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ABSTRACT
Objectives To investigate the association of smoking 

with various clinical, functional and imaging outcomes in 

patients with early axial spondyloarthritis (SpA).

Methods 647 patients with early infl ammatory back 

pain (IBP) fulfi lling at least one of the internationally 

accepted SpA criteria and with available smoking data 

were included in the analyses. Clinical, demographic and 

imaging parameters were compared between smokers 

and non-smokers at a cross-sectional level. Variables 

with signifi cant differences in univariate analyses were 

used as dependent variables in multivariate linear 

and logistic regression models adjusted for potential 

confounding/contributing factors.

Results Multivariate analysis showed that smoking 

was associated with an earlier onset of IBP (regression 

coeffi cient (B)=(−1.46), p=0.04), higher disease 

activity (ankylosing spondylitis disease activity score 

B=0.20, p=0.03; Bath ankylosing spondylitis disease 

activity index  B=0.50, p=0.003), worse functional 

status (Bath ankylosing spondylitis functional index 

B=0.38, p=0.02), more frequent MRI infl ammation of 

the sacroiliac joints (OR 1.57, p=0.02) and the spine (OR 

2.33, p<0.001), more frequent MRI structural lesions 

of the sacroiliac joints (OR 1.54, p=0.03) and the spine 

(OR 2.02, p=0.01), and higher modifi ed Stoke ankylosing 

spondylitis spine score (B=0.54, p=0.03) refl ecting 

radiographic structural damage of the spine. Smoking 

was also associated with poorer quality of life (Euro-

quality of life questionnaire B=1.38, p<0.001, short 

form 36 physical B=(−4.89), p<0.001, and mental 

component score B=(−5.90), p<0.001).

Conclusion In early axial SpA patients, smoking was 

independently associated with earlier onset of IBP, higher 

disease activity, increased axial infl ammation on MRI, 

increased axial structural damage on MRI and radiographs, 

poorer functional status and poorer quality of life.

The interaction between genetic and environ-
mental factors is important in rheumatic diseases, 
with rheumatoid arthritis (RA) being the classic 
example of this gene–environment interaction 
model. Smoking is the best established and most 
extensively studied environmental risk factor in RA 
since an association was fi rst reported in the 80’s.1 
Smoking in men,2 in the presence of anticitrul-
linated protein antibodies,3 and with the human 
leucocyte antigen (HLA)-DR shared epitope gene4 

were each individually found to be risk factors for 
developing RA. Recent research has also shown 
additive and multiplicative interactions between 
PTPN22 and heavy smoking in RA.5

Fewer studies have been performed in anky-
losing spondylitis (AS), and none in early axial 
spondyloarthritis (SpA). Smoking was found to be 
associated with increased disease activity,6 worse 
physical functioning6–10 and poorer quality of life,11 
but inconsistently associated with radiographic 
severity7 12 in established AS.

The newly developed Assessment of 
SpondyloArthritis International Society classifi ca-
tion criteria for axial SpA13 14 are more inclusive of 
patients at an early disease stage. As smoking is a 
well-established risk factor for developing RA15–17 
and other infl ammatory diseases, such as systemic 
lupus erythematosus18 and infl ammatory bowel 
disease,19 and has also been associated with phe-
notypic variations in AS,6–10 12 it would be worth-
while to clarify the impact of smoking in the axial 
SpA spectrum, particularly in early stage SpA. The 
aim of our study was to determine the prevalence 
of smoking and its association with various clinical, 
functional and imaging outcomes in early axial SpA.

METHODS
This is a cross-sectional analysis involving data 
collected during the fi rst visit of the Devenir des 
Spondylarthropathies Indifférenciées Récentes 
(DESIR) cohort,20 a large multicentre sample consist-
ing of 708 patients in France. Only patients fulfi lling 
at least one of the following classifi cation criteria 
for axial SpA or AS were included in the analy-
ses: the modifi ed New York criteria,21 European 
Spondyloarthropathy Study Group criteria,22 Amor 
criteria,23 or Assessment of SpondyloArthritis 
International Society classifi cation criteria for axial 
SpA. Details about the cohort design and data collec-
tion were described in previous publications.20 24 In 
this study, we investigated the infl uence of smoking 
on the outcome measures described below. In DESIR, 
smoking status was obtained through interview by 
the physician, without a standardised question-
naire. It was collected as past history or concomitant 
smoking, without any reference to the quantity (eg, 
pack-years). The drinking status was captured in a 
similar way as the smoking status.
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Disease activity, function, mobility and quality of life
Disease activity was assessed using both the Bath ankylosing 
spondylitis disease activity index (BASDAI)25 and the ankylo-
sing spondylitis disease activity score (ASDAS).26 The ASDAS 
was calculated using C-reactive protein (ASDAS–CRP). The 
Ritchie articular index (53 joints) and swollen joint count (28 
joints) were performed to evaluate the peripheral joints, and 
those with relevant symptoms were assessed for extra-articular 
features.

Patients also completed the Bath ankylosing spondylitis 
functional index (BASFI)27 and the health assessment question-
naire for ankylosing spondylitis (HAQ–AS),28 to assess func-
tional status. Higher scores represent increased disease activity 
(ASDAS and BASDAI) and poorer functional status (BASFI and 
HAQ–AS).

Mobility was measured by the degree of chest expansion and 
by the Bath ankylosing spondylitis metrology index (BASMI).29 
A higher BASMI score represents worse spinal mobility.

Patients completed the Euro-quality of life questionnaire 
(Euro-QoL),30 and the short form 36 (SF-36)31 to assess health-
related quality of life (HRQoL). A higher Euro-QoL score rep-
resents worse HRQoL, while a higher SF-36 score represents 
better HRQoL.

Radiographs of the sacroiliac joints and the spine
Radiographs of the cervical spine, lumbar spine and sacro-
iliac joints were performed. Sacroiliac joint radiographs were 
graded according to the following grading scale: 0, normal; 1, 
doubtful; 2, obvious; 3, fusion. Radiographic sacroiliitis was 
defi ned by at least a unilateral ‘obvious’ grading scale. The 
modifi ed Stoke ankylosing spondylitis spine score (mSASSS)32 
was calculated from the radiographs of the cervical and lumbar 
spine. All radiographs were graded by regional radiologists or 
rheumatologists.

Infl ammation and structural lesions in MRI
MRI were performed to look for infl ammatory and structural 
lesions. Similar to radiographs, they were evaluated by regional 
radiologists or rheumatologists. The MRI were classifi ed as hav-
ing defi nite, doubtful or absent infl ammatory and/or structural 
lesions at the spinal and sacroiliac joint levels according to short 
τ inversion recovery and T1-weighted fast spin echo images, 
respectively (1–1.5 Tesla). Positive images in our analyses were 
defi ned as MRI with defi nite lesions.

Statistical analyses
The χ2 statistic and independent samples t test were used to 
compare categorical and continuous variables between smokers 
and non-smokers. Variables noted to have differences (with a 
p value <0.1) in the previous analyses were used as dependent 
variables in univariate and multivariate linear/logistic regression 
models.

In addition to smoking status, factors known or expected to be 
associated with the investigated dependent variables were also 
tested as regressors in linear/logistic univariate regression analy-
ses. These included: Caucasian race, male sex, HLA-B27 positiv-
ity, family history of SpA, age of infl ammatory back pain (IBP) 
onset, duration of IBP, drinking status, CRP, erythrocyte sedi-
mentation rate (ESR), MRI sacroiliac joint infl ammatory lesions, 
MRI spine infl ammatory lesions, non-steroidal anti-infl amma-
tory drug (NSAID) use, ASDAS–CRP and BASMI. Independent 
variables with a p value less than 0.1 in univariate linear/logistic 
regression analyses were re-tested in multivariate regression 

models. Interactions between smoking status and gender/HLA-
B27 were tested in each model. Separate regression models were 
built according to gender/HLA-B27 status if such an interaction 
existed. Variables with a skewed distribution were transformed 
using natural logarithms in linear regression models (ESR and 
CRP). The results were reported as OR in logistic regression 
models, and regression coeffi cients (B) and standard coeffi cients 
(β) in linear regression models. The 95% CI were calculated and 
p values less than 0.05 were considered statistically signifi cant. 
All statistical analyses were performed using the statistical prod-
uct and service solutions package 18.0.

RESULTS
Six hundred and fi fty-four patients (92.4% of recruited patients) 
fulfi lled at least one of the internationally accepted SpA crite-
ria. Smoking data were missing in seven of 654 patients (1.1%), 
resulting in 647 patients included in our analyses. Detailed 
characteristics of this study population have previously been 
reported.24 The number of smokers (past history or concomitant 
smoking) in the analysed sample was 241 (37.2%).

Table 1 compares the baseline characteristics between smok-
ing and non-smoking early SpA patients. Smokers were more 
likely to be men, had an earlier onset of IBP and higher disease 
activity (higher BASDAI and ASDAS–CRP). Functionally, smok-
ers had poorer functional status (increased BASFI and HAQ–AS) 
and also had poorer HRQoL (increased Euro-QoL and decreased 
SF-36) and more missing workdays as a result of SpA. On imag-
ing examinations, smokers were more likely to have MRI infl am-
mation and structural damage as well as radiographic lesions in 
the spine and sacroiliac joints.

Regression analyses
Age of IBP onset as dependent variable
Independent variables tested in univariate analyses included: 
Caucasian race, male sex, HLA-B27 positivity, family history 
of SpA, and smoking and drinking status. Signifi cant variables 
associated with the age of onset of IBP (p<0.1) were: Caucasian 
race (B=2.5, p=0.03), male sex (B=(−2.06), p=0.003), HLA-B27 
positivity (B=(−2.95), p<0.001), family history of SpA (B=1.58, 
p=0.05) and smoking (B=(−1.46), p=0.04).

Multivariate analysis showed that Caucasian race (β=0.13, 
B=3.79, 95% CI 1.55 to 6.04, p=0.001) was independently asso-
ciated with later age of IBP onset while HLA-B27 positivity 
(β=(−0.44), B=(−2.60), 95% CI −4.03 to −1.18, p=0.02), smoking 
(β=(−0.08), B=(−1.46), 95% CI −2.87 to −0.06, p=0.04) and male 
sex (β=(−0.10), B=(−1.67), 95% CI −3.06 to −0.29, p=0.02) were 
independently associated with earlier age of IBP onset.

ASDAS–CRP and BASDAI as dependent variables
Independent variables tested in univariate models of ASDAS–
CRP included: Caucasian race, male sex, HLA-B27 positivity, 
family history of SpA, smoking, drinking, MRI sacroiliac joint 
infl ammatory lesions, MRI spine infl ammatory lesions and 
NSAID use. Independent variables with a p value less than 
0.1 were: Caucasian race (B=(−0.57), p<0.001), HLA-B27 posi-
tivity (B=(−0.2), p=0.02), smoking (B=0.17, p=0.051), drink-
ing (B=(−0.25), p=0.04) and MRI spine infl ammatory lesions 
(B=0.21, p=0.04).

Independent variables tested in univariate models of BASDAI 
included: Caucasian race, male sex, HLA-B27 positivity, fam-
ily history of SpA, smoking, drinking, CRP, ESR, MRI sacroiliac 
joint infl ammatory lesions, MRI spine infl ammatory lesions and 
NSAID use. Independent variables with a p value less than 0.1 
were: Caucasian race (B=(−1.07), p<0.001), male sex (B=(−0.63), 
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p<0.001), HLA-B27 positivity (B=(−0.75), p<0.001), smoking 
(B=0.31, p=0.06), drinking (B=(−0.59), p=0.01), CRP (B=0.25, 
p<0.001), ESR (B=0.46, p<0.001) and MRI sacroiliac joint infl am-
matory lesions (B=(−0.60), p<0.001).

The multivariate analyses for ASDAS–CRP and BASDAI are 
shown in table 2. Smoking was independently associated with 
higher ASDAS–CRP and BASDAI scores.

BASFI and HAQ–AS as dependent variables
Independent variables tested in univariate models of BASFI and 
HAQ–AS included: Caucasian race, male sex, HLA-B27 positiv-
ity, family history of SpA, duration of IBP, smoking, drinking, 

MRI sacroiliac joint infl ammatory lesions, MRI spine infl amma-
tory lesions, NSAID use, ASDAS–CRP and BASMI.

Independent variables with a p value less than 0.1 in the BASFI 
model were: Caucasian race (B=(−0.68), p<0.001), male sex 
(B=(−0.57), p=0.002), HLA-B27 positivity (B=(−0.66), p<0.001), 
smoking (B=0.61, p=0.001), drinking (B=(−0.63), p=0.01), MRI 
sacroiliac joint infl ammatory lesions (B=(−0.39), p=0.04), MRI 
spine infl ammatory lesions (B=0.46, p=0.04), ASDAS–CRP 
(B=1.30, p<0.001) and BASMI (B=0.64, p<0.001).

Independent variables with a p value less than 0.1 in the 
HAQ–AS model were: Caucasian race (B=(−0.27), p=0.003), 
male sex (B=(−0.37), p<0.001), HLA-B27 positivity (B=(−0.23), 

Table 1 Baseline characteristics of the study population, according to smoking status
 Smoker Non-smoker p Value

Male sex (N=647) 123 (51.0%) 174 (42.9%) 0.04
Mean age at onset of IBP (years) (N=628) 31.1±8.3 32.6±9.0 0.04
Mean duration of axial symptoms (years) (N=628) 1.6±1.0 1.5±0.9 0.44
Mean age at onset of peripheral arthritis (years) (N=359) 31.3±8.8 33.1±9.7 0.08
Mean age at onset of enthesitis (years) (N=324) 31.6±8.5 33.4±9.0 0.08
Caucasian race (N=646) 220 (91.7%) 360 (88.7%) 0.22
Drinker (N=644) 55 (23.1%) 40 (9.9%) <0.001
Family history of ankylosing spondyloarthritis (N=640) 63 (26.4%) 106 (26.4%) 0.98
HLA-B27 positive (N=641) 157 (65.7%) 244 (60.7%) 0.21
History of peripheral arthritis (N=645) 137 (57.3%) 241 (59.4%) 0.61
Signs of peripheral arthritis (N=386) 46 (32.9%) 99 (40.2%) 0.15
History of enthesitis (N=647) 125 (51.9%) 218 (53.7%) 0.65
NSAID user (N=647) 271 (66.7%) 173 (71.8%) 0.18
Steroid user (N=647) 53 (13.1%) 29 (12.0%) 0.71
DMARD user (N=648) 40 (9.9%) 19 (7.9%) 0.40
Analgesics user (N=647) 258 (63.5%) 152 (63.1%) 0.90
Mean CRP (mg/l) (N=626) 8.0±13.7 7.7±14.0 0.78
Patients with elevated CRP (N=626) 106 (27.0%) 80 (34.3%) 0.051
Mean ESR (mm/h) (621) 12.9±14.7 14.8±16.6 0.14
Patients with elevated ESR (N=618) 79 (20.5%) 45 (19.4%) 0.75
Patients with elevated CRP or ESR 131 (34.4%) 89 (38.9%) 0.26
Patients with extra-articular features (N=647) 116 (28.6%) 63 (26.1%) 0.50
BASDAI (N=641) 4.6±1.9 4.3±2.1 0.06
BASDAI ≥4 (N=641) 150 (63.3%) 238 (58.9%) 0.27
ASDAS–CRP (N=618) 2.6±1.0 2.4±1.1 0.051
BASFI (N=634) 3.4±2.2 2.8±2.3 0.001
BASFI ≥4 (N=634) 96 (40.5%) 121 (30.5%) 0.01
Intensity of axial pain in last 2 days (NRS) (N=644) 5.2±2.8 4.7±2.7 0.03
Intensity of peripheral joints pain in last 2 days (NRS) (N=643) 3.3±2.8 3.2±2.8 0.76
Tender joint count (out of 53 joints) (N=647) 5.0±9.5 4.1±7.9 0.22
Swollen joint count (out of 28 joints) (N=645) 0.2±1.0 0.2±0.8 0.56
BASMI (N=616) 1.6±1.2 1.5±1.1 0.12
Chest expansion (cm) (N=645) 5.7±2.0 5.7±2.2 0.99
Euro-quality of life questionnaire (N=645) 10.4±4.8 8.7±5.0 <0.001
HAQ–AS – disability index (N=644) 1.0±0.7 0.9±0.7 0.06
SF-36 mental health component score (N=642) 46.2±20.2 52.7±20.5 <0.001
SF-36 physical health component score (N=642)   35.6±15.8 40.5±16.9 <0.001
Patients with MRI infl ammatory lesions in sacroiliac joints (N=610)  104 (46.8%) 123 (31.7%) <0.001
Patients with MRI infl ammatory lesions in spine (N=605)     72 (32.9%) 64 (16.6%) <0.001
Patients with MRI structural lesions in sacroiliac joints (N=610)     78 (35.1%) 92 (23.7%) 0.002
Patients with MRI structural lesions in spine (N=601)     28 (12.8%) 26 (6.8%) 0.01
Patients with MRI infl ammation, spine or sacroiliac joints (N=608) 125 (56.6%) 149 (38.5%) <0.001
Patients with MRI structural lesions, spine or sacroiliac joints (N=604)     88 (40.2%) 108 (28.1%) 0.002
mSASSS (N=623) 1.4±3.3 0.9±2.6 0.09
Patients with mSASSS >0 (N=623)     66 (28.6%) 92 (23.5%) 0.16
Patients with radiographic sacroiliitis (N=625)     78 (33.8%) 103 (26.1%) 0.04
Missing workdays (N=555) 45.6±79.6 27.3±61.4 0.003

ASDAS–CRP, ankylosing spondylitis disease activity score, C-reactive protein based; BASDAI, Bath ankylosing spondylitis disease 
activity index; BASFI, Bath ankylosing spondylitis functional index; BASMI, Bath ankylosing spondylitis metrology index; CRP, 
C-reactive protein; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; HAQ–AS, health assessment 
questionnaire for ankylosing spondylitis; HLA, human leucocyte antigen; IBP, infl ammatory back pain; mSASSS, modifi ed Stoke 
ankylosing spondylitis spine score; NRS, numerical rating scale; NSAID, non-steroidal anti-infl ammatory drug; SF-36, short form 36.
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p<0.001), smoking (B=0.11, p=0.06), drinking (B=(−0.16), 
p=0.06), ASDAS–CRP (B=0.33, p<0.001), MRI sacroiliac joint 
infl ammatory lesions (B=(−0.15), p=0.02) and BASMI (B=0.16, 
p<0.001).

The multivariate analyses of BASFI and HAQ–AS are shown 
in table 2. Smoking was independently associated with higher 
BASFI scores. The univariate association between smoking and 
HAQ–AS was lost in multivariate analysis.

Euro-QoL and SF-36 as dependent variables
Independent variables tested in univariate models of Euro-
QoL and SF-36 physical/mental component scores included: 
Caucasian race, male sex, HLA-B27 positivity, family history 
of SpA, duration of IBP, smoking, drinking, ASDAS–CRP, MRI 
sacroiliac joint infl ammatory lesions, MRI spine infl ammatory 
lesions and BASMI.

Independent variables in the Euro-QoL univariate models 
with a p value less than 0.1 were: Caucasian race (B=(−2.44), 
p<0.001), male sex (B=(−2.02), p<0.001), HLA-B27 positiv-
ity (B=(−1.67), p<0.001), smoking (B=1.67, p<0.001), drinking 
(B=(−1.27), p=0.02), ASDAS–CRP (B=2.75, p<0.001), MRI sacro-
iliac joint infl ammatory lesions (B=(−1.39), p=0.001) and BASMI 
(B=1.10, p<0.001).

Independent variables in the SF-36 physical component uni-
variate models with a p value less than 0.1 were: Caucasian race 
(B=9.79, p<0.001), male sex (B=5.65, p<0.001), HLA-B27 posi-
tivity (B=5.18, p<0.001), smoking (B=(−4.93), p<0.001), drinking 
(B=4.02, p=0.03), ASDAS–CRP (B=(−9.19), p<0.001), MRI sac-
roiliac joint infl ammatory lesions (B=4.81, p=0.001) and BASMI 
(B=(−3.57), p<0.001).

Independent variables in the SF-36 mental component uni-
variate models with a p value less than 0.1 were: Caucasian race 
(B=12.2, p<0.001), male sex (B=5.68, p<0.001), HLA-B27 posi-
tivity (B=5.02, p=0.03), smoking (B=(−6.51), p<0.001), drinking 
(B=5.29, p=0.02), ASDAS–CRP (B=(−10.14), p<0.001), MRI sac-
roiliac joint infl ammatory lesions (B=4.89, p=0.01) and BASMI 
(B=3.13, p<0.001).

Table 3 shows the multivariate analyses for Euro-QoL and 
SF-36. Smoking was independently and positively associated 
with the Euro-QoL score and negatively associated with the 
SF-36 physical and mental component scores.

MRI spine and/or sacroiliac joint infl ammation, MRI spine 
infl ammation and MRI sacroiliac joint infl ammation as dependent 
variables
Independent variables tested in univariate models of the above 
three dependent variables included: Caucasian race, male sex, 
HLA-B27 positivity, family history of SpA, age at onset of IBP, 
duration of IBP, CRP, smoking, drinking and NSAID use.

Independent variables in MRI spine and/or sacroiliac joint 
infl ammation models with p value less than 0.1 were: male sex 
(OR 2.32, p<0.001), HLA-B27 positivity (OR 2.33, p<0.001), age 
at onset of IBP (OR 0.97, p=0.001), CRP (OR 1.02, p=0.001) and 
smoking (OR 2.08, p<0.001).

Independent variables in MRI spine infl ammation models 
with a p value less than 0.1 were: male sex (OR 2.47, p<0.001), 
HLA-B27 positivity (OR 1.73, p=0.01), family history of SpA 
(OR 1.68, p=0.03), CRP (OR 1.02, p=0.03) and smoking (OR 
2.46, p<0.001).

Independent variables in MRI sacroiliac joint infl ammation 
models with a p value less than 0.1 were: Caucasian race (OR 
0.59, p=0.05), male sex (OR 2.37, p<0.001), HLA-B27 positivity 
(OR 2.38, p<0.001), age at onset of IBP (OR 0.96, p<0.001), CRP 
(OR 1.02, p=0.002), smoking (OR 1.90, p<0.001) and drinking 
(OR 1.52, p=0.07).Ta
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In multivariate analyses, smoking was independently and 
positively associated with the presence of both sacroiliac joint 
and spine MRI infl ammation (table 4).

MRI spine and/or sacroiliac joint structural lesions, MRI spine 
structural lesions and MRI sacroiliac joint structural lesions as 
dependent variables
Independent variables included in univariate models of the 
above three dependent variables included: Caucasian race, male 
sex, HLA-B27 positivity, family history of SpA, age at onset of 
IBP, disease duration, CRP, smoking, drinking and NSAID use.

Independent variables in MRI structural lesion models (spine 
and/or sacroiliac joints) with a p value less than 0.1 were: HLA-B27 
positivity (OR 1.47, p=0.04), duration of IBP (OR 1.19, p=0.06), 
CRP (OR 1.01, p=0.06) and smoking (OR 1.72, p=0.02).

Independent variables in MRI sacroiliac joint structural lesion 
models with a p value less than 0.1 were: HLA-B27 positivity 
(OR 1.67, p=0.01), age at onset of IBP (OR 0.97, p=0.002), CRP 
(OR 1.01, p=0.04) and smoking (OR 1.74, p=0.003).

The only independent variable with a p value less than 0.1 in MRI 
spine structural lesion models was smoking (OR 2.02, p=0.01).

The multivariate analyses of the above three dependent vari-
ables are shown in table 5. Smoking was found to be positively 
associated with the presence of both sacroiliac joint and spine 
MRI structural lesions.

Smoking was found to interact with male sex regarding MRI 
sacroiliac joint structural lesions. Therefore, separate univari-
ate and multivariate logistic regression models were performed 

according to gender. Variables with a p value less than 0.1 in the 
male population were: HLA-B27 positivity (OR 2.41, p=0.01), 
age at onset of IBP (OR 0.97, p=0.09) and smoking (OR 2.99, 
p<0.001). Multivariate analysis showed that smoking (OR 2.78, 
p<0.001) was positively associated with MRI sacroiliac joint 
structural lesions, while HLA-B27 positivity (OR 1.85, p=0.07) 
and age at onset of IBP (OR 0.98, p=0.23) were not signifi cantly 
associated. Variables with a p value less than 0.1 in the female 
population were: Caucasian race (OR 0.63, p=0.03) and age at 
onset of IBP (OR 0.97, p=0.02); multivariate analysis showed 
that both Caucasian race (OR 0.48, p=0.046) and age at onset of 
IBP (OR 0.97, p=0.03) were associated with MRI sacroiliac joint 
structural lesions.

Radiographic sacroiliitis and mSASSS as dependent variables
Independent variables included in univariate models of the 
above two dependent variables included: Caucasian race, male 
sex, HLA-B27 positivity, family history of SpA, age at onset of 
IBP, duration of IBP, CRP, smoking, drinking and NSAID use.

Independent variables in radiographic sacroiliitis models 
with a p value less than 0.1 were: male sex (OR 1.96, p<0.001), 
HLA-B27 positivity (OR 1.91, p=0.001), age at onset of IBP (OR 
0.96, p<0.001), CRP (OR 1.02, p<0.001), smoking (OR 1.44, 
p=0.04) and drinking (OR 1.77, p=0.02). Independent variables 
in mSASSS models with a p value less than 0.1 were: male sex 
(B=0.54, p=0.02), family history of SpA (B=(−0.58), p=0.03), age 
at onset of IBP (B=0.06, p<0.001), CRP (B=0.25, p=0.01) and 
smoking (B=0.44, p=0.07).

Table 3 Multivariate linear regressions analyses of factors associated with Euro-QoL and SF-36
Euro-QoL SF-36 (physical health score) SF-36 (mental health score)

Standard 
coeffi cient

Regression 
coeffi cient 
(95% CI)

p Value Standard 
coeffi cient

Regression 
coeffi cient 
(95% CI)

p Value Standard 
coeffi cient

Regression 
coeffi cient 
(95% CI)

p Value

Smoker 0.13 1.38 
(0.69 to 2.07)

<0.001 −0.14 −4.89 
(−7.24 to −2.54)

<0.001 −0.14 −5.90 
(−8.99 to −2.81)

<0.001

Caucasian race NS NS – 0.11 6.09 
(2.21 to 9.98)

0.002 0.12 8.17 
(3.01 to 13.31)

0.002

Male sex −0.18 −1.73 
(−2.40 to −1.06)

<0.001 0.13 4.37 
(2.08 to 6.66)

<0.001 0.11 4.38 
(1.37 to 7.39)

0.004

HLA-B27 positivity NS NS – NS NS – NS NS –
Drinker NS NS – NS NS – NS NS –
ASDAS–CRP 0.52 2.47 

(2.15 to 2.80)
<0.001 −0.52 −8.32 

(−9.41 to −7.21)
<0.001 −0.46 −9.08 

(−10.52 to −7.63)
<0.001

MRI sacroiliac joint 
infl ammation

−0.12 −1.26 
(−1.96 to −0.56)

<0.001 0.14 4.94 
(2.56 to 7.32)

<0.001 0.13 5.33 
(2.20 to 8.46)

0.001

BASMI 0.12 0.56 
(0.26 to 0.86)

<0.001 −0.09 −1.42 
(−2.45 to −0.39)

0.01 NS NS –

ASDAS–CRP, ankylosing spondylitis disease activity score, C-reactive protein based; BASMI, Bath ankylosing spondylitis metrology index; Euro-QoL, Euro-quality of life questionnaire; 
HLA, human leucocyte antigen; NI, not included in the multivariate model; NS, non-signifi cant in multivariate analysis; SF-36, short form 36.

Table 4 Multivariate logistic regressions analyses of factors associated with MRI infl ammation
MRI infl ammation 
(spine or sacroiliac joints) MRI sacroiliac joint infl ammation MRI spine infl ammation

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Smoker 1.91 (1.34 to 2.72) <0.001 1.57 (1.08 to 2.30) 0.02 2.33 (1.55 to 3.51) <0.001
Caucasian race NI – 0.49 (0.27 to 0.87) 0.02 NI –
Male sex 1.87 (1.31 to 2.64) <0.001 1.80 (1.24 to 2.62) 0.002 1.98 (1.30 to 3.01) 0.001
HLA-B27 positivity 2.06 (1.43 to 2.97) <0.001 2.08 (1.40 to 3.10) <0.001 NS –
Drinker NI – NS – NI –
Family history of SpA NI – NI – NS –
Age at onset of IBP NS – 0.97 (0.95 to 0.99) 0.01 NI –
CRP 1.02 (1.01 to 1.03) 0.01 NS – 1.02 (1.00 to 1.03) 0.02

CRP, C-reactive protein; HLA, human leucocyte antigen; IBP, infl ammatory back pain; NI, not included in the multivariate model; NS, non-signifi cant in multivariate analysis; SpA, 
spondyloarthritis.

 group.bmj.com on November 14, 2011 - Published by ard.bmj.comDownloaded from 

http://ard.bmj.com/
http://group.bmj.com/


Clinical and epidemiological research

Chung HY, Machado P, van der Heijde D, et al. Ann Rheum Dis (2011). doi:10.1136/annrheumdis-2011-2001806 of 8

Multivariate models of radiographic sacroiliitis and mSASSS 
are shown in table 6. Smoking was found to be independently 
and positively associated with mSASSS but not with radio-
graphic sacroiliitis.

Interaction between smoking and HLA-B27 positivity
There was no interaction between smoking and HLA-B27 posi-
tivity for any of the studied outcomes.

Subgroup analysis
Sacroiliac joint radiographic data were missing in 22/647 patients 
(3.4%). Subgroup analyses were performed for patients fulfi ll-
ing (n=181) and not fulfi lling (n=444) the modifi ed New York 
criteria (see supplements 1 and 2, available online only). In the 
subgroup of patients with radiographic axial SpA smoking was 
independently and positively associated with BASFI, Euro-QoL, 
MRI spinal infl ammation, MRI spine or sacroiliac joint infl am-
mation and radiographic damage of the spine. Smoking was also 
negatively associated with SF-36 (physical and mental compo-
nent scores). In the subgroup of patients with non-radiographic 
axial SpA smoking was independently and positively associated 
with BASDAI, Euro-QoL and MRI spinal infl ammation. It was 
negatively associated with age at onset of IBP and SF-36 (physi-
cal and mental component scores). Subgroup differences are 
likely due to loss of statistical power.

DISCUSSION
The negative impact of smoking on AS disease parameters has 
been reported in previous studies, and confi rmed more robustly 
in our study. Importantly, we confi rmed these associations in an 
early disease stage population with IBP of less than 3 years.

In addition to the negative impact of smoking on radiographic 
severity, clinical disease activity, functional status and qual-
ity of life, we have shown new associations: for the fi rst time, 
smoking was found to be associated with the presence of MRI 
infl ammation and structural damage. Radiographically, smoking 
was only associated with spinal, but not sacroiliac joint, damage 
(non-signifi cant in multivariate analysis).

In the general population, smokers were found to have 
poorer HRQoL, increased alcohol consumption and increased 
frequency of reported pain.33 We studied drinking as a poten-
tial confounder in all our models and the effect of smoking was 
independent of drinking (and independent of other important 
variables such as NSAID intake). Drinking was only indepen-
dently associated with ASDAS–CRP in multivariate analyses 
(negative association).

Previous studies have proposed that the negative impact of 
smoking on functional status and quality of life may be related 
to poor health behaviour, increased osteoporotic fractures and 
impaired cardiorespiratory functions in smokers.6 9 10 However, 
this negative impact might also be mediated by a direct toxic 
effect of smoking. Notably, cigarette smoke is well known to 
possess pro-infl ammatory effects, via various proposed mecha-
nisms: smokers have increased pro-infl ammatory reactants such 
as tumour necrosis factor α, interleukin (IL) 1, IL-6, IL-8 and gran-
ulocyte–macrophage colony-stimulating factor;34 35 increased 
concentration of free radicals;36 and augmentation of autoreac-
tive B cells.37 Cigarette smoke triggers the nuclear factor κB path-
way and promotes pro-infl ammatory cytokine gene expression.38 
Moreover, smokers were also found to have increased circulating 
polymorphonuclear neutrophil counts39 40 and T lymphocytes.41

The DESIR cohort is characterised by SpA patients with 
short disease duration, in contrast with previous studies on AS 
patients with a longer course of disease. In this early SpA popu-
lation (average duration of IBP only 1.5 years), smokers had an 
earlier age of IBP onset, which was not found in smaller studies.8 
This demonstrates the enhanced power inherent in the large 
sample size of the DESIR cohort, allowing us to detect more 
subtle differences.

The cumulative effects of smoking in RA meta-analyses have 
established that male smokers are at increased risk but as the 
quantity of smoking increases, risk between male and female 
smokers becomes more equal.42 We found an interaction between 
male sex and smokers regarding MRI sacroiliac joint structural 
lesions. Given that the quantifi cation of smoking affects the 

Table 5 Multivariate logistic regressions analyses of factors associated with MRI structural lesions
MRI structural lesions (sacroiliac 
joints or spine) MRI sacroiliac joint structural lesions MRI spine structural lesions

 OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Smoker 1.56 (1.08 to 2.26) 0.02 1.54 (1.05 to 2.26) 0.03 2.02 (1.15 to 3.55) 0.01
HLA-B27 positivity NS NS NI
Age at onset of IBP NI – 0.97 (0.95 to 1.00) 0.02 NI –
CRP NS NS NI
IBP duration 1.26 (0.03 to 1.54) 0.02 NI – NI –

CRP, C-reactive protein; HLA, human leucocyte antigen; IBP, infl ammatory back pain; NI, not included in the multivariate model; NS, non-signifi cant in multivariate analysis.

Table 6 Multivariate linear/logistic regressions analyses of factors associated with radiographic sacroiliitis and mSASSS

Radiographic sacroiliitis mSASSS

OR (95% CI) p Value Standard coeffi cient Regression coeffi cient (95% CI) p Value

Smoker NS – 0.09 0.54 (0.05 to 1.03) 0.03
HLA-B27 positivity NS – NI NI –
Male sex 1.48 (1.00 to 2.18) 0.049 0.11 0.64 (0.17 to 1.12) 0.01
Family history of SpA NI – −0.13 −0.91 (−1.45 to −0.37) 0.001
Age at onset of IBP 0.97 (0.95 to 0.99) 0.004 0.23 0.08 (0.05 to 0.11) <0.001
CRP 1.02 (1.01 to 1.03) 0.02 0.14 0.32 (0.13 to 0.51) 0.001
Drinker NS – NI NI –

CRP, C-reactive protein; HLA, human leucocyte antigen; IBP, infl ammatory back pain; mSASSS, modifi ed Stoke ankylosing spondylitis spine score; NI, not included in the multivariate 
model; NS, non-signifi cant in multivariate analysis; SpA, spondyloarthritis.
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gender interaction in RA, it would be of interest to quantify the 
cumulative effect of cigarette smoking in future studies with 
SpA patients. Unfortunately, the number of pack-years of smok-
ing is not known in the DESIR cohort. Furthermore, it would 
have been useful to analyse ‘current smokers’ and patients with 
a ‘past history of smoking’ separately—however, these data are 
also not known in DESIR.

The lack of international consensus about the assessment of 
MRI structural lesions poses another potential limitation to our 
study. However, in DESIR, the imaging techniques were stan-
dardised and the centres involved had to fulfi l predefi ned quality 
criteria in order to be able to participate in the study, namely 
regarding previous experience with multicentre, longitudinal 
epidemiological studies.20 Therefore, the required high quality 
standards are expected to have reduced potential bias during the 
imaging evaluation.

Another concern is whether the physician interview-captured 
smoking status might have led to an under-reporting of smoking. 
However, the prevalence of smoking in DESIR is in line with the 
prevalence of smoking in the French43 population (37.2% cur-
rent smokers and ex-smokers in DESIR vs 26.2% current smok-
ers in the French population). Furthermore, a previous study has 
shown that obtaining a history of tobacco use is an accurate 
method of detecting smokers in epidemiological studies.44

Our study found that, in young axial SpA patients with 
short disease duration, smoking was independently associated 
with earlier onset of IBP, higher disease activity, increased axial 
infl ammation and structural damage, poorer functional status 
and poorer quality of life. This also translated into increased 
missing workdays as a result of disease (table 1), which may 
lead to a higher socioeconomic burden and costs, especially 
taking into account the relatively young age of onset and long 
expected disease survival of these patients. Taking into account 
that smoking is a potentially modifi able lifestyle factor, axial 
SpA patients who smoke should be strongly advised to quit 
this habit, as there seem to be disease-specifi c benefi ts that go 
beyond those described for the general population.

The DESIR cohort allowed us to establish the negative impact 
of smoking in axial SpA; continued follow-up of the cohort may 
allow detailed quantifi cation of the deleterious impact of smok-
ing at the individual and societal levels. The true magnitude and 
implications of this effect is yet to be unravelled.
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