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Abstract

Objective: To investigate the association between cigarette smoking and hip
joint involvement in ankylosing spondylitis (AS).

Methods: This case-control study compared AS patients with and without hip
involvement, defined by the Bath ankylosing spondylitis radiology hip index.
Logistic regression analysis, subgroup analysis and sensitivity analysis were
conducted to estimate the association between smoking and hip involvement
in AS.

Results: This study included 103 patients with hip involvement (cases) and 89
patients without (controls). In univariate analysis, patients who were
juvenile-onset, younger, male, having peripheral arthritis history or cigarette
exposure were prone to hip involvement. After adjusting for confounding
factors, juvenile-onset (adjusted odds ratio (OR,) 2.52, 95% CI 1.26-5.06),
male (OR, 2.89, 95% CI 1.14-7.33) and cigarette smoking (OR, 7.23, 95% ClI
2.27-23.05) were regarded as independently associated with hip involvement
in AS. Moreover, patients smoking with less than 10 pack-years exposure
were 2.2 times more likely to have hip involvement than those without (OR,
2.21, 95% CI 1.09-4.47). Such association were reproduced in subgroup
analysis of males and propensity score matched subjects, and it withstood
sensitivity analysis.

Conclusions: Smoking is a novel independent risk factor for hip involvement

in AS, even less than 10 pack-years exposure could contribute to increased
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prevalence of hip involvement in AS, which underlined the giant significance of
smoking cessation in AS patients, especially for juvenile-onset AS.

Key words: ankylosing spondylitis, hip, risk factor, smoking.

Introduction.

Ankylosing spondylitis (AS) is the prototype of axial spondyloarthritis
(SpA), which is a group of chronic inflammatory diseases that primarily affect
spine, sacroiliac joints and peripheral joints [1]. Hip involvement, a prevalent
manifestation of AS, is associated with spine damage, function impairment,
increased disease burden and poor prognosis [2,3]. However, the precise
mechanisms involved in the development of hip joint damage in AS are still not
fully understood, only a few risk factors were reported, such as juvenile-onset
AS (JAS), male, history of peripheral arthritis or enthesitis and raised serum
C-reactive protein (CRP) level [2-4], which hampers those patients to be found
out early and get access to proper treatments, such as tumor necrosis factor-a
inhibitor [5,6].

Cigarette smoking had been reported to be closely connected with AS:
smoking was associated with higher disease activity, worse physical function,
poorer quality of life and more importantly, severe spine damage [7,8].
Additionally, spine damage in AS was associated with hip involvement: a
Chinese study reported severe spine structure damage was the predictor of

radiological hip involvement [9] and data from a large, international study also
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pointed out that patients with severe hip involvement were more likely to have
spine damage [2]. However, the association between cigarette smoking and
hip involvement in AS was barely reported. The identification of such a
modifiable factor could not only promote our understanding of the
pathogenesis in AS, but also facilitate early detection and treatment of
high-risk patients. Herein we rendered the hypothesis that smoking was
associated with hip involvement in AS and conducted a case-control study to
prove it.
Methods.
Patients and data sources

Patients enrolled in this study were from the Chinese Ankylosing
Spondylitis Prospective Imaging Cohort (CASPIC), a nationwide, longitudinal
cohort launched in 2016. The study protocol has been demonstrated [10].
Patients were enrolled at the outpatient rheumatology clinics in the First
Medical Center of the Chinese People’s Liberation Army (PLA) General
Hospital, a tertiary referral center in Beijing. Patients were adequately informed
before they participate in this study that the data they provided would be saved
and used in scientific research only. The study protocol had been approved by
the Ethical Committee of the Chinese PLA General Hospital (S2016-049-02)
and informed consent for participation was obtained from all patients at
enrollment. The study was performed in accordance with the STrengthening

the Reporting of OBservational studies in Epidemiology (STROBE) guidelines,
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and complied with the Declaration of Helsinki.

Adult patients (age = 18 years) were enrolled from May 2017 to
September 2020 if they fulfilled the 1984 modified New York criteria for AS
[11]. Exclusive criteria were: 1) refusing or unable to complete the survey; 2)
providing incomplete or poor-quality data; 2) combination with other diseases.
Data collection

Demographic data and disease features like age at onset, disease
duration, peripheral arthritis history, Bath Ankylosing Spondylitis Functional
Index (BASFI) [12], Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) [13], Ankylosing Spondylitis Disease Activity Score with erythrocyte
sedimentation rate (ASDAS-ESR) [14] and HLA-B27 status were acquired
from questionary and medical records. Furthermore, radiographs including
X-rays of anterior—posterior (AP) pelvis, lumbar spine (AP and lateral) and
cervical spine (lateral), were obtained at enroliment, to confirm the diagnosis
and assess the severity of structure damage. The severity of hip and spine
impairment was assessed by the Bath ankylosing spondylitis radiology hip
index (BASRI-hip) [15] and modified Stoke Ankylosing Spondylitis Spinal
Score (MSASSS) [16], respectively. All radiographs were read separately and
blindly by 2 rheumatic disease physicians (Zhengyuan Hu and Yan Li), after
training session and consensus meeting to master the scoring methods.

The details of BASRI-hip will be demonstrated bellow. As for mSASSS,

the anterior corners of the lumbar and cervical vertebra will be scored by the
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following criteria: 1 point for squaring or erosion or sclerosis, 2 points for
syndesmophyte and 3 points for bridging syndesmophyte, the total score
ranged from 0 to 72.
Exposure

Patients were designated as non-smokers and ever (current and former)
smokers by smoking status. Non-smokers were subjects who denied smoking.
Patients who were actively smoking at enrollment or having smoking habits
before were identified as ever-smokers. Specific information on smoking
including smoking duration and average number of cigarettes per day was also
collected. Ever-smokers were divided by smoking duration (< 15 and = 15
years) or smoking intensity (< 15 and = 15 cigarettes per day) [17]. Cumulative
cigarette exposure, in pack-years, was calculated by multiplying the number of
years patient smoked by the packs smoked per day. Ever-smokers were
classified by cumulative cigarette exposure into two groups: 0~10 and = 10
pack-years.
Cases and controls

Scores of BASRI-hip fell into five grades: 0 = no change(normal), 1 =
possible focal joint space narrowing (suspicious), 2 = definite narrowing,
leaving a circumferential joint space > 2 mm (minimal), 3 = narrowing but
circumferential joint space < 2 mm or bone-on-bone apposition < 2 cm
(moderate), 4 = bone deformity or bone-on-bone apposition > 2 cm or total hip

replacement (severe). Patients with BASRI-hip = 2 (the worse side of bilateral
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hips) were defined as positive for hip involvement [15] (cases) while patients
with BASRI-hip < 2 were defined as negative (controls).

In practice, some patients would be classified as positive for hip
involvement by one observer, while negative by the other. Patients with
disputed results could be adjudicated by an expert reader to make the final
decision. However, the definition of hip stage in X-ray leaves much room for
subjective interpretation: the interobserver kappa ranged from 0.59 to 0.60 for
experienced observers, even after training session and consensus meeting to
minimize discrepancy [18]. Additionally, patients with disputed results were
possible to have hip involvement, whereas their joint structural damage may
not so severe to meet the BASRI-hip criteria. Allowing for those reasons, in our
study patients with consistent results from two observers were admitted into
main analysis, while patients with disputed results were included into
sensitivity analysis to evaluate the reliability of results from the main analysis.
Statistical analysis

Quantitative variables were reported as mean + S.D. or median (inter-
quartile range, IQR) for normally distributed data or not. Categorical variables
were described as number (%). Independent samples t test or Mann-Whitney
U test were used to compare continuous variables between cases and
controls, chi-squared test was used for categorical variables.

In multivariable analysis, binary logistic regression (backward conditional)

was conducted to compare the proportion of smoking exposure in cases to that
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in controls and estimate the odd ratios (OR) and 95% CI. Then, multivariable
analysis was reperformed in male patients and matched cases and controls, to
exclude the confounding effects of gender and other heterogenetic factors.
Matched cases and controls were selected by propensity score matching on a
ratio of 1:1, by age, gender, duration and juvenile-onset.

Sensitivity analysis was performed as two exaggerated situations were
set: patients with disputed results were assumed as all having hip involvement
or not, and then they were merged with identified cases or controls. For all
analyses, a P-value <0.05 was considered as statistically significant. Statistical
analysis was performed with IBM SPSS Statistics version 22.

Results

We enrolled 338 AS patients in our study and 27 patients were excluded
owing to poor-quality radiographs, 51 patients for lacking previous medical
records and 32 patients for combination with other diseases. Finally, 228
patients were admitted into analysis. Flow-chart of analytical approach was
presented at Fig 1.

For the 228 patients, the medians (IQR) of age and duration were 31.0
(26.0, 38.0) and 10.0 (6.0, 14.0) years, 190 patients (83.3%) were male and
211 (92.5%) were HLA-B27 positive. 103 patients (45.2%) were identified as
having hip involvement by both observers, 36 patients (15.8%) were positive
by only one observer and 89 patients (39.0%) were ruled as negative for hip

involvement by both. Demographics and other disease-related characteristics
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about the 103 cases and 89 controls were detailed in Table 1.

Cases were younger (median age 30.0 vs 34.0, P= 0.04), had younger
age at disease onset (median age 19.0 vs 23.0, P= 0.01) and higher
percentage of male (92.2% vs 73.0%, P= 0.01) than controls, as well as higher
rate of juvenile-onset (43.7% vs 20.2%, P= 0.01) and peripheral arthritis
history (35.0% vs 18.0%, P= 0.01), whereas they did not differ for disease
duration, HLA-B27 positive rate, BASFI, BASDAI, ASDAS-ESR and mSASSS.
As for smoking status, though there was a greater proportion of ever-smokers
among cases than controls (46.6% vs 29.2%, P= 0.01), ever-smokers in cases
had shorter smoking years (10.4% vs 30.8% with over 15 years smoking, P=
0.03) and less cumulative smoking exposure (10.4% vs 26.9% with over 10
peak-years smoking, P= 0.07) than that in controls, while they shared a similar
extent of smoking intensity (39.6% vs 34.6% with over 15 cigarettes/day, P=

0.68) (Table 1).

Risk factors of having hip involvement in AS patients

The univariate analysis revealed that juvenile-onset (OR 3.06, 95% CI:
1.60-5.85), male (OR 4.39, 95% CI 1.86-10.36) and ever smoking (OR 2.12,
95% CI: 1.16-3.85) were associated with elevated hip involvement risk in AS.
The association between juvenile-onset and hip involvement kept statistical
significance in all models, as well as the association between gender and hip

involvement. Ever smoking was associated with 7.2-fold or 3.7-fold higher
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odds of having hip involvement than no-smokers in model 2 or 4, where
juvenile-onset, gender plus smoking duration or pack-years were adjusted
(adjusted OR (OR,) 7.23, 95% Cl 2.27-23.05 or 3.74, 95% CI 1.51-9.27), but

such association became insignificant in other models (Table 2).

Association between hip involvement and cumulative smoking exposure

In univariable analysis, smoking with less than 10 pack-years exposure
was related with significantly greater odds of having hip involvement than
no-smokers (OR 2.59, 95% CI 1.35-4.97), while such association lost
statistical significance in smokers with over 10 pack-years exposure (OR 0.82,
95% CI 0.25-2.73). After adjustment for juvenile-onset, gender and disease
duration, the association between smoking and higher risk of hip involvement
was remained among smokers with less than 10 pack-years exposure (OR,
2.21,95% CI 1.09-4.47), whereas it was still insignificant in smokers with over

10 pack-years exposure (OR, 0.70, 95% CI1 0.20-2.45).

Subgroup analysis in males

Similar analysis was reconducted in male patients. Results restricted to
males were similar to the main results: after adjustment for juvenile-onset plus
smoking duration or pack-years, ever-smokers had 6.5-fold or 3.5-fold higher
odds of having hip involvement than no-smokers (OR, 6.51, 95% CI

2.01-21.06 or 3.49, 95% Cl 1.40-8.75) (Table 3).
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Propensity score-matched analysis

55 cases and 55 controls were matched and their disease manifestations
were comparable, except for a higher percentage of ever-smokers and
peripheral arthritis history in cases (Table 1). Ever-smokers in cases had
shorter smoking duration (8.0% vs 35.0% with over 15 years smoking, P=
0.03) and less cumulative smoking exposure (8.0% vs 30.0% with over 10
peak-years smoking, P= 0.06), while they shared a similar extent of smoking
intensity than that in controls (44.0% vs 35.0% with over 15 cigarettes/day, P=
0.55). The association between ever smoking and hip involvement was
insignificant in unadjusted model (OR 1.39, 95% CI 0.68-2.83) or when
smoking intensity was adjusted (OR, 0.68, 95% CI 0.13, 3.38), whereas it
became statistically significant when adjusting for smoking duration or

pack-years (OR, 7.89, 95% CI 1.75-35.63 or 3.02, 95% CI 1.03-8.82).

Sensitivity analysis

Sensitivity analysis was performed to assess the influence of the
all-or-none imputation of patients with suspicious hip involvement on the main
result. In our first sensitivity analysis, a complete case scenario was set, in
which those 36 patients were assumed as all having hip involvement (139
cases and 89 controls). When juvenile-onset, gender plus smoking duration or
pack-years were adjusted, ever-smokers had 5.9-fold or 3.0-fold higher odds

of having hip involvement than no-smokers. (OR, 5.88, 95% CI 1.90-18.20 or
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2.99, 95% CI 1.24-7.19). Secondly, those patients were assumed as all free
from hip involvement (103 cases and 125 controls). Such significant
associations were reproduced in the same multivariate models (OR, 6.02,

95% Cl 2.26-16.05 or 3.80, 95% CI 1.69-8.51) (Table 4).

Discussion

Hip involvement is a common manifestation of AS and associated with
poor outcomes [2,3]. In a large, international study exploring the impacts of hip
involvement on AS, 20-30% patients suffered from hip involvement and more
importantly, 5 to 8% of them had undergone hip replacement surgery [2].
Despite the giant burden of hip involvement on AS, it was poorly understood. It
is noteworthy that Chinese AS patients were reported to be especially prone to
hip involvement [19], and consequently, disease burden in them is likely to be
underestimated. This study has identified for the first time, to our knowledge,
that smoking exposure is an independent risk factor for hip involvement in
Chinese AS patients.

Cigarette smoking is involved in the pathogenesis of AS. Smoking had
been demonstrated to be intimately associated with the increase of many
inflammation markers, such as CRP. Raised CRP had been reported to be not
only a strong predicator of syndesmophytes formation [20], but associated with
hip involvement in AS [4]. In previous studies, smoking was demonstrated to

be associated with worse physical function and poorer quality of life in AS
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[20,21]. Additionally, we showed that smoking was associated with higher
prevalence of hip joint damage in AS.

In our study, patients with hip involvement shared a similar BASFI and
MSASSS to those without, that is at odds with previous studies [2,3]. However,
in our study, patients with hip involvement were younger (median age 30.0 vs
34.0, P= 0.04) and had a virtually higher percentage of juvenile-onset (43.7%
vs 20.2%, P= 0.01) than those without. Owing to that JAS patients are less
likely to have axial symptoms and spine damage [3,22,23], it is sensible that
they had higher percentage of hip involvement while being exempted from
severe axial disease and function impairment.

In the main analysis, cigarette exposure was independently associated
with hip involvement in AS. The significant association between smoking and
hip involvement was remained on propensity score matched subjects and
subgroup of males, and did withstand two sensitivity analyses, which
vigorously enhanced the robustness of results from the main analysis. The
relationship between cumulative smoking exposure and hip involvement were
also demonstrated. After adjustment for confounding factors, significant
association between cigarette exposure and hip involvement was found on
smokers with less than 10 pack-years exposure (OR, 2.21, 95% CI:
1.09-4.47), but not on smokers with over 10 pack-years exposure (OR, 0.70,
95%Cl: 0.20-2.45). The unelevated odds of hip involvement among the higher

exposure group might be explained by a lack of statistical power in this group,
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given that there were relatively limited subjects in this group (only 5 cases and
7 controls).

Smoking cessation is a well-recognized principle in the treatment of SpA
[21], due to reported association between smoking exposure and spine
damage, let alone that smoking is one of the greatest threats to health.
However, quitting smoking is not as easy as we expected in real world: a
multicentric cohort study reported 40% of its patients were current smokers
[24]. Patient education about why and how to quit smoking remains an
important and unmet clinical matter in improving their outcomes. Experience
from the behavioural economics could shed light on this issue [25].

There also exists some limitations about our study. First, recall bias and
selection bias are inevitable, despite that patients’ medical records were
collected and consulted. Although patients were enrolled from a single center,
this center is a tertiary referral hospital in Beijing and over half of the patients in
the CASPIC study came from other area of China [10]. Furthermore, we
adjusted our analyses for already known confounding factors, but we cannot
exclude the possibility of confounding by unknown factors. The lack of some
important data in the cohort, like alcoholic drinking, psychological and
socioeconomic condition and physical activity, poses another limitation to our
study. However, we not only used different models to analyze the relationship
between smoking and hip involvement, but also selected propensity score

matched subjects to control confounding bias and additionally, sensitivity
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analysis was conducted to evaluate the vitality of our conclusion. In our study
the OR value observed for ever-smoking after adjustment was > 7, which
clearly indicated that there is a sound association between cigarette exposure
and hip involvement in AS. Further researches might investigate whether our
observations persist across racial and ethnic groups and whether the odds of
hip involvement in AS raise with increasing pack-years of smoking.

In summary, this study showed that cigarette smoking is a novel
independent risk factor for hip joint damage in AS, even less than 10
pack-years exposure could contribute to increased prevalence of hip
involvement in AS, underlining the giant significance of smoking cessation in
AS, especially for juvenile-onset AS.
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Table 1, Characteristics of cases and controls in main analysis and
propensity score matched analysis

Main analysis

Propensity score matched analysis

Controls Cases P-valu Controls Cases P-valu

(n=89) (n=103) e (n=55) (n=55) e
Age, yrs 34.0(27.0,39.0) 30.0(25.0,38.0) 0.04 32.0(26.0,37.0) 31.0(26.0,36.0) 0.61
Male, n (%) 65 (73.0%) 95 (92.2%) 0.01 51 (92.7%) 51 (92.7%) —
JAS, n (%) 18 (20.2%) 45 (43.7%) 0.01 14 (25.5%) 14 (25.5%) —
Age at onset, yrs 23.0, (18.0,28.0) 19.0, (15.0,24.0) 0.01  22.0(16.0,26.0) 21.0(16.0,24.0) 0.37
Disease duration, yrs 9.0, (5.5, 13.0) 10.0, (7.0, 15.0)  0.06 9.0 (6.0, 13.0) 10.0 (5.0, 14.0) 0.72
HLA-B27(+), n (%) 80 (89.9%) 98 (95.1%) 0.16 52 (94.5%) 52 (94.5%) —
Peripheral arthritis

16 (18.0%) 36 (35.0%) 0.01 10 (18.2%) 17 (30.9%) 0.12
history, n (%)
Ever-smoker, n (%) 26 (29.2%) 48 (46.6%) 0.01 20 (36.4%) 25 (45.5%) 0.33
mSASSS 6.4, (4.3, 13.0) 7.6, (3.0, 21.0) 0.43 6.5 (4.5, 11.2) 7.0 (3.0, 18.3) 0.28
BASFI 0.7 (0.2,1.9) 1.0 (0.3, 2.1) 0.18 0.6 (0.1,1.7) 0.9 (0.3, 2.1) 0.09
BASDAI 1.5 (0.9, 2.6) 1.8 (1.0, 2.7) 0.39 1.6 (0.9, 2.6) 1.7 (0.9, 2.7) 0.40
ASDAS-ESR 1.5(1.1, 1.8) 1.7 (1.2, 2.1) 010 1.4(1.0,1.7) 1.7 (1.1, 2.0) 0.19
Smoking duration, yrs 0.03# 0.03#
0~15 18 (69.2%) 43 (89.6%) 13 (65.0%) 23 (92.0%)
215 8 (30.8%) 5 (10.4%) 7 (35.0%) 2 (8.0%)
Smoking intensity,
cigarettes/day 0.68° 0.55°
0~15 17 (65.4%) 29 (60.4%) 13 (65.0%) 14 (56.0%) 'q;,
215 9 (34.6%) 19 (39.6%) 7 (35.0%) 11 (44.0%) 3
Cumulative smoking, %

0.07# 0.06#=

pack-years
0~10
210

19 (73.1%)
7 (26.9%)

43 (89.6%)
5 (10.4%)

14 (70.0%)
6 (30.0%)

23 (92.0%)
2 (8.0%)

Data were median (interquartile range) unless specifically indicated. Bold text highlighted

significant differences. #Analysed only in those smokers.

Abbreviation: JAS: juvenile-onset AS. mSASSS: modified Stoke Ankylosing Spondylitis
Spinal Score; BASFI: Bath Ankylosing Spondylitis Functional Index; BASDAI: Bath
Ankylosing Spondylitis Disease Activity Index; ASDAS-ESR: Ankylosing Spondylitis
Disease Activity Score with erythrocyte sedimentation rate; yrs: years.
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Table 2, Risk factors of having hip involvement in AS patients

Unadjusted OR Adjusted OR (95% CI)
Parameter
(95% CI) Model 1 Model 2 Model 3 Model 4

JAS 3.06 (1.60, 5.85) 2.76 (1.40, 5.45) 2.52 (1.26, 5.06) 276 (1.40,5.45) 2.63(1.32,5.22)
Gender 4.39 (1.86,10.36) 2.70 (1.07, 6.82) 2.89 (1.14, 7.33) 2,70 (1.07,6.82) 2.77 (1.10,7.01)
Ever-

. 212 (1.16, 3.85) 1.81(0.94,3.48) 7.23(2.27,23.05) 1.81(0.94,3.48) 3.74 (1.51,9.27)
smoking

Model 1: JAS, gender and ever smoking; Model 2: JAS, gender, ever smoking and
smoking duration; Model 3: JAS, gender, ever smoking and smoking intensity; Model 4:
JAS, gender, ever smoking and smoking pack-years.

Bold text highlighted statistically significant results. Data in model 1 and 3 were the same
in that though smoking intensity was added into model 3, it was not admitted for its
insignificance, as a “backward conditional” method for the selection of variables was used
in this study.

Abbreviation: JAS: juvenile-onset AS.

This accepted article is protected by copyright. All rights reserved.
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Table 3, Risk factors of having hip involvement in male AS patients

Unadjusted OR Adjusted OR (95% CI)
Parameter
(95% CI) Model 1 Model 2 Model 3 Model 4
JAS 3.00 (1.48,6.06) 3.25(1.59,6.68) 2.98 (1.43, 6.22) 3.25(1.59, 6.68) 3.09(1.49, 6.40)
Ever-
’ 147 (0.78,2.78) 1.72(0.88, 3.36) 6.51(2.01,21.06) 1.72(0.88, 3.36) 3.49 (1.40, 8.75)
smoking

Model 1: JAS and ever smoking; Model 2: JAS, ever smoking and smoking duration;
Model 3: JAS, ever smoking and smoking intensity; Model 4: JAS, ever smoking and
smoking pack-years.

Bold text highlighted statistically significant results. Data in model 1 and 3 were the same
in that though smoking intensity was added into model 3, it was not admitted for its
insignificance, as a “backward conditional” method for the selection of variables was used
in this study.

Abbreviation: JAS: juvenile-onset AS.
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Table 4, Risk factors of having hip involvement in AS in sensitivity analysis

Parameter Number Unadjusted OR Adjusted OR (95% CI)
cases/controls (95% CI) Model 1 Model 2 Model 3 Model 4
JAS 139/89 3.09 (1.67, 5.71) 2.80 (1.48, 5.33) 2.39 (1.23, 4.64) 2.64 (1.40, 4.96) 2.65 (1.38, 5.07)
103/125 2.08 (1.19, 3.61) 1.98 (1.10, 3.58) 1.81 (0.99, 3.30) 1.98 (1.10, 3.58) 1.87 (1.03, 3.40)
Gender 139/89 3.30 (1.60, 6.80) 2.21 (1.00, 4.88) 2.35 (1.06, 5.24) 2.60 (1.24, 5.48) 2.27 (1.03, 5.00)
103/125 3.75 (1.64, 8.60) 2.32 (0.96, 5.65) 2.47 (1.01, 6.02) 2.32 (0.96, 5.65) 2.39 (0.98, 5.81)
Ever- smoking  139/89 1.64 (0.93, 2.89) 1.47 (0.78, 2.74) 5.88 (1.90, 18.20) — 2,99 (1.24, 7.19)
103/125 2.34 (1.35, 4.06) 2.10 (1.16, 3.82) 6.02 (2.26, 16.05) 2.10 (1.16, 3.82) 3.80 (1.69, 8.51)

Model 1: JAS, gender and ever smoking; Model 2: JAS, gender, ever smoking and smoking duration; Model 3: JAS, gender, ever smoking and
smoking intensity; Model 4: JAS, gender, ever smoking and smoking pack-years. Bold text highlighted statistically significant results. Em dash meant
this parameter was not included into corresponding model. Some data in model 1 and 3 were the same in that though smoking intensity was added into
model 3, it was not admitted for its insignificance, as a “backward conditional” method for the selection of variables was used in this study.
Abbreviation: JAS: juvenile-onset AS.
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Fig 1 Flow-chart of analytical approach

Patients enrolled in this study Inclusion
n=2338

Patients excluded:
- poor-quality radiographs: n = 27
- Incomplete medical records: n = 51
- combination with other diseases: n = 32

Patients included into
analysis

Main analysis

Cases Controls
n=103 n=89

r

Patients with disputed
results, n = 36

Sensitivity analysis
Assumed Controls Cases Assome
Cases g n=103 controls
n=139 = n=125
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