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ORIGINAL ARTICLE

Association of Tobacco Exposure and Reduction
of Radiographic Progression in Early
Rheumatoid Arthritis: Results From a French
Multicenter Cohort
VERONIQUE VESPERINI,1 CEDRIC LUKAS,1 BRUNO FAUTREL,2 XAVIER LE LOET,3
NATHALIE RINCHEVAL,4 AND BERNARD COMBE1

Objective. To investigate the initial response to treatment and risk of radiographic disease progression in current
smokers (S), ex-smokers (EX), and nonsmokers (NS) in a prospective early arthritis cohort and to analyze the inﬂuence
of smoking cessation on arthritis outcome.
Methods. The ESPOIR cohort is a prospective cohort study monitoring clinical, biologic, and radiographic data for
patients with inﬂammatory arthritis lasting 6 weeks to 6 months. We examined the inﬂuence of smoking status on disease
presentation (baseline characteristics) and therapeutic response at 1 year. Risk of structural progression at 12 months,
deﬁned as change in the modiﬁed Sharp/van der Heijde score >1, was analyzed by multivariate regression adjusted for
potential confounders (age, sex, joint erosion at inclusion, educational level, positivity for rheumatoid factor or anti–
cyclic citrullinated peptide 2 antibodies, and shared HLA–DRB1 epitope).
Results. A total of 813 patients were included; 641 (79%) fulﬁlled the 2010 American College of Rheumatology/European
League Against Rheumatism (EULAR) criteria for rheumatoid arthritis (RA). At inclusion, 138 (21.5%) were S patients,
168 (26.2%) were EX patients, and 335 (52.3%) were NS patients. Baseline acute-phase indicator values were signiﬁcantly
lower for S patients than EX and NS patients (mean ⴞ SD erythrocyte sedimentation rate was 24.2 ⴞ 18.2 mm/hour versus
33.4 ⴞ 28.0 and 31.4 ⴞ 25.0 [P ⴝ 0.02], respectively, and mean ⴞ SD C-reactive protein level was 17.7 ⴞ 28.0 mg/dl versus
28.5 ⴞ 42.5 and 21.4 ⴞ 29.0 [P ⴝ 0.01], respectively). Smoking status had no inﬂuence on Disease Activity Score in 28
joints, Health Assessment Questionnaire score, EULAR response, or use of disease-modifying antirheumatic drugs and
biologic therapy in the ﬁrst 12 months of followup (P > 0.05). The adjusted risk for structural disease progression was
associated with active smokers (odds ratio 0.50 [95% conﬁdence interval 0.27– 0.93], P ⴝ 0.028). Sixteen patients had
stopped smoking at 12 months, with no signiﬁcant difference in observed outcomes from other patients.
Conclusion. In this large prospective cohort of patients with early arthritis, smoking status had no signiﬁcant effect on
disease activity and disability but did reduce 1-year radiographic disease progression. The antiinﬂammatory role of
nicotine may explain the lower systemic inﬂammation and structural disease progression in current smokers with early
RA.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inﬂammatory disease that causes progressive joint destruction, disability,
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tors are thought to be important in the pathogenesis of this
complex inﬂammatory disease. Smoking is the best established environmental risk factor for the development of
RA (1) and potential mechanisms are beginning to be understood. A recently published meta-analysis of 16 studies
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Signiﬁcance & Innovations
●

The relationship between the smoking status of
patients with rheumatoid arthritis remains controversial, with opposite results showing for some
authors a negative impact of cigarettes on patients’
outcomes, but for others a potential beneﬁt, at least
from the rheumatologic condition point of view.

●

Our study has several additional interests in this
context, in that patients with recent, untreated inﬂammatory arthritis were prospectively followed
up, and information on their smoking status collected in predeﬁned standardized case report
forms.

●

No clear and relevant relationship between smoking status and therapeutic response could be found
in our study.

●

We showed a reduced radiographic progression in
currently smoking patients as compared with nonsmokers.

investigating the association of tobacco consumption and
risk of RA indicated that the risk was 2 times higher for
males and 1.3 times higher for females for smokers than
nonsmokers, respectively (1). For heavy smokers (ⱖ20
pack-years), the risk was equally high for females and
males (1). Furthermore, tobacco has been associated with
the presence of extraarticular disease manifestations,
including rheumatoid nodules (2,3), serum rheumatoid
factor (RF) (2,4 – 6), and serum anti– citrullinated protein
antibodies (ACPAs) (7–11). A 2-step model has been suggested for the pathogenesis of ACPA-positive arthritis (12);
long-term exposure to tobacco smoke induces mechanisms
that accelerate the citrullination of autoantigens in the
lungs because the chronic inﬂammatory process is responsible for the switch of arginine to citrulline. Individuals
who are smokers show increased citrullination in cells
obtained from bronchoalveolar lavage (12). However, citrullination is not speciﬁc to RA and might occur in other
types of arthritis. Thus, the production of ACPAs requires
a speciﬁc genetic background and might be preferentially
induced in individuals carrying the HLA–DRB1 shared
epitope (12). In addition, some studies have suggested that
smoking may inﬂuence RA disease severity (2,4,5,13–16),
but results are highly conﬂicting (6,17–19).
Further investigations of the association of smoking status with presentation of arthritis, especially in the early
phase, and outcome are required. We aimed to describe the
association of smoking status and RA expression, disease
activity, and disease severity (radiographic disease progression) in a cohort of patients with early inﬂammatory
arthritis from the community. We also aimed to investigate
the inﬂuence of smoking cessation on outcome of early
arthritis.

PATIENTS AND METHODS
Patients. The ESPOIR cohort (20) is a prospective observational study of adults ages 18 –70 years recruited from
multiple regions across France under the umbrella of the
French Society of Rheumatology. The patients were recruited if they had inﬂammatory arthritis of at least 2
swollen joints lasting for 6 weeks to 6 months and with
potential to evolve into RA. Patients were included if they
had not received disease-modifying antirheumatic drugs
(DMARDs) or steroids. They were followed every 6 months
during the ﬁrst 2 years, then every year for at least 15 years.
We selected 641 patients who fulﬁlled the 2010 American College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) criteria for RA at inclusion
(21).
Clinical, laboratory, and radiologic features were compared at entry and at 6-month and 1- and 3-year followup
periods. Clinical variables included total joint count for
tenderness and swelling. To assess disease activity, the
Disease Activity Score in 28 joints (DAS28) was calculated
for each patient. Laboratory variables included erythrocyte
sedimentation rate (ESR; mm/hour), C-reactive protein
(CRP) level (normal ⬍10 mg/liter), IgM and IgA RF (both
enzyme-linked immunosorbent assay [ELISA; Menarini],
both positive ⬎9 IU/ml), and ACPA (ELISA; DiaSorin,
positive ⬎50 units/ml). Functional capacity was assessed
by the Health Assessment Questionnaire (HAQ). Radiographs were obtained at baseline and annually thereafter.
Radiographs of the hands and feet were evaluated by an
author (CL), who applied the modiﬁed Sharp/van der Heijde total score (SHS) (22).
Clinical outcome was evaluated by EULAR response
criteria, DAS28 remission (DAS28 score ⬍2.6) at 1 year,
and the HAQ disability index (DI). For this study, we
calculated radiographic progression at 12 months, deﬁned
as a change ⱖ1 in the SHS.
Smoking history. Patients’ smoking habits were evaluated at inclusion. Current smokers were those reporting
active smoking. Ex-smokers were all patients who had
stopped smoking before the ﬁrst examination at inclusion.
Nonsmokers reported no history of smoking at any time.
Data on pack-years of smoking (1 pack-year is equivalent
to 20 cigarettes a day for 1 year) were collected for current
and ex-smokers at each visit.
Statistical analysis. Statistical analyses involved use of
SPSS, version 15.0.
Comparison of baseline and 1-year characteristics by
smoking status. Dichotomous outcomes and numerical
variables were compared by chi-square and Whitney tests,
respectively, between baseline and 1-year followup.
Evaluation of effect of smoking status on radiographic
and clinical outcomes. Three logistic regression analyses
were performed to examine the association of smoking
status with: 1) structural disease progression (change in
SHS ⱖ1; reliability analysis of radiographic scoring for the
same sample of radiographs resulted in smallest detectable
change score for 1 SHS unit [22]), 2) EULAR response at 1
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year, and 3) DAS28 remission deﬁned by a DAS28 score
⬍2.6 at 1 year. The 3 logistic models included the potential confounders as follows: age, sex, erosiveness at inclusion, educational level, positivity for RF and ACPAs, and
shared HLA–DRB1 epitope.
Evaluation of effect of smoking status and treatments.
Chi-square or Fisher’s tests were used to determine the
following: 1) proportion of patients taking nonsteroidal
antiinﬂammatory drugs (NSAIDs) at inclusion and 6 and
12 months in the 3 groups; 2) proportion of patients taking
glucocorticoids at inclusion and 6 and 12 months in the 3
groups; 3) proportion of patients treated with conventional
or biologic DMARDs at 12 months in the 3 groups; and 4)
proportion of patients treated with biologic agents at 36
months in the 3 groups. The Mann-Whitney test was used
to determine the following: 1) the number of days during
which patients have used a dose of prednisone higher than
7.5 mg in the 3 groups during the ﬁrst year, 2) the mean
dose of prednisone at 12 months based on smoking status,
and 3) the mean dose of methotrexate at 12 months in the
3 groups.
Nonparametric Kruskal-Wallis test was used to determine whether current smokers had more DMARD switches
(including biologic agents) than ex- or nonsmokers during
the ﬁrst 3 years of monitoring. Data were analyzed by
smoking status at baseline, then for patients whose smoking status did not change for 6 months during the ﬁrst 3
years of monitoring.
Effect of smoking cessation. The effect of smoking cessation on acute-phase reactants (CRP level, ESR), DAS28
score, functional status (HAQ), and response to therapy
was examined by bivariate analyses with Mann-Whitney
or chi-square tests, then by logistic or linear regression
after adjusting for the confounders mentioned previously.

RESULTS
Characteristics of patients. The main baseline characteristics of the 641 patients are in Table 1. The mean ⫾ SD
age was 48.43 ⫾ 12.2 years and 77.8% were females. At
inclusion, the mean ⫾ SD number of swollen joints was
8.18 ⫾ 5.51 and number of tender joints was 9.85 ⫾ 7.16.
The mean ⫾ SD DAS28 score was 5.40 ⫾ 1.23. In total,
48.8% of patients were seropositive for ACPAs and 64.1%
for RF.
At baseline and at 6 months, 91.3% and 73.2% of patients, respectively, were receiving NSAIDs; at 6 months,
515 (85.83%) patients were receiving DMARDs, mostly
methotrexate (62%), and 19 (2.96%) were receiving biologic therapy. At 1 year, 89.37% were receiving DMARDs
and 7.8% biologic therapy; 56.55% and 48.1% were receiving NSAIDs and corticosteroid therapy, respectively.
Characteristics of patients by smoking status. At baseline, approximately one-half (48.7%) of patients had ever
smoked; 138 were current smokers, 168 were past smokers, and 335 had never smoked (Table 2). During the ﬁrst
12 months of the study, 16 patients stopped smoking. For
patients who had ever smoked, the mean ⫾ SD number of
pack-years was 19.09 ⫾ 16.46.
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Table 1. Characteristics of patients with early
rheumatoid arthritis who were smokers or nonsmokers*
Value
Female sex, no. (%)
Age, years
Disease duration, months
Rheumatoid factor, no. (%)
Anti-CCP 2 positivity, no. (%)
Anti-CCP 2 level
Cigarette smoking, no. (%)
Current
Former
Never
Pack-year (20 cigarettes daily for
1 year), median ⫾ SD
Joint count
Swollen (0–28)
Tender (0–28)
ESR (mm/ﬁrst hour)
CRP (mg/liter)
DAS28
Modiﬁed Sharp/van der Heijde score
HAQ DI (range 0–3)

499 (77.8)
48.43 ⫾ 12.2
3.4 ⫾ 1.7
411 (64.1)
313 (48.8)
605.41 ⫾ 1,602.72
138 (21.5)
168 (26.2)
335 (52.3)
19.09 ⫾ 16.46
8.18 ⫾ 5.51
9.85 ⫾ 7.16
30.38 ⫾ 24.80
22.47 ⫾ 33.8
5.40 ⫾ 1.23
6.12 ⫾ 7.91
1.05 ⫾ 0.69

* Values are the mean ⫾ SD unless indicated otherwise. Anti-CCP ⫽
anti– cyclic citrullinated peptide; ESR ⫽ erythrocyte sedimentation
rate; CRP ⫽ C-reactive protein; DAS28 ⫽ Disease Activity Score in
28 joints; HAQ ⫽ Health Assessment Questionnaire; DI ⫽ disability
index.

At baseline, past and never smokers were older than
current smokers (P ⬍ 0.001) (Table 2), but the groups did
not differ in RF positivity or level, whatever the isotype
(IgA or IgM), or in ACPA status or level. For the 313
ACPA-positive patients, the mean ⫾ SD level of IgA RF
was higher for smokers than never smokers (150.62 ⫾
98.39 for current smokers and 142.18 ⫾ 74.42 and
118.44 ⫾ 66.91 for ex-smokers and never smokers, respectively; P ⫽ 0.004) despite no difference in level of IgA RF
by smoking status for all patients (n ⫽ 641) independent of
ACPA status (P ⫽ 0.24).
Disease activity and smoking status. At baseline, the 3
groups did not differ in tender joint count, swollen joint
count, or DAS28 score (Table 2). Patient global disease
activity (by visual analog scale) was higher for current
smokers than never or past smokers (P ⫽ 0.042). However,
CRP level and ESR were lower for smokers than nonsmokers (P ⫽ 0.013 and P ⫽ 0.020, respectively). The difference
between the groups decreased over time, with no difference in CRP level, ESR, tender or swollen joint score,
patient global disease activity, or DAS28 score at 1 year.
Disease severity and smoking status. At baseline, the
smoker groups did not differ in number of erosions or
mean total radiologic score (P ⫽ 0.870 and P ⫽ 0.363,
respectively). Radiographic progression at 1 year was not
signiﬁcantly different across the 3 groups (modiﬁed SHS
change was 1.49 ⫾ 4.7 for current smokers, 1.17 ⫾ 2.96 for
ex-smokers, and 1.90 ⫾ 4.39 at 12 months for nonsmokers). At 3 years, radiographic progression was 9.0 ⫾ 11.0;
this outcome was similar across the 3 groups (modiﬁed
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Table 2. Baseline clinical and laboratory ﬁndings for patients with early rheumatoid arthritis
by smoking status*
Current smokers
(n ⴝ 138)
Age, years
Tender joint count
Swollen joint count
Patient global disease severity (VAS,
range 0–100)
ESR, mm/ﬁrst hour
CRP, mg/dl
DAS28
Erosion positivity, %
Modiﬁed Sharp/van der Heijde score
HAQ DI
Ig RF positivity, %
IgM RF level
IgA RF level
Anti-CCP positivity, %
Anti-CCP level
NSAIDs, %
Glucocorticoids, %

Ex-smokers
(n ⴝ 168)

44.65 ⫾ 11.62
9.78 ⫾ 7.06
7.52 ⫾ 5.24
66.04 ⫾ 23.72

Never smokers
(n ⴝ 335)

50.51 ⫾ 10.98
10.12 ⫾ 7.20
8.48 ⫾ 5.45
62.48 ⫾ 24.89

24.16 ⫾ 18.27
17.70 ⫾ 27.96
5.30 ⫾ 1.16
25.00
5.50 ⫾ 7.69
1.07 ⫾ 0.68
64.50
259.15 ⫾ 1,005.87
55.59 ⫾ 115.45
50
712.86 ⫾ 1,642.03
93.48
13.77

33.42 ⫾ 27.97
28.45 ⫾ 42.46
5.48 ⫾ 1.29
25.16
6.88 ⫾ 8.80
1.05 ⫾ 0.68
64.28
100.52 ⫾ 254.69
43.06 ⫾ 108.01
52.38
510.73 ⫾ 1,150.63
91.67
11.90

49.13 ⫾ 12.69
9.74 ⫾ 7.19
8.33 ⫾ 5.65
60.11 ⫾ 24.69
31.37 ⫾ 25.03
21.39 ⫾ 28.99
5.39 ⫾ 1.22
27.03
5.98 ⫾ 7.49
1.04 ⫾ 0.69
63.88
130.39 ⫾ 519.86
30.74 ⫾ 62.38
46.57
608.63 ⫾ 1,773.39
90.15
13.73

P
0.000
0.801
0.272
0.042
0.020
0.013
0.516
0.870
0.363
0.806
0.991
0.368
0.240
0.447
0.510
0.495
0.834

* Values are the mean ⫾ SD unless indicated otherwise. VAS ⫽ visual analog scale; ESR ⫽ erythrocyte sedimentation rate;
CRP ⫽ C-reactive protein; DAS28 ⫽ Disease Activity in 28 joints; HAQ ⫽ Health Assessment Questionnaire; DI ⫽ disability
index; RF ⫽ rheumatoid factor; anti-CCP ⫽ anti– cyclic citrullinated peptide; NSAIDs ⫽ nonsteroidal antiinﬂammatory drugs.

SHS score change was 8.2 ⫾ 10.2 for current smokers,
9.6 ⫾ 11.1 for ex-smokers, and 9.1 ⫾ 11.2 for nonsmokers).
On multivariate analysis (Table 3), current smokers
showed decreased risk of radiographic disease progression
at 1 year as compared with nonsmokers (odds ratio [OR]
0.50, 95% conﬁdence interval [95% CI] 0.27– 0.91; P ⫽
0.024). Other variables independently associated with radiographic disease progression were ACPA positivity,
presence of erosions at baseline, male sex, and age, but not
RF positivity or shared HLA–DRB1 epitope (Table 3).
When high titers of IgA or IgM RF (⬎3 times the upper
limit of normal) were considered, they did not inﬂuence
the risk of structural progression (OR 1.42, 95% CI 0.84 –
2.39, P ⫽ 0.19 for high titer IgA RF; OR 1.36, 95% CI

0.79 –2.32, P ⫽ 0.26 for high titer IgM RF; and OR 1.49,
95% CI 0.85–2.60, P ⫽ 0.17 for high titer IgA RF or high
titer IgM RF). When time-averaged CRP levels (mean values of CRP levels at baseline and months 6 and 12) were
included in the logistic models in addition to the previously cited potential confounders, the active exposure to
tobacco did not signiﬁcantly inﬂuence any more radiographic progression (OR 1.72, 95% CI 0.91–3.25, P ⫽ 0.09).
However, there was still a trend; since it cannot be considered as a baseline predictive variable of outcome, timeaveraged CRP level is not usually included in the multivariate predictive models of RA outcome. Of note is that
time-averaged CRP level did not inﬂuence structural progression either (OR 1.02, 95% CI 0.998 –1.34, P ⫽ 0.08).

Table 3. Multivariable analysis for risk of structural progression in rheumatoid arthritis
at 1 year*

Age
Sex (male vs. female)
Shared HLA–DRB1 epitope
(double vs. single or absent)
Education level
High school (⬎3 years) vs. primary
High school 2°cycle (⬍3 years) vs. primary
High school 1°cycle vs. primary
Anti-CCP positive vs. negative
Ig RF positive vs. negative
Current smoker vs. never smoked
Ex-smoker vs. never smoked
Joint erosion vs. no erosion at inclusion

OR

95% CI

P

1.02
1.95
1.82

1.00–1.04
1.13–3.38
0.92–3.57

0.04
0.01
0.08

0.73
0.84
1.43
3.07
1.82
0.49
0.57
3.76

0.31–1.69
0.39–1.83
0.64–3.21
1.70–5.56
0.95–3.48
0.27–0.91
0.32–1.02
2.30–6.14

0.45
0.66
0.38
⬍ 0.001
0.07
0.024
0.057
⬍ 0.001

* OR ⫽ odds ratio; 95% CI ⫽ 95% conﬁdence interval; anti-CCP ⫽ anti– cyclic citrullinated peptide; RF ⫽
rheumatoid factor.
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The HAQ DI was not associated with smoking status at
inclusion or at 1 year.
Clinical outcome at 1 year. At 1 year, 83% of patients
showed good EULAR response and 37.1% showed DAS28
remission. Multivariate regression analyses did not reveal
any association between smoking status and EULAR response or rate of DAS28 remission. Covariates independently associated with EULAR good response at 1 year
included male sex (OR 2.53, 95% CI 1.24 –5.17; P ⫽ 0.01)
and double HLA–DRB1 shared epitope (OR 0.43, 95% CI
0.22– 0.87; P ⫽ 0.02). Covariates independently associated
with DAS28 remission at 1 year included male sex (OR
1.94, 95% CI 1.21–3.10; P ⫽ 0.006) and older age (OR 0.98,
95% CI 0.96 – 0.99; P ⫽ 0.012).
Drug therapy at 1 and 3 years. At 6 months, 71.2% of
current smokers, 74.2% of past smokers, and 73.5% of
never smokers received NSAIDs (P ⫽ 0.83) and 48.8%,
58.3%, and 43.9%, respectively, received glucocorticoids
(P ⫽ 0.35 for current smokers versus no smokers). At 1
year, 37.3% of current smokers, 42.76% of past smokers,
and 46.2% of never smokers, respectively, received
NSAIDs (P ⫽ 0.24) and 50.8% of current smokers, 44.6%
of past smokers, and 56.1% of never smokers, respectively,
received glucocorticoids (P ⫽ 0.06). Similarly, the mean ⫾
SD number of days when patients had used a prednisone
dose ⬎7.5 mg during the ﬁrst year was similar between the
3 groups (35.9 ⫾ 72.3 days for current smokers, 49.5 ⫾ 81.1
days for ex-smokers, and 40.8 ⫾ 75.9 days for never smokers; P ⫽ 0.22).
At 12 months, the mean ⫾ SD dose of prednisone in the
3 groups was also not signiﬁcantly different between
groups (3.0 ⫾ 4.7 mg for current smokers, 3.5 ⫾ 4.1 mg for
ex-smokers, and 3.4 ⫾ 6.3 mg for never smokers; P ⫽ 0.69).
At 12 months, 51.8% of patients were treated with methotrexate; the mean ⫾ SD dose was similar in the 3 groups
(13.3 ⫾ 4.0 mg for current smokers, 13.2 ⫾ 3.9 mg for
ex-smokers, and 13.1 ⫾ 4.0 mg for never smokers; P ⫽
0.97).
Over the ﬁrst year of followup, 89.37% of patients used
DMARDs and 7.80% of patients used biologic agents. A
similar proportion of patients in the 3 groups have received DMARDs (90.3% of current smokers, 87.0% of exsmokers, and 90.2% of never smokers; P ⫽ 0.51) and
biologic agents (8.0% of current smokers, 9.5% of exsmokers, and 6.9% of never smokers; P ⫽ 0.57)
At 36 months, a similar proportion of patients in the 3
groups have used biologic agents (11.3% of current smokers, 19.4% of ex-smokers, and 15.7% of never smokers;
P ⫽ 0.23). The smoking status did not inﬂuence the number of therapies used.

Effect of discontinuing smoking on disease activity and
severity. During the ﬁrst year of the study, only 16 patients stopped smoking. This group did not differ in disease activity or severity scores from current smokers.
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DISCUSSION
This is the ﬁrst prospective study evaluating the effects of
tobacco use on disease activity and severity of early arthritis in patients fulﬁlling the 2010 ACR/EULAR criteria for
RA. Furthermore, this work involves a large national cohort, so our investigation of 641 patients from the community is representative of patients seen in everyday life
because recruitment was by private rheumatologists working with 16 university departments of rheumatology.
Smoking is a well-established environmental risk factor
for the development of RA, mainly seropositive RA, but its
effects on RA severity are highly controversial. In this large
observational study, we found that, at baseline, current
smokers had signiﬁcantly lower CRP levels and ESR than
nonsmokers and ex-smokers, despite the fact that disease
activity (DAS28, swollen joints, and tender joints) was
similar across the groups. At 1 year, the 3 smoker groups
did not differ in inﬂammatory clinical or biologic variables, disease activity, or functional capacity by the HAQ
DI. At 1 year, radiographic disease progression was lower
for current smokers than nonsmokers.
Other studies have found a protective effect of smoking
on RA outcome. Finckh et al demonstrated a signiﬁcant
inverse dose-response relationship between current smoking intensity and radiographic disease progression (18).
Wolfe and Zwillich found past or present smoking protective for total joint replacement with RA (23). In a longitudinal study, Harrison et al found that current smokers had
signiﬁcantly fewer swollen joints over time (6).
Other studies did not observe any inﬂuence of smoking
status on radiographic outcome (15,19) or a negative association between smoking and radiographic scores (2,5,16).
However, these conﬂicting reports were based on patients
with established disease and had important weaknesses.
In the study by Wolfe (5), the effect was detected by nonlinear models and only in patients with a long smoking
history. For the cohort in the study by Saag et al (16), the
association between smoking and radiographic score disappeared after adjustment for RF. In addition, all studies
demonstrating a signiﬁcant association of smoking and
radiographic joint damage were cross-sectional analyses
(2,4,13,16), which can misclassify exposure (smoking status). Patients with nonsevere illness (does not require a
hospital followup) and very severe disease (patients are
deceased or cannot participate) were under-represented.
Furthermore, cross-sectional studies cannot establish the
temporality of events, which limit their ability for causal
inferences.
Most studies did not ﬁnd any association of smoking
status and HAQ DI score (5,6,15,18). Three studies found
HAQ DI scores higher for patients who had ever smoked
(2,14) or current smokers (13) than nonsmokers. However,
the HAQ DI is linked to social deprivation, which is also
associated with cigarette smoking. Therefore, smoking
may be associated with the HAQ DI in established disease
because of a common association with psychosocial variables. Moreover, the HAQ DI depends on disease duration
because it predominantly reﬂects joint inﬂammation in
early disease and joint damage in long-standing disease
(24). Similar to our results, in the study by Hyrich et al
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(25), smoking status was not a predictor of clinical remission.
These results suggest that the discrepancies between
published studies of the effect of smoking on RA severity
may be related to study design (cross-sectional versus longitudinal), patient characteristics (established versus early
RA), and other methodologic issues.
Smoking has been mainly associated with IgM RF status,
but recent studies showed the association of smoking and
seropositive RA related only to IgA RF status (19,26). This
ﬁnding is consistent with our results in the subgroup of
patients who were positive for ACPAs. IgA RF positivity
was also more frequently observed in current than former
smokers. The association of smoking and IgA RF status is
attractive because IgA antibodies are important in mucosal
immunity. Thus, smoking may activate or stimulate the
immune system of the airway mucosa, thus leading to
increased production of IgA RF. The B cells activated in
the bronchoalveolar tract are prominent producers of IgA
antibodies, and the detection of organized bronchus-associated lymphoid tissue involved in the generation of IgAproducing cells is more frequent in smokers than nonsmokers (27).
Most studies have considered smoking a pejorative factor for response to RA treatments (14,15,28 –30) and some
studies suggest that only some therapies may be inﬂuenced by tobacco (25).
Similar to the study by Harrison et al (6), we did not ﬁnd
any difference between smokers and nonsmokers in
DMARD use and response. The association of smoking and
poor response was due to increased frequency or rate of RF
and ACPA. Our results may differ from other ﬁndings
because our population is a true early RA population. One
advantage of our work is that for the second part of the
analysis concerning number of treatments at the 3-year
followup, the patients had not changed smoking status for
more than 6 months over the study.
Only one other study investigated the effect of smoking
cessation or reduced tobacco consumption on early RA
(31). Among the 16,251 RA patients enrolled in the Consortium of Rheumatology Researchers of North America
(CORRONA) registry, 318 of whom stopped smoking after
enrollment, the proportion of patients in disease remission
at followup was higher for those who stopped smoking
than those who were still smoking. After adjusting for
baseline biologic DMARD use, the association with the
rate of remission was higher for patients who stopped
smoking as compared with those who continued to smoke
(OR 1.49, 95% CI 1.05–2.0; P ⫽ 0.025). In our study, only
16 patients stopped smoking at 12 months, with no significant difference in observed outcomes from those who
continued to smoke. The low number of patients and the
short-term followup may explain these discrepancies.
The ﬁnding that radiographic disease progression and
systemic inﬂammation were lower for smokers than nonsmokers was not expected. Smoking could have an antiinﬂammatory effect and suppress the immune response. Immune dysfunction has been reported in smokers, with
abnormalities in T lymphocytes, reduced natural killer
cells, and depressed humoral and cell-mediated immunity
(32). Spector and Blake proposed that smoking might re-
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duce the number of antigen-presenting cells and therefore
improve inﬂammation (33).
Some evidence suggests that components of cigarette
smoke may inﬂuence the release of cytokines; nicotine was
found to inhibit the production of tumor necrosis factor ␣
(TNF␣) (34,35), interleukin-6 (IL-6) (36,37), IL-2 (34,35),
and IL-10 (35). The inhibitory effects of cigarette smoking
were attributed to nicotine, hydroquinone (the phenolic
compound in cigarette tar), carbon monoxide in smoke,
and the breakdown products of nicotine (37). Some of the
inhibitory effects of nicotine have been attributed to its
effect on the ␣7 nicotinic actylcholine receptor found in
macrophages, T cells, and B cells (38). Activation of this
receptor reduced the production of the proinﬂammatory
cytokines TNF␣, IL-1␤, and IL-6 and suppressed reactions
of Th1 and Th17, but not Th2 (38). In a rat model of human
RA, nicotine pretreatment worsened arthritis symptoms,
but nicotine posttreatment suppressed the disease (39).
Another potential pathway through which nicotine can
exert antiinﬂammatory properties is spinal activation of
the primary afferent nociceptor, which inhibits plasma
extravasations in animal models of arthritis (40).
In conclusion, our prospective cohort of early RA patients revealed lower baseline biologic markers and structural disease progression over 1 year for patients who were
active smokers than nonsmokers. These data may be explained by the antiinﬂammatory property of nicotine on
the cholinergic receptor ␣7 and its activation of spinal
nociceptors. Smoking may be a risk factor for the initiation
of RA but not the perpetuation of disease activity or progression. Unfortunately, smoking cessation cannot be recommended to prevent severe outcome in early RA patients.
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