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Smoking as a Preventable Risk Factor for Rheumatoid Arthritis:
Rationale for Smoking Cessation Treatment in Patients with
Rheumatoid Arthritis

Sungwon Roh
Department of Psychiatry, Hanyang University College of Medicine, Seoul, Korea

Rheumatoid arthritis (RA) is a chronic inflammatory disease of multifactorial etiology. Smoking is considered one of the most
established environmental risk factors for RA development and severity. A large proportion of patients with RA have a high prev-
alence of smoking history. Previous studies have provided evidence suggesting that smoking is associated with the develop-
ment of RA. Smoking has been associated with several pathogenic mechanisms on RA development such as oxidative stress,
inflammation, and epigenetic changes. There is a need for public health campaigns to educate the public regarding these risks
and preventive measures that reduce smoking are essential and may result in a decline in RA incidence. Encouragement of
smoking cessation is especially warranted in relatives of patients with RA. Recently, RA-specific smoking cessation inter-
ventions have been developed. This review will summarize the knowledge accumulated to date concerning associations be-

tween smoking and RA. (J Rheum Dis 2019;26:12-19)
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune-mediated
inflammatory disease that affects 0.5% ~ 1% of the over-
all population [1]. RA results from the interaction be-
tween genetic constitution and environmental triggers.
The disease has been classified into two major subsets
based on the presence or absence of anti-citrullinated
protein antibodies (ACPA) [2-4].

Our understanding of the pathogenesis of RA has pro-
gressed over the past two decades thanks to epidemio-
logic and translational studies. Specifically, epidemio-
logic investigations of smoking and risk of RA have al-
lowed the construction of a paradigm for RA develop-
ment and generated novel hypotheses that have been
tested in translational studies to further understand the
biology of RA pathogenesis. Many environmental factors
have been associated with an increased risk of developing

RA, but to date smoking is the only environmental risk
factor that has been extensively studied and is widely
accepted. The association of smoking with RA led inves-
tigators to initially consider the lung as a site of RA
pathogenesis. Recent studies have revealed a link be-
tween smoking and inflammatory arthritis. Indeed, the
particular association of smoking with RA seropositive
for ACPA led investigators to consider citrullination as an
essential biologic process in RA pathogenesis. The identi-
fication of abnormalities in lung structure and local auto-
antibody production further support this hypothesis [5].
Cigarette smoking has also been associated with in-
flammatory joint symptoms in unaffected first-degree rel-
atives of RA patients [6]. Smoking may play an important
role in different phases pathogenesis RA before the mani-
festation of clinical symptoms.

Smoking is associated with an increased risk of develop-
ing seropositive RA (rheumatoid factor [RF] and/or
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ACPA positivity). Recent studies have shown that smok-
ing can influence disease phenotype, with the develop-
ment of more aggressive disease and more severe joint
damage; but other studies have reported contradictory
results. Recent data have also suggested that smokers re-
spond less favorably to antirheumatic therapy [7]. This
review will address smoking as a risk factor for RA, the
controversies relative to the effects of tobacco on RA, the
role of nicotine in RA pathogenesis, and the benefits of
smoking cessation in patient with RA.

The available literature including meta-analysis, re-
views, randomized controlled trials, systematic reviews,
clinical trials, and case reports written in English and
published within the past 10 years was reviewed. A bib-
liography review of the terms rheumatoid arthritis, smok-
ing, nicotine, tobacco and smoking cessation was per-
formed using the PubMed database. A total of 924 pub-
lications were identified, and following the assessment of
each study, 64 articles were selected that were related
with the main theme of this review. This study was ex-
empted from Hanyang University Hospital Institutional
Review Board evaluation in 2018.

MAIN SUBJECTS

Smoking as a risk factor for rheumatoid arthritis
The risk of developing RA in smokers is known to be
double that of non-smokers. Previous epidemiological
studies have identified smoking as an important risk fac-
tor for RA [4,8-15]. Numerous environmental factors
have been associated with an increased risk of developing
RA, but to date tobacco smoking has been the most im-
portant environmental risk factor to be extensively stud-
ied and widely accepted. Multiple studies have reported
odds ratios (OR) of association between smoking and RA
of 2 or greater, with estimates that exposure to smoking
accounts for 20% ~ 30% of the environmental risk for RA
[16]. Exposure to cigarette smoking was first linked to
RA over 30 years ago [15]. Smoking is now recognized as
the most established environmental risk factor for the de-
velopment of RA [17]. Several studies have indicated that
male smokers have a higher risk of developing RA than fe-
males [10,12,14], whereas others have demonstrated
that female smokers have a higher risk of RA [11,13,15].
A meta-analysis concluded that lifelong cigarette smok-
ing was positively associated with the risk of RA even
among smokers with a low lifelong exposure levels [9]. In
addition, a few large-scale epidemiologic studies have al-
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so provided support for smoking being a stronger risk fac-
tor of RA in men than in women [17,18]; this might in-
dicate that there are sex-related differences in the effects
of smoking or that women have different risk factors for
the development of RA.

Smoking is associated with ACPA-positive cases of RA
[19]. ACPA-positivity correlates with disease activity. A
previous study found that smoking is responsible for 35%
of ACPA-positive cases in a dose-dependent manner
(55% in patients with 2 copies of shared epitope [SE] al-
leles) [20]. Several previously published studies have re-
ported the association of the SE and smoking with an-
ti-cyclic citrullinated peptide (CCP) negative as well as
anti-CCP positive RA. In case-control Korean study,
smoking was shown to be associated with anti-CCP-pos-
itive RA (OR 2.22) and anti-CCP-negative RA (OR 2.80).
Smoking also increased RA susceptibility in individuals
with SE alleles, regardless of their anti-CCP antibody
[21]. In the absence of SE, smoking conferred risk for an-
ti-CCP negative subsets [22]. Association of smoking
with CCP-negative RA has also been reported in a
Caucasian population.

The risk of RA in ex-smokers diminished with time. The
risk of RA rose with increasing duration of smoking.
Moreover, the risk of developing ACPA-positive RA di-
minished with time after cessation of smoking. Lifelong
cigarette smoking was positively associated with the risk
of RA even among smokers with a low lifelong exposure.
The risk of RA did not further increase with an exposure
higher than 20 pack-years [9].

Importantly, there are several features of the relation-
ship between smoking and RA that may mediate the in-
creased risk of developing RA. As indicated above, smok-
ing is most strongly associated with ACPA-positive RA,
and especially ACPA-positive RA in the setting of a SE
[16]. Smoking is known as a risk factor of RA, especially
in RF-positive RA men and heavy smokers [13].
Furthermore, smoking has long been associated with the
presence of RF even in the absence of RA [23]. This sug-
gests that there may be biological interactions between
factors that drive RA development, or at the very least
RA-related autoimmunity. As a relevant example, it has
been proposed that smoking may lead to increased cit-
rullination, which, within the context of the genetic back-
ground, may lead to increased levels of citrullinated pro-
teins and the generation of ACPA, although other local
and systemic effects of smoking may also influence im-
munity [19,23,24].

13



Sungwon Roh

A recent Swedish population-based case-control study
[25] demonstrated that smoking increases the risk of
both subsets of RA with a more pronounced influence on
the risk of ACPA-positive RA than in the ACPA-negative
subset. For both subsets, there seemed to be a threshold
(2.5 pack-years for ACPA-positive RA and 5 pack-years
for ACPA-negative RA) below which, no association be-
tween smoking and RA occurred. A dose-response associ-
ation was observed between cumulative dose of smoking
and risk of developing-ACPA positive RA. Thus, duration
of smoking had a higher influence on the association be-
tween smoking and RA than did the intensity of smoking.
The Epidemiological Investigation of Rheumatoid Arthritis
(EIRA) study from Sweden found that the interaction be-
tween smoking and silica exposure regarding ACPA-pos-
itive RA among males depended on the cumulative dose
of smoking. The additive interaction effect between these
two exposures might require over 10 years to disappear
[26].

Furthermore, because smoking has also been associated
with increased disease activity, its actions may go beyond
the initiation of RA [27]. Thus, a major unanswered ques-
tion regarding the role of smoking in RA is where it acts
in the natural history of RA. Specifically, does exposure to
cigarette smoking act to trigger the initial autoimmunity
or does it drive the propagation of autoimmunity to the
point of disease? Data from twin studies in Sweden have
suggested that smoking possibly affects after the initial
generation of RA-related autoimmunity and may be re-
lated to prolonged “high-dose/intensity” smoking, as
measured by pack-years, although other studies suggest
that it is more the duration of smoking rather than in-
tensity that imparts risk for RA [28,29].

Pathogenic effects of smoking on rheumatoid ar-
thritis

Although the exact pathogenic effects of smoking on RA
still remain uncertain, several mechanisms have been
proposed to better understand how tobacco smoking
plays arole in RA [7,30,31]. Smoking can increase oxida-
tive stress, which increases in rheumatoid inflammation
due to impairment of antioxidative mechanisms caused
by free radicals contained in tar and vapor of smoke and
that have been implicated in the etiology of RA [32,33].
Smoking acts on both cellular and humoral aspects of the
immune system to cause a systemic proinflammatory
state [34]. The effects of tobacco smoking on immune
system are to trigger morphological, physiological, bio-
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chemical, and enzymatic changes that lead to impaired in-
flammatory responses [35]. Smoking is known to in-
crease levels of proinflammatory cytokines, interleukin
(IL)-17, which is an important contributor to RA patho-
genesis and chronicity [36]. Epigenetic changes including
DNA methylation has been explored as these may play an
important role in gene regulation and development of RA
[37]. Tobacco smoking has been reported to lead to ex-
tensive genome-wide changes in DNA methylation [38].

There are also systemic effects of smoking, and it is pos-
sible that these lead to changes within joints that drive
RA. In this regard, in a study of first-degree relatives of
patients with RA, joint tenderness and swelling were as-
sociated with smoking even in the absence of RA-related
autoantibodies, raising the possibility that smoking may
have early direct joint effects that could be related to the
future development of RA [6]. In addition to baseline ero-
sion, erythrocyte sedimentation rate, and C-reactive pro-
tein, current smoking was identified as a strong in-
dependent risk factor (adjusted OR=2.17, 95% CI 1.06 ~
4.45) for radiographic progression in early RA [39].

As discussed above, citrullination has been reported to
be an important factor for the development of RA in the
ACPA-positive subset. An increasing body of evidence
has linked chronic inflammatory events in the lungs of
smokers to the production of ACPAs and development of
RA [40]. Previous meta-analysis suggested a gene-envi-
ronmental interaction between smoking and SE for the
development of ACPA [41].

There is a gene-environment interaction between smok-
ing and the HLA-DRBI SE genotype in seropositive RA
patients [21,42]. Smoking interaction with HLA-DRBI
risk alleles increase the specificity, magnitude and diver-
sity of the ACPA response (such as citrullinated «-enolase,
fibrinogen, and vimentin peptides, etc., not only CCP). A
meta-analysis indicated that both smoking and protein
tyrosine phosphatase non-receptor 22 (PTPN22) risk al-
lele were associated with ACPA positivity [43].

Anti-inflammatory effect of nicotine: benefits of
nicotine on rheumatoid arthritis

Paradoxically, nicotine has been reported to reduce in-
flammation, that is, nicotine reduced joint swelling, pain,
and bone destruction, and alleviated synovial in-
flammation through the activation of the cholinergic
pathway in a mouse model of RA [44]. Furthermore, nic-
otine attenuated tumor necrosis factor (TNF)- ¢ induced
IL-6 and IL-8 release in fibroblast-like synoviocytes from
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RA patients [45]. These results support the important
immunosuppressive function of nicotine in tobacco
smoke. A large prospective French cohort of patients with
early RA revealed smoking status had no significant effect
on RA disease activity and disability, but did reduce
1-year radiographic disease progression [46]. The anti-in-
flammatory role of nicotine may explain the lower sys-
temic inflammation and structural disease progression in
current smokers with early RA. A Swedish epidemio-
logical study showed that the use of smokeless tobacco
(moist snuff) was not associated with the risk of either
ACPA-positive or ACPA-negative RA. The increased risk
of RA associated with smoking was most likely not due to
nicotine [47]. This means that different inhaled con-
stituents of tobacco smoke other than nicotine may be
more likely be involved in the pathogenesis of ACPA-pos-
itive RA.

Conversely, a recent study explored the effects of nic-
otine on neutrophil extracellular trap (NET) formation
[48]. In this study, using neutrophils of RA patients and
collagen-induced mice, the authors demonstrated that
nicotine increases NETosis, which leads to increasing lev-
els of NETs and may play a crucial role in accelerating
arthritis.

A previous multi-cohort study indicated that the effects
of smoking on joint damage were mediated via ACPA and
that smoking is not an independent risk factor for radio-
logical progression in RA [49]. In addition, no association
was identified between second-hand exposure to tobacco
smoke and disease activity in RA [50]. A Swedish cohort
study showed that moist snuff was not associated with
RA, whereas tobacco smoke was related to an increased
risk for RA [51]. In other words, smokeless tobacco does
not increase the risk of RA, suggesting that inhaled
non-nicotinic components of cigarette smoke are more
important than nicotine itself in the etiology of RA.

Of patients enrolled in a large randomized controlled tri-
al of early RA with poor prognostic factors, smoking sta-
tus did not impact on treatment responses in those re-
ceiving early combination or initial methotrexate with
step-up therapy at 24 weeks if the disease was still active
[52]. Given that smoking may not be a risk factor for the
perpetuation of disease activity or progression, smoking
cessation cannot be recommended to prevent severe out-
come in early RA patients [46]. American and Swedish
longitudinal observational studies have reported that
smoking cessation after the onset of RA did not have an
impact on the poor prognosis of smokers with RA
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[53,54]. However, these results certainly cannot be used
to advocate smoking in RA. All RA patients should be en-
couraged to stop smoking.

Benefits of smoking cessation on disease activity
of rheumatoid arthritis

A Swedish cohort study indicated that the risk of RA de-
creased over time following smoking cessation, never-
theless, when compared to never smokers the risk was
still statistically significantly higher [55]. The Swedish
EIRA study showed compelling evidence recommending
that those with a family history of RA should stop smok-
ing [20]. This study demonstrated that smoking cessa-
tion reduced the risk of developing ACPA-positive RA.
The effect of smoking cessation in individuals previously
diagnosed with RA is unknown. Encouragement of smok-
ing cessation is especially warranted in relatives of pa-
tients with RA [56].

Despite the success of TNF-alpha inhibitor (TNFi)
treatment in RA, a substantial number of patients neces-
sitate discontinuation. TNFi discontinuation is predicted
by current smoking and by the number of previously used bio-
logical disease-modifying anti-rheumatic drugs (DMARDs),
as well as by pack-years of smoking [57].

As discussed above, the relationship between smoking,
ACPA and RA has been demonstrated by several studies
and reports. Therefore, it is essential to inform patients of
the hazardous role of smoking in the development and
progression of RA. Moreover, as autoimmune diseases in
general cause accelerated atherosclerosis due to constant
inflammation, and increase the risk of cardiovascular dis-
ease, it is imperative that patients understand that smok-
ing cessation is as important as therapy with DMARDs or
biologics to achieve remission and improve quality of life
[58].

For both ACPA-positive and negative subsets of RA, the
detrimental effects of smoking decrease after smoking
cessation. Twenty years after smoking cessation, there
was no longer an association between smoking and risk of
ACPA-negative RA, whereas the association between
smoking and ACPA-positive RA risk persisted and was
dependent on the cumulative dose of smoking [25].

Clinical practices for smoking cessation in patients
with rheumatoid arthritis

An international survey of clinical practices regarding
smoking cessation revealed that patient recommendations
for smoking cessation within rheumatology departments
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were not homogeneous [59]. These data highlight the
need to improve smoking cessation recommendations for
patients with RA. The first interventional study in smok-
ers with RA showed that a score of less dependence and
previous attempts to quit smoking were significantly as-
sociated with definitive smoking cessation at 12 months
[60]. The intervention consisted of the following: (1) a
baseline visit, which included verbal and written advice
by the rheumatologist, emphasizing the practical benefits
of smoking cessation; (2) a follow-up visit to the nurse af-
ter 3 months for reinforcement and to receive pharmaco-
logical treatment to help patients quit smoking. Smoking
cessation in RA may lead to reduce the burden of
comorbidities. A RA-patient-specific smoking cessation
intervention was developed, matching support to specific
issues within an individual patient’s experience [61].
However, the lack of added benefit of the tailored inter-
vention suggested that brief advice and nicotine replace-
ment therapy (NRT) are currently the best practice for
supporting people with RA who wish to quit smoking
[62]. This novel RA-specific smoking cessation inter-
vention had 2 very important components, that is, in-
dividualized support and recommendations received
from the educators [63]. Both components were consid-
ered pivotal to the success of the intervention. Although
these novel psychosocial intervention approaches pro-
vide a variety of widely accepted and useful components,
individual participants need to be motivated to give up
smoking.

Smokers with RA may have different motivations for,
and barriers to, quitting. There are physical limitations
and disease-associated factors that may adversely affect
smoking cessation in RA patients. Five key barriers to
smoking cessation faced by RA patients have been identi-
fied in a previous study [64]. First, patients were unaware
of the relationship between smoking and RA and there-
fore did not perceive this as a reason to quit. Second,
smoking was used as a distraction from pain. Third, pa-
tients found it difficult to exercise and therefore were un-
able to use exercise as an alternative distraction. Fourth,
smoking was used as a coping mechanism for the frus-
trations of living with RA. Fifth, patients felt unsupported
and isolated from other RA non-smoking patients. These
barriers and targeted interventions for patients with RA
are outlined in detail in Table 1. Moreover, becoming
aware of the effects of smoking on arthritis may represent
an important motivation to quit smoking and may coun-
ter RA-specific barriers to smoking cessation [65].
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A recent ongoing randomized controlled trial protocol
will examine whether intensive smoking cessation inter-
vention may help smokers with RA to achieve continuous
smoking cessation and, secondly, to reduce RA disease
activity [66]. The intervention includes individual moti-
vational counselling in combination with tailored NRT. In
the motivational counselling sessions, a smoking cessa-
tion counsellor’s role is to ask, listen and follow the par-
ticipants cue and to adapt formal information to the par-
ticipant’s motivational stage. Five sessions contain differ-
ent themes. The first meeting is an introduction to the
counselling course and preparation for smoking cessa-
tion, including the participant’s smoking status and their
motivation for cessation. The second meeting aims to
prepare the participant for the three first days without
smoking. The third meeting aims to help the participant
with issues concerning quitting smoking, including risk
situations, relapse, reward and social network, and smok-
ing cessation. The fourth meeting includes maintaining
motivation, physical activity, handling of stress and mood
swings. The fifth (final) meeting includes continuing help
with smoking cessation and preparation for the time after

Table 1. Barriers to smoking cessation and targeted
interventions in RA

Barrier Intervention

Education about the links
between smoking and RA

1. Limited knowledge of
the relationship between
smoking and RA

2. Uncontrolled pain

3. Inability to exercise

Managing RA pain

Hand exercise for RA

General exercise for RA

Community exercise for RA

Hydrotherapy

Physiotherapist or occupatioal
therapist referral

Identifying smoking triggers

Discussing available support
(social, psychological and
physical)

Using NRT

Suitable support for smoking
cessation

Advice from arthritis
educatior: pain,
complementary therapies,
medications, pacing,
fatigue, sleep, etc.

4. Using smoking as a
coping strategy

5. Lack of support

RA: rheumatoid arthritis, NRT: nicotine replacement therapy.
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the intervention. The NRT is tailored individually accord-
ing to the Fagerstrom Test for Nicotine Dependence [67].
Participants are able to choose between the NRT prod-
ucts, including a patch, chewing gum, inhalator or mouth
spray. The participants note their tobacco and nicotine re-
placement consumption in a smoking diary.

CONCLUSION

Taken together, most studies have highlighted the risk of
RA associated with smoking. Chronic inflammatory
mechanisms active in the lungs of smokers lead to the
production of ACPA, which, in turn, drive the develop-
ment of RA. These mechanistic insights not only re-
inforce the association between smoking and risk of RA,
but also the necessity to increase the level of awareness of
those at highest risk. Smoking is one of the most preva-
lent modifiable risk factors for RA. Previous studies have
highlighted that smoking cessation may reduce, though
not remove, the risk of RA in women. The clearly in-
creased risk of RA development even among former
smokers is another reason to persuade women not to start
smoking. Creation of awareness of the associated risks,
assessment of smoking status, and implementation of
smoking cessation treatment alternatives must be in-
cluded in the routine clinical management of patients pre-
senting with suspected RA.
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