bilateral simultaneous 73 (9.9) 41 (12.2) 32 (8.0)

Head diameter, mm 28.00 (28.00-28.00) 28.00 (28.00-32.00) 28.00 (28.00-28.00) 0.004*

Weight-bearing surface 0.438

CccC 423 (57.2) 198 (58.8) 225 (56.0)

CP 186 (25.2) 85 (25.2) 101 (25.1)

MP 89 (12.0) 35 (104) 54 (13.4)

MM 41 (5.5) 19 (5.6) 22 (5.5)

ROM, ° 90.00 (70.00—-100.00) 85.00 (65.00-100.00) 90.00 (75.00-105.00) 0.001*

Notes: Values are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables. Comparisons between groups were
performed using Mann—Whitney U-test for continuous variables and 2 test or Fisher exact test for categorical variables. *P < 0.05 was considered statistically significant.
Abbreviations: AAU, acute anterior uveitis; PSO, psoriasis; IBD, inflammatory bowel disease; Anti-OP, anti-osteoporosis; NSAIDs, nonsteroidal anti-inflammatory drugs;
DMARD:s, disease-modifying antirheumatic drugs; RDCI, Rheumatic Disease Comorbidity Index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath
Ankylosing Spondylitis Functional Index; PCS, Physical Component Summary; MCS, Mental Component Summary; HHS, Harris Hip Score; ASQOL, Ankylosing Spondylitis
Quality of Life; WBC, white blood cell; HGB, hemoglobin; LYM, lymphocyte; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ALB, albumin; BMI, body mass
index, CHO, cholesterol; FIB, fibrinogen; DD, D-dimer; HLA-B27, human leukocyte antigen B27; CC, ceramic-on-ceramic; CP, ceramic-on-polyethylene; MP, metal-on-
polyethylene; MM, metal-on-metal; ROM, range of motion.

hip function, with a greater proportion achieving satisfactory flexion ability (96.7% vs 89.8%, p < 0.001), greater HHS
improvement (AHHS: 48.00 vs 38.00, p < 0.001), and more effective disease activity control (84.3% vs 59.0% achieving
clinically significant BASDAI reduction, p < 0.001).

Quality of life measures consistently favored this group, with greater improvements in ASQoL, PCS, and MCS scores
(all p <0.001). Patient-reported satisfaction was markedly higher, with 39.5% of patients in the good improvement group
reporting being “very satisfied” compared with 25.4% in the suboptimal improvement group (p < 0.001) (Table 2).

These findings indicate that elevated preoperative inflammatory markers, including ESR, CRP, FIB, and D-D, should
not be considered contraindications for THA in patients with AS. On the contrary, higher preoperative inflammatory
activity may be associated with greater postoperative functional recovery and higher patient satisfaction, challenging
conventional assumptions regarding the impact of systemic inflammation on surgical outcomes in this population.
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Figure 2 Comparison of preoperative inflammatory markers (ESR, CRP, FIB, D-D) between patients achieving good functional improvement (BASFI improvement 2 20) and
those with suboptimal improvement (BASFI improvement < 20).
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; FIB, fibrinogen; DD, D-dimer; BASFI, Bath Ankylosing Spondylitis Functional Index.
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Table 2 Postoperative Outcomes at 24-Month Follow-Up According to BASFI Improvement

Variables Total (n=739) BASFI Improvement >20 | BASFI Improvement <20 | P value
(n=337) (n=402)

Functional outcomes

Hip flexion ability

Able 687 (93.0) 326 (96.7) 361 (89.8) <0.001*

Unable 52 (7.0) 11 (3.3) 41 (10.2)

Shoes and socks wearing <0.001*

Unable 41 (5.5) 8 (24) 33 (82)

With difficulty 253 (34.2) 102 (30.3) 151 (37.6)

With ease 445 (60.2) 227 (67.4) 218 (54.2)

HHS 85.00 (77.00-91.00) 88.00 (82.00-93.00) 82.00 (74.00-89.00) <0.001*

AHHS 43.00 (34.00-51.00) 48.00 (41.00-55.00) 38.00 (30.00—46.00) <0.001*

Disease activity

BASDAI 2.20 (1.40-3.20) 1.80 (1.20-2.60) 2.60 (1.80-3.60) <0.001*

ABASDAI 3.30 (2.204.40) 4.00 (3.00-5.00) 2.60 (1.60-3.60) <0.001*

BASDAI improvement <0.001*

Significant (22.0) 521 (70.5) 284 (84.3) 237 (59.0)

Moderate (1.1-1.9) 147 (19.9) 41 (12.2) 106 (26.4)

No improvement (<I.I) 71 (9.6) 12 (3.6) 59 (14.7)

Functional assessment

BASFI 2.40 (1.60-3.40) 1.60 (1.00-2.20) 3.20 (2.404.20) <0.001*

ABASFI 3.60 (2.40—4.80) 5.40 (4.60-6.40) 2.20 (1.40-3.00) <0.001*

Quality of life

ASQOL 4.00 (2.00-7.00) 3.00 (1.00-5.00) 5.00 (3.00-8.00) <0.001*

PCS 45.12 (38.76-50.84) 48.23 (42.65-53.12) 42.31 (36.42-47.86) <0.001*

MCS 48.65 (42.32-54.76) 51.34 (45.87-56.98) 46.21 (40.12-52.43) <0.001*

Patient satisfaction

Satisfaction level <0.001*

Not satisfied 31 4.2) 8 (2.4) 23 (5.7)

Fair 89 (12.0) 29 (8.6) 60 (14.9)

Satisfied 384 (52.0) 167 (49.6) 217 (54.0)

Very satisfied 235 (31.8) 133 (39.5) 102 (25.4)

Main cause of dissatisfaction 0.042*

ILD 12 (1.6) 3 (0.9) 922

LLD 8 (I.1) 2 (0.6) 6 (1.5)

ROM 7 (0.9) 1 (0.3) 6 (1.5)

Complications 4 (0.5) 2 (0.6) 2 (0.5)

Notes: Values are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables. Comparisons
between groups were performed using Mann—-Whitney U-test for continuous variables and y2 test or Fisher exact test for categorical variables. *P < 0.05
was considered statistically significant. A indicates the improvement from baseline to 24-month follow-up.

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; HHS, Harris Hip
Score; ASQOL, Ankylosing Spondylitis Quality of Life questionnaire; PCS, Physical Component Summary; MCS, Mental Component Summary; ILD,
inflammatory lung disease; LLD, leg length discrepancy; ROM, range of motion.

Inflammatory Markers as Predictors of Functional Outcomes
Multivariate regression analysis demonstrated that preoperative inflammatory parameters were independent predictors of
functional improvement following THA in patients with AS. Elevated levels of ESR (OR=1.76, 95% CI: 1.28-2.42, p =
0.011), CRP (OR=1.58, 95% CI: 1.17-2.13, p=0.042), FIB (OR=1.83, 95% CI: 1.31-2.56, p = 0.038), and D-D (OR=1.69,
95% CI: 1.25-2.29, p = 0.035) were each associated with an increased likelihood of achieving a BASFI improvement > 20.
Greater preoperative functional improvement was also observed in patients with poorer preoperative functional status,
including higher BASFI scores: OR = 1.86, 95% CI: 1.24-2.78, p = 0.003; higher BASDAI scores: OR = 1.45, 95% CI:
1.07-1.96, p = 0.028; lower HHS: OR = 0.93, 95% CI: 0.87-0.99, p = 0.045). Younger age at surgery (OR = 0.95, 95%
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CI: 0.91-0.99, p = 0.042) was also significantly associated with better functional outcomes (Table 3). Detailed univariate
analysis results are provided in Supplementary Table 1.

Subgroup analysis according to biologic therapy use demonstrated consistent functional improvement patterns across
treatment profiles. Among patients receiving biologic therapy (n=89, 12.0%), functional outcomes were comparable to
those not receiving biologics (n=650, 88.0%). The median BASFI improvement was 3.8 points (IQR: 2.6-5.0) in the
biologic group versus 3.5 points (IQR: 2.4-4.7) in the non-biologic group (p=0.612). Similarly, HHS improvement was
44.0 points (IQR: 35.0-52.0) versus 43.0 points (IQR: 34.0-51.0), respectively (p=0.721). The proportion achieving
BASFI improvement >20 was 48.3% in biologic users and 45.2% in non-users (p=0.584) (Supplementary Table 2).

These functional improvements represent clinically meaningful gains in daily living capacity. A median BASFI
improvement of 3.6 points translates to enhanced ability to perform fundamental activities: patients who previously
struggled to bend forward to pick up objects from the floor or reach overhead shelves regained these abilities. The
median HHS improvement of 43 points reflects transformation from severe functional limitation (preoperative median:
41 points, indicating dependence on assistive devices for ambulation and inability to perform self-care activities) to good
functional recovery (postoperative median: 85 points, representing independent ambulation and self-care). Among
patients in the good improvement group, 96.7% achieved satisfactory hip flexion ability, and 67.4% could wear shoes
and socks with ease—activities that were severely restricted or impossible before surgery.

Table 3 Univariate and Multivariate Analysis of Factors Associated with BASFI Improvement
(Using Natural Logarithm Transformed Variables)

Variables Univariate Analysis | P value | Multivariate Analysis | P value
Demographics

Age at surgery, years 0.89 (0.85-0.94) 0.099 0.95 (0.91-0.99) 0.042*
Gender, male 1.52 (1.12-2.06) 0.054 1.48 (1.08-2.02) 0.061
BMI, kg/m? 0.93 (0.87-0.99) 0.049* 0.94 (0.88-1.01) 0.078
Clinical features

Smoking history 0.95 (0.71-1.28) 0.065 0.97 (0.72-1.31) 0.084
Drinking history 0.93 (0.67-1.29) 0.001* 0.95 (0.68-1.32) 0.075
Age at onset, years 0.96 (0.94-0.99) 0.019% 0.97 (0.95-1.00) 0.067
Age at diagnosis, years 0.97 (0.95-0.99) 0.029* 0.98 (0.96-1.01) 0.082
Laboratory parameters

LnESR 1.85 (1.35-2.54) 0.008* 1.76 (1.28-2.42) 0.01I*
LnCRP 1.67 (1.24-2.25) 0.002% 1.58 (1.17-2.13) 0.042%*
LnFIB 1.92 (1.38-2.67) 0.006* 1.83 (1.31-2.56) 0.038*
LnDD 1.78 (1.32-2.41) <0.001* 1.69 (1.25-2.29) 0.035*
Disease assessment

Preoperative BASDAI 1.72 (1.28-2.31) <0.001* 1.45 (1.07-1.96) 0.028*
Preoperative BASFI 1.98 (1.32-2.97) <0.001* 1.86 (1.24-2.78) 0.003*
Preoperative PCS 0.82 (0.74-0.91) <0.001* 0.88 (0.79-0.98) 0.052
Preoperative HHS 0.91 (0.85-0.97) <0.001* 0.93 (0.87-0.99) 0.045*
Surgery characteristics

Surgery type <0.001* 0.064
Head diameter, mm 1.24 (1.07-1.44) 0.004%* 1.18 (1.02-1.37) 0.073
ROM, ° 0.98 (0.97-0.99) 0.001* 0.99 (0.98-1.00) 0.082
Hip flexion contracture, ° 0.97 (0.95-0.99) 0.002%* 0.98 (0.96—1.00) 0.068

Notes: Values are presented as odds ratio (95% confidence interval). *P < 0.05 was considered statistically significant.
Variables with P < 0.1 in univariate analysis were included in multivariate analysis. Ln represents natural logarithm
transformed values.

Abbreviations: BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath
Ankylosing Spondylitis Functional Index; PCS, Physical Component Summary; HHS, Harris Hip Score; ROM, range of
motion; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; FIB, fibrinogen; DD, D-dimer.
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Discussion

This retrospective cohort study of 541 patients with AS undergoing THA demonstrated an unexpected association
between preoperative inflammatory markers and postoperative functional outcomes. Elevated preoperative levels of ESR,
CRP, FIB, and D-D were associated with greater functional improvement following THA, thereby challenging conven-
tional assumptions regarding the role of systemic inflammation in surgical decision-making.

All four inflammatory markers—ESR, CRP, FIB, and D-D—exhibited positive associations with postoperative
functional recovery. Following logarithmic transformation to account for non-normal distributions, multivariate analysis
indicated that higher preoperative levels of these markers were independently associated with an increased likelihood of
achieving clinically significant functional improvement (BASFI improvement > 20). These findings contrast with
traditional surgical practice, where elevated inflammatory markers have historically been regarded as relative contra-
indications for elective procedures.®**

Several potential mechanisms may explain the observed association. First, patients with higher inflammatory activity
may constitute a subgroup in which joint destruction is predominantly driven by inflammatory processes rather than
mechanical or degenerative changes.'” Braun et al reported that patients with AS and elevated systemic inflammation
frequently exhibit functional limitations that are more likely to be reversible compared with those whose impairments
result mainly from structural joint damage.** Second, elevated preoperative inflammatory markers may reflect a greater
capacity for functional recovery once a major source of inflammation—the affected hip joint—is surgically addressed.*
This concept aligns with findings by Goodman et al, who observed that patients with inflammatory arthritis and higher
preoperative disease activity experienced greater relative functional improvement following arthroplasty, although their
study focused primarily on rheumatoid arthritis rather than AS.*

These findings contribute to the growing body of evidence on perioperative management in inflammatory arthritis.
Similarly, Zhang et al observed that patients with AS who exhibited distinct inflammatory profiles showed variable functional
outcomes following THA, highlighting the complex interactions between systemic inflammation and surgical recovery.’

These observations may have potential clinical implications, suggesting that delaying THA solely based on elevated
preoperative inflammatory markers may not always be warranted. Furthermore, preoperative inflammatory profiles could
potentially serve as one of several factors to inform discussions regarding expected postoperative functional outcomes.*®
However, these potential implications require validation through prospective studies before being applied in clinical practice.

In addition to inflammatory markers, other factors were associated with postoperative functional improvement.
Patients with poorer preoperative functional status (higher BASFI, higher BASDAI lower HHS) experienced greater
postoperative gains.

Younger age at surgery was also associated with better functional outcomes, consistent with previous studies
indicating that younger patients generally achieve superior recovery following arthroplasty.®® This effect of age may
be particularly relevant in AS, in which disease onset typically occurs in early adulthood, and hip involvement often
develops within the first decade of disease.*

The relationship between inflammatory markers and other predictors warrants careful consideration. Patients with
elevated preoperative inflammatory markers frequently exhibited poorer functional status prior to surgery, indicating
a complex interplay of predictive factors. These findings imply that systemic inflammation may function both as a marker
of disease severity and, paradoxically, as an indicator of potential for postoperative functional improvement.*®

Obesity is known to independently elevate inflammatory markers irrespective of disease activity. However, our cohort
was predominantly of normal weight (75.0%), with only 2.4% classified as obese—this demographic distribution
minimizes potential obesity-related confounding. Multivariate regression analyses adjusting for BMI were performed,
and the results demonstrated that the associations between preoperative inflammatory markers and postoperative
functional outcomes remained statistically significant. These findings indicate that the observed relationships primarily
reflect AS-related inflammation rather than confounding by obesity-driven systemic inflammation.

Several limitations of this study should be acknowledged when interpreting the findings. The retrospective design
introduces potential selection and information biases. Although standardized data collection procedures and consecutive
patient inclusion were employed to minimize bias, the retrospective nature precludes definitive causal inference. The
cohort comprised patients from a single tertiary referral center specializing in AS, which may limit the generalizability of
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findings to other clinical settings or populations. The predominance of male patients (84.2%), while reflective of the
typical sex distribution in AS, may further restrict extrapolation of the results to female patients. We note key limitations
of our inflammatory biomarker panel: ESR, CRP, fibrinogen, and D-dimer are non-specific, unable to differentiate AS-
related from other systemic inflammation (eg, infection, obesity). We excluded acute illness/infection and used stable-
state measurements, but chronic comorbidity-related inflammation may persist. Future prospective studies with AS-
specific biomarkers (IL-17, TNF-a, MMP-3) and imaging could clarify disease-specific inflammation-surgical outcome
mechanisms. The extended study period (2003—2019) encompasses evolution in both surgical techniques and medical
management strategies, which may introduce heterogeneity.

Although multiple potential confounders were included in the multivariate models, unmeasured factors such as genetic
variables, medication adherence, and psychosocial determinants could have influenced outcomes. While adjustments were
made for medical therapies, the cumulative effects and interactions of these treatments were not fully captured.
Inflammatory markers were assessed at a single preoperative timepoint; serial measurements would have provided greater
insight into the dynamic nature of inflammation and its impact on postoperative recovery. Postoperative changes in
inflammatory markers were not evaluated, limiting understanding of the relationship between resolution of inflammation
and functional improvement. While patients with comorbidities were not excluded, laboratory assessments were performed
during clinically stable periods. The low prevalence of major comorbidities (<7% for each condition) minimizes their
confounding effect on inflammatory markers. The BASFI used in this study is a comprehensive functional assessment
indicator that cannot distinguish whether the postoperative functional improvement is due to hip joint replacement (the
target site) or the control of spinal inflammation (an inherent manifestation of AS). This may overestimate the enhancement
effect of THA on specific hip joint functions. Future studies can further verify this by combining hip joint-specific scales
(such as HOOS). Patients with high preoperative inflammation often have more severe functional impairments (such as
higher BASFI scores and lower HHS scores). Their greater postoperative functional improvement may partly result from
the “regression to the mean” effect - the natural trend of extreme baseline values approaching the group mean, rather than
the inflammation itself promoting recovery. Although multivariate regression adjusted the baseline function, it still could
not completely eliminate this confounding factor. The sensitivity analysis of this study for the two subgroups from
2003-2010 and 2011-2019 showed that the association trend between inflammation and functional improvement was
consistent (data not shown), but it could not rule out the independent effects of different era prosthesis designs (such as the
widespread use of ceramic bearings) and the increase in the use of biological agents on postoperative recovery, which may
lead to an overestimation or underestimation of the overall effect.

The definition of “good improvement” (BASFI improvement > 20) was based on established literature; alternative
thresholds may yield different results. The BASFI, although widely used, has recognized limitations as an outcome
measure, including potential floor and ceiling effects.®* Finally, as with all observational studies, causality between
preoperative inflammatory markers and functional outcomes cannot be established. The observed associations may be
confounded by unmeasured variables or represent complex relationships that cannot be fully addressed through the
applied analytical methods.

These findings underscore several directions for future research. Prospective studies with pre-planned protocols are
warranted to further evaluate the relationship between preoperative inflammatory status and postoperative functional
outcomes. Such studies should incorporate serial measurements of inflammatory markers both before and after surgery to
assess their trajectory and correlation with recovery. Investigating the biological mechanisms underlying these associa-
tions may provide insight into the pathophysiology of functional improvement following THA in AS, including analyses
of synovial fluid biomarkers, genetic factors, and cellular immune responses. Comparative studies evaluating outcomes in
patients with differing inflammatory profiles who undergo early versus delayed surgical intervention could inform
optimal timing of THA. Furthermore, examination of the impact of perioperative anti-inflammatory therapies on post-
operative outcomes across varying baseline inflammatory states may offer additional guidance for clinical management.

Conclusion
The findings of this study suggest a potential association between elevated preoperative inflammatory markers and
improved functional outcomes following THA in patients with AS. Elevated levels of ESR, CRP, FIB, and D-D levels
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may not necessarily constitute contraindications to surgery. However, in clinical decision-making, it is necessary to avoid
relying solely on inflammatory markers. Individualized assessment should be conducted by integrating the patient’s
infection risk, the extent of spinal involvement, the use of biologics, and subjective needs. Particularly in long-term
follow-up, it is crucial to monitor whether inflammation remains in remission to balance short-term functional benefits
with long-term prosthesis survival.

Abbreviations

AS, Ankylosing spondylitis; r-axSpA, Radiographic axial spondyloarthritis; THA, Total hip arthroplasty; ESR,
Erythrocyte sedimentation rate; CRP, C-reactive protein; FIB, Fibrinogen; D-D, D-dimer; BASFI, Bath Ankylosing
Spondylitis Functional Index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; HHS, Harris Hip Score;
PCS, Physical Component Summary (of SF-36); MCS, Mental Component Summary (of SF-36); ASQoL, Ankylosing
Spondylitis Quality of Life; WBC, White blood cell; HGB, Hemoglobin; LYM, Lymphocyte; ALB, Albumin; CHO,
Cholesterol; HLA-B27, Human leukocyte antigen B27; BMI, Body mass index; ROM, Range of motion; RDCI,
Rheumatic Disease Comorbidity Index; NSAIDs, Nonsteroidal anti-inflammatory drugs; DMARDs, Disease-modifying
antirheumatic drugs; OR, Odds ratio; CI, Confidence interval; IQR, Interquartile range; AAU, Acute anterior uveitis;
PSO, Psoriasis; IBD, Inflammatory bowel disease; ASDAS, Ankylosing Spondylitis Disease Activity Score; SF-36, 36-
Item Short Form Health Survey.
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